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Abstract 

This study investigates on the planimetric (x, y) positional accuracy of the National 

Shoreline (NSL) data, produced in collaboration between the Swedish mapping 

agency Lantmäteriet and the Swedish Maritime Administration (SMA). Due to the 

compound nature of shorelines, such data is afflicted by substantial positional 

uncertainties. In contrast, the positional accuracy requirements of NSL data are high. 

An apparent problem is that Lantmäteriet do not measure the positional accuracy of 

NSL in accordance to the NSL data product specification. In addition, currently, there 

is little understanding of the latent positional changes of shorelines affected by the 

component of time, in direct influence of the accuracy of NSL. Therefore, in 

accordance to the two specific aims of this study, first, an accuracy assessment 

technique is applied so that to measure the positional accuracy of NSL. Second, 

positional time changes of NSL are analysed. This study provides with an overview 

of potential problems and future prospects of NSL, which can be used by 

Lantmäteriet to improve the quality assurance of the data. 

Two line-based NSL data sets within the NSL classified regions of Sweden are 

selected. Positional uncertainties of the selected NSL areas are investigated using two 

distinctive methodologies. First, an accuracy assessment method is applied and 

accuracy metrics by the root-means-square error (RMSE) are derived. The accuracy 

metrics are checked toward specification and standard accuracy tolerances. Results of 

the assessment by the calculated RMSE metrics in comparison to tolerances indicate 

on an approved accuracy of tested data. Second, positional changes of NSL data are 

measured using a proposed space-time analysis technique. The results of the analysis 

reveal significant discrepancies between the two areas investigated, indicating that 

one of the test areas are influenced by much greater positional changes over time. 

The accuracy assessment method used in this study has a number of apparent 

constraints. One manifested restriction is the potential presence of bias in the derived 

accuracy metrics. In mind of current restrictions, the method to be preferred in 

assessment of the positional accuracy of NSL is a visual inspection towards aerial 

photographs. In regard of the result of the space-time analysis, one important 

conclusion can be made. Time-dependent positional discrepancies between the two 

areas investigated, indicate that Swedish coastlines are affected by divergent degrees 

of positional changes over time. Therefore, Lantmäteriet should consider updating 

NSL data at different time phases dependent on the prevailing regional changes so 

that to assure the currently specified positional accuracy of the entire data structure of 

NSL. 

Keywords: spatial data; NSL; positional accuracy; uncertainty; quality; RMSE 
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1 Introduction 

Positions, as a fundamental property of any spatial data, are measured by its accuracy 

in correspondence to the true locations on the surface of the earth. Due to technical 

and conceptual restrictions, the positions of geographical features depicted within a 

spatial data are afflicted by inaccuracies, or uncertainties. Although a well explored 

topic, challenges of positional uncertainties of spatial data still persists. This 

introductory section gives some insight to the topic presented within this thesis 

regarding the positional uncertainties of shoreline data. Problem statements and 

related motivations associated to the proposed study are clarified. Thereafter, the aims 

of the thesis are presented. 

1.1 Overview 

Spatial data abounds in the modern world of today, obtainable in several kinds of 

categories and used both at a professional level and by the general public. It stretches 

far beyond the traditional paper-based maps onto information in digital form. The 

term includes all sort of thinkable map contents, aerial photographs and even satellite 

images, acquired by techniques by for example geodetic surveying, photogrammetry 

and remote sensing (Harrie, 2008). Alongside with the revolutionising concept of the 

geographical information system (GIS), spatial data has nowadays extended use in 

spatial planning, cadastral management, agriculture, archaeology, geology, and the 

list can be continued (Kresse and Danko, 2012). Additionally, spatial data set the base 

in various forms of location-based services (LBSs), combining the capabilities of for 

example mobile smartphones and the global positioning system (GPS), utilised for 

navigation and way-finding (Jiang and Yao, 2006). 

In order for decisions and interpretations to be correctly made, data users greatly 

depend on that the data used meets a sufficient level of quality in terms of for 

example positional accuracy. However, as Goodchild (1995) remarks, spatial data is 

subject to a wide range of potential errors and uncertainties throughout the practice of 

data acquisition and processing. Part of the problem lies in the nature of the 

geographical space, i.e. the surface of the earth, as it is a complex and dynamic time-

dependent system compiled of both natural and human-made phenomenon. Such 

complexity challenges the quality of a data product. Nevertheless, data of uncertain 

nature, whether used as a tool in decision-making or in navigational purposes, may 

lead to poor decisions and misinterpretations causing resource loss or even accidents 

(Devillers et al., 2010). As a consequence, concerns about data quality has attracted 

immense research and driven data producers towards a standardising of spatial data 

contents (Hunter et al., 2009). Additionally, rigorous quality assurance procedures 

(Sulaiman and Gudmundsdottir, 2013) and quality assessment techniques (Hunter, 

1999) have been developed in order to comprehend measure and in turn limit the set 

of imaginable uncertainties inherent by spatial data. 
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Quality of spatial data is commonly dismantled into a number of components 

including accuracy, precision, consistency and completeness; each one representing a 

specific characteristic of the quality of a data set (Veregin, 1999). In turn, accuracy, 

as the reverse of error, usually is divided into more specific characteristics called 

positional accuracy, temporal accuracy and thematic accuracy. Positional accuracy, as 

a much common way of expressing the quality of a spatial data set, is of concern in 

this study. It describes the accuracy of positions of spatial features as depicted within 

a data set by coordinates in plane (x, y) and height (z). Again, giving the complexity 

of the geographical space, positions of features depicted within spatial data is always 

afflicted by uncertainties. Yet, it is a quality component of great importance giving 

that today commonly applied applications involving spatial data, such as in LBSs, 

relies on the accuracy of positions. 

As previously noted, concerns about data quality in the form of for example 

positional uncertainties, have led to a standardisation of spatial data production. 

Standardisation organisations such as the Federal Geographic Data Committee 

(FGDC) in the United States, the European Committee for Standardization (CEN), 

and the International Organization for Standardization (ISO), have clearly led the way 

in addressing the topic of spatial data quality (Delavar and Devillers, 2010). 

Standards on data quality express suggestions to be considered and requirements to 

be fulfilled so as to assure a sufficient level of quality. 

Moreover, quality has been addressed by the development of techniques measuring 

uncertainties so that to understand potential integral problems of data products. In 

particular, assessment of positional accuracy has been a popular topic assessing a data 

set (X) in comparison to a reference data set (Q) of higher positional accuracy. 

Suggested methods include both point measures by well-defined points (FGDC, 

1998) and so-called line-based assessments (Goodchild and Hunter, 1997). A popular 

statistical metric of positional accuracy is the root-mean-square error (RMSE) 

(American Society for Photogrammetry and Remote Sensing, ASPRS Specifications 

and Standards Committee, 1990). 

Although there is an ongoing shift towards the data user so as to evaluate the quality 

of a particular data product by its fitness-for-use (Devillers et al., 2010), data 

producers still have a responsibility towards users to ensure a sufficient level of 

quality of their products. Widely known, in terms of spatial data producers, are the 

national mapping agencies like the Ordnance Survey (OS) of Great Britain, the 

United States Geological Survey (USGS), the Survey of India, and the list can be 

continued. The mapping agencies use trained staff, engineers and expert on the fields 

regarding data acquisition, maintenance, application possibilities and so forth. For 

such agencies, assuring the quality of a data product is of fundamental concern. 

In Sweden, Lantmäteriet, the Swedish Mapping, Cadastre and Land Registration 

Authority, has been mandated by the Government of Sweden to be responsible for 

providing spatial data as a service for the Swedish society. The spatial data produced 
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by Lantmäteriet consists of for instance aerial photographs, orthophotographs, 

airborne laser-scanned data, elevation data by digital elevation model (DEM) and 

various forms of basic geographical data (Swedish: grundläggande geografiska data, 

GGD) stored in databases and continually maintained. The end-users of the data 

produced by Lantmäteriet are ranging from individuals, companies to other 

governmental agencies and administrations of Sweden such as the county councils 

and the municipalities (Lantmäteriet, 2013a). 

Lantmäteriet as a mapping agency are specialised at spatial data production. On the 

contrary, challenges still persist regarding the digitalising of compound and dynamic 

geographical features. A reflection of the previous is clearly seen in the 

hydrographical data produced by Lantmäteriet. In particular, if considered National 

Shoreline (NSL) (Swedish: Nationell strandlinje) data, an umbrella term for the 

spatial data compiled of the coastlines of Sweden, including the shorelines of the 

greatest Swedish lakes and canals (Sjöhed et al., 2013). At present, NSL data, 

constituted in GIS vector format, is collected using primary manual digitising towards 

high resolution aerial photographs (Sjöhed et al., 2009). Although the high accuracy 

acquisition technique, positional uncertainties are present due to interpretation 

difficulties and to various natural phenomenon influencing the horizontal (x, y) and 

vertical (z) positions of shoreline boundaries. On the contrary, significant application 

areas of NSL require a high quality, in terms of its positional accuracy, so as the data 

theme to be completely useful. Thus, this study attempts to address the integral 

positional uncertainties of NSL in order to put forward quality restrictions and 

potentialities of the data theme. 

1.2 Problem Statements and Motivation 

This thesis is focused on the positional accuracy of NSL classified data, produced and 

maintained in collaboration between Lantmäteriet and the Swedish Maritime 

Administration (SMA). Rendering to Boak and Turner (2005), the term shoreline (or 

coastline), found within the littoral zone (Figure 1.1), is defined as a dynamic and 

time dependent interface between land and water. Shorelines are due to natural 

phenomenon such as wind, tide, and seasonal water level variations, affected by 

continual vertical and horizontal changes. In addition, the geometry i.e. the shape of 

shorelines is of a predominantly complex sinuous shape. NSL is due to its dynamic 

and complex characteristics submitted to substantial data acquisition challenges. In 

account of the aforementioned, a much common problem of NSL data, or any 

shoreline data of that matter, is the potential positional uncertainties integrated in the 

data. In contrast, the data product specification on NSL (Sjöhed et al., 2013) specifies 

on a high level of quality in terms of positional accuracy. As an example, the overall 

horizontal (x, y) positional accuracy is required to be within 2 m of the true position, 

while for specific object classes of NSL the prevailing error tolerances ranges from 5 

m to 10 m dependent on the uncertainty of the geographical feature. 
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In order to fulfil the quality standard of NSL, the data requires supportive quality 

evaluation procedures and continual updates so that to assure a sufficient level of 

quality. At present, the positional accuracy of NSL is by Lantmäteriet controlled by a 

visual inspection towards aerial photographs. In turn, the actuality of shoreline 

positions is assured by updates towards the latest aerial photographs once every 

second year (Lantmäteriet, 2014b). There are two specific problems with the 

fulfilment of the positional accuracy that are to be investigated within the scope of 

this thesis. First, currently the visual inspection of positional accuracy of NSL do not 

support for a complete measure of the positional accuracy. As no accuracy measures 

are derived, it is not entirely assured weather the accuracy in accordance to the error 

tolerances specified in the NSL specification is fulfilled. A suitable accuracy 

assessment method is needed so that to measure the accuracy in accordance with the 

NSL specification. Second, the potential positional changes developed over time are 

virtually unknown, or at least at present unmeasured, and therefore in need of being 

investigated so that to understand latent quality limitations in the form of positional 

uncertainties developed between intervals of data updates. A thorough investigation 

of the abovementioned problem statements is of great importance so that Lantmäteriet 

towards the data users can assure NSL data products of high positional accuracy. 

 

Figure 1.1 Shoreline within the littoral zone (Source: Wikipedia). 

NSL serves as a base for a multiply of uses where accuracy of positions are of 

considerable importance. The SMA, as one of the co-producer of NSL, places high 

demands on the data theme as it sets the base for many of the SMA map products. An 

example is the naval navigation maps called the Electronic Navigational Chart 

(ENC). The ENC maps are used in sea navigation and way-finding and thus require 

spatial data that portrays shorelines and other coastal features of importance with a 

high accuracy, precision and completeness so that to assure safe fairways in sea 

navigation (Sjöhed et al., 2013). Positional accuracy of the base data of the ENC, in 

the form of NSL, plays a major role in such applications. 

Moreover, NSL is part of the GSD-Property Map (Swedish: GSD-Fastighetskartan), 

an important product of Lantmäteriet utilised by for example the Swedish 
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municipalities and the county councils. Additionally, positions of the land-water 

boundary, as represented by NSL, are important in the graphical representation of 

shoreline protection zones (Savik, 2014) established within the territories of Sweden. 

The shoreline protection zones, derived at sea, lakes and rivers, are regulated by 

Swedish law, and vary from a zone of 100 to 300 metres, dependent on prevailing 

legal directives, and are elongated towards both inland and water. Although the actual 

protection zones are outlined based on field inspection, the graphical representation of 

the zones, by maps in paper-based format or in digital GIS data format, are derived 

from the shoreline data of Lantmäteriet, including the data of NSL. Considering the 

following, the positional accuracy of NSL is of great importance. 

1.3 Aims of the Study 

The overall aim of this thesis is to conduct a quality assessment of two NSL classified 

shoreline data sets by investigation of its positional uncertainties so that to put 

forward potential restrictions and prospective considerations with the data theme. The 

client of this study is Division Geographic and Land Information (Swedish: Division 

Informationsförsörjning) at Lantmäteriet, with its head office in Gävle, Sweden. The 

study is divided into two specific aims which correspond to the two problem 

statements presented above. First, an accuracy assessment technique is used so that to 

assess on the current positional accuracy of two NSL classified line data sets in 

accordance with the current NSL specification. Second, the positional changes of the 

NSL data over time are analysed using GIS-based spatial analysis. 

As a starting point of this thesis, four output questions are presented that are to be 

answered within this study. The first two questions, which correspond to the first 

problem statement and the first specific aim, are as follows: In accordance to the NSL 

specification, what is a suitable method so that to measure on the positional accuracy 

of NSL? How does the quality of the evaluated NSL data (in terms of positional 

accuracy) correspond with regard to the NSL product specification? In association to 

the second problem statement and the second specific aim an equivalent output 

question is to be answered: In terms of spatial data quality, what do an analysis of 

time changes of spatial data positions indicate? Finally, based on the overall aim of 

this thesis the following question is to be answered: What are the possibilities and 

what can be improved given the data quality level of positional accuracy as evaluated 

in the context of this study? The following is to be investigated. 
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2 Theoretical Concepts and Background 

The positional accuracy is a much important element of the overall quality of a spatial 

data set. In contrast, spatial data is subject to a variety of quality issues, due to 

limitations in for instance data acquisition and maintenance. Assessing the quality of 

the data, in terms of for example its positional accuracy, can help to assure its 

suitability within a certain application area. In this study, the spatial data theme of 

NSL is quality assessed using its positional accuracy as the main quality component. 

Hence, in order to understand the topic of this study, hereon is followed some general 

theory of spatial data quality, followed by a literature study so that to find an 

appropriate method on assessing the positional accuracy of NSL. Thereafter, 

necessary background information of NSL is presented, including among other 

things, the requirements of the positional accuracy of NSL data as given by the NSL 

data product specification. Nevertheless, spatial data is the main component of this 

study (in the form of NSL); therefore the next subheading provides with a perspective 

view to the topic of spatial data, also more generally known as geographical 

information. More specifically, the historical foundation and driving forces of 

geographical information is presented, followed by an overview to the main 

components and categories of spatial data obtainable today. 

2.1 Spatial Data in Perspective 

The practice of making use of geographical information, i.e. maps and other 

information referenced to the surface of the earth, is as old as the earliest human 

civilisations, dating from about 4000-3000 BCE, in the areas of Mesopotamia and 

Egypt (Koeman, 1993). As human civilisations have evolved, so have also the 

techniques of making maps and other geographically based information. As time has 

passed, map-making has reached more sophisticated levels contributed by professions 

of cartography, defined as the science, technique and art of map-making (Koeman, 

1993), and geodetic surveying techniques for acquisition of geographical information 

(Kavanagh, 2003). Nevertheless, at the 20
th

 century the introduction of the computer-

based environment opened up for new paradigms of geographical information, 

challenging the monopoly of the conventional paper-based maps through digital 

mapping techniques. A great milestone is thought to be in the late 1960s when 

Tomlinson (1967) introduced the notion and the concepts of the GIS. At the 1980s, 

the GIS had turned into a well-established computer-based system utilised for storing, 

managing, modelling, analysing and visualising geographical information in digital 

form, information commonly known as spatial data (Coppock and Rhind, 1991). 

As a consequence of the vast development undertaken with GISs, eventually a 

complete science of research dedicated to GISs and related subjects was taken form, 

coined by Goodchild (1992) as the geographical information science (GIScience). It 

involves the more traditional fields of studies such as geography and cartography. 
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GIScience can be seen as the main contributor to the recent decades of progresses 

made with spatial data used today. Nonetheless, alongside with GISs and the 

GIScience research field, other geospatial technologies and fields of studies of for 

example geodesy, geodetic surveying, photogrammetry and remote sensing, formed 

into an interdisciplinary field commonly known as geoinformatics, or geomatics 

(Konecny, 2003; Kavanagh, 2003), has over time inevitably extended the amount, 

level of richness and thus usefulness of spatial data collected and utilised today. 

In the literature, the term spatial is often used synonymous with the term geographical 

or even geospatial (Shi, Fisher and Goodchild, 2002); hereon the term spatial, as in 

spatial data, is emphasised. Spatial data itself is explained as a simplified depiction, or 

model, containing information about locations, shapes and relationships of 

geographical phenomenon, both naturally occurring and human-made, as associated 

with the surface or near-surface of the earth (Prescott, 1996). Data of spatial character 

constitutes of three fundamental components, or dimensions, distinguished by 

Longley et al. (2005) as ‘place’, ‘attributes’ and ‘time’. Place, also called space 

(Chrisman, 1991), indicates the linkage of the data to a location on the geographical 

space, preferably in a systematic way defined by a geodetic reference system. In fact, 

without a location connected to a spatial data set, the data would be named ‘non-

spatial’ or ‘aspatial’. Attributes, or theme (Sinton, 1977), is a property of a feature, 

entity or phenomenon found within the geographical space that links to a spatial data 

set commonly in tabular form. Finally, spatial data is in essence fixed to a particular 

moment in time, thereby the temporal component. 

Categories of spatial data, commonly utilised today, are represented by either the 

raster or vector GIS data storage types (Decker, 2001). The raster format is grid-

based, i.e. it consists of individually divided cells or pixels arranged in a matrix of 

columns and rows, where each cell contains a unique value. For instance, on a raster 

DEM each cell contains a unique elevation value corresponding to a specific location 

on the geographical space. Spatial data stored in raster format includes for instance 

DEMs, digitally scanned paper maps (digital raster graphics) as well as raster imagery 

like aerial photographs (photography-based imagery and orthophotographs) and 

satellite imagery. On the contrary, the vector data format stores geographical features 

in the form of points, lines and polygons (areas). Geographical information stored in 

vector format includes everything from land use and land cover classes, to elevation 

models (by for example a triangulated irregular network, TIN). The NSL theme, as 

investigated within the scope of this study, is an example of a vector-based line data. 

2.2 Spatial Data Quality 

Quality of spatial data is the fundamental concept of this study. Therefore it must be 

manifested some principles of spatial data quality, what issues is involved with 

quality of spatial data, and some facts about how quality of spatial data is handled. 
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However, to begin with, what is quality? The ISO 9000 standard (ISO, 2005) defines 

quality as the “degree to which a set of inherent characteristics fulfils requirements” 

(p. 7). In terms of spatial data quality, Prescott (1996) comprehensively outlines 

quality as “an essential or distinguishing characteristic necessary for the spatial or 

cartographic data to be fit-for-use; fitness for use; meeting an expectation; degree of 

excellence; conformance to a standard; completeness; logical consistency; accuracies 

of position and attributes; lineage” (p. 331). Correspondingly, quality is about 

meeting satisfaction with a data product. A satisfactory level is commonly met by 

‘conformance to a standard’ (Prescott, 1996) or a specification, i.e. by a specified set 

of regulations for a data producer to follow in order to meet an agreeable quality 

level. 

Nevertheless, the notion ‘fitness-for-use’ is in the literature often applied for defining 

the quality of spatial data (Chrisman, 1984; Chapman, 2005; Devillers et al., 2010). 

The concept of fitness-for-use defines the quality of a data set based on how it fits, or 

suits a specific task or application. Concerns about fitness-for-use has been realised 

through implementing metadata, i.e. data about data, which is to communicate data 

quality information to a potential consumer in order for the consumer to assess on the 

potential application areas of a data set. 

Following the above discussion, Devillers et al. (2002), distinguishes between two 

main definitions of spatial data quality. On the one hand, a data producer defines 

quality primary based on a set of regulations directed by a standard or a specification. 

Thus, quality is assessed and defined commonly by numerical values. On the other 

hand, from a data user perspective, quality is defined based on the usability of a data 

set in the context of a specific task or application, i.e. through the concept of fitness-

for-use; realised mainly by metadata quality information. Either way, in this study the 

focus is put onto the issue of spatial data quality defined from the perspective of a 

data producer. 

2.2.1 Quality Issues 

Imperfect quality of spatial data has been an ongoing issue since the early days of 

digital mapping and the use of GIS, in many aspects divergent from conventional 

paper-based maps. Thus GIScience researchers have been enlightened to factors 

influencing the spatial data quality in terms of inaccuracies, i.e. by the data inherent 

errors and uncertainties (Hunter et al., 2009). Error is the opposite of accuracy 

(Veregin, 1999); thus, as Gahegan and Ehlers (2000) suggest, when an inaccuracy 

within a data set is known, it is best explained as an error. On the contrary, when an 

inaccuracy is not known, it is best described by the term uncertainty. Moreover, the 

term accuracy is explained as the closeness to which an observed or measured value 

is conforming to a true value (Chrisman, 1991). In relation to quality issues, the term 

precision, or sometimes called resolution, is also important. It describes the quantity 

of details that can be distinguished in a data (Chapman, 2005). 
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Problems of uncertainties arise furthermost due to the complexity of the geographical 

space, as it is a three-dimensional (3D) space with features of natural and human-

made phenomena changing over time (Goodchild, 1995). Hence, as noted by 

Chrisman (1991), there is no perfect method for geographical representation which 

would enable for an ideal copy of the surface of the earth, either as a paper map or 

within a computerised environment of a GIS. As a result, the complexity of 

geographical phenomena restricts representations of spatial features to traditional 

cartographic measures of generalisation (such as by simplification and aggregation) 

(Goodchild, 1995), and thereby limits the spatial precision of spatial features depicted 

within a GIS (Veregin, 1999). In addition, since the earth and its phenomenon are 

affected by time, the surface of the earth depicted by spatial data may over time 

become irrelevant (Fisher, 1999). 

Robinson and Frank (1985) note the uncertainties of data due to measurement 

techniques. Collection of spatial data is accomplished through for example geodetic 

surveying techniques, photogrammetry or remote sensing. For example, in the case of 

measuring spatial coordinates using a global navigation satellite system (GNSS), 

uncertainties are added both in plane (x, y) and height (z) (Lantmäteriet et al., 2013). 

Uncertainties of GNSS measuring emerge due to a variety of causes. Clock error in 

satellites and receivers are common, so also the uncertainties caused by atmospheric 

factors affecting transmitted and received signals to be decelerated and curved. On 

the other hand, with knowledge of common uncertainties, measures can be corrected 

by some mathematical function. 

Moreover, Robinson and Frank (1985) points out the problem with the human 

subjective interpretation of spatial features. Distinguishing of spatial features is 

concerned with a wide range of uncertainties. Although the complexity of most 

geographical features, Fisher (1999) differentiate between well-defined features and 

poorly-defined. Well-defined includes furthermost human-made features, which can 

be measured with high accuracy and precision. On the other hand, poorly-defined 

features involve almost any naturally occurring object found within the geographical 

space. For example, Goodchild (1995) clarifies the problem with an example of soil 

classification made by two independent soil scientists. Due to individual subjectivity, 

the resulted map products would most likely be dissimilar in terms classification of 

features and spatial positions. Thus, uncertainties associated with spatial data are 

known to be present in all stages of data production, from data collection, processing 

and representation. Therefore, spatial data can only function as a simplified model of 

the real world. The aforementioned quality issues impose great research challenges 

for the decade to follow (Goodchild, 2010). 

2.2.2 Specifications and Standards 

As noted above, spatial data products are not, and cannot be, accurate depictions of 

the geographical space; rather, mapping agencies produce spatial data based on a 
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modelled reality pursued generally by a data product specification (Veregin, 1999). A 

data product specification, or simply a specification, is used by data producers as a 

guideline in the stage of data production. Rendering to Larrivée et al. (2011), 

specifications has now for decades been implemented as a natural component in the 

fields of for example geodesy and photogrammetry. A specification consists of a set 

of rules and obligations to which a spatial data set is to meet. Specifications are of 

various forms dependent on an organisations needs and requirements. As an example, 

a specification may describe specifically for a particular spatial data theme for 

instance rules of cartographic representation, demands on the positional accuracy of 

the data, and procedures of data maintenance (Jakobsson and Giversen, 2007). In 

other words, a specification describes a specified production process of a particular 

data set as agreed on within an organisation, such as a mapping agency, and thereby 

establishes the level of quality of a data set produced. 

An example of a data product specification is the specification on NSL (Sjöhed et al., 

2013). Among other things, it describes the quality requirements of NSL classified 

data, and therefore the specification is of particular importance within this study. 

More specifically, the specification describes for instance the delineation of the data, 

demands for registration of spatial features, allowable horizontal and vertical 

positional mean errors, and so forth. The document also includes a detailed 

descriptive list of the different spatial object classes included in the NSL data theme. 

In order to facilitate the development of spatial data, sharing it between several of 

users, and implementing it in several of thinkable applications, the concept of 

standardisation of data products set an important foundation. A specification is 

standardised by conformance to the guidelines specified by a standard. Specifications 

on spatial data production, if standardised, are commonly based on either so-called 

official standards or on industry standards (Kresse, 2004). Official standards are 

published by for example the ISO, the CEN, and the FGDC. In Sweden, the official 

standards distributed by the Swedish Standards Institute (SIS) are commonly used 

(Paasch and Rydén, 2014). The Open Geospatial Consortium (OGC) publishes 

industry standard. 

On the topic of spatial data quality, there are a wide range of standards available. In 

the United States, widely known is the Spatial Data Transfer Standard (SDTS). 

Correspondingly, in Sweden, Lantmäteriet uses the SIS standard on data quality (SIS, 

2013). Similarly, there are a variety of accuracy standards. To the well-known 

American accuracy standards includes for example the United States National Map 

Accuracy Standards (NMAS) (United States Bureau of the Budget, 1947) and the 

NSSDA (FGDC, 1998). A commonly applied industry standard on the topic of 

positional accuracy is the ASPRS Accuracy Standards for Large-Scale Maps (ASPRS 

Specifications and Standards Committee, 1990). The NSSDA provides with a 

detailed description of positional accuracy followed by suggestions on how to 
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measure and report on positional accuracy. Moreover, the ASPRS standard provides 

with a list of planimetric (x, y) and vertical (z) positional error tolerances. 

2.2.3 Elements of Spatial Data Quality 

Spatial data quality is conventionally divided into a set of well-defined elements, also 

sometimes called parameters or components (Veregin, 1999), aspects (Prescott, 1996) 

or even dimensions (Goodchild, 1995). The elements are set by various 

standardisation organisations around the world, and implemented by data producers 

in their data product specifications. In the numerous of data standards existing today, 

focused on data or specifically data quality, most often divides data quality into five 

or six categorical elements. In the majority of cases elements of spatial data quality 

includes completeness, logical consistency, positional accuracy, thematic accuracy 

and temporal accuracy (Guptill and Morrison, 1995; Wasström, Lönnberg and 

Harrie, 2008). Some standards also include additional data quality elements such as 

purpose, usage and lineage (Kresse and Fadaie, 2004). In turn, the elements are often 

divided into a variety of sub-elements describing more in detail different aspects of an 

element. Veregin (1999) goes further and discusses on precision, or resolution, as an 

important element related to data quality. 

Of the five most commonly applied elements, some brief descriptions are followed. 

Completeness refers to the presence and absence of spatial features, associated 

attributes, and relationships between features within a data set. Logical consistency 

denotes the degree of consistency of the internal structure of a data set in terms of 

relationships between features, topology of features, and values linked to features. 

Positional accuracy refers to the accuracy of positions of spatial features of a data set 

in correspondence to the geographical space. Thematic accuracy describes the 

accuracy of values and attributes assigned to spatial features of a data set in 

conformance with the geographical space. Temporal accuracy is concerned to the 

accuracy of values and sequences of time, specified within a data set. In this thesis is 

aimed onto the quality element of positional accuracy, a specifically important 

element of any spatial data as it determines the accuracy of positions of spatial 

features. In turn, positions are part of place, or space, one of the three previously 

listed fundamental components of spatial data (Longley et al., 2005). 

2.3 Positional Accuracy 

The focus of this thesis is laid onto methods of accuracy assessment of spatial 

positions as a mean for ensuring the quality of GIS vector lines (lines in the form of 

the NSL data theme). As previously noted, positional accuracy stands for the 

accuracy of positions of spatial features depicted within a spatial data set in relation to 

a prevailing projected geodetic reference system (Wasström et al., 2008). The 

reference system represents the true positions on the surface of the earth. Here usually 
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is separated between positional accuracy in plane, by two-dimensional (2D) Cartesian 

coordinates x and y, and in height, by z coordinates. It may also be important to refer 

to the positional accuracy for a system as a whole and of features of the same 

magnitude (Prescott, 1996). A quality assessment of positions of a spatial data set, 

either as a whole or of specific features, is accomplished by some method which 

determines horizontal (x, y) and vertical (z) errors, in relation to the actual, or true, 

positions of the objects within the surface of the earth. 

Furthermore, Stanislawski, Dewitt and Shrestha (1996) alongside with the SIS 

standard on geographical data quality (SIS, 2013), distinguishes between absolute and 

relative positional accuracy. Absolute positional accuracy addresses the closeness 

between measured positions in a data and the true positions defined by a projected 

geodetic reference system according to the geographical space. It is by far the most 

commonly used accuracy metrics in terms of spatial positions, suggested by for 

example the NSSDA and ASPRS standards (ASPRS Specifications and Standards 

Committee, 1990; FGDC, 1998). Relative, or internal, positional accuracy refers to 

the geometrical accuracy of positions between spatial features in a data set and the 

ground truth. The following subsection elaborates on the techniques on assessing the 

absolute positional accuracy of geographical line features. 

2.4 Techniques on Assessing the Positional Accuracy of Lines 

Principally, positional accuracy is measured by determining the difference of a 

location of an entity recorded in a spatial data set in relation to the corresponding true 

location of the entity on the surface of the earth (Prescott, 1996). Nevertheless, as 

stressed by Hunter (1999), due to difficulties with determining the positional accuracy 

of a spatial feature within a data set in comparison to the true corresponding location 

on the earth, a commonly applied approach is to compare with a data source of higher 

positional accuracy. Correspondingly, a wide range of studies has addressed different 

aspects of determining the positional accuracy of spatial features, comparing the data 

in investigation, hereon denoted X, with a parallel reference source, Q, of higher 

accuracy. Furthermore, in the literature, measures of positional accuracy of spatial 

features usually is divided into point-based contra line-based methods (Van Niel and 

McVicar, 2002; Seo and O’Hara, 2009), where the former is focused on assessment 

based on individual points and the latter gives measures considering also the 

geometry of a line. 

What follows is a literature study on the related work on quantitative accuracy 

assessment methods of horizontal (planimetric) positional accuracy (measured by x 

and y coordinates) of vector line data. Technical solutions and resulting statistical 

measures of positional accuracy, given by the literature and in commonly applied 

standards, are discussed. The pros and cons of point-based methods in comparison to 

line-based methods are presented. Thus, the following literature study is directed 
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primarily at finding means to realise the first specific aim of this thesis, that is, to use 

a technique in order to assess on the positional accuracy of NSL classified line data. 

2.4.1 Point-Based Methods 

Widely known, in terms of the assessment of positional accuracy, is the concept of 

‘well-defined points’. In the United States, the approach is commonly suggested by 

standards, such as by the NMAS (United States Bureau of the Budget, 1947), the 

ASPRS Accuracy Standards for Large-Scale Maps (ASPRS Specifications and 

Standards Committee, 1990) and more recently, by the FGDC published NSSDA on 

positional accuracy (FGDC, 1998). Corresponding well-defined points are identified 

both on X and on Q. The independent reference source (Q) is acquired using for 

example a geodetic surveying technique such as by a total station or by a GNSS 

technique like the GPS, or by a photogrammetric method towards for example high 

resolution imagery (FGDC, 1998; Wasström et al., 2008). In term of linear features, 

the identification of well-defined points includes furthermost right-angled 

intersections of especially man-made objects such as roads, canals, house corners 

etcetera. Similarly, in Sweden the ISO-based standard on data quality (SIS, 2013), 

suggest the use of ‘corresponding pairs’ as a mean for linkage of corresponding 

features between X and Q, in order to assess on the positional accuracy of a spatial 

data set. 

The accuracy standards, such as the ones above mentioned, recommend either the 

calculation of the Euclidean distance, i.e. the minimum distance between two spatial 

features (Peuquet, 1992), or the differences in x and y of corresponding pair of points. 

Determined differences enable for knowledge about the positional deviations between 

selected points on X in relation to corresponding points on Q (Figure 2.1). Producing 

an overall quality assessment of the positional accuracy requires the selection of 

multiply test points, i.e. by well-defined points, commonly by a sample, randomly or 

manually specified. FGDC (1998) recommend a minimum requirement of 20 test 

points. The sample will represent the positional accuracy as a magnitude of the 

whole. Deviations derived by the accuracy assessment should preferably be 

statistically handled so that to obtain an overall report of the positional accuracy of X 

relative to Q. 

The ASPRS (Specifications and Standards Committee, 1990) and the NSSDA 

(FGDC, 1998) standards advise the use of the RMSE as a measure of the horizontal 

positional accuracy of a data set relative to a reference source. Furthermore, the 

NSSDA advises that the resulted RMSE values should be smaller or equal to 95% of 

the total amount of calculated values. The assumption is that the measured horizontal 

errors by the RMSE values are independent and follows a normal (Gaussian) 

distribution. Thus, the statistical summarisation by the RMSE is sensitive to potential 

gross errors, i.e. to outliers and to potential systematic errors (Zandbergen, 2008). SIS 

(2013) gives a more general view of how to summarise error statistics of positional 
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accuracy by listing a wide range of statistical measures by for example the RMSE, the 

mean value of positional uncertainties, bias of positions, confidence levels at various 

percentages, and so forth. Nevertheless, SIS (2013), in conformance to the NSSDA, 

assumes the set of measured positional errors following a normal distribution. 

 

Figure 2.1 Concept of point-based method. 

Point-based methodology is widely applied in the assessment of street networks. 

Zandbergen, Ignizio and Lenzer (2011) compared two topologically integrated 

geographic encoding and referencing (TIGER) data sets of roads. The reference 

source (Q) to which the data sets were compared compiled of a corresponding high 

resolution orthophotograph. For each data set, points at road intersections were 

selected using an iterative random sampling technique. Each selected point was 

compared to the orthophotograph, and an equivalent point representing the true 

location, according to the image, was digitised. The deviation between the points of 

the data sets (X) and the corresponding digitised true positions (Q) was calculated. 

Calculated deviations was summarised by error statistics using, among other metrics, 

the RMSE. 

Girres and Touya (2010) assessed street networks extracted from the OpenStreetMap 

based on the concept of well-defined points. Points was derived from street 

intersections of X and matched with intersection points from a data source Q. 

Deviations, based on the point intersections between the set of lines (X, Q) was 

calculated. The calculated metrics was summarised by maximum-minimum values, 

mean, standard deviation, and coefficient of variation. Likewise, Helbich et al. (2012) 

tested street data from OpenStreetMap (XO) and Tele Atlas (XT) in comparison to high 

accuracy data (Q) collected by land surveying techniques. Corresponding road 

intersections of the pairs of line sets (XO, Q) and (XT, Q) was matched. Deviations 

between coordinates were calculated. Among other more complicated statistical 

analysis applied, familiar summarising statistics of deviations were calculated. 
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2.4.2 Line-Based Methods 

Widely discussed in the literature has been the application of epsilon bands (Perkal, 

1966; Blakemore, 1984; Skidmore and Turner, 1992) as a supplement or replacement 

of point-based methods for the assessment of positional accuracy. An epsilon band is 

described as a buffer of width x around a line, marked as a band of uncertainty 

(Figure 2.2). Goodchild and Hunter (1997) proposed a statistically-based epsilon 

band (hereon called buffer) technique in assessing the positional accuracy of 

shoreline vector data. The reference data (Q), with the assumption of representing the 

true location of the shoreline, is buffered with a zone width of x metres and 

intersected with the line data (X) to be tested. Thereafter the percentage of the total 

length of line X within the buffer zone is calculated. The method gives a measure of 

the positional accuracy of X based on the length of the line relative to the buffer of 

line Q. Advantages of the technique includes, first, that it is uninfluential to high 

deviations in positions, relatively speaking, and second, that it does not require the 

matching of identical breakpoints of a line data set, but rather, threats the data by its 

lines as a whole. The method has gained tremendous popularity in the assessment of 

volunteered geographical information (VGI) (Goodchild, 2007), particularly in 

assessing the quality of OpenStreetMap data relative to a source of higher accuracy. 

Haklay (2010) being one of the precursors, has succeeded by studies made by for 

example Ather (2009), Kounadi (2009), and Zheng and Zheng (2014). 

 

Figure 2.2 Buffer (epsilon band) of specified width x of line Q in comparison to line X. 

A similar buffer technique has been developed by Tveite and Langaas (1999), called 

the buffer-overlay-statistics method (BOS). Both the lines X and Q are buffered by 

specified widths; thereafter an overlay analysis of the buffered zones is performed. 

The method determines the percentage that accounts for an overlay of both buffer 

zones contra the percentage that accounts for either one of the buffers. No 

predetermined ideal width of the buffers is possible; however the widths are therefore 

iteratively determined, with the first widths set according to for example a known 

error tolerance. Results of the method give a relative measure on the positional 
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accuracy of X relative to Q. As a consequence, the method may be utilised in 

assessing the behaviour of a data set X, regardless of the quality level of Q; yet a line 

Q of a higher quality compared to the X is to be preferred. 

2.4.3 Comparison of Techniques 

Ariza-López and Mozas-Calvache (2012) conducted a comparison study of four line-

based methodologies for the investigation of positional accuracy. The methods were 

applied using artificially derived lines. Positional accuracy of lines was compared 

using (1) the Hausdorff distance, (2) a mean distance method which calculates the 

mean distance between a given pair of lines (X, Q), (3) the single buffer method 

developed by Goodchild and Hunter (1997), and (4) the BOS method proposed by 

Tveite and Langaas (1999). The Hausdorff distance, developed by the German 

mathematician Felix Hausdorff (1868-1942), has been discussed by for example 

Hangouët (1995), and practically tested by for instance Tsoulos and Skopeliti (2000), 

and Girres and Touya (2010). By comparing the four line-based methods Ariza-López 

and Mozas-Calvache (2012) put forward the single buffer method as the one giving 

the most general result regarding positional accuracy. The graphical result is clear, so 

also the results derived by the BOS method. However, in comparison with the single 

buffer method, the BOS technique is rather complex as it involves the overlay of two 

buffers of specified widths, and therefore the results derived by the BOS method is 

difficult to interpret. Although the potentiality of the single buffer method, it may be 

sensitive to potential outliers in cases where the entire line X is covered by the 

specified buffer width. 

Additionally, comparison studies of point-based versus line-based methods have been 

conducted. Van Niel and McVicar (2002) used a linear road data set (X) in 

comparison to a reference data set (Q). The line Q constituted by road intersection 

points connected with links and was collected by a differential GPS (DGPS). The 

number of sample points to be tested by the proposed assessment was determined by 

random simulations which weighted the number of points in comparison to the mean 

positional accuracy derived. After the sufficient number of sample points had been 

selected, the deviations were calculated between road intersections of X and the 

comparable points (Q) collected by the DGPS. Obtained metrics was statistically 

interpreted according to the NSSDA accuracy standard (FGDC, 1998). In 

comparison, the single buffer method developed by Goodchild and Hunter (1997) was 

used by buffering Q by specified intervals according to an allowable planimetric 

tolerance specified by a standard published by the National Mapping Council of 

Australia. The buffer zones were intersected with the line data X and the percentage 

of the line length within the different intervals of buffer zone was calculated. 

The results from the two methods applied by Van Niel and McVicar (2002) reveals 

that for the point-based method, at the 95% confidence interval the error estimate is 

twice the error obtained from the line-based method where 95% of the line length lies 
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within the buffer zone. From the result it is put forward that the positional accuracy 

measures using the two methods are fundamentally different from each other as the 

methods generate two completely different measures of positional accuracy. 

Furthermore, it is suggested that although the point-based method used may give 

sufficient overall result of the positional accuracy regarding a road network, it is 

expected that line data representing natural phenomenon may not function well with a 

point-based method because natural linear objects do not usually contain well-defined 

points. Related work comparing point-based and line-based techniques has been 

investigated by Seo and O’Hara (2009). 

2.4.4 Remarks 

As addressed by the above discussion, there is a wide range of solutions for a 

quantitative assessment of the quality of line-based spatial data in terms of its 

positional accuracy. Other useful techniques, which however will not be discussed in 

detail here, concerns the use of for example fractal geometry of a line X to investigate 

its positional accuracy (Duckham and Drummond, 2000), artificial intelligence 

(Mohammadi and Malek, 2014), comparing line X by its previous historical updates 

(Barron, Neis and Zipf, 2014), and calculation of positional accuracy metrics based 

on the Fréchet distance between lines (X, Q) (Alt and Godau, 1995; Mascret et al., 

2006). 

Although multiply advantages of the methods discussed above, the techniques 

suggested both by standards and by the literature restrict the methodology of 

positional accuracy assessment of linear vector data to a comparison to an 

independent data source of higher accuracy. In other words, the usefulness of the 

techniques of assessing shoreline data, as discussed above, relies on the access to an 

equivalent independent shoreline data set, preferably of higher positional accuracy. 

Furthermore, accuracy is most commonly reported by the RMSE of total number of 

differences between measured and true positions. 

A challenge regarding the NSL data investigated within this study is that there is no 

corresponding line data (Q) of higher accuracy. Therefore, in this study it is most 

suitable to make use of a point-based method so that to assess on a selected part of 

NSL classified data to be investigated. Corresponding points between the NSL data 

and the ground truth should be collected by a high accuracy method, for example by a 

land surveying technique similar to as accomplished by Van Niel and McVicar (2002) 

or towards aerial photographs realised by Zandbergen et al. (2011). Afterward, 

deviations derived by the point-based method should be summarised by the RMSE, as 

it is a commonly applied accuracy measure, suggested even by the NSL specification 

(Sjöhed et al., 2013). 
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2.5 National Shoreline (NSL) 

At the year 2002, a pilot study was initialised to investigate the possibilities of a 

common spatial data structure on specified hydrography content between 

Lantmäteriet and the SMA. The data was to include the main shoreline boundaries of 

Sweden and was termed NSL (Figure 2.3). Since the year 2004, the collaboration has 

proceeded into a development phase of NSL data, continued until present. The 

development phase of NSL is scheduled until the year 2020 (Lantmäteriet, 2013b). 

The following subsection discusses on 

the spatial data theme of NSL, 

investigated within this study. Unless 

otherwise stated, the information is 

based on the data product 

specifications on NSL called 

“Specifikation – Nationell Strandlinje” 

(Sjöhed et al., 2013) and “Instruktion 

för fotogrammetrisk insamling av 

NSL” (Sjöhed et al., 2009). 

2.5.1 General Properties 

NSL data compiles of the coastline of 

Sweden that face toward the North Sea 

in the west and the Baltic Sea and the 

Gulf of Bothnia in the east. Shorelines 

of the lakes Vänern, Vättern, Mälaren 

and Hjälmaren are included, as well as 

the canal boundaries of Trollhätte 

Canal, Göta Canal, Dalslands Canal 

and Strömsholms Canal. The data is 

built in GIS vector format by points, 

lines and polygons. NSL includes the 

object classes of for example shoreline, 

fuzzy shoreline, stone above water, breaker, pier, breakwater, bridge, wharf, dolphin 

and similar, located onto a nautical mile (1.852 km) towards international water 

(Figure 2.4). The content is produced at a map scale of 1:10 000. The data is updated 

continually by a time interval of two years. 

NSL is collected both by land surveying techniques by for example GPS, carried out 

by the SMA (Lantmäteriet, 2013b), and by photogrammetric stereoscopic (3D) screen 

digitising, conducted by Lantmäteriet. The photogrammetric screen digitising is based 

on aerial photographs composed in stereoscopic pairs which facilitate the 

interpretation of geographical features depicted. Lantmäteriet utilises custom 

designed software that provides for digitising abilities and which handles for 

 

Figure 2.3 Delineation of NSL (© Lantmäteriet). 
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photogrammetric measurements of aerial photographs. The aerial photographs have 

currently a spatial resolution of either 0.5 m or 0.25 m. The data is digitised in areas 

of 10x10 km at a time. 

 

Figure 2.4 Example of digitalising framework of NSL (Source: © Lantmäteriet). 

Positioning of geographical features within NSL is based on the Swedish 3D national 

reference system called the Swedish Reference Frame 1999 (SWEREF 99). SWEREF 

99 is based on the Geodetic Reference System 1980 (GRS 80), which defines 

geographical coordinates in latitude (φ), longitude (λ) and height above ellipsoid (h). 

However, registration of geographical objects for NSL is done separately in plane and 

height. In plane, the 2D geodetic reference system (with Cartesian coordinates 

specified as Northing, N and Easting, E) called SWEREF 99 TM is utilised, which is 

a projection of the SWEREF 99 reference system based on the transverse Mercator 

(TM) map projection. Additionally, for specifying height above geoid (H) (where the 

geoid is a figurative model of the earth giving the mean sea level) measurements in 

height is based the national height reference system called Rikets Höjdsystem 2000 

(RH 2000). RH 2000 is established on the vertical datum called the Normaal 

Amsterdams Peil. 

2.5.2 The Positional Accuracy of NSL 

The positional accuracy of shorelines of the NSL theme describes how well a given 

position of digitalised shoreline in terms of its horizontal and vertical coordinates 

conforms to the corresponding true land-water interface of the geographical space. 

Positional inaccuracies of NSL data are controlled by visual supervision towards the 

aerial photographs from which digitising was conducted. In such condition, the aerial 
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photographs through its specified projected reference datum and vertical datum 

constitute the true positions. In turn, the true positions are based on well-defined 

control reference points on ground which upon the horizontal and vertical reference 

systems is structured. 

At present, factors known to cause positional changes of the shoreline boundary are 

controlled toward the prevailing sea level (Swedish: vattenstånd). More specifically, 

the date for the aerial photographs to be used in digitising of NSL is checked towards 

the corresponding date of the sea level. The sea level is measured at a daily basis for 

specific areas around Sweden, conducted by the Swedish Meteorological and 

Hydrological Institute (SMHI). In order for the aerial photographs to be approved for 

use in digitising, the sea level at which the photographs were taken has to be within a 

threshold interval of +20 to -40 cm. The utility of the photographs with respect to the 

sea level is assured with expert consultation towards the SMA. 

However, not yet realised, in conformance to the specification on NSL, is the 

embodiment of a method to measure the accuracy of the end data products. According 

to the specification, the positional accuracy of NSL data should be reported in mean 

errors for plane (N, E) and height (H) separately. The general requirement for NSL is 

a mean error of 2 m in plane and height. However, due to various uncertainties, 

tolerances are expanded dependent on the NSL object class. Tolerances for mean 

error of the regular shoreline class are 5 metres in plane and 2 m in height. The fuzzy 

shoreline class is specified with mean error tolerances of 10 m in plane and 2 m in 

height. Mean error of inspected NSL features is calculated by the RMSE, i.e. by the 

square root of the mean of squared differences dABi between a measured value and a 

true value. RMSE provides a measure of the accuracy of a data set as it shows the 

deviation of the position of a measured value relative to a true value. RMSE is 

expressed as 
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where n denotes the total number of calculated differences dABi. The true value of a 

corresponding NSL feature is obtained by a method which in the particular case is 

considered free from errors and thus is assumed to represent the true position of a 

geographical feature in conformance with a prevailing geodetic reference system. 

Calculated mean errors should, aside from specified tolerances for each NSL object 

class, follow additional requirements in order to assure the quality of the positional 

accuracy of tested NSL data. By the NSL specification is stated that for calculated 

mean error, the value should not exceed by each NSL class parent tolerances in plane 

and height. Of calculated differences between true and measured values, 2/3 should 

be better than the specified tolerances for each object class. Furthermore, 95% of 

calculated differences should be better than two times the mean errors defined as the 
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tolerance. Finally, none of the calculated differences should exceed the value of three 

times the mean error tolerance as specified for a particular object class. 

Considering the above requirements hereon follows an example using the general 

shoreline class of NSL. The general shoreline class has a specified mean error 

tolerance of 5 m in plane. Giving the difference (dAB) between a measured value on a 

point A and a true value defined by a point B, and the mean error (RMSE) of all 

measured dAB, provides the requirements that RMSE < 5 m; 2/3 of dAB < 5 m; 95% of 

total number of dAB < 10 m; and 100% of total number of dAB < 15 m. Currently, 

Lantmäteriet do not control the positional accuracy of NSL in accordance to the 

tolerances. In order to measure the accuracy, the use of a point-based accuracy 

assessment method is required. This study attempts to realise a point-based technique 

in the assessment of selected NSL data so that to measure the horizontal positional 

accuracy in comparison to above presented tolerances. With that, the positional 

accuracy of selected NSL data can be evaluated in accordance to the specific 

requirements in the NSL specification. 
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3 Assessment of Positional Uncertainties 

The overall aim of this study is to examine the positional uncertainty by planimetric 

(N, E) coordinates of selected NSL data. The positional uncertainty of two NSL 

classified line data sets are quality assessed using two distinct methodologies. The 

first method, which purpose is to examine the positional accuracy of the data sets in 

conformance to the NSL specification, is conducted by a photogrammetric 

measurement technique based on stereoscopic (3D) vision of aerial photographs. The 

second method applied is used to measure the positional uncertainties of NSL 

developed over time, in comparison to corresponding shoreline data sets of previous 

updates. This section describes the method of this study. First, however, is presented 

the study areas selected, the data sets and software used alongside with the pre-

processing of the data. 

3.1 Study Areas 

Two coastal study areas were selected based on the index system developed by 

Lantmäteriet (www.geolex.lm.se) (Figure 3.1). The areas, of index numbers 641_29 

and 732_90, accounted to an extent of 10x10 km respectively. Area 641_29, hereon 

named as Area A, is situated in the southwest of Sweden, within Kungälv 

Municipality, Västra Götaland County. The area has its centre at 57° 49' 47.524" N 

(degrees minutes seconds) and 11° 32' 50.262" E. The topography of the area 

compiles of undulating bedrock terrain and with the highest peak of approximately 55 

m above the mean sea level. Area 732_90, henceforth called Area B, is located in the 

north eastern part of Sweden within Haparanda Municipality, Norrbotten County. The 

midpoint of the area lays at 65° 47' 18.081" N and 23° 52' 25.210" E. The landscape 

of the area is flat, characteristically with widespread areas of wetland or semi-wetland 

adjacently to the sea. The highest peak is measured to about 30 m above the sea level. 

3.2 Data Sets, Software and Pre-Processing 

The main data set used compiled of NSL classified data in GIS line vector format, 

updated in the year of 2014. The vector data was provided directly from Lantmäteriet. 

For the space-time analysis as proposed below, additional data sets were collected. 

The data constituted of the corresponding shoreline data from the previously dated 

updates, from approximately the year of 2012. For Area A, the former update was 

collected according to the requirements of NSL. However, for Area B, the 

corresponding dated update from 2012 was collected according to the specification on 

the Hydrography theme (Lantmäteriet, 2014b), produced by Lantmäteriet. The earlier 

dated data sets were derived from the GSD-Property Map acquired from the Geodata 
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Extraction Tool (GET) (www.maps.slu.se) at the 14 November 2014 (Area A), and at 

the 8 November 2014 (Area B) respectively. 

 

 

 

Figure 3.1 Locations and extents of the study areas (Source: © Lantmäteriet). 

Aerial photographs were used for the purpose of stereoscopic vision and 

photogrammetric measurements. The photographs on Area A, compiled of in total 20 

photographs, and were acquired at the 4 April 2014 by an UltraCam Eagle (UCE) 

multispectral camera (with recorder of the visual bands RGB) on an approximate 

height of 3700 m and with a resulting image resolution of 0.25 m. A number of 14 

photographs on Area B were used, acquired at 24 August 2013 by a Digital Mapping 
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Camera (DMC) (multispectral by bands RGB) on an average height of 4800 m and 

with a resulting photography resolution of 0.5 m. The aerial photographs were 

collected by Lantmäteriet. Positions of the NSL classified data and the aerial 

photographs are defined according to the geodetic projected reference system 

SWEREF 99 TM by horizontal coordinates (N, E), and the vertical datum RH 2000 in 

height (H). 

Initially, pre-processing of the shoreline data was conducted using ArcGIS ArcMap 

10.2. The data was clipped according to the gridded index system corresponding to 

indexed area 641_29 (Area A) and 732_90 (Area B). Since NSL do not include lakes, 

such line objects where excluded, only to include the NSL classified land-water 

boundary. The aerial photographs used for the photogrammetric measurement of 

reference points were orientated into stereo pairs using ERDAS Imagine 2014. 

Collection of reference points was conducted using the anaglyph system called Stereo 

Analyst, an extension of ERDAS Imagine 2013. 

3.3 Point-Based Accuracy Assessment 

Determining the positional accuracy of a data set is accomplished preferably by 

comparison to a data set of higher accuracy (Hunter, 1999). However, in this study, 

the possibility to additional data sets was restricted. Thus, in terms of quality, 

especially when it comes to the positional accuracy, NSL data cannot be compared to 

any current corresponding data set of higher accuracy. When sufficient reference data 

is absent, reference data could be collected independently. Therefore, a point-based 

method was conducted similar to as done by Zandbergen et al. (2011) (Figure 3.2). 

Conversely, instead of orthophotographs, it was decided to use a photogrammetric 

measurement technique by aerial photographs in stereoscopic view. The aerial 

photographs acted as the foundation from which planimetric (N, E) reference points 

was collected. Pointed out by Boberg (2001), stereoscopic technique enables for an 

interpretation of the aerial photographs by a 3D view, thus supported for an improved 

discrepancy of features in height in the photographs. Thereafter, the collected 

reference points were used to measure the positional accuracy of selected NSL data 

sets in accordance to the NSL specification (Sjöhed et al., 2013) and to the ASPRS 

and NSSDA accuracy standards (ASPRS Specifications and Standards Committee, 

1990; FGDC, 1998). 

More in detail, the methodology of the point-based assessment was performed as 

follows. A supportive method based on as set of sample lines of the tested NSL 

sources was used so that to locate areas from which reference points were to be 

collected. The data of NSL consisted of a set of connected vector lines which 

accounted to 446 for test Area A and 773 for Area B. Based on the suggestions from 

the Swedish handbook for measurement and mapping matters, called Handbok i mät- 

och kartfrågor (HMK) (Lantmäteriet, 2014a), a specified sample of line segments was 
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selected. Rendering to HMK, a minimum sample, based on a quantitative control of 

about 401 to 1200 individual features, requires at least a sample of 25 to 35 features. 

Thus, for Area A, in total 25 line segments was selected while for Area B in total 35 

line segments. In order to objectively select the specified number of line segments, a 

simple random sample technique was performed, described by De Veaux, Velleman 

and Bock (2014). 

 

Figure 3.2 Principle of the point-based method (Source: © Lantmäteriet). 

After the selection of the sample of lines, which was to form the basis for the 

collection of reference points, the set of lines were overlaid with the stereoscopic 

displayed aerial photographs in ERDAS. Each sample of line segment determined the 

approximate location along which a reference point was to be collected. The 

reference points were recorded by planimetric N and E coordinates. In other words, 

each reference point was to represent the true position of the land-water boundary 

based on the visual inspection towards the aerial photographs. In total, 25 reference 

points in Area A was recorded, and in total 35 reference points in Area B. Thereafter, 

the coordinates were displayed as points in ArcMap. In order to assess the positional 

accuracy of the lines on the tested NSL data in comparison to the reference points, 

points on the tested NSL lines were digitised. The points were placed orthogonally in 

relation to the reference points. 

The abovementioned procedure enabled for calculation of minimum distance d 

between set of corresponding test points on the NSL data and reference points. Giving 

the Euclidean distance d∆N, ∆E, in a two-dimensional plane between a tested point AX 

and a reference point BQ, based on the pairs of coordinates (NAX, EAX) for AX and 

coordinates (NBQ, EBQ) for BQ is calculated according to 
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Thereafter, some statistical measures were derived from the distance dAQBX so that to 

provide a measure of positional accuracy of the tested NSL classified data sets for 

Area A and Area B respectively. Among other statistical measures determined, the 

accuracy measure of RMSE, according to equation (2.1), was calculated. 

In addition, the difference between coordinates in N and E separately was calculated, 

here denoted d∆N and d∆E. Note that equation (3.1) calculates the distance between 

points based on the N and E coordinates assembled. The ASPRS and the NSSDA 

accuracy standards suggest on the calculation of RMSE under the requirement that 

difference between points is determined separately for planimetric coordinates N and 

E. Thus, in conformance to the above mentioned standards the difference between 

coordinates NX and NQ and between EX and EQ was calculated. Additionally, for the 

calculated differences in N and E separately, the value of RMSE was determined. The 

RMSE values were compared to tolerances specified by the ASPRS standard. As a 

result, three different measures based on RMSE were obtained, one based on 

calculating the distance according to equation (3.1), in accordance to the NSL 

specification, and the remaining two for calculated ∆N and ∆E separately. Hence, 

through the RMSE, a measure of the positional accuracy of the NSL classified data 

was determined, in conformance to what suggested in the NSL specification and the 

ASPRS and NSSDA accuracy standards. 

3.4 Space-Time Analysis of Positional Uncertainties 

Positional changes of NSL data developed over time was analysed using the GIS-

based single buffer method suggested by Goodchild and Hunter (1997). Originally, 

the method is suitable for analysing the positional accuracy of a data set relative to a 

reference data of higher accuracy. In such a situation the test data is intersected with 

the buffered reference data set. The length of the test data within and outside the 

buffer zone is calculated and thus a measure of the positional accuracy of the test data 

is determined. In cases where reference data is absent, Barron et al. (2014) suggest on 

a comparison of positions based on previous updates of a particular data set. 

Therefore, in this study the single buffer method was used in order to examine the 

positional changes of NSL data of the latest update (X2) in comparison to a 

corresponding data of a previous update (X1) (Figure 3.3). Note, in this study is 

suggested a new application of the single buffer method proposed by Goodchild and 

Hunter (1997) by analysis of positional uncertainties developed over time. 

Hereinafter the analysis conducted is described more in detail. 

For the simplicity, the NSL data of the two updates (X1, X2) of both Area A and Area 

B is referred to the same line identifier, i.e. by X1 and X2. The time difference between 

set of lines (X1, X2) accounts to a time period of two years. X1 represented the former 

true position of the shoreline updated in the year 2012, while X2 represented the latest 

update from the year 2014. At the outset, X1 was buffered with a buffer zone of 2, 5, 



 

27 

 

10 and 15 m respectively using ArcMap. In other words, four independent analyses 

based on the four buffer widths for each test area were performed. Thereafter the two 

data sets were intersected with X2. Giving the percentage of the line length of X2 

within the two buffer zones respectively, as the proportion i (as in internal) as a 

function of the buffer width x, gives the following equation 

t

b)(
l

l
xi                            (3.2) 

where lb is the line length of X2 within the buffer and lt is the total length of X2. The 

proportion i was calculated for each of the four buffer zones. Subsequently, 

calculation of i enables for determination of the proportion of the line length of X2 

outside the buffer zone, hereon denoted as e (as in external). The proportion e is 

calculated as 

ie 1                           (3.3) 

 

Figure 3.3 Principle of the space-time analysis method. 

The proportion e shows the accounted proportion of the total length of X2 outside a 

specified buffer tolerance of x. The measures of i and e was used to analyse the 

positional changes of X2 relative to the position and buffer width of X1. The 

proportion e provides a measure of the positional change for a data set over a 

specified time interval, in this case for X2, relative to a former update, i.e. to X1. A 

measure of the space-time changes of X2 can by this method be determined. 
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4 Results 

Two distinct methodologies were applied so that to assess on the positional 

uncertainties of selected NSL data. Two test areas were selected named Area A and 

Area B. First, a point-based accuracy assessment technique was conducted. In total 

three accuracy measures of the RMSE were derived, one based on the NSL 

specification, and the other two based on the accuracy standards of the ASPRS and 

the NSSDA. Second, a buffer method was employed so that to measure the positional 

uncertainties of the NSL data developed over time. What follows is a presentation of 

the results of this study based on the two methodologies applied. 

4.1 Accuracy of NSL 

A point-based assessment technique was used so that to measure the planimetric (N, 

E) positional accuracy of two NSL classified data. A sample of line segments were 

extracted from the NSL line data to be tested based on a simple random sampling 

technique. The sample of line segments was of various lengths dependent on the 

recorded digitising. The number of lines, which accounted to a number of 25 for Area 

A and 35 for Area B, are extracted based on the sample sizes recommended by HMK 

(Lantmäteriet, 2014a). The line segments specified the sample area along which a 

reference point was permitted to be collected. Orthogonally digitised points along the 

lines was created, which corresponded to the created reference points. Three distances 

between set of corresponding pair of points were derived, i.e. the Euclidean distance 

denoted d∆N, ∆E, and the distances d∆N and d∆E (Appendix A). The point-based method 

enabled for selection of the greatest deviation between the demarcation specified by 

the lines and interpreted reference (true) position based on the 3D displayed aerial 

photographs. Three accuracy measures by the RMSE based on distances d∆N, ∆E, d∆N 

and d∆E were calculated. 

The results of the method are as follows. In total, based on equation (3.1), 25 d∆N, ∆E 

in Area A and 35 in Area B were calculated. The distance d∆N, ∆E was derived in 

accordance with the NSL specification. Frequency distributions and summary 

statistics of the sample of distances d∆N, ∆E are displayed in Figure 4.1 and Table 4.1 

and 4.2. The total number of calculated distances d∆N, ∆E between pair of 

corresponding points was presented by the RMSE (Table 4.1 and 4.2) according to 

equation (2.1). RMSE gives a measure on the accuracy of the NSL data sets as 

investigated within the extent of this study. In other words, the measure shows the 

positional deviation of a particular tested source relative to a reference source. In 

order to extract something meaningful from the derived values, RMSE results are 

compared to specified tolerances by the NSL specification (Table 4.3). Recalling the 

specified tolerances for the ordinary shoreline class of NSL, states that first of all, 

calculated RMSE must not be higher than the mean error tolerance of 5 m (RMSE < 5 

m). Secondly, 2/3 of calculated differences d∆N, ∆E must be better than the mean error 
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tolerance of 5 m (2/3 of d∆N, ∆E < 5 m). Thirdly, 95% of calculated differences d∆N, ∆E 

must be better than the error tolerance of 10 m (95% of d∆N, ∆E < 10 m). Finally, any 

of the calculated differences must not exceed a tolerance of 15 m (100% of d∆N, ∆E < 

15 m). 

  

Figure 4.1 Frequency distributions of calculated d∆N, ∆E. 

The resulted RMSE metrics based on the distance d∆N, ∆E reveals that in Area A, the 

RMSE is 2.6 m and therefore well below the NSL tolerance of 5 m. Similarly, in Area 

B, the RMSE accounts to 2.7 m. Furthermore, considering the remaining tolerances, 

the total amount of d∆N, ∆E are conforming to the requirements specified. Of the total 

number of d∆N, ∆E, within Area A, 1 out of 25 values exceed the 5 m tolerance (Figure 

4.2). Within Area B, 2 out of 35 values surpass the mean tolerance of 5 m. 

Nevertheless, as clear from Figure 4.1 and 4.2 and Table 4.1 and 4.2, the maximum 

values obtained for the distances d∆N, ∆E is 10 m for Area A and 6 m for Area B. Also, 

within Area B, the maximum value of 6 m has been measured at two different 

locations. Clearly, these values exceed on a local level the RMSE tolerance of < 5 m. 

Table 4.1 Statistics of d∆N, ∆E, d∆N and d∆E in Area A. 

 Max Med Min Mean Std. Dev. RMSE 

d∆N, ∆E  

d∆N 

d∆E 

10 

9 

5 

1 

1 

0 

0 

0 

0 

1.5 

1.2 

0.8 

2.2 

2.0 

1.1 

2.6 

2.2 

1.4 

 

Table 4.2 Statistics of d∆N, ∆E, d∆N and d∆E in Area B. 

 Max Med Min Mean Std. Dev. RMSE 

d∆N, ∆E  

d∆N 

d∆E 

6 

4 

5 

2 

1 

0 

0 

0 

0 

2.0 

1.3 

1.1 

1.8 

1.5 

1.6 

2.7 

2.0 

1.9 
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Moreover, further accuracy testing was derived. In accordance with the ASPRS and 

NSSDA accuracy standards the distances d∆N and d∆E were calculated. Based on d∆N 

and d∆E, the RMSE was obtained. In the NSL specification it is not clearly stated 

whether the RMSE should be calculated based on the distance d∆N, ∆E, or separately 

between differences d∆N and d∆N. On the other hand, in the ASPRS and NSSDA 

standards is suggested to calculate RMSE based on the d∆N and d∆N separately. The 

ASPRS Specifications and Standards Committee (1990) state that for a tested data 

with a map scale on 1:10 000, derived RMSE is specified to a tolerance of 2.5 m. In 

other words, above a calculated RMSE value of 2.5, the accuracy of a data set tested 

should be considered insufficient. 

Table 4.3 Accuracy checks according to the NSL specification. 

 RMSE < 5 2/3 d∆N, ∆E < 5 95% d∆N, ∆E < 10 100% d∆N, ∆E < 15 

Area A 

Area B 

2.6 < 5 

2.7 < 5 

23/25, i.e. 92% 

32/35, i.e. 91% 

24/25, i.e. 96% 

35/35, i.e. 100% 

25/25, i.e. 100% 

35/35, i.e. 100% 

 

 

Figure 4.2 d∆N, ∆E in Area A accounted to 10 m (Source: © Lantmäteriet). 

Results of acquired RMSE values based on the distances d∆N and d∆N are displayed in 

Table 4.4. Distances d∆N are slightly higher both in Area A and Area B compared to 

the distances d∆E within the same test areas. The highest RMSE value is obtained in 

Area A at the distance d∆N. On the other hand, the lowest value is also found in Area 

A, at the calculated distance d∆E. All the obtained RMSE values are below the ASPRS 

tolerance of 2.5 m. 

Table 4.4 Accuracy checks according to ASPRS. 

 RMSE (d∆N) RMSE (d∆E) Tolerance 

Area A 

Area B 

2.2 

2.0 

1.4 

1.9 

2.5 

2.5 

 

The accuracy assessment presented above was conducted based on three different 

distances, namely d∆N, ∆E, d∆N and d∆E, and on subsequent derived accuracy metrics by 
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the RMSE. In accordance with the NSL specification the Euclidean distance denoted 

d∆N, ∆E was calculated alongside with the RMSE accuracy measure. The RMSE values 

and the d∆N, ∆E were compared to a set of specified RMSE and distance tolerances. In 

addition, based on the ASPRS and NSSDA standards it was derived the distances d∆N 

and d∆E and the subsequent accuracy measure of the RMSE. The RMSE metrics were 

compared to an ASPRS specified tolerance. Comparing prevailing specification and 

standard tolerances with the derived results indicates on an approved accuracy of the 

NSL data tested. 

4.2 Positional Changes over Time 

In addition to the accuracy assessment, a GIS buffer technique was used so that to 

analyse positional time-dependent changes of the NSL classified data; accomplished 

both in Area A and Area B. A previous update of NSL shoreline data from the year 

2012, denoted X1 was compared with a corresponding recent update of the NSL 

classified shoreline data from the year 2014, called X2. Thus, X2 is an updated version 

of the corresponding data set X1. X1 represented the former true position of the 

shoreline and was buffered with four different buffer widths. Thereafter, X2 was 

intersected individually with the four buffer zones of X1 so that to measure the 

deviation of line length of X2 relative to the four specified buffer widths. In this way it 

was possible to investigate the deviation in position between the two years from the 

update of X1 until X2. The results of the GIS analysis are presented below. 

The four different buffer widths were selected based on the tolerances specified in the 

NSL specification. The 2 m buffer represents the overall tolerance requirement from 

within NSL data should follow. The remaining three buffer zones used are based on 

the requirements that calculated RMSE < 5 m; 2/3 of d∆N, ∆E < 5 m; 95% of total 

number of d∆N, ∆E < 10 m; and 100% of total number of d∆N, ∆E < 15 m. In this study, 

these tolerances represent the minimum and maximum deviations permitted for a 

NSL classified data, based on the requirements specified by the NSL specification. 

Thus, it was determined that the aforementioned tolerances was suitable buffer widths 

to be used so that to obtain meaningful results of the analysis. On the contrary, any 

other buffer width could have been used. The essence of the method is not merely in 

the buffer widths used, but more importantly, onto the deviation percentage extracted 

in order to attain an approximate measure of the positional changes of a line data set 

over time. 

The analysis involves the property of space, in the form of shoreline boundary 

positions, and time, as the land-water boundary changes over time. Hence, results 

derived by the buffer method reveal space-time changes of a line data set. Consider 

the results derived by the 2 m buffer (Table 4.5). The result of i shows the percentage 

of the line length of X2 within the 2 m buffer derived by X1. Calculated e reveals the 

percentage of the line length of X2 outside the buffer. In other words, the results 
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considering Area A and Area B reveals that in total 27.1% and 0.3% respectively of 

the line length deviates more than 2 m from the original position on X1. 

Table 4.5 Results of space-time analysis. 

Area A Area B 

x (m) lt (m) lb (m) i (%) e (%) x  lt (m) lb (m) i (%) e (%) 

2 

5 

10 

15 

107898 

107898 

107898 

107898 

107572 

107703 

107792 

107820 

99.7 

99.8 

99.9 

99.9 

0.3 

0.2 

0.1 

0.1 

2 

5 

10 

15 

172599 

172599 

172599 

172599 

125857 

156338 

166230 

168633 

72.9 

90.6 

96.3 

97.7 

27.1 

9.4 

3.7 

2.3 

 

 
Area A 

 
Area B 

Figure 4.3 Deviations in position between line X1 (blue) and line X2 (red) (Source: © Lantmäteriet). 

Furthermore, considering the results of e based on the 15 m buffer shows that in Area 

A, 0.1% of the line position of X2 has deviated more than 15 m from the original 

position on X1. Contrariwise, in Area B the corresponding result of e account to a 

positional change of 2.3%. Thus, comparing Area A with Area B regarding the results 

of derived e reveals that in Area B the deviation is much greater. Moreover, the 

values of e for Area B indicate that more than a single part of the line length has 

deviated. Examining e of Area A suggest that most probably the deviation is 

concentrated to a particular area. Figure 4.3 reveals some of the claimed problem 

areas of Area A and Area B. 
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5 Discussion 

This thesis assessed on the quality of selected NSL data by its horizontal positional 

uncertainties using two specific methodologies. First, the positional accuracy of the 

data was measured. Second, the positional uncertainties evolved over time were 

investigated. The two methods applied are thought to give a deeper understanding of 

the positional uncertainties inherent by the current NSL line-based data. Hence, it 

enables for the main producer, i.e. Lantmäteriet, to consider potential modifications 

of the quality assurance procedures of NSL. In this regard, the NSL specification is of 

particular focus as it specifies the quality requirements of the spatial data theme. The 

following section provides with a discussion of the results of this study, alongside 

with suggestions for considerations regarding positional accuracy assurance of NSL. 

The section is ended by some suggestions of related forthcoming studies. 

5.1 Challenges of Assessing Shoreline Data 

Results of the point-based accuracy assessment indicate on an approved accuracy of 

the NSL data tested in comparison to the specification and standard tolerances. 

Although not yet practically realised, according to the NSL specification (Sjöhed et 

al., 2013), the prospective idea is that Lantmäteriet is to measure the positional 

accuracy of NSL data products by making use of a point-based accuracy method. In 

turn, the planimetric accuracy is to be validated by calculation of the RMSE. Even 

though the results of this study suggest that the point-based method and resulted 

RMSE values provides an accepted measure in judgement by the specification and 

standard tolerances, the point-based method utilised still has a number of aspects that 

must be discussed. Here follows two main aspects to be considered when attempting 

on a point-based method so that to assess on shoreline data. 

First, it must be emphasised the concept of well-defined points at which the point-

based method used in this study is based. According to FGDC (1998), well-defined 

points can only be found at intersections of for example streets and rivers, and at 

well-defined edged of human made structures such as house corners. In contrast, as 

argued by Van Niel and McVicar (2002), shorelines do not possess such well-defined 

features, in exception of for instance harbour areas (Figure 5.1). Shorelines are best 

fitted to the group which Fisher (1999) calls poorly-defined spatial features, thus in 

straight contrast to well-defined.  In this regard, shoreline data do not fit optimally to 

a point-based accuracy assessment technique. 

Second, accuracy result derived by a point-based method may be targeted of bias. 

Line-based data is built up by an infinite set of points, thus as pointed out by 

Goodchild and Hunter (1997), dependent on the corresponding pair of points derived, 

the deviation may alter and subsequently the resulting accuracy measure. In other 

words, a point-based method does not necessarily catch the deviation distribution of 
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the line data as a whole. Dependent entirely on the points selected for accuracy 

testing, the resulting accuracy metric may vary widely. If considered the case of this 

study, it is likely that the resulted RMSE values derived should alter dependent, first, 

on the sample of line segments selected, and second, the corresponding pair of points 

and subsequent deviations d∆N, ∆E, d∆N and d∆E calculated. Hence, bias is an inevitably 

part of any point-based method. 

 

Figure 5.1 Shoreline of scarce number of well-defined points (Source: © Lantmäteriet). 

Demonstrated by the abovementioned discussion, there are a number of evidential 

restrictions with the use of a point-based method in the accuracy assessment of 

shoreline data. In this regard, a line-based accuracy assessment method would be 

thought as a desired alternative. In comparison to a point-based method, where the 

line data is treated as a set of points, a line-based methodology accounts to a line data 

as a whole, including in addition its geometry, i.e. shape. The single buffer method 

proposed by Goodchild and Hunter (1997), is a line-based method to be preferred. It 

has been successfully applied by for instance Haklay (2010) and Zheng and Zheng 

(2014). Contrariwise, due to that accuracy is measured by the proportion of a tested 

line length within and outside a buffer zone, demonstrates that the RMSE accuracy 

measure is not viable. In addition, the single buffer method requires a complete 

reference line-based data of higher accuracy. 

In the case of assessing the positional accuracy of NSL data using a line-based 

method, it is required a corresponding reference line data of higher accuracy. Due to 

the lack of data sets related to, or higher than, the accuracy of NSL, it is compulsory 

to conduct an independent collection of a reference data. Although in this study 

reference point were collected based on a photogrammetric method towards high 

resolution aerial photographs, there is available other potential methods of collecting 

reference data. For example, Van Niel and McVicar (2002) collected reference point 

data by DGPS. The points were thereafter used in the construction of a complete 

street network that could be compared to the data to be tested. Similarly, Helbich et 
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al. (2012) used a set of geodetic surveying techniques to collect reference data of high 

accuracy. Nevertheless, due to decades of advancements within the field of 

geomatics, new acquisition techniques are continually developed and enhanced. So 

have the possibilities of collecting data by Real Time Kinematic (RTK) GNSS 

technology. In Sweden, an advanced type of RTK measuring, called network RTK, 

uses fixed so-called SWEPOS stations, evenly distributed nationwide, which enables 

for supportive positioning (Lantmäteriet et al., 2013). The surveying technique makes 

it possible to collect point coordinates while the receiver is moving, with a precision 

on the centimetres level. Consequently, reference points collected by RTK-based 

measuring would be suitable as a reference source of higher accuracy in comparison 

to NSL data. 

However, even though the abundant possibilities of making use of advanced 

acquisition techniques, still shorelines are often far too complex in shape, and 

therefore is in demand of a high number of reference points in order to establish a 

complete shoreline data to be used in a line-based accuracy assessment. In addition, 

inaccessible terrain due to for example steep slopes, wetlands and human-made 

obstacles would most likely restrict the possibilities of surveying of reference points. 

In such condition, a point-based method would be the most viable option as it may be 

used to measure deviations at only a limited number of locations. This has been 

accomplished by Minnesota Planning (1999), which assessed on the horizontal 

positional accuracy of parcel boundaries. On the other hand, due to the fact that land-

water boundaries often are situated in inaccessible terrain and lacks in the 

identification of well-defined features, sample of test points are limited to a delimited 

number of areas and thus deviations and subsequent accuracy measures will be victim 

to bias. 

In view of the above discussion, both the point-based and line-based methods used 

for the purpose of assessing the positional accuracy of shoreline data have a number 

of apparent constraints. In terms of assessing the accuracy of NSL, a line-based 

method, even though it has the greatest advantages, requires a complete 

corresponding line data set of higher accuracy, and because of that, makes it the least 

attainable method. A point-based method is the most feasible choice although it most 

likely will produce a biased accuracy result. However, it is the only currently 

available option in order to report on accuracy in the form of mean errors according 

to the RMSE. 

The RMSE accuracy measure is suggested in the NSL specification. However, it must 

be kept in mind that the derivation of the RMSE is dependent on measuring of 

deviations, and measuring of deviations is dependent on a point-based method. 

Consequently, if the point-based methodology is considered unsuited, the accuracy of 

NSL in the form of RMSE cannot be reported. At present, Lantmäteriet uses a visual 

assessment of the positional accuracy of NSL, accomplished towards aerial 

photographs. Then, considering the manifested delimitations with both point-based 
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and line-based accuracy assessment techniques, a visual inspection towards aerial 

photography is to be favoured. For that reason, in consideration of current available 

options, the visual quality procedure should be remained as the main accuracy 

assessment methodology so that to assure the horizontal positional accuracy of NSL. 

5.2 Regional Positional Uncertainties 

The collection of land-water boundaries for NSL faces a multitude of challenges. The 

major problem for mapping of shorelines is its dynamic property, as a natural feature 

changing its vertical and horizontal position at a continual phase. Given that, in this 

thesis is used a GIS-based spatial analysis technique in order to analyse the 

impending positional changes developed over time. The outcome of the space-time 

analysis shows clear distinctions of the two test areas concerned. The results shows 

that Area B over a time period of two years is afflicted by much greater positional 

changes compared to Area A. On the other hand, in Area A is found especially one 

particular area changed drastically over a period of two years. Thus, positional 

uncertainties are greater in Area B in comparison to Area A. Hereinafter follows a 

discussion of the results derived by the space-time analysis conducted within this 

study. More in particular, it will be discussed why there are distinctive differences 

between Area A and Area B and what can be valuable from such knowledge. 

According to Boak and Turner (2005), shoreline positions are affected by a wide 

range of factors. Hereon some of the most probable factors are listed and discussed. 

Tidal changes are an obvious factor, although not severe in Sweden, it does affect the 

position of a shoreline especially at areas of low terrain. Strong winds have the 

potentiality to dislocate the shoreline from its mean position, causing a temporal 

change of the land-water boundary. Sediment movements, caused by waves, storms 

etcetera, shift the position of the shoreline. The sea level, or simply the water level, is 

affected by periodical and seasonal changes, where for example the water level 

prevalently is higher in early spring than in the end of summer. In Sweden, of major 

concern is post-glacial rebound, which causes a stable uplift of land. The uplift within 

the territories of Sweden varies from about 0 mm/year to a rate of 10 mm/year 

(Johansson et al., 2002). Over time, post-glacial rebound may cause great positional 

changes of a shoreline, especially in regions of flat terrain and with high rate of uplift. 

In connection to the results of the analysis, in Area A is found in particular one area 

changed significantly in position over the time period of two years (Figure 4.3). In 

Area A it is likely that the area with resulted high positional changes compiles of 

unsettled material, such as sand. Sediment movements may be caused by for example 

fluctuation of sea level, temporary winds, and similar. However, greater changes are 

found in Area B. The surroundings of the land-water boundary in Area B compiles of 

vast areas of wetland, probably compiled of reed and similar (Figure 4.3). In addition, 

the post-glacial rebound is significantly higher in Area B than in Area A. According 
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to a study made by Johansson et al. (2002), the region that includes Area B is affected 

by an uplift of approximately 9 mm/year compared to below 1 mm/year in Area A. In 

addition, the overarching terrain of Area B is of shallow characteristics. Conversely, 

Area A is of predominantly undulating bedrock with steep slopes toward the sea. 

Theoretically, low terrain is more vulnerable to the changeability of the sea level, 

temporary winds, and uplift. For example, as the sea level fluctuates, low terrain in 

contrast to terrain of steep slopes towards the land-water boundary is more responsive 

to either flooding or retraction of water. This may result to either, great areas covered 

by water, or to withdraw of great areas of water. In either way, it will cause a 

dispersion of the shoreline position. In addition, as land is moved caused by uplift, 

areas previously covered by water may be exposed, resulting in changes in the 

shoreline position. In this sense, Area B is, in comparison to Area A, an area of 

greater concern. 

Until this point, plausible external causes of positional uncertainties developed over 

time have been discussed. In other words, such changes are dependent on the time the 

aerial photographs have been taken as it lays the foundation to the digitising of the 

shoreline. Thus, the date of the photograph, in a great extent determines the external 

changes of the shoreline position since the boundary will be updated based on what 

the photograph displays as the current position of the boundary. A well-known 

external factor mentioned above is the changeability of the water level. At present, 

the water level corresponding to a certain date of an aerial photograph is by 

Lantmäteriet checked towards the daily water level measurements done by the SMHI. 

The prevailing water level, depicted by the aerial photographs, has to be within a 

certain mean level in order for the aerial photographs to be used in digitising of NSL. 

Therefore, in such a way, the periodical fluctuation of the water level is tightly 

controlled. However, other external factors listed above, such as fast changes of water 

level caused by temporary winds, and gradual, yet over time influencing changes 

caused by post-glacial uplift, are more difficult to take into account in digitising of 

NSL. These factors explained above, are some of the potential external factors that 

likely has contributed to the positional uncertainties detected within the frame of this 

study. 

Nevertheless, aside from the above discussed external factors, there is a potential list 

of internal factors. Internal factors are linked to the digitising itself. Although 

Lantmäteriet uses trained staff and advanced geomatic technology on data collection, 

the NSL data product is presumably affected both by the data acquisition technique 

utilised and by human factors. One obvious factor is concerned with interpretation of 

the shoreline boundary towards the aerial photographs. Data acquisition of NSL is 

accomplished towards high resolution aerial photographs by visual interpretation and 

manual digitalising. Interpretation challenges occur due to for example shadows 

caused by adjacent forest and lush vegetation (Figure 5.2). This can also diverge 

dependent on seasonal variations which alternate the density of land cover. Therefore, 

dependent on the natural characteristics of the area, and the season at which the aerial 
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photographs were taken, different kinds of positional uncertainties are added. In 

addition, it must be noted that the land-water boundary will be digitised in a variety 

of manners dependent on individual interpretations. However, as pointