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ABSTRACT
Local spatial data infrastructure (LSDI), as level with most detailed spatial data, is essential for
the development of upper levels of SDI. In order to fulfil European Union commitments, Croatia
is obligated to fulfil the demands of the INSPIRE Directive. All spatial data should be available
and comply with the INSPIRE implementing rules by 2020. For process of development of LSDI 
is essential to look at the specifics, needs, processes, and the willingness of local communities 
to implement LSDI successfully. Local self-governments in Croatia have their issues, which are
topic in academic and political debates. Such environment does have influence on changes in 
legislation, and on political and institutional support for development of LSDI. Nevertheless, 
some of the cities in Croatia have successfully developed LSDI at some level of development.

There were several objectives of thesis. First objective of thesis was to assess LSDI readiness,
use, performance, and development in the Republic of Croatia. For assessment, indicators and
objectives from existing assessment frameworks, were adopted to particularities of Croatian 
Local Spatial Data Infrastructure. Second objective was to research the gap between the present
reality and the goals set out in the INSPIRE Directive by 2020. Third research objective was to
develop conceptual model of LSDI development in Republic of Croatia. Hypothesis research is
stated as “Research on LSDI readiness, use, performance and development will identify the 
main obstacles related to the development and current state of LSDI in the Republic of Croatia.”

In order to achieve the research objectives, quantitative research (survey), qualitative (interviews
and focus group), and a pilot project were used. For quantitative research, statistical analyses 
were applied, such as statistical regression. For qualitative research systematisation of opinions
of interviewed individuals were used. All of the outcomes were interpreted and triangulated into
the model of development of LSDI. Outcomes were compared with other research from Croatia 
and abroad. Combined research gave a multi-perspective view on the LSDI environment
in Croatia and better confidence in the model of development of LSDI in Croatia. 

Statistical regression was used for identifying indicators of development as basis for development 
of model of development of LSDI. Regression model was defined based on measurement in 
real world with goal to identify what really influenced on development of LSDI in Republic 
of Croatia. Cities with developed LSDI were used as dependent variable (goal to achieve) 
in statistical regression model. Financing LSDI from decision-makers on local level was, by 
statistical regression recognised as leading indicator. As a trigger to invest in LSDI, level of 
knowledge and awareness about benefits for stakeholders (primarily city administration and 
citizens), were identified. Correlation coefficient between predictions of statistical regression 
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model and development of LSDI in Republic of Croatia is 92.7%.

The critical task for development of LSDI is raising awareness and providing a source of 
knowledge to representatives of each local self-government. It could be done from the national 
level, with necessary political and national support. These conclusions were confirmed by other 
research steps and implemented in the model of development of LSDI in Republic of Croatia.

Keywords: LSDI, local self-government, quantitative research, qualitative research, combined
research, statistical analyses, statistical regression, regression model, dependent variable, LSDI
environment, indicators of development, model of development.
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PROŠIRENI SAŽETAK
Lokalna infrastruktura prostornih podataka (LIPP), kao razina s najdetaljnijim prostornim 
podacima, bitna je za razvoj gornjih razina infrastrukture prostornih podataka. Kako bi ispunila 
obveze prema Europskoj uniji, Hrvatska je dužna ispuniti zahtjeve postavljene INSPIRE 
direktivom. Svi prostorni podaci trebali bi biti dostupni i udovoljavati provedbenim pravilima 
INSPIRE-a do 2020. Za proces razvoja LIPP-a bitno je sagledati specifičnosti, potrebe, procese 
i spremnost lokalnih zajednica za uspješnu implementaciju LIPP-a. Lokalne samouprave u 
Hrvatskoj imaju svoje probleme koja su tema akademskim i političkih rasprava. Takvo okruženje 
utječe na promjene u zakonodavstva te negativno utječe na političku i institucionalnu potporu 
za razvoj LSDI-a. Ipak, neki gradovi u Hrvatskoj su uspješno razvili LIPP.

Nekoliko je ciljeva ovog doktorskog rada. Prvi cilj rada bio je procijeniti spremnost jedinica 
lokalne samouprave za razvoj, korištenja, učinkovitost i razvoj LIPP-a u Republici Hrvatskoj. 
Za procjenu LIPP-a, pokazatelji i ciljevi iz postojećih okvira za procjenu LIPP-a, prilagođeni 
su specifičnostima okružja LIPP-a u Republici Hrvatskoj. Drugi cilj je bio istražiti jaz između 
trenutnog stanja i stanja određenog INSPIRE direktivom do 2020. Treći cilj istraživanja je 
bio razviti konceptualni model razvoja LIPP-a u Republici Hrvatskoj. Istraživanje hipoteze je 
definirano kao „Istraživanjem spremnosti, korištenja, učinkovitosti i razvoja LIPP prepoznati će 
se glavne prepreke vezane za razvoj i trenutno stanje LIPP u Republici Hrvatskoj.”

Da bi se postigli ciljevi istraživanja korišteno je kvantitativno (anketa) i kvalitativno istraživanje 
(intervjui i fokus grupa) te pilot projekt. Za analizu kvantitativnog istraživanja, primijenjene su 
statističke analize poput statističke regresije. Kvalitativna istraživanja su sistematizirana po 
stavovima intervjuiranih osoba. Svi su ishodi interpretirani i triangulirani kroz model razvoja 
LIPP-a u Republici Hrvatskoj. Također, rezultati istraživanja su uspoređeni s rezultatima drugih 
istraživanja provedenih u i van Republike Hrvatske. Kombinirana istraživanja dala su višestruki 
pogled na LIPP okruženje u Republici Hrvatskoj i veće povjerenje u model razvoja LSDI-a u 
Hrvatskoj.

Statistička regresija korištena je za utvrđivanje indikatora razvoja LIPP-a kao osnove za razvoj 
modela razvoja LIPP-a. Regresijski model definiran je na temelju rezultata ankete u stvarnom 
svijetu, s ciljem da se utvrdi što je to što značajno utječe na uspješan razvoj LIPP-a u Republici 
Hrvatskoj. Gradovi s LIPP-om u bilo kojem stupnju razvoja, korišteni su kao ovisna varijabla 
(cilj koji treba postići) u modelu statističke regresije. Statistička regresija je prepoznala 
financiranje LIPP-a od donositelja odluka na lokalnoj razini je, kao vodeći indikator razvoja. 
Identificirano je da su, za donositelje odluka u gradovima, okidači za odluku o ulaganju u LIPP 
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bila razina znanja i svijesti o prednostima koje donosi LIPP za dionike (prvenstveno gradsku 
upravu i građane). Korelacijski koeficijent između predviđanja statističkog regresijskog modela 
i stvarnog razvoja LIPP-a u Republici Hrvatskoj iznosi 92.7%.

Ključni zadatak za razvoj LIPP-a je podizanje svijesti i pružanje izvora znanja predstavnicima 
svake jedinice lokalne samouprave. To bi se moglo učiniti s nacionalne razine, uz nužnu političku 
i institucionalnu potporu. Ovi zaključci su potvrđeni i u ostalim istraživačkim koracima te su 
implementirani u model razvoja LIPP-a u Republici Hrvatskoj.

Ključne riječi: LIPP, lokalna samouprava, kvantitativno istraživanje, kvalitativno istraživanje, 
kombinirano istraživanje, statističke analize, statistička regresija, regresijski model, ovisna 
varijabla, LIPP okoliš, indikatori razvoja, model razvoja.
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This chapter will outline the background and the motivation concerning this research. The 
objectives of the research, its methodology, and the thesis structure are described in the chapter.
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BACKGROUND OF THE STUDY
Local self-governments provide the most detailed spatial data of Local Spatial Data Infrastructures 
(LSDI). These data are essential for the establishment of the SDI at all levels, including national 
(NSDI), and regional (INSPIRE). However, on a local level is less possibilities for investment in 
the development of LSDIs than at higher levels of SDI. 

SDIs vary significantly between different local self-government within states. Although SDIs can 
be established utilising the same standards, they will never be identical. They will differ depending 
on relevant political, economic, cultural and other circumstances. That is why understanding the 
needs and problems occurring at a local level can be very useful when implementing LSDI.

SDI’s should be  feasible. So, there is an ongoing need to assess and to improve SDI’s continuously. 
There are various assessment methods to evaluate SDIs and LSDIs, but none is appropriate to cover 
all areas. So, assessment methods differ depending on the reason for the assessment. Thus, an 
assessment method might be based upon the reason for the assessment and the area to be assessed. 

To conduct research, qualitative and quantitative methods can be used. However, combined, 
quantitative and qualitative research give better results than just one of them. Therefore, in this 
research, questionnaire, interviews, and focus groups are used to evaluate various aspects of LSDI 
in the Republic of Croatia. Also, different statistical methods are used for data analysis. 

LSDI can be useful when it comes to effective city management, but it can also be beneficial to 
other stakeholders, like citizens. To better understand circumstances among all LSDI stakeholders, 
at a local level, qualitative research was carried out in a city with relevant stakeholders.  

Primary benefit of LSDI is of economic nature, but there are other benefits from using LSDI. Such 
infrastructure influence on different aspects of society like: environment, economy, standard of 
living, recreation, and similar. LSDI is usually developed for just one city individually and never 
simultaneously in all cities within the whole state by one unique model of development of LSDI. 
Cities and municipalities in the Republic of Croatia are not as economically developed as their 
counterparts in the western parts of the European Union. However, Croatia is obligated to fulfil 
the demands of the Infrastructure for Spatial Information in Europe (INSPIRE) Directive as the 
rest of   the EU. The requirement relating to local self-government is that all spatial data should 
be available and comply with the INSPIRE implementation rules by 2020. Consequently, the 
development of LSDI simultaneously across the entire state could be cheaper. Also, standardisation 
and harmonisation of LSDI could be easier to achieve. 
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The conclusions from this research, as well as facts relating to the current circumstances about 
cities and municipalities in Croatia, were implemented in the model of development of LSDI in 
Republic of Croatia. 

MOTIVATION
As a survey or in the Republic of Croatia, working in the project bureau Vodoprivredno-projektni 
biro in Zagreb, I have recognised the need for appropriate data to be available online from local to 
national levels. Given that progress in the NSDI, the development area has been made at a national 
level. However, local levels have been left to their own in taking care of spatial data acquisition, 
storage, distribution and management. In the course of first learning about ((L)SDI in thesis text 
includes both, Local spatial data infrastructure and Spatial data infrastructure while LSDI includes 
exclusively Local spatial data infrastructure) at the university literature, seminars, and gaining 
further insight into the topic from other aspects of my professional life, an idea for developing 
LSDI in Croatia was attractive. It was attractive to look for the most beneficial solution for the local 
self-governments in the Republic of Croatia. The idea was to develop a model of development of 
LSDI in all cities in Croatia, guided and monitored from the national level. It was interesting to 
find out if cities would be willing to cooperate in developing  LSDI and if they would welcome 
guidance from a national level. It was tested in research which was published in 2014 (Hećimović 
et al., 2014). The results were promising, so I decided to undertake PhD research to formulate a 
model for the development of LSDI in the Republic of Croatia.

PROBLEM STATEMENT
Development and use of spatial data information started in cities (local government) (McDougall 
et al., 2009). On the other hand, support for the development of SDI on the local level did not have 
support from upper levels of SDI (McDougall et al., 2005). Support, which was recognised as 
necessary for effective LSDI was political, institutional, technical, and legal support (Tulloch and 
Harvey, 2007). Besides that, the exchange of primary data between local and other levels of SDI 
is vital for development, not just LSDI but NSDI as well (McDougall et al., 2009.). According to a 
study conducted in the USA (Budić, 1993), successful LSDI had strong political support.

Lack of cooperation between local and national levels was recognised as areason for slower 
development, lack of motivation, awareness of the benefits and profit of LSDI (McDougall et 
al., 2005). The integration of data at the national level is suffering from repercussions from the 
lack of cooperation between the local and national level of SDI (Jacoby, et al., 2002).  The lack 
of awareness of the benefits of unofficial data and lack of collaboration are two main obstacles 
recognised in research conducted in the USA trough the project Potentials and Pitfalls of the NSDI 
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for Local Governments. Therefore, since the datasets of spatial data relevant to the NSDI are 
collected and managed at a local level, it has been recognised as essential for the development of 
national level (McDougall et al., 2002). Local governments are key users and producers of datasets 
at a local level, and LSDI could be an essential stakeholder in delivering reports on assessments 
and shaping NSDI (Jacoby et al., 2002). 

The main objective of the LSDI is to support the economy, and sustainable development in general 
(McDougall et al., 2009). Cooperation in LSDI has different goal tan cooperation in business to 
business (B2B) and government to (G2B) relationships which main goal is financial gain.  LSDI 
aim is to improve the quality of life by improving public services. (McDougall et al., 2005). Among 
all cities, small ones, logically, have less capacity for investment in the development in LSDI. As 
a benefit from SDI, multiple use of non-redundant data, was recognised as an argument to raise 
awareness about the benefits of LSDI (Tulloch and Harvey, 2007). Consequently, LSDI should be 
useful to the city administration, owners of datasets and citizens as well. The more LSDI is used, 
the greater the benefits are. Therefore, public relations about LSDI’s benefits could be used for 
raising public awareness.

Society is interested in justified, large investment made in SDI, so assessment method became 
more important (Rix et al., 2011). There are many assessment methods (Crompvoets et al., 2008a; 
Vandenbroucke et al., 2013; Vico et al. 2010) for SDI development. Nature of (L)SDI is complex, 
and (L)SDI can be seen as a complex adaptive system. Assessment of such systems demands 
methods of assessments which can assess more than one perspective of SDI. One os such methods 
is “A multi-view framework” which assess performance and readiness of (L)SDI (Grus et al., 
2008). “There is no one assessment for all purposes or areas or levels of SDI. It is recognised that 
all methods, however useful and valuable, have either concentrated on one aspect of SDI, or have 
only focused on one region, or describe SDI development in a few particular countries, or are still 
conceptual” (Crompvoets et al., 2008a). 

There have been several evaluations related to local SDI initiatives in Croatia. Cetl (2007) 
investigated sub-national SDIs at the county level in the Republic of Croatia in order to analyse 
improvements of existing SDIs. Blagonić (2012) analysed utility cadasters over local geoportals in 
all 127 cities in the Republic of Croatia. Hećimović et al. (2014) examined Croatian LSDI as well. 
They analysed it concerning a city’s budget, its population, and area, as well as by European Union 
Nomenclature of Territorial Units for Statistics. The framework for assessment of LSDI should be 
adapted to the particular circumstances of a city and the national state. Croatia, as a member of 
the EU, is obliged to fulfil the requirements of the INSPIRE Directive, including Annex III, which 
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most relates to a local level of SDI. By 2020 the whole INSPIRE process should be operational 
(EEA, 2014).

OBJECTIVES AND HYPOTHESIS
The general objective of this thesis is to improve the process of development of LSDI in the 
Republic of Croatia. So, the thesis’s specific objectives are as follows:

 To adopt indicators and objectives from existing assessment frameworks to particularities
            of Croatian Local Spatial Data Infrastructure.  
 To assess local spatial data infrastructure readiness, use, performance and development in  
            the Republic of Croatia and to develop a model for LSDI assessment.
 To research the gap between the present reality and the 2020 goals set out in the INSPIRE   
            Directive.
 To develop a conceptual model of LSDI development in the Republic of Croatia.

The hypothesis of research:
 1. Research on LSDI readiness, use, performance and development will identify the main   
     obstacles related to the development and current state of LSDI in the Republic of Croatia.

METHODOLOGY
The scientific methods used in this research were a review of the existing literature and 
documentation, together with qualitative and quantitative research. As a pilot project, a webGIS 
solution wasimplemented in one city in the Republic of Croatia (Figure 1.1). Although local self-
government, by OG (123/17), consists of cities and municipalities, due to lack of development 
and knowledge about (L)SDI in municipalities, development and existence of LSDI is related 
exclusively with cities with few exceptions from municipalities.
  

Figure 1.1: Methodology of the development of the model of development of LSDI in Croatia
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As an initial step, an overview of the literature relating to (L)SDI was undertaken. The problems 
identified in other researches are always a good starting point when designing a questionnaire and 
foreseeing the obstacles that might obstruct the development of LSDI. Furthermore, a detailed 
review of the framework for the assessment of LSDI was done. Considering specific objectives 
of research, frameworks for SDI evaluation related to these were analysed in more detail, such as: 
The Spatial Data Infrastructure Readiness model (Fernandez et al., 2008), eSDI-Net+ SDI Self-
Assessment Framework (Vico et al., 2010), Evaluation and Performance Indicators to Assess Spatial 
Data Infrastructure Initiatives (Steudler et al., 2008), A Framework for Designing Performance 
Indicators for Spatial Data Infrastructure Assessment (Giff, 2008; Giff and Crompvoets 2008), 
INSPIRE Directive: Specific requirements to monitor its implementation (Vandenbroucke et al., 
2008a), an assessment methodology to assess the performance of spatial data infrastructures related 
to do of work processes (Vandenbroucke et al., 2013).

The purpose of the literature and documentation review was to compare frameworks for assessment, 
indicators, and objectives of evaluation and adapt them to the existing circumstances in the Republic 
of Croatia. In addition to the frameworks mentioned above for the assessment of LSDI for this 
purpose, previously conducted researches in the Republic of Croatia related to LSDI was used 
(Hećimović et al., 2014; Blagonić 2012; Cetl 2007). Researches on LSDI from other EU countries 
were also used: (LGA 2011; Christiansen et al., 2011).

Legislation significantly shape the environment for development of LSDI. However, (L)SDI 
legislation can significantly differ from country to country. Thus, the legislative framework for (L)
SDI in Croatia was reviewed as well. Also, local self-government legislation in the Republic of 
Croatia was reviewed for the same reason. 

After literature overview, questionnaire questions for quantitative research were prepared. The 
test specimen in this research was clearly defined by the number of cities (127) in the Republic of 
Croatia. Although qualitative research would give a better picture of the current state of LSDI level 
of development, in many local governments LSDI does not exist at all, so this type of research 
would only have purpose in a few cities in the Republic of Croatia. Besides, due to the distribution 
of cities over a wide area, quantitative research is more economical, more straightforward, and 
can be conducted faster. While a combined method is almost ideal (Tkalec et al. 2010; McDougall 
2006) because of the reasons mentioned above, the method in this case would hardly be applicable. 
Accordingly, a qualitative part of the research was conducted through a focus group with SDI 
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experts and interviews with stakeholders in the city selected for the pilot project.

Based on the literature overview and the results of research, a draft of the model of development 
was used as the basis for a focus group held with SDI experts  in Croatia on the margins of SDI 
days held in Zagreb in 2017.

In the second part of the study, a pilot project of webGIS solution for a local community in Croatia 
was prepared.  Qualitative research was carried out, in the city of Sinj, as a basis for the development 
of the webGIS. Before the development of webGIS, LSDI stakeholders were defined. All working 
processes were also described schematically. 

Through research the indicators of development of LSDI, were identified, as well as the main 
obstacles to LSDI development in the Republic of Croatia. Furthermore, initiatives necessary to 
close the gap (HSC, 2014) between the current situation and the future, aimed status of LSDI in the 
Republic of Croatia by INSPIRE 2020, were suggested. The results of the research were compared 
with other research.

Based on the conclusions, a conceptual model of LSDI development in Croatia was prepared. 
Since the LSDI development depends on institutional and political support through funding, legal 
framework and support for development, cooperation and coordination, the research examined 
those aspects as well.

THESIS STRUCTURE
The thesis consists of four main parts (Figure 1.2). The first part introduces the background of the 
research, describes the problem statement, objectives and methodology. The second part presents 
a review of literature, legislation and circumstances in local self-government in the Republic 
of Croatia, and assessment framework. The third part deals with: a questionnaire, focus group, 
interviews, and the pilot project. The fourth part describes a model of development and a synthesis 
of conclusions arising  from the research. 

In Chapter 1, the background of the research, and the motivation for this thesis is described. A model 
of development of LSDI in Croatia is introduced as a challenge to this research. The objectives of 
the thesis are stated. The research methodology is introduced in this chapter, as well.
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Chapter 2 identifies (L)SDI and explains how LSDI and SDI have evolved. This chapter describes 
how spatial data infrastructure is structured and what are the critical parts of SDI. Also, different 
models of development were described: bottom-up, top-down or middle-out. The role of LSDI in 
the hierarchy of SDI is presented.

Chapter 3 presents local self-government in Croatia. Perspectives from various authors on local 
governments is given as well as issues and challenges. In this chapter, governance in local self-
government from legal and organisational perspective is also reviewed.

Chapter 4 describes the legal framework related to NSDI. The legal framework in Croatia is related 
to the INSPIRE Directive. Thus the Directive is also examined. Besides the Directive, legislation 
related to local self-government, environmental informations and PSI directive is additionally 
described.

Chapter 5 presents methods of assessments of (L)SDI. Parallel to these, different types of indicators 
are discussed as well. Indicators and LSDI assessment frameworks in the Republic of Croatia are 
identified. A number of the conducted researches in Croatia and abroad on LSDI are summarised. 

Chapter 6 describes the research methodology. The structure of the methodology is introduced and 
explained. Each part of the presentation is described and explained: the questionnaire, interviews, 
focus group, and the pilot project. 

Figure 1.2. The four main part of the thesis

Chapter 1
BACKGROUND OF THE 

RESEARCH

Chapter 2 
(L)SDI – DEFINITION, HISTORY, MODELS OF 
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Chapter 3. 
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Chapter 8. 
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Chapter 10. 
PILOT PROJECT – IMPLEMENTATION OF WEBGIS IN CITY OF SINJ
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Chapter 12. 
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FOR FURTHER RESEARCH.

02.
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In Chapter 7, quantitative research is presented. The content of the questionnaire is presented and 
explained. Each part of the questionnaire is described. Finally, the results of the questionnaire are given.

Chapter 8 explains qualitative research. It consists of two parts: interviews and a focus group. The 
results and interpretation of each part are presented.

Chapter 9 describes,results and interpretation of statistical analysis. The results of folowing 
statistical analysis are presented: Pearson correlation, Spearman’s Rho correlation, Logistic 
regression, Multiple linear regression, and decision tree. 

In Chapter 10, the pilot project is presented. The City of Sinj as the pilot project’s location is 
discussed. Stakeholders and key players in the working processes are examined via interviews, and 
the results are presented. The architecture of geoportal is shown. Finally, the results obtained PR 
activities are given.

Chapter 11 summarizes the conclusions arising from the research. Stakeholders for the development 
of LSDI in Croatia are identified. The phases of the model of development are described. Finally, 
the risks posed for the development of LSDI are given.

In Chapter 12, the researcher evaluates objectives and hypothesis of the research, and gives 
conclusions of research. The relevance of the research findings is examined, and suggestions for 
further research are given.

SUMMARY
In this chapter introduction to the thesis is presented with objectives and the hypothesis of the 
thesis.
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This chapter outlines and presents the context concerning this research. The history and models 
of development of LSDI are described. What is LSDI structured is introduced as well.

LOCAL SPATIAL DATA INFRASTRUCTURE

02
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INTRODUCTION
The objective of this chapter is to get the theoretical background of (L)SDI and to link it with 
practical experience through principles of development or issues related to LSDI development.  
LSDI is described  through an overview of historical development, definition, concepts, 
organisational structure, hierarchy, models of development, and recognised supports and pitfalls 
of LSDI.

The human need for observing space through various maps, drawings, and records has appeared at 
the very beginnings of first civilisations. Contemporary, with the development of civilisations and 
technology, the manners of collecting data, conceiving of space, representations of space, as well 
as analysis of the shown data, also developed. Since the time of old Sumerian and recording data 
of ownership on the plates, people evaluated the space and gathered data on it. The first use of the 
map as a base for spatial analysis on a local level, probably originates from 1854. That year, John 
Snow presented the locations indicating the outbreak of cholera in London to find out the source of 
water (The broad street pump) as the source of disease and preventing of its spreading (Figure 2.1). 

Figure 2.1. Dotted schematic review of the cholera outbreak on a map showing the source of infection (Snow, 1854)
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HISTORY AND DEVELOPMENT
The Canadian Ministry of Energy did the first functional GIS, Mining and Resources for the region 
of Ontario in Canada (URL2). In the year of 1971 Canadian Geographic Information System - CGIS) 
becomes operative (Brovelli, 2006). Except in the area of Canada, the beginnings of spatial data 
information systems were happening in the USA, Australia and Europe (Coleman and McLaughlin, 
1997). In 1986 Australian Prime Minister and state authorities arranged coordination of transferring 
spatial data between various levels of authorities (ANZLIC, 1992; transferred from Masser, 
2006a). In 1987, in report of the British Committee of Geographic Information, spatial information 
technologies were recognised (Masser, 2006a). In 1990 Office of Management and Budget of the 
USA (OMB) established Federal Geographic Data Committee (FGDC) to “develop, use, share and 
spread survey, mapping, and linked spatial information” (Masser, 2006). By Executive Order No. 
12906 dating from 1994 from the president of the USA Bill Clinton (Coordinating Geographic 
Data Acquisition and Access: The National Spatial Data Infrastructure) for the first time, NSDI has 
become a part of the legislative frame (URL4). 

The development of technology was break through for the development of spatial information 
systems. Starting from the development of spatial theories and technology, after 1960s of the  20th 
century, faster development of SDI occurred. By introducing computer technology to the broader 
general public, awareness about spatial information was another factor influencing on faster 
development of SDI. (URL3). Offices for spatial planning were recognised as carriers of the LSDI 
project, at the beginning of the development of SDI (Budić, 1993.).

The mentioned executive order No. 12906, says the following: „ Geographic information is critical 
to promote economic development, improve our stewardship of natural resources, and protect the 
environment. Modern technology now permits improved acquisition, distribution, and utilisation of 
geographic (or geospatial) data and mapping. The National Performance Review has recommended 
that the executive branch develop, a coordinated National Spatial Data Infrastructure (NSDI), in 
cooperation with the private sector, state, local, and tribal governments. NSDI should support 
public and private sector applications of geospatial data in areas like: transportation, community 
development, agriculture, emergency response, environmental management, and information 
technology.“

Furthermore, continued development of spatial data infrastructure is seen through revisions 
(2002) and memorandum (2006) of Circular A-16. Circular A-16 was first time proclaimed by 
the office of Management and Budget for measurement and mapping for federal management of 
the USA in 1953. The estimation was that 80-90% of data in state management contains a spatial 
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component. Usability of data for more than one purpose in state management as well as generally, 
was recognised and documented benefit, It was motive for revisions of law definition of NSDI 
in the USA. Although technologies changed, primal objectives remained the same (Robinson, 
2008). Spatial data infrastructure becomes an interest and means of the society on every level and 
technological support to the economy, sustainable environment, and to the society. 

Over time focus of SDI changed. The first generation of an SDI (Figure 2.2) was focused on the 
product while the second generation (Figure 2.3) was focused on services (Rajabifard et al., 2002).

In the first generation, data-centric SDI, data were collected by government agencies (Sadeghi-
Niaraki et al., 2010). Society had more requirements which influenced on more organisations to 
invest in the GI business (Goodchild et al., 2007). Figure 2.5 shows the SDI environment through 
the development of the first and second generations of SDIs, the change from a product to process-
based model, and the changing role of each SDI level (Rajabifard et al., 2006). Process-centric 

Figure 2.2: SDI focused on products (Rajabifard et al., 2002)

Figure 2.3: SDI focused on services (Rajabifard et al., 2002)
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Figure 2.4: User-centric view acts as a vital element of the 3rd generation of SDI (Sadeghi-Niaraki A et al., 2010)

SDI, as the second generation of SDIs, developed faster with the development of information and 
communication technologies (ICTs), the Web, and the Internet. Figure 2.4 explains the difference 
between the first, second and third generation of SDI. In summary, process-centric SDI is more 
oriented to user, then data-centric SDI (Sadeghi-Niaraki et al., 2010).

Process-centric SDIs recognise users as only active recipient (Budhathoki and Nedovic-Budic, 
2008) and still do not fully consider the user’s interests for services/infrastructure shaping. In the 
user-centric SDI, the third SDI generation, a significant change from the passive role of users to 
active role, occurred (Budhathoki and Nedovic-Budic, 2008) Figure 2.4 shows the transition from 
first to second and third generation happened between 2000 and 2007 (Sadeghi-Niaraki et al., 
2010). National, sub-national level of SDI and private sector had a significant influence on move 
to process-centric SDI. On the national level, 2000 was a year when a significant increase in the 
number of countries with SDI happened (Rajabifard et al., 2006). 
 

A Society
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Figure 2.5 shows the difference between generations of SDI (Sadeghi-Niaraki et al., 2010). It 
should be noted that conceptual components of SDIs, such as metadata, standards, interoperability, 
policy, and organisation have developed (Budhathoki and Nedovic-Budic, 2008) over the first and 
second generations. By Kenniscentrum Open Data (2017) 4th generation of SDI will be open SDI 
with the following characteristics:  

      1.   “Complete: All public data is made available.”
       2.   “Primary: Data is as collected at source, with the highest possible level of granularity, not in   
            aggregate or modified forms.”
      3.   “Timely: Data are made available as quickly as necessary to preserve the value of data.”
       4.   “Accessible: Data is available to the widest range of users for the widest range of purposes.”
      5.   “Machine processable: Data is reasonably structured to allow automated processing.”
      6.   “Non-discriminatory: Data is available to anyone, with no requirement of registration.”
       7.   “Non-proprietary: Data is available in a format over which no entity has exclusive control.”
      8.   “License-free: Data is not subject to any copyright, patent, trademark, or trade secret
            regulation. Reasonable privacy, security, and privilege may be allowed.”

SDI occured with the development of society so there could be a correlation between the development 
of society and SDI. “Complexity of society and reality is mirrored into SDI, and therefore today SDI 
can be seen as Complex Adaptive Systems (CAS) whose characteristics are: openness, components, 
non-linearity, emergency, feedback loops, adaptability, self-organisation, multi-understanding, 

Figure 2.5: Continuum of SDI Development based on the first and second generations of SDI 

(Rajabifard et al., 2006)
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dynamics, unpredictability, sensitivity to initial conditions, scale-independence (fractal building) “ 
(Grus et al., 2006).

DEFINITION OF SPATIAL DATA INFRASTRUCTURE
„NSDI is a set of technologies, measures, standards, implementing rules, services, human capacity 
and other factors that enable effective integration, management, and maintenance sharing defined 
by this Act to meet needs at national and European level, which will be an integral part of the 
European Spatial Data Infrastructure defined by the INSPIRE Directive “ is the definition of NSDI 
from the Act on the national infrastructure of spatial data (OG, 50/20). Although according to the 
research done in 2001, out of 192 states, 120 states claimed they had initiative of NSDI forming, 
but still until now there is no mutual consensus on a definition of NSDI (Crompvoets and Bergt, 
2003). Different interpretations of NSDI, recognising the potentials, purpose, a vision of progress, 
political management of the states and regions, influences different definitions of NSDI.
  
Through INSPIRE (Infrastructure for Spatial Information in the European Community) directive, 
2007/2/EC European Union defines the infrastructure of spatial data as following (EC, 2007): 
“infrastructure for spatial information means metadata, spatial data sets, and spatial data services; 
network services and technologies; agreements on sharing, access, and use; and coordination 
and monitoring mechanisms, processes and procedures, established, operated or made available 
following this Directive”

Although member states have the same Directive for development of SDI, each member SDI will 
differ from other because of differences in environment shaped by political, economic, cultural 
and other factors (Grus et al., 2006). Nevertheless, a common essence of each NSDI is a, through 
institutions established, the legal process of a harmonised, standardised, sustainable management, 
and monitoring of the environment, through available spatial data, on all levels of NSDI in the area 
of one whole state. The usability of NSDI for environmental preservation and support to economic 
growth are outcomes of NSDI or in some cases, cause for the development of NSDI.
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SPATIAL DATA INFRASTRUCTURE CONCEPT
Four following conditions must be fulfilled continuously to make NSDI an efficient system,  (Figure 
2.6 (Charvat et al., 2011)): 
 
            “Political support”,
 “Institutional support”,
 “Accessibility”,
 “Usability”.
 

The dynamics of the development of NSDI depends on all four conditions which influence on each 
other. More substantial  political and institutional support means faster development of accessibility 
and usability on all levels, from local to global (Figure 2.7). We also differ NSDI by direction of 
development, from top to down, i.e., from national to corporation level or vice versa. Although 
most of today’s NSDIs are directed from up to down, especially in federal states, today NSDIs are 
developing in parallel and both directions. Similar is discovered by others as well (Charvat et al., 
2011). 

“The importance of the existence of political, institutional, technical, and legal support largely 
determines the activities of local government in the development of LSDI” (Tulloch and Harvey, 
2004). Political and institutional support interact in producing acts and institutional frameworks 
for the development of LSDI dealing with data collection, data sharing, and financing of those 
and other relevant processes in LSDI implementation. Political and institutional supports are most 
influential in shaping the organisational structure of NSDI. 

Figure 2.6:  NSDI efficiency conditions (Charvat et al., 2011)
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The organisation frame of SDI through the participation of different subjects is shown in Figure 
2.8.(Cetl, 2007). It is evident that on top of the whole NSDI as a system is law frame made with 
political and institutional support. 

Figure 2.7: SDI levels (Rajabifard et al.,, 2000.) 

Figure 2.8: Organization frame of SDI (Cetl, 2007)
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Figure 2.9: Organization levels of NSDI (SGA, 2008)

According to three interrelated organisation levels of SDI shown in Figure 2.9, by Steudler (2003), 
the plan of NSDI fulfillment for the Republic of Croatia consists of three main parts (DGU 2008):  

1. “Political level
         Directs to overall aims and regulations.”
2. “Managing level
         Includes organisation aspects, concepts, and norms.”
3. “Organisation level
         Includes implementation.“

The managing level task is to translate acts articles to the organisation level by setting strategic 
goals. By strategic goals, organisational level set up, and deliver operational goals.
 

Structure of SDI can be found and defined from different perspectives like (Ključanin et al., 2018)

MODELS OF DEVELOPMENT OF SDI
A better understanding of the issues, potentials, and problems that local governments have is 
critical to have support for local government needs and to develop better opportunities for them to 
participate in data infrastructure (SDI) (Tulloch and Harvey, 2007). “Establishing and supporting a 
social network among colleagues, citizens, and elected officials that supports their interests seems 
to influence awareness and to be critical in all cases in the development of LSDI” (Harvey and 
Tulloch 2003).

Motivation of the local level to participate in the development of NSDI should be an interest of the 
national level of SDI. Smaller cities, besides lack of political and institutional support, could have 
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problems with lower capacities for the development of LSDI. Cooperation, formal or in-formal 
,between different levels, could be a good start for the development of LSDI. Since, financial gain 
is one of the recognised motivator, it should be taken into account in the development of LSDI. 
Besides financial gain, a motivator for LSDI development could be the support of SDI experts 
(McDougall et al., 2005). Two other motivator could be new and better service for the public, and 
multiple use of non-redundant data (McDougall et al., 2002.).

Since capacities for the development of SDI on a local level is significantly smaller than on the 
national level, the model for development of LSDI should consider that (McDougall et al., 2009). 
Unique model could help in reducing costs by sharing, not just model, but resources as well. Besides 
that, a unique model on the local level will enable better horizontal cooperation and communication 
with all stakeholders of the local level. 

According to research (Harvey et al., 2003.) done in the USA in 2003, characteristics of best 
systems can be seen through seven key points:

1. “Context matters - Formal or non-formal model of distribution of data.”
2. “Attitudes vary - Payment or non-payment of data.“
3. “Charging for data can cost more than you think - Consequences of (non)payment of delivered
    spatial data.”
4. “Bigger is better - the larger organisations seemed more likely to share, to have developed
    metadata, and to be prepared to participate in a larger SDI.”
5. “Where there’s metadata, there’s data - Metadata as a guarantee of accuracy, but also the quality
    of data.”
6. “Sometimes, it’s all about who you know - The importance of non-formal and formal 
    communication of service workers.”
7. “Sharing is easy, not sharing is hard - Simplicity of distribution of data without paying a fee.”

Research also showed five best practices contradictions (Harvey et al., 2003.):

1  “Remember, to give is divine, but knowing you might get something back later is pragmatic.” 
2  “Give the data away, but always make sure people know where it comes from.” 
3  “Don’t charge for data, but make sure people know what it costs.”
4  “If possible, never charge fees, but make additional services available at a fair cost.”
5   “If you have data, remember, you don’t own the room that people are eating in, you’re only 
     putting the “food” on the table.
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The possibility of local self-government, i.e. society, more and more depends on using of the IT 
systems. It is an essential precondition for sustainability and successful implementation of NSDI in 
general, but on the local level as well. According to a report of World Economy Forum from 2017, 
the Republic of Croatia was on 54 positions out of 139 surveyed countries (URL 6) according to the 
network readiness index, while according to the number of internet users, it was on the 47 positions 
(Figure 2.10) (URL 7).

Quality of data on the local level is vital for not only producers of data but also users (Tulloch and 
Harvey, 2007.). The more intensive the distribution of data is, the data are more used. Problems in 
the distribution of data could be of technical or institutional nature. Technical obstacles, according 
to Harvey and Tulloch (2003) for improved distribution of data, can content (McDougall et al., 
2002.): 
 “Technical problems during connecting of data of different resolution,”
 “Different kinds and quantities of spatial data,”
 “The spatial accuracy of spatial data,”
 “Norms related to spatial data.”

Institutional obstacles are still crucial in a better distribution of data, and they consist of following 
(McDougall et al., 2002.):
 “Ownership of data,”
 “Questionable adaptability of the existing administration,”

Figure 2.10: Network readiness index for Croatia (2017) (URL 7)
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 “Lack of financial impulse,”
 “Lack of appropriate contracts,”
 “Responsibility for data management,”
 “Political surroundings,”
 “Lack of applications for metadata,”
 “Price of data.”

Financing and doubts on the return of invested funds are also important issues that can have an 
impact on the sustainability of SDI on the local level. By experts in the economy, there is a difference 
between spatial data and other goods (Tulloch and Harvey, 2007.), so it is important to differentiate 
which data are available to which users for which price, if whether the fee for delivered data is 
necessary at all.

By research made in the USA in 1993, bigger cities need more time from starting implementation 
of LSDI till the beginning of using the LSDI (Budić, 1993.). McDougall et al. (2005) state that 
according to the research done in Australia, that smaller local self-government have less capabilities 
in ICT readiness and have a lack of human capital for ICT maintenance. Harvey and Francis in 2004, 
according to research done in the USA state that bigger systems are more prepared for distribution 
and higher is the possibility of the existence of metadata in SDI.

MODELS OF INTEGRATION OF NSDI WITH LOCAL LEVEL 
During the third GSDI (Global Spatial Data Infrastructure) conference the model of long-term 
development of GSDI was presented with the goal of ‘’cooperation of state, regional and other 
international institutions through principles of flexibility, coordination, simplicity, and subsidiarity.“ 
The result of the development of SDI on different political/administration levels became a model of 
the hierarchy of SDI by mentioned levels. There are two definitions of the hierarchy of SDI (Figure 
2.11):

A   ‘’roof“ model 
      (umbrella view)
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B   model of structured units (building block)
 

In the case of ‘’roof’’ models, an institutional frame and technical norms, network services, and 
human resources for all levels are made on the highest level. This model keeps characteristics of 
„top-down“ direction of development and implementation of SDI, and characteristic of “top-down” 
model is standardisation on all levels of SDI (Fernandez et al., 2009.) and orientation towards 
primary spatial data (Carrera and Ferreira 2007.) on a national level.

If SDI structure is built from all units within the system, then the local level provides higher levels of 
SDI with spatial data (Figure 2.12).  So, “bottom-up” direction of development and implementation 
of SDI is made from the local level (Carrera and Ferreira 2007.).
  

Figure 2.11: Two essential hierarchies of SDI (Rajabifard et al., 2000.)

Figure 2.11:SDImodel of structure units (Rajabifard et al., 2000.)
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Based on shown hierarchies, SDI creates visual space (environment), which is used as a base for 
managing, monitoring, and acting in the environment depending on the level of SDI. (Figure 2.13). 

Rajabifard et al., (2000) gave a review of relations according to different levels of SDI depending 
on essential components (political, fundamental data, technical standards, net services, and human 
resources) of every level of  SDI shown in Table 2.1.
 

Figure 2.13: Relations between details described by spatial data, of different levels of SDI and levels 
of planning (Rajabifard et al., 2000.)

Table 2.1: Relations between different levels of SDI (Rajabifard et al., 2000.)
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Based on the shown tables, it is visible that the national level of SDI has the most decisive  influence 
on all other levels according to all components. Based on reviews, all of the relations between 
components are shown in Table 2.2 from which is visible that the national level of SDI is crucial 
for the development of lower levels of LSDI (Rajabifard et al., 2000). 
 

Table 2.2: Comparison of different levels of SDI according to essential components (Rajabifard et al., 2000.)
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Besides the two mentioned models in the literature, there is also a derived model, „middle-out,“ 
which unites both models.

Carrera and Ferreira (2007.) state that the „City Knowledge“ approach of organising SDI 
components in the system from which local level can create information system is based on the 
following principles:
 “Local units are the starter of urban changes,”
 “Local units have two basic elements: structure and activity,”
 “Spatial data on a local level either already ‘’exist’’ or are about to be produced in future 
 through changes caused by elements of structure and activity,”
 “Space is „glue“ which can connect different spatial data types to local surroundings,”
 “Governments do not have many possibilities for managing and monitoring changes.”

According to adopted „City Knowledge“ principles model can be created on the following bases:
 “Excessive information jurisdiction,”
 “Collecting, organisation, and distribution of spatial data,”
 “Sustainable mechanisms for maintenance („update“) of spatial data,”
 “Institution or free  (volunteer) arranged the sharing of data,”
 “Coordination between agencies.”

Through the local level of SDI, changes in space occur.Therefore local level should be responsible 
for detecting such changes and implement it in SDI (Carrera and Ferreira 2007.) and, therefore , 
local self-governments could be bearers of SDI development on a local level.

The development of ICT enabled local self-governments to integrate datasets from more systems 
in one using possibilities of Web 2.0 (Fernandez et al ., 2009.).

Formal elements as a base for non-formal mechanisms necessary for Web 2.0 model, which is 
derived from „top-down“ and „bottom-up“ infrastructure of spatial data, are (Fernandez et al., 
2009.):
 “Standards. In most of SDI initiatives, standardisation bodies at the national level work in 
 conjunction with other supra-national efforts. As a result, a group of standards is produced
 (and adopted) to share and interoperate geospatial information and services at any level.”
 “Geodata services. The efforts to define fundamental (institutional) data at the national
 level and the policies associated are valid for local levels.” 
 “Legal frameworks. Legal frameworks associated with SDIs at national or regional levels 
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 are legal umbrella to underpin lower SDIs.”
 “Geospatial coordination bodies. The strategies carried out by national or supranational 
 geospatial bodies regarding policies, education, funding, synergies with other programs, 
 among other tasks, are necessary deploy at lower levels and can be taken advantage of by
 local SDIs to support sustainable programs.”

Informal mechanisms related to the „bottom-up“ model of SDI have many links to the nature of the 
Web 2.0 model (Fernandez et al., 2009.):
 “Facilitation of the inclusion of new active networks and stakeholders in the SDI – 
 Coordination of the heterogeneity.”
 “Users become providers - Sufficient flexibility to permit different ways to share data; ease
 to use and the ability to communicate via freely available tools (wiki texture, MashUps,    
 etc.) – “Coordination of the diversity.”
 “To consider reputation management mechanisms – “Validation of contributions.”
 “To take advantage of the protocols, guidelines, standards, and lessons learned by top-down  
 initiatives in conjunction with the flexibility associated with bottom-up approach -   
 “Hybridizing  both approaches.”
 “To enable mix and match maps from different sources (formal SDI generated maps and
 informal user-generated maps) – “Aggregating values from neogeographers contributions.”

Douglas Nebert, technical director of association „Global Spatial Data Infrastructure Association,“ 
states few thoughts to be taken into consideration by new possibilities (Fernandez et al., 2009.):
 “Keep it simple.”
 “Instead of requiring the explicit definition of a location of interest, allow the simple search 
 to be constrained by the current geography within-view.”
 “Minimize metadata and facilitate the way to capture them.”
 “Expose resources using Web 2.0 technologies. For example, use RSS (Really Simple
 Syndication), and in particular, GeoRSS, to advertise the availability of new resources with 
 a geographic extent.”
 “Enable the community with collaboration capabilities (within the recognized constraints
 of government systems security).” 
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SUMMARY
In this chapter, key stakeholders for the development of (L)SDI are recognized. Stakeholder 
support, as well as the purpose of SDI, has developed through three generations of LSDI by the 
support of political and institutional stakeholders. There are different models of development of 
LSDI, and it differs from case to case. Principles of development are described as well as issues in 
the development of LSDI. Both, theoretical and practical background of LSDI development, are 
relevant for this research. 
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In this chapter, the definition of local self-government, and an overview of governance in local 
self-government in the Republic of Croatia are given.

LOCAL SELF GOVERNMENT IN THE REPUBLIC OF CROATIA

03
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INTRODUCTION
For the development and management of LSDI, it is important how local self-governments are 
organized, which legal acts they are obligated to use, and which are the revenue streams. In this 
chapter development and status of local self-government, organization, responsibilities, legislative, 
and financing are described. Also, identified problems and recommendations for improvement 
of local self-government are described. Legislative about Spatial Data Infrastructure and local 
government is described in chapter 4.

The objective of this chapter is to describe the environment in which cities operate through 
legislation, organization, financing, and jurisdiction over public services. Working processes in 
cities are mostly related to public services and other obligations defined by law. LSDI should help 
cities to deal with those working processes but also help in other issues in governance or need form 
stakeholders’ perspective. Also, the history of development and issues related to the governance of 
cities (internal environment) is described. Understanding of environment helps shape research and 
shape model of development of LSDI.

The chapter will start with a description of development and issues related to local self-government 
from governance, institutional, and political perspective. The jurisdiction of local self-government 
and relations with the central government is described as well. Further on, cities are described by 
their status in correlation with politics and change in legislation. 

Financing of cities and public services under local self-government is described as well. Legislation 
is translated from Croatian to English and therefore not quoted but marked with reference to a 
specific law.

LOCAL SELF-GOVERNMENT: DEVELOPMENT, ISSUES, AND 
RECOMMENDATIONS FOR IMPROVEMENT

Croatia is a unitary state (OG, 41/2001) with three governance levels: national, mezzo (20 counties 
cro. “županija”), and local levels (428 municipalities and 128 cities, 17 of which have the special 
status of large towns). By OG (123/17), local self-government units are cities and municipalities. 
The total number of local and regional self-governments is 576 (counties included). The capital of 
Croatia, the City of Zagreb (790 017 inhabitants), has a specific status, governance responsibility 
like cities and counties. The role of most local self-government in investment depends on economic 
and fiscal possibilities, so smaller cities role is weak. Almost 51% of local self-governments have 
less than 3 000 inhabitants, and 20% less than 5 000 inhabitants. The only exceptions from the low 
capacities are the medium and big cities. The possibility of merging cities was regulated in 2015, 
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but there was no single case of merging. Croatia is, according to the EU NUTS rules, divided into 
two statistical regions (Continental Croatia and Adriatic Croatia) (Koprić, 2018). 

“At the beginning of the 1990s (1990-1993), Croatia gained independence but continued to function 
within the institutional framework inherited from the socialist period, with only two governance 
levels, national and local.” At that time, 102 local governments existed. After the 1993 reform, the 
number of local governments multiplied by five, from 102 to 510 (Koprić, 2018). 

After reform, counties had more power, as a “supervisory and decreeing level between national 
and local level.” Decentralization started in 2001, and it concerned 33 major cities and counties 
without financial decentralization. Multiplying of local governments stopped after 2006. After the 
recession in 2008, the territorial structure became a public issue with questions of inequality of 
citizens related to a range of quality of public services in different cities in different cities (Koprić, 
2018).

Local self-governments share in total government expenditure share is about a quarter. On the 
other side, revenues of local government are about  19.5%, which means that a significant part of 
their revenues are grants, half of them granted from the central budget (Bakula, 2016). Croatian’s 
rank in the EU-28 is 12th in a group of more centralized members of the EU, with a high central 
government share in total government expenditure  (Table 3.1) (Koprić, 2018). 

Croatia has a relatively large public administration. About 293 000 employees or approximately 
18% of all employed is employed in the Republic of Croatia, by the state (WB, 2016). In nowadays, 

Table 3.1: General government budget data (Koprić, 2018)
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the number of public employees has not changed much (Koprić, 2018).

The guaranteed local jurisdiction are  ‘affairs related to the organization of localities and housing, 
zoning and urban planning, public utilities, child care, social welfare, primary health services, 
education and primary schools, culture, physical education and sports, customer protection, 
protection and improvement of the environment, fire protection and civil defence’. Counties 
have powers concerning ‘affairs related to education, public health, zoning, and urban planning, 
economic development, transportation, and transportation infrastructure and the development of 
the network of educational, health, social and cultural institutions’ (OG, 41/2001).

Responsibilities in public services are considerably limited (Koprić, 2014). Local governments 
lack possibilities to influence on Government’s legislative policy, and as a result, many public 
services are overlapping (Koprić, 2018). Administrative, political, social, economic, and ecological 
roles are the five most prominent role of local self-governments (Koprić, 2012). 

“The role of local units was always present in social issues, especially in social protection. 
Local units took over a significant part of public services: utility, social (education, health, social 
welfare, and social protection, social housing, culture, etc.), security-protective (fire-fighting, civil 
protection, public order, and peace, etc.) and others” (Wollmann and Marcou, 2011; Pusić, 2010). 
So, local units have become the basis of the social state.

At the end of the  20th century economic role of local self-government has become more crucial 
(Loughlin et al., 2011). 

Table 3.2 (Koprić, 2018) shows the jurisdiction of different tier of government from central to local 
by four aspects: legislation, regulation, funding and provision. If there is no unique jurisdiction, it 
is not marked with “+” and described in words.

Table 3.2: Jurisdiction over affairs (Koprić, 2018)
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Weak capacities of local self-government had influenced on taking over constitutionally guaranteed 
jurisdictions at the beginning of the 2000s. Another reason which influences on reduced local self-
government jurisdiction is grow of public agencies during the Europeanization phase (Koprić, 
2018).

Local governments usually have a weak position in their relations with the central bodies, despite 
the status of local self-government. The Chamber of Counties, was abolished in 2000 since it 
was not a suitable promoter of local interests but more promoter of the interests of politicians on 
county level. The Committee for Local Self-Government has been the body for debating about 
legislation connected with local self-governments. Its weak position grew by the possibility of 
the accumulation of mandates at the local and central levels. A significant number of mayors and 
councilors in cities are alsomembers of Parliament. This informal interest network could set back 
many legislative initiatives at the central level (Koprić, 2018).

There are three associations of local self-governments that promote their interests (Association 
of Municipalities, 283 members from associated municipalities out of 428; Association of Cities, 
121 citiesout of 128 cities; Croatian County Association, members are all 20 counties and the City 
of Zagreb). There are examples of cooperation in agenda-setting and reform planning, such as the 
participation of representatives of local self-governments in the Partnership for Open Government 
Council, and in the Government’s Decentralisation Commission (Koprić, 2018).

By Koprić (2018), politicization  is one of the main problems in the Croatian civil service. This 
problem has usually been approached formally, through law amendments and attempts to reshape 
the appointment procedure for managerial positions in public administration. The politics of 
depoliticization formed an essential part of the EU accession process. (Koprić, 2018).

The change in legislation for direct election of mayors in 2009 introduced the politicization of 
professional positions in the local administration. The more significant issue is public distrust in 
recruitment at lower levels of administration (Koprić, 2018).

Croatia has been assessed and monitored under the European Semester for five years, since it 
joined the Union on 1st July 2013. During the 2014–2018 period, assessing and monitoring under 
the European Semester, similar recommendations were addressed to Croatia from EU (Table 3.3) 
(Koprić, 2019). 

Many small local units lack adequate financial and administrative capacity to carry out decentralized 
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functions. Indicators of public administration efficiency show performance below the Union 
average Funds (EU, 2018).

Country specific recommendations given to Croatia have delineated three urgent governance reform 
tasks: a) changes in the structure of local governments, to reduce territorial disparities in the delivery 
of public services, b) “… rationalizing the system of state agencies …” to reduce overlap between 
ministries and agencies, and c) harmonization of salary schemes in public administration and public 
services. Such recommendations are in line with what domestic scientific and the professional 

Table 3.3: List of Country Specific Recommendations (year by year, recommendations relevant to the scope of this 
report in bold) (Koprić, 2019)
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community has been assessing as the main problems for quite some time. Territorial rationalization 
as a precondition for more effective service delivery on the whole state territory was the first and 
primary recommendation offered in the document “Thirty recommendations for reforming system 
of public governance in Croatia” prepared by the Institute of Public Administration and presented 
on 7th May 2014 in the Croatian Parliament. Recommendations were, also given concerning 
strengthening absorption capacity for EU funds. Other recommendations are, the improvement 
of ethics and public integrity, plus improvements in policymaking and strategic planning, public 
transparency, and civil service (Institut za javnu upravu, 2014).

It is important to understand problems of local administration and efforts toward digitalization of 
public services which are closely related to LSDI. From that perspective, according to working 
documents of Croatian governance system reform, they are concentrated around the issues with 
bullet fourth bullet related to digitized service delivery (Koprić, 2019):
 “Anti-corruption policy,”
 “Design of a merit-based civil service system,”
 “Reduction of administrative burden on companies,”
 “More effective, easily accessible and digitized service delivery harmonized throughout  
 state territory,”
 “Strengthening capacity for full, effective and timely use of EU funds, with an appropriate
 monitoring and evaluation system,”
 “Reduction of administrative fragmentation in the local self-government system and at the 
 national level (ministry – state agencies),”
 “Evidence-based policymaking, the betterment of administrative system coordination,
 improvements and acceleration of public administration reform, management of public
 finances, and, generally, better management of the public governance system.”

Despite many reform initiatives and efforts, Croatia is still positioned among those countries with 
moderate competitiveness and inefficient public administration. According to the World Economic 
Forum’s Global Competitiveness Report, 2016 (Schwab, 2016), Croatia is ranked 74th, with a 
score of 4.15 points out of 7, slightly improving its status in comparison with the previous year 
(77th place, score 4.07). 

Inefficient of public administration characterized by low-cost effectiveness and large public 
expenditures significantly contributes to such assessments (Koprić, 2019). Public administration 
after the EU accession process shows progress in transparency, openness, and accountability 
policies. (Koprić, 2019).
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Calafati (2010) raises the importance of the ‘European model of territory.‘ This can be “… 
characterized by the following three objectives: a) polycentrism (the maintenance of it); b) a 
minimum amount of per capita well -being to be reached in every ‘locality’ – or node – in the 
European territory; c) a sufficient amount of local knowledge to be provided for an effective learning 
and innovation process. To be stressed is that the objective of maintaining – and improving – a 
‘balanced territorial organization’ … is not pursued only from a purely political (moral) perspective 
… it is also regarded as instrumental to two further objectives: firstly, reduction of the ecological 
impact of human activities, and secondly, the mobilization of hidden local capital (as a step towards 
increasing the potential economic performances of the European Union). “ (Calafati, 2010 from 
Tosics, 2011)

Koprić (2019) suggest the following reform measures: 
 “Preparation of comprehensive local government reform with consolidation at both local 
 levels (basic and county level) and possible decentralization to a much smaller number of
 regional governments,”
 “Reorganization of deconcentrated administration with the design of one-stop shops for 
 more effective delivery of public services throughout state territory,”
 “Accelerated development of electronic public services delivery to citizens and companies”,
 “Legal changes aimed at substantive administrative simplification,”
 “Robust implementation of anti-corruption policy at all governance levels,”
 “Significant improvements in human resources management and development of high-
 quality administrative education,”
 “Creation of a strong institutional solution for programming, managing and evaluating
 administrative reforms, or much stronger support to the Ministry of Public Administration,”
  “Review and revision of strategic planning, policy-making, and legislative processes at all 
 governmental levels.”

CITIES AND MUNICIPALITIES IN THE REPUBLIC OF CROATIA
The whole area of the Republic of Croatia is covered with cities and municipalities. There are 127 
cities, 428 municipalities, and 20 counties (URL8). 

Croatian local self-government was developed in four phases: “multiparty in the old institutional 
framework (1990-1993), centralization and equalization (1993-2001), administrative 
decentralization (2001-2013) and Europeanization (2013 and beyond)” with decentralization made 
in period from 2001 to 2013 (Koprić and Đulabić, 2018; Koprić et al., 2018). Changes in the 
constitution in 2000 accepted the principle of subsidiarity for local self-government (Koprić, 2018).
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After joining the EU, local self-government  benefited by the availability of EU funds which 
directed local self-government to go to standards of governance in the EU (Koprić, 2018).

The process of adopting the principles and provisions of the European Charter for Local self-
government has taken place as well.  

The organization of local self-government in Croatia is polytypic with different positions of the 
cities regarding legal position.Opposite is monotypic, where the legal position is the same (Pavić, 
2002).

By population criteria cities are organized as most urban areas with over 10000 inhabitants. Koprić 
(2010) states the criteria influenced on expanding the definition of city. 1993 there were 68 cities, 
and after that, 126 cities with an average of 18,328 inhabitants. Grow of the number of cities was 
mostly decided based on special reasons defined by legislation (e.g., capital of the county is always 
city regardless to the number of inhabitants). This lead to a situation where the municipality with 
the most inhabitants (Čepin - 12,901) had ten times more inhabitants then smallest city (Vis - 
1,677) (Koprić, 2010).
 
The amendments to the Law on Local and Regional government in 2005 gave two additional 
jurisdictions to cities with more than 35,000 inhabitants (15 cities): maintenance of public roads 
and issuance of building construction and location permits (Koprić, 2010).

LEGISLATION RELATED TO CITY MANAGEMENT
On 19 September 1997, the Republic of Croatia adopted the Law on the Certification of the 
European Charter on Local Self-Government. The introductory part of the Charter emphasizes its 
fundamental principles: 1) the principle of decentralization and democratization, which oblige the 
signatory states to provide political, administrative, and financial independence to local authorities, 
2) the principle of subsidiarity, which requires that public responsibilities shall generally be 
exercised, in preference, by those authorities which are closest to the citizen, 3) the principle of 
self-organization, and finally, 4) the principle of sustainable development.

Besides the European Charter, other acts regulate many aspects of governance on local government. 
Acts listed by the Ministry of Administration of Republic of Croatia (URL9) and other acts are a 
list of acts which regulate an organizational and financial aspect of local self-government:
 Constitution of the Republic of Croatia (OG, 85/10; 5/14 
 - Decision of the Constitutional Court of the Republic of Croatia)
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 Law on the ratification of the European Charter on Local Self-Government (OG,
 14/97; 4/08)
 Law on Local and Regional Self-Government (OG, 33/01; 60/01; 129/05,
 109/07; 125/08; 36/09; 150/11; 144/12; 19/13; 137/15; 123/17)
 Local Elections Act (OG, 144/12; 121/16)
 Law on the City of Zagreb (OG, 62/01; 125/08; 36/09; 119/14)
 Law on Areas of Counties, Towns and Municipalities in the Republic of Croatia (OG, 86/06; 
 125/06; 16/07; 95/08; 46/10; 145/10; 37/13; 44/13; 45/13; 110/15)
  Act on Implementation of the European Union Regulation on the European Grouping for
 Territorial Cooperation (OG, 74/14)
 Act on Financing Local and Regional Self-Government Units (OG, 127/17)
 Act on Local Taxation (OG, 115/16; 101/17)

By (URL9) apart from the regulations mentioned above, regulations regulating official relations 
and salaries in local and regional self-government were also adopted:
 Law on Civil Servants and Employees in Local and Regional Self-Government (OG, 86/08;      
 61/11; 04/18)
 Law on Salaries in Local and Regional Self-Government (OG, 28/10)
 Regulation on Classification of Workplaces in Local and Regional Self-Government
 (OG ,74/10; 125/14)
There are also regulations about assets and infrastructure related to the local government, which are 
related to revenue streams and represented trough spatial data are vital for LSDI:
 Law on forests (OG, 115/18)
 Law on Agricultural Land (OG, 20/18; 115/18)
 Law on Concessions (OG, 69/17)
 Maritime domain Law and Seaports (OG, 158/03; 141/06; 38/09; 56/16)
 Act on Amendments to the Law on Protection and Conservation of Cultural Property
 (OG ,90/18)
 Mining Act (OG, 56/13; 14/14)
 Utility Services Act (OG, 68/18)
 Act on State Survey and Real Estate Cadastre (OG,112/18)

ORGANIZATION OF LOCAL SELF-GOVERNMENT
Local self-government in the Republic of Croatia is made up of municipalities and cities. By OG 
(123/17) municipality is defined as the local government that is based, in principle, for the area 
of more settlements that represent a natural, economic, and social entity, and are connected by 
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common interests of inhabitants. The city is defined as the local government where the county seat, 
and every place that has more than 10,000 inhabitants and represents an urban, historical, natural, 
economic, and social entity. Act on the city of Zagreb (OG, 60/01; 119/14) additionally regulates 
issues related to the city of Zagreb.

At the local elections, citizens elect members of representative bodies of local self-government and 
municipal mayors, mayors and their deputies, and executive bodies of municipalities and cities. 
The Municipal Council, the City Council, and the County Assembly are representative bodies 
of citizens and bodies of local or (regional) self-government. The municipal and city councils 
are representative bodies of citizens and bodies of local self-government who act in the scope 
of the local self-government unit and perform other tasks by the law and the statute of the local 
self-government unit. In addition to the representative and executive bodies, an integral part of 
municipalities and cities could be administrative bodies established by an act, and by the statute. To 
carry out activities from the self-governing, under jurisdiction of the local self-government can also 
be companies. Affairs of the representative body on local and regional self-government, defined by 
act (OG,123/17), are:

    1.  “Adopt the statute of the local or regional (regional) governments,”
    2.  “Deciding and taking care about regulating other general acts regulating issues from the
         self-governing scope of the unit of local or regional self-government,”
    3.  “Establishes working bodies, selects and dismisses members of such bodies and appoints 
         and dismisses other persons designated by law, other regulations or statutes,”
    4.  “Regulates the organization and scope of the administrative bodies of a unit of local or 
         regional self-government,”
    5.    “Establishes public institutions and other legal entities (companies) for performing 
         economic, social, communal and other activities of interest for the unit of local or 
         regional self-government,”
    6.  “Performs other tasks that are defined by acts or by other regulation placed within the scope
         of the representative body.“

Affairs related to the mayor by Act on local and regional self-government are (OG, 123/17):

    1.  “Prepare proposals for general acts,”
    2.  “Performs or ensures the execution of general acts of the representative body,”
    3.  “Directs the work of the administrative bodies of a unit of local or regional self-government
         in the performance of their self-governing activity and supervises their work,”
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     4.  “Manages real estate and movable property owned by local and regional self-government 
          units as well as its revenues and expenditures,”
    5.  “Decides on the acquisition and alienation of property and movable property of a unit of local
         or regional self-government and other property disposals by this law, the statute of units and  
         special regulations,”
    6.  “Appoints and dismisses representatives of local and regional self-government units in the 
         bodies of public institutions, companies and other legal persons referred to in Article 35,   
         paragraph 1, item 5 of this Act, unless otherwise provided for in a separate law,”
    7.  “Performs other tasks as defined by law and statute.”

Citizens participate in decision-making in the city in two ways: indirectly through the representative 
body and directly through local referendums or local elections of citizens established by the statute 
of local self-government units.
Municipalities and cities in their self-governing sphere carry out local affairs that directly meet the 
needs of citizens (OG, 123/17):

    1.  “Settlement and housing,”
    2.  “Space and urban planning,”
    3.  “Municipal economy,”
    4.  “Caring for children,”
    5.  “Social welfare,”
    6.  “Primary health care,”
    7.  “Education and primary education,”
    8.  “Culture, physical culture, and sport,”
    9.  “Consumer protection,”
  10.  “Protection and improvement of the natural environment,”
  11.  “Theft and civil protection,”
  12.  “Traffic in your area,”
  13.  “And other tasks by special laws.”

Large towns  cities in its sphere of competence additionally perform the following tasks (OG, 
123/17):

    1.  “Education and training,”
    2.  “Maintenance of public roads,”
    3.  “The issuance of construction and location permits, other building-related acts, and the
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         implementation of documents for regular construction.”

FINANCING LOCAL SELF-GOVERNMENT
Local government units are financed from tax revenues, and from  their own and dedicated revenues 
by special regulations (OG, 127/17). The Department of Local and Regional self-government 
Financing also regulates the distribution of income from income tax, fiscal equalization, and the 
financing of decentralized functions (OG, 127/17). 

Own sources of funds from municipalities, cities, and counties are primarily income from their 
property - private-income (original) revenues - including income from property, income from 
property rights, from the companies owned by them and the proceeds from the concession for 
pumping of mineral, geothermal and natural spring waters and for catching water for public water 
supply. Income tax revenues and revenues from annual contractual fees for concessions according 
to different regulations are shared between the central government and the local and regional self-
government units. Tax revenues - public-sector (derivative) revenues-are a dditional source of 
income from local units (Špoljarić et al., 2017), which include: inheritance and gift tax, road motor 
vehicle tax, boat tax and automobile tax for fun games (OG 115/16). Besides, local government 
units are obliged to introduce property tax and may introduce the following taxes: income tax, 
consumption tax, holiday home tax, and public property tax. Local government units are obliged to 
set up and manage a structured Real Estate Record and taxpayer for real estate tax payments (OG, 
127/17).

The Law on Utility Economy (OG, 68/2018) regulates the principles of the communal economy, the 
performance and financing of communal activities, the construction and maintenance of communal 
infrastructure, the payment of utility contributions and communal fees, maintenance of communal 
order, and other issues vital for the communal economy.
 
The maintenance and maintenance of utility infrastructure are funded through (OG, 68/2018):
    1.  “the municipal contribution,”
    2.  “the communal fees,”
    3.  “the price of communal services,”
    4.  “the concession fee,”
    5.  “the budget of the local self-government unit,”
    6.  “the European Union funds,”
    7.  “the contracts, fees and other sources prescribed by a special law” and
    8.  “out of donations.”
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The prices of utility services are set to ensure the gradual recovery of the costs of building and 
maintaining communal infrastructure and carrying out communal activities, taking into account 
that they are socially acceptable to the population.It is important to respect consumer protection 
rights by special regulations (principle of eligibility for communal services prices). Utilities that 
partly ensure the maintenance of communal infrastructure are (OG, 68/2018):

    1.  “maintenance of unclassified roads,”
    2.  “maintenance of public areas where motor vehicles are not allowed,”
    3.  “maintenance of public water drainage buildings,”
    4.  “maintenance of public green areas,”
    5.  “maintenance of buildings, devices, and objects of public use,”
    6.  “maintenance of cemeteries and crematoriums within the cemetery,”
    7.  “maintaining the cleanliness of public surfaces,” and
    8.  “maintenance of public lighting.”
Service utilities are parking services on public areas and in public garages, public retail market 
services, burial services and cremation of deceased crematoriums within the cemetery, communal 
line transportation of passengers, and performing chimneys.

A communal fee is used to maintain utility infrastructure. For the use of communal infrastructure in 
the area of the entire local self-government unit and the occupancy position of the construction land 
in the settlement during construction or legalization of the building the communal contributions are 
paid. Communal infrastructures are by (OG, 68/2018) defined as:

    1.  “non-aligned road,”
    2.  “public traffic areas where motor vehicle traffic is not permitted,”
    3.  “public parking,”
    4.  “public garage,”
    5.  “public green area,”
    6.  “buildings and public utilities,”
    7.  “public lighting,”
    8.  “cemeteries and crematoriums in cemeteries,”
    9.  “buildings intended for public transport,” and
  10.  “other communal infrastructure facilities, if they are used for communal services.”

The Local Self-Government Unit establishes and manage a register (utility cadaster) of communal 
infrastructure (OG, 68/2018). In addition to this, the communal infrastructure is recorded in 
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the cadastre and entered inland registers as inalienable ownership or co-ownership of the local 
self-government unit. In register are listed a public supplier firm for managing the communal 
infrastructure, irrespective of the existence of the third party’s ownership and other real rights. 
The aforementioned communal infrastructure that was created before the Utility Economy Act 
(OG, 68/18) and which is not recorded in the cadastre or is not recorded at all, its actual condition 
is recorded in the cadastre based on the geodetic elaboration of the derived state of communal 
infrastructure. 

DEVELOPMENT INDEX OF LOCAL SELF-GOVERNMENT
 IN THE REPUBLIC OF CROATIA

Under the principle of solidarity, the Republic of Croatia takes steps to help the less developed 
local self-government units. Therefore, it developed a development index to better group local self-
government units by a degree of development. By Decree (OG, 131/17), the development index is 
calculated based on the following indicators:

    1.  “unemployment rate,”
    2.  “per capita income,”
    3.  “budget revenues of local and regional self-government units per capita,”
    4.  “general population trends,”
    5. “ degree of education,” and
    6.  “ageing index.”

Local self-government units are by development index divided into eight groups  (OG, 131/17):

      1.  “In the first group of units of local self-government that are, according to the index values, in
           the last quarter below the average ranked units of local self-government.”
      2.  “In II. a group of local self-government units that are ranked according to the value of the
           in the third quarter below the average rank of local self-government units index. “
      3.  “In III. a group of local self-government units that are ranked according to the value of the  
           index in the second quarter below the average rank of local self-government units.”
       4.  “In IV. a group of units of local self-government which, according to the index values, are in      
           the first quarter of the sub-regionally ranked units of local self-government.”
      5.  “In the V group of local self-government units that are ranked according to index values in
           the last quarter above the average ranking of local self-government units.”
      6.  “In VI. a group of local self-government units that are ranked in the third quarter above the  
           average ranking of local self-government units.”
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      7.  “In VII. a group of local self-government units that are ranked according to the index values
           in the second quarter above the average ranking units of local self-government.”
      8.  “In VIII. a group of units of local self-government which, according to the value of the
 index, are in the first quarter above the average rank of local self-government units.”

Assisted areas are all areas below the average of the Republic of Croatia. They are part of I.-IV. 
group of local self-government units.

In the research (Mietić-Fabić, 2010) the implementation of the projects under EU programs and 
funds was assessed by: the organization, the challenges/problems in the implementation of EU 
projects and mechanisms of control, coordination, information and decision-making in local self-
government. To this research responded many of local self-governments with many open questions 
regarding financing from EU funds and have been willing to see results and further cooperation. 
The research revealed that the three biggest obstacles (Figure 3.1)  for regional and local self-
government are (Mičetić-Fabić, 2010):

       1.  Lack of human resources to work on projects
       2.  Lack of financial resources to assume the obligations of the project
       3.  Inadequate organizational adjustment to a new way of working – not formally resolved the
            establishment of project teams
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Figure 3.1: Problems in cities, municipalities and counties in the project organized work process 

(Mičetić-Fabić, 2010)
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SUMMARY
Croatian local self-government is in continuous change and debate in public about the process of 
reduction due to fragmentation. Local self-government suffers from often change in legislation, 
issues like corruption, rather big administration, lack of digitized services, and most recognized, 
fragmentation of local self-government. The size and capacities of local self-governments are 
different, which means there is a large scale of possibilities of independent funding and development. 
Still, public services jurisdiction is regulated by law, and they are more or less unique besides the 
City of Zagreb and certain services regulated by Acts. These circumstances should be taken into 
consideration in the process of development of the model of development of LSDI. 
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Legislation of EU and of the Republic of Croatia related to spatial data is reviewed. 

LEGISLATION OF EU AND REPUBLIC OF CROATIA

04
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INTRODUCTION
Republic of Croatia, as a member of the European Union, is obligated to harmonize legislation with 
legislation of the EU. The legislation is having an essential role in shaping LSDI and processes 
related to LSDI.

In this chapter, EU legislation is described through acts related to spatial data, public sector 
information, and environment data. Legislation of the Republic of Croatia is described as laws that 
are harmonized with EU legislation on the same issues. Finally, the current situation on open data 
maturity in Croatia is given.

LEGISLATIVE OF EUROPEAN UNION
The legal factor is already mentioned as very important for the development of LSDI. Two directions 
are presented in EU legislation related to spatial data: direction which promote and direction which 
restrict accessibility of spatial data. Direction which promotes accessibility of spatial data is based 
on three principles: access, reuse and sharing (Janssen and Dumortier, 2007.). Principles are shaped 
through three legal directives (Figure 4.1):
 Directive on environment information,
 Directive on reuse of spatial data of companies from the public sector (PSI directive –      
 Public Sector Information),
 INSPIRE directive.

Figure 4.1: Relation between spatial data, public sector information, and environment information (Janssen and 
Dumortier, 2007.)



50

Spatial data, PSI, and environmental information shape the SDI environment for collecting, sharing, 
using, and reusing of spatial data. 

On the other hand, a direction that restricts the use of spatial data is based on principles which deal 
with issues of liability, privacy, and intellectual property, which have a strong impact on restricting 
accessibility of spatial data. The relation between spatial data users’ needs and legislation is shown 
in Figure 4.2 (Janssen and Dumortier, 2007). Citizens as final users are the only stakeholder that is 
not sharing data to SDI environment but just use services from SDI.

Directives differ depending on their purpose, as shown in Figure 4.3, so the INSPIRE directive 
deals with environmental information. PSI directive deals with issues of the market value of 
information in the public sector and due to lack of a mutual attitude on information payment. EU 
does not encourage payment of such information. However, member states have no obligation of 
giving such information without payment. Directive on environment information enables a review 
of information without payment through the right of environment information accessibility.

Figure 4.2: Principles on information affecting the IPP of EU (Janssen and Dumortier 2007.)

Figure 4.3: Application and interrelationships (Janssen and Dumortier, 2007.)
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The principle of intellectual property rights (IPR – Intellectual Property Rights), despite the 
complicated accessibility of data, is supposed to protect ownership to motivate further development 
of SDI, among other things.

Since terminology and technology of SDI change parallel with the progress, the legislative should 
protect the credibility of laws from the impact of progress, which could negatively influence on 
legislation (Janssen and Dumortier, 2007).

INSPIRE DIRECTIVE
Different initiatives of geoinformation systems in the EU resulted in INSPIRE (Infrastructure for 
Spatial Information in Europe) directive in April 2007. INSPIRE directive and Australia, and New 
Zealand is the only multinational directive in the world. The legal effect of this directive on EU 
members is the obligation to implement the Directive in their national legislation. EU is monitoring 
the development of NSDI in member states by the project “State of Play” (Crompvoets et al., 
2010). Tree rounds of monitoring was submitted by member states (2010, 2013 and 2016), and 
in last one new, interesting proactive developments related to INSPIRE directive was detected 
(Masser et Crompvoets, 2016).

The purpose of this directive is to set general rules to establish infrastructure for sharing spatial 
data in the EU (INSPIRE), and to manage the environment and monitor activities which may affect 
the environment. Therefore it is necessary to establish measures of cooperation between users 
and service providers (data) to exchange data and knowledge on various levels, considering the 
differences on regional and local levels. Directive should ensure that spatial data of different EU 
members are compatible and usable regardless of limits of EU members, not affect in the intellectual 
property rights. Accessibility to datasets should be provided through various services, and members 
should describe spatial data through standard. To make spatial data usable and consumable to all 
members, execution rules, wherever it is possible, rely on international standards. Network services 
of distribution of spatial data should ensure possibilities of browsing, finding, transformation, 
taking over, and, if necessary, selling and buying of data through the internet. Based on experience, 
the Directive recommends to members to put minimal security on data accessibility for finding and 
browsing of spatial data. Access to the whole infrastructure should be secured through geoportal. 
Member states should remove all possible obstacles to the accessibility of data on national and 
subnational levels (from national to local) for all tasks of the public sector which may have a direct 
or indirect effect on the environment (EC, 2007).
 
An integral part of Directive are rules related to metadata, harmonization of spatial datasets and 
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services, network services, distribution of data as well as coordination.

Annexes of Directive proscribe following topics of spatial data (EC, 2007):
     Annex 1.
 Addresses
 Administrative units
 Cadastral parcels
 Coordinate reference systems
 Geographical grid systems
 Geographical names
 Hydrograph
 Protected sites
 Transport networks 
     Annex 2.
 Elevation
 Geology
 Land cover
 Orthoimagery
     Annex 3.
 Agricultural and aquaculture facilities
 Area management / restriction / regulation zones & reporting units
 Atmospheric conditions
 Bio-geographical regions
 Buildings
 Energy Resources
 Environmental monitoring Facilities
 Habitats and biotopes
 Human health and safety
 Land use
 Meteorological geographical features
 Mineral Resources
 Natural risk zones
 Oceanographic geographical features
 Population distribution and demography 
 Production and industrial facilities
 Sea regions
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 Soil
 Species distribution
 Statistical units
 Utility and governmental services

When talking about users, it is evident that public authorities in the environment issues (e.g., 
from EU policy-making to national implementation to local enforcement) are the primary users 
of the INSPIRE implementation (DG ENV, JRC, EEA (2016)). In the program, “Maintenance 
and Implementation Work Programme for the INSPIRE Directive for the period from 2017-2020 
(MIWP 2017)” long-term objectives were stated:
 “to support the implementation of the INSPIRE Directive so that existing implementation 
 gaps are closed and upcoming implementation challenges are addressed in the most 
 effective, efficient and pragmatic manner;
 to strengthen the end-user perspective by promoting or developing end-user tools which 
 allow harvesting the benefits from INSPIRE for environmental policymakers and
 implementers across the EU at all levels of governance; and
 to improve access to information and thereby promote business opportunities, transparency 
 and accountability which is essential for public administrations, businesses, science and
 civil society alike.”

With this programme, the EU gives renewed and reviewed program for collaboration between EU 
level partners. This new program introduces a new strategic direction that will guide the MIWP 
2017-2020 and result in actions to show that the INSPIRE Directive can be implemented in a n 
adequate way (DG ENV, JRC, EEA (2016)). The status of all tasks of this program is available at 
URL33. The status of all listed tasks for the period 2016- 2020 is “ongoing.” 

In the program, it is stated, that there is no systematic and structured engagement with the business 
sector or the environmental organizations (e.g., business sector, acting as primary data providers, 
especially in theme III.6 Utilities and governmental services) (DG ENV, JRC, EEA (2016)). 
Under theme are following data: Administrative and Social Governmental Services, Common 
Utility Network Elements, Electricity Network, Environmental Management Facilities, Oil-Gas-
Chemicals Network, Sewer Network, Thermal Network and Water Network. Data of interest of 
the city could be collected and preserved on the local level. Some of the data are part of the 
vital infrastructure of all cities. Data related to this theme is of primal interest for cities. Between 
proposed actions for working area 1. “Fitness for purpose” is stated that one of the measures could 
be: “setting up implementation roadmap(s), based on different implementation levels and concrete 
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use-case-driven priorities at different levels of governance (e.g., use cases for environmental 
reporting at EU level, management of an underground cadastre andutility network infrastructure 
at the national level, cross-border flood management or air quality observation and forecasts at 
the regional or local level.).” 

EU DIRECTIVE ON OPEN DATA AND THE RE-USE OF 
PUBLIC SECTOR INFORMATION

Open Data Directive (EC, 2019) is part of European legislative dealing with market of government 
data and reuse of those data. This Directive encourages member states to provide as much as 
possible data available for reuse. It replaces the Public Sector Information Directive, also known as 
“PSI Directive” (Directive 2003/98/EC) which dated from 2003 and was subsequently amended by 
the Directive 2013/37/EU. The Directive is a result of EU initiative to prevent pitfalls and barriers 
for re-use of public-sector information throughout the EU.

The Directive states that access to information is a fundamental right. “The Charter of Fundamental 
Rights of the European Union (Charter) provides that everyone has the right to freedom of 
expression, including the freedom to hold opinions and to receive and impart information and ideas 
without interference by public authority and regardless of frontiers” (EC, 2019).

Directive (EC,2019) has proscribed thematic categories of datasets which high-value for society 
and economy. Those thematic categories are: geospatial, earth observation and environment, 
meteorological, statistics, companies and company ownership and mobility.

A directive in several places states and encourages the use of digital technology as a means of 
sharing information and creating value for society.

Directive Member States and public sector bodies secure financial streams to secure the use of 
digital technologies and the digital transformation of public services and public administration in 
making data available for reuse (EC, 2019).

By definition, the Directive states that “public sector body” means local authorities among others 
(EC, 2019).

A general principle of the Directive states that Member States make documents from Article 1 
available for commercial and noncommercial reuse (EC, 2019).
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Directives regulate that high-value datasets are datasets from the following list of thematic 
categories which explicitly confirm the Directive: geospatial, earth observation and environment, 
meteorological, statistics, companies, and company ownership and mobility (EC, 2019).

Directive prescribes that high-value dataset shall be available free of charge, machine-readable, 
provided via API’s and provided for bulk download (EC, 2019).

EU DIRECTIVE ON PUBLIC ACCESS TO 
ENVIRONMENTAL INFORMATION

The aim of this Directive (EC, 2003b) is “to guarantee the right of access to environmental 
information held by or for public authorities” to the public to make accesible environmental 
information systematic way.

The directive states that “environmental” information among others are those related to “air and 
atmosphere, water, soil, land, landscape and natural sites including wetlands, coastal and marine 
areas, biological diversity and its components, including genetically modified organisms, and the 
interaction among these elements” (EC, 2003b).

Directive on public access to environmental information states that it is necessary to ensure that 
“any natural and legal person has a right of access to environmental information held by or for 
public authorities without his having to state an interest”. It is also necessary “that public authorities 
make available and disseminate environmental information to the general public to the widest 
extent possible, in particular by using information and communication technologies. The future 
development of these technologies should be taken into account in the reporting on, and reviewing, 
this Directive” (EC, 2003b).

The directive encourages using computer telecommunication and electronic technology to provide 
information. Besides datasets, the Directive states that public authorities should make available and 
metadata as well. (EC, 2003b).

LEGISLATION OF THE REPUBLIC OF CROATIA
The national infrastructure of spatial data (NSDI) enters the legislation of the Republic of Croatia for 
the first time through the Law on state survey and cadastral of real estate in 2007. and then through 
the Spatial Data Infrastructure Act 2013. According to the law, the NSDI includes establishing 
(OG, 16/07; OG 56/13):
 system of metadata,
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 groups of spatial data,
 services of spatial data,
 services and technologies of networking
and:
 agreements on the exchange, access and using of spatial data,
 mechanisms of coordination and monitoring,
 Process and procedure.
Law prescribes that NSDI has to include spatial data from the following stakeholders:
 public authorities,
 regional and local self-government,
 public institutions wholly or mostly owned by the Republic of Croatia,
 individuals or entities to whom authorities and mentioned systems entrusted with managing 
 spatial data,
 Individuals or entities which use data and services included in NSDI and which provide 
 public service based on those data. 

For all law dealing with spatial data, there is an obligation to establish and maintenance of 
metadata. Search through services, the transformation of spatial data, browsing services, spatial 
datasets accessibility should be simple and broad accessible. Law prescribes criteria and standards 
of information exchange on the proposal of the NSDI Council.

Besides the legal frame, through this law, institutional rights are also solved, so law proscribes 
the establishing of the council, board, and working groups as NSDI bodies. Establishing of 
NSDI and coordinating activities of NSDI subjects are led by the NSDI Council consisting of the 
president and 17 members, nominated by the Government of the Republic of Croatia, choosing 
them from different ministries, state management units, institutions and communities related to the 
infrastructure of spatial data. The task of the NSDI council is to (OG, 16/07):
 proposes to the Government of the Republic of Croatia a strategy, operational programs and
 other acts of importance for the establishment, maintenance, and development of the NSDI,
 promotes the establishment, maintenance, and development of spatial data sources and
 metadata, 
 adopts criteria for the establishment, maintenance, and sharing of spatial data sources for 
 interoperability, 
 adopts acts referred to in Article 17 of this Act,
 makes the decision referred to in Article 23, paragraph 3 of this Act,
 makes decisions on definitions and detailed descriptions of spatial data topics,
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 adopts general conditions,
 makes decisions on third-party accession to the NSDI, 
 monitors and directs the work of the NSDI Committee,
 submits an annual report on the establishment, maintenance and development of the NSDI 
 to the Government of the Republic of Croatia,
 appoints and dismisses the NSDI Committee,
 appoints and dismisses NSDI working groups for the elaboration of individual tasks and -
 obligations at the proposal of the National Contact Point, a member of the Council or a 
 member of the NSDI Committee,
 provides guidelines for the work of the National Contact Point.

On the operational level, three working groups were established dealing with specialized tasks 
(URL 10): NSDI Technical Standards Working Group, NSDI Spatial Data Working Group, and 
NSDI Capacity Building Working Group.

In 2014 Crompvoets et al. produced a document for reporting systems on the national spatial data 
infrastructure in Croatia. Based on that document, “Member state report: Croatia” was published 
in 2014 (NCP, 2014). Based on the report, it is recognized many potential third parties that could 
contribute to the implementation of the NSDI. Among them, the cities. Barriers that were recognized 
related to data sharing are: NSDI public use limitations and restrictions of public access, charging 
network services issues, lack of NSDI-awareness and capacity, and lack of precise data licensing 
and pricing policies. The low level of financial resources available for implementing NSDI-
facilities at public authorities (in particular the local ones and cities), as well as the lack of technical, 
organizational, political, and legal support given to them, are considered as essential data sharing 
barriers resulting into slow responses of some NSDI-subjects to data (sharing) requests (NCP, 
2014). Overall, limitations/restrictions for public use, lack of human capacity, NSDI-awareness, 
licensing policy, proper pricing, and funding policies were considered as the main barriers for data 
sharing (NCP, 2014). Recommendations from the report were given as well. To overcome these 
barriers, Cetl et al. (2014) recommended that Croatia NSDI stakeholders need to keep investing in 
building their capacity. He suggest being more active in the different INSPIRE bodies to involve 
the private sector more, to explore different business models and to seek financial support from the 
EU and others for financial support. 

Moreover, setting up a collaboration platform for cities is also seen as an action to overcome 
the barriers at a local level (Hećimović et al., 2014). Finally, it is recommended to invest in the 
implementation of data sharing policies (NCP, 2014). By this report, no costs or benefits analysis 
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was founded on Croatian NSDI. 
 
By Law on state survey and cadastre of real estate (OG, 112/18), article 123. SGA took responsibility 
for cadastre of infrastructure: „The State Geodetic Administration is responsible for establishing 
and maintaining the utility cadastre. “ Still, there is an option that local government can further 
on be responsible for utility cadastre of infrastructure if they have chartered engineer of geodesy 
employed in the city and the city has budget reserved for that purpose. It is defined that utility 
cadastre means records about the lines of electricity, electronic communications, heat, gas, pipelines, 
water and sewage infrastructure, and other facilities belonging to it (OG, 112/18). Records contain 
information on the types of purpose, esential technical characteristics, current use and location 
of the constructed infrastructure, and the names and addresses of their owners or managers (OG, 
112/18).

Law is regulating rights on spatial data about infrastructure for private owners as well: „The owners 
or managers of the infrastructure shall be obliged to submit to the State Geodetic Administration 
or local self-government unit referred to in Article 124, paragraph 1 of this Act, information on 
infrastructure they own or manage, free of charge, in electronic form and within the deadlines set 
by the State Geodetic Administration. “ (OG, 112/18).

According to Law all information that is property or for use by public authorities must be available 
to every interested individual with the right of access to data (Vandenbroucke and others, 2011.).
To legally shape the exchange of information and protection of intellectual property over spatial 
information, the Republic of Croatia passed the Law on the right of access to data in 2003 (OG, 
172/03). It renewed it in 2013 (OG, 25/13). 

Law on intellectual property and similar rights (OG, 167/03) protects the rights of database creators 
on their databases as well as displaying of scientific or technical nature such as drawings, sketching, 
tables, and others as authored work.

Law on personal property protection is harmonized with directive EU 95/46/EC. Regulations of 
Law are applied to the processing of personal data by state authorities, local and regional self-
government, and individuals who process those personal data.

In 2010, Working group for mutual use of spatial data, have declared a proposal of Agreement 
on an exchange, access, and use of spatial data for public discussion. Proposal was harmonized 
with  the INSPIRE directive, whose goal is the implementation of the concept of NSDI, and that 
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is enabling of efficient collecting, managing, exchange and using of georeferenced spatial data. 
When the Agreement is signed, the signatory has access to NSDI, thus agreeing that data from its 
jurisdiction become in a specific range available also to all other subjects who signed, Agreement 
with Council, and it gains the same rights towards other subjects.

The agreement is applied on georeferenced spatial data in digital form, which refer to the territory 
of Republic of Croatia, territorial sea and its ecology-protection or economy areas and those are 
(URL 11):
 all data of the state survey and real estate cadastre
 hydrographic data
 data on roads
 data on protected and protected areas or facilities
 spatial - planning 
 data on environmental protection
 data from georeferenced registers (“cadastres”) which are kept by special one’s regulations,
 georeferenced statistics
 geological, pedological, and other specialized georeferenced data
 land registry data 

According to the Agreement, entities which can sign it are (URL 11):
 state administration bodies,
 regional and local self-government bodies,
 public systems wholly or predominantly owned by the Republic of Croatia, natural or legal 
 persons entrusted with the management of spatial data by the competent authorities and 
 systems
 Physical or legal persons using data and services covered by the NSDI and provide public
 service services based on this information.

Agreement solves issues regarding special agreements, access to spatial data and services, exchange 
of spatial data, use of spatial data, guarantees, fees, duration, and closing of the agreement.

Based on Article 13 paragraph 2 of Law on National Spatial Data Infrastructure (OG, 56/13), in 
2010 Government of Croatia passed the decree on establishing criteria and standards of exchange of 
data (groups and services) (OG, 102/10) between NSDI subjects, i.e. Execution rules of metadata. 
Metadata elements are the identification of data, classification of spatial data and services, keywords, 
geography location, time reference, quality and class, harmonization/conformity of organization in 
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charge of establishing, managing, maintenance and distribution of groups and services of spatial 
data as well as metadata on metadata. There are proscribed types of sources, theme categories 
according to standard EN ISO 19115, types of services of spatial data, classification of services of 
spatial data, and level of harmonization/conformity (OG, 102/10).
 
Based on Execution rules for metadata (OG, 102/10), INSPIRE execution rules (v1.2.), and on EN 
ISO 19115 and EN ISO 19119 norms, in 2011, SGA declares Metadata specification NSDI-a (URL 
12). The same year SGA puts it into official use by Decree.
Law on urban planning and construction regulates the issue of human impact on the environment 
and recording changes occurring in the space. Urban planning enables assumptions of advancing 
economy, society, nature, culture, and ecology starting points of sustainable development on the 
territory of the Republic of Croatia as a national wealth of particular value and limitations, on 
principles of an integral approach to spatial planning (OG 153/13). Among others, the jurisdiction 
of local and regional self-government includes the recoding of data from information spatial 
arrangements under the Law. 

For preparation, adoption, implementation, and supervision of spatial plans, permanent monitoring 
of the situation in space, an information system of spatial planning is established and maintained. 
The information system includes data on:
 the existing condition and use of space, including data on real estate and ownership
 spatial plans and spatial plans whose development and adoption is in progress
 purpose of space/area and other conditions of use and protection of space determined and
 prescribed by spatial plans and special regulations
 administrative and other acts of competent bodies issued and issued for implementation of 
 spatial plans, construction, use and removal of buildings, and
 sectoral strategies, plans, studies, and other documents prescribed by special laws relevant 
 to spatial planning. 

The information system is being developed and maintained by the Institute in the Ministry of 
construction and physical planning. It is managed as a distributive information system composed 
of a significant number of dislocated, mutually harmonized, and connected spatial information 
systems. The obligation of data delivery is on the authorities of local and regional self-government 
and individuals doing the work of urban planning. 

Regarding EU Directive on public access to environmental information, Croatia has promulgated 
Act on confirming of Convention about access to information, public participation, and access 
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to justice in environmental matters (OG, 01/07). Environmental protection act (OG, 80/13) 
transposes the Directive 2003/4/EC (EC, 2003a) the European Parliament and of the Council of 28 
January 2003 on public access to environmental information and repealing Council Directive (EC, 
1990) into the Croatian legal system. By Article 148 Of this Act, the Environmental Protection 
Information System is established for integrated environmental management and management of 
individual environmental components or burdens. System should help in preparing and monitoring  
the implementation of sustainable development and environmental protection documents, as well 
as other documents. The information system should contain spatial data on the environment.

Regarding the EU Directive on open data and the re-use of public sector information, Croatia has 
promulgated the law on the right of access to information (OG, 25/13), which is harmonized with 
Directive (EU, 2003b) of the European Parliament and of the Council of 17 November 2003 on the 
re-use of public sector information.

The open data policy (Government of Republic of Croatia 2018) situation in Croatia, was described 
as:

      1.  “ Insufficient amount of useful open data in areas identified as priority areas according to the
            Guidelines of the European Commission on recommended standard permits, data sets, and 
            reuse of documents (2014 / C 240/01) (EC, 2014).
      2.   The vast majority of public bodies do not publish open data, especially local government, 
             whose data are often much more interesting or useful than the data of bodies at the national  
            level. At the same time, although the authorities publish open data, there is no obligation to
            enter metadata on the Open Data Portal.
          3.   Part of the data sets that are publicly available in the form of applications and databases are
            not published in open or machine-readable form, and the same applies to lists of databases 
            and registers (so-called asset lists) kept by public authorities.
      4.   Part of the data sets published on the website of public authorities is not linked to the Open
            Data Portal.
      5.   Enabling access to dynamic data using the API is not present sufficiently.
        6.   The open license is insufficiently recognized and most data sets are still published using the
            CC-BY Creative Commons license.
      7.   The number of local and regional open data portals, given the number of local and regional
            units, is relatively negligible.
      8.   The knowledge and skills of public authorities on the re-use of information and open data,  
               especially employees who are not informationofficers and participate in the information and



62

            database management process, are not sufficiently developed.
      9. There is very little information about the existence of the open data portal and its possibilities 
 and benefits.
    10. There is obscurity and non-intuitiveness of the open data portal and difficult finding of
 the desired data.
    11.   Although there are guidelines, measures, and recommendations in the strategic documents 
           for the use of open data of public bodies, there is no single document that unites them. The
             lack of open data policy at the national level, and in the alternative at the local and regional
 self-government level, results in insufficiently focused development of open data, 
 insufficiently developed awareness of public authorities about the need and ways of opening  
 data. It may consequently lag to other European countries.” 
 
  Principles of open data policy are (Government of Republic of Croatia, 2018):
 “Data openness as a fundamental principle
   The principle of high quality and quantity of open data
   Availability of open data to all
   Publish data for better management
   Publish data for innovative services and create added value”

Thematic datasets which are recognized as more attractive to users were: spatial datasets, 
environmental and ecosystem datasets, traffic datasets, statistical datasets, and company datasets.

The current situation on open data in the Republic of Croatia is described by Blank (2019) where 
Croatia was on 11th position in Europe on open data maturity, just about average. Croatia is most 
advanced, above the EU average in open data policy maturity and open data quality maturity. 
Beneath EU average is in open data impact maturity and open data portal maturity. The data portal 
in Croatia is established on 19 March 2015 (URL 13).

SUMMARY
One of the biggest challenges in the implementation of INSPIRE could be harmonized legislation 
between member states. European Parliament is delivering Directives be harmonized by member 
states. Croatia is harmonizing its legislation and making some efforts in the development of open data 
policy recognized by open data maturity reports. Legislation and other documents have recognized 
some of the barriers for the development of three directives mentioned in this chapter and among 
them barriers related to the local government which is useful input for research especially form the 
perspective of  the INSPIRE Directive.
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ASSESSMENT OF (LOCAL) SPATIAL DATA INFRASTRUCTURE
This chapter summarizes methodologies and theory about SDI components, development and 

assessment. Also, it gives an overview of research methodologies.

05
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INTRODUCTION
In this chapter, (L)SDI will be described as a structure of different components, factors, principles, 
needs or whatever authors use to describe what is a structure of (L)SDI. Before assessment and 
research, it is crucial to know in deep, what (L)SDI consist of and what can positively or negatively 
influence on development or management of (L)SDI. Influential factors could be internal, related to 
(L)SDI or external, related to the environment in which (L)SDI operates. Political and institutional 
support and awareness about (L)SDI are already recognized as factors that influence on development 
and management of LSDI. Having on mind the objectives of this research, existing assessment 
methodologies for (L)SDI are described as well as the process of assessment. Development of 
LSDI is the essence of this thesis, so indicators of development of LSDI in the Republic of Croatia 
will be the primary goal to achieve and further on base for the development of a valid model of 
development of LSDI. So indicators that could be used in the assessment are described generally 
and from a development perspective. Also, LSDI assessments, already conducted in the Republic 
of Croatia, will be used for the development of the methodology of assessment in this research.

In this chapter is described:
 a structure of (L)SDI.
 External factors that are in literature recognized as important for the development of LSDI 
 How does LSDI operates from a performance and development perspective.
 Methodologies of assessment of LSDI.
 Process of assessment.
 Indicators of assessment of the development of LSDI.
 Methodology for assessing LSDI in Croatia.

LOCAL SPATIAL DATA INFRASTRUCTURE 
Prior to conducting research, the primary structure of Local spatial data infrastructure should 
be defined (Figure 5.1). Also, it is necessary to define factors that can significantly influence the 
development or the management of LSDI. 

Structure of (L)SDI can be found in definitions of SDI. The Republic of Croatia is obligated to 
INSPIRE Directive which defines SDI as: „infrastructure for spatial information’ means metadata, 
spatial data sets, and spatial data services; network services and technologies; agreements on 
sharing, access, and use; and coordination and monitoring mechanisms, processes and procedures, 
established, operated or made available under this Directive (EC, 2007).“

There are different definitions of SDI, so what defines SDI is not unique. Different authors define 
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SDI with different elements of structure: resources, factors, key areas, components, principles, and 
needs. There is no unique definition of SDI. Some authors include people, or human resources in 
definition (Coleman and McLaughlin, 1998): “the policies, technologies, standards and human 
resources necessary for the effective collection, management, access, delivery and utilization of 
geospatial data in a global community.“

Giff and Jackson (2013) state eight key areas (organizational structure, funding, and geo-legal 
environment, capacity building, infrastructures, data and information environment, standards, 
objectives, and usage) of an SDI that can be identified. 

Hećimović et al. (2014) divided research on local spatial data infrastructure in Croatia into seven 
thematic groups: 
    (1)  Awareness about SDI and INSPIRE – rates knowledge about SDI and INSPIRE.
    (2)  Public spatial data management on the local level – rates local governance of public spatial
           data.
    (3)  Human resources – rates the level of professional qualification of city employees.
         (4)    Hardware and software – rates existing hardware, Local Area Network (LAN), and software
           for spatial data management.
      (5)  LSDI existence and development level – rates the existence of an LSDI and metadata catalog  
               and its compatibility with the INSPIRE Directive.
       (6)  Support and collaboration – rates support, collaboration, and cooperation concerning LSDI
           development.
    (7)  Commentary – provides space for comments.

GeoConnectiones (2013) states the following primary components of SDI: Institutional 
Arrangements, Framework Data, Policies, Standards, and Technologies. 

Figure 5.1: Nature and relation between SDI components (Rajabifard, 2002)
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Identifying human factors and technologies are of crucial importance for creating strategies for 
SDI development Figure 5.1) (Steudler, 2003). Rajabifard (2002) has identified three factors 
influencing SDI development based on AsiaPacific SDI. These factors are Environmental Factors, 
Capacity Factors, and SDI Organisation Factors (Figure 5.2).

Capacity building are crucial for any institutional transformation, as well as for SDI transformation. 
Capacity building is often misunderstood as only formal education and training of employees. 
(Rajabifard and Williamson, 2004). So for the future of LSDI is vital to create capacities on all 
levels, including municipal (Carrera and Ferreira, 2007).

Environmental factors are divided on external and internal, both influenced by social system like 
globalization. Internal factors are influenced by political structure, relationship and organizational 
structure, technological progress, financial sustainability and data sharing (Steudler, 2003). Social 
dynamics could have a strong influence on cooperation and burliness. Social factors, thereby, 
should be assessed within the SDI environment (Steudler, 2003).

Organizational factors are related to the way that an SDI is defined, designed, and implemented. 
These factors mainly include all core components of the SDI, including technical and institutional 
issues such as access policies, access networks, technical standards, and the SDI as a conceptual 
model (Steudler, 2003).

Steudler (2003) further on recognizes the relationship between evaluation elements and 
organizational levels of SDI ( Figure 5.3).

Figure 5.2: Factors influencing the development of a regional SDI (Steudler 2003) 

Conceptual
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To get the best from SDI technologies, the two critical components recognized in Spanish SDI are 
(Mezcua-Rodriguez, 2009):
 Interoperability
 Harmonisation

Interoperability means that cooperation, agreement and sharing are needed. To solve data, 
harmonization governments have two solutions:
 On the one hand, it is to collect all the geographic information in a government-wide GIS.
 Another option is to have jointly project of developing SDI

State geodetic administration (SGA, 2008) in Croatia recognizes Steudler’s organizational levels in 
a Study about national spatial data infrastructure in the Republic of Croatia.
 
Within the INSPIRE framework, five SDI principles have been defined and  for the ESDI 
(Crompvoets et al., 2008b):

      1. “Spatial data should be collected only once and maintained at the level where this can be
            done most appropriately;”
      2. “It must be possible to combine seamlessly spatial data from different sources across the
            study area and share it between different users and applications;”
      3. “It must be possible for spatial datasets collected at one level of government to be shared 
            between all different levels of government;”
      4. “Spatial data needed for good governance should be available on conditions that are not 
            restricting its extensive use;”

Figure 5.3: The relationship between Evaluation Elements and Organisational Levels (Steudler, 2003)
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      5. “It should be easy to discover which spatial data is available, to evaluate its fitness for
            purpose, and to know which conditions apply for its use.”

Five thematic expert groups from EU25 delivered these principles and so-called INSPIRE position 
papers in October 2002. The themes those expert groups dealt with are (Crompvoets et al., 2008b): 
 Reference data and metadata;
 Data policy and legal issues;
 Implementing structures and funding;
 Architecture and standards;
 Needs of users.

According to McDougall et al. (2009), local public spatial data are base for successful SDI 
development. LSDI develops from needs stakeholder are expecting Figure 5.4. Based on the needs, 
work processes will be developed, and values will shape them into principles. Values and principles. 
Users shape needs. Deliverers will shape values and principles on a strategic level. The outcome of 
this would be the environment of LSDI as an input for the development of an LSDI by three groups 
of factors as similar as described above in (Steudler, 2003): Environment factors, capacity factors, 
and SDI organization factors.

Figure 5.4: Facts influencing the development of (L)SDI (adopted from Steudler 2003)
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POLITICAL AND INSTITUTIONAL SUPPORT – NECESSARY 
FACTORS FOR THE DEVELOPMENT OF (L)SDI

Critical support for the development of (L)SDI is political and institutional support (Figure 5.2). 
Still, political and institutional support depends on the sustainability of (L)SDI and further on, on 
the financial viability of (L)SDI. Although (L)SDI could be sustainable, if there is no awareness 
about it, it is hard to expect political and institutional support for development.

In research conducted in the south-eastern states of the USA, Budić (1993.) recognize that successful 
SDI projects had strong political support. According to McDougall et al. (2005), lack of support 
is recognized as one of the key obstacles. Similar is recognized by Hećimović et al. (2014) and 
Harvey and Tulloch (2006).

It is essential to understand the importance of political and institutional support and to understand 
their priorities and needs as well. Priorities and needs from political and institutional level could be 
recognized from (GeoConnection, 2013):
 Budget documents
 Departmental business plans
 Speeches by politicians and senior government officials
 Government press releases and media coverage
 Other printed and online publications, websites,and other materials

Also the formal strategic plan could be an essential or even necessary document for convincing 
politicians to support (L)SDI development.

GeoConnection (2013) is recognizing strategy as an important document for balancing priorities 
and needs between SDI and political and institutional environment. After recognizing prioritizes 
in strategy, implementation of strategy through operational goals is the next step. Besides strategic 
documents, financial issues are essential to achieve sustainable development of LSDI (Giff and 
Coleman, 2002).

How institutions operate is politically shaped and influenced by political acclivities.
 
“The processes which shaped the outcomes were essentially political, and they, in turn, were to 
some degree ‘structured’ by the prevailing institutional arrangements and distributions of power. 
In each case, political agents pursued their aims in a complex interaction of ideas, interests and 
institutions” (Leftwich, 2007).
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The International Monetary Fund (IMF) on its World Economic Outlook for 2005, states:

‘Political institutions determine the distribution of political power, which includes the ability to 
shape economic institutions and the distribution of resources. As groups grow wealthier, they can 
use their economic power to influence political institutions in their favour. Changing institutions 
can be slow, requiring both significant domestic political will and more fundamental measures to 
reduce the opportunity and incentives for particular groups to capture economic rents’ (International 
Monetary Fund, 2005).

‘… institutions are the object of on-going political contestation, and changes in the political 
coalitions on which institutions rest are what drives changes in the form institutions take and the 
functions they perform in politics and society’ (Thelen, 2004).

“So institutions – whether formal or informal, private or public – are best understood as the essential 
structural properties of societies (or groups within them) which are constituted by the rules and 
procedures that constrain some forms of behaviour and interaction between people and groups and 
enable others in social, economic and political domains” (Leftwich, 2007).

So, politic is an essential factor of shaping an idea into the institutional framework for 
operationalization. Still, in SDI environment institutional frameworks, the policy and human 
factors are taken as static rather than dynamic factor (Crompvoets et al., 2008b).

After a political decision is taken to go into the development of SDI, it is up to institutions to 
shape the operational environment for development. Below are some critical choices related to the 
institutional framework that (GeoConection, 2013) recognize to be made on a regional level: 
 “What type of model will be used for SDI development (i.e., mandatory versus voluntary)?
 Who will lead the SDI development?
 Who are the key partners in the initiative, and how will they be engaged?
 What are the sources of authoritative spatial data?”

Cooperation between inner and outer SDI stakeholders is vital for development. From such 
informal cooperation, formal initiatives can emerge. Political priorities and needs affect cooperation 
and, therefore, can shape the development of different initiatives (McDougall, 2006). Similar is 
recognized by Vandenbroucke et al. (2012) and Warnest et al. (2015). Crompvoets (2015) states 
that investment in governance support, comparing to overall investment in SDI, is “relatively 
inexpensive”.
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Besides cooperation, Harvey and Tulloch (2003; 2004) recognize knowledge-sharing as an essential 
factor in raising awareness critical for the development of LSDI.
 

INFLUENCE OF PUBLIC RELATIONS ON THE 
DEVELOPMENT OF (L)SDI

Public relations could influence development, funding, political and institutional support, and 
public opinion, the motivation of employees of local and national government, so it should be 
assessed as well as other factors. Lippmann (1922) states that the “news media are a primary source 
of pictures in our heads about the larger world of public affairs, a world that for most citizens is 
“out of reach, out of sight, out of mind.“ What we know about the world is largely based on what 
the media decide to tell us. More specifically, the result of this mediated view of the world is that 
the priorities of the media strongly influence the priorities of the public”. What media brings to the 
public it is in the focus of the public (McCombs, 2002). McCombs further brings out a measured 
correlation between media news and public opinion, and it is mostly from +0.50 and up to +0.90 
in some cases.

“Nowadays, public relations are defined as a management function that involves building and 
maintaining positive relationships between an organization and the public on whom it depends 
through strategic two-way symmetrical communication” (Wilcox et al., 2003). Public relations 
planning is not as recognized as strategic planning in government institutions (Lee et al., 2012). 
Grunig and Grunig (2001) in a research made on nearly 1000 government and corporate public 
relations discovered, potential in education of communication management is discovered. 
So potential is hidden not just in public relations planning but as well in education of public 
relations experts. On the other hand, public relations experts have recognized that expectations 
and communication plans are higher than they should be (Lee et al., 2012). Lee et al state that 
“PR experts need to be able to show that the extra time, resources (financial and human), and 
energy they have devoted to enhanced interpersonal and mediated communication had an impact 
on improving the quality of life in their community. Sadly, the ability to prove impact is often the 
most difficult (and often neglected) step in proving public relations the effectiveness”. Problem 
occurs when public relations experts in local government are called to prove the effectiveness of 
public relations; they have problems in argumentation of effectiveness (Lee et al., 2012).

Public relations are most important to accountability and transparency of government institutions 
(Grunig and Grunig, 2001)

Besides public relations, marketing is also recognized as well as a tool to be used. (L)SDI and its 
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deliveries can be taken as a product in the domain of public services so that marketing principles 
could be used for the promotion of those public service products. “Marketing today has a more 
relationship-centred focus, which aligns it closely with public relations functions”(Lee et al., 2012).

In today’s (L)SDI environment, public relations and marketing planning documents should be 
made with more attention.

DEVELOPMENT AND PERFORMANCE MEASUREMENT OF (L)SDI
The development process is usually related to the research process. Research and development 
(R&D) is not easy to be measured by KPI’s. It is related to the measurement of performance. 
(Kerssens-van Drongelen, 1997). Analyzing data measured in the past could be useful for measuring 
todays project more precisely (Patterson, 1983). However, in research (Kerssens-van Drongelen, 
1997), many companies still lacked structured project data systems, making it difficult to learn 
from the past.

Figure 5.5 shows a comparison of measuring techniques and the maturity of the product. The 
development level should be measured with quantitative and semi qualitative methods. So, 
measurement methods should include all relevant factors, and R&D measurement standards should 
be established (Kerssens-van Drongelen, 1997).

Söderquist and Godener (2004) summarize seven different R&NPD performance perspectives:
 “a financial perspective, where performance is defined as maximizing quantitatively
 measured return on R&NPD investment (Boag and Rinholm, 1989; McGrath and Romery, 
 1994; Schainblatt, 1982)”
 “a customer satisfaction perspective, where high performance is seen as exceeding or at 

Figure 5.5: The relevance of different measurement techniques (Kerssens-van Drongelen, 1997)
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 least satisfying customer expectations (Hultink and Griffin, 1997; Iansiti and West, 1997)”

 “a strategic management perspective, where performance means goal satisfaction – 
 implicitly understanding that goals refer to whatever goals are included in strategic planning
 (Clark and Fujimoto, 1991; Moser, 1985; Werner and Souder, 1997)”

  “a process management perspective where performance rhymes with optimizing quality,
 lead time and cost and ensuring project progress according to process-related goals (Clark 
 and Fujimoto, 1991; Moser, 1985; Wheelwright and Clark, 1992)”

  “a technology management perspective, where high performance is understood as efficient 
 management of product technology for generating a continuous stream of competitive
 products (Cusumano and Nobeoka, 1998; Meyer and Roberts, 1988; Meyer et al., 1997)”

  “an innovation management perspective, where performance is considered as a successful
 transformation of research efforts into new products, and as the creative application and 
 combination of new or existing knowledge into new products (Schilling and Hill, 1998; 
 Utterback, 1994)”

 “a knowledge management perspective where high performance integrates a qualitative 
 return on R&NPD investment in terms of knowledge creation, knowledge transfer, and
 knowledge exploitation resulting in enhanced R&NPD capabilities and intellectual assets
 (Lynn, 1998; Wheelwright and Clark, 1992).”

Crompvoets et al. (2008b) stress three phases of development of GIS: (1) the acquisition of  
resources, (2) the processing of resources, and (3) the utilisation and the relation between them 
(Figure 5.6.)

Figure 5.6: Three cyclical and iterative phases (Crompvoets et al., 2008a)

Quantitative
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Also, he recognizes four-dimensional variables of performance of SDI (Figure 5.7). 

These four variables should be taken as variables for measuring the performance of the development 
and implementation process of projects. Each of the mentioned phases is observed in a static (in 
relevant discipline), comparative static (between observed disciplines) and dynamic (between 
different phases) (Crompvoets et al., 2008b).

The steps to develop an SDI model depends on the characteristics and needs of each country. So 
the structure of (L)SDI will differ from state to state but from city to city as well. It is, however, 
important that countries develop and follow a roadmap for implementing an SDI. In the process 
of development of SDI, it is vital to have a vision, not just for creators of SDI but as well for 
the general public and other users. “The SDI vision helps people to understand the government’s 
objectives and to work towards achieving these objectives” (Rajabifard, 2008).

The SDI assessment is more and more critical for the management and development of SDI. So, 
recognizing the leading indicators of development could play an essential role in creating SDI 
strategies and reaching goals (Rajabifard, 2008).

Key SDI development fundamentals are as follows (GeoConnection et al., 2013):
              “Whether the adoption and use of the SDI are mandatory or voluntary will have a significant  
            impact on the institutional and other arrangements that are put in place for its development 
             and implementation, with partnership development being particularly important for the 
            voluntary model.”

 “Identifying authoritative data sources and assigning data stewardship and custodial 
 responsibilities is an important cornerstone for a successful SDI initiative.
 An effective SDI governance structure is essential for guiding the planning, design, 

Figure 5.7: Four-dimensional variables of performance (Crompvoets, 2008a)

Quantitative
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 implementation, and ongoing monitoring of the infrastructure, and typical governance 
 components have been identified and described.”

 “The SDI strategic framework, which underpins the SDI development and implementation 
 activities, is based upon a close alignment with overall political priorities in the jurisdiction 
 and includes a formal strategic plan and implementation plans for all SDI components.”

 “At local, state, and national levels, performance monitoring systems are beginning to be
 used in budget formulation and resource allocation, employee motivation, performance
 contracting, improving government services, and improving communications between 
 citizens and government. Effective management in any type of organization comes from 
 regularly collecting information, analyzing the information, and then making changes to 
 help improve a service or product.”

METHODOLOGIES OF ASSESSMENT OF (L)SDI
To assess LSDI is a complex process so assessment methodology could be adapted to the structure 
of (L)SDI and maturity of (L)SDI or created a new one. Existing methodologies are beneficial to 
learn from, and there are many assessment methods (Crompvoets et al., 2008a; Vandenbroucke et 
al., 2013; Vico et al., 2010; Oskouei, A., K., 2016) for SDI development. SDI is a very complex 
system, recognized as a Complex Adaptive System, so assessment methods should be adopted for 
those kinds of systems, or more assessment methods should be used for assessment. One of such 
multi assessment method is the Multi-view framework, which evaluates performance and readiness 
(Figure 5.8) (Grus et al., 2008). “All methods, however useful and valuable, either concentrate on 
one aspect of SDI, or is bounded by one region, or describe SDI development in few particular 
countries, or are still conceptual” (Crompvoets et al., 2008a).
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Rix et al. (2011) are using a new approach to analyse and assess SDI based on principles of Digital 
Earth, INSPIRE, and GMES. With these approaches, around 200 subnational SDI’s from 26 
European countries were assessed (Rix et al., 2011).

Oskouei et al. (2016) assess risks related to SDI.  Nushi et al. (2015) use stress test methodology 
(The STIG) for assessing SDIs and FIs (financial infrastructure). Vancauwenberghe et al. (2018) 
assess the openness of SDI. Gourmelon et al. (2019) introduce an integrated conceptual framework 
to assess SDI research with goal to “provide a logical structure for a holistic analysis of the complex 
components that affect the production and use of geographical information, their relationships, the 
dynamics of these relationships and the resulting outcomes”.

SDI assessment methodologies assess SDI’s (Figure 5.9) based on readiness and performance. (Giff 
and Jackson, 2013). Readiness assessment assesses the current situation in the SDI environment 
based on SDI factors like governance, policies, tools, human capital... SDI performance assessment, 

Figure 5.8: Multi-view SDI assessment framework (Grus et al., 2009)
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assess if key factors of SDI are delivering what it is supposed to. Usually, this is done with 
performance indicators developed on the objectives of SDI (Giff and Jackson, 2013).

(L)SDI ASSESSMENT PROCESS
It is crucial to have a plan of what and how to assess. In a World Bank Seminar about “Public 
Sector Performance ─ The Critical Role of Evaluation,” Baird (1998) four key factors are defined 
for conducting assessment (Steudler et al., 2008):

a) “Well-defined OBJECTIVES (to know where to go to):
 define the targets for the whole system;
 might involve historical and social aspects, the cultural heritage as well as the political, 
 legal, and economic basis”;

b) “Clear STRATEGY (to know how to get there):

Figure 5.9:  A listing of the most widely used SDI assessment methodologies (Giff and Jackson, 2013)
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 defines the way forward to reach and satisfy the objectives (institutions, organizations, 
 finances, activities)”;

c) “OUTCOMES and INDICATORS for monitoring (to know if on track):
 Outcomes are the results of the activities arising from the objectives and strategies;
 Indicators must be able to be monitored and relevant for feedback to objectives and
 strategies; and”

d) “ASSESSMENT OF PERFORMANCE (to gain input for improvements):
 The process which takes the outcomes and indicators into account to evaluate and review
 the objectives and strategies regularly;

 Looks at the performance and reliability of the system and how the initial objectives and
 strategies are satisfied”.

These four factors should be seen as part of the annual process starting from an assessment of the 
performance of initial objectives (Figure 5.10) (Steudler et al., 2008).

Grus et al. (2009.) present steps for conducting SDI assessment, as shown in Figure 5.11. In 3rd step, 
the authors suggest using existing assessment methodologies, “The Multi-view SDI assessment” 
(Grus et al., 2007), to formulate indicators that will be used for the selection of key indicators for 
selected SDI goals in step 4 and 5. After the assessment is formulated (step 6) and applied (step 7), 
evaluation of the application process is done in step 8 as a feedback loop mechanism.

Figure 5.10: Basic Evaluation Elements and Cycle of Assessments (Steudler et al., 2008)
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The research steps are presented in Figure 5.12. (Hećimović et al., 2014). Hećimović et al. (2014) 
is research on LSDI made in the Republic of Croatia and could be helpful from process and content 
perspective. 

Figure 5.11: Methodological steps for developing a goal-oriented SDI assessment approach (Grus et al., 2009)

Figure 5.12: Research overview graph (Hećimović et al., 2014)
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Government institutions more and more use different types of a Performance-Based Management 
Framework (GeoConnection et al., 2013). Performance-based Management is defined as (PBM 
SIG, 2001):
“…a systematic approach to performance improvement through an ongoing process of establishing 
strategic performance objectives; measuring performance; collecting, analyzing, reviewing, and 
reporting performance data; and using that data to drive performance improvement.”

Figure 5.13 shows the six processes and illustrates the relationship between the processes in 
conducting the measuring, monitoring, and reporting of performance. The process of assessing 
is made based on the relationship between its objectives, inputs, processes, outputs, outcomes, 
and sometimes, the impact. So, for assessing subject, performance, objectives, inputs, processes, 
outputs, and outcomes should be clearly defined as well as relationship among them. 

For visualization and understanding of processes in performance assessment usually is used logic 
model shown in figure 5.14 (GeoConnection et al., 2013).

Figure 5.13: Six key processes of the PBM style (GeoConnection et al., 2013)

Figure 5.14: Application of the Logic Model to an SDI Component (Giff and Crompvoets, 2008)
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KEY INDICATORS FOR (L)SDI
To assess readiness, use, performance and development of LSDI indicators or variables should 
be developed. Performance indicators can be quantitative or qualitative; however, their primary 
function is to assess performance (GeoConnection et al., 2013). Selection of indicators are essential 
for research. (Schiavo-Campo, 1999). Indicators can indicate not just performance but also if 
something is developing, how ready something is or how something useful is. So indicators or 
variables should be prepared for research most appropriately, so that they can indicate the goal of 
assessment.

To be measurable, SMART KPI’s should be (Giff and Crompvoets, 2008):
 “Specific—Clearly define and easily understood.”
 “Measurable—Should be quantifiable to facilitate comparison with other data;”
 “Attainable/feasible—Practical, achievable, and cost-effective to implement.”
 “Relevant–True representation of the functions they intend to measure.”
 “Timely and free of bias—Information collected should be available within a reasonable
 time-frame, impartially gathered, and impartially reported.”
 “Verifiable and statistically valid—Should be scientifically sound with possibilities to check
 the accuracies.”
 “Unambiguous—A change in an indicator should result in clear and unambiguous 
 interpretation. For example, it should be clear whether an increase in the value of a PI   
 represents an improvement or reduction.”
 “Comparable—Information should show changes in the process over time.”

Another acronym recently suggested is ‘SPICED’: Subjective, Participatory, Interpreted, 
Communicable, Empowering and Disaggregated. The approach is summarised below (URL14):
 “Subjective - Informants have a special position or experience that gives them unique 
 insights which may yield a very high return on the investigators time. In this sense, what
 others see as ‘anecdotal’ becomes critical data because of the source’s value.”
 “Participatory - Objectives and indicators should be developed together with those best 
 placed to assess them. It means involving a project’s ultimate beneficiaries, but it can 
 also mean involving local staff and other stakeholders.”
 “Interpreted and communicable - Locally defined objectives/indicators may not mean much
 to other stakeholders, so they often need to be explained.”
  “Cross-checked and compared: The validity of assessment needs to be cross-checked, by 
 comparing different objectives/indicators and progress, and by using different informants, 
 methods, and researchers.”



82

 “Empowering: The process of setting and assessing objectives/indicators should be 
 empowering in itself and allow groups and individuals to reflect critically on their changing
 situation.”
 “Diverse and disaggregated: There should be a deliberate effort to seek out different 
 objectives/indicators from a range of groups, especially men and women. This information 
 needs to be recorded in such a way that these differences can be assessed over time.”

SMART describes the properties of the indicators, while SPICED is more related to how indicators 
should be used, as the following Table 5.1 illustrates (URL14): 
 

The SPICED approach is a handy tool for thinking about how to set participatory objectives and 
indicators. They are qualitative and are used to understand what stakeholders think about the subject 
of research. SPICED indicators are less practical than SMART. The SPICED indicators are more 
time consuming, and research  based on them more expensive (URL14).

Other quantitative indicators, similar to SMART are the “CREAM” indicators. Performance 
indicators should be clear, relevant, economic, adequate, and monitorable. CREAM in opposite to 
SMART, can be used as quantitative and qualitative indicators.If any of the indicator criteria are not 
fulfilled, then performance (measurement) will be less accurate (Kusek and Rist, 2004).

Table 5.1: Comparison of SMART and SPICED indicators (URL14)
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METHODOLOGY FOR ASSESSING LSDI IN CROATIA 
AND DEFINING INDICATORS

Although there are some measuring and monitoring methodologies, it is essential to know that 
there is no unique methodology for SDI assessment. Successful assessment could be achieved if the 
objective of assessment in preparation, is well analyzed and detected what is to be assessed. The best 
approach might be a combination of existing methodologies or using a new one (GeoConnection 
et al., 2013).

SDI capacities and resources on the national level and on the local level are very different (Rajabifard 
et al., 2000; Giff and Coleman 2002; Rajabifard et al. 2002; Harvey and Tulloch 2006). Also, it 
differs from country to country, so assessment should differ from state to state and from state to 
local level of SDI.

To recall, the objectives of the thesis are as follows:
 To adopt indicators and objectives from existing assessment frameworks to particularities 
 of Croatian Local Spatial Data Infrastructure.
 To assess local spatial data infrastructure readiness, use performance and development in 
 the Republic of Croatia and develop a model for LSDI assessment.
 To research gap between the current situation and situation aimed at 2020 by INSPIRE
 Directive.
 To develop a conceptual model of LSDI development in the Republic of Croatia.

For methodology to assess LSDI and develop a model of development of LSDI following steps 
were used (Figure 1.1):
 Literature review
  LSDI theory
  Identified problems in the local level related to LSDI
  Assessment methods
  (L)SDI legislation
  Local self-government legislation in the Republic of Croatia
  Researches on LSDI in Croatia
  Researches on LSDI from other countries
 Quantitative research
 Focus group
 Interviews
 Pilot project
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 Model of development

At the beginning of the research, a detailed review of the LSDI assessment frameworks was done. 
Special attention was paid to the frameworks for assessment that could be the most appropriate 
for LSDI assessment in Croatia since LSDI in Croatia is not well developed, based on previous 
research (Hećimović et al. 2014). Frameworks for SDI evaluation that were reviewed in more detail 
were: the National Spatial Data Infrastructure Readiness model (Delgado Fernandez et al. 2008), 
the eSDI-Net+ SDI Self-Assessment Framework (Vico et al. 2010), Evaluation and Performance 
Indicators to Assess Spatial Data Infrastructure Initiatives (Steudler et al. 2008) were used as well. 

Framework for Designing Performance Indicators for Spatial Data Infrastructure Assessment (Giff 
2008, Giff and Crompvoets 2008), INSPIRE State of Play: Generic approach to assess the status 
of NSDIs (Vandenbroucke et al. 2008) and methodology to assess the performance of spatial data 
infrastructures in the context of work processes (Vandenbroucke et al., 2013) .

The purpose of this literature and documentation review is to compare the frameworks for 
assessment and to adapt them to circumstances in the Republic of Croatia. For this purpose, 
previously researched in the Republic of Croatia related to LSDI was used (Cetl 2007, Poslončec-
Petrić 2010, Blagonić 2012, Hećimović et al. 2014). Also, LSDI research from other EU countries 
was used (Local Government Association – United Kingdom (LGA) 2011, Christiansen et al., 
2011).

The literature overview consisted of identifying current circumstances in Croatia related to the LSDI 
state. For identifying circumstances, legislation, prior questionnaires, research, and findings were 
used. Questionnaires, research and findings were mostly from Croatia but also from other countries 
if related to a local level of SDI. Also, generally applicable findings from other researches were 
used for formulating questions, like (Harvey and Tulloch, 2006.). The main goal of the literature 
overview was to formulate indicators or questions for a questionnaire within quantitative research.

Quantitative research with city representatives was done for testing readiness, use, performance 
and development. Also, quantitative research should help to test the current state and to indicate 
the status of some factors which could be relevant to LSDI like P.R. not usually tested within 
existing assessment methodologies. The following frameworks and researches were used as a help 
to formulate questions:

Hećimović (2014): This research is relevant because it was the most detailed research about LSDI 
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in Croatia. Also, it was conducted in 2012, so it gave a good starting point for learning about LSDI 
development progress in Croatia. 

 (Bandebroucke et al., 2012) - This research is relevant because of the INSPIRE 
 directive, which was implemented in Croatian legislative. Croatia is obligatory to fulfil all 
 demands of the INSPIRE Directive, including Annex III, as most relevant for LSDI.

  (Vico et al., 2010) - This research is relevant because questions are formulated for self- 
 assessment, which could be important for representatives of cities with no LSDI or low
 knowledge about LSDI.
 (Fernandez et al., 2008) - This research is relevant because it assesses the readiness of SDI.

 (Steudler et al., 2008) - From this research defining indicators for assessing performance   
 was subject of interest.
 (Vandebroucke et al., 2013) - A methodology to assess the performance of spatial data 
 infrastructures in the context of  work processes - research relevant because of research
 about working processes in pilot project.
 
Quantitative research is in more detail, explained in chapter 7. 

In questionnaire, questions were grouped by themes similar to research (Hećimović et al., 2014). 
Statistical analyses which were used to analyse questionnaire results were:

 Pearson correlation - was used to determine linear correlation strength between quantitative, 
 continuous variables.
 Spearman correlation - used to determine correlation strength between ordinal variables.
 Multiple linear regression - used to determine how multiple independent variables are
 related to one dependent variable in the model.
 Binary logistic regression - used to determine the relationship between one binary dependent
 variable (existence of LSDI: YES/NO) and more dependent variables.
 Regression best subset - used for building the best variables and model amongst all possible
 variables and models.
            CATREG with lasso - used for building the best variables and model amongst all possible
            variables and models.
 Decision tree - used for classification of variables to create a model that predicts values
 of a target variable based on more input variables. Decision tree visually generates a
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 hierarchy of variables in a model.

After the questionnaire, variables should be recoded if necessary, and filtered for regression models. 
Since the sample is relatively small, the reduction of variables was made to have a generalized 
model. In the analysis, results were separated by city budget, the number of inhabitants in the 
city, or the existence of IT experts in city administration to see their dependences. Indicators for 
the model were recognized by statistical analyses. Having or not having LSDI in the city was a 
dependent variable, and all others were independent. Regression and other statistical analysis were 
used to recognize:
                Most relevant independent variables for the dependent variable (existence of LSDI) – 
 these variables would indicate what is most important for the development LSDI in the   
 Republic of Croatia. Such variables should be well understood and interpreted. Also, they  
 correlate with other independent variables.
 Correlation between independent variable – this is indicating which independent variables 
 have a strong correlation. Those variables are relevant as well since they are indicating what 
 is influencing on more relevant variables for the development of LSDI or on which variables
 most relevant variables are influencing on.
 The hierarchy between independent variables – this will sort variables based on correlation 
 with the dependent variable (existence of LSDI) or any independent variable. 

Statistical analyses are in detail, explained in chapter 9.

For assesment of LSDI, it is essential to know which working processes could be empowered with 
LSDI. To analyze the working processes, it was necessary not just to have quantitative research but 
also to have qualitative researches. Also, this part of the research came after quantitative, so it was 
an opportunity to go through some answers from quantitative researchand get another perspective. 
Finally, it was an opportunity to see where city management is expecting help from LSDI. So these 
researches were used to recognize:
            Which working processes in the city are going on?
 Go deeper with some themes from quantitative research
 For which working processes city management is using LSDI if at all
 What are threats in accepting LSDI by the city administration
 To challenge detected indicators from statistical analysis and recognize other indicators
 To recognize external factors related to cities in Croatia
  The following qualitative researches were used for ahead mentioned objectives:
  Focus group with representatives of cities and stakeholders of LSDI experts in  
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                        Croatia - Based on the results and analysis of the quantitative research draft of a   
  model of development was generated as the first part for discussion within the focus
  group. The second part was to get another perspective on results from quantitative  
  research. The goal was to get the opinion of the SDI group on those two topics and  
  have confirmation or negation of prior findings. For the focus group, various SDI   
  experts were invited.
   From interviews with stakeholders from pilot project LSDI from the city of Sinj,
  Splitsko-dalmatian County– based on all prior steps, questions for interviews with 
  city LSDI stakeholders where generated, and interviews were made. The goals were
  to identify which working processes are going on between stakeholders within the  
  city of Sinj. The second goal was to identify how citizens could benefit from LSDI. 
  The third goal was to get another perspective about thematic groups from
  quantitative research.

Qualitative research is, in detail, explained in chapter 8.

The pilot project of implementing a webGIS solution was important as an experience from the 
practical side and different perspectives: SDI expert perspective, city representative perspective and 
webGIS developing expert perspective. Another goal was to have a perception of all stakeholders 
related to city management. The pilot project is in detail, explained in chapter 10.

After all researches, interpretation of results, and analyses, a model of development of LSDI in the 
Republic of Croatia was developed. 

SUMMARY
In this chapter, the structure and environment of LSDI, political and intuitional support, assessment 
methodologies, and development and performance measurement based on indicators were 
explained. Role of each research step is introduced.  Also, it was explained why it is important 
to produce the most comprehensive perspective of LSDI in Republic of Croatia. Development of 
the model of development of LSDI is introduced as a result of the triangulation of results from all 
research methods. 
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RESEARCH APPROACH

This chapter deals with the paradigm of research, design and methodology of research 
as well as data collection and analysis methods.

06
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INTRODUCTION
In this chapter, intention on how to solve problems stated in the objective of the research is 
explained. The main objective is the development of a model of LSDI development in the Republic 
of Croatia. For achieving such a goal, primary objectives should be achieved. The objective of this 
research is as follows:  
 To adopt indicators and objectives from existing assessment frameworks to particularities
 of Croatian Local Spatial Data Infrastructure.
 To assess local spatial data infrastructure readiness, use performance and development in
 the Republic of Croatia and develop a model for LSDI assessment.
 To research the gap between the current situation and situation aimed at 2020 by INSPIRE
 Directive.
 To develop a conceptual model of LSDI development in the Republic of Croatia.

The main idea is to produce something which could, first of all, identify indicators of development 
of LSDI in the Republic of Croatia and based on conclusions and legislative, produce a conceptual 
model for the development of LSDI in the Republic of Croatia. The hypothesis was stated, although 
not in a measurable way, in line with the main idea:

 Research on LSDI readiness, use, performance and development will identify the main
 obstacles related to the development and current state and give inputs model of development 
 of LSDI in the Republic of Croatia. Still, analyses of data collected for identifying main  
 obstacles or indicators of development are defined measurably. Finally, something useful 
 like the conceptual model was produced, either for implementation or discussion as an 
 outcome of this research. For designing research, it was essential to understand the main 
 idea and to be focused on the objectives and hypothesis of the research. Objectives, and   
 hypotheses shaped the final design of research trough the philosophy of researcher, 
 approach to research, methods, and tools for data collecting.

In this chapter research approach will be described as the following sections:
The theoretical background of the research based on paradigms
 The theoretical background of design process and methodologies of the research
 Approach and design of this research based on the theoretical background

THE THEORETICAL BACKGROUND OF THE RESEARCH APPROACH
The theoretic approach to scientific research can be found in literature. Kothari (2004) states 
the following steps regarding the research process: “(1) formulating the research problem; (2) 
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extensive literature questionnaire; (3) developing the hypothesis; (4) preparing the research design; 
(5) determining sample design; (6) collecting the data; (7) execution of the project; (8) analysis 
of data; (9) hypothesis testing; (10) generalizations and interpretation, and (11) preparation of the 
report or presentation of the results, i.e., formal write-up of conclusions reached”. Saunders, et al. 
(2009) formulates steps in research as shown in Figure 6.1. 

Figure 6.1: Research steps (Saunders et al., 2009)
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Still, there are open issues about how to approach to research. Guba and Lincoln (1994) set 
the questions of the paradigm of research on top of question about research methods. For the 
understanding design of research, the definition of each term is given.

Saunders et al. (2009) defines research overall structure trough the “onion” shape shown in Figure 
6.2 and consists of: 
 philosophy of researcher, 
 approach to research, 
 the strategy of research, 
 choices of research, 
 time horizons of research and 
 Techniques and procedures of research.
 

The research philosophy is defined by the perspective which the researcher has about the world. 
(Saunders, 2009). As Johnson and Clark (2006) note, business and management researchers 
should be aware that research philosophy defines not just methods of research but also how they 
will understand and interpret results of research. Philosophy is not related just to business and 
management researchers; it is related to all researches. 

Figure 6.2: Research „onion“ (Saunders et al., 2009)
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PARADIGM
The Word paradigm has its root in Greece, παράδειγμ, parádeigma, which means „make it 
understandable.“ Definition of paradigm in research is not unique, and it varies between authors. 
“In educational research, the term paradigm is used to describe a researcher’s worldview” 
(Mackenzie and Knipe, 2006). Guba and Lincoln (1994) define a paradigm as “a basic set of 
beliefs or worldview that guides research action or an investigation.” Based on to Lincoln and 
Guba (1985), a paradigm consists of four elements: epistemology, ontology, methodology, and 
axiology. For better understanding what stands beside the word “paradigm,” a short explanation of 
each term is given.

Epistemology has its aetiology in Greek (episteme) and means knowledge (Kivunja et al., (2017). 
As Cooksey and McDonald (2011) put it, “epistemology is what counts as knowledge within 
the world.” Slavin (1984) states four sources of knowledge: intuitive knowledge, authoritative 
knowledge, analytical knowledge, and empirical knowledge.

“Ontology is a branch of philosophy concerned with the assumptions we make to believe that 
something makes sense or is real, or the very nature or essence of the social phenomenon we are 
investigating” (Scotland, 2012). It deals with the perception of reality, either there is a unique 
perception of reality or nature is related to the perception of an individual.

“The methodology is the broad term used to refer to the research design, methods, approaches and 
procedures used in an investigation that is well planned to find out something” (Keeves, 1997). 
“The methodology articulates the logic and flow of the systematic processes followed in conducting 
a research project, gaining knowledge about a research problem” (Kivunja. et al., 2017). 

“Axiology considers the philosophical approach to making decisions of value or the right decisions” 
(Finnis, 1980). “It involves defining, evaluating, and understanding concepts of right and wrong 
behavior relating to the research” (Kivunja et al., 2017).

Although there are many paradigms, four paradigms will be described: Positivist (and post-
positivist) paradigm, Interpretivist/constructivist paradigm, transformative paradigm, and pragmatic 
paradigm.

The Positivist paradigm is first proposed by a French philosopher, Auguste Comte (1798 – 1857). 
“The Positivist paradigm defines a worldview to research, which is grounded in what is known in 
research methods as the scientific method of investigation.” Comte (1856) states that experience 
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from the real world should be a basis for understanding human behaviour. For the Positivist 
paradigm, its epistemology is objective, its naive ontology realism, its methodology experimental, 
and its axiology beneficence (Kivunja et al (2017)). Guba (1990) says that “whereas the positivist 
paradigm is based on reality to be studied, postpositivist is based on a belief that reality cannot be 
understood, just approximated.”

“The central endeavour of the Interpretivist paradigm is to understand the subjective world of 
human experience” (Guba and Lincoln, 1989). “This approach makes an effort to ‘get into the 
head of the subjects being studied’ so to speak, and to understand and interpret what the subject 
is thinking or the meaning s/he is making of the context “(Kivunja et al., (2017). This paradigm 
assumes a subjectivist epistemology, relativist ontology, a naturalist methodology, and balanced 
axiology (Kivunja et al., (2017).

“The Critical paradigm situates its research in social justice issues and seeks to address the political, 
social and economic issues, which lead to social oppression, conflict, struggle, and power structures 
at whatever levels these, might occur” (Kivunja et al., 2017). This paradigm is sometimes called 
Transformative paradigm since improving social justice is in the core of this paradigm (Kivunja, et 
al., 2017). This paradigm assumes a transactional epistemology, an ontology of historical realism, 
a dialogic methodology, and axiology that respects cultural norms (Kivunja et al., 2017).

Pragmatic paradigm was created based on the opinion that reality cannot be “captured”  just by 
one scientific method (Kivunja et al., 2017). Instead, these philosophers (such as Alise & Teddlie, 
2010; Biesta, 2010; Tashakkori and Teddlie, 2003a, and 2003b; Patton, 1990) stated that selection 
of method should be made based on deciding what is best for research (Kivunja et al., 2017). 
This opinions are in favour of opinions that mixed methods are best to use to understand the 
human environment  (Kivunja et al., 2017). “So, as explained briefly in the brackets, this paradigm 
advocates a relational epistemology (i.e. relationships in research are best determined by what 
the researcher deems appropriate to that particular study), a non-singular reality ontology (that 
there is no single reality and all individuals have their own and unique interpretations of reality), a 
mixed-methods methodology (a combination of quantitative and qualitative research methods), and 
value-laden axiology (researching that benefits people)” (Kivunja et al., 2017). Creswell (2003), 
Tashakkori and Teddlie (2003a); Patton (1990), and Mertens (2015), demonstrates the following 
characteristics for pragmatic paradigm (Kivunja et al., 2017):
 “A rejection of the positivist notion that social science inquiry can uncover the ‘truth’ about
 the real world.”
 “An emphasis on ‘workability’ in research.”
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 “The use of ‘what works’ to allow the researcher to address the questions being investigated
 without worrying as to whether the questions are wholly quantitative or qualitative.”
  “Adoption of a worldview that allows for a research design and methodologies that are best
 suited to the purpose of the study.”
 “Utilising lines of action that are best suited to studying the phenomenon being investigated.”
 “A rejection of the need to locate your study either in a Positivist (postpositivist) paradigm
 or an Interpretivist (constructivist) paradigm.”
 “Seeking to utilise the best approaches to gaining knowledge using every methodology that
 helps that knowledge discovery.”
 “Choice of research methods depending on the purpose of the research.”
 “A search for useful points of connection within the research project that facilitate
 understanding of the situation.”

Table 6.1 is showing varieties of terms used for different paradigms (Kivunja et al., 2017)

DESIGN OF RESEARCH
At the beginning of the research, the researcher should choose between deductive approach to 
research in which researcher develops a theory and hypothesis or inductive in which researcher 
collect data and develop theory from analysis  and interpretation of results (Sounders et al., 2009).

Table 6.1: Paradigms: Language commonly associated with major research paradigms (Kivunja et al., 2017).
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Figure 6.3: Research choices (Sounders et al., 2009)

Mackenzie and Knipe (2006) state that the most common definitions suggest that “methodology is 
the overall approach to research linked to the paradigm or theoretical framework while the method 
refers to systematic modes, procedures or tools used for collection and analysis of data.” Relation 
of paradigms, methods and tools are shown in Table 6.2.

Table 6.2: Paradigms, methods and tools (Macknezie and Knipe, 2006)
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Saunders et al. (2009) split methods to mono or multiple methods. Further on it splits to Multi-
Method and Mixed-methods, as shown in Figure 6.3. 

In literature could be found a various definition of qualitative and quantitative research or 
methodologies or methods, so it is essential to understand that terms qualitative and quantitative 
(Mackenzie and Knipe, 2009) methods of collection of data instead of approach to the research. 

Quantitative method of research is used for method which uses or generate measurable, numerical 
data. On the other hand, the qualitative method of research uses or generate non-numerical data  
(Saunders et al., 2009). Mixed model research combines techniques from  qualitative and quantitative 
techniques. Saunders et al. (2009) state reasons why mixed research could be better starting from 
“triangulation - researcher combines findings from all methods within a study, facilitation – use one 
method to aid another data collection method, complementarity – use of two or more methods to 
fill gaps in the process of investigation, generality – use of the independent source to contextualise 
the main study or use quantitative data to provide a sense of relative importance, aid interpretation, 
study different aspects, to solve a puzzle.” 

The research could also be separated by time horizon. Research of “a moment” (Saunders et al., 
2009) is called cross-sectional, while research in time is called longitudinal.

APPROACH AND DESIGN OF THIS RESEARCH
Although some authors refer to “pragmatism as an approach rather than a paradigm” (Morgan, 
2007), a paradigm that I found that fits most for reaching objectives and producing outcomes, is 
pragmatism. Pragmatism centres goal of research on top of priorities, not taking care of which 
methods or paradigms researcher uses, as long researcher use what fits best for research on a 
real-world problem. In this research, quantitative and qualitative methodologies of research were 
used. Pragmatism is defined as a practical paradigm which allows the researcher to use more than 
one paradigm and research methods. The belief of positivist that reality is out there to be studied, 
captured and understood fits this research as well. Also, the goal of getting into “head” of the 
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subject being studied is characteristics of this research and part of interpretivism paradigm. In 
this research, many methods were used to investigate in the real world but also to understand 
LSDI environment. Environment could consist of, stakeholders, what influence on political and 
institutional support and how public relations influence on public opinion about LSDI. The main 
goal of the research is to use as many perspectives and methods as possible to achieve the objective 
of research, so pragmatism fits the most for this paradigm.

Methods or strategies used in this research are: 
 Questionnaire, 
 Focus group, 
 Group interview, 
 Interview and
            Pilot project 

The questionnaire method is usually related with deductive approach, often used in business and 
management to collect high amount of data based on questions like, who, what, where, how much 
and how many (Saunders et al., 2009).

A focus a group is group interview focused on specific issues in interaction amongst participants 
(Carson et al., 2001). 

Non-standardised interviews by Saunders et al. (2009) include focus group, group interview, group 
discussion and combinations of these words. Saunders et al. (2009) use a group interview as a 
general term to describe all non-standardised interviews conducted with two or more people. Kahn 
and Canell (1957) defines an interview as “a purposeful discussion between two or more people.”

Waite (2002) defines “a pilot project or study as an experimental, exploratory, test, preliminary, 
trial or try out an investigation.” The pilot study defined by Last (2001) “is a test of the methods 
and procedures to be used on a larger scale if the pilot study demonstrates that the methods and 
procedures can work.”

Approach to this research is inductive, although there are also some deductive characteristics in 
research like making “working draft” of a conceptual model for the working group before finishing 
collecting all data from the field and analysing all of them (Figure 6.4). Still, the final conceptual 
model is a result of an analysis of all collected data. Literature overview was used for formulating 
questions for the questionnaire, questionnaire results for formulating questions for a focus group, 
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results from questionnaire and focus were used for interviews with stakeholders in the city, 
interviews for implementing webGIS and all of the steps for formulating a model of development. 
From the literature overview, existing methodologies of LSDI, legislation on LSDI and cities in 
Croatia, results of researches, local self-government were used to formulate indicators for the 
questionnaire. A questionnaire was used to detect indicators of development, performance, use and 
readiness of LSDI and barriers for the development of LSD. A focus group was used for getting 
feedback from SDI experts about the draft of the model of development of LSDI, and to recheck 
results from the questionnaire. Interviews with stakeholders were used to mark work processes and 
understand city LSDI environment. A pilot project was used to get practical experience from the 
process of implementation of webGIS in the real world within a city relatively small city. All of 
above written were used for the development of a model of development of LSDI in the Republic 
of Croatia. This process is clear inductive.

From another perspective, the questionnaire was less subjective part of research since data were 
collected based on the same questions and statistically analysed. Subjectivisms could be partly 
addressed to formulating indicators for the questionnaire. Although based on existing methodologies 
of assessment, existing researches, legislation on LSDI, circumstances of cities in the Republic of 
Croatia, another researcher could select different indicators and a different number of indicators for 
research. Also, in city behalf, respondents represented the whole city government and this process 
is also in a certain measure, subjective. Another part which could be related to subjectivism is 
“shrinking” of indicators for statistical analysis. The pilot project is a combination of objectivism 
and subjectivism in research, since it is “human-IT” process. Selecting modules for webGIS was 
influenced by a city representative as an investor of the project. Modules for public services were 
also influenced by subjectivism of city representative and researcher, although based on results 
of previous steps of researches. Focus group and interviews are most influenced by subjectivism 
of interviewed people and researcher. Model of development is a product of triangulation of all 
researches from the researcher perspective, which is influenced in some measure with subjectivism 
(Figure 6.4). 

In this research are used mixed methods for collection and analysis of data. Saunders et al. (2009) 
define the mixed methods approach as the general term when both quantitative and qualitative 
data collection techniques and analysis procedures are used in research design. It is divided into 
two types. Mixed method research uses collection techiques for qualitative and quantitative 
data and analysis procedures at the same time (parallel) or one after the other (sequential) but 
does not combine them. Although mixed-method uses both quantitative and qualitative methods 
in this research,, quantitative data are analysed quantitatively, and qualitative data are analysed 
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qualitatively.

There are two critical parts of researches. The first critical part of the research was based on 
questionnaire and identifying indicators of development, but also in some measure indicators of 
use, performance and readiness. Those indicators shaped further steps of research. In that way, 
most influences of direction and content of research were shaped with the most objective part of the 
research. Naturally, results of the analysis were backed up with existing researches and literature 
overview. The second critical part was a pilot project with interviews with stakeholders. This part 
from the practical perspective gave “feeling” of what is going on in real life. The average size of 
cities in the Republic of Croatia in the process of implementation of webGIS. Mixed methods gave 
two perspectives on the objective of the research. First was based on data and statistical algorithms 
and the second one on researcher “experience” from fieldwork. These processes are connected by 
order and content and used for new insights and rechecking prior conclusions whenever it was 
possible, and in a measure, it was possible. After the literature overview, quantitative or mostly 
objective part of the research was made and after that subjective part. Content from each step was 
used as input for the next one, and all steps were input for the last one, a model of development 
of LSDI. In the focus group and interviews results from the questionnaire were steps rechecked. 
Mixed methods, different perspectives were used to get whole “picture” of LSDI structure in the 
Republic of Croatia with risk “management”. Used perspectives were: objective mostly from 
quantitative research, subjective mostly from qualitative researches, an expert from SDI expert 
focus group, a theoretical perspective from literature overview and practical perspective from 
the pilot project. Behind triangulation of research conclusions or researches was objective of the 
research, development of a model of development of LSDI in the Republic of Croatia.
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The time horizon of this research is cross-sectional, since in a literature overview and overview of 
existing data, the dynamic of change is tried to be recognized as much as possible.

Steps in this research are as follows:

      1. Basic ideas on the topic of research
      2. Discussion with mentors about ideas 
      3. Literature overview
            a.   Overview of existing data’s and analysis
      4. Preparing proposal of topic, objectives and hypothesis of research to the academic 
            review team
      5. Presentation and discussion on the proposal and stating the final topic, objectives and 
            hypothesis of the research
      6. Conducting mixed-method data collection 
            a.   Questionnaire
            b.   Interview
            c.   Focus group
            d.   Pilot project
      7. Publishing paper on the results of the questionnaire
      8. Data analysis

Figure 6.4: Research steps and links between steps
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      9. Pilot project
    10. Summarizing conclusion from research into the conceptual model of development of LSDI
            in Croatia
    11. Interpretation of results
    12. Recommendations for further researches
    13. Writing text and presentation of research

In research, all participants, whether individuals or institutions, were informed about the topic 
of research, usage of data and securing their privacy in research. No names of individuals were 
mentioned in the text, although institutions are when it is related to interviews. In a focus group, 
group interview and questionnaire names of institutions or cities were not be mentioned as well. 
Individuals were informed that recorded data are only for analysis use; no transcript will be 
published in text or other forms as a state of individual or institution. The objective of this research 
was the development of the model of development of LSDI. So, as many as possible perspectives 
were welcomed.

Strength of this research is well-rounded researches steps with the inductive approach and rechecking 
results. Multi methods and multi-perspective approach made the research process resistant to risks. 
Although the selection of the city was to represent most cities in the Republic of Croatia, this 
cannot be confirmed. Different cities might give different insights and another conclusion. Another 
weakness of this research was the lack of research with citizens as a crucial stakeholder and user of 
LSDI and public services in general. These two steps were not possible to achieve due to the lack 
of economic and time resources.

SUMMARY
The focus of approach and design of the research was the objective of the research. To develop 
a model of development of a technical system which exists and strongly interacts with society 
depends on political (and institutional) support, mixed methods, multi perspectives, multi-step 
research was the best approach to research. Multi-step research must have its order using results 
from prior research as inputs for further steps. Also, whenever is possible, rechecking of results 
from prior research step is welcomed and could be protection from risks in research. It is crucial to 
have the most detailed literature overview from different perspectives: theoretical, and practical. 
Based on this, pragmatism is the most appropriate paradigm for research and as a method, mixed 
methods research. Step by step research, indicate that it was induction process of research. 
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QUESTIONNAIRE - QUANTITATIVE RESEARCH

This chapter describes quantitative research, the process of formulating questions, results of 
questionnaire and comparison with results from other relevant research.

07
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INTRODUCTION
In this chapter, an overview of the results of this research and other research on (L)SDI from 
Croatia and other countries, is given. The methodology of creation of themes and questions for the 
questionnaire is described. Also, the process of conduction of research is described. Finally, the 
results of the questionnaire are given and defined by groups. Results are compared to the results of 
another research. The goal is to see dynamics of development with results of research conducted in 
Croatia or to compare some aspects, needs or indicators with results from other research. Indicators 
of development and barriers for the development of LSDI was recognized. Questionnaire was used 
as one of the inputs for assessing performance, use and readiness.

In chapter 5, an overview of methodologies of assessment of LSDI is given. Since one of the 
objectives of this research is to assess LSDI readiness, use, performance and development following 
assessments, methodologies and research are used for the creation of questions or indicators for 
this questionnaire:
 (Delgado Fernandez et al., 2008)
 (Steudler et al., 2008)
 (Vandenbroucke et al., 2008)
 (Rix et al., 2011)
 (Hećimović et al. 2014)
 (Vandenbroucke et al., 2013)

In this chapter following is described:
 Description of used assessment methodologies and research
 Questionnaire preparation:
  Explanation of thematic groups and the explanation of why each 
  thematic group was chosen
  Explanation of what was used for formulating questions by thematic 
  groups and by questions
 Description of how the questionnaire was carried out from a practical perspective
 Descriptions of categories used for separation of results
 Results by each thematic group and comparison with secondary data 
 Interpretation of results

Text from Marasović et al. (2018) is used, but it is not quoted in this chapter as it is based on this 
research by the same author.
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ASSESSMENT METHODOLOGIES OVERVIEW
Although there are assessment methodologies created specifically for readiness, performance, use 
and development, there are overlapping between assessment methods.  Delgado Fernandez et al. 
(2008) states that an assessment of SDI readiness is meant to serve as an advisory tool and aims at:
 “raising awareness to assure a reasonable basis for success in the SDI development process;”
 “discovering the main weaknesses of the environment in which SDI development takes
 place, as well the strengths;”
 “comparing levels of SDI readiness among countries or initiatives;”  and
 “providing a monitoring and evaluation tool to assess the evolution of the conditions in the
 same country as well as the comparison of different countries regarding SDI development.”

SDI readiness index by Delgado Fernandez et al. (2008) presents the current status of SDI and 
provide a comparative assessment of the willingness and capacity of countries to undertake SDI. 
It is based on an assessment of organizational, informational, human resources, technological and 
financial resources.

Steudler et al. (2008) have based evaluation and performance assessment using experience from 
land administration system which involves assessing the strengths and weaknesses of programs, 
policies, personnel, products and organizations to improve their effectiveness based on socio-
technical assessment rather than an assessment of just technical component of SDI. 

Steudler et al. (2008) define that assessment of performance might include the review of objectives, 
strategies, performance and the reliability of the system, as well as user satisfaction. 

European Commission launched in 2002 a study known as State of play to have a better view on 
status and development of INSPIRE initiative launched in 2001. Vandenbroucke et al. (2008) state 
five components of SDI to be assessed by 30 non-metric indicators: Legal framework and funding 
mechanism, geographic data (Reference and core thematic data, thematic environmental data), 
metadata, access services and standards.

Assessments methodologies and research conducted on local or at the subnational level in the 
Republic of Croatia or abroad could be beneficial in research planning and forming questions as well 
as in analysis. One of such projects was a project by Thematic Network co-funded by eContentplus 
Programme of the European Commission and coordinated by the Technical University of Darmstadt 
started eSDNI-Net+ project in 2007. Project was finished in 2010 intending to analyze and evaluate 
subnational SDI’s trough 26 European countries, considering best practices. This unique, pragmatic 
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approach to identify, analyze and assess subnational and thematic SDI solutions considers both the 
principles of Digital Earth, INSPIRE and GMES as well as the acceptable practices in already 
implemented solutions (Rix et al., 2011). The main topics of the questionnaire were: 
 Subnational SDI identity card
 SDI usage assessment
 Networking people assessment
 Socio-economic impact analysis
 Organizational assessment
 Coping with legal aspects
 Technical functionalities-facilities-components
 Geoportal assessment.

In this methodology  32 indicators were divided into five macro-criteria groups: SDI “size” 
(quantity), SDI “quality” (meeting user’s requirements), co-operation and subsidiarity, sustainability 
and user’s usability. Indicators were graded between 1 and 10. 

The findings made attention to the importance of taking the dynamics of SDI development into 
account in future research.  (Rix et al., 2011).

This methodology offers the opportunity to compare one SDI to another sub-national SDI’s. For 
this research questions used for self-assessment are interesting since research are online.
Research on local level conducted in Croatia in 2012 and published in 2014 (Hećimović et al., 2014) 
is interesting for understanding the dynamics of SDI development. The questionnaire included 26 
questions, divided into seven thematic groups:

(1) Awareness about SDI and INSPIRE – rates knowledge about SDI and INSPIRE. Level of 
awareness and knowledge is essential for the development of (L)SDI since, if there is no awareness 
and knowledge there cannot be (L)SDI or at least successful one. Level of awareness and knowledge 
was one of the inputs to assess readiness.

(2) Public spatial data management on the local level – rates local governance of public spatial 
data. Amount of data, the theme of data, quality of data and frequency of use of data, were used as 
one of the inputs to assess use, performance and readiness of LSDI. 

(3) Human resources – rates the level of professional qualification of city employees. A vital part 
of LSDI for successful implementation and management is employee related to IT, which could 
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understand technology and possibilities of LSDI and give support to get most out of LSDI for city 
government. In the Republic of Croatia, it is not obligated or usual to have an IT expert employed, 
especially in small cities. Number of employees related to LSDI is used as one of the inputs to 
assess the readiness of LSDI

(4) Hardware and software – rates existing hardware, Local Area Network (LAN) and software for 
spatial data management. Resources of city related to hardware and software were used as one of 
the inputs to assess the readiness of LSDI.

(5) LSDI existence and development level – rates the existence of an LSDI, organizational aspects 
and metadata catalogue and its compatibility with the INSPIRE Directive. Numbers of cities with 
LSDI implemented and how well LSDI is developed is used as one of the inputs to assess the 
use of LSDI and development of LSDI. Also, in comparison with other research, the dynamic of 
development was recognized. The organizational aspect was used as one of the inputs to assess 
performance and development. 

(6) Support and collaboration – rates support, collaboration and cooperation concerning LSDI 
development. Networking, level of cooperation, stakeholders which frequent communicate and 
directions of communication was used as input to assess development and readiness.

(7) Commentary – provides space for comments,  if any of the respondents, wanted to express 
anything related to the questionnaire, LSDI in Republic of Croatia or this research. Also, they could 
indicate something from their experience what research could oversee. 

Results from all of the themes were used as the inputs for development of a model of development 
of LSDI.

Hećimović et al. (2014) concluded that the “main problems for Croatian LSDI development are 
weak financing resources, a lack of knowledge, a lack of stimulation through analysis of economic 
justifications and LSDI efficiency on the local level, as well as a lack of support and assistance at 
the national level.” It is detected that increased awareness is more needed in smaller cities as well 
as better human resources. Number of cities do not use software for spatial data management, and 
smaller cities less have LAN. Still, cities strongly express will for cooperation and support from 
higher levels of SDI.
 
Other assessments, researches and literature were studied before forming this quantitative research 
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and questions. Existing literature and documentation about the previously identified problems were 
examined. Assessment methods described in this chapter was mostly used mainly for defining 
topics of the questionnaire, defining indicators and forming questions. Characteristics (level of 
knowledge, economic situation and governance) of Croatia and state of (L)SDI in Croatia were 
taken into consideration The level of knowledge about SDI and INSPIRE is not  high, so those facts 
were taken into consideration in the process of designing questions. General circumstances in local 
administration in the Republic of Croatia described in chapter 3. Planned statistical analysis on 
qualitative research also influenced on shaping questions of this research. The final version of this 
questionnaire, emerged from the research preparation process, as shown in Figure 7.1 andexplained 
in 6th chapter is in appendix 1.

QUESTIONNAIRE
In the first step, the intersection of topics by assessment methods and existing research was made 
(Figure 7.2). On figure 7.2., themes of research are listed in light blue boxes while around each box 
are assessment methods. Questions were formulated by using similar questions from assessment 
methods and adapting to Croatia based on existing research and opinion of the researcher. For 
thematic groups, different assessment methods were used for formulating questions.
(1) Thematic group 1. Awareness about SDI and INSPIRE: State of Play - legal, eSDI-Net+ -ID,    
      eSDI-Net+ -legal

(2) Thematic group 2. Public spatial data management at the local level: State of Play – access and 
      other services, Spatial Data Infrastructure Readiness, State of Play – data and metadata

(3) Thematic group 3. Human resource: Spatial Data Infrastructure Readiness, Evaluation and 
      performance indicators to assess SDI, eSDI-Net + -human resources

(4) Thematic group 4. Hardware and software: Spatial Data Infrastructure Readiness, Evaluation
      and performance indicators to assess SDI, State of Play, eSDI-Net+ -technology

Figure 7.1: Research steps and links between steps
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(5) Thematic group 5. Organizational: Evaluation and performance indicators to assess SDI – 
       (1) policies (2) conceptual, Spatial Data Infrastructure Readiness, State of Play, eSDI-Net+ - (1)  
      organizational (2) SDI usage assessment

(6) Thematic group 6. LSDI existence and development: eSDI-Net+ - socio-economic impact 
      analysis and geoportal assessment, Evaluation and performance indicators to assess SDI – (1)  
      policies (2) protection and security (3) funding, Spatial Data Infrastructure Readiness, State of
      Play
(7) Thematic group 7. Support and collaboration: Evaluation and performance indicators to assess 
        SDI – (1) political, (2) partnership, (3) cultural, (4) development issues, eSDI-Net+ - networking
      people assessment.

In appendix 1 of this thesis are all questions and possible answers from the questionnaire. In the 
following list, all questions are separated by thematic groups. Some questions can be found in more 
than one thematic group: 

(1): 2, 3, 8, 10, 44, 45
(2): 4, 5, 6, 7, 9, 10, 11, 12, 34, 35, 42, 43, 44, 45, 49, 50
(3): 13, 14
(4): 15, 16, 17, 18
(5): 19, 20, 21, 22, 23, 24, 25, 31, 32, 34
(6): 22, 23, 24, 25, 27, 28, 29, 30, 33, 34, 36, 37, 38, 39, 40, 43, 44, 45

Figure 7.2: Intersection map of themes of research with assessment methods themes
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(7): 26, 41, 46, 47, 48, 51, 52, 53, 54, 55, 56

Questions were summarized and compared by content. Selection of questions was adapted to 
circumstances in the Republic of Croatia based on other research and circumstances in local 
administration. Adoption was made mostly by the level of knowledge and existence of LSDI. In 
the process of formulating questionnaire, questions were formulated to be as much as simple as 
possible, but also detailed enough to cover all topics relevant to research.

The size of the sample in research is clearly defined by the number of cities (127) in the Republic 
of Croatia (URL16). Before the questionnaire, an invitation was sent to city representatives. The 
invitation was sent to the department for LSDI. If there was no such department, the invitation was 
sent in the following order to departments for physical planning, construction, protection of the 
environment or utility cadastre. In the research, the first communication and the first invitation to 
the cities came from the Association of Cities of the Republic of Croatia. 

The Association of Cities is a national, non-partisan and impartial community of cities established 
in 2002 to encourage cooperation between local self-government units and promote the common 
interests of cities in the Republic of Croatia. However, it has operated in other organizational 
forms in the Republic of Croatia since 1971. The association has 126 members and finances 
its activity through membership fees, EU funds, international grants, registration fees from 
professional meetings, donations and other resources. In the association, the mayor represent the 
city. The invitation contained an explanation about the purpose of the questionnaire (URL15). The 
questionnaire was anonymous, but the name of the city was obligatory. In reporting and analysis of 
answers, the city name was not stated. 

Through the processing of the questionnaire, results were grouped by categories that may help 
detect obstacles for the development of the LSDI. For identification of categories, previous research 
was used as a starting point (Hećimović et al. 2014). Categories in this research are city budget, city 
population and the number of IT experts in the city. City budget and city population, as Croatian 
LSDI development indicators, had already been assessed in 2011 (Hećimović et al.2014). That 
research discovered a relation between the city budget and population and the level of development 
or existence of LSDI. City budget and city population are secondary data used for the analysis of 
the results of the questionnaire. Also, in Croatian legislation, it is not prescribed that an IT expert 
should be employed in city government, so the relation between the existence of an IT expert and 
the existence or level of development of LSDI could be exciting and indicative. This category is 
grouped by answers to the same question in the questionnaire. Each category was scaled into four 
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groups. Scaling of groups is defined following a proposal of the Ministry of Physical Planning, 
Construction and Habitation by the population of cities (Zimmermann 1999). In Croatia is four 
cities larger than 100.000 inhabitants, eight cities between 35.000 and 100.000 inhabitants, 27 
cities between 10.000 and 35.000 inhabitants and 36 cities with less than 10.000 inhabitants. The 
budget category was scaled into groups based on the category of city size by population. Also, 
answers were grouped by whether cities have LSDI or not, as shown in Table 7.1. This category 
is grouped by answers to the same question from the questionnaire. Besides the term LSDI, the 
questionnaire also used the term GIS because of the lack of knowledge about the term LSDI, as 
found in Hećimović et al. (2014). The term GIS is more widely used and recognized in Croatia than 
the term LSDI.

CONDUCTING QUESTIONNAIRE
For collecting questionnaire field data, an online questionnaire tool was used: the SoGoQuestionnaire 
service. The questionnaire had 56 questions divided into eight thematic groups. After defining 
questions, questions were grouped by thematic groups. The thematic groups are: 

(1) Thematic group 1. Awareness about SDI and INSPIRE – rates knowledge about SDI (INSPIRE)  
      and legislation.

(2) Thematic group 2. Public spatial data management at a local level – rates local governance and  
      usage of public spatial data.

Table 7.1: Categorization of questionnaire sample by groups.
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(3) Thematic group 3. Human resource – rates the level of employees’ readiness for development 
      and management of LSDI.

(4) Thematic group 4. Hardware and software – rates existing hardware and software for LSDI  
      development and management.
(5) Thematic group 5. Organizational – rates level of strategic thinking in city government to 
      organize, develop, manage and use LSDI.

(6) Thematic group 6. LSDI existence and development – rates existence and development of 
      LSDI.

(7) Thematic group 7. Support and collaboration – rates support, collaboration and cooperation
      concerning LSDI development.

(8) Commentary – space for comments.

Although combined (quantitative and qualitative) research with all cities in the Republic of Croatia 
would give a better picture of the current state of LSDI, there is a reason why quantitative research 
was chosen. Due to the distribution of cities, quantitative research is cheaper to conduct and less 
time-consuming. Though a combined method is almost ideal (Tkalec et al. 2010, McDougall 2006), 
the qualitative part of the research was not conducted on the same sample. In the analysis, it should 
be taken into consideration that answers were subjective because the respondents represented the 
whole city government. However, there is no consensus that his/her opinion is the official opinion 
of the city government. The first invitation was sent from the Association of Cities to all 127 cities 
in March 2016. After that, the authors sent the invitation once more to all cities in April 2016. The 
invitation to complete the questionnaire was sent to the department whose domain is related to 
spatial data, spatial planning and urbanism or if there is no such department, city bodies choose a 
representative to answer the questions based on the explanation in the invitation. Once more, an 
email was sent to cities in May 2016. After that, the representatives were contacted by telephone 
about the questionnaire in June and July of 2016. The questionnaire started on 9 March 2016 and 
finished on 4 July 2016.  The representatives of 75 cities responded to the questionnaire. So, the 
questionnaire response was 59 per cent (Marasović et al. 2018). In this research ethics in research 
was used to preserve the identity of people answering on questions.
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RESULTS
Thematic group 1 – Awareness about SDI and INSPIRE

This thematic group aims to see if there is a relation between the existence of LSDI and the level 
of awareness and knowledge about SDI and INSPIRE. There is still low awareness about SDI 
and INSPIRE in Croatia. Such results were similar in research conducted in 2011/12 in Croatia  
Hećimović et al. 2014) and Cetl (2007). Also, such results were found in a study of Flanders  
Belgium), which considered 308 municipalities (Vancauwenberghe et al. 2011). Research conducted 
in the USA in 2003 (Harvey 2006) revealed familiarity with the term ‘NSDI’ in 43 per cent of 
respondents. Harvey (2006) carried out qualitative research and found that the answer ‘Yes’ was 
weighted with a certain lack of understanding of the term NSDI. Even though there was a possible 
answer ‘partly’, so in the analysis, such facts should be taken in consideration.

Only 13 per cent of the respondents claim that they know a lot about NSDI and INSPIRE (Table 
7.2). In research conducted in the UK, almost 98 per cent of all authorities have at least some 
understanding of INSPIRE, with over half having a moderate understanding (LGA 2011). The 
level of knowledge about other terms related to SDI is significantly higher if such terms are in the 
Croatian legislation actual at that time. The question related to the obligation of local government 
regarding utility cadasters by the Law on State Survey and Real Estate Cadastre (Official Gazette 
16/07) reveals that there is a higher level of knowledge about this topic. Fifty-three per cent of 
respondents claimed that the city is familiar with the obligation and taking some steps to fulfil that 
obligation. Also, there is insufficientknowledge (27%) about the obligation of Republic of Croatia 
to make all spatial data sets conformant to implementing rules of INSPIRE Directive and available 
through network services which include datasets from the local level (utility cadastre) by 2020.
The level of awareness is related to the city budget, population, existence of GIS or LSDI and 

Table 7.2: Influence of awareness about SDI and INSPIRE on the level of development of LSDI. 
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whether an IT expert is employed in city government or not. If the budget or population is higher, 
then the level of knowledge is higher (Table 2). Also, if there is an IT expert employed in city 
government or there is GIS or LSDI at a certain level of development, the level of knowledge is 
higher (Table 7.2) (Marasović et al., 2018).

Thematic group 2 – Spatial data management at the local utility level
A crucial part of LSDI is the availability of data and datasets. Collecting and creating data are 
expensive and very challenging tasks. In this thematic group, the goal is to see which data are most 
used at the local level and most included in LSDI. It was Investigated whether there was a relation 
between the existence or use of data and the existence of LSDI. The most-used data from the 
geoportal of the State Geodetic Administration daily are digital orthophotos followed by the digital 
cadastre map and the Croatian basic map at a scale of 1:5000. Sixteen per cent of cities with LSDI 
are having utility cadastre ultimately included in LSDI or GIS and 25% for the most part. Access to 
datasets and LSDI services is free for all in 47% of cases of cities with LSDI or GIS. However, it is 
essential to take into account that the quality and quantity of datasets varies from city to city. Bigger 
cities and cities with a higher budget are less willing to share datasets and services freely than 
average. Thirty-one per cent of the respondents claim that their city publishes data in the Register 
of Spatial Data Sources of the National Spatial Data Infrastructure (Table 7.3). The percentage is 
higher in cities where the city budget is higher, the population is greater, where the city government 
employs an IT expert or where a GIS or LSDI exists at a certain level of development. There is a 
significant percentage of those who answered that they did not know if their city published data, 
especially in small cities (Table 7.3). There is still more than 20 per cent of analogue data in use at 
the local level. There is no relation between the percentage of analogue data and categories (Table 
7.4). Only 13 per cent of cities have procedures for dataset updates. Thirty-eight per cent of the 
respondents claim that they have noticed the duplication of data at the local level and the national 
level and 44 per cent with other data on the local level. Poslončec-Petrić (2010) states that 43 
per cent of respondents claimed that they noticed the duplication of data. Sixty-eight per cent of 
duplication is noticed in administration (national and local). According to research conducted in 
2006 (Cetl 2007), 14 per cent of data was in analogue format, while a combination of analogue and 
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digital data was reported in 57 per cent of cases (Marasović et al., 2018).
Table 7.3.: Separation of answers about data publishing by groups.

Table 7.4: Analogue data in use in city government.
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Among cities that have LSDI, datasets that are most complete on city area are administrative 
boundaries (in 81 per cent of the cities), digital orthophoto (in 78 per cent of the cities) and house 
numbers (in 66 per cent of the cities). Thirty-three per cent of city representatives think that they 
know which working processes in city government can be more efficient if LSDI or GIS is used. 
If a city has LSDI or GIS, then that percentage is even higher, 56 per cent, and for those that have 
an IT expert, this is 68 per cent. Only 16 per cent of the cities had made any kind of assessment 
and 25 per cent of respondents say that they have noticed some barriers to LSDI/GIS development. 
Assessments and noticed barriers are at a higher rate if an IT expert is employed in the city. For 32 
per cent of the cities, the leading LSDI target group is local government, which means that LSDI is 
significantly used for their own needs. If LSDI already exists in some form, then this percentage is 
higher, 75 per cent. For those cities with an IT expert employed, the percentage is even higher, 87 
per cent (Marasović et al., 2018).

Thematic group 3 – Human resources
Human resources are essential in all organizations, so they are essential in city government 
regarding LSDI readiness or development as well. The goal of this thematic group is to explore 
how well cities are equipped with experts, their level of knowledge and relationship with the 
development of LSDI. In the Republic of Croatia, 29% of cities do have IT experts employed in 
the city administration.  In cities with LSDI or GIS, there is 50% of cities with IT expert employed 
in the city. A similar situation is with the staff member responsible for hardware and software 
maintenance, from 35% to 56%. If LSDI or GIS has any level of development, the percentage 
of IT experts employed is 50 per cent (Table 7.5). This percentage depends on the budget and 
population as well (Table 7.5). Twenty-two per cent of cities in the Republic of Croatia does not use 
any services of IT expert either full or partly employed or outsourced. Similar results were found 
in previous research (Hećimović et al. 2014). According to the Local Government Association – 
United Kingdom (LGA) (2011), local authorities in the United Kingdom employ an average of 2.1 
full-time and 0.5 part-time staff in their geospatial information (GI) service which is much more 
than in cities in Republic of Croatia (Marasović et al., 2018)

Table 7.5: Separation of the relationship between the existence of LSDI and employed 
IT experts in the city administration.
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Thematic group 4 – Hardware and software
The level of readiness for LSDI and development of LSDI depends on hardware and software as 
well. In this thematic group, the goal is to explore how well cities are equipped with hardware and 
software. Also, the goal is to determine if there is a relationship between the development of LSDI 
and quality of hardware and software. A local area network (LAN) is used in 59 per cent of the 
cities (Table 7.6) and 55 per cent of the cities use some kind of software for data viewing or editing. 
Fifteen per cent of software used is free and open-source software (FOSS) and only eight per cent 
of the representatives claim that they are excellently equipped with IT equipment. The existence 
of LAN is related to the amount of budget, the population number and the existence of LSDI or 
whether an IT expert is employed in the city (Table 7.6). Just 9% of cities with LSDI or GIS do not 
have LAN used in city management. According to research conducted in 2012 (Blagonić 2012), 
the percentage of free software in current LSDI projects in the Republic of Croatia was 18 per cent, 

Table 7.6: Existence of LAN in cities separated by groups.
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while in the EU it is 54 per cent, as opposed to the USA where commercial software is used almost 
exclusively. According to the LGA (2011), in the UK proprietary software is used by 58 per cent of 
authorities for their web service technology and 11 per cent use open source, while just fewer than 
10 per cent use in-house solutions (Marasović et al., 2018).

Thematic group 5 – Organization
Organizational issues are included in most SDI assessment studies. The goal of this thematic group 
is to identify how cities are organized and how organizational issues are related to the development 
of LSDI. Only 16 per cent of the cities have formally documented their strategy about LSDI/GIS 
(Table 7.7). Only eight per cent of the respondents claim that their strategy includes any kind of 
PR (public relations) related to LSDI/GIS. The same percentage has some kind of PR related to 
LSDI/GIS. Just three per cent of the respondents have a defined vision and timeframe for LSDI/
GIS development or management. Six per cent of the respondents’ organizations have already 
defined objectives for LSDI/GIS. Defined organizational structure for LSDI/GIS development 
and management is present in 19 per cent of the cities. Almost all LSDI/GIS is financed almost 
exclusively by the local government. By all categories and by all groups, per cent’s of financing 
LSDI or GIS by the local government are higher than 90%. Just those cities which do not have 
IT expert employed in the city is financed by local government in 86% of cities. The percentage 
of documented strategy about LSDI/GIS is related to the budget, the population, the existence of 
LSDI and whether the city employs an IT expert. If the budget or population is higher or there are 
LSDI/GIS or an IT expert in the city, then the percentage of cities that have a strategy is higher 
(Table 7) (Marasović et al. 2018).

Thematic group 6 – LSDI existence and development
Forty-three per cent of the respondents claim that their city does have GIS or LSDI for city 
management (Table 7.8). If a city has a higher budget, a bigger population or an IT expert employed 
in the city, then the existence of LSDI or GIS is more likely (Table 7.8). At the beginning of 
this century, the development of LSDI or GIS had started in more cities, although some cities 
had started using GIS or LSDI for management earlier. According to research (Blagonić 2012) 
conducted over existing portals accessible to the public, LSDI was established in 13 per cent of the 
cities, which is lower than our results but similar to percent of cities with LSDI which made LSDI 
services available to the public. Still such a difference wit number of LSDIs in this research (43%) 
is possible due to the respondents’ lack of understanding of terms related to GIS or LSDI or because 
LSDI is not accessible to the public, considering research conducted over publicly available portals. 
Only 13% of all cities with LSDI or GIS is made LSDI services available to the public. Also, during 
five years, new LSDI or GIS has been developing in a new 6% of cities. In research (Hećimović et 
al. 2014) conducted in 2011/2012, 37 per cent of the cities claimed that their city had LSDI or GIS 
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(Marasović et al., 2018) and in this research 43%.

Table 7.7: Percentage of strategies in cities separated by groups.

Table 7.8: Existence of LSDI or GIS in cities separated by groups.
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Thematic group 7 – Support and collaboration
Support and collaboration are recognized as two of the critical indicators of successful (L)SDIs. 
The goal of this thematic group is to explore whether there are support and collaboration with 
various subjects like: institutions, individual experts, private firms and political structures, and 
between which subjects there is collaboration. Another goal was to see the relationship between 
the existence of support and collaboration and the existence of LSDI/GIS. On the whole sample 
of cities with LSDI or GIS highest support is from nobody and it is in 48% cases. In small budget 
cities, this percentage is significantly higher; there is no support of any kind in 70% of cases of 
those cities which do have LSDI or GIS. A high percentage of no support (68%) is correlating with 
cities which do not have IT expert employed in city government. 

Regarding political support, 35 per cent of the respondents claim that they have support from 
politicians at the local level, and only seven per cent of the respondents claim that they have 
support at the national level. The second most significant source of support is from individual SDI 
experts (24 per cent) and some institutions at the local level (21 per cent). According to a study 
conducted in the USA (Budić 1993), at the beginning of the development of LSDIs (1993), the 
most functional GIS had strong political support (Marasović et al., 2018). 

Almost 70 per cent of initiatives for LSDI development are from local government. Only nine per 
cent of LSDIs or GISs were not initiated from the local level but from government, institution, or 
individual. Among those that have LSDI, 88 per cent are ready to share their ‘know-how’ with other 
cities or municipalities, and only 8% is exclusively not willing to share data. There is no formalized 
network at all. Twenty-eight per cent of the cities with LSDI or GIS claim that they are in some 
kind of network, but this network is not formalized. The most common method for networking is 
occasional meetings (19 per cent) in non-formalized networking (Marasović et al., 2018).

Ninety-three per cent of the respondents think that some institution on the national level should 
inform them about the terms mentioned (INSPIRE, SDI), their meanings and difficulties in city 
management. Ninety-five per cent of the respondents think that a web community (tutorials, 
best cases, video meetings, and similar) with representatives of all cities and various experts 
could improve knowledge, development and LSDI quality (Table 7.9). Forty-eight per cent of 
city representatives think that their city would be ready to cooperate with other cities for LSDI 
development and 49 per cent ‘don’t know’ the answer to that question. A mayor or a city council 
should decide this, so this high percentage (49 per cent don’t know) is likely to be related to that fact. 
Similar results could be found in previous research (Hećimović et al. 2014); 72% claimed willing 
to cooperate, and just 12% did not know. In the United Kingdom (LGA 2011), a lack of resources is 
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the most commonly cited barrier to INSPIRE compliance (81 per cent). This is followed by a lack 
of understanding of the implications of INSPIRE (61 per cent). Also, most respondents would like 
to have specific local authority guidance (88 per cent). Finally, according to the LGA (2011), there 
is an overwhelming request for regional events on INSPIRE, possibly as an information session 
as part of PSMA (Public Sector Mapping Agreement) or other events or direct support to local 
authorities to implement INSPIRE. No one has ever contacted 47 per cent of the respondents from 
local administrations about LSDI/GIS status, development or management. Most contacts to city 
administration came from private firms from other cities (35 per cent), followed by individual SDI 
experts and national institutions (11 per cent). The reason why contacts from private firms are most 
frequent could be related to the fact that they might be doing business together where is need for 
LSDI. Such firms are almost always located in bigger or the biggest cities. Almost half, 48 per cent, 
of all cities, have never contacted anyone about LSDI/GIS status, development or management. 
Most contacts from the city were to private firms from other cities (31 per cent), individual SDI 
experts (20 per cent) and national institutions (13 per cent) (Marasović et al., 2018).

Twenty-one per cent of the cities have some formal cooperation at the local level and 17 per cent 
have formal cooperation at the national level. Informal cooperation is higher at the local level (32 
per cent) than at the national level (12 per cent) (Marasović et al., 2018). 

Table 7.9: Need for support and collaboration from multidisciplinary web community separated by groups.
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There is more support for LSDI/GIS development at the local level if a city has LSDI/GIS or if 
there is an IT expert employed by the city. Interaction between the city and various stakeholders 
is more intensive if there is LSDI or GIS in the city or if the city has an IT expert employed. This 
research reveals that private firms from another city or municipality often contact the city about 
LSDI if there is LSDI (44 per cent) or if an IT expert is employed in the city (55 per cent). In the 
whole sample, that percentage is lower (35 per cent). A similar conclusion can be made about 
formal cooperation at the local or national level. It is higher if there is LSDI or GIS and even higher 
if an IT expert is employed in the city. For cooperation with the national level, it is clear that it is 
related to the budget or population of the city (Marasović et al., 2018).

Coments in the questionnaire
Representatives of cities have recognized various barriers to the development of LSDI like lack of 
human resources, harmonization of data, interoperability, organizational issues, financial problems, 
lack of support from the national level, strategic problems, and lack of metadata, inaccurate data and 
lack of knowledge in the management of local government. Spatial data that are mostly mentioned 
are data from utility registers from a company in the ownership of local government or a private 
company. There is a strong ‘voice’ about the need for support from the national level (Marasović et 
al., 2018).  All comments are in appendix 2.

INTERPRETATION OF THE RESULTS
Besides primary data from the questionnaire, secondary data were also used for interpretation. 
Secondary data about population were found at the Croatian Bureau of Statistics (URL17 2001) 
(from a list of the population from 2001 and 2012). City budgets, from 2016 were found on the 
official Internet pages of the cities. The level of knowledge and activities on LSDI at the local level 
appears to depend on legislation. Datasets that are included the most in LSDIs, are administrative 
boundaries and house numbers and those datasets are prescribed by law and relatively easy to 
implement them. It is evident that if there is legislation related to LSDI and local government, 
the knowledge about LSDI is at a higher level. This could be related to political, institutional, 
academic, market and individual activities generated by legislation. There is not so much data 
about utility cadastre since the legislation did not proscribe strict obligation for management of 
such data as for other data on the local level. Metadata are rare in LSDIs in cities in Croatia. 
Although the reason is not exact, it could be related to knowledge and level of support from higher 
levels of SDI or institutions on a national level. It appears that most cities react better if there is 
a formal impulse from some institution at the national level. Above written is in correlation with 
research by Budić (1993) and McDougall et al. (2005). LAN and software are as part of technology 
for the management of spatial data are used in just more than half of cities, and there are necessary 
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investment and progress in this area. It can be said that LSDI in Croatia is developing since the 
percentage of LSDIs in Croatia is rising. In five years, from 2011 to 2016, there were six per cent 
more LSDIs in Croatia. They are mostly developed for the needs of city government. 

Development is not strategically planned since only 16% respondent’s claims that they do have 
a strategy for LSDI or GIS, 3% have vision related to LSDI or GIS, and 7% of cities have goals 
for LSDI or GIS development. Cities do not define indicators for monitoring. City government 
does not recognize PR for promoting LSDI (Marasović et al., 2018). There is no horizontal or 
vertical interoperability between LSDI subjects, or it is weak. There is a need for a better formal 
organization in cities related to LSDI maintenance and development. A low percentage of formal 
and informal collaboration between various stakeholders goes in support of this statement. It could 
be said that the potential of LSDI is not as exploited as it could be or it is not even recognized at 
all. There is most likely no drive for efficiency and effectiveness in most cities if we take a look at 
assessments made about LSDI efficiency. 

Additionally, there is a low percentage of strategic approaches to organize and develop LSDI. Most 
initiatives for developing LSDI are from the local level and depend on political support on the local 
level. It could be said that local leaders are those who have initiated most current LSDIs through 
political support at the local level. There is a will for networking and sharing of knowledge, but 
it is most likely that a ‘leader’ (most likely an institution on the national level) is still missing 
in the ‘real world’. Cities are looking for public rather than private institutions at the national 
level that should inform them about SDI development. LSDI’s are almost exclusively used for 
their purposes which leaves a potential for other stakeholders to include in the development and 
use of LSDI or GIS. Almost every city would like a web community (tutorials, best cases, video 
meetings and similar) with representatives of all cities and a multidisciplinary team of experts 
who should improve knowledge, development and LSDI quality. As in the UK (LGA, 2011), cities 
in Croatia would definitely like guidance for LSDI development and management and INSPIRE 
implementation from some institution at the national level. 

Lack of finance and support, primarily political and institutional, from the national level is one of 
the main barriers to LSDI development. Cities with higher budgets have a higher percentage of 
developed LSDI. Cities with developed LSDI have a higher percentage of employed IT experts. 
Finally, budget, population and employed IT experts are in strong relation with the existence and 
quality of LSDI. Similar conclusions could be found in Hećimović et al. (2014). Since almost 
all LSDI are financed almost exclusively by cities itself, cofounding from the national level or 
private-public partnership would benefit for LSDI development. If there is more budget or a larger 
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population or IT experts employed in the city, an increase of awareness, spatial data management, 
human resources, hardware and software, organizational capabilities and LSDI existence are more 
likely to be developed.
 
An individual cities initiative develops LSDI’s in cities in the Republic of Croatia. Development was 
without guidelines from a higher level of SDI or institution on a national level. Another financing 
stream should be available for investment in datasets, human capital, technology but also a more 
strategic and organized way in the management of LSDI. Besides investment, there is need from 
political support from a national level, better legislation which would give impulse to cities but also 
an institution on a national level as supervising and corrective body in development, management 
of LSDI and support in creating a network for cities representatives.

Usage of LSDI should be more comprehensive, better introduced and reachable to other potential 
stakeholders. This would make LSDI more beneficial and useful if it is strategically developed and 
managed with defined objectives and measured indicator for efficiency and performance. At this 
moment, there is very low intensity on assessing efficiency and performance of LSDI or GIS in 
the Republic of Croatia. Still based on limited datasets, low accessibility of services, exclusivity in 
development and usage with very low intensity of included stakeholders, it can be said that there is 
significant potential for better efficiency and performance.

This questionnaire gave a standardized overview of the situation in LSDI in Croatia, which is valid 
for defining indicator of development. Sample of cities in Croatia is relatively small and make it 
challenging to make regression analysis. These kinds of indicators are valid as input for defining 
indicators of development. As a representative of the city, one respondent is responding based on his 
opinion, so research is subjective as much as questions allow freedom to respondent in answering. 
This problem would be even more significant in qualitative research. Level of development of LSDI 
varies from city to city, but also, knowledge about LSDI varies from a respondent to respondent. 
From this perspective, standardized questions with a low level of freedom in answering are helpful 
for the objectiveness of research. The critical issue is in formulating questions. They should be 
formulated to cover topics related to indicators of development. If they are not recognized well, 
indicators of development will be valid for indicators of development of LSDI on in model. 
However they will not be indicators of development of LSDI in the real world.

SUMMARY
In this chapter, the process of formulating questions, and conducting questionnaire,  was described. 
The procedure of caring out the questionnaire from a practical perspective is described. In the results 
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of the questionnaire, the relation between the existence of LSDI and legislation was found. In the 
interpretation of results, an interesting conclusion from results was written. In results, relation with 
legislation and political support from a local level, low level of available data for utility cadastre, 
almost not existing of metadata, dynamic of the development of LSDI, low existence of strategy, 
vision and goals were found. Also, it was found that cities do not use indicators for monitoring, nor 
recognizing PR as an activity for promoting LSDI, there is low formal and informal cooperation 
between stakeholders of LSDI. Also, there are no initiatives for measurement of efficiency and 
effectiveness, and initiation of LSDI is from local leaders exclusively. It is recognized, that 
better cooperation is with private firms than with national institutions, and LSDI is oriented to 
city administration, the existence of strong willingness for cooperation between cities, wish for 
guidelines and support from national level by web, lack of finance, lack of political and institutional 
support as main barriers, the relation between budget and population of the city with the existence 
of LSDI and relation between the existence of IT expert as an employee of city and existence of 
LSDI. Measures related to findings were finally suggested.
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QUALITATIVE RESEARCH

This chapter describes qualitative research, the methodology of conducting interviews 
and focus group, results of interviews and focus groups and comparison with results 

from other relevant research.

08
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INTRODUCTION
In this chapter is given in detail description of interviews and focus group Goal of each method 
are described and participants are introduced. Qualitative research is used for any data collection 
technique (such as an interview) or data analysis procedure (such as categorizing data) that 
generates or uses non-numerical data (Saunders et al. 2009). Qualitative research is, an addition on 
quantitative research from chapter 7, taken to get another perspective, better understand results from 
quantitative research, clear possible doubts, better understand the environment in one specific city 
and finally to get an opinion from stakeholders. Qualitative research, are described and interpreted 
in this chapter but compared with results from a questionnaire, and other methods in chapter 11.

Focus group were taken to go through some of the topics from the questionnaire and to recognize 
working processes and problems that LSDI could solve, as preparation for interviews with 
stakeholders in one city. 

Presentation of the draft model of development of LSDI in the Republic of Croatia was a topic of 
a focus group as well. Their task was to discuss the model of development of LSDI in Croatia and 
comment on the draft model.

For the implementation of web GIS in the city of Sinj, described in chapter 10, interviews were 
taken with stakeholders of working processes related to the governance of the city of Sinj. The 
goal was to identify working processes which could benefit most from web GIS portal. Another 
goal was to go through some of the questions from the questionnaire to better understand the LSDI 
environment.
  
In this chapter, the following content was delivered:
 Theoretical background to qualitative research: interviews and focus group.
 The motivation for interviews with city LSDI stakeholders
 Interview procedure
 Findings from interview
 Interpretation of the results
 The motivation for the focus group
 Focus group procedure
 Findings from the focus group
 Interpretation of the results of the focus group.

In this chapter interviews with stakeholders of the city were used to investigate working processes, 
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the readiness, use, performance and barriers of LSDI stakeholders. Identification of working 
processes and communication between stakeholders, could reveal the direction of how most 
efficient implement and manage LSDI. Direct communication is more convenient for identification 
of obstacles for development which is done in part of the research, described in this chapter. Results, 
findings and interpretation were used as inputs in developing a model of development of LSDI.

Interview as a tool for collecting data is defined as a “purposeful discussion between two or 
more people” (Kahn and Cannell 1957). There are different types of interviews and they can be 
categorized in more than one way. Saunders (2009) categorized interviews on:
 Structured interviews
 Semi-structured interviews
 Unstructured or in-depth interviews

By typology (Healey 1991) interviews are separated on standardized (structured) interviews and 
non-standardized (semi-structured and in-depth) interviews. In this research semi-structured 
interview was used. Saunders (2009) defines semi-structured interviews as an “interview in which 
the researcher will have a list of themes and questions to be covered, although these may vary from 
interview to interview.” Interviews can be audio recoded, or field notes can be taken (Saunders 
2009). Saunders links the purpose of research and research strategy, as shown on (Figure 8.1) 
and explains that standardized interviews are typically used to gather data, which will then be the 
subject of quantitative analysis. Non-standardized (semi-structured and in-depth) interviews are 
used to gather data, which usually are analysed qualitatively and are likely to be used not only to 
reveal and understand the ‘what’ and the ‘how’ but also on exploring the ‘why’.

Table 8.1: Existence of LSDI or GIS in cities separated by groups.
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Purpose of interviews could be classified (Figure 8.2) as (Saunders 2009):
 “In an exploratory study, in-depth interviews can be very helpful to ‘find out what is 
 happening [and] to seek new insights’ (Robson 2002). Semi-structured interviews may
 also be used with an exploratory study.”
 “In descriptive studies, structured interviews can be used as a means to identify general
 patterns.”
 “In an explanatory study, semi-structured interviews may be used to understand the 
 relationships between variables, such as those revealed from a descriptive study.”

Purpose of interviews in this research is mostly exploratory since the goal is to seek working 
processes which are going on in the city. Goal is also to understand the environment in which they 
are occurring. On the other hand, it is used to get another perspective and better understand the 
results from the questionnaire. So, the purpose of this research method is related to the explanatory 
study. 

Non-standardized interviews can be taken within a group. Saunders (2009) use a group interview as 
a description of an interview with two or more people.  On other hands, a focus group is an interview 
with a group of people about the topic which is clearly defined, and the focus of participants is 
moderated on a given topic. (Carson et al., 2001). Usually, group interviews involve between four 
and eight participants. They could be structured or unstructured, but it is crucial to ensure that all 
participants have the opportunity to state their points of view and answer questions. A possible risk 
is a group effect in which individual participants could dominate group and influence either on the 
will of others to speak or to speak their own uninfluenced opinion.  

“A focus group, sometimes called a ‘focus group interview’, is a group interview that focuses 
clearly upon a particular issue, product, service or topic and encompasses the need for interactive 
discussion amongst participants” (Carson et al., 2001). Participants are selected by some key like 
experts in the topic field, and they are encouraged to discuss and share their thoughts (Krueger and 

Figure 8.2: Uses of different types of interview in each of the main research categories (Saunders 2009)
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Casey 2000).

While taking any type of interview, data quality issues should be taken into account related to 
(Saunders, 2009):
 Reliability
 Forms of bias
 Validity and generalizability

Preparation for an interview is essential, so following should take into consideration (Saunders, 2009):
 “Level of knowledge of the researcher.”
 “Level of information supplied to the interviewee before the interview.”
 “Appropriateness of location.”
 “Appropriateness of the researcher’s appearance at the interview.”
 “Nature of the opening comments to be made when the interview commences.”
 “Approach to questioning.”
 “Nature and impact of the interviewer’s behaviour during the interview.”
 “Demonstration of attentive listening skills.”
 “Scope to test understanding.”
 “Approach to recording data.”
 “Cultural differences and bias.”

There are several areas where researchers should have knowledge and experience while conducting 
interviews. These areas are (Saunders, 2009):
 “opening the interview;”
 “using appropriate language;”
 “questioning;”
 “listening;”
 “testing and summarizing;”
 “understanding recognising”  and
 “dealing with difficult participants;”
 “Recording data.”

Another relevant competence is experience. Reference in research is described in Hećimović et al. 
(2014). Finally, planning interviews, the researcher should take logistical and resources issues into 
consideration since it is much more expensive and time-consuming to conduct qualitative research 
than quantitative.  
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INTERVIEW WITH THE CITY OF SINJ STAKEHOLDERS
In following subchapters following steps were described:
 Description of the process of preparing and conducting interviews
 Coding of interviews
 Identification of LSDI environment in the city of Sinj by four aspects related to working
 processes
 Interpretation of results of interviews with stakeholders
 Description of the process of preparing and conducting a focus group
 Summarizing discussions from focus group
 Interpretation of results of focus group

The first goal of these interviews was to try to recognize which working processes with which 
stakeholders city would benefit most. The second goal was to try to recognize how citizens and 
other stakeholders would benefit from this kind of infrastructure. The third goal was to go through 
some questions related to quantitative research to get another perspective in the specific subtopic. 
The fourth goal was to inform stakeholders about the known benefits of implemented (L)SDI and 
some positive examples. 

The city of Sinj had implemented web GIS portal as described in chapter 10. Although there 
are many benefits from web GIS/geoportal for the city as a whole, there are web GIS portals in 
some, mostly smaller cities in Croatia, which are not often in use and not quite often used by 
citizens. They are described as not very useful, which is influencing on the “hostile” environment 
for implementation of LSDI in other cities. It is possible that low level of knowledge in cities 
influenced on not efficient use of such infrastructure so SDI specialists must take into consideration 
how to “push” process of implementation, city administration and citizens on efficient management 
and usage of SDI infrastructure. It is possible that even with additional focus on this challenge, 
success is not guaranteed since it could depend on some circumstances as described in chapter 
11, like clear responsibilities and strong support from decision makers. Efficient web GIS portal/
geoportal or LSDI with services for citizens and well presented in public, could be of benefit for 
creating creative environment among other cities for the development of similar infrastructure. 
This is important for all levels of SDI. Support of citizens for any investment on a local level is 
crucial for local leaders. Recognizing the working process in which citizens are participating is 
very important from SDI perspective. It is also important from a local political perspective since 
citizens will support investment in infrastructure. 

Using question from quantitative research in interviews with city stakeholders gives another 
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perspective in understanding SDI environment on a local level. It reveals a possible difference in 
understanding themes related to LSDI between city administration on one side and stakeholders on 
another side.
 
The city of Sinj has been chosen for two reasons. First, quantitative research described in chapter 
7 and 9 reveals that medium size cities have more problems in implementing LSDI than big cities 
and medium cities are big enough to have the broad spectra of stakeholders included in working 
processes. Second, the researcher had enough business and social contacts in the city to manage to 
organize all interviews and get most stakeholders included.

The first step was to choose a sample for interviews. The city of Sinj delegated person to 
communicate in pilot project me during this research based on prepared information about research. 
In communication with a representative of the city of Sinj, most important working processes were 
defined and stakeholders related to them. Top management from each stakeholder was chosen 
for an interview (Table 8.1) since they should have the broadest knowledge about stakeholder 
organization and business part of operational processes. Members of the stakeholders boards were 
asked to be interviewed, and if they couldn’t, they should decide, based on the purpose of interviews 
to select representative of stakeholder to be interviewed. If they decided not to be interviewed, they 
have decided, on replacement by the criteria of best fit to “LSDI” or “GIS” or “spatial data” theme. 
Interviews were taken with representative of:

Stakeholder      Group of ownership           Date of interview     duration:
City of Sinj                                                       - 23.04.2019.                   22’40”
Water Supplier Company            First group                      - 27.12.2018.       38’27”
Waste Treatment Company            First group                      - 27.12.2018.       46’52”
Police             Second group                    - 23.04.2019.                   25’51”
Electric Supplier Company          Second group                    - 19.04.2019.                   32’33”
Fire department                        First group                  - 27.12.2018.        21’45”
Risk management group            First group                      - 20.04.2019.                  39’28”
State geodetic administration           Second group                    - 12.09.2019.                   53’52”
Croatian county roads           Second group                    - 23.04.2019.        13’56”
Touristic community             First group                       - 28.01.2019.       20’30”
Local action group           Second group                     - 13.10.2019.        35’36”
Croatian waters           Second group                  - 28.06.2019.        25’52”
Parking Management                                                                    - 27.12.2018.        23’14”
Company                         First group
Land registry            Second group                  - 28.06.2019.        18’27”

Table 8.1: List of interviews with stakeholders of city Sinj LSDI

Legend: First group – city ownership. Second group – not owned by the city
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Two invited stakeholders were not interviewed.

Questions for semi-structured interview were split in groups as same as in quantitative research 
described in chapter 7:

(1) Thematic group 1. Organizational – organizational stakeholders, operational stakeholders,            
      working processes

(2) Thematic group 2. Public spatial data – necessary spatial data in stakeholder management, 
      production of spatial data

(3) Thematic group 3. Cooperation – interaction with other institutions, citizens and city related to 
      their demands and working processes

(4) Thematic group 4. Human resource – the overall number of employees in management and
      operations

(5) Thematic group 5. Hardware and software –existing hardware and software for spatial data
      usage

(6) Thematic group 6. Awareness about SDI and INSPIRE – knowledge about NSDI spatial
      software usage

For the questionnaire, questions were grouped by themes as same as for quantitative research. 
Questions were formed to get information about four aspects of working processes: content of 
working processes, capabilities of stakeholder, the interaction of stakeholder’s vs citizens and 
stakeholders vs city administration and organizational and operational communication between 
stakeholders and city administration. Interviewees have received an email about the purpose of 
interviews but have not received pre-defined questions. 

In the interview, the following questions were asked:
Thematic group 1 - Organizational
 1. Which stakeholders/groups/institutions do you work with the most when it comes to
     organizing your business?
 2. Which stakeholders/groups/institutions do you cooperate with the most regarding the 
     operational implementation of your work tasks?
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 3. What are the work processes/tasks that are more common or more important?
  a. Who is all involved in these processes, and can you describe it from planning 
      through execution to completion or reporting to the company?
  b. How long does it take for one characteristic process that you listed?

Thematic group 2 - Public spatial data
 4.  What spatial data do you need for a particular process/task?
 5.  What spatial data do you produce?
  a.  Do you save them on your computer or are they on paper?
  b.  What software do you use to manage and/or store this data?
 6.   What is your priority when we talk about spatial data that you get from other stakeholders?
  a.  Data accuracy
  b.  Data availability speed
  c.  Suitability of data for use

Thematic group 3 - Cooperation
 7.  Who calls you most often from other stakeholders/groups/institutions?
 8.  What are they looking for?
 9.  How much time do your employees spend giving this information?
           10.  Can you tell us in more detail about the citizens, how many are calling you and what are 
      they looking for?
          11.  How much time do your employees waste on providing information?
          12.  Can you tell me in more detail the same about the city?
  a.  How often do they call and what do they ask for?
  b.  How much time do they spend giving this information to city employees?

Thematic group 4 - Human resource
          13.  How many people do you have to organize your work?
  a.  Which professional staff?
          14.  How many people do you have for the operational part of the job?
  a.  Which professional staff?
          15.  Do you have a survey employed or someone trained to work with spatial data?

Thematic group 5 - Hardware and software
         16.  Do you use computers in your work? Do you use them at the organizational level? Do
                they use them at the operational level?
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         17.  Do you use any software to use spatial data?
         18.  Do you store the spatial data you produce on your computer or paper?
         19.  What software are you using?
         20.  Do you use a GPS (GNSS) device in your work? If so, which one?

Thematic group 6 - Awareness about SDI and GIS
         21.  Do you use any GIS software in your work?
         22.  Do you know which institution at the national level should “take care” of the spatial data
                you use or produce?
         23.  Do you know what a national spatial data infrastructure is?

Some questions were asked to get another perspective in the situation with stakeholders on local 
level related to questions from quantitative research. 

Interviews were held in offices of interviewed representative stakeholder and lasted from 14 to 54 
minutes. Before the interview, the topic of the interview was presented to stakeholders, by email or 
by direct communication. Dress code was arranged by an assumption of management dress code, 
smart casual. During the interview, representative of stakeholder and researcher sat at the table 
face to face. The researcher tried to be objective and balanced during all interviews. The interviews 
were audio-recorded after approval of interviewer. They were told that minutes of the interview 
would not be published either than would their names. Field notes were taken during interviews. 
Procedure for each interview was:

 1.  Take care about sitting orientation of interviewer and researcher
 2.  Introduce reason for research to the interviewer
 3.  Get approval from the interviewer for audio recording
 4.  Introduce themes of the interview to the interviewer
 5.  Introduce interviewer with an estimate about the interview time
 6.  Contact was given to interviewer for afterwards questions
 7.  Introduce interviewer that he will have his time for questions as well

During the interview, the researcher states benefits from LSDI and gives some good examples from 
LSDI experience in Croatia. If there was no knowledge about LSDI and jurisdiction on, management 
on spatial data, the researcher introduced interviewer about the NSDI and the INSPIRE. 
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FINDINGS OF RESEARCH
All interviews were listened several times to take an extract from interviews in prepared form as 
presented in Appendix 3. Form with categories of themes and subthemes, were defined by questions 
prepared for interview. Categories defined based on questions was used for coding and analysis. 
During listening of audio record and using field notes form was populated for each stakeholder. 
Each category was used as a criteria for analysis.

LSDI environment in the city of Sinj was defined trough four aspects related to working processes:

 1.  Recorded working processes by content
 2.  Capabilities of stakeholder
 3.  Interaction of stakeholder’s vs citizens and stakeholder’s vs city administration
            4.  Organizational and operational communication between stakeholders and city 
                 administration
For each working process, participants in working processes should be identified. Working 
processes should be identified with each stakeholder by who is taking part in the working process. 
It is essential to know the capabilities of stakeholders and to understand how LSDI can help tthem 
in working processes. City, as one of the stakeholders, is taking care of delivering public services. 
Citizens, are receiving services from all stakeholders. It could be said that those two stakeholders 
are stakeholders between others which are providing public services, on behalf of the final user, 
citizens. Others aspects of LSDI environment could be tested, but questions were adapted to the 
current state of LSDI in an average city in the Republic of Croatia. There is no use of evaluating 
performance if it is not measurable. Depth of discussion on LSDI depends on familiarity – awareness 
about (L)SDI. So, the question was balanced in between the needs of research from one side and 
possibilities on the field to collect relevant data from the other side.

On figure 8.3, working processes are written next to stakeholder responsible for working processes.

Capabilities of stakeholder in the LSDI environment is presented on a diagram with defined 
orbits around stakeholder. Size of stakeholder circle is related to the number of employees. More 
employees- more giant circle. Existence of orbits defines if stakeholder:

 know about NSDI and INSPIRE
 Use spatial data software
 Produce spatial data
 Have employed GIS expert
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If there is no existence of orbit around stakeholder, it means that there is lack of knowledge about 
(L)SDI, or lack of usage of software for spatial data, or lack of production of spatial data or there 
is no and GIS expert employed in city.

Interaction with citizens is defined by fill colour of each stakeholder inner circle where purple 
stands for often interaction, blue for medium and green for rare interaction between stakeholder and 
citizens. The shape inside of stakeholder inner circle represents the interaction between stakeholder 
and city administration, where square stands for often interaction, circle for medium interaction 
and triangle for rare interaction between stakeholder and city administration.

Communication from city administration to stakeholder is represented through lines connecting 
each stakeholder and city. Type of line defines if communication is on an organizational level or 
operational level. The colour of the line indicates the direction of communication. Violet means 
that communication is initiated from city administration to stakeholder and red means opposite 
direction.

Most working processes were defined in the city. All working processes, not just in the city but in 
another stakeholder as well, are related to demands from, citizens, or are service to citizens. Most 
often and dispersed interaction in working processes with citizens have city administration. The city 
administration has jurisdiction on most working processes with citizens defined by legislative as 
described in chapter four. Since the city has ownership in some of the stakeholders, it represents the 
centre of the hub of interaction on working processes between stakeholders and city administration.

From more than one interviewed person, it was stated that citizens often call city administration 
for issues which are not in the jurisdiction of the city administration. Interaction of citizens with 
stakeholders correlates with working processes. Interaction is more often when more working 
processes occur or denser when less working process occurs. Citizens often call most stakeholders. 
City call most stakeholders rare.

Most organizational and operational communication comes from the second group, (not owned 
by th city) of stakeholders to the city administration. With some of the stakeholders, there is 
no organizational or operational communication to or from the city. Mostly, the city does not 
have ownership in those stakeholders. Intensity and focus of organizational and operational 
communication could be unknown to representative which was interviewed. Person who was 
interviewed, might not know about processes going on in other departments so he cannot know 
about organizational and operational communication in other departments.



Figure 8.3: LSDI "environent in city of Sinj" defined through four criterion 137
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INTERPRETATION OF RESULTS
The organizational aspect of working processes, capabilities, interaction, communication types 
and direction could be grouped into two groups. In the first group are stakeholders who are in 
ownership of the city and the business strategy, organization, communication and operation are 
defined either by themselves or in interaction with cities in line with legislative. In the second 
group are stakeholders who are not owned by the city, or they are in ownership of state and the 
business strategy, organization, defined in headquarter in Zagreb. Characteristic of stakeholders 
with ownership of central government is regularly vertical structure of a business, organizational, 
communicational and reposting bonds from national to a local level. All systems are developed 
from top, and these stakeholders have much more capabilities due to financial, logistical and 
networking possibilities than stakeholders in group one. Such capabilities are visible through the 
orbits of stakeholders in the first group. The second group is significant “poorer” with orbits than 
the first group except city as a top of vertical in the second stakeholder group. 

Citizens are a stakeholder with the most frequent and comprehensive communication and interaction 
with the city administration. Citizens also call the city for matters out of city jurisdiction. It is 
most likely that citizens recognize the city as a central point of services for them. There are a 
number of the processes between city and citizens. The city needs a tool for communication and 
interaction with citizens in the first line, but with other stakeholders as well. This tool could raise 
their efficiency in delivering public services to citizens directly or by other stakeholders.

Citizens do need a tool for interaction and communication with the city. At this time, citizens are 
physically coming to the city and communicate and interact with city administration in all matters. 
It is time-consuming, and it could affect negatively on motivation and concentration and disturb 
daily routines. The tool which could provide citizens service over web network would save time 
for citizens and employees of city administration. 

The city could benefit from arguments to invest in a tool from which citizens and city could benefit. 
Those arguments are important from political, organizational and efficiency point of view.

FOCUS GROUP 
On 11/30/2017 a focus group was held at the Faculty of Geodesy, University of Zagreb. Focus group 
consisted of two parts. In the first part, the discussion was based on questions related to themes 
in quantitative research. The second part was about the model of development of LSDI in the 
Republic of Croatia. Focus group lasted around two hours. During the focus group, representatives 
of stakeholder and researcher sat at the room face to face. Field notes were taken during interviews 
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and report about focus group was made right after the focus group and send to Dr. sc. Vesna 
Poslončec Petrić on review.
The following were present:
 Dr. Sc. Vesna Polsončec Petrić, Assistant Professor at the Faculty of Geodesy at the
 Department of Cartography and Photogrammetry
 A representative of Division for Strategic Information and Research, Assistant to the Chief
 of Strategic Information and Research, City of Zagreb
 A representative of the City of Zagreb Office for Strategic Planning and Development 
 Geodetic Advisor for the City of Split
 B.Sc. geod., representative of the town of Kaštela
 A representative of Croatian Waters

The lineup of the focus group was selected to have representatives from local government, 
academic community and one of the institutions from the national level of SDI. It was easiest to 
get representatives from large cities on the focus group. One of the stakeholders was from group, 
medium-large cities by population. It is less likely that SDI experts do work for medium-small 
and small cities by population. From the academic community, Geodetic faculty is faculty which 
deals most with SDI so it was logical to invite SDI expert from it. Croatian waters are an institution 
which exists and has working processes in all cities in Croatia so invitation with an explanation 
of the purpose of the focus group was sent to them. Choosing an exact person was left to the 
institution itself.

Prof. Vesna Poslončec Petrić addressed the introduction. The moderator was the  researcher. At 
the beginning prof. Vesna Poslončec Petrić and moderator welcomed the attendees. Moderator 
has briefly described the purpose of the questionnaire, briefed attendees on the focus group rules, 
explained the reasons for the focus group and invited attendees to introduce themselves. Participants 
were introduced that their names and minutes of discussion will not be published and invited to 
speak freely. Also, they were introduced with an estimated time of duration of the focus group.
 
Some of the questions were prepared to recheck some results from quantitative part of research: 
awareness, spatial data usage and cooperation. Per cent of positive results on the will to have 
institution from national level for guidance in SDI development and implementation was rather 
significant, so it was chosen as one question for discussion and to see the opinion of participants. 
All participants in a group of SDI experts should be aware of general terms in SDI so that was the 
reason why awareness was chosen as a question. Also, results were compared with results from 
quantitative research described in chapter 7. Spatial data market, from SDI expert’s perspective, 
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was interesting to see if there is a difference than from results from quantitative research, described 
in chapter 7. The opinion of SDI experts about working processes in cities was chosen to compare 
with results from interviews with stakeholders of LSDI in the city of Sinj. SDI experts can best 
recognize damages that occur in cities in the absence of LSDI. Also, an obstacle in the development 
and management of LSDI from SDI perspective was essential to collect since this question is more 
convenient for an interview with SDI experts than for quantitative research. Finally, an examples 
of how LSDI is used in city government in other state was of information purpose. 

FINDINGS OF FOCUS GROUP
For the first part of the focus group, the following nine questions were prepared:

 1. Do you know anything about the legal basis for LSDI? (INSPIRE 2020, utility cadastre)
 2. Do you think that any institution should introduce to cities the concepts, processes and 
     guidelines for developing of LSDI? If you think yes, which institution do you think 
                would be best for such a role?
 3. What are spatial data most often asked from city governments?
 4. What spatial data do city government most often ask? From which institution they ask 
     spatial data? What spatial data would you like to have available to you?
 5. For what purposes do you see LSDI could be used? Or work processes in your city?
 6. Let us look at what LSDI can be used for and how it can be used in city governments in 
     other states.
 7. What problems do you see for the city as the biggest obstacles to the development of 
     LSDI?
 8. What problems outside of city responsibility do you see as the biggest obstacle to the 
     development of LSDI?
 9. What is the damage to the city  caused by the absence of GIS? Do you have any information 
     on how much this damage could be from your experience?

There was discussion about each question, and findings are presented by each question. Field notes 
were taken. Just after the focus group, they were analyzed by the questions. The general opinion 
about each question is written, and if there were separated opinion different than general, it was 
written as well. Finally, interpretation was made after reading all of the results from the focus 
group.
 
Ad 1) All present stated that they knew about LSDI but could not say that they fully knew the 
subject. One of the present participants stated that they had a higher level of knowledge. One 
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participant stated that he is familiar with upcoming changes in legislature related to utility cadastre 
and that it should take place soon. They are familiar with the existing legislation. Some of the 
present show caution when expressing their opinion.

Ad 2.) All present thinks that it would be good that some institution does introduce these terms and 
produce guidelines for the development of LSDI to city representatives. They think that it should 
be a national contact point or some institution. The two of present experts stated that the benefit 
of this would be for those who make decisions since they would better understand SDI and more 
easily get decisions. One participant state that this is undoubtedly necessary for all cities in the 
Republic of Croatia, except for the city of Zagreb.

Ad 3) From the city, most often required spatial data are the following: DOF, results of various queries 
through shapefiles in major cities, while smaller ones require spatial planning documentation, urban 
planning, house numbers, addresses by emergency services, utility cadastre data. One participant 
state that the spatial data they own are not updated, so it is not free to use it and share.

Ad 4) City most often requests the following data: DOF, DKP, SHP, TK25, utility cadastre data, 
topographic maps. The most contacted institution is SGA.

Ad 5.) Participants think that LSDI can be used for a variety of purposes. Large cities recognize 
more benefits than smaller ones. They state that it can be used as a base for designing, scientific and 
academic purposes, an economic activity like tourism and making bicycle roads.

Ad 6.) Geoportal of the city of Barcelona was shown at the link http://w133.bcn.cat/geoportalbcn/
GeoPortal.aspx?lang=en and a list of publicly available spatial data sets on the http://opendata-
ajuntament.barcelona.cat/en. The aim was to take the opportunity to raise awareness of the potential 
of LSDI. They were also instructed to look at geo-portals in other cities. Also ,it was introduced 
to participants that the City of Zagreb has the mZIPP mobile application available for free and on 
mobile platforms. Finally, it was presented the use of GIS in crisis management. Examples were as 
an earthquake in Haiti and disaster in Fukushima, Japan. There are also examples in Croatia where 
crisis management can be used as in a flood defence or fire extinguisher. As an example, the city 
of Split was given. There was a fire at 8/2017. In the fire, information emerged in the public that 
the hydrants could not be accessed because no one knew where the keys or hydrants were. One 
participant stated that he saw a presentation by a fire department in that area and concluded that 
they were very well organized. One of the stakeholder’s states that the City of Zagreb has a unique 
Crisis Department.
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Ad 7.) Participants recognize that level of awareness and knowledge about the LSDI of decision-
makers in cities are the biggest obstacle for the development of LSDI. They believe that with a 
higher level of awareness and knowledge by decision-makers, LSDI would develop much faster. 
The second problem everyone states is a human capacity. They think, that with raising awareness, 
budgeting would also increase and thus accelerate the development of LSDI. One participant 
stated, that to the city he works for, it was offered, a very inexpensive application that would be 
extremely effective and used by citizens to report problems in the infrastructure. He states that the 
city authorities did not find it appropriate to implement, probably for fear that they would reveal 
the lack of organization and timeliness in responding to demands. They further state the problem 
of adoption to the new technologies, Internet connection and the lack of transparency of the city 
administration.

Ad 8.) The biggest obstacles outside of the city jurisdiction are the problems of data availability, 
quality of the management system in other institutions and inaccuracy of data. Also, they state a 
lack of support and cooperation with key institutions. They say that retrieving data takes too long.

Ad .9) The damage they recognize is an interruption of power lines and underutilization of such 
applications daily. They state an example of control of stalls used on city streets, the right to use 
and obligations to fulfil towards the city. With LSDI they could have easy supervision on usage and 
check on fulfilled obligations based on location and ID of the stall. 

In the second part of the focus group, the moderator introduced results of a questionnaire conducted 
with all cities in the Republic of Croatia described in chapter 7. The moderator went through 
all the research results. Also, he presented to them the model of development of LSDI in the 
Republic of Croatia through three phases. A moderator explains each of the stages. The final model 
of development is presented in chapter 10. 

In the discussion, the attendees stated that development model seems logical. Two participants stated 
that the problem of fear of the city authorities from the introduction of new technologies and the 
fear of disclosing problems that cities do have in public could be an obstacle for development. They 
see LSDI as a open service that increases transparency in the functioning of the city. The moderator 
agreed that the development model envisages institutional and legislative support to be made as an 
obligation. For that purpose, a community of representatives of all cities and a multidisciplinary 
team of experts should be used to raise awareness and help cities through guidance, tutorials, web-
based education and consultancy to become more efficient. Participants also state the sluggishness 
of the institutions, specifically the SGA, and especially when they are seeking for free data. Also, 
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they state the problem of financing, stating the amounts available to them on an annual basis (from 
HRK 10,000 – circa 1,333.00 €) for LSDI purposes are too low for development and management 
of LSDI.

INTERPRETATION OF RESULTS
Interviews gave arguments which could be misinterpreted as a critique of local governments but 
are better to see them as support for better functioning of local administration and developing 
tool or city administration. Results correlate with results of quantitative research in all topics. 
Recognized obstacles are similar to those recognized in quantitative research like lack of support 
from decision-makers for development of LSDI due to lack of knowledge and financing. Still 
financing is related to decision-makers since they are deciding in what to invest. Support for the 
institution on a national level is wanted from almost all interviewed. A similar type of spatial data 
usage is stated in this research as well as in quantitative research. 

Raising awareness, especially for decision-makers, could be the main obstacle since all other 
obstacles depend on a decision from the top. Human capital can e developed if there is a will to 
invest in LSDI. Same is valid for data, knowledge and financing. 

The budget which is offered to some SDI experts reveals that there is a lack of awareness about the 
benefits of LSDI in cities. For LSDI to be useful and efficient citizens must know about it and how 
to use it. Although citizens were not included in this research, it is possible that most of the citizens 
also do have a lack of awareness about LSDI and its benefits which could lead to low use of LSDI. 
Public relations seem to be a crucial part of the LSDI structure in raising awareness to decision-
makers and citizens. Also, its role is vital in educational purposes. Citizens do need to be educated 
on how to use LSDI as public service in their best interest.

Main obstacles to develop LSDI are:
 1.  awareness of decision-makers about the usefulness of LSDI as a condition to decide on
  a.  financing LSDI with an adequate amount
   i.  to invest in human capital with an adequate level of knowledge to
       implement and manage LSDI

SUMMARY
In this chapter, direct communication and discussion with stakeholders of LSDI was used to get 
another perspective on the LSDI environment. Results from quantitative research were one of the 
inputs for this research. Some of the results from quantitative research were rechecked through 
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interviews and focus group. Also, interviews with stakeholders of LSDI in the city of Sinj were 
an opportunity to feel that environment through working processes which finally deliver public 
services to citizens. Findings from this qualitative research have complied with results from 
quantitative research. Awareness about the usefulness of LSDI seems to be the main trigger for 
the development of LSDI, especially awareness of decision-makers. With the decision to invest in 
LSDI, human capital and knowledge for the development of LSDI raise. Citizens as stakeholders 
intensively communicate with the city and recognize the city as a central hub for their needs. City, 
as a hub, does need a tool for communication and delivering services to citizens. Stakeholders 
in which city do have ownership have less capabilities, or it is less ready to be part of LSDI 
implementation and management.  
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ANALYSIS OF RESULTS

In this chapter the analysis of quantitative results is described. The walkthrough of the process 
of analysis is described in detail. The interpretation of quantitative analysis is given 

at the end of the chapter. 

09
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INTRODUCTION
This chapter presents a statistical analysis of the results of quantitative research. The purpose 
of statistical analysis is to find variables that influence the development of LSDI in cities in the 
Republic of Croatia most. Moreover, knowing the hierarchy of influence of indicators is useful for 
building a model of the development of LSDI. Statistic can be one of the tools for finding such 
indicators and the hierarchy of influence on the dependent variable. There is a variety of types of 
analysis in statistics that could be helpful in such tasks as Pearson and Spearman’s Rho correlation, 
logistic or linear regression and decision tree.

There are many definitions of statistics. “Statistics is the science of collecting, analyzing, presenting, 
and interpreting data” as defined by Williams et al., (2019). Other definitions states other things.  
Statistics also relies on the process of choosing the numbers and how results are interpreted. Some 
studies states that interpretation of results is not just mathematical process but the process in which 
researcher should establish a relationship between data and other facts or information (Ainley et al., 
1999; Shaughessy et al., 1996). However, without well-interpreted results, statistic could mislead 
in conclusions. Interpretation of statistical results is not just a statistical process but also a content 
related process. 

For the analysis of results, data were prepared for more than one type of statistical analysis. 
Data were also filtered depending on the limitations of specific statistical analysis. The process 
of analysis sometimes consisted of more than one statistical analysis. In the data analysis, some 
risks were needed to be prevented to avoid the use of false indicators and models over-fitting, 
multicollinearity, and singularity. This research is specific by a relatively small sample defined by 
the number of cities in the Republic of Croatia. 

By the objectives of the research, the statistical analysis process was planned. Specific objectives 
of the thesis are as follows:
 To adopt indicators and objectives from existing assessment frameworks to particularities
 of Croatian Local Spatial Data Infrastructure.
 To assess local spatial data infrastructure readiness, use performance and development in
 the Republic of Croatia and develop a model for LSDI assessment. 
 To research the gap between the current situation and situation aimed at 2020 by INSPIRE
 Directive.    
 To develop a conceptual model of LSDI development in the Republic of Croatia. 

In order to achieve these objectives, the starting point was to recognize which variables (indicators) 
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influenced the development of LSDI in the Republic of Croatia most. Understanding the hierarchy 
of indicators would give a broader perspective for the development of a model of development of 
LSDI in the Republic of Croatia. Recognizing which variables (indicators) (by themes from the 
questionnaire) influence LSDI development most would give a better understanding of readiness, 
use, and performance in the Republic of Croatia.

The following statistical methods were used for statistical analysis:
 Pearson correlation – used to determine the correlation between independent and dependent 
 numerical variables. It is also used to see the correlation between independent variables. 
 Correlation intensity was used for the selection of variables for regression.
 Spearman’s Rho correlation - used to determine the correlation between independent and 
 dependent categorical variables. It is also used to see the correlation between independent
 variables. Correlation intensity was used for the selection of variables for regression.  
 Logistic best subset regression – used as one of the tools for selection of best variables for
            regression. CATREG with LASSO – used as one of the tools for selection of best variables  
 for regression.
  Multiple linear regression – used to determine the best model to determine the variance of 
 the dependent variable with independent variables on numerical data. Also, it was used to 
 assess the strength of a relationship between dependent and independent variables and to 
 predict the value of a dependent variable from independent variables.
 Logistic regression – used to determine the best model to determine the variance of the
 dependent variable with independent variables on categorical data.

Figure 9.1. is showing the process of statistical analysis with presented risks to statistical analysis. 
The process is separated into four parts.The first part is related to preparing data for further analysis 
by recoding questions into two sets of variables. 

The second part is related  to the shrinking of variables due to the statistically acceptable ratio between 
sample size and an adequate number of variables for a model for regression and multicollinearity. 
In the third part is defined elections of variable sets for the final regression based on a specified 
critera. The final fourth part is a validation of chosen models and identification of indicators with 
statistical interpretation. Content related interpretation is described in chapter 11.

This chapter will cover:
 The theoretical background of statistics necessary to follow the practical part- statistical 
 analysis in this research
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 Separately, risks in statistical analysis were described with the specificity of this research
 The practical part of this research has four steps described in Figure 9.1 starting from 
 preparing data and recoding them
  A further step is shrinking variables and choosing variables for models for regression
  using: Pearson and Spearman’s Rho correlation, opinion of researcher and logistic 
  best subset regression and CATREG with a lasso. 
  The model for final regression was selected by a defined criteria
 After the regression models were validated
 Decision tree as a separate analysis was given to visualize decisions necessary for    
 development of LSDI
  Statistical interpretation of results is the final step of this chapter.

THEORETICAL BACKGROUND ABOUT USED STATISTICS
Recoding
The first step is to prepare data for analysis by recoding data. “The privacy-preserving transformation 
of the microdata is referred to as recoding.” Two models exist: “in global recoding, a particular 
detailed value must be mapped to the same generalized value in all records.” Local recoding, on the 
other hand, “allows the same detailed value to be mapped to different generalized values in each 
anonymized group” (Terrovitis et al., 2011). 

Pearson and Spearman’s Rho correlation
In order to understand the ecosystem of the LSDI, the relationship (correlation) between all variables 
should be known. Not all variables influence on dependent or, independent variables with the same 
strength, neither they influence as one, stand-alone factor in reality. Variables are intercorrelated, 
and the model should identify one or more variables which influence on a dependent variable 
with different strength. Understanding relationships (correlation) between all variables will help 
understanding relationships between indicators and themes of LSDI as defined in research. Finally, 
it will help to develop a more precise model of the development of LSDI in the Republic of Croatia. 
For assessing strength between all variables Pearson and Spearman rho correlation analysis were 
used. Recoding data is used to prepare data for use in particular statistical analysis, chosen to 
achieve the objective of the research. 

When analysing data, it is necesary to establish the strength of the relationship between two 
numerical variables and the probability that the relationship has occurred by chance. If change in 
one variable influence on change in another variable than they are correlated. Pearson’s r measure 
of the strength of the relationship between two variables and, the calculated statistic has a value 
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somewhere between –1 and +1. As with other correlation coefficients, a correlation coefficient of 
(Berman–Brown and Saunders, 2008):

 –1 means a perfect negative correlative between the two variables (as the ranks for one 
 variable increase, the ranks of the other decrease);

 0 means no correlation between the two variables; 

 1 means a perfect positive correlative between the two variables (as the ranks for one 
 variable increase, the ranks of the other increase).

For correlation with ordinal data, Spearmans Rho correlation or Kendalls Rank correlation 
coefficient is used. Spearman’s rank correlation coefficient (represented by the lower-case letters 
rs or ρ, the lower-case Greek letter ‘rho’) measure the association between the rankings for two 
variables. The calculated correlation coefficient for both statistics provides us with a measure of 
the strength of the relationship between these two variables, with a value somewhere between –1 
and +1. Spearman’s rank correlation coefficient is most frequently used to assess the strength of 
a relationship between the two variables or sets of variables of ordinal data (Berman–Brown and 
Saunders, 2008).

LOGISTIC BEST SUBSET AND LASSO REGRESSION
Regarding some variables, lasso regression and best subset selection methods were conducted to 
define sets of variables to go into regression. Defining data type is shown in Figure 9.2. 

In order to perform best subset selection, a separate least squares regression best subset for each 
possible combination of the p variables should be fitted. Process is that all p models selection that 
contains exactly one variable, all p/2=p(p-1)/2 models that contain precisely two predictors, and 
so are fitted. That process, selecting the best subset among 2^p  possibilities is not simple. That 
process, selecting the best subset among 2^p  possibilities is not simple. This is usually broken up 
in two stages (James et al., 2013):
 
 1. “Let M_0 denote the null model, which contains no variables. This model simply predicts 
     the sample mean for each observation.”
 2. “Fork=1,2….,p: 
     (a) Fit all (p/k) models that contain exactly k variables.
     (b) Pick the best among these models, and call it M_k. Here best is defined as having the
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          smallest RSS, or equivalently largest R^2.”
 3. “Select a single best model from among M_0,…,M pushing cross-validated prediction
     error, C_p(AIC), BIC, or adjusted R^2.”

Another possibility to reduce the number of variables is to use ridge regression (Pereira et al. 2016). 
The penalized version of the log-likelihood function to be maximized (Hastie et al., 2009):

“Since they are equal to zero, they can be reduced from the selection of variables.” Lasso is better 
for subset selection since it selects variables which improves the possibility to interpret model. 
If small numbers of variables have significant strength of coefficients than, lasso is better than 
ridge regression, but if all variables have similar strength of correlation, ridge regression is better 

Figure 9.2: Defining data type (Saunders et al., 2008)
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(Pereira et al., 2016).
Statistics to examine the relationship between independent and dependent variables are described 
in Figure 9.3.

Figure 9.3: Statistics to examine relationships, differences and trends by data type: a summary (Saunders et al., 2008)
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MULTIPLE LINEAR AND LOGISTIC REGRESSION
Pearson and Spearman’s correlation is not enough to understand the hierarchy of influence of 
independent variables on the dependent variable in an LSDI ecosystem. For this purpose, regression 
should be used. To assess the strength of a relationship between one dependent, and two, or more 
independent variables, through a statistical model, multiple regression coefficients should be 
used. “The process of calculating a coefficient of determination and regression equation using one 
independent variable is usually called regression analysis. Calculating a coefficient of multiple 
determination (or multiple regression coefficients) and regression equation using two or more 
independent variables is called multiple regression analysis” (Saunders et al., 2008). 

Multiple regression is used, when there is one dependent variable related with two or more 
independent variables, to predict changes in a dependent variable based on changes in independent 
variables using least square. Logistic regression or logit analysis use similar techniques to predict 
one dependent variable using two or more independent variables with a difference that the dependent 
variable is nonmetric. What distinguishes a logistic regression model and multiple regression is 
that the dependent variable is nonmetric in logistic regression, as in discriminant analysis. So, after 
the dependent variable is correctly chosen, and relevant estimation techniques is used, basic factors 
in multiple regression are used in logistic regression as well. Logistic regression is different from 
discriminant analysis by the possibility of using metric or nonmetric variables for independent and 
does not need an assumption of multivariate normality (Hair et al., 2014).

In linear regression, the score of one variable is predicted by score on a second variable. The 
variable which is being predicted is called the dependent variable and marked is with “Y”. The 
variable which is used for predictions is called the independent variable, and it is marked with “X”. 
Linear regression is finding the best-fitting line through points representing points defined with 
“y” and “x” (URL18). If there is more than one predictor variable, the regression is called multiple 
regression. 

The regression line formula is: 

where Y’ is the predicted score, b is the slope or coefficient of the line, and A is the Y-intercept or 
constant.

The formula calculates the slope or coefficient (b):
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Where sx is the standard deviation of independent variable X, sy is the standard deviation of 
dependent variable Y, and r is the correlation between independent variable X and dependent 
variable Y.

The intercept or constant (A) can be calculated as:

where M_x is the mean of X, M_y is the mean of Y.

For logistic regression, logistic function is used to model the probability which gives outputs 
between 0 and 1 for all values of X (James et al., 2013):

The logistic regression always result in S-shape curve, so (James et al., 2013):

The quantity p(X)/1-p(X) is called the odds and odds can be anywhere between 0 and ∞. Values 
close to 0 and ∞  indicate almost perfect low or almost perfect high probabilities. By taking the 
logarithm of both sides of, the equation is (James et al., 2013):

The left-hand side is called the log-odds or logit. We see that the logistic log-odds logit regression 
model has a logit that is linear in X. The coefficients β_0  and β_1 are unknown and must be 
estimated based on the available training data. We try to find β_0  and β_1 so that plugging these 
estimates into the model goal is to find β_0 and β_1  so by using this coefficients in model number 
close to one for all individuals who did or we get zero for all individuals who did not. For this 
process, the mathematical equation called a likelihood function is used (James et al., 2013):
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The binary result is then predicted by using multiple variables, with extension from linear to 
multiple linear regression(James et al. 2013):

where X=(X_1,…,X_p) is p variables. Equation can be written as:

Maximum likelihood is used to estimate β_0,β_1,…,β_p (James et al., 2013).

The independent variable with the strongest relationship with the dependent variable should be the 
most influential factor or indicator for the development of LSDI. Further on, the strength of the 
relationship determines the influence on the development of LSDI on the tested area. Regression 
only takes into consideration the variables included in the analysis, so the selection of data 
contained in the analysis should be carefully chosen. Additionally, strength between dependent and 
all independent variables by themes of LSDI as defined in the questionnaire could give variables 
with most influence by specific themes. Additionally, decision (classification) tree analysis was 
used to understand the hierarchy of strength of independent variables on the dependent variable. 

RISKS ON A STATISTICAL ANALYSIS 
When preparing data for multivariate statistical analysis, some risks should be taken into 
consideration. Two risks that could generate a model with its negative influence are multicollinearity 
and overfitting.

Collinearity refers to the non-independence of independent variables, usually in a regression-type 
analysis. “It is a common feature of any descriptive ecological data set and can be a problem for 
parameter estimation because it inflates the variance of regression parameters and hence potentially 
leads to the wrong identification of relevant predictors in a statistical model” (Elith et al., 2013). 
Collinearity is problem when a model is trained on one set of data and used on another non-trained 
(Elith et al., 2013).

The lack of correlation between two or more independent variables (collinearity or multicollinearity), 
makes it hard to determine the different effects on each variable. The rule is that the presence 
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of high correlation indicates substantial collinearity (Hair et al., 2014). Other standard rules for 
indicating collinearity  include the tolerance value and its inverse – the variance inflation factor 
(VIF). Hair et al. (2014) recommend that “a minimal tolerance value (0.10 or below) or a large VIF 
value (10 or above) indicates high collinearity” (Saunders, 2008).

“As the ratio of degrees of freedom falls below 5:1, researcher encounters the risk of overfitting the 
variate to the sample, making the results too specific to the sample and thus lacking generalizability” 
(Hair et al., 2014. 

HOW TO DEAL WITH MULTICOLLINEARITY AND OVERFITTING
Selecting variables with correlation coefficient smaller than 0.7 is one o used criteria among 
research (Table 9.1). Although a threshold of 0.7 is usual, more restrictive (e.g.-0.4 in Suzuki et al. 
2008) and less restrictive (0.85 in Elith et al., 2006) thresholds have been used (Elith et al 2013). If 
correlations exceed a threshold, collinearity is high, and Elith et al. (2013) suggest a threshold limit 
for correlation between 0.5 and 0.7. In this research, 0.6 is used as a threshold limit.

Peduzzi et al. (1996) in research states the ratio of approximately 10 to 15 observations per 
independent variables to prevent overfitting. Figure 9.4 is reproduced from the study by Peduzzi et 
al. (1996) of logistic regression (Babyak 2004). Figure 9.4 shows that events per variable should 
be at least between 10 and 15; the best would be ten and more.

Events per variable

Figure 9.4: Results of the simulation study of logistic regression models by Pedduzi et al. (1996) studied the stability 
of logistic regression coefficients under a variety of events-per-predictors ratios.
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Table 9.1: Methods to identify multicollinearity (Elith et al., 2013)

                     Method                                                                 Description                                                  Threshold

The absolute value of 
correlation coefficients (|r|)1

The determinant of the
correlation matrix (D)

Condition Index (CI)2

Condition number 

Kappa (K)

If pairwise correlations exceed a threshold 
collinearity is high; suggestion for thresholds: 0.5–0.7

Product of the eigenvalue; if D is close to 0 collinearity 
is high, if D is close to 1 there is no collinearity 

in the data

Overall summary of multi-collinearity: highest 
condition index

>0.7

-   

>30

>30

5

The measure of severity of multi-collinearity associated 
with jth eigenvalues; the CIs of a correlation matrix are 
the square-roots of the ratios of the largest eigenvalue 

divided by the one in focus; all CIs equal or larger than 
30 (or between 10 and 100) are ‘large’ and critical

Variance-decomposition 
proportions (VD)1,3

Variance inflation factor 
(VIF)3,4

Variance proportions of ith variable attributable to the 
jth eigenvalue; no variable should attribute more than 

0.5 to any one eigenvalue

1/(1–ri2) with ri2 the determination coefficient of the 
prediction of all other variables for the ith variable; 

diagonal elements of R–1, with R–1 the inverse of the 
correlation matrix (VIF =1 if orthogonal); values >10 
(ri2 >0.9) indicates variance over 10 times as large as 

case of orthogonal predictors

Tolerance(CN)

1. (Booth et al., 1994); 2. (Belsley et al. 1980, Johnston 1984, Douglass et al., 2003); 3. 
(Belsley, 1991, ); 4. (Hair et al., 1995).

1/VIF

>10

<0.1
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Babyak (2014) suggest the following methods to overcome overfitting: 
 “To collect more data – to get out and collect more data.”
 “Combine predictors - one obvious approach to preserve degrees of freedom is to reduce
 the number of predictors in the model. However, removing a predictor
 by peeking at its relation with the response, either through a mechanized procedure or by
 hand, generates problems.”   
 “Shrinkage and Penalization - shrinkage techniques allow us to understand the extent of 
 this over-optimism and generate an estimate of how well the model might fit in a new 
 sample. The adjusted R2 that appears on the output of many statistical packages is a type
 of shrinkage estimator. This value is an estimate of what the fit of the regression model  
 would be if it were pitted against a new data set (assuming that you already have accurately 
 accounted for all the degrees of freedom.) Penalization has the advantage of allowing us to 
 adjust specific areas of the model in which complexity (e.g., interaction terms, nonlinear
 terms) may have given us a fit that we did not deserve. Steyerberg et al. (14) have shown
 that models using preshrunken estimates and a fixed set of predictors tend to be the most 
 likely to replicate in new samples.”
  
In this research, shrinking is made based on the selection of variables based on more than one 
criteria described in this chapter further on.

STATISTICS IN THIS RESEARCH
Data preparation
The type of statistical analysis primarily depends on the type of data, sample, dependent, independent 
variables and objectives of the research.

From the questionnaire, 146 variables were extracted. The dependent variable was: “P65: Do you 
have GIS or LSDI for the city management?” and it is categorical. Independent variables are mostly 
categorical. Four additional variables were added to the set as secondary data used for determining 
relations with the city budget and city population, which is done in chapter 7. The first variable 
is the variable of groups of cities separated by the size of their population. The second one is the 
variable of groups of cities separated by their budgets. Third is the city budget in absolute value and 
the fourth is the number of citizens in each city. 

Before statistical analysis, data should be prepared by form and by content for regression. Data 
gathered through questionnaires are mostly categorical. Questions and possible answers are shown 
in Appendix 3. By content, questions were divided into seven thematic groups. There were 56 
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questions altogether in the questionnaire but 146 variables after recoding. Four additional variables 
were not from the questionnaire. The process of preparing data was the following:

 Recode data into variables
 Recode variables into binary and categorical sets of variables

Recoding data
Categorical variables are in Appendix 4, while binary variables are in Appendix 5 . The recoding 
codes for categorical variables and binary data are presented in Appendix 6 and Appendix 7, 
respectively.  Recoding was the first step in preparing data. Recoding was done so that each question 
could be binary. Answers with scale were also recoded into one variable. Questions with possible 
answers which were not based on possible answers that include “yes” or “no” and include choices 
of the different subject were recoded in separate variables like the following:

“VAR LAB P71 ‘Funding of LSDI/GIS is from (multiple answers possible):?’.
VAL LAB P71 P72 P73 P74 P75 P76 P77
 1 ‘Local level (your city).’
 2 ‘National level.’
 3 ‘Private firm.’
 4 ‘Project financed by some fund (EU, national..).’
 5 ‘From cost recovery.’
 6 ‘Public/private partnership.’
 7 ‘I do not know.’.”

In some cases, recoding included rephrasing questions as well. In questions where there was 
possible answer “I do not know”, “I do not know” as an answer was added to “no” as an answer 
and the question was rephrased to start with “Do you know if…”. After recoding two variables 
sets, Pearson correlation on numerical variable set and Spearman’s Rho correlation had a similar 
value of calculated correlation. That indicate that recoding was done in a way that did not disrupt 
relations between variables. Dichotomous variables were recoded from:

“VAR LAB P25 ‘How often do you use following services on SGA geoportal in your work processes? 
Search: Cadastre.’.
VAL LAB P25
 1 ‘Daily’
 2 ‘1 to 3 times weekly’
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 3 ‘1 to 3 times monthly’
 4 ‘Less frequently than specified.’
 5 ‘I do not use these services’.

into:

“VAR LAB P25 ‘Do you use the following services on SGA geoportal in your work processes more 
than three times per month? Search: Cadastre.’.
VAL LAB P25
 1 ‘Yes’
 2 ‘No’.

After recoding, 146 variables were generated.

Shrinking variables
Since there were 146 variables and 75 city representatives responded to a questionnaire regression 
should go in less than 15 variables maximum, while up to 8 would be an ideal number. The ratio 
of 1:10 or fewer variables in the set was used to go in regression in most cases. It is evident 
that shrinking variables was a demanding process since only 7-10% of variables could be left for 
regression. The first step was to exclude variables that are irrelevant to the research by researcher’s 
opinion. A list of 52 selected variables is shown in Appendix 8. Since there are many of variables 
that are used in text, it is recommended to use Appendix 8 to be able to follow the text.
 
Further on in the text, the list of excluded variables are explained. Serial number (VAR1), response 
number (VAR2) and the name of the city (VAR3) are irrelevant for statistical regression as procedural 
questions, which could not be an indicator of the development of LSDI in the Republic of Croatia. 
From data usage, only the data set, which is most used, was left, and all others were excluded. DOF 
is the most used type of data for viewing and using WMS service. Other data are used less often, 
so they were excluded as well. The variables related to data sets for viewing that were excluded 
are: Croatian basic map –HOK (VAR6), topographic map – TK25 (VAR8), topographic map – 
TK100 (VAR9), topographic map – TK200 (VAR10), Digital terrain model – DMR (VAR11), The 
register of territorial units – RPJ (VAR12), Cadastre map (VAR13), The register of geographic 
names (VAR14), CROTIS traffic (VAR15), CROTIS buildings (VAR16), CROTIS hydrography 
(VAR17), CROTIS land cover (VAR18) and CROTIS utility cadastre (VAR19). Although some 
data like utility cadastre are of interest to this research, utility cadastres are regulated only in the 
biggest cities, and the number of cities published trough CROTIS is negligible. For those which are 



161

published, we do not know cadastre if there is utility infrastructure not included in data sets. The 
usage of cadastre map was included through the service of State Geodetic Administration (SGA) 
in a variable (VAR25). For WMS use, excluded variables were related to data sets: Croatian basic 
map –HOK (VAR20), topographic map – TK25 (VAR22), topographic map – TK100 (VAR23), 
topographic map – TK200 (VAR24). The usage of the register of territorial units from SGA service 
was excluded since it is not often used and there is no normal working process for which it could 
be used (VAR26).

Only the most used geoportal or web viewer was left for regression. The geoportal of SGA was used 
the most, and all other geoportals were excluded: ARKOD viewer (VAR28), Geoportal NATURA 
2000 (VAR29), CORINE viewer (VAR30), and AZO viewer (VAR31). Excluded geoportals are 
not used in all cities since it depends on the environment area and type of soil and vegetation. So 
there is no same need for each of the geoportals from cities. On the contrary, the geoportal of SGA 
is used in all cities since it includes cadastre data, DOF and other data sets standard for all cities. 

The usage of analogue data (VAR 35 and VAR36) is excluded since most of the cities have moved 
to digital data, and there are no detail data about analogue data, or about owners of such data or 
possible redundancy of data. 

The fact whether software for management of spatial data is FOSS (Free and Open Source Software) 
or not is also excluded since it is not of primary relevance for the development of LSDI (VAR42).
 
Since there is almost no existence of strategy related to LSDI in cities and there is only rare usage 
of PR about LSDI in cities, strategy with included PR (VAR44) could not be relevant for the 
development of LSDI by now, as well as media for PR: Daily newspaper (VAR45), TV (VAR46), 
Radio (VAR47), internet (VAR48), social media (VAR49), haven’t been using media (VAR50) 
and no PR at all (VAR51). The existence of a dynamic plan is excluded for the same reason. It is 
rarely used in cities (VAR54). Having support from all stakeholders with low percent of support in 
cities are excluded as well: institutional, national level (VAR58), institutional, local level (VAR59), 
academic community (VAR60), a private firm (VAR61), and an international organization (VAR63).

Described barriers for the development of LSDI are excluded as well since just a few cities 
responded, and it is not possible to recode it (VAR68).

The funding of LSDI from some stakeholders was excluded since they fund the development of 
LSDI at a low percent: private firm (VAR73), a project financed by some fund (EU or other) 
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(VAR74), from cost recovery (VAR75), public-private partnership (VAR76) and “do not know” 
(VAR77).

The procedure for updating existence data sets was excluded as well, since it is almost not used 
(VAR78). The redundancy of data on the national and local levels is excluded as well, since it could 
not influence on the development of LSDI and it is not clear in which stakeholders’ redundancy is 
shown (VAR79 and VAR80). 

Combining data with data sets from other sources is also excluded, since it could not influence the 
development of LSDI (VAR81, VAR82, VAR83, VAR 84 and VAR85).

The year of establishing of LSDI is excluded as well and it could not influence the development of 
LSDI structurally, since it cannot be part of a model for future development. 

Variables about datasets included in LSDI/GIS were excluded as well since they are rarely 
used, or their usage is exclusively regulated by the law (like cadastre). Excluded variables were: 
cadastre (VAR91), data on roads (VAR94), DTM (VAR95), topography (VAR96), administrative 
boundaries (VAR97), geographic names (VAR98), data on house numbers (VAR99), surveying 
basis (VAR100), traffic infrastructure (VAR101), hydrography (VAR102), data on environmental 
protection (VAR103), management of communal or other waste (VAR104), geology (VAR105), 
land cover (VAR106), agriculture and aquaculture (VAR107), demography (VAR108), sources of 
energy (VAR109), and spatial data sets of higher administrative level (VAR110).

The compatibility of the metadata catalogue with INSPIRE is excluded as well since the metadata 
catalogue is almost not used (VAR112). The percent of datasets, which could be included in 
INSPIRE Annex I, II or III is excluded as well due to different level of knowledge about INSPIRE 
between representatives (VAR113). The media by which the network of stakeholders communicate, 
is excluded since it is almost not used (VAR115, VAR116, VAR117, VAR118 and VAR119).

Some of the stakeholders who rarely contacted the city about LSDI were excluded as well: a local 
institution from the city (VAR127), the local institution from another city (VAR128), a private form 
from your city (VAR129), an individual expert (VAR131), other city representatives (VAR132) and 
media (VAR133). Also, stakeholders who were rarely contacted by a representative of the city were 
excluded as well: a national institution (VAR136), the local institution from the city (VAR137), a 
local institution from another city (VAR138), a private form from your city (VAR139), an individual 
expert (VAR141), other city representatives (VAR142) and media (VAR143).
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Variables by thematic groups
After shrinking by the researcher’s opinion, 52 variables were left for regression. Moreover, they 
were separated by themes. The goal of this step was to prepare data for further process in which 
one variable from each theme could be in the final variables set for regression. Also, it is important 
which variables by the group are in the strongest correlation with the dependent variable since the 
content behind each group is a barrier of crucial ingredients for the development of LSDI. This 
process was used as a preparation of variables for the logistic best subset and CATREG with a 
lasso. Besides one thematic group, all thematic groups have around ten variables. The thematic 
group “Support and collaboration”  has 17 variables that were also used for further process. This 
way, an adequate number of variables regarding overfitting will go in logistic best subset and 
CATREG. After logistic best subset and CATREG, two or one variables from each thematic group 
will be selected for the final regression. Since there are seven thematic groups for further process, 
variables sets for final regressions could have a maximum of 14 variables. 

List of variables left after shrinking by thematic groups:
 (1) Thematic group 1. Awareness about SDI and INSPIRE – rates knowledge about SDI
      (INSPIRE) and legislation. P4, P5, P32
 (2) Thematic group 2. Public spatial data management at the local level – rates local 
       governance and usage of public spatial data. P7, P21, P25, P27 P33, P34, P92, P93, 
       P121, P122
 (3) Thematic group 3. Human resource – rates the level of employees’ readiness for
       development and management of LSDI. P37, P38
 (4) Thematic group 4. Hardware and software – rates existing hardware and software for
       LSDI development and management. P39, P40, P41
 (5) Thematic group 5. Organizational – rates level of strategic thinking in the city government 
       to organize, develop, manage and use LSDI. P43, P51, P52, P53, P55, P69, P70
 (6) Thematic group 6. LSDI existence and development – rates existence and development 
       of LSDI. P66, P67, P71, P72, P86, P88, P89, P111
 (7) Thematic group 7. Support and collaboration – rates support, collaboration and 
       cooperation concerning LSDI development. P56, P57, P64, P90, P114, P120, P123, 
       P124, P125, P126, P130, P134, P135, P140, P144, P145, P146.

Pearson and Spearman correlation analysis
The strength of the correlation between each independent variable with the dependent variable gave 
an overview of relations between variables. For this purpose, cross-correlation has been made. In 
the cross-correlation table, all correlations with a value higher than ± 0.600 have been marked and 
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listed in Appendix 10.

Appendix 9. was used to make a variable set by the thematic group in which the only variable with 
the highest correlation has been left to generate variable set. The set was made in a way that only 
the highest variable from the thematic group was left for further analysis. Also, in other sets for 
regression, two variables from each group with the highest correlation generated other variables set 
for further analysis. All other variables with correlation, between the independent and dependent 
variables, higher than ± 0.600, were removed. Pearson and Spearman’s cross-correlation was 
done with binary variables, categorical variables and dummy categorical variables. Pearson and 
Spearman correlation with binary variables is almost equal, as it is evident in Appendix 9. Further 
on, categorical variables were recoded into binary variables. In Appendix 9. are presented all 
correlation coefficients  higher than 0.600 between the independent and dependent variables (P65). 
Comparing Pearson correlation on numerical data and Spearman’s Rho correlation on categorical 
data, it is noticeable that there is no significant difference between them. Figure 9.5. shows the heat 
map of Spearman’s Rho correlation between independent variables and the dependent one.

Selections of variables for regression
The following were used for the selection of variables in the research: 
 Logistic best subset regression
 CATREG with LASSO
 Selection of variables depending on the correlation coefficient with the dependent variable
 Selection of variables depending on the correlation coefficient with the dependent variable,     
            independent variables with a correlation coefficient higher than 0.600 with dependent
 variable excluded
 Selection of variables depending on the correlation coefficient with the dependent variable, 
 independent variables by thematic groups with a correlation coefficient higher than 0.600
 with dependent variable excluded

Logistic best subset and CATREG with LASSO was done with binary and categorical variables.
 
Logistic best subset regression and CATREG with Lasso variables dataset 
selection
For logistic best subset regression and CATREG with LASSO, variables are separated by thematic 
groups. Each group was tested trough logistic best subset regression and CATREG with Lasso, 
which is presented in Appendix 11. Finally, the variable dataset was created of variables with the 
best fit by thematic groups. Both of these analyses are used to reduce the number of variables in 
the final model. In this research, they were used to select the best two variables from each thematic 
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group.

From the thematic group 1, Awareness about SDI and INSPIRE, which rates knowledge about SDI 
(INSPIRE) and legislation variables chosen for the final regression were: P4, P5 and P32.

From the thematic group 2, Public spatial data management at the local level which rates local 
governance and usage of public spatial data variables chosen for the final regression were: P7, P21, 
P25, P27 P33, P34, P92, P93, P121 and P122.

From the thematic group 3, Human resource, which rates the level of employees’ readiness for 
development and management of LSDI variables chosen for the final regression were: P37 and 
P38.

From the hematic group 4, Hardware and software which rates existing hardware and software for 
LSDI development and management variables chosen for the final regression were: P39, P40 and 
P41.

From the thematic group 5, Organizational which rates the level of strategic thinking in the city 
government to organize, develop, manage and use LSDI variables chosen for the final regression 
were: P43, P51, P52, P53P55, P69 and P70.

For the thematic group 6, LSDI existence and development which rates existence and development 
of LSDI, variables were: P66, P67, P71, P72, P86, P88, P89 and P111.

From thematic group 7, Support and collaboration which rates support, collaboration and cooperation 
concerning LSDI development, variable chosen for the final regression were: P56, P57, P64, P90, 
P114, P120, P123, P124, P125, P126, P130, P134, P135, P140, P144, P145 and P146.

In the end, the selection of variables by logistic regression best subset and CATREG with LASSO 
for the final regression is shown in Table 9.2.
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Selection of variables based on Pearson and Spearman correlation
Since the sample is too small, there is a limited possibility of how many variables can go into a 
regression model. That is why more processes are defined to identify more variables sets. Three 
more selections of variables for regression were selected based on Pearson and Spearman correlation 
for binary and categorical data:
 Selection of variables depending on the correlation coefficient with the dependent variable
 Selection of variables depending on the correlation coefficient with the dependent variable
 and without independent variables with a correlation coefficient higher than 0.600
 Selection of variables depending on the correlation coefficient with the dependent variable  
 and without independent variables with a correlation coefficient higher than 0.600 by
 thematic groups.

All selection was made based on thematic groups. The first selection was made based on the 
highest correlation of the independent variables from each thematic group with the dependent 
variable (P65). The correlation between independent variables was not taken into account. The 
second selection was made based on the highest correlation of independent with the dependent 
variable (P65). Variables that had correlation coefficients  higher than 0.600 in between independent 
variables were excluded from the selection except variable with the highest correlation with the 
dependent variable (P65). 

The third selection was made based on the highest correlation of independent variables from each 
thematic group with the dependent variable (P65). Variables that had correlation coefficients higher 
than 0.600 in between independent variables in each thematic group was excluded from selection 

P4, P5 P4, P5 P4 P122,

P121, P122 P122 P122, P121

P37   P41

P41 P41 P41 P69

P70, P69 P69 P69, P70

P71 P88 P71 P90

P90, P144 P90, P145 P90, P144

Logistic regression best subset

Binary BinaryCategorical Categorical

CATREG with LASSO

Table 9.2: Selection of variables made by logistic regression best subset and CATREG with Lasso
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Table 9.3: Selection of variables for regression based on Pearson and Spearman correlation

except variable with the highest correlation with the dependent variable (P65). 

Variables of all selections are shown in Table 9.2, Table 9.3 and Appendix 12. From Table 9.3 it is 
visible that there are more than a few variables which appeared in all combinations.

Criteria on variable sets for final regression
There were prepared 16 sets of variables (Table 9.2 and Table 9.3). From those variable sets, 32 
variables sets for final regression were prepared. The first 16 sets were combined using only the 
variable with the best coefficient, and the other 16 sets were combined using both variables from 
each group. Those 32 variable sets were tested on two categorical and binary data no matter from 
which data set they were generated. On this way, more variable sets will be tested and finally 
validated as a proof test. Since some of the variables sets are the same, in total, there were 21 
unique variables sets for multiple and 21 unique variable sets for binary logistic regression (Table 
9.4). 

After conducting all regressions, some regression models were defined as not relevant by some 
criteria. Those criteria for multiple regression were: 

 P-value or significance of model or independent variable

P4, 
P32 P4, P32 P32, P4 P4, P32 P4, P32 P4, P32 P32, 

P4
P4, 
P32

P4, 
P32 P4, P32 P32, 

P4 P4, P32

P122, 
P92

P122, 
P92

P122, 
P92

P122, 
P92

P34, 
P93

P34, 
P93

P34, 
P33

P34, 
P33

P122, 
P121

P122, 
P121

P92, 
P34

P122, 
P34

P37, 
P38

P37, 
P38

P38, 
P37

P38, 
P37 P37 P37 P38 P38 P37 P37 P38 P38

P41, 
P40

P41, 
P40

P41, 
P40

P41, 
P40

P40, 
P39

P40, 
P39

P40, 
P39

P40, 
P39

P41, 
P40

P41, 
P40

P41, 
P40

P41, 
P40

P69, 
P70

P69, 
P70

P69, 
P70

P69, 
P70

P70, 
P55

P70, 
P55

P70, 
P52

P70, 
P52

P69, 
P70

P69, 
P70

P69, 
P70

P69, 
P70

P71, 
P89

P71, 
P89

P71, 
P89

P71, 
P89

P71, 
P88

P71, 
P88

P71, 
P111

P71, 
P111

P71, 
P88

P71, 
P88

P71, 
P67

P71, 
P67

P90, 
P144

P90, 
P144

P90, 
P144

P90, 
P144

P144, 
P114

P144, 
P114

P144, 
P114

P144, 
P114

P90, 
P144

P90, 
P144

P90, 
P144

P90, 
P144

Pearson 
binary

Spearman 
binary

Pearson 
categorical

Spearman 
categorical

Pearson 
binary

Spearman 
binary

Pearson 
categorical

Spearman 
categorical

Pearson 
binary

Spearman 
binary

Pearson 
categorical

Spearman 
categorical

Correlation by thematic groups
Correlation by thematic groups - cor-
relation between independent higher 

than 0.600 excluded

Correlation by thematic groups - 
correlation between independent 

higher than 0.600 by thematic 
group excluded
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 VIF 
 t value
 F

“If the probability of test statistic or one more extreme having occurred by chance alone is very low 
(usually p< 0.05 or p < 0.01), then you have a statistically significant relationship (sig.). Statisticians 
refer to this as rejecting the null hypothesis and accepting the hypothesis, often abbreviating the 
terms null hypothesis to H0 and hypothesis to H1” (Saunders et al., 2009). In the model, each 
independent variable is evaluated by probability, or it can be statistically significant or not. 

“The standard error is similar to the standard deviation of any set of data values, but instead denotes 
the expected range of the coefficient across multiple samples of the data. It is useful in statistical 
tests of significance that test to see whether the coefficient is significantly different from zero 
(i.e., whether the expected range of the coefficient contains the value of zero at a given level of 
confidence). The t value of a regression coefficient is the coefficient divided by its standard error” 
(Hair et al., 2014).

“Variance inflation factor (VIF) is a common measure that includes the tolerance value and its 
inverse – the variance inflation factor (VIF). Hair et al. (2014) recommend that a minimal tolerance 
value (0.10 or below) or a large VIF value (10 or above) indicates high collinearity” (Saunders et 
al., 2009).

“A low or insignificant partial F value for a variable not in the equation indicates its low or 
insignificant contribution to the model as already specified. A t value may be calculated instead of 
F values in all instances, with the t value being approximately the square root of the F value” (Hair 
et al., 2014).

The criteria for binary logistic regression were:
 P-value or significance of model or independent variable
 R- square Nagelkerke
 The Hosmer-Lemeshow goodness of fit test

“Several different “R2-like” measures have been developed and are presented in various statistical 
programs to represent the overall model fit. These pseudo R2 measures are interpreted as the 
coefficient of determination in multiple regression. A pseudo R2 value can be easily derived for 
logistic regression similar to the R2 value in regression analysis” (Gessner et al., 1998). The pseudo 



170

R2 for a logit model (R2LOGIT) can be calculated as:

“Just like its multiple regression counterpart, the logit R2 value ranges from 0.0 to 1.0. As the 
proposed model increases model fit, the -2LL value decreases. A perfect fit has a -2LL value of 0.0 
and an R2LOGIT of 1.0. Two other measures are similar in design to the pseudo R2 value and are 
generally categorized as pseudo R2 measures as well. The Cox and Snell R2 measure operates in 
the same manner, with higher values indicating more excelent model fit. However, this measure is 
limited in that it cannot reach the maximum value of 1, so Nagelkerke proposed a modification that 
had a range of 0 to 1. Both of these additional measures are interpreted as reflecting the amount 
of variation accounted for by the logistic model, with 1.0 indicating perfect model fit“(Hair et al., 
2014).

Logistic regression, like every other multivariate technique, must consider the size of the sample 
being analyzed. Very small samples have so much sampling error that identification of all but the 
largest differences is improbable. Substantial sample sizes increase the statistical power so that any 
difference, whether practically relevant or not, will be considered statistically significant. 

“However, most research situations fall somewhere in between these extremes, meaning a 
researcher must consider the impact of sample sizes on the results, both at the overall level and on 
a group-by-group basis. The first aspect of sample size is the overall sample size needed to support 
the estimation of the logistic model adequately. One factor that distinguishes logistic regression 
from the other techniques is its use of maximum likelihood (MLE) as the estimation technique. 
MLE requires larger samples so that, all things being equal, logistic regression will require a larger 
sample size than multiple regression. For example, Hosmer and Lemeshow recommend sample 
sizes greater than 400 (Hosmer and Lemeshow 2000). Moreover, a researcher should strongly 
consider dividing the sample into analysis and holdout samples as a means of validating the logistic 
model (see a more detailed discussion in stage 6). In making this split of the sample, the sample 
size requirements still hold for both the analysis and holdout samples separately, thus effectively 
doubling the overall sample size needed based on the model specification (number of parameters 
estimates)” (Hair et al., 2014).
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There were two variable datasets: binary and categorical which formed 32 variable datasets. Some 
variable datasets were not unique, so there were 21 unique variable datasets. 

All datasets were entered into regressions: multiple and binary logistic regression with a binary and 
categorical dataset which in total made 84 regression models. All models have evaluated through 
parameters for multiple and binary logistic regression.

Parameters for binary logistic regression were: 
 VIF 
 R square and adjusted R squared 
 Significance of model 
 Significance of variables 
 Nagelkerke R Square 
 Hosmer and Lemeshow Test 

Although in some cases VIF number was over ten, the model was taken into consideration. In 
such cases, the first step was to see collinearity between independent variables to remove variables 
with the highest collinearity until VIF was under ten and then estimated by significant variables, R 
square and adjusted R square.

All models are shown in Appendix 13.

From multiple regression, two models were selected named: “LRBS_2_lin_cat” on categorical 
data and “2” on binary data. In both cases, VIF was over ten, but after removing variables with high 
collinearity, VIF was under ten.

For binary logistic regression with binary data, almost all models had the same R square with one 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

  1 2  2  2   9 10    14 1  1 18            1

1 2   3  4  5 6   7 8 9   10   11 12 13 14 15 16 17 18 19 20 21  

All variables 
sets

Correlation by 
thematic groups

Pears. 
bin.

Spear. 
bin.

Pears. 
cat.

Spear.
cat.

Pears. 
bin.

Spear. 
bin.

Pears. 
cat.

Spear. 
cat.

Pears. 
bin.

Spear. 
bin. Pears. cat. Spear. 

cat. Binary cat. Binary cat.

Correlation by thematic 
groups - correlation between 

independent higher than 
0.600 excluded

Correlation by thematic groups - 
correlation between independent 

higher than 0.600 by thematic 
group excluded

Logistic 
regression 
best subset

CATREG 
with 

LASSO

Duplicate 
variables sets

Nr. of a 
unique set

Table 9.4: List of all variables sets chosen for further analysis
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or none significant variables.

For selected models, new variables were added to raise R square and number of significant 
variables. Each variable from the whole dataset was added to the model. While VIF number and 
Hosmer and Lemeshow test were acceptable, and R square was rising, the variable was added to the 
selection for further testing. All selected variables were sorted by correlation coefficient with the 
dependent variable. Each variable was added separately to the model, and the model was estimated 
by R square, VIF/Hosmer and Lemeshow test, the significance of the model and significance of 
variables. If the variable raises R square or the significance of variables, it was added to the model. 
After that, a new variable was added by the same criteria to the model. Additionally, besides the 
independent variable with the highest collinearity, which raised R square, additional models were 
also created with the following independent variables which raised R square of the model. Finally, 
the model with the highest R square was selected for the final regression and validation of the 
model. 

Regression
Regression on final models will give indicators with regression coefficients. Still, before declaring 
models as useful, they were validated, which is the final step of statistical analysis.

The following variables were selected for regression and validation:
 Multiple regression with binary data: P4, P5, P70, P71, P121, P122, P130 and P144 (Table 
 9.7 and Table 9.8).
 Multiple regression with categorical data: P4, 38, P71 and P122 (Table 9.5 and Table 9.6).
 Binary logistic regression on binary data:  P71 and P52 (Table 9.9 and Table 9.10).
 Binary logistic regression on categorical data: P64, P144, P52, P43, P33, P134, P40, P135, 
 P55 and P41 (Table 9.11 and Table 9.12).

For the description of the model, model summaries are given were degrees of freedom, R square, 
adjusted R square, and the significance of the model are presented. If the model is significant with 
valid degrees of freedom, R square value is criteria to define the strength of the model. In the 
coefficients table, regression coefficients (B; unstandardized coefficients) and the significance of 
variables are criteria to look to see the structure of the model. In figures about P-plot of regression 
standardized residuals (Figure 9.6, Figure 9.7), it is visible how expected results calculated from 
the model match observed one. The better they match, the better is model.
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Model R R 
Square

Adjusted R 
Square

Std. An error of 
the Estimate R Square 

Change
F 

Change df1 df2
Sig. F 

Change

1 ,975a ,951 ,948 ,113 ,951 340,146 4 70 ,000

1 (Constant)
P4
P38
P71
P122

-,029
,019
-,011
,979
,005

,055
,009
,008
,029
,006

,059
-,040
,975
,023

-,528
2,147
-1,437
34,128
,836

,599
,035
,155
,000
,406

-,140
,001
-,027
,922
-,007

,081
,037
,004
1,036
,018

,939
,883
,857
,901

1,065
1,132
1,167
1,110

            

Model

B Std. 
Error

Lower 
Bound

Upper
Bound

Tole-
rance VIFBeta

t Sig.

Standardized 
Coefficients

Unstandardized 
Coefficients

Change Statistics

95.0% Confidence 
Interval for B

Collinearity 
Statistics

Table 9.5: Multiple regression on categorical dana

Table 9.6: Model summary of multiple regression on categorical data

a. Dependent Variable: P65

a. Predictors: (Constant), P122, P4, P38, P71
b. Dependent Variable: P65

Coefficients

Model Summarya

Figure 9.6.: P-plot of regression standardised residuals

Observed Cum Prob

Normal P-P Plot of regression Standardized Residual  
Dependent Variable: P65
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1(Constant)
P4
P5
P70
P71
P121
P122
P130
P144

-,122
,133
,145
,064
,554
,145
,207
-,067
,094

,051
,054
,056
,052
,084
,057
,066
,038
,043

,092
,086
,051
,554
,134
,203
-,064
,096

-2,379
2,481
2,597
1,239
6,558
2,541
3,133
-1,774
2,214

,020
,016
,012
,220
,000
,013
,003
,081
,030

-,225
,026
,034
-,039
,385
,031
,075
-,143
,009

-,020
,241
,257
,167
,722
,259
,339
,008
,180

,714
,902
,591
,138
,354
,233
,750
,524

1,400
1,109
1,693
7,248
2,821
4,285
1,333
1,909

            

Model

B Std. 
Error

Lower 
Bound

Upper
Bound

Tole-
rance VIFBeta

t Sig.

Standardized 
Coefficients

Unstandardized 
Coefficients

95.0% Confidence 
Interval for B

Collinearity 
Statistics

Table 9.7: Multiple regression on binary data

a. Dependent Variable: P65

Coefficients

Model R R 
Square

Adjusted R 
Square

Std. An error of 
the Estimate R Square 

Change
F 

Change df1 df2
Sig. F 

Change

1 ,967a ,935 ,927 ,134 ,935 118,835 8 66 ,000

Change Statistics

Table 9.8: Model summary of multiple regression on binary data

a. Predictors: (Constant), P144, P70, P5, P4, P130, P122, P121, P71
b. Dependent Variable: P65

Model Summaryb
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Figure 9.7: P-plot of regression standardised residuals

Observed Cum Prob

Normal P-P Plot of Regression Standardized Residual 
Dependent Variable: P65
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For binary logistic regression, from tables “Variables in the equation” regression coefficients (B) 
and their significance are criteria for the estimation of the model. In model summary, Nagelkerke 
R Square is a criteria to compare with other binary logistic regression models. On figure 9.8 and 
figure 9.9 is presented predicted probability ordered by strength of probability and marked with 
variable P65. If cities do have LSDI, it is marked green, otherwise blue.

B S.E. Wald df Sig. Exp(B)

Step 1a    P71
P52

Constant

6,768
1,341
-4,076

1,444
1,498
1,148

21,981
,801

12,614

1
1
1

,000
,371
,000

869,630
3,822
,017

Table 9.9: Binary logistic regression with binary data

a. Variable(s) entered on step 1: P71, P52

Variables in the Equation
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Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square

1 17,619a ,674 ,908

Table 9.10: Model summary of binary logistic regression on binary data

Figure 9.8: Predicted probability on a sample of all cities by dependent variable P65 

a. Estimation terminated at iteration number 7 because parameter estimates changed by less than 
.001.

Model Summary

Predicted probabillity

ID

P65
0
1

,00000 ,20000 ,40000 ,60000 ,80000 1,00000

,00

20,00

40,00

60,00

80,00

B S.E. Wald df Sig. Exp(B)

Step 1a   P64(1)
P144(1)
P52(1)
P43(1)
P33(1)

P134(1)
P40(1)

P135(1)
P55(1)
P41(1)

Constant

1,257
2,680
-2,092
-2,230
-1,132
-,626
1,443
,663

1,415
-3,300
,582

1,033
1,121
1,054
1,459
,928

1,047
1,104
1,191
1,148
1,139
1,561

1,482
5,716
3,938
2,336
1,487
,357

1,709
,310

1,519
8,396
,139

1
1
1
1
1
1
1
1
1
1
1

,223
,017
,047
,126
,223
,550
,191
,578
,218
,004
,709

3,515
14,585

,123
,108
,322
,535

4,234
1,940
4,116
,037

1,789

Table 9.11: Binary logistic regression with categorical data 

a. Variable(s) entered on step 1: P64, P144, P52, P43, P33, P134, P40, P135, P55, P41.

Variables in the Equation
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Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square

1 45,815a ,529 ,711

Table 9.12: Model summary of binary logistic regression with categorical data

Figure 9.9: Predicted probability on a sample of all cities by dependent variable P65 

a. Estimation terminated at iteration number 6 because parameter estimates changed by less than 
.001.

Model Summary

ID

,00

20,00

40,00

60,00

80,00

,00000 ,20000 ,40000 ,60000 ,80000 1,00000

VALIDATION OF MODEL
In research, validation is used to confirm that the output of the statistical analysis is acceptable, 
and to confirm that the objectives of the research can be achieved. That means that validation will 
confirm defining indicators of development of LSDI defined through a model. Two datasets were 
used for validation. One was initially generated from the field data, and another, holdout sample, 
randomly extracted from the original sample. The original sample had 75 cases, while the holdout 
sample had 60 cases. The difference in significance of variables and R squared adjusted R square, 
and Nagelkerke R Square from original and holdout model was criteria for validation. If, at least 
the same variable was significant in holdout model as well as in original, model was validated as 
good. If it was higher, it was not validated as good. Tolerance, the difference between the original 
model and holdout model (R squared, R square and Nagelkerke R Square), was 2%. Otherwise, it 
was not validated as a good model. 
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The model which was validated as good was a multiple regression model on binary data with 
independent variables: P4, P5, P70, P71, P121, P122, P130 and P144 (Table 9.7 and Table 9.8). 

Independent significant variable in models are:
 P4     ‘Do you know a lot about acronyms INSPIRE OR NSDI?’.
 P5     ‘Do your know that according to the Law on State Survey and Real Estate Cadastre  
           (NN 16/07), local governments are responsible for: 
  1. The establishment and management of utility cadastre, 
  2. Establishment and management of original records of settlements, streets and 
      house numbers, 
  3. Determination of the house numbers?’.
 P71   ‘Is the funding of LSDI/GIS is from the local level (your city)?’.
 P121 ‘Access to datasets or LSDI services are free for registered users or completely free?’.
 P122 ‘Is the main LSDIs target group local government and citizens?’.
 P144 ‘Have you ever made contact about LSDI/GIS with the private firm from other cities?’.

For the multiple regression model on binary data, R square adjusted in the original model was 
92.7% while, in the model with holdout date, it was 92.0% which is 2% of the difference (Table 
9.13). Significant variables stuck the same in both samples: P4, P5, P71, P121, P122 and P144 
(Table 9.14). Additionally, P130 was significant in the validation model in the holdout sample as 
well. Still, it will not be used in the model algorithm. 
 
In Figure 9.12, it is visible that randomly created samples have cases from cities with and without 
LSDI/GIS. Also, it is visible in Figure 9.10 and Figure 9.11 that curve of standardized residuals 
for selected cases (original sample) and unselected cases (holdout sample) have the almost same 
shape. Figure 9.12 shows that cities with LSDI are present in the original as well as is holdout a 
sample. 

Model

60 from 
the first 
75 cases 

(SAMPLE)=1
(Selected)

60 from the 
first 75 cases 

(SAMPLE)   =1
(unselected)

R 
Square

Adjusted 
R Square

Std. An 
error of the 
Estimate R Square 

Change
F 

Change df1 df2
Sig. F 

Change

1 ,965a ,971 ,931 ,920 ,139 ,931 85,464 8 51 ,000

Change Statistics

Table 9.13: Model Summary for validation of multiple regression on binary data 

a. Predictors: (Constant), P144.P170, P5, P4, P130, P121, P122, P71

Model Summaryb,c
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1(Constant)
P4
P5
P70
P71
P121
P122
P130
P144

-,165
,206
,187
,127
,508
,177
,185
,-095
.130

,064
,074
,068
,064
,096
,065
,082
,046
,049

,127
,107
,093
,508
,157
,182
,-091
,133

-2,577
2,798
2,759
1,988
5,307
2,710
2,272
-2,086
2,634

,013
,007
,008
,052
,000
,009
,027
,042
,011

-,293
,058
,051
-,001
,316
,046
,022
-,186
,031

--,036
,354
,324
,256
,700
,308
,349
-,004
,229

,659
,912
,617
,149
,403
,213
,718
,513

1,518
1,096
1,622
6,728
2,481
4,705
1,393
1,883

Model

B Std. 
Error

Lower 
Bound

Upper
Bound

Tole-
rance VIFBeta

t Sig.

Standardized 
Coefficients

Unstandardized 
Coefficients

95.0% Confidence 
Interval for B

Collinearity 
Statistics

Table 9.14: Model Summary for validation of multiple regression on binary data 

a. Dependent Variable: P65
b. Selecting only cases for which 60 from the first 75 cases (SAMPLE)=1

Coefficients

b. Unless noted otherwise, statistics are based only on cases for which 60 from the first 75 cases 
(SAMPLE)=1.
c. Dependent Variable: P65

Figure9.10: P-plot of standardised residuals for the original sample 
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Figure 9.11: P-plot of standardised residuals for hold out sample
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Figure 9.12: Distribution of selected cases for hold out sample
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DECISION TREE
The decision tree is used to determine the tree of decisions to achieve a goal. If the goal is to 
implement LSDI, it is interesting to see which decisions are recognized by the decision tree.

“Data Mining is a non-trivial extraction of implicit, previously unknown, and useful imaginable 
information from data. Data mining finds essential information hidden in large volumes of data. 
Data mining is the reasoning of data” (Neeraj et al., 2013). It is the use of various algorithms 
managed by software for finding patterns and consistency in sets of data. Data Mining is an 
interdisciplinary field involving: Databases, Statistics, and Machine Learning. Data mining could 
be useful for (URL19):
 “Anomaly detection (outlier/change/deviation detection) – The identification of unusual
 data records, that might be interesting or data errors that require further investigation.”
 “Association rule learning (dependency modelling) – Searches for relationships between 
 variables. For example, a supermarket might gather data on customer purchasing habits.” 
 “Using association rule learning, the supermarket can determine which products are 
 frequently bought together and use this information for marketing purposes. This is 
 sometimes referred to as market basket analysis.”
 “Clustering – is the task of discovering groups and structures in the data that are in some
 way or another “similar”, without using known structures in the data.”
 “Classification – is the task of generalizing known structure to apply to new data. For 
 example, an e-mail program might attempt to classify an e-mail as “legitimate” or as
 “spam”.”
 “Regression – attempts to find a function that models the data with the least error that is, for
 estimating the relationships among data or datasets.”
 “Summarization – providing a more compact representation of the data set, including 
 visualization and report generation.” 

The categorical dataset was used for decision tree analysis. Analysis was made on the following 
data sets:
 All data
 All data with Spearman’s rho beneath 0.600 correlation coefficient with dependent (P65) 
 variable
 Analysis with each group separately
  Thematic group 1. Awareness about SDI and INSPIRE – rates knowledge about SDI
  (INSPIRE) and legislation. P4, P5, P32
  Thematic group 2. Public spatial data management at the local level – rates local 
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Table 9.15: Variable datasets decision tree

  governance and usage of public spatial data. P7, P21, P25, P27 P33, P34, P92, P93, 
  P121, P122
  Thematic group 3. Human resource – rates the level of employees’ readiness for
  development and management of LSDI. P37, P38
  Thematic group 4. Hardware and software – rates existing hardware and software
  for LSDI development and management. P39, P40, P41 
  Thematic group 5. Organizational – rates the level of strategic thinking in the city
  government to organize, develop, manage and use LSDI. P43, P51, P52, P53, P55, 
  P69, P70
  Thematic group 6. LSDI existence and development – rates existence and
  development of LSDI. P66, P67, P71, P72, P86, P88, P89, P111
  Thematic group 7. Support and collaboration – rates support, collaboration and 
  cooperation concerning LSDI development. P56, P57, P64, P90, P114, P120, P123, 
  P124, P125, P126, P130, P134, P135, P140, P144, P145, P146.
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All data

Public spatial data management at local level

=== Summary ===
Correctly Classified Instances          73           97.3333 %
Incorrectly Classified Instances         2             2.6667 %
Kappa statistic                          0.945
=== Detailed Accuracy by Class ===
Recall   F-Measure     ROC Area
0,968    0,968             0,972   
0,977    0,977             0,973   
0,973    0,973             0,973   
=== Confusion Matrix ===
  a  b   <-- classified as
 30  1 |  a = YES
  1 43 |  b = NO

=== Summary ===
Correctly Classified Instances          74           98.6667 %
Incorrectly Classified Instances         1              1.3333 %
Kappa statistic                          0.9726    
=== Detailed Accuracy Bby Class ===
Recall   F-Measure        ROC Area
1,000    0,984                0,980   
0,977    0,989                0,979   
0,987    0,987                0,980   
=== Confusion Matrix ===
  a  b   <-- classified as
 31  0 |  a = YES
  1 43 |  b = NO

=== Summary ===
Correctly Classified Instances         52         69.3333 %
Incorrectly Classified Instances      23         30.6667 %
Kappa statistics                          0.3047
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,323    0,465                0,575   
0,955    0,785                0,592   
0,693    0,653                0,585   
=== Confusion Matrix ===
  a  b   <-- classified as
 10 21 |  a = YES
  2 42 |  b = NO

=== Summary ===
Correctly Classified Instances         45                  60 %
Incorrectly Classified Instances      30                  40 %
Kappa statistic                          0.2055 
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,645    0,571                 0,554   
0,568    0,625                 0,550   
0,600    0,603                 0,552   
=== Confusion Matrix ===
  a  b   <-- classified as
 20 11 |  a = YES
 19 25 |  b = NO

Awareness about SDI and INSPIRE

Human resource

Table 9.16: Report on decission tree analysis ba each variable dataset
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Hardware and software

LSDI existence and development

=== Summary ===
Correctly Classified Instances          57                     76%
Incorrectly Classified Instances        18                    24%
Kappa statistic                          0.5189 
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,806    0,735                0,777   
0,727    0,780                0,775   
0,760    0,762                0,776   
=== Confusion Matrix ===
  a  b   <-- classified as
 25  6 |  a = YES
 12 32 |  b = NO

=== Summary ===
Correctly Classified Instances          73           97.3333 %
Incorrectly Classified Instances         2              2.6667 %
Kappa statistic                          0.94
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,968    0,968                0,949   
0,977    0,977                0,949   
0,973    0,973                0,949   
=== Confusion Matrix ===
  a  b   <-- classified as
 30  1 |  a = YES
  1 43 |  b = NO

=== Summary ===
Correctly Classified Instances        67         89.3333 %
Incorrectly Classified Instances       8          10.6667 %
Kappa statistic                          0.7736
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,774    0,857                0,801   
0,977    0,915                0,807   
0,893    0,891                0,804   
=== Confusion Matrix ===
  a  b   <-- classified as
 24  7 |  a = YES
  1 43 |  b = NO

=== Summary ===
Correctly Classified Instances          66                 88 %
Incorrectly Classified Instances         9                 12 %
Kappa statistic                          0.749 
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,806    0,847                 0,844   
0,932    0,901                 0,848   
0,880    0,879                 0,847   
=== Confusion Matrix ===
  a  b   <-- classified as
 25  6 |  a = YES
  3 41 |  b = NO

Organizational

Support and collaboration

All data with Spearman’s rho beneath 0.600

=== Summary ===
Correctly Classified Instances          64         85.3333 %
Incorrectly Classified Instances        11         14.6667 %
Kappa statistic                          0.6902
=== Detailed Accuracy by Class ===
Recall   F-Measure        ROC Area
0,742    0,807                0,799   
0,932    0,882                0,805   
0,853    0,851                0,802   
=== Confusion Matrix ===
  a  b   <-- classified as
 23  8 |  a = YES
  3 41 |  b = NO

Variables datasets correctly classify sample in the following per cent (Table 9.16):
 Thematic group 2. Public spatial data management at local level               98.67% 
 Thematic group 6. LSDI existence and development                            97.33% 
 All variables dataset                      97.33%
 Thematic group 5. Organizational                   89.33%
 Thematic group 7. Support and collaboration            88%
 All data with Spearman’s rho beneath the correlation coefficient of  0.600    85.33%
 Thematic group 4. Hardware and software                       76%
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 Thematic group 1. Awareness about SDI and INSPIRE     69.33%
 Thematic group 3. Human resources                        60%

It is interesting to see from the classification in the decision tree, in which group can be found 
variables with a correlation higher than 0.600 and how many of them. It seems that public spatial 
data management and LSDI existence and development are themes with most such variables.

Number of variables with Spearman’s rho coefficient higher than 0.600 by groups are (9.16):
 Thematic group 2. Public spatial data management at the local level             4
 Thematic group 6. LSDI existence and development                3
 All variables dataset                               11
 Thematic group 5. Organizational                             1
 Thematic group 7. Support and collaboration                 1
 All data with Spearman’s rho beneath 0.600 correlation coefficient               0
 Thematic group 4. Hardware and software                            1
 Thematic group 1. Awareness about SDI and INSPIRE               0
 Thematic group 3. Human resource                             0

INTERPRETATION OF STATISTICAL RESULTS
By Spearman’s Rho variables with correlation coefficient higher than +/- 0,600 are: P71 (0,973), 
P122 (0.971), P69 (0.966), P89 (0.957), P88 (0.952), P92 (0.929), P90 (0.844), P93 (0.779), P121 
(0.698), P67 (0.675) and P41 (0.623). Those variables strongly correlate with the existence of GIS/
LSDI in cities in the Republic of Croatia.

P71 ‘Is the funding of LSDI/GIS from the local level (your city)?’. (In the questionnaire: Local 
level in 97% of those cities which do have LSDI/GIS).

P122 ‘Is the main LSDIs target group local government and citizens?’. (In the questionnaire: Local 
administration in 75% cases and citizens in 13% citizens of those cities which do have LSDI/GIS).

P69 ‘Was initiative for the development of LSDI / GIS from the city government?’ (In the 
questionnaire: From city government in 69% of those cities which do have LSDI/GIS).

P89 ‘Do you rate investment in LSDI/GIS more than 8 of 11?’ (In the questionnaire: More than 8 
of 11 in 75% of those cities which do have LSDI/GIS).
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P88 ‘Do you rate LSDI/GIS efficiency and effectiveness on the city management more than 8 of 
11?’ (In the questionnaire: More than 8 of 11 in 43% of those cities which do have LSDI/GIS).

P92 ‘Are spatial datasets of public interest (utility cadastre) completely included in LSDI/GIS? - 
DOF?’. (In the questionnaire: Yes, entirely in 78% cases of those cities which do have LSDI/GIS).

P90 ‘Would you like to share your know-how solution with other cities?’. (In the questionnaire: 
Yes, in 69% of cases of those cities which do have LSDI/GIS).

P93 ‘Are spatial datasets of public interest (utility cadastre) completely included in LSDI/GIS? - 
Utility cadastre?’. (Yes and mostly yes in 41% cases of those cities which do have LSDI/GIS).

P121 ‘Access to datasets or LSDI services are free for registered users or completely free?’. (In the 
questionnaire: Yes in 69% of cases of those cities which do have LSDI/GIS).

P67 ‘During your development of LSDI/GIS have you recognized any of the barriers in development? 
‘. (In the questionnaire: Yes in 59% of cases of those cities which do have LSDI/GIS).

P41 ‘Do you know if the city uses any software for spatial data view or edit?’. (In the questionnaire: 
Yes, in 55% of all cases).

The decision tree recognizes P71 as the primary decision to make if all data are used for 
classification. Further on it recognize P4 and P5 which are related to awareness. With data only 
for a thematic group “Awareness about SDI and INSPIRE”, the decision tree recognizes P4 as the 
primary decision to achieve an objective – implemented LSDI. In the thematic group related to 
public spatial data management, it is P122, and then P92. For human resources, it is P37, and for 
hardware and software P41 than P40. From the organizational aspect, it is P69 and then P70. For 
LSDI existence and development, it is P71, and from support and collaboration, it is 90 and then 
P114. One additional variable set was tested with no variables with a correlation higher than 0.600. 
The goal of this was to recognize the hierarchy between variables with a correlation lower than 
0.600.The first chosen variable was P70, then P4, then P86, then P144, tan P43, then P88, then 
P125 than P52, and finally P33 (Table 9.15).

In Table 9.8, the adjusted R square, of multiple regression model on binary data, is .927, which 
means that 92.7%. of the variance of dependent variable “ P65 ‘Do you have GIS or LSDI for the 
city management?’” is explained by independent variables in this model. In ANOVA, Table 9.17. 
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significance is less than .05, which means that model is statistically significant.

In the coefficients table (Table 9.7), there are six independent variables statistically significant:
P4 ‘Do you know a lot about acronyms INSPIRE OR NSDI?’ – sig 0.016

P5 ‘Do your know that according to the Law on State Survey and Real Estate Cadastre (OG, 
16/07), local governments are responsible for: 
 1. The establishment and management of utility cadastre, 
 2. Establishment and management of original records of settlements, streets and house 
     numbers, 
 3. Determination of the house numbers?’ – sig 0.012

P71 ‘Is the funding of LSDI/GIS from the local level (your city)?’ – sig 0.000

P121 ‘Access to datasets or LSDI services are free for registered users or completely free?’ – sig 
0.013

P122 ‘Is the main LSDIs target group local government and citizens?’ – sig 0.003

P140 ‘Have you ever made contact about LSDI/GIS with a private firm from other cities?’ – sig 
0.030

Two variables in the model are not significant:

P70 ‘Do you know if you have a clear organizational structure for LSDI maintenance and 

Model Sum of Squares df Mean Square F Sig.

1 Regression
Residual

Total

13,199
,985

14,183

8
51
59

1,650
,019 85,464 ,000c

a. Dependent Variable:P65
b. Selecting only cases for which 60 from the first 75 cases (SAMPLE)=1
c. Predictors: (Constant), P144, P70, P5, P4, P130, P121, P122, P71

ANOVAa,b

Table 9.17: ANOVA for the selected model 
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development?’ – sig 0.220

P130 ‘Has a private firm from other cities ever contacted you about LSDI/GIS?’ – sig 0.081

There are eight variables in the model which is around ten times less than the sample number in 
the questionnaire.

Independent variable P71 has the strongest unstandardized coefficient (0.554), which means that as 
independent variable P71 index increase by 1 (1 unit of change), there will be 0.554 units of change 
independent variable P65. Following are P122 (0.207), than P121 and P5 (0.145),  than P4 (0.133) 
and final P144 (0.094). 

Standardized coefficients describe a change in standard deviation. The greatest change has P71. 
For every one full standard deviation of P71, there is 554 increase in the standard deviation of P65.  

Finally, an estimation that city will have GIS/LSDI by multiple regression model on binary data is:
 The city will have LSDI
 = (0,554)LSDI financed from the local level                                           
 + (0,207)main LSDI target group is local government and citizens
 +(0.145)do know that according to the Law on State Survey and Real Estate Cadastre 
    (NN16;07),/local governments are responsible for: 1.The establishment and management 
    of utility cadastre 
 +(0,145)access to datasets or LSDI services are free for registered users or completely 
    free+(0,133)know a lot about INSPIRE or NSDI
 +(0.094)never made contact about LSDI/GIS with any relevant party                                           
 +,149 

Knowing if the city is financed from the local level, if the main LSDI target group is local government 
citizens, if they know legal acts related to SDI, if access to datasets is free for registered users or 
completely free and if they are willing and capable to develop it by themselves is enough to predict 
a dependent variable – the existence of LSDI.

In this statistical analysis, the sample size was the most significant limitation. A low sample size 
reduces the possibility of regression models due to the adequate ratio of sample size and number 
of variables in the model. Another limitation are questions in the questionnaire. Questions were 
adapted to assessment methodologies and other research conducted to the Republic of Croatia, 
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which is not necessarily best for regression and other statistical analyses.  

SUMMARY
The goal of this chapter, was to use statistical analysis to determine indicators of the development 
of LSDI. Results were recoded and prepared to analysis due to recognized risks. The model which 
was validated was defined with regression coefficients that present variables or indicators which 
have the most influence on the development of LSDI in the Republic of Croatia based on the 
conducted research. Additionally, variables influence achieving the objective were recognized with 
the decision tree, and the existence of LSDI defined by the dependent variable. After statistical 
analysis, decision on funding from the local level, is the primary variable which influences on 
development of LSDI. Other significant variables in the model are related to main LSDI target 
group (local self-government administration and citizens), awareness about NSDI, accessibility of 
data (free for all and registered users) and not having contacts with any stakeholders for the purpose 
of development of LSDI. 
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PILOT PROJECT

A pilot project of implementing of webGIS solution in the chosen city is presented. The process 
of implementation, stakeholders and used technology is explained. Finally, the opinion of key 

stakeholders in the process are stated.

10
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INTRODUCTION
The process of selection of the city for the pilot project was described and explained in this chapter. 
The selected city, city of Sinj is presented. WebGIS, as an online tool for managing spatial data, is 
also introduced. For the implementation of webGIS, work processes and needs of all stakeholders 
were identified. The list of stakeholders was made, and the work processes were identified based 
on interviews and described in chapter 8. The architecture of implemented webGIS is shown and 
explained. Also, implemented modules into webGIS of the city of Sinj are presented. Finally, the 
influence of public relations, used to promote the use of webGIS and raise awareness about this 
tool, was measured and described.

The objective of this chapter is to test some conclusions from previous chapters and to use experience 
from this, pilot project in the process of the development of a model of LSDI in the Republic of 
Croatia. The conclusions which were tested were indicators that influence the development of 
LSDI: funding from the local level, awareness, support for development from decision makers on 
the local level, and administration and citizens as the main LSDI target group.

The process of implementation of webGIS into the city management was essential for gathering 
information, experience and opinions of stakeholders of webGIS in one of the cities in the Republic 
of Croatia. In designing of the pilot project, the following keystones were addressed: 
 Selection of the city
 Defining stakeholders in the process of implementation of webGIS
 Defining stakeholders  for gathering information and opinions in matters related to webGIS
 work processes and
 The process of conducting the implementation of webGIS

Outcomes of this project give more practical insight into circumstances, problems and opportunities 
for SDI on the local level in the Republic of Croatia. The conclusions from this project were 
triangulated with results from qualitative and quantitative research to form the model of development 
of LSDI. The first thing was to go through validated indicators from statistical analysis. From 
statistical analysis, in the validated regression model, the following variables were significant:

P4 ‘Do you know a lot about acronyms INSPIRE OR NSDI?’.

P5 ‘Do your know that according to the Law on State Survey and Real Estate Cadastre (OG,   
      16/07), local governments are responsible for:  
 1. The establishment and management of utility cadastre, 



192

 2. Establishment and management of original records of settlements, streets and house 
     numbers, 
 3. Determination of the house numbers?’.
P71 ‘Is the funding of LSDI/GIS from the local level (your city)?’.

P121 ‘Access to datasets or LSDI services are free for registered users or completely free?’.

P122 ‘Is the main LSDIs target group local government and citizens?’.

P140 ‘Have you ever made contact about LSDI/GIS with a private firm from other cities?’. 

All of the variables were tested during the pilot project, mostly through interviews with stakeholders. 
Also, they were evaluated from the practical experience of implementing a webGIS solution. 
Funding, the target group of LSDI, awareness about LSDI and legislation, networking and free 
datasets were vital for the successful implementation of webGIS. These indicators were guidelines 
for each of the abovementioned keystones. The first criteria were to find a technical solution for 
implementation which city is willing to pay for implementation. The second was that webGIS 
solution satisfies the needs of the city administration and citizens, and the third was the existence 
of knowledge about SDI. 

CITY SELECTION
It was necessary to find a city in which webGIS could be successfully implemented. Also, it was 
essential to find a city that has the most problems that cities in the Republic of Croatia do have, 
but also has enough capacity to implement sustainable webGIS. The biggest cities were not good 
candidates, since they already have LSDI or webGIS and they have much more capacities. Also, 
the smallest cities, were not good candidates as middle-sized cities by budget and population since 
they depend on some services of middle and big size cites from their  neighbourhood. For practical 
reasons, since the capacities and potential of smaller cities are smaller than middle-sized cities, it 
was less time and financial consuming to pick a medium-sized city. Further on, most of the cities 
in the Republic of Croatia are middle-sized cities. According to Zimmermann (1999), cities, could 
be categorized by population:
 “Smaller regional centre (24 cities): population of gravity and impact area of more than 
 40,000; the number of central residents 10,000 - 30,000; The number of employees central 
 workers more than 5,000; the ratio of the population of the central city and the influential
 and gravitational zone 1: 2 -1: 4; the central radius of influence in km - orientation 20 - 50.”
 “Other centres of municipalities (63 cities): population of gravity and impact area more
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 than 10,000; central population 3,000 - 10,000; the number of employees in the central city 
 more than 1 000; the ratio of the population of the central city and the influential and 
 gravitational zone 1: 2 -1: 3; the central radius of influence in km - orientation 10 - 20 It was  
 essential to have the will to go in project and support from the city government in the
 process of implementation.”

Finally, from the researcher’s perspective, it was vital that, with the least effort, time, and finance, 
can establish necessary business and social relationships on a local level to conduct this kind of 
pilot project.

The selection criteria for choosing the best candidate were:
 The candidate who could successfully achieve the main goal
 The candidate repšresents the most of the sample
 The candidate which will be least time and finance consuming to finish the project
 The candidate who is willing to go through the process and which will give support in 
 implementation from the top level of decision making
 The candidate in which a researcher can establish necessary business and social and other 
 relationships to finish the project most efficiently. 

By the criteria of budget, in this questionnaire, there are 48% of cities with medium-small budget 
(30-100 mil Kuna’s) and 37% medium-small cities by the criteria of the population (10.000-35.000). 
This category of cities represents most cities that have the capacity and potential to achieve the 
main primary goal successfully. Since the best social and business relationships for researcher 
were, in the city of Sinj, it was a good candidate for the project. Further on, it was most likely to 
have support from decision-makers.

THE CITY OF SINJ
Today, according to the political-territorial nomenclature, the area (town of Sinj) consists of fourteen 
(14) suburban settlements; Bajagić, Brnaze, Čitluk, Glavice, Gljev, Jasensko, Karakašica, Lučane, 
Obrovac Sinjski, Radosiće, Sinj, Suhač, Turjaci and Zelovo. According to the 2011 census report, 
the town of Sinj has 24,832 inhabitants, while in the central part (settlement of Sinj), it has 11,448 
inhabitants. The budget in the city of Sinj in 2019. was 128,100,000.00kn (circa 17,194,600.00 €) 
and in 2020. 91,700,000.00kn (circa 12.308.700€) (URL 20).

The City of Sinj manages the following city companies responsible for managing and maintaining 
city space and infrastructure:
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 KAMIČAK ltd to manage parking lots
 WATER SUPPLY AND DRAINAGE OF CETINSKA KRAJINA ltd to perform the
 activity of public water supply and public drainage
 PURITY OF CETINSKA KRAJINA ltd to perform utilities
 ECONOMIC ZONE KUKUZOVAC ltd, company for development, construction and
 management of the economic zone Kukuzovac ltd

Other stakeholders in the city of Sinj are not owned by the city of Sinj but mostly by the central 
government, so they were separated into two groups to test if there is a difference based on 
ownership of stakeholders.

According to 2011 data, the percentage of households in Sinj that own a personal computer is 
51.4%, while the number of households using the internet is 3401, or 45% of the total number of 
households, which represents below-average results in both Split-Dalmatia County, Croatia and 
Europe. Official statistics from 2014 shows that 56.3% of Split-Dalmatia and 65% of Croatian 
households have a computer (66% in 2013), 52% and 68% have internet access (65% in 2013), 
and almost all of them via broadband internet access (99%). Broadband is by far the most common 
way of accessing the internet and in all EU Member States too, and in 2013 it was used 76% of 
households in the EU-28.

In the SWOT analysis made for the City of Sinj’s strategy, the opportunity of using ICT technologies  
is recognized. “Improvement and availability of ICT technology that enhances the quality of life 
of all citizens through the use of electronic services of public administration, health, and electronic 
educational services and similar (URL 23).” This project could be such an opportunity.

Each of the categories in SWOT (strength, weakness, opportunities and threats) are represented 
with states, ordered by strength of each states, nominated with a number from one to ten. Most 
dominant states in SWOT analysis are related to environment and utility and other infrastructure. 
Since all of this does have spatial components, they are or could be represented with spatial data 
with attributes. Besides that, land registry and cadastre is recognized in threats.Further on, disaster 
is recognized in a few sentences in threats, which is also relevant for choosing modules for webGIS 
implementation.
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Primary infrastructure developed and accessible 
to almost all citizens (98% of citizens connected 
to the water supply network, high availability of 
broadband internet)  
Wealth and quality of water resources, 
cleanliness of soil and air - the basis of the 
quality of life, with significant potential, 
for the development of eco-economy, tourism
Significance of the amount of former state 
property (e.g., part of military infrastructure) 
with all utility connections transferred to the 
ownership of the city  
Ecologically safe and preserved urban 
environment - no major pollutants  
Significant investments are made in the water 
supply and sewerage network 
Relative proximity to significant traffic 
junctions (Split)  
Numerous (10) wild waste landfills three have 
been rehabilitated Existence/development of 
relevant urban spatial, infrastructure and other 
plans (e.g., Waste Management Plan 2015-2021) 
that are aligned with higher-level plans  
Well-developed sports and recreational 
infrastructure nearby (suitable for attracting 
investors in the health and sports tourism 
segment)  
The city promotes energy efficiency and the use 
of renewable energy sources, and did not limit 
the use of solar energy in the spatial plan within 
the plan provided for the space designated for 
testing of solar power plants. 
The existence of quality land in the city area  
Continuous resolution of unplanned and / or 
illegal construction  
Urban space is not overcrowded, green spaces 
under the norms  
Due to its importance as a habitat for numerous 
plant and animal species, part of the city is 
proclaimed part of the European ecological 
network NATURA 2000 

Unrealized construction of high-speed state 
road (D4) as a key roadway  
The local road network still does not meet 
the needs of the City and the settlements - 
a long-term unrealized project of constructing 
a city bypass to relieve the city centre and 
enable further urban development of Sinj  
Undefined transport strategy/study of the 
city (as a basis for the development of local 
transport infrastructure) and lack of local 
consensus on further road development 
(east or west bypass, ensuring adequate 
parking in the city, importance and potentials 
of construction of the Vc corridor in 
neighbouring BiH)  
The lack of public parking spaces  
Insufficient number of organized cycle paths 
in Sinj  
Unresolved long-term waste management - 
the need for rehabilitation of the Mojanka 
landfill, rehabilitation of the mine Salt 
Rocks (and waste in it)  
The low proportion of the population 
connected to the sewer network (currently 
only 37% of the population connected)  
Lack of detailed spatial plans: required 
revision of the spatial plans and the general 
urbanplan  
Utilization of abandoned industrial 
infrastructure and works of former military 
infrastructure 
Adequate records and control of drinking 
water sources are not maintained (incomplete
decision on municipal order)  
Dispersed settlements and a large total length 
of utility infrastructure to be built and 
subsequently maintained  
High losses in the water supply system  
A small number of energy-efficient buildings 
in the city  
Insufficient education/awareness of citizens 
on waste separation  
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intensity of influence intensity of influenceOPORTUNITIES TREATS

5

4

4

4

4

4

4

3

3

3

3

2

1

1

1

2

Establishment of cooperation to achieve synergy 
with the City of Split, which would, among 
other things, ensure the conditions for EU 
financing of development projects through the 
Integrated Territorial Investment (ITU) program 
for urban development 
Further realization of the project of construction 
of the water supply system of the Sinj 
agglomeration can be financed mainly from 
EU funds and the national budget (only with 
a smaller part of the budget of the local 
self-government unit)  
Existence of significant property in the Sinj area 
owned by SDUUDI which is planned to be offered 
to the market or town for management (barracks, 
land) with the potential development of social 
and health rehabilitation facilities and servants 
(construction of a rehabilitation centre 
for veterans)  
Construction of the Vc corridor in BiH would 
further strengthen the role of Sinj as an essential 
transit city between Dalmatia and central Bosnia  
Ability to use EU funds to equip a waste 
management centre and recycling yard, and to 
address environmental issues and environmental 
infrastructure  
Implementation of the Waste Management 
Program in Split-Dalmatia County would 
significantly help in solving the problem of local/
urban waste management  
Possible state-owned construction of a low-
pressure gas system to Sinj (Gasification of the 
Zagora Inland) diversified biosources of energy 
for citizens and businesses  
Further national encouragement and co-financing 
of the construction and use of renewable energy 
sources could have a particularly positive impact 
on the Dalmatian hinterland, as well as on the 
Sinj area, due to favorable solar and wind energy 
potentials  
Existence of plans for the development of a 
suburban railway system within the Split Macro 
Area, which would include the Split-Sinj line

Disorganization of cadastre and land 
registry limits infrastructure development  
Delay in the implementation of the Waste 
Management Center of Split-Dalmatia 
County influences the local problem of 
waste management  
Poor condition and unreliability of the 
electricity distribution network in the Sinj 
area (outdated and loaded high voltage 
power lines)  
Lack of support and poor coordination 
with state institutions  
High risk of earthquake  
Inadequate afforestation of non-native 
species (pine) by Croatian forests
The loss of safety of the Peruča Dam 
poses a direct risk of the flood of the 
Cetina River into the town of Sinj
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WEBGIS
Development of the Web and Internet provides new possibilities that can significantly help SDI 
experts (Alesheikh et al., 2002). Easy access to data and possibilities of visual presentation do 
help in overcoming the main difficulties in geoscience (Gillavry, 2000). Web GIS allows usage 
of vector, raster data and according to that, attribute data which allows many options for querying

In webGIS processes, webGIS has client/server tree tier architecture which consists of a client, 
middleware and server tier (Figure 10.1). 

On the server-side, all processing is done by an accepted query from middleware. A client tier is 
a usual web Server , which handles raster, vector data and HTML documents to present data as a 
result of users queries. Middleware is used for communication between server-side and client-side. 
For the pilot project possibilities of web and internet will be used to generate a web GIS solution.

SELECTION OF STAKEHOLDERS FOR IMPLEMENTATION
As preparation for the project, key stakeholders for implementation were recognized. Roles and 
communication in the pilot project were defined. Essential for the pilot project was support from 
decision-makers in the city, communication on a local level between stakeholders and within city 
administration, support of producer of IT solution for webGIS and the maintenance of system, 
support from the national level regarding accessibility to spatial data and researcher as organizer 
of the mentioned processes.

An agreement about this project was made with the mayor of the City of Sinj. On behalf of the 
City, the head of the administrative department of spatial planning, communal activities, economy 
and property management was selected as a responsible person for the process of implementation. 
She was responsible for all processes in the implementation of webGIS solution in the city of 

Figure 10.1: Tree-tier webGIS architecture (Tiwari, 2013)
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Sinj. A representative of the firm „Promet i prostor, d.o.o.“ was responsible for IT tasks in the 
implementation of webGIS solutions. „Promet i prostor, d.o.o.“ was selected based on experience 
in the implementation of webGIS in cities in the Republic of Croatia. Experience in implementation 
of the webGIS solution in medium or small cities by budget or even municipalities was essential. 
Researcher, have organized a meeting of the abovementioned stakeholders to make an agreement 
and to kick off the project. Before the start meeting number of meetings with mentioned 
stakeholders were organized to prepare, meet with possibilities of webGIS, clear all doubts and get 
to know with possible risks during the implementation of the project. Separately, the State Geodetic 
Administration (SGA) was identified as a key stakeholder for spatial data on the national level. 
Meetings with SGA were held done separately by a researcher with the support of mentors.

The first task was to recognize stakeholders of the city of Sinj in working processes related to 
spatial data or in working processes which could be related to spatial data. It was essential to know 
whom to interview and who is taking part in daily communication related to their work processes. 
Interviews with stakeholders are described in chapter 8. Getting contacts of representatives of all 
stakeholders was preparation for planned interviews. It was essential to explain possibilities of 
webGIS to representatives of stakeholders so that they can recognize in which working processes 
webGIS solution could help. Also, it was essential to recognize which working processes could 
benefit most from webGIS in an economical way. Mostly it was not possible to identify economic 
gain but it was estimated. Besides economic gain, support from citizens was also essential. Citizens 
have an impact on the popularization of webGIS and as voters, do have an impact on decisionmakers. 
Sinvula et al. (2017) analyse th role of stakeholders based on International Cartographic Association 
typology in South Africa, Namibia and Ghana.  
 

WORK PROCESSES
WebGIS is a tool that can be used for the distribution of spatial data, queries on spatial data, 
communication between stakeholders, communication between citizens and city administration. 
Between various working processes in city administration, those who could benefit from webGIS 
should be recognized. For recognition of working processes five approaches were used:
 Working processes recognized by the head of the administrative department of spatial
 planning, communal activities, economy and property management
 Working processes recognized by research (literature overview)
 Working processes recognized by stakeholders in the management
 Working processes recognized by the firm with experience in SDI and specifically in the
 implementation of webGIS solution to other cities
 Working processes from which citizens could benefit.
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Finally, there was a selection made of working processes by these approaches or a combination 
of them. The process of recognition was a more iterative process than concise. It was essential 
to get all on the “same page” about the possibilities and benefits of webGIS as much as possible. 
Somewhat more effort was necessary with stakeholders with no experience in using webGIS. So it 
was essential to introduce some examples of best practices within meetings with the stakeholders 
mentioned above.

The first step was research about webGIS made during literature overview in this research, visiting 
conferences with (L)SDI content, various meetings with representatives of cities with webGIS or 
geoportal implemented, and personal experience during professional work. Benefits from this step 
were overall knowledge about usage of webGIS in cities in the Republic of Croatia.  Meetings 
with city representatives had a more informal character, but relevant for raising knowledge about 
the LSDI environment. Meetings were held with representatives from the following cities: Zagreb, 
Split, Novska, Kaštela, Trogir, Samobor and Sinj. Attended conferences were “SDI Days” which is 
a conference about SDI, organized by State geodetic administration and mostly Geodetic faculty, 
University of Zagreb. During this conference, the parallel is held NSDI days (National Spatial Data 
Infrastructure) in the organization of the National spatial data infrastructure. Researcher attended 
“SDI Days” conferences in 2016, 2017, and 2018.

The next step was meeting with representatives of firms with experience in SDI and implementation 
of webGIS/LSDI/geoportal into city management. Meetings with three firms were held:
 “Geofoto, d.o.o.”, Maribor, the Republic of Slovenia
 “GDi Zagreb”, Zagreb, the Republic of Croatia
 „Promet i prostor, d.o.o.“, Zagreb, the Republic of Croatia

During these meetings the goal was to see the appropriateness of firms for webGIS/LSDI/geoportal 
implementation based on the following criteria: experience in medium and small cities, financial, 
possibilities in customization and readiness, and support for a more academic approach to the 
project rather than commercial. It was essential to be acceptable to the city based on financial offer 
and based on the degree of customization and research-oriented project. Also, it was essential to 
understand the political, financial, sociological situation as well as city plans and potential from 
strategic documents in the City.

Meeting with the Head of the administrative Department of Spatial planning, Communal activities, 
Economy and Property management, had two goals. The first was to get them to know about 
possibilities of webGIS to try to identify new work processes as an outcome of the implementation 
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of webGIS and the second one to make a list of ongoing work processes to identify those which could 
benefit from webGIS. For the second goal, there was a prepared list of possible work processes for 
local government in Croatia and a presentation about some examples of webGIS/LSDI/geoportal 
for the meeting. The selected IT firm made the initial list for implementation of webGIS, “Promet 
i prostor, d.o.o.”. Those modules are a selection of all modules developed by “Promet i prostor, 
d.o.o.” through their previous jobs. Jobs were mostly done with regional and local self-government 
and firms in their ownership. It seemed like a good start for the selection for this pilot project. By 
modules in the list, working processes in the city were categorized and estimated by relevance from 
the city government representatives. From 97 presented modules, 37 were identified as modules 
that could describe the working processes in the management of the city of Sinj. 

Also, nine stakeholders related to working processes were identified through this list of working 
processes:
 The city of Sinj
 State geodetic administration
 Parking Management Company.
 Firm for intervention in public lighting
 Water supplier and water treatment company
 Waste treatment company
 Fire department
 Police
 Touristic community

Additionally, eight were identified through the process of identifying owners of infrastructure in 
the city or owners of spatial data on city area:
 Electric Supplier Company
 Risk management group
 Croatian county roads 
 Local action group
 Croatian waters
 Land registry
 Croatian woods
 T-com

Based on those two lists interviews were done as described in chapter 8. 
The city and the firm had agreed to implement six modules into a webGIS solution. For the 
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rest, it was agreed that they would be decided later on based on research through a pilot project. 
Additionally, it was agreed that an additional two would be implemented.

THE ARCHITECTURE OF THE IMPLEMENTED WEBGIS 
The basic system architecture is shown in Figure 10.2 (pipGIS 2004):

Figure 10.2 shows that the webGIS system architecture is divided into three sections. User section 
is the hardware (cellphone, tablet or computer) from which the client communicates with the cloud 
section. 

The Cloud section consists of 2 parts – the first one is the application part of the architecture in 
which there is Phyton application that communicates with Postgre SQL database for data storage 
and Geoserver application for serving the graphic (maps) towards the user (pipGIS 2004).  

The whole application part is supported on the server in which the operating system Linux is 
running. The cloud part of the system architecture communicates with the user using programming 
languages- HTML5 and Javascript and open-source Javascript library (Openlayers).

This open-source system architecture is very convenient because it requires minimum hardware 
needs, so the city does not have to pay for any licenses, and there are no installation requirements. 
This can be very practical for including any other stakeholder tin action.

Figure 10.2: Architecture of the webGIS (pipGIS, 2004)
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Figure 10.3: Scheme of primary pipGIS portal and modules (pipGIS 2004)

Also, cloud computing represents a very efficient and safe way for data storage. Thus the data are 
stored in a cloud server that provides data to other users. 

All software solutions of the company are developed independently, and they can be further 
developed and adapted to the individual requirements of each user (pipGIS 2004). The structure 
of the pipGIS® application system is set in such a way that software solutions (modules) (Figure 
10.3) for managing each type (category) of spatial data are upgraded to the basic pipGIS® portal.

The software solutions are therefore upgraded to the basic pipGIS® portal and conceptually 
implemented in three levels (pipGIS 2004):
 operational level (input and support for data entry)
 analytical level (simple and complex data analysis)
 strategic level (data visualization - decision support).

System hierarchy allows administrative rights to only one or a couple of users which limits the 
space for data manipulation. 

The data are in the cloud, which means that there are no hardware limitations (it can be used on 
computers, tablet or mobile devices). However, it also means that there can be an unlimited number 
of system users, and there is the possibility of simultaneous work in the system of multiple users.

Spatial data are visualized on maps, and it is possible to do spatial analysis on them.  It is easy to 
integrate it with other business and GIS applications with all necessary tolls usually used in GIS 
software.
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Software solutions can serve customers as a single database and as a management system. For 
this purpose, the system is also adapted to interconnecting with other systems (e.g., traffic lights, 
public cameras, measuring water levels, meteorological stations, traffic counts) and provides a 
complete solution in monitoring all spatial data in the administrative area of local and regional self-
government units. (pipGIS, 2004).

IMPLEMENTED MODULES INTO SINJ WEBGIS
Based on the agreement, seven new modules and eleven layers as a selection of city administration 
were implemented in webGIS. Implemented modules were:
 Comments (spatial notes)
 Address register
 Roads
 Records of agricultural land
 Module for citizens proposals for changes to spatial plans
 Evidence of utility services payers

During the implementation phase, the State geodetic administration was contacted by a researcher 
with two goals. The first goal was an interview with SGA as a stakeholder of local spatial data 
infrastructure. The second goal was to make an agreement between SGA and the city of Sinj about 
the donation of spatial data sets. SGA donated cadastre parcels, a topographic map (1:25000), a 
Croatian basic map (1:5000), central register of spatial units and digital orthophoto maps (1:5000) 
for all area of the city of Sinj for use for city administration. From this interaction one more module 
was implemented:
 Cadastre parcels

The researcher selected two additional modules. The plan was to calculate the economic gain from 
each possible module based on working processes. Since it was not possible to calculate such 
economic value in a reasonably uncomplicated way, criteria were the estimation of the researcher 
about the best interest of citizens on a daily base and in the long term. Besides the best interest 
of citizens and city administration, the support of citizens for webGIS could positively influence 
decision-makers about the project of implementation of webGIS. The first selected module was 
a module for reporting utility problems (web and mobile applications with free access to citizens 
to report about the problem in utility). The second selected module was a module for disaster 
management created as a byproduct of this research. Since the city of Sinj has a relatively significant 
risk of earthquakes, fires, floods and snow this module in such a situation could be critical in a time 
of and just after disasters. Selected modules could affect the quality of living and popularize the 
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usage of webGIS and other modules as well. 

Modules selected by the researcher were: 
 module for reporting and solving utility problems by citizens over mobile phones
 disaster management module

Besides those modules, eleven layer groups were implemented: 
 Forest areas
 Cycle lines
 Hiking tracks
 Croatian forests (wms service)
 Natura 2000 protected areas (wms service)
 Spatial plans
 Settlements
 Municipality
 Local government
 Public Roads Network 2016. (official SGA information)
 MGIPU Building Areas (information from MGIPU)

ACCESSIBILITY TO WEBGIS
All modules and layers are accessible to the city administration, but some of them are not available 
to citizens. Layers represent just one spatial dataset with no implemented additional queries or 
possibilities for communication. The module uses spatial data and can make queries by using 
layers, filters, names and codes made on spatial data. Names are “names” used from the attribute 
table and codes are “codes” of spatial data used from the attribute table. 

Accessible to citizens and city administrations are the following:
Module:

Sinj - a public portal

Layers:

Transport infrastructure
 Cycle lines (layer)
 Walking paths (layer)
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 Roads (layer)
 Public Roads Network 2016 (layer)
Croatian forests
 State forests (layer)
 Private forests (layer)

Natura 2000
 Bird Conservation Areas (Layer)
 Conservation areas relevant to species and habitat types (layer)

Spatial plans
 PPUG
  Plan boundary (layer)
  1. Use and use of surfaces (layer)
  2.1. Traffic (layer)
  2.2. Post services and Telecommunications (Layer)
  2.3. Electricity supply (layer)
  2.4. Water supply (layer)
  2.5. Drainage (layer)
  3.1. Special Conditions of Use Areas (Layer)
  3.2. Areas of particular usage restrictions (layer)
  3.3. Areas of special arrangements and protection (layer)
  3.4. National Ecological Network (layer)
  4. Construction areas (layer)
 GUP
  Plan boundary (layer)
  1. Use and use of space (layer)
  1.2. Activity Network (Layer)
  1.3. Traffic (layer)
  1.4. Mail and Telecommunications (Layer)
  2.1. Energy system (layer)
  2.2. Water management system (layer)
  2.3. Wastewater drainage (layer)
  3.1. Special Conditions of Use Areas (Layer)
  3.2. Areas of application of special landscaping and protection measures (layer)
  3.3. Uses (Layer)
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 DPU – “Ivaniša Nelipića” military site
  Plan boundary (layer)
  1. Purpose of surfaces (layer)
  2.1. Traffic (layer)
  2.2. Electricity (layer)
  2.3. Telecommunication infrastructure (layer)
  2.4. Water supply network and wastewater drainage (layer)
  3. Conditions of use, arrangement and protection of space (layer)
  4. Construction conditions (layer)
  4.1. Parcel layout (layer)

 DPU- Trnovača
  Plan boundary (layer)
  1. Detailed use of surfaces (layer)
  2.1. Traffic (layer)
  2.2. Power grid (layer)
  2.3. Telecommunication network (layer)
  2.4. Water supply and sewerage network (layer)
  3. Conditions of use, arrangement and protection of space (layer)
  4.1. Parcel layout (layer)
  4.2. Construction conditions (layer)
 
 UPU - GZ Kukuzovac
  Plan boundary (layer)
  1. Use and use of surfaces (layer)
  2.1. Traffic (layer)
  2.2. Energy system (layer)
  2.3. Telecommunication network (layer)
  2.4. Water supply network (layer)
  2.5. Wastewater drainage (layer)
  3. Conditions of use, arrangement and protection of space (layer)
  4. Construction methods and conditions (layer)

Administratively
 House numbers (layer)
 Settlements (layer)
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 Municipalities (layer)
 Local self-government (layer)
 Building Areas (MGIPU) (layer)
 Cadastre (layer)

Accessible just to city administration are:
Module “Comments” with layers and filters:
 Archived comments (layer)
 Interventions
 Problems on unclassified roads (filter)
 Public lighting (filter)
 Communal order (filter: municipal and other waste, cemetery, public green spaces, 
 cleanliness of public areas)
 Municipal order (filter: municipal order, collection and disposal of dead animals from 
 the public
 Maintenance of communal infrastructure (filters: areas where traffic is not permitted for 
 motor vehicles, public stormwater drainage structures, buildings, devices and public
 utensils)
 Citizens’ applications (layer)
 Other (filter)

Module “Links” with layers, codes and names:
 Routes (layer)
 Roads (code)
 Roads (name)
 Archived routes (layer)

Module “Utility fee” with filters:
 Important real estates (filter)
 Business real estate (filter)
 Housing and garage estates (filter)
 Address register (module)

Module “Address register” with layers: 
 Address register supplement (layer)
Modules:
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 Cadastre (module)
 Agricultural land records (module)
 Modification of spatial plans (module)

Layer groups:
 Forest areas (layer)

PUBLIC RELATIONS
During the implementation phase, there were several meetings and visits to Sinj:
 July 13,2018. First meeting in the city of Sinj (mayor, head of the administrative department 
 of spatial planning, communal activities, economy and property management, representative 
 of firm implementation of webGIS, researcher)
 July 18,2018.  Implemented pipGIS portal, with Google Street View
 October 18,2018.  Data sets for utility payers received from the city. Added to pipGIS.
 October 19,2018.  Second meeting in the city of Sinj (head of the administrative department
 of  spatial planning, communal activities, economy and property management, representative 
 of firm implementation of webGIS)
 October 26,2018. Internal PiP taskutility payers’ correction of data by an update of addresses
 January 21,2019.  Third meeting in the city of Sinj (head of the administrative department 
 of spatial planning, communal activities, economy and property management, representative 
 of firm implementation of webGIS)
 February 13,2019. Added to GIS datasets about tracking and cycling tracks available for 
 general public 
 February 14,2019. Added to GIS datasets about unclassified roads took from the web page 
 of the city of Sinj
 February 22,2019.  Finished with adding spatial plans into pipGIS 
 February 25,2019.  WebGIS portal of the city of Sinj opened for the general public on the 
 city of Sinj web page
 September 27,2019.  Update of data of cadastre parcel and address register 
 September 29, 2019.  Added spatial plan for “Trnovača”. Unclassified roads are accessible 
 to citizens.
 November 26, 2019.  Update of the spatial plan for “Trnovača”
 November 28, 2019. Fourth meeting in the city of Sinj (head of the administrative department 
 of spatial planning, communal activities, economy and property management, representative
 of firm implementation of webGIS)
 December 13, 2019.  Added module for the general public to give remarks on spatial plans
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 online by the webGIS portal.
 June 24, 2020.  Added module for a module for reporting public communal leases by
 citizens and presented to the city administration. Presented module for disaster management
 to civil protection representatives.

Besides these interactions, there were many phone calls and email communication between all 
stakeholders.

During the implementation, hits on the webGIS subpage of the web page of the city of Sinj were 
measured. Criteria were implemented modules and public communication in local media related to 
webGIS. Hits were tracked two days before and after the action. 

It was interesting to see how PR influenced raising awareness of city administration and citizens. 
Logically, the usage of the webGIS was raised by PR actions. Also, the strength of the medium is 
important as well. The stronger the media, the more significant is the influence. Services that are 
meant to be used by citizens must be presented through media with the highest reach.

Action which was followed by measurement of hits were:
 December 12, 2020.: Public releases about added module for the general public to give 
 remarks on spatial plans online by webGIS portal.; released on official web pages of the city 
 of Sinj and local digital media (URL 24). 
 June 24, 2020.: Added module and mobile application for citizens for reporting of any 
 disabilities or irregularities in any infrastructure or nature or area of the city of Sinj and 
 presentation about the draft version of the module for disaster management on the area of
 the city of Sinj.
 June 26, 2020.: Public releases about added module and mobile application for citizens for 
 reporting of any disabilities or irregularities in any infrastructure or nature or area of the 
 city of Sinj; released on official web pages of city of Sinj (URL 25). 
 June 27, 2020.: Public releases about the added module and mobile application for citizens 
 for reporting of any disabilities or irregularities in any infrastructure or nature or area of the 
 city of Sinj; first public release on local digital media (URL 26). 
 July 09, 2020.: Public releases about added module and mobile application for citizens for 
 reporting of any disabilities or irregularities in any infrastructure or nature or area of the 
 city of Sinj; second public release on local digital media (URL 27). 
 July 15, 2020.: Public release about the added module and mobile application for citizens 
 for reporting of any disabilities or irregularities in any infrastructure and development of 
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 module for disaster management on the area of the city of Sinj; public release in one of the 
 leading national media (URL 28). 

All of the modules listed above are modules intended for public use. Number of hits were measured 
by groups: group with public releases (marked in red in tables) and without public release (marked 
in blue in tables). Goal was to detect possible change in number of hits if public release is included. 
Difference in hits indicates influence of public release on awareness and initial interest for public 
services provided by LSDI.

It is evident from Table 10.2 that there is a strong influence of public releases on the number of 
hits on webGIS web page. The rate of growth of hits goes from 212% up to 1192% . If there are no 
public releases, the number of hits before and after is the same, 12 hits.

It is evident that the number of hits after public releases rise not just in two days but much longer 
since hits after subsequent releases are higher than before public releases. Two days before adding 
module for citizens for reporting of any disabilities or irregularities in any infrastructure or nature 
or area of the city of Sinj and presentation to employees of the city of Sinj administration about the 
draft version of the module for disaster management on the area of the city of Sinj were 12 hits. 
If we compare the number of hits after public releases with the initial 12 hits before adding the 
module, we have an even more significant influence of public relations on the number of (Table 
10.3).

Date of 
added module or 

public release 
about it

Number of 
hits two day 
before the 

event

Number of 
hits two day 

after the event

Growth 
rate

Average hity 
per day before 

the event

Average hity 
per day after 

the event

12.12.2020. 0 68 -% 0 34
24.06.2020. 12 12 100% 6 6
26.06.2020. 12 143 1192% 6 72
27.06.2020. 18 183 1017% 9 92
09.07.2020. 51 108 212% 26 54
15.07.2020. 21 62 295% 11 31

Table 10.2 The number of hits two days before and after the event.

after public release

after adding module whitout public relases
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The number of installations of the mobile application (URL 29) for citizens for reporting of any 
disabilities or irregularities in any infrastructure or nature on area of the city of Sinj was tracked as 
well (Table 10.4).

Lower numbers on date June 26, 2020. and June 27, 2020. should be seen from the perspective of 
one event since PR activities were done two soon one after the other and could not be estimated. If 
installations numbers are compared with the initial five installation on June 24, 2020. before any 
PR activites, then the influence of PR activities is more clearer (Table 10.5). Influence is strong, 
going from 140% to 620%.

Table 10.3 The number of hits two days before adding the module and two days after each public releases.

after public release

after adding module whitout public relases

Date of 
added module or 

public release 
about it

Number of 
hits two day 
before the 

event

Number of 
hits two day 

after the event

Growth 
rate

Average hity 
per day before 

the event

Average hity 
per day after 

the event

24.06.2020.

12

12 100%

6

6
26.06.2020. 143 1192% 72
27.06.2020. 183 1525% 92
09.07.2020. 108 900% 54
15.07.2020. 62 517% 31

Date of 
added module or 

public release 
about it

Number of 
hits two day 
before the 

event

Number of 
hits two day 

after the event

Growth 
rate

Average hity 
per day before 

the event

Average hity 
per day after 

the event

24.06.2020. 5 13 260% 2,5 6,5
26.06.2020. 13 9 69% 6,5 4,5
27.06.2020. 12 7 58% 6 3,5
09.07.2020. 10 31 310% 5 15,5
15.07.2020. 5 18 360% 2,5 9

Table 10.4: The number of installation of mobile application two days before and after the event

after public release

after adding module whitout public relases
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After the process of implementation was finished, the opinion about the process was asked from the 
representative of the firm which implemented webGIS into the city of Sinj and employee in city of 
Sinj administration responsible for the process of implementation.
The firm representative stated.

“The implementation of the webGIS system in the city of Sinj, as well as in most other LSDIs as 
users of such system, is primarily due to the need to solve a specific legal obligation, such as the 
establishment of a register of utility cadastre (most often: unclassified roads, public lighting, green 
areas), records of agricultural land disposal, keeping a register of real estates, and similar. Other 
important reasons for the implementation are: increasing the revenue of local self-government units 
(taxes, municipal charges), optimizing business processes to reduce expenditures (maintenance of 
utility infrastructure, digitization of various procedures, digitization of data), sharing spatial data 
with citizens to facilitate data availability and increase the quality of life, etc.

Successful implementation of the webGIS system in the city of Sinj is a result of several fulfilled 
criteria:
 1. Approval and support by the responsible person (mayor)
 2. Implementation management by the responsible person of the Managing Authority, which
    is vital due to:
  a. Easier approval of costs and other resources of initial implementation and 
     subsequent upgrades
  b. Orders to lower-ranking city employees to use such a system

Table 10.5: The number of installation of mobile application two days before adding the module 
and two days after each public releases.

after public release

after adding module whitout public relases

Date of 
added module or 

public release 
about it

Number of 
hits two day 
before the 

event

Number of 
hits two day 

after the event

Growth 
rate

Average hity 
per day before 

the event

Average hity 
per day after 

the event

24.06.2020.

5

13 260%

2,5

6,5
26.06.2020. 9 180% 4,5
27.06.2020. 7 140% 3,5
09.07.2020. 31 620% 15,5
15.07.2020. 18 360% 9
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 3. Availability of data in digital format (unclassified roads, utility bonds, spatial plans)   
    therefore, it was not necessary to include the collection and digitization of the
    database in the implementation process.

Greater implementation speed and faster and more comfortable  use for employees would contribute 
to:
 serious involvement in the implementation process of LSDI employees responsible for 
 managing software solutions and applications;
 making an official decision at the city level (LSDI) to use the webGIS system as an official
 system for managing a database of specific databases.

It is important to emphasize that younger and technical educators usually achieve a more 
straightforward adjustment towards the use of the new programming system.

Essential criteria that the WebGIS system must meet for LSGU(Local Self-Government Units) 
employees to use it in their daily activities (key for the program system to “live” in long-term use):
 simplicity of use speed of work update of primary spatial data within the jurisdiction of the 
 SGA (register of spatial units, digital cadastral plan);
 Integration with other it systems and equipment used by local self-government units (public 
 spatial data services, ERP system, GPS vehicles, traffic and security cameras, sensors);
 Availability of the service provider for user support (preferably the same service provider
 employee as coordinator for resolving any problems in use).

Implementation of the webGIS system in the city of Sinj was characterized by gradual upgrading 
of software modules (expanding the database in GIS), which is positive to develop and accept the 
use of it by employees gradually.”

A representative of the city stated:
“In my experience, for the successful implementation of this system, what is important:
 application of adequate technology and continuous technical support
 active involvement of all stakeholders (cities, utility providers, citizens)
 adequate organizational structure

In the implementation process, it is important that there is no lack of coordination among 
stakeholders. Also, for the process to be successful, the organizational structure needs to be 
adapted. The current benefits are that citizens are given faster and more modern access to public 
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services, and within the city, there is a higher level of transparency of internal processes. On the 
other hand, the risks of this system are to be misused (false alerts) and failure to act by individual 
utility service providers. The personal experience of participating in this project has helped me in 
daily work tasks and professional development. To be able to estimate the influence of the entire 
working community, it is necessary to pass more time from the beginning of the implementation 
of the webGIS for everyone to recognize all its advantages. I certainly believe that an adequate 
organizational culture would contribute to a better acceptance of this system and thus benefit more 
from this system.” 

FINAL REMARKS 
The pilot project, the initial phase of implementation of webGIS was successful. The city and 
the firm for LSDI implementation must find mutual interest to deliver the best service to citizens, 
city administration and other stakeholders. Further on this project should be driven from the city 
exclusively, and it will most likely depend on support from decision-makers or better said awareness 
of decision-makers about the benefits of LSDI. 
 
From researcher perspective, the key for initiation of development of LSDI in the city is awareness 
about the benefits of LSDI or webGIS. Raising awareness can be done systematically or individually. 
In this case, it was done individually by the researcher and representative of the firm for LSDI 
implementation. Also, low or lower price for service of implementation of WebGIS than usual on 
the market was important for the decision to go into the implementation of webGIS.

After the decision, decision-makers do not participate in operative tasks but their constant support 
and interest in the process of implementation are essential. It could be that the intensity of interest 
also depends on awareness. A crucial part of this process is the selection of an employee responsible 
for the operative implementation of webGIS and communication between stakeholders. In this 
case, to an employee, this task was added to others. Most likely, it would have been better if the 
employee had had just this task or if this task had been leading one. Also, it seems that awareness 
and knowledge about LSDI of this employee is also critical since it could influence motivation. It 
would be best if there would be possibilities (financial and organizational) in the city to have one 
person responsible for this process exclusively. Moreover, it would be best, if it is an IT expert with 
specialization in GIS.

Further on the usage of webGIS by city administration demands changes in daily working routines 
which is usually followed by resistance. So, HR skills are advantageous and particularly those for 
implementing change in daily working routines. This could do significant favour for accepting the 
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tool or the opposite, rejecting it. 

Finally, the promotion of webGIS through PR seems to influence positively on all of them. After the 
project finished successfully, those who participated were proud and motivated to carry on. Citizens 
got familiar with the tool and started using it, and the city administration is easily accepting it.

Based on successful experience, it seems that decision-makers will more easily recognize the 
benefits of webGIS and be more willing to decide to go in new investment. Also, after the success 
they are willing to pay more for new services useful for city administration and citizens, primarily 
but other stakeholders as well. Most of indicators from statistical analysis were confirmed. HR 
and PR activities are recognized as well. Pilot project confirmed that decision about investment 
in LSDI from local level decision makers is essential for implementation of LSDI. Such decision 
came after presented benefits of LSDI. Main target group were defined from the city, and it were 
city administration and citizens. Besides confirmed indicators, from the practical side, support 
from decision makers level in implementation is crucial. Knowledge about LSDI and GIS or 
employee responsible for implementation is critical. Human resources activities are essential for 
accepting change in daily routines of employees. PR activities seems vital for raising awareness 
and knowledge of citizens about usefulness of LSDI.

SUMMARY
The city was willing to invest in webGIS after it got an  acceptable offer of the firm for of WebGIS 
solutions. Modules and layers were selected for the main target groups: city administration and 
citizens. Knowledge about (L)SDI was accessible all the time of this implementation phase through 
this research. The city agreed about further investment in the development of webGIS, so there 
is still will from decision-makers to go further with development and implementation. From the 
experience of implementation, it was essential to have one person from the city responsible for 
communication about the implementation of webGIS but also all other communications with 
stakeholders. Also, it seems that PR activities strongly influence the willingness of citizens to use 
and decision-makers to make decisions in favour of LSD development. After the finished process 
of implementation, it seems that the city administration was satisfied with possibilities and willing 
to see more the possibilities of webGIS.
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DEVELOPMENT OF LSDI-MODEL DEVELOPMENT IN
 THE REPUBLIC OF CROATIA

In this chapter, the results obtained from research methods are sublimed into the final model 
of development of LSDI in the Republic of Croatia taking into consideration the legal regulations 

of the Republic of Croatia and different circumstances related to local self-governments 
in the Republic of Croatia.

11
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INTRODUCTION
This chapter describes the development of a model of development of LSDI in the Republic of 
Croatia. The objective of the chapter is to use the results obtained in all research steps, compare 
them to other research studies, discuss them and deliver inputs for a model of development out of 
each step of the research. After the triangulation of inputs for a model of development, the model 
will be created and finally discussed. The terms “development” and “scientific model” are explained 
first, and then the term “model of development”, to provide a better understanding of these terms. 
There are different definitions or theories describing the models in science. In this chapter, the 
scientific model is used to describe the development of LSDI in the Republic of Croatia.
The results and analysis obtained from the questionnaires, interviews, focus group and pilot project 
were used in the process of developing the model. In addition to the results and analysis obtained 
in the research, there were also other research studies used that have been made in Croatia. The 
legislation of the Republic of Croatia related to local self-government and SDI had to be taken 
into account. The facts about local government or SDI in the broadest sense were also used for 
the development of the model. All input data revealed key indicators of development of LSDI in 
the Republic of Croatia and key obstacles that were extracted to be used in the development of the 
model. The model is visualized for the purpose of better understanding the model of development. 
Essential processes of development and crucial stakeholders are described as well. 

DEVELOPMENT AND MODEL
According to the Cambridge dictionary, development is “the process in which someone or something 
grows or changes and becomes more advanced (URL1).” 

Frigg et al. (2018) state that a model can be a representation of a selected part of the world (the ‘target 
system’). Depending on the nature of the target, such models “are either models of phenomena or 
models of data.” On the other hand, “a model can represent a theory in the sense that it interprets 
the laws and axioms of that theory.” Further on, he states that “many scientific models represent a 
phenomenon, where ‘phenomenon’ is used as an umbrella term covering all relatively stable and 
general features of the world that are interesting from a scientific point of view.” He defines two 
problems related to models. The first problem is to explain in virtue what a model is representing. 
The second problem is concerned with representational styles. In his work, he states the following 
four types of model representation as important: scale models, idealized models, analogical models, 
and phenomenological models. The phenomenological models from this research defined by Frigg 
as “models that only represent observable properties of their targets and refrain from postulating 
hidden mechanisms” are interesting. McMullin (1968), defines phenomenological models as 
“models that are independent of theories.”
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Further on, Frigg et al. (2018) recognize what a model can represent in an ontological sense: physical 
objects, fictional objects, set-theoretic structures, descriptions, equations, and gerrymandered 
ontologies. Descriptions as model representation are closest to the model in this research. Frigg et 
al. (2018) define that models could be related to theories in a number of ways: 
 “Models as complements of theories”
 “Models stepping in when theories are too complex to handle”
 “Models as preliminary theories”

Further on, he describes the model “as preliminary theories as to the notion of models as substitutes 
for theories closely related to the notion of a developmental model.” This term has been coined by 
Leplin (1980), who pointed out how useful such models were in the development of early quantum 
theory and that they are now used as an umbrella notion covering the cases in which models are a 
kind of preliminary exercise to theory. 

Giere (1988) describes “the representation of a real-world system with two distinct relations, the 
specification of a model system and some relevant similarity between the model system and the 
world itself “ (Figure 11.1). Further on, he describes that the word ‘‘model’’ tends to be ambiguous 
here and may be interpreted as what he calls the model system and the model description.

MODEL INPUT DATA 
Two types of data were used to develop a model: the data obtained in this research and the data 
from other sources. The data obtained in this research are essential:
 Results obtained from quantitative research
  Results from the questionnaire
  Pearson and Spearman correlation on results of research
  Regression model on the results of research
  The decision tree on results of research

Figure 11.1: Representation of a real-world by the model (Gierre 1988)
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 Results obtained from qualitative research
  Focus groups 
  Interviews with stakeholders of LSDI of the city of Sinj
 Conclusions derived from the pilot project related to the implementation of LSDI in the city of Sinj

In order to be described, the real-world data should be “visualized” in the real world. It is also of 
utmost importance to get to know the real world by learning about the processes, legislation, and 
circumstances in the targeted area in order to better identify the real-world by means of a model. So, 
the results obtained in the research were taken with deep consideration in the development of the 
model. In order to describe the real world, the results obtained in the research were sometimes taken 
more as a “clue” (repercussion) rather than facts (cause) for modelling the real world. For instance, 
when we say that the funds of the local government are a crucial indicator of the development of 
LSDI, it does not mean that there is no money, when in fact there is. It could mean that the decision 
makers in some local self-governments decide to invest in a project of LSDI development rather 
than in other projects. Such decision may be triggered by the awareness and knowledge about LSDI 
or by the interest of citizen’s or other stakeholders.

Furthermore, the identification of stakeholders who mostly influence the decision makers in the 
local government could provide for us a better explanation about the actual reason for the decision 
about where to invest. The above mentioned process was not focused on literature overview, but 
rather an intention to follow “clues”. Thus, the data were triangulated with other data obtained in 
other research studies, from legislation or circumstances related to LSDI in the Republic of Croatia. 
The real world is dynamic and fast-changing, so the researcher opinions about a topic, although 
subjective, could also be a “clue” for the development of a model. The Opinions of the researcher 
were challenged by the results obtained in other research studies. The interpretation of results is a 
critical part of the model development process.

The data from other sources could be divided into the following groups:
 Data from other research studies in the Republic of Croatia
 Data from other research studies outside of the Republic of Croatia 
 Legislation in the Republic of Croatia and the European Union
 Internal documents of the local government
 Circumstances related to LSDI in the Republic of Croatia.

MODEL OF DEVELOPMENT
The development of LSDI is the process occurring in the real world. In the real world, there are 
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people, processes, politics, institutions, local self-government, and all other stakeholders included. 
There are relations among people, but also between people and institutions. All institutions and all 
stakeholders have the current state of the system domain at their disposal. The process of “fitting 
in” new or systematically developed systems as LSDI is a specific and multilevel challenge and 
the road with many risks to overcome. For complex systems, we can hardly know how they will 
function in the real world before they are implemented. It is not realistic to know for sure what 
will encourage or prevent the development and with what strength or intensity of influence. These 
factors can be of a legislative, procedural, technical or sociological nature. The influence of these 
factors can be recognized by researching the development indicators or obstacles in a targeted area 
where the examples of successfully implemented systems already exist. The most crucial process 
is the process of identifying the indicators that mostly influenced the development of LSDI in the 
real world. The most extensive list of factors that might influence the development in the real world 
should be recognized prior to questionnaire and then measured. Based on the results of measurement, 
statistical regression identifies the indicators that mostly affect the development. Literature and 
other research studies were used as challenging identified indicators. Multilevel inductive research 
was also used to recheck the results obtained by each of the methods and as additional inputs for the 
interpretation of statistical results. This process is important as a risk management process in the 
development of the model. In this research, all research methods and literature overview confirmed 
the results from the validated statistical regression model. The challenges, risks and the system 
encompassing the environment of the system itself can be observed through formal and informal 
factors that affect them. 

The challenges in the development of the model can be divided into formal and informal. Formal 
challenges in LSDI development in the Republic of Croatia are related to political support, 
institutional support, local governments legislation, compatibility with other systems and policies 
prepared to go through the process all the way. These processes can be measured. Although informal 
challenges can be a task of institutions or local self-government administration or even employees 
themselves, they are less tangible and less measurable. Those challenges could be related to the 
domain of human resources like communication, raising awareness, raising the level of knowledge, 
motivation, decision makers motivation to make a favourable decision related to the topic, inspiring 
everyone to work for the same goal, citizens’ interest and support to decision makers to develop 
LSDI. 

The same classification can be used for risks, formal and informal, and such risks correlate with 
challenges. On the other hand, best practices are always welcomed to point out the benefits and to 
raise the awareness of various stakeholders of the LSDI potential. Best practices could as well help 
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overcome risks and challenges. 

To “fit in” something, one should know the targeted “it”. Knowing may be again related to facts 
(more formal)  but also subjective (more informal) “feeling” about the current state of the system 
and of all, or at least, most important stakeholders. When the facts are in focus, they should be 
measurable or at least systematically gathered and analysed. When “feeling” is in focus, various 
types of research on different less measurable aspects of real-life could be helpful like human 
behaviour in a professional environment or willing to accept changes or to motivate others to 
achieve a new goal. 

Along with the “environment” around LSDI, there is LSDI itself. LSDI may be formally and 
most concisely described as the system containing people, data, technologies, and standards. Less 
formal definition could be mostly related to human behaviour but also processes. The challenges for 
people may be: the level of knowledge, will for professional development, transfer of knowledge, 
readiness to accept changes, acceptance of other systems, the capability to manage the organization 
needed to perform this process, satisfaction with the new system and willingness to use or support 
new system. When we talk about processes, they can be described in terms of efficiency and 
effectiveness.
 
Experiences and real world research can be helpful to face the real-world challenges. The opinions 
of experts on different topics are valued in the process of acquiring experience and conducting the 
real-world research and most likely the best way to easily obtain information, solution or predict 
threats.

The formal aspect is mostly related to the organization domain (strategic) of the real world. The 
informal aspect refers mostly to the operational domain (tactical) of the real world. Both aspects 
are governed by the domain of legislation or laws. The model of development should take all tree 
domains into account in order to change the system in the real world. Some idea or vision of the 
future system is needed, and above all, the stimulation to change the organizational level including 
the actors who will make it accepted and “alive” at the operational level, which is probably most 
challenging. Hence, the three domains are: the idea level defined by legal acts, organizational level 
defined by an institution, and operational level defined by decision makers in the city management

The change itself could be described as a process that includes the following aspects (Figure 11.2):  
 Framework of change
 Implementation of change (in this case LSDI as a system)
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 Testing and tuning the change (pilot projects in the real world)
 Monitoring and triggering the change (real-world level) 

The framework level is related to the political level formulating the legislation based on ideas 
or feedback obtained in the monitoring process. The implementation level is related to the 
organizational level. At the organizational level, some institutions apply the legislation in the 
preparation of regulatory documents needed at the operational level. The testing and tuning level is 
related to the operational level, which is, in this case, the city administration. Based on legislation 
and the regulatory documents drafted by the institutions, the city administration implements and 
manages a monitoring the system under its jurisdiction. The system needs to be monitored, and the 
report on the system submitted accompanied by the feedback suggesting further improvements to 
the system. If tuning is relatively small, it should be on the basis of regulatory documents, and if it 
is structural, then it should be governed by legislation. At this level, the change of the system can 
be initiated first by applying the legislation informally. The last level is a trigger for the top level 
to make a new change. The process of making changes requires a person in charge at each level. 
It is necessary to have people responsible for each level to deliver what is expected. Such a person 
should also have support in implementing the change successfully. The responsibility should not be 
divided but clearly specified. The person in charge of the change delivers tools and knowledge to 
his/her entity needed to produce the change. He/she conducts and monitors the process of change. 
The circular shape in red colour in the middle of the figure below represents the system in the 
real world. The change of this system can be made at each level: framework, organizational, or 
operational.  If it is done at the framework level, then a new idea is directly adapted to legislation 
and carried over to the organizational and operational levels. The organizational level can initiate a 
change of the system in a formal way, while the operational level can initiate it in an informal way. 
The system should be monitored in each step and urged to be changed again, if necessary. After the 
new system has been implemented, it starts functioning in the real world, accompanied by further 
monitoring and stimulation to be improved. (Figure 11.2).
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Before the change takes place, each system should be stimulated to change and achieve the 
maximum efficiency. As a part of the system, monitoring should generate a trigger. It does not imply 
only processes and people, but also “unreachable” impacts on the system. However, such impacts 
“imprint” their influence on the quality of the system development. It is much easier to measure the 
sum of impacts (positive and negative) or repercussions rather than to recognize them as the cause 
of  “imprinting.”. After recognizing the repercussions, they should be interpreted in order to find 
the cause. The impacts could be positive, and they either contribute to the development or can be 
harmful and disturb the development. The system, as a part of the real world, will receive a sum of 
impacts on various aspects of the system. Each aspect will receive a different amount and direction 
(positive or negative) of impact. In the process of monitoring, the indicators of development 
and the indicators of obstacles should be monitored in correlation with successful systems. The 
sample should be as big as possible with a sufficient number of entities with successfully and 
unsuccessfully implemented systems. The goal is to find the difference between successfully and 
unsuccessfully developed systems. It is of vital importance to find the difference in correlation 
with a successfully developed system starting from the indicators with the highest correlation, 

Figure 11.2: Process of change or implementation of a new system in the real world
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either positive or negative. In the process of data gathering, the subjectivity of the person who 
delivers the data is risky to deal with. It does not imply the collection of data related to the system-
defined goals to optimize the system. It is about collecting the data to discover what made those 
entities successful in the real world. Since the systems are in the real world, they are defined and 
influenced by formalized and non-formalized impacts. So, both formal and informal aspects should 
be considered in the process of searching for indicators. The system does not need to be formalized 
through institutions or legislation for the model to be successful. It is sufficient for this purpose that 
in the real world, the system is successfully developed with some entities included in the sample. 
Successful systems are the target, so it is necessary to measure what made them successful in the 
process of development. If there are no successful entities in the sample, then it is not a model of 
development but the model of creating a new system. 
 
Once the system has been set up, it  should be monitored, and reports should be delivered. Each 
report measures the indicators of development or obstacles to the system in the real world. If the 
system has already recognized the indicators of development and its obstacles, then the system 
does not need to “be triggered”. If the system has not yet recognized and given the right weight to 
the recognized indicators, then the system should be triggered. After triggering the process, a new 
idea, a new proposal (idea) should be generated according to new indicators, as a feedback for the 
system to start generating a new framework. After the framework has been transposed in the real 
world, it is measured again and, if or when necessary, triggered. The green colour represents the 
process of generating the ideas based on reported indicators of development or obstacles. The new 
system is created based on a new idea, and after the implementation, a research should be done to 
monitor and report the processes coloured in red on ( Figure 11.3). This principle applies to each 
part of the system: framework, implementation and testing, and tuning.

Figure 11.3: Monitoring and triggering of the system 
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In this thesis, the correlation between indicators and system, or variables and developed LSDI 
was „measured” using the statistical analysis of Pearson and Spearman’s rho correlation. Finding 
relevant indicators for the system was done through the process of searching the best model with 
the highest prediction of development of the system (LSDI) using statistical regression. Further, 
conclusions from this research were triangulated with a focus group with SDI experts in the Republic 
of Croatia and with interviews with stakeholders of LSDI in a pilot project of implementing webGIS 
solution in one city in the Republic of Croatia. On the other side, the whole monitoring process 
was followed by the process of „transfer of knowledge” from useful pieces of research from the 
Republic of Croatia and abroad. Cetl, V. (2007) states ana SDI model of development, as in Figure 
11.4.

MODEL OF DEVELOPMENT OF LSDI IN THE REPUBLIC OF CROATIA
The development of a model of LSDI results from various discussions described further on. The 
existing hierarchy of (L)SDI environment is respected and supplemented by the outcomes of this 
research. The starting point is defined on the basis of the current situation related to the framework 
(legislation), organizational (institutions),) and operational (local self-government) level as the 
process described in Figure 11.2. The formulation of the framework, organizational, and operational 
level provides the structuring of a model of development. All of this has been described in previous 
chapters related to legislation, (L)SDI, and local government in the Republic of Croatia. The 
current system is monitored within the frame of the research, and feedback is presented later in this 
chapter, the new idea as a model of development of LSDI was delivered in the process as described 
in Figure 11.3. As an outcome, the model will be expanded with a new idea that could be initiated 

Figure 11.4: A general model of improvement (Cetl, 2007)

1. Creating legal and normative regulations

2. 2. Promoting the importance of spatial data in society

3. Creating coordination

4. Choice of financing mechanism

5. Defining a spatial data framework

6. Capacity building

7. Creating metadata

8. Catalog establishing
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by framework (legislation) level, organized and implemented by organizational level (institutions) 
and tested and tuned by an operational level (local self-government). The leader of the change 
process is appointed for each step: at the framework level, it is a political institution applying the 
legislation, at the organizational level, it is NSDI or related institutions applying the guidelines 
and transfer of knowledge, and at the operational level, it is a mayor or an employee authorized 
by the mayor to carry out this process on behalf of the city through operative tasks with LSDI. All 
outcomes are the results derived from detected indicators of successful development, readiness, 
performance, and the use of the existing LSDI in the real world. In the process of developing the 
model of development of LSDI in the Republic of Croatia, the results of the analyses obtained in 
the research were primarily used. The second level was the research carried out in the Republic of 
Croatia, and the third level related to the knowledge source was taken from abroad.
Primary research source – thesis research:
 Results from quantitative research
 Data obtained in the research
 Pearson and Spearman correlation with the results of research
 Regression model of the results of research
 The decision tree of results of research
 Results from qualitative research
 Focus groups 
 Interviews with stakeholders of LSDI of the city of Sinj
 Conclusions from the pilot project implementation of LSDI in the city of Sinj

Secondary research source – the Republic of Croatia: (Cetl, 2007), (Blagonić, 2012, (Hećimović 
et al., 2014), (Poslončec-Petrić, 2010), (Koprić, 2010), (Šimunić, 2016), (Government of Republic 
of Croatia, 2019), URL2, URL3, (Croatian Parliament, 2015), Ministry of Public Administration, 
2017), (NSDI, 2017), (Koprić, 2016) and (SGA, 2017)
  
Tertiary research source – abroad: (Bardot et al., 2018), (Beaumaster, 2002), (Correa Gomes, 
2005), (International Telecommunication Unit - ITU, 2017), (Budić, 1993), (Harvey and Tulloch, 
2003), (LGA, 2011), (Loenen, 2006), (McDougall et al., 2005), (McDougall et al., 2009) and 
(Vancauwenberghe et al., 2011).

 All findings were divided in the model of development at four levels:
 Framework – political and institutional level
 Implementation – institutional level
 Testing and tuning – operational level
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 Monitoring and triggering – all level process

FINDINGS FROM THE RESEARCH
In this chapter, the findings will be presented and compared. Each finding is accompanied by 
the researcher’s opinion given in discussion. All findings were synthesized in the model of 
development of LSDI. The data that could be indicative for a model of development were extracted 
from the field. They were separated in thematic groups as in the analysis: awareness of  SDI and 
INSPIRE (evaluates the knowledge about SDI (INSPIRE) and legislation), public spatial data 
management at the local level (evaluates the local governance and usage of public spatial data), 
human resources (evaluate the level of employees’ readiness for development and management 
of LSDI), hardware and software (evaluate the existing hardware and software to be used for 
LSDI development and management), organizational (evaluates the level of strategic thinking in 
city government to organize, develop, manage and use LSDI), LSDI existence and development 
(evaluates the existence and development of LSDI) and support and collaboration (evaluates the 
support, collaboration and cooperation concerning LSDI development).

The findings will be presented in the following research steps:
 Questionnaire findings
 Pearson and Spearman’s Rho correlation findings
 Findings derived from statistical regression model
 Findings derived from decision tree
 Findings of focus group
 Interview findings 
 Findings from the pilot project

FINDINGS FROM THE QUESTIONNAIRE
The questionnaire findings are presented by the topics used in a questionnaire. The analysis of 
results is presented in next subchapters.
For the group “awareness of SDI and INSPIRE”, it could be indicative that:
 Only 13% of all respondents know a lot about SDI and INSPIRE, while 44% know a little.
 31% know about the obligation to introduce INSPIRE until 2020 and what that means.

Šimunić (2016) finds that 164 respondents (70%) do not know what the abbreviation NSDI stands 
for, while the other respondents (30%) know the term NSDI. Lack of awareness of national spatial 
data infrastructures (NSDIs) is recognized through the research within the project ‘Potentials and 
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Pitfalls of the NSDI for Local Governments’ conducted in the territory of the United States (Harvey 
and Tulloch 2003).

It seems that the level of awareness of an operational level is lower than the percentage of cities 
with developed LSDI, which could mean that the level of awareness of an operational level does 
not significantly influence the development. Instead, the decision making/management level is 
significantly influencing the development. The awareness of the benefits of LSDI should be built 
at the decision making/management level in local government, and the knowledge about technical 
matters should be created at the operational level. If decision-makers are not aware of LSDI, they 
will less likely invest in such direction. The political and institutional level should take an effort 
and stimulate more information and obligation of raising e-governance at the local level in general 
and LSDI as an obligation of Croatia to fulfil the demands of the INSPIRE directive by 2020.

Model inputs: 
 Raise awareness of decision-makers and citizens  
 Upgrade legislation which will direct cities to explore and use SDI, e-governance, smart
 cities, and similar digital concepts

For group “public spatial data management at a local level”, it could be indicative that:
 35% of respondents from the cities with developed LSDI claim that they are familiar with  
 utility cadastre data (32% have some knowledge about it), and 23% claim that there is no
 such data. However, the respondents claim that utility cadastre data are entirely implemented 
 in LSDI in 16% of all cities and mostly in 25% of all cities. 
 47% of respondents from the cities with developed LSDI claim that the access to data is   
 free for all users. The leading target group is the local government (75%), followed by %)  
 citizens (13%) in the cities with developed LSDI. 
 Somewhat more than 1% of LSDI’s have all datasets belonging to INSPIRE themes and
 annexes.

Cetl (2007) states that the need to improve SDI by sharing the information with other entities 
is a crucial factor. Blagonić, .(2012) states that in Croatian LSDIs, there are not enough spatial 
data sets included, with only 4.46 sets on average (maximum ten), unlike European LSDIs where 
there are 47 times more. Furthermore, he states that the survey data show that in Croatia, public 
utility infrastructure data is rarely available at local geoportals (35%) compared to the European 
Union and the US and Canada, where data are available in 100% of local geoportals. Finally, 
the current problem in Croatian LSDIs is not the availability of technology for spatial planning 
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or spatial management, but the availability of up-to-date data, maintained by administratively 
competent institutions or utility companies, and the exchange of such data. This situation needs 
to be changed by a new strategic model in which spatial data will be easily accessible and up-
to-date, and integrated into a single service-oriented system such as LSDI. If we see the register 
of entities of NSDI, there are only six cities listed and one utility firm from the local level in the 
register (URL2). In the register of spatial data sources, we can see only three utility cadastres listed 
at this moment (URL3). McDougall et al. (2009) state that data sharing is of great importance for 
developing SDI from the local level (bottom-up approach) based on the research made on 100 local 
governments in Australia. SGA (2017) has recognized the redundancy of data between the local 
and national level of SDI. 

It seems that there is a lack of data at the local level but also a lack of cooperation related to data sets 
exchange. The existing data should be reviewed and categorized with metadata and implemented 
in LSDI, and the missing data collected/surveyed in the field. There was the law that obligated the 
local self-government to organize collecting and preserving utility data. However, it seems, due to 
the lack of supervision, monitoring, and penalization for cities, they did not fulfil their obligation. 
There is a new legislation published at this moment according to which the SGA is responsible for 
utility cadastre. The support should be provided at the national level with respect to financing of 
data systemization and surveying needed to collect all necessary data according to the annexes of 
the INSPIRE directive.  

Model inputs: 
 Enable data exchange trough LSDI between data holders 
 Categorize the existing data with metadata
 Plan the surveying of the rest of the infrastructure or objects with a spatial component.
 Upgrade legislation and make a budgeting model at the national political and institutional  
 level. 

For the group “Human Resources”, it could be indicative that:
 There are 31% of cities which do have full time or part-time employed IT expert in 
 city administration, and 36% of cities do have an employee with the responsibility for   
 hardware and software management. 

The Ministry of Public Administration (2015) identified the main barriers in using ICT solutions 
in (local) government at an adequate level. The barriers in using ICT’s are: lack of awareness of 
the opportunities provided by ICT, insufficient education of employees in public administration to 
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use ICT, too few professional employees who are simultaneously familiar with business processes 
and ICT, and ICT equipment in most public bodies are outdated and inadequate, and there are 
significant differences in their equipment. There is also a lack of knowledge among citizens to use 
such technology as clients. Moreover, the measure of monitoring and evaluating the results in public 
(local) government is planned by the Strategy. According to LGA (2011), the local authorities in 
the United Kingdom employed an average of 2.1 fulltime and 0.5 part-time staff in their IT service.

There is no working process defined by law which could obligate cities to have an IT expert 
employed in the city government. The benefits of the possibility of employing an IT expert in the 
city administration is recognized or happening in some cities although “smart” city, e-government, 
or similar concepts are well known worldwide. So, IT experts would be beneficial for digitalization 
of cities in general.

Model inputs: 
 IT expert is essential nowadays. Employ an IT expert in the city as an obligation for
 cities.
 Define legally the responsibilities for working processes related to IT.

For the group “Hardware and software”, it could be indicative that:
 41% of cities do not use any software for viewing or editing spatial data.

Cetl,  (2007) states that the lack of knowledge and different quality indicate the need for capacity 
building as well as the urgent need to apply the relevant standards in the production of spatial 
data and services. According to NIPP (2017), all data from Annex II and III should be a part 
of NSDI by 2020, as defined by INSPIRE.  In the early ages of the development of LSDI, the 
main problem was related to data and technical issues (Masser et al. 1993). According to the 
International Telecommunication Unit (2017), Croatia takes the 36th in the world according to the  
ICT development index.

This percentage seems high, which means that the respondents may have given their estimation 
but no facts. It seems, however,  that a significant number of cities do not use software for viewing 
or editing spatial data. This percentage is similar to the percentage of cities with an IT expert 
employed in the city or to the percentage of awareness of LSDI and INSPIRE. 

Model inputs:
 Help cities to recognize the benefits of GIS software so that they can decide if any of 
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 FOSS or commercial softwares is appropriate for them.

For the group “Organizational” it could be indicative that:
 84% of cities do not have a strategy or a part of strategy related to LSDI development or
 management. 
 74% of cities have never made PR related to LSDI. 
 Only 7% have defined goals related to LSDI or GIS. 
 69% of developed LSDI’s started with the initiative of the decision-making level in the city 
 administration.
 
Blagonić (2012) states that local governments are the main promoters of local spatial data 
infrastructures, in Croatia with 76%, Europe 50%, and America and Canada 100%. He states that 
in Croatia, compared to the European Union, there are very few entities (producers and users) 
involved, with an average of only 2.50 in Croatia to 262.13 entities in the EU. Hence, we can say 
that the users and producers of spatial data in LSDI in the local community are poorly represented. 
Koprić (2010) sees the low efficiency of local self-government and weak development potentials as 
one of the most significant barriers in the functioning of local self-governments in general. 

According to the Strategy of the Ministry of Public Administration (2015), the main barrier to the 
proper implementation of the policies in public administration is the lack of adequate institutional 
capacity for strategic planning and inadequate coordination of strategic goals, and monitoring of 
implementation. One of the goals of professional-creative jobs in the Strategy, is to create innovative 
solutions using ICT. Based on financial reports, the lack of strategic planning has been detected in 
the Strategy, especially at the local level. 

Masser et al. (1993) identify three main conditions for effective implementation of computer-based 
systems: strategy, commitment, and participation in the implementation of all individuals at all 
levels of organization and a high degree of organizational and environmental stability.

Beaumaster (2002) recognizes the problems of rapidly changing technology, individual IT expertise, 
lack of strategic/formal plan, and fiscal/budgeting issues as specific issues in IT implementation in 
local governments.

It seems that the LSDI development process is not a strategic, long term driven process but more 
a short term one. There is no legally specified decision at the national level, but it is more related 
to decision making at the local level. There should be an LSDI strategy at the local level in line 
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with national strategy. The guidance by the national institutional level would be beneficial for a 
systematic and standardized approach to the strategic implementation of LSDI. 

Model inputs:
 Plan strategic development of LSDI guided by the national level.
 Have a dynamic plan and monitor development.
 Use experts for various processes in the implementation of LSDI 

For the group “LSDI existence and development”, it could be indicative that:
 97% of all LSDI is financed at the local level, and only 3% of investment was  obtained 
 at the national level. 

The Ministry of Public Administration (2015) has set the following goals, among others, in the 
strategy of public administration (local government included) for the period of 2015-2020:  
 use of modern information and communication technology for the efficient provision of 
 services and greater transparency of public administration. 

Three main directions of actions have been specified:
 simplification and modernization of administrative procedures, as well as ensuring reliable
 and rapid support of public administration to citizens and businesses through the 
 implementation of the e-government project improving human resources development and  
 management systems to create a modern public service.

The progress in the development of NSDI in the Republic of Croatia is evident (NSDI, 2017). 
The most significant improvement has been made in legislation but less improvement in data and 
applications that provide the expected outcomes for users (Figure 11.5). 
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The local level depends on the will of decision-makers at the local level to invest in the development 
of LSDI. Raising the awareness on the part of decision-makers at the local level could be beneficial 
for the development of LSDI. The legal obligation of the institutions at the national level would 
speed up the development of systematic and standardized LSDIs all over the country. 

Model inputs:
 Raise awareness of decision makers at the national level 
 Secure political and institutional support and expectations to be provided by the city   
 representatives for the development of LSDI

For the group “Support and collaboration”, it could be indicative that:
 There was 7% of support for the development of LSDI provided at the national political   
 level and 35% support at the local political level.
 48% of respondents claimed that there is no support at all.
 69% of cities are willing to share their experiences with others.
 There is no formal networking but only poor informal networking (12%) at the local level  
 related to the management and development of LSDI
 93% of all cities want the institutional support related to sharing the knowledge about   
 LSDI development

Figure 11.5: Progress of development of NSDI in the Republic of Croatia (NIPP, 2017)
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 92.7% of all cities would like an online network for sharing the knowledge and guidelines  
 for the  development and management of LSDI
 Only 3% of all cities are sure that they would not like to have joined venture in the   
 development of LSDI with the neighbouring cities.
 Most often, nobody contacted the cities regarding the development of LSDI in 47%, which
 is followed by  private firms from other cities (35%)
 The situation is similar with the contacts from the cities. Most often they have not contacted
 anybody (48%), or  they have contacted a private firm from another city (31%).
 The cooperation with stakeholders at the local level is relatively poor: formal 21% and   
 informal 32%. The cooperation with stakeholders at the national level is even poorer: formal 
 17% and informal 12%.

Cetl (2007) identified the lack of accurate specifications and a generally poor spatial data policy as 
an obstacle. Blagonić (2012) states that, according to the Central Bureau of Statistics, 80% of local 
self-governments have less than 10,000 inhabitants, indicating the necessity of joining smaller self-
governments with larger ones in joint projects of local SDI, due to limited financial and professional 
resources. However, the future of local SDI lies in capacity building by local government, which 
would, through its proactive policy, expand development. Poslončec-Petrić (2010) states that the 
results of the survey indicate that a significant problem is related to legal regulation which is not 
sufficiently familiar with spatial data users. She states that constant education of the users would 
be necessary. Hence, the political support is necessary, but also an effort to raise the awareness at 
the local level, as well as the effort of the local level to develop LSDI. Furthermore, she states that 
the research confirmed that the lack of cooperation between the institutions is one of the significant 
problems that the respondents are faced with. 

The strategy of NSDI development in the Republic of Croatia (NIPP 2017) suggests stronger 
political support in reaching the goals of INSPIRE directive by the year 2020. If Croatia fails in 
fulfilling its obligations, the alternative would be the penalty in the amount of 7.2 million € starting 
from 2019 (NIPP 2017). The estimation of cost/benefit analysis in NSDI is 1:4 in six years and in 
three years for ROI (NIPP 2017). The strategy of the development of NSDI supports e-government 
strategy (NIPP 2017). The strategy 2020–-2022 (MGiPU 2020) supports the development of 
national spatial data infrastructure.  

Budić (1993) has found out that at the beginning of the development of LSDIs (1993), the most 
functional GIS had strong political support. McDougall et al. (2005) found out in their research 
conducted in Australia on LSDI that the lack of support coming from other levels of SDI for the 
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development of LSDI is disappointing.

The development of LSDI correlates with the amount of budget and with whether the city has an IT 
expert employed in the city administration. Similar results can be found in Hećimović et al. (2014).

The existence of LSDI can have different representations. Depending on the city, LSDI can have 
a different level of maturity: standalone/initiation, exchange/standardization, intermediary, and 
network (Table 11.1). The same levels apply to datasets (Loenen 2006). The research findings 
confirm that the extent to which datasets are used is determined by their technical (information 
quality) as well as non-technical characteristics (e.g., access policy). Loenen (2006) defines the 
technical characteristics as the type of information, scale of information, and quality of information, 
and the non-technical characteristics are determined by the legal, financial, intellectual, and physical 
access characteristics of the dataset. There is a relationship between the institutional setting and the 
consistency of the access policy, the physical access characteristics, and the technical characteristics 
of a dataset (Loenen 2006). Loenen (2006) found that centralized development and management 
add value to the LSDI community. If information collection is not centralized, the likelihood of 
heterogeneous technical and non-technical data characteristics increases, and their fitness-for-use 
value decreases. Datasets should be organized centrally but managed in a decentralized way. He 
has found out that if they are managed centrally, it can block the development of GII.   

There is a lack of support at the national political and institutional level. There are no guidelines 
for the development or monitoring of LSDI development at the national level. The development 
of LSDI is the responsibility of decision makers only at the local level. Their opinion about where 
to invest is related to budgeting, but also to the awareness of (L)SDI benefits in comparison with 
other projects.

Issue

Vision

Leadership

Focus on 
individual

organisation

Focus on 
individual

organisation

Developed
with all

stakeholders

Questioned

Implementation

Accepted

Commonly 
shared, and 
frequently 
reviewed

Respected 
by all 

stakeholders

Stand alone
initiation

Stage

Exchange/
standardisation Intermediary Network

Table 11.1: Maturity of geographic information infrastructure (GII) (Loenen, 2006)
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Model inputs:
 Make communication and guidance through national online point for the development of   
 LSDI at the national level.
 Make a network of representatives of all cities and various experts around the national   
 point.
 Make each city obligated to have an employee responsible for the development of LSDI in
 the national network.  
 Make it possible for smaller cities to join in the development of one LSDI to reduce costs. 

FINDINGS FROM PEARSON AND SPEARMAN’S RHO CORRELATION
Pearson correlation
From the Pearson correlation matrix, all variables, with the correlation coefficients between the 
independent and dependent variables higher than 0.600, were extracted. The following variables 
listed according to the strength of correlation coefficients with the existence of LSDI (variable P65) 
were selected:
 P71  ‘Is the funding of LSDI/GIS from the local level (your city)?’. 
 P71  ‘Is the funding of LSDI/GIS from the local level (your city)?’. 
 P122 ‘Is the main LSDIs target group local government and citizens?’.
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 P90 ‘Would you like to share your know-how solution with other cities?’
 P92  ‘Are spatial datasets of public interest (utility cadaster) completely included in
 LSDI/GIS? - DOF?’.
 P121 ‘Is access to datasets or LSDI services are free for registered users or completely
 free?’.
 P89  ‘Do you rate investment in LSDI/GIS more than 8 of 11?’.
 P69 ‘Was initiative for the development of LSDI/GIS from city government?’. 
 P67 ‘During your development of LSDI/GIS have you recognized any of the barriers in 
 development?  
 P41 ‘Do you know if the city uses any software for spatial data view or edit?’. 
 P70 ‘Do you know if you have a clear organizational structure for LSDI maintenance and
 development?’.
 P52 ‘Do you have a vision for LSDI/GIS development?’.
 P88  ‘Do you rate LSDI/GIS efficiency and effectiveness on city management more than 8
 of 11?’.
 P66  ‘Do you know if you have ever made any assessment ever of LSDI/GIS?’.
 P144  ‘Have you ever made contact about LSDI/GIS with any relevant party?’.

The analysis was made to test the correlation coefficients between independent variables. The 
correlation above +0.600 (Table 11.2) was given as a reference value. 

It is evident that the variables P71, P122, P90 and P92 strongly correlate with a correlation higher 
than 0.700 and additionally, there is a moderate correlation with P121, P89 and P69. 

Spearman’s Rho correlation
From the Spearman correlation matrix, all variables with correlation coefficients higher than 0.600 
were extracted. The following variables listed according to the strength of correlation coefficients 
with the existence of LSDI (variable P65) were selected:
 P71 ‘Is the funding of LSDI/GIS is from the local level (your city)?’. 
 P122 ‘Is the main LSDIs target group local government and citizens?’.
 P69  ‘Was initiative for the development of LSDI / GIS from city government?’. 
 P89  ‘Do you rate investment in LSDI/GIS more than 8 of 11?’.
 P88  ‘Do you rate LSDI/GIS efficiency and effectiveness on city management more than 8
 of 11?’.
 P90  ‘Would you like to share your know-how solution with other cities?’
 P67 ‘During your development of LSDI/GIS have you recognized any of the barriers in 
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 development?  
 P41 ‘Do you know if the city uses any software for spatial data view or edit?’. 
 P92 ‘Are spatial datasets of public interest (utility cadaster) completely included in LSDI/
 GIS? - DOF?’.
 P121 ‘Is access to datasets or LSDI services free for registered users or completely
 free?’.
 P70 ‘Do you know if you have a clear organizational structure for LSDI maintenance and 
 development?’.
 P52 ‘Do you have a vision for LSDI/GIS development?’.
 P66 ‘Do you know if you have ever made any assessment ever of LSDI/GIS?’.
 P144 ‘Have you ever made contact about LSDI/GIS with any relevant party?’.

The analysis was made to test the correlation coefficients between independent variables. The 
reference value of the correlation coefficients was above +0.600 (Table 11.3). 

P71 (945)      

P122 (864)        0.864     

P90 (811)        0.868          0.712    

P92 (785)        0.842          0.682       0.733   

P121 (768)        0.768          0.593         0.700         0.663  

P89 (759)        0.817          0.652       0.762         0.910          0.688 

P69 (708)        0.768          0.653       0.700         0.663          0.614          0.751

P67 (632)        0.694                             0.606   

P41 (601)        0.656     

P70 (571)      

P52 (555)      

Independent 
Variables

Correlation 
with P71

Correlation 
with 122

Correlation 
with 90

Correlation 
with P92

Correlation 
with P121

Correlation 
with P89

Table 11.3: Spearman’s Rho correlation between independent variables

Table 11.2: Spearman’s Rho correlation between independent variables

P71 (973)      

P122 (971)         0.939     

P69 (966)         0.961           0.941    

P89 (957)         0.949          0.934       0.956   

P88 (952)         0.944          0.929       0.933          0.976  

P90 (844)         0.868          0.805       0.845          0.832         0.845 

P67 (675)         0.694          0.691       0.654          0.651         0.643           0.606         

P41 (622)         0.656          0.608       0.636         0.620          0.632 

P92 (620)         0.637        0.629         0.712          0.724 

P121 (578)         0.635                          0.619  

      

Independent 
Variables

Correlation 
with P71

Correlation 
with 122

Correlation 
with 90

Correlation 
with P92

Correlation 
with P121

Correlation 
with P89

P121 (578)



239

It is evident that the variables P71, P122, P69, P89, P88, and P90 very strongly correlate with the 
correlation coefficients higher than 0.800, and additionally, there was a strong correlation with P67, 
P41, P92, and P121.

This correlation could mean that they are connected as a group and triggered by one variable and 
influenced in some measure by other variables. It is almost inevitable, that after the decision is 
made by the local government to finance LSDI, other variables result more or less as a consequence 
of that decision. Besides financing and serving the needs of city administration and citizens, 
it is crucial that data of utility cadastre are included in LSDI and to have a strategic approach 
to the development of LSDI. The development of LSDI is almost exclusively driven by local 
administration with no guidelines and monitoring at the national level.

In both correlations, Pearson and Spearman’s Rho, the same variables are identified as highly 
correlated variables. Most variables are from the thematic group “LSDI existence and development” 
related to funding, satisfaction with LSDI, and recognition of barriers during the implementation of 
LSDI. Three variables are from the thematic group “Public spatial data management at a local level” 
related to the leading target group of LSDI (local government and citizens), free access to LSDI, and 
DOF included in LSDI. Three more variables are from the thematic group “Organizational” related 
to the vision of development, clear organizational structure, and initiative for LSDI development 
at the local level. It seems that most variables are related to decision-makers and managers’ level 
included in the development. The initiatives were provided mostly at the local level, which means 
that local administration had support from decision-makers for development. The awareness and 
knowledge of the benefits of LSDI could be the main reason for decision-makers to get involved 
in the implementation of LSDI. 

Model inputs:
 Provide political and institutional support for LSDI development
 Operationalize the support by financing and raising awareness and knowledge of LSDI
 Secure guidelines and transfer the knowledge of various experts at the national level 

FINDINGS FROM THE REGRESSION MODEL
There is one validated model of multiple regression on binary data: 
The city will have LSDI
= (0,554)LSDI financed from local level                                          
+ (0,207) main LSDI target group is local government and citizens
+ (0.145)do know that according to the Law on State Survey and Real Estate Cadaster (NN16;07),/
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    local governments are responsible for: 1.The establishment and management of utility cadaster
+ (0,145)access to datasets or LSDI services are free for registered users or completely free
+ (0,133)know a lot about INSPIRE or NSDI+(0.094)never made contact about LSDI/GIS with 
    any relevant party                                            
+,149

There is a lack of support at the political and institutional national level needed to raise the 
awareness of LSDI and to use the potential for the development of LSDI. The determination of 
the local government to develop LSDI is a key driver for the development of LSDI. The model 
clearly shows that the decision about local-level funding made by decision-makers at the local 
level is the key to development. There is no lack of money but rather the lack of willingness of 
decision-makers at the local level to invest in LSDI. The decision about funding a project is made 
on the basis of the awareness of the benefits for citizens and the city administration. The awareness 
can be raised through many channels, but also through some institutions at the national level. In 
the model, the second regression coefficient defines the main target group of LSDI. It seems that 
decision-makers have recognized that they should think about citizens and local governments. The 
third regression coefficient is related to the knowledge about SDI. The level of knowledge affects 
the development of LSDI. The knowledge may provide help in the implementation, but it could 
also help make a favourable decision. The fourth regression coefficient is related to data access. It 
could be that the decision-makers may have decided that local government and citizens are crucial 
stakeholders to be taken into consideration, which is why the access to datasets should be free for 
all (registered) users. The fifth regression coefficient can be interpreted in favour of that. If there 
is no local initiative for the development of LSDI, LSDI will not be developed at this moment. 
There is no recognized “point” of support at the national level. The, local decision-makers need to 
initiate the implementation of LSDI on their own, and it seems that the awareness is the key driver 
of making the decision to fund such a project. It seems that the transfer of knowledge from the 
national level to local decision-makers may raise the awareness of the benefits of LSDI and steer 
up the development of LSDI. Additionally, certain help in funding would be beneficial as well. 
In order to achieve the goal, it is necessary to choose adequate means of raising the awareness. 
PR related to LSDI working through mass media (daily newspapers, TV, radio) might make a 
difference. In the next part, these conclusions are backed up by additional research.

It is of essential importance to recognize the stakeholders who are most relevant in raising the 
awareness as an action to be included into the implementation of LSDI. Based on research made in 
the UK, it is interesting to see (Table 11.4) that the most relevant stakeholders to local government 
in the UK are central government, citizens, local businesses, police authorities, and others. (Correa 
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Gomez, 2005). Based on this information,  PR strategy can be developed more easily in order to 
raise the awareness, however, not just PR. strategy, but also other operational plans where the listed 
stakeholders are included. Similar research could be done in Croatia before PR activities as a part 
of a PR strategy for raising the awareness.

High awareness of GII or framework dataset among public decision-makers will probably result in 
sustainable public financial resources. In such an environment, the open access policy is likely to 
benefit the development of the Geographic information Infrastructure (GII) (Loenen 2006). Loenen 
also states that in earlier stages of GII development, the technical characteristics of a dataset may 
be the driving force; the priority is to satisfy the needs of the primary users (the collector and 
significant users), without considering other user groups.

 Besides relevant stakeholders, it is essential to know the strength of their influence on decision-
makers. As an example, the research made in the UK will be used again. The strength of the 
influence on decision-makers, according to Correa Gomez (2005) can be seen in Table 11.5. The 

Table 11.4: Relevant stakeholders to decision-makers in local government (Correa Gomez 2005)

Stakeholders
Non-Rural Rural Lab Con NOC

Overall
Nomination

Audit Commision 29% 29% 24% 22% 29% 33%
Central Government 100% 92% 100% 89% 96% 97%

Citizens 94% 92% 100%     100% 92% 93%
Contractors 35% 29% 38% 33% 38% 36%
Councilors 65% 67% 62% 67% 83% 67%
Employees 68% 71% 81% 56% 75% 70%

Fire Authorities 44% 29% 57% 22% 46% 41%
Further Education 35% 21% 52% 22% 21% 33%
Health Authorities 82% 63% 81% 67% 75% 75%

Local business 85% 92% 81% 100% 83% 89%
Local Media 53% 54% 52% 56% 58% 56%

Lower The Authorities 32% 38% 29% 67% 38% 34%
Management Team 32% 29% 29% 33% 38% 34%

Other Local authorities 32% 21% 38% 11% 29% 31%
Partner Agencies 32% 38% 24% 33% 38% 38%
Police Authorities 85% 63% 81% 67% 75% 77%

Political Parties in General 41% 33% 43% 44% 38% 41%
Pressure Groups 62% 50% 67% 67% 75% 77%

Service Users 56% 46% 52% 67% 63% 54%
Trade Unions 24% 25% 24% 22% 25% 28%

Upper Tie Authorities 50% 54% 62% 44% 63% 51%
Voluntary Sector 77% 63% 71% 78% 63% 72%

Geographical 
Differences

Political Leadership
Differences 
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most influential stakeholders are central government, councillors, citizens, management team, and 
partner agencies. 

Moreover, LSDI is developed for local government and citizens at the local level, so a significant 
driving force for the development is the knowledge and awareness of SDI and INSPIRE. Data 
access in those models is mostly free, and no contact has ever been made with any party (institution, 
private firms, SDI experts, and others.) relevant for the development. The development of LSDI 
in the Republic of Croatia depends on the will of decision-makers at the local level. However, 
they are more willing to invest in LSDI if the awareness of SDI and INSPIRE is higher than if the 
awareness is low. Once they have made the decision, they do not consult the institutions or ask 
them for help. However, they opt for the development because they are aware either of the benefits 
for city administration or citizens, or they might have been thinking about and appreciating SDI 
for a longer time. The person responsible for hardware and software is not by default related to the 
development of LSDI. The decision about LSDI at the management level can bypass that person.

Table 11.4: Strength of influence of stakeholders on decision-makers (Correa Gomez 2005)

Stakeholders
Mean SE Mean SE Mean SE Mean SE

Audit Commision 2.63 0.27 3.13 0.30 4.71 0.13 3.36 0.36
Central Government 3.91 0.14 3.88 0.14 4.62 0.10 3.62 0.16

Citizens 3.58 0.14 3.37 0.13 2.42 0.14 4.27 0.13
Contractors 2.17 0.34 2.11 0.28 1.95 0.26 2.22 0.30
Councilors 4.87 0.05 4.71 0.10 3.59 0.17 4.14 0.17
Employees 2.93 0.17 3.51 0.18 2.73 0.19 2.97 0.17

Fire Authorities 3.04 0.18 2.70 0.17 2..21 0.20 2.96 0.20
Further Education 2.41 0.29 2.18 0.29 1.89 0.20 2.61 0.30
Health Authorities 3.00 0.13 2.75 0.14 2..20 0.15 2.88 0.15

Local business 2.98 0.13 2.64 0.12 2..00 0.12 3.22 0.16
Local Media 2.08 0.17 2.38 0.17 2..19 0.19 2.34 0.17

Lower The Authorities 2.59 0.30 2.65 0.32 2..28 0.23 2.94 0.38
Management Team 4.50 0.15 4.50 0.15 3.68 0.23 3.33 0.34

Other Local authorities 1.93 0.20 2.07 0.25 1.89 0.20 2.35 0.31
Partner Agencies 3.21 0.20 2.07 0.25 1.89 0.20 2.35 0.31
Police Authorities 3.02 0.12 2.55 0.14 2.12 0.14 2.93 0.15

Political Parties in General 3.29 0.23 3.00 0.25 2.29 0.22 2.53 0.28
Pressure Groups 2.97 0.20 2.90 0.16 2.18 0.17 3.06 0.22

Service Users 3.21 017 3.79 0.19 2.59 0.22 4.08 0.18
Trade Unions 1.85 0.19 2.15 025 1.29 0.13 1.67 0.23

Upper Tie Authorities 2.25 0.15 2.20 0.17 1.70 0.16 2.19 0.18
Voluntary Sector 2.71 0.17 2.37 0.15 1.83 0.12 2.97 0.17

Criterion 1 Criterion 2 Criterion 3 Criterion 4
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In the report on the progress of LSDI development in 2018, the government of the Republic of 
Croatia states that it is important for the Republic of Croatia to point out that in terms of consistency 
and availability of metadata for spatial data sources, Croatia belongs to the category of advanced 
countries. The consistency of spatial data sets has more than tripled compared to the previous year, 
mainly due to the harmonization of the Croatian Agency for the Environment and Nature. The data 
availability through services (previews and downloads) has also been increased compared to the 
previous year, however, it is still unsatisfactory related to the total number of reported datasets. 
The goal of the capacity building for the purpose of spreading the awareness has not been fulfilled 
according to the mentioned report and related to the satisfaction of users. However, the Strategy 
of National Spatial Data Infrastructure and Strategic plan of National Spatial Data Infrastructure 
2017–2020 in a cost/benefit analysis did not take into consideration other activities, such as 
e-Croatia and the development of NSDI at the local level (SGA 2017).
 
Bardot et al. (2018) defined the main challenges of monitoring the implementation of SDG with 
the financial resources, available data at the local level, lack of training, lack of support from 
other tiers, and no willingness to make changes, and the use of SDG framework being the major 
challenges (Figure 11.6). The correlation between awareness and development of LSDI was found 
in the study of Flanders (Belgium), which encompassed 308 municipalities (Vancauwenberghe et 
al., 2011).

Figure 11.6: Main challenges of monitoring the implementation of the SDGs at the local level identified by the local 
and regional government associations (Bardot et al., 2018)
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Blagonić (2012) states that the goal of developing LSDIs should be regulated at the institutional level 
to overcome the barriers to geospatial data access and usage. As a rule, the current institutional set-
up is such that everything depends on interconnections and acquaintances to obtain some data, and 
the whole system collapses when personnel changes occur. For this reason, permanent supporting 
structures are required. 

The strategy of development of NSDI indicates that the financial support from outside of the SDI 
system, mostly from EU funds, should be used for investment, not for operational activities (NSDI 
2017). At this moment, there are a few EU funds that may be applied in for such purposes:
 Priority axis “Good governance”: Support partnership for innovative projects of civil,
 public   and business sector for reusing open public data and ICT/mobile application
 development for better citizen participation in the local decision making - Phase I
 Operational Program “Competitiveness and Cohesion 2014-2020” in which it is allowed   
 to invest in infrastructure for providing essential services to citizens in the fields of energy,
 environment, transport and ICT. 

Model inputs:
 Find financial resources from other sources besides local governments
 Give political and institutional support for the development of LSDI, including the law   
 that  will be created based on a holistic approach to identify benefits of digitalization for 
 local governments. 
 Raise the awareness of LSDI among decision-makers at the local level.
 Perform  PR activities for citizens and city administration to raise the awareness of the   
 benefits of LSDI.

FINDINGS FROM THE DECISION TREE
A decision tree was used to identify indicators of development in each group.

“Awareness about SDI and INSPIRE” 
P4       ‘Do you know a lot about acronyms INSPIRE OR NSDI?’.
            “Public spatial data management at the local level”
P122   ‘Is the main LSDIs target group local government and citizens?’.
P92  ‘Are spatial datasets of public interest (utility cadaster) completely included in LSDI/GIS?    
            - DOF?’.
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“Human resources”
P37  ‘Do you know that you have IT experts employed in the city / municipal administration? ‘.

“Hardware and software”
P41  ‘Do you know if the city uses any software for spatial data view or edit?’. 
P40      ‘Do you know if the city uses LAN in city management?’. 
            “Organizational”
P69      ‘Was initiative for the development of LSDI/GIS from the city government?’. 
P70      ‘Do you know if you have a clear organizational structure for LSDI maintenance and    
            development?’.

“LSDI existence and development”
P71      ‘Is the funding of LSDI/GIS from the local level (your city)?’. 
             “Support and collaboration”
P90  ‘Would you like to share your know-how solution with other cities?’.
P114  ‘Is there a structured network of all stakeholders that are involved, or potentially could be    
            involved in LSDI management or development?’.

Koprić (2016) states that, although there are no rules without exception, smaller cities can hardly be 
counted to have sufficient capacity to independently finance the jobs and services that correspond 
to all five contemporary local government roles. He detects the centralization of the country as one 
of the biggest obstacles in the development of local government. 

SGA (2017) estimated that the number of spatial datasets to be delivered by NSDI could be around 
600. Loenen (2006) states that involving semi-public and private utilities in topographic information 
collection is essential, if not crucial, for GII development. 

The indicators of development are mostly oriented to local government. So, we have the indicators 
of development of LSDI related to the local level in the following themes: public spatial data 
management, organizational and LSDI existence and development. Besides the awareness and 
knowledge, it is crucial that an IT expert is employed in the city. The will of cities to create a 
network around LSDI development is essential as well. The highest percentage of correct sample 
classification is indicated for the thematic group “Public spatial data management at a local level” 
with 98.67%, followed by: “LSDI existence and development” 97.33%, “Organizational” 89.33%, 
“Support and collaboration” 88%, Hardware and software 76%, “Awareness about SDI and 
INSPIRE” 69.33% and “Human Resources” 60%. According to some variables with a correlation 
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higher than 0.600, the order is the same. Organizational structure is recognized as relevant for the 
development of LSDI as well as support and collaboration.
 
Model inputs:
 Include the guidelines for collecting new spatial data and for revising and registering the   
 existing spatial data
 Make a clear organizational structure with clear responsibilities
 Establish vertical and horizontal support and collaboration at the national level to be   
 provided by political and institutional sector to local level by  decision-makers in cities.

FINDINGS FROM THE FOCUS GROUP
The focus group suggested that it would be good that an institution introduces SDI and INSPIRE 
terms for city representatives. The same institution should provide guidelines for the development 
of LSDI. The participants think that it should be a national contact point. It is indicative that some 
participants think that this would be beneficial for decision-makers to understand SDI better and to 
decide more often to initiate the development of LSDI. Moreover, they think that it is valid for all 
cities in Croatia apart from  Zagreb.

The participants recognize the awareness and knowledge of decision-makers as the biggest 
obstacles for the development of LSDI. They believe that with a higher level of awareness and 
knowledge on the part of decision-makers, LSDI would develop much faster in the Republic of 
Croatia. The second problem that everyone mentions is a human capacity. They think that with 
raising the awareness, the funding of  LSDI projects would also increase and thus accelerate the 
development of LSDI. They also see that there is a problem of adoption to the new technologies, 
internet connection and the lack of transparency of the city administration. Finally, they see the 
problem in the availability of data, especially free data from SGA that were not free at that time 

Poslončec-Petrić (2010) states that the promotion of the importance of spatial data in society is 
of the utmost importance and the success of NSDIs depends on it. The benefits of NSDIs are 
generally clear to experts and those who need spatial data; however, they are not clear to society 
as a whole. The misunderstanding of the importance and impact of spatial data on day-to-day 
decision-making is the factor based on which the improvement can be seen as unnecessary. In the 
United Kingdom (LGA 2011), a lack of resources is the most cited barrier to INSPIRE compliance 
(81 per cent). There is also a lack of understanding of the implications of INSPIRE (61 per cent).  
Most respondents would like to have specific local authority guidance (88 per cent). According to 
the LGA (2011), there is an overwhelming request for regional events related to INSPIRE, possibly 
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as an information session being a part of PSMA (Public Sector Mapping Agreement) or other events 
or direct support to local authorities to implement INSPIRE. According to Christiansen’s (2011) 
research on Danish municipalities, showed that for the strategy to become successful, investment, 
resources, education, implementation are required for the strategy to become successful, but the 
awareness of SDI is needed first.
 
Beaumaster (2002) states that issues related to IT implementation are the following: training, rapidly 
changing technology, and resistance to change. She states that all successful local government 
IT implementations have one thing in common; each garnered the dedication and support of the 
highest levels of administration, including the chief executive and all major department heads. All 
stakeholders must participate in the development, planning, implementation and their operation to 
ensure greater ease of implementation and service to the end user’s needs. To overcome the resistance 
to change, the understanding of the reasons of resistance must be garnered. If an individual is not 
sure how a change may affect him/her, the change is more likely to be resisted. Individuals often 
experience frustration and confusion concerning their roles and jobs. They may perceive a loss of 
authority. Finally, Beaumaster (2002) states that the best way to deal with resistance to change is 
through continuous – needs-based training efforts. 

Model inputs:
 Raise awareness of LSDI by decision-makers at the local level. 
 Create national communication and guidance online point for the development of LSDI.  
 Make a network of representatives of all cities and various experts around the national   
 point. 
 Make each city obligated to have an employee responsible for the development of LSDI in
 national point network. 
 Help them in the process of changing the usage of technologies and methodologies at the   
 working place
 Use H.R. expert in planning and in implementation
 Develop models for free data exchange and for citizens related to those data that could be  
 useful for them.

FINDINGS FROM INTERVIEWS WITH STAKEHOLDERS 
OF LSDI OF THE CITY OF SINJ

Most working processes performed by all local stakeholders were identified in the city.   All working 
processes are related to citizens. The city administration has the most frequent and mostly wide 
spread interaction with citizens. The working processes with citizens are legally defined for the 
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city administration, as described in chapter four. Since the city is involved in the ownership of the 
stakeholders, it represents a hub of interaction in working processes between stakeholders and city 
administration. 

The citizens are stakeholders with the most frequent, comprehensive communication and interaction 
with the city administration. The citizens turn to the city even for matters out of city jurisdiction. 
The city needs a tool of communication and interaction with citizens and vice versa, as well as with 
other stakeholders. 

The cities need an argument for the investment in LSDI. The arguments are crucial from a political, 
organizational and efficiency point of view.

Model inputs:
 Have PR activities for citizens to understand the importance and benefits of LSDI since they 
 will have an impact on decision-makers to initiate the development of LSDI. Use best   
 practices for their benefits.  
 Have similar PR for each stakeholder
 Educate all of them how to use LSDI and for which purposes.  Encourage 
 Encourage citizens and other stakeholders to use the data

FINDINGS FROM THE PILOT PROJECT
Awareness of mayor was crucial for decision to go in this investment. On initial presentation, 
benefits of LSDI were presented which was the main reason with lower price of implementation 
services than on market, to invest in implementation of LSDI. Delegating person from city 
administration to be responsible for implementation process from city side was next important step 
in implementation of LSDI. Still this was one of responsibilities, added to others which resulted 
in reduced time spent on this and others responsibilities. In process of implementation, it was 
recognized that there was cautious acceptance of system in daily routines by city administration. 
Therefore, it is evident that support from firm responsible for implementation and researcher was 
essential for implementation as well.

From city perspective, city administration and citizens are recognized as key stakeholders of LSDI. 
City is hub of all processes related for services to citizens, and citizens is stakeholder which is key 
users. Other stakeholders work processes are related to services to citizens and mostly they are 
delivers through or in cooperation with city. For city opinion about this investment and support for 
it is critical.
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It is evident that PR activities positively influence on awareness and usage of LSDI. Also, PR 
activities influence on motivation of responsible persons for implementation as well as on motivation 
of city administration in general. It seems that in process of acceptance of LSDI, HR services could 
be beneficial due to recognized resistance in usage of new system in daily routine.

FINAL REMARKS ON FINDINGS
The awareness, financing, knowledge, a network point for communication and the transfer of 
knowledge, and the help in organizational and business issues are the most crucial areas which 
influence the development of LSDI. These areas are not stand-alone; they are interconnected. 
All of the research methods have recognized the necessity of political and institutional support. 
Research methods have also recognized the necessity of the support in organizational issues for 
different aspects starting from the strategy, dynamic plan and data exchange. Raising awareness 
and educating the stakeholders as well as PR activities are welcomed for all stakeholders.

Three stakeholders are recognized as the key ones in raising of awareness – politicians, decision-
makers in local self-governments, and citizens. It seems that with higher awareness and knowledge, 
the decision for investment in LSDI is more likely to be made, more successful project can be 
expected if there is more vital support at the local level. With higher awareness of the benefits 
provided by LSDI, it will be easier to find co-financing options either from the upper level of SDI 
or from other sources. At this moment, LSDI has been developed almost exclusively at the initiative 
at the local level with support from local decision-makers. Decision-makers or the responsible 
employee were aware of the benefits of LSDI. For the development of the model at the national 
level, such awareness should be stimulated by the political level through legislation and supported 
and co-organized at the institutional level. Since politicians are decision-makers in the creation of 
national politics, the awareness of the benefits on the part of politicians is of the greatest importance 
for the development of LSDI as a national project.

The infrastructure and capacities built for this project might be useful for other projects which could 
be identified and presented to decision-makers. If the development, implementation and management 
are not supported on a “daily basis” at the local level, some other initiatives may be encouraged to 
overcome the efforts invested in this project and jeopardize the whole project. Hence, the raising of 
awareness of decision-makers at the local level is also crucial. Finally, all users should be aware of 
their benefits and know how to use such a system. Thus, the awareness-raising activities should be 
done with all users, especially those who are most important to decision-makers starting from the 
central government, top management, and citizens. Adequate awareness should be accompanied 
by certain capacities for the development, implementation, and management of LSDI. The critical 
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capacity seems to be related to the lack of people with adequate knowledge, responsibilities, as well 
as to the support by decision-makers to drive the project at the local and institutional level. Since 
there will be issues related to knowledge on different subjects, the central national online network 
point for communication and transfer of knowledge is recognized as beneficial for the success of 
the project. A multidisciplinary team of experts provided by such a network point that creates the 
tools like guidelines and is established by some institutions could be the source of knowledge and 
support for the development. On the other hand, each city should have a person responsible for 
the communication and for running the project.  Such a person together with the above mentioned 
multidisciplinary team would be jointed in the network for the development of LSDI in all cities in 
the state. The strategy of the development, its vision, and dynamic plan should be included into the 
knowledge delivered by the multidisciplinary team of experts, and this is the part where the local 
level also needs support.  Practical and institutional support is necessary for co-financing.

LSDI DEVELOPMENT MODEL
It is necessary to have political and institutional support. Such support should encourage the 
initiative in creating the guidelines for the development of the LSDI team of experts needed to guide 
the representatives of cities in the process of implementing and managing LSDI. Cities should be 
obligated to have a person, an IT expert, as a member of the network of representatives of all cities 
and of the team of experts for developing LSDI in all areas of the Republic of Croatia. The national 
institutional level should take care of data from the national level. Political and institutional support 
should provide help in financing and co-financing of LSDI. Other sources of financing should 
be made available through various projects, and they should help the local government to apply 
for those projects. They should take care of legal issues related to financing and data ownership 
rights. The strategic approach is essential, so they should guide local governments in designing 
sustainable strategies for LSDI development. They should take care of the standardization of 
data and processes. A team of experts should deliver guidelines and monitor and evaluate the 
development. They should be involved in pilot projects needed to test the model of development. 
They should also deliver the knowledge to the representatives of cities. Their task should be to 
organise PR for cities and citizens and to help in the process of change since it is impossible to 
avoid the resistance to change in the working process. The implementation should be prepared 
together with city employees before the initiation of the change and through the change process 
itself. (Figure 11.7).  In Table11.6, all model inputs for the model of development of LSDI are 
listed.
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Table 11.6: Model inputs obtained by means of research methods with a description of the influential point 
of a model of development of LSDI

 Raise awareness of decision-makers.

Upgrade legislation which will direct cities to explore and use 

SDI, e-governance, smart cities, and similar digital concepts.

Enable data exchange trough LSDI between data holders.

Categorize the existing data with metadata.

Plan the surveying of the rest of the infrastructure or objects 

with a spatial component.

Upgrade legislation and make a budgeting model at the

 national political and institutional level.

IT expert is essential nowadays. Employ an IT expert 

in the city as an obligation for cities.

Define legally the responsibilities for working 

processes related to IT.

Help cities to recognize the benefits of GIS software 

so that they can decide if any of  FOSS or commercial 

software is appropriate for them.

Plan strategic development of LSDI guided by the national level.

Have a dynamic plan and monitor development.

Use experts for various processes in the implementation of LSDI.

Raise awareness of decision makers at the national level.

Secure political and institutional support and expectations to be 

provided by the city representatives for the development of LSDI.

Make communication and guidance through online national 

point for the development of LSDI at the national level.
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experts around the national point.

Make each city obligated to have an employee responsible 

for the development of LSDI in the national network. 

Make it possible for smaller cities to join in the development 

of one LSDI to reduce costs. 

Provide political and institutional support for LSDI development.

Operationalize the support by financing and raising 

awareness and knowledge of LSDI

 Secure guidelines and transfer the knowledge of various 

experts at the national level. 

 Find financial resources from other sources in addition 

to local governments.

Give political and institutional support for the development of 

LSDI, including the law that  will be created based on a holistic 

approach to identify benefits of digitalization for local governments.
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The model has been created based on current relations between key stakeholders. Within the frame 
of the existing processes, a new model has been added using the model inputs. Finally, the processes 
of testing, monitoring, and reporting are added for the purpose of further tuning and developing the 
system (Figure 11.8).

In order to develop the model, key stakeholders need to be defined. Key stakeholders are the person 

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

 Raise the awareness of LSDI among decision-makers at the local level.

Perform  PR activities for citizens and city administration to 

raise the awareness of the benefits of LSDI.

Include the guidelines for collecting new spatial data and for 

revising and registering the existing spatial data

 Make a clear organizational structure with clear responsibilities

 Establish vertical and horizontal support and collaboration at 

the national level to be provided by political and institutional 

sector to local level by  decision-makers in cities.

 Raise awareness of LSDI by decision-makers at the local level. 

 Create  national communication and guidance online point for 
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Make a network of representatives of all cities and various 
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Make each city obligated to have an employee responsible for 

the development of LSDI in national point network. 

Help them in the process of changing the usage of technologies 

and methodologies at the working place.

 Use H.R. expert in planning and in implementation

 Develop models for free data exchange and for citizens related 

to those data that could be useful for them.

Have PR activities for citizens to understand the importance and 

benefits of LSDI since they will have an impact on decision-

makers to initiate the development of LSDI. Use best practices 

for their benefits. 

 Have similar PR for each stakeholder

 Educate all of them how to use LSDI and for which purposes.  

Encourage citizens and other stakeholders to use the data.

Raise awareness about benefits of LSDI of all stakeholders on local level

Deliver knowledge to all stakeholders on local level 

Define responsibilities for implementation and management 

of LSDI in cities

Help employees of city administration in acceptance of LSDI 

in process of change in daily routines using HR activities.

Make PR strategy for processes or raising awareness, knowledge 

and motivation of all stakeholders for using LSDI.
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in charge of change chosen among all of the stakeholders. At the framework level, a key stakeholder 
is a political level that passes laws. At an organizational level, key stakeholders are the institutions 
dealing with spatial data like SGA and NSDI. At an operational level, key stakeholders are cities.

Out of model inputs (Table11.5), the model inputs related to the framework refer to legislation. 
Model inputs indicate that the development needs to be supported by legislation, which might 
help the local governments to find additional sources of financing and data exchange between the 
stakeholders. Moreover, the model suggests that an IT expert should be employed not only for the 
purpose of implementing and managing LSDI, but for the purpose of overall digitalization. It is 
expected that the benefits provided by IT experts would be involved not just in LSDI processes but 
also in other processes related to digitalization, and not just to achieve the goals related to the local 
level but also to upper levels of the government due to different initiatives of digitalization given 
by the state and EU. In chapter 3, the issues and initiatives of the local self-government in Croatia 
are described. On the other hand, it is expected that the framework level defines the expectations 
from the local government.

From model inputs for the organizational level, it is expected from model inputs at the organizational 
level to organize the raising of awareness through some institutions, data exchange, creation of 
metadata, and to plan the surveying of non-registered spatial data. It is also expected from this level 
to organize communication in order to connect the representatives of each city. An SDI expert, 
IT expert, HR expert, financial expert, law expert, surveying expert, and other experts dealing 
with the issues on environmental data would be included by an online point for networking and 
transfer of knowledge from a multidisciplinary team through a communication channel established 
for delivering the guidelines. It is also expected that they help local governments to organize 
themselves for joint implementation and management of LSDI in the case of small cities or cities 
which do not have the capacities to deliver as expected. The issue related to local self-government 
in Croatia is that there are too many local self-governments with some of them being perhaps even 
unsustainable. Apart from supporting such local self-government at knowledge and organizational 
level, it is also expected to help them in co-financing this project but also in raising the awareness 
of decision-makers, citizens, and other stakeholders at the local level. The support is expected in 
organizing the models for free data exchange among different stakeholders, primarily at the local 
level but also at other levels of SDI. Finally, it is expected to organize and lead the project of 
measurement and reporting by helping the local governments to create a dynamic plan and reports 
on the progress made. 

The operational level is expected to work on encouraging the citizens to use  LSDI and raise 



255

the awareness of citizens of the benefits from LSDI. They would use a central, online point to 
communicate with a multidisciplinary team of experts, and with the representatives of other cities to 
solve the issues like: producing models for free data exchange, creating metadata, surveying of non-
registered spatial data based on created guidelines, creating organizational structure at a local level 
with clear responsibilities, creating strategy, creating a dynamic plan and delivering reports based 
on measurements of the development progress, and management of LSDI. To deliver the above 
mentioned, local self-governments can join forces with other cities in the process of development, 
implementation, and management of LSDI. Apart from the framework and organizational level, the 
operational level should also work on finding other resources of financing like the EU and other 
founds.

As for the testing, measurement, and reporting part, it could be useful to make further research 
and pilot projects to collect more data important for tuning the system of development like 
interviews with stakeholders in large or medium-sized cities, or pilot projects with cities in the 
joint development of LSDI, or research on the models of financing. The organizational level could 
design the measurement according to the possibilities of local governments to send useful reports 
for further tuning or changing of the system.

This model is created on the basis of the conclusions derived from the research in this thesis. Its 
main advantage is that it is based on the indicators of development discovered by the research 
in a real environment that includes successful solutions despite all the obstacles faced by LSDI 
development projects in the Republic of Croatia. Furthermore, it has been developed to meet the 
needs recognized in the real world. The measurement and reporting on the progress are included in 
the model, which made the change of the system possible.

The disadvantages of the model are that it does not include the research on the needs and plans of 
some stakeholders whose needs and plans might help the model to succeed. Such plans and needs 
could be of the political and institutional level or the needs and habits of citizens. The efforts made 
in NSDI and by its working group could be beneficial to this model but also vice versa. The model 
should be harmonized with the needs and plans of NSDI, but also of other important stakeholders.

SUMMARY
In this chapter, the findings obtained by means of all research methods were summarized, compared 
with other research studies and discussed by the researcher. The model of LSDI development is 
presented as the results of the research findings. Political and institutional support is most often 
mentioned in the summarized findings, along with the issue of raising the awareness. 
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CONCLUSION AND FURTHER RESEARCH

In this chapter, the research is summarized based on the objectives of the research. 
The recommendations for further research are given, as well.

12
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RESEARCH OBJECTIVES AND HYPOTHESIS
This chapter summarizes the research based on the research objectives, presents the conclusion of 
the research problem, and highlights the significance of the research in theory and practice with 
limitations and recommendations for further research.

The research was based on detecting the indicators  and obstacles of the development of LSDI in 
Croatian cities. After detecting the indicators of the development and barriers to the development, 
a model of development was generated.

In order to achieve research objectives, the literature has been reviewed, the survey was conducted 
with all cities, focus group was held with SDI experts, the interviews were held with stakeholders 
of LSDI, and the pilot project was carried out. 

Research objectives and hypothesis is further stated one by one and conclusion on each is given

To adapt the indicators and objectives from the existing assessment frameworks 
to the particularities of Croatian Local Spatial Data Infrastructure.

The objective of adapting the indicators and objectives from the existing assessment frameworks to 
the particularities of Croatian Local Spatial Data Infrastructure was done successfully.

In order to achieve this goal, several assessment frameworks were used and triangulated into a set 
of questions to detect the indicators of readiness, use, performance and development of (L)SDI. 
 
The questions used in the research were adopted according to the existence of LSDI and by maturity 
of LSDI. The questions were divided on the question for all of cities, and on questions for cities 
with the LSDI. Based mostly on the existing research in Croatia, the activity of SGA, legislation 
and general knowledge, it was concluded that LSDI in Croatia is in the development phase. The 
questions prepared were appropriate to development phase of LSDI maturity. For cities with the 
existing LSDI were more “detail” while the questions for all cities were more “general”.

To assess local spatial data infrastructure readiness, use performance and 
development in the Republic of Croatia and develop a model for LSDI 
assessment.

The assessment of readiness, use, performance and development is graded in five levels: very 
weak, weak, modest, high, very high.
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Readiness
The readiness for the development of LSDI in the Republic of Croatia is weak. The organizational, 
information, human, technology and financial resources for LSDI development and management 
in Republic of Croatia were used to assess readiness.

Organizational resources are very weak. The organizational structure for development and 
management of LSDI (18%), LSDI strategy (16%), vision (3%), defined goals (7%) and dynamic 
plan (3%) for development or management of LSDI indicates low organizational capacities in the 
cities. The information resources for LSDI development and management are either very weak or 
weak since 35% of the cities know all about data sets in the utility cadastre, 25% have cadastre map, 
33% DOF included, 7% utility cadastre completely included in LSDI, and 0% of the cities have 
complete metadata. Human resources are weak, since 29% of the cities have an IT expert employed 
in the city, 35% of the cities have a person responsible for managing hardware and software. 
Technology resources are modest since 59% of the cities use LAN in the city management, and 
55% of the cities use software for editing or viewing the spatial data. Financial resources are very 
weak since, 97% of them are financed at the local level. 

Use
Along with the weak conditions of effective ICT use, high level of self-orientation, low level of 
defined goals and assessments, low intensity of communication with other stakeholders, the use of 
LSDI in the Republic of Croatia is weak.

Five percent of the cities that do have LSDI made services publicly available, 69% of respondents 
from the cities that do have LSDI claim that the access to spatial datasets is free for all users 
or registered users. The leading LSDI target group in the cities that do have LSDI is “local 
administration” (75%), followed by group “citizens” (13%).

Performance
With no defined goals, strategies or KPI, the performance of LSDI in the Republic of Croatia is 
very weak in the stand-alone phase. 

It was estimated by means of reviewing the objectives and strategies and the satisfaction of users 
with LSDI.

LSDI exists in 43% of the cities. Only 16% of the cities have the strategies related to LSDI, and 
7% have defined objectives related to LSDI. 33% of the cities carried out research about working 
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processes, and 16% made some type of assessment of LSDI. In general, Croatian LSDI has the 
characteristics mostly of stand-alone/initiation.

Development
The defined indicators that influence the development of LSDI in the Republic of Croatia, the rate 
of new LSDIs in the 5-year period, and very weak support from the national level, show that the 
development of LSDI in the Republic of Croatia is weak. 

From 2011 until 2016, 6% more LSDIs were established in the Republic of Croatia (from 37% 
to 43%). The indicators of development were derived from the results questionnaires based on 
statistical coefficients. Finally, the validated statistical regression model has correlation between 
model and the development of LSDI’s in the Republic of Croatia in 92.7%. The focus groups with 
SDI’s experts and stakeholders confirmed most of the indicators. 

To research the gap between the current situation and the situation set as a goal 
to be achieved in 2020 according to the INSPIRE Directive.

The gap between the current situation at the local level of SDI and the situation set as a goal to be 
achieved in 2020 according to the INSPIRE 2020 is detected successfully. It is related to:  
 the lack of the existing data from  utility and governmental services Annex III,  
 the lack of support from the higher level of SDI for the implementation of LSDI,   
 the lack of available guidelines and frameworks for the implementation of (L)SDI, 
 the lack of support for developing end-user tools,  the lack of awareness of SDI,  
 the lack of free available datasets at the  above levels of SDI for the city administration,  
 the lack of interest in SDI at the local level

Six cities publish the data in the register of entities of Croatian NSDI, and we can see only three 
utility cadastres listed in the register of spatial data sources. Out of all of the cities with LSDI, 7% 
of the cities have complete data sets related to the utility cadastre, 69% of the cities with LSDI 
stated that they are not familiar with the topics specified in INSPIRE annexes, 93% of the cities 
would like to obtain the guidelines for the implementation and management of LSDI from any 
institution. 95% of the cities think that a network with SDI experts at the national level would speed 
up the development of LSDI. Only 11% of the cities are contacted by some national institution and 
13% of the cities contacted some national institutions.

The development of a conceptual model of LSDI development in the Republic 
of Croatia.
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The development of conceptual model of LSDI development was created successfully. The concept 
in the model are divided into three groups around central point, multidisciplinary team of experts. 
The groups are political and institutional support, the network of city representatives, and the 
operationalization of implementation of LSDI.

The assessment used in this research has been created on real-world case-based learning. Statistical 
regression detects the model of development by indicators ordered by strength which best describe 
the dependent variable - cities which do have LSDI. The identified indicators were used to identify 
what drives the successful delivery of the objective, and they reveal the obstacles in the delivery of 
an objective. Identified indicators were confirmed by other research studies in thesis.

Political support deals with legal and financial issues. Institutional support deals with the 
organization of network, guidelines, data sharing, raising of awareness, researches, support in 
implementation, organization of a multidisciplinary team of experts, and task group for LSDI 
development. A multidisciplinary team of experts would deal with the support to a network of 
city representatives including all issues they are dealing with: SDI, finance, human resources, IT, 
logistics, legal, urbanism and surveying. A network of city representatives is a connecting point 
between cities and a multidisciplinary team of experts and institutions. Representatives should 
have support from decision-makers in the city. IT experts are inevitable in LSDI implementation.

Hypothesis - Research on LSDI readiness, use, performance and development 
will identify the main obstacles related to the development and current state of 
LSDI in the Republic of Croatia.

The hypothesis has been accepted. By assessing readiness, use, performance and development, 
current state and barriers were detected.

Interviews, statistical analysis, and the regression model yielded the indicators that describe how 
some city developed LSDI. If those indicators would be applied in all cities with no LSDI, there is 
correlation of 92.7% between the regression model and cities which would develop LSDI.

The barriers to the development of LSDI are related to the lack of political and institutional support, 
especially in financing, raising the awareness, establishing a network of experts and representatives 
of cities, communicating within the network and IT experts employed in the city administration.

Limitations of research
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There was no detailed detection in literature overview of the situation with LSDI by themes, to set 
more targeted questions.

The research with the citizens involved, as the essential stakeholders which would add new 
perspective to research, was not done in this research.

Human resources issues as very important for successful implementation were only stated as 
relevant issue in this research.

In this research, it was not possible to use data from monitoring and reporting in past, since there 
are no data on LSDI that were collected in the past.

CONCLUSION ON THE RESEARCH PROBLEM
The reality is complex, and the entities in the survey sample adapt to the reality regardless of 
theories and given legal and institutional framework. It is of crucial importance to understand in 
what way and how strong some indicators influence the development of LSDI in the real world 
in a specific country/environment. The indicators of development that already started to affect 
the development in the real-world are the best starting point to define a framework or model of 
development of LSDI.

The triangulation of qualitative, quantitative results, and of the results from other researches 
provided a justified base for conclusions. The use of statistical analysis proved to be justified. The 
statistical analysis recognized the financing of LSDI at the local level as a leading indicator of 
development in the regression model. According to the other indicators from the regression model, 
the level of knowledge and the awareness of the benefits of SDI may trigger the investment in LSDI. 
Thus, the critical task to be initiated and managed at the national level is to raise the awareness and 
to provide the source of knowledge to local self-government. This task can be accomplished only 
with political and institutional support.

Significance of research to theory and practice

This research is important for understanding the (L)SDI environment and development of (L)SDI 
in Croatia from several perspectives - NSDI, SDI experts, local self-government and academic 
community perspective. It is also important from the EU perspective regarding INSPIRE directive 
related to local level of SDI and (L)SDI in general, especially for countries with LSDI at the similar 
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level of maturity. The research could be useful for the development of national strategies of LSDI 
development. The research is important for the local self-government to understand the issues like 
digitalization, and processes of change in daily routines of local self-government administration.

Statistical regression could be a tool for analysing the data obtained by regular measurements and 
from reports on (L)SDI. This research adds a new possibility for assessment methods to evaluate 
(L)SDI. This is most likely applicable to other systems as well, appertaining to its universal logic.

The research investigated PR as a tool for raising the awareness and of introducing the metrics to 
measure the influence of PR activities on citizens.

RECOMMENDATIONS FOR FURTHER RESEARCH
The model of development could be used to test the development of LSD simultaneously in several 
cities of different sizes (with respect to population and budget). A research may be conducted 
to investigate the damages resulting from the absence of LSDI. The damages resulting from the 
absence of LSDI could make ROI more favourable to invest in LSDI. If so, that would be a strong 
argument for politicians at the national level to initiate development of LSDI. Similar research could 
be done in other states with different national characteristics (GDP, investment in IT technologies 
at the national level, national economic growth rate and similar). The general model of LSDI 
development could be made, and be applicable to all states by the parametrization of indicators in 
the regression model according to the characteristics of states.

FINAL REMARKS
This research was an exciting and enjoyable journey. Learning and researching were not related only 
to the topic, but generally. It has not merely deepened my understanding of the knowledge about 
LSDI only, but also about me. Hopefully, this research will be beneficial for the SDI community.

From the beginning, the interest was focused on researching LSDI. The potential in “digitalization” 
and the availability of datasets was attractive. It was clear that the local level was not as developed 
as the national level at that moment, since the investment and development potential is always 
smaller at the local level than on the national level. Hence, creating sustainable and successful 
model is more challenging for local than national level.
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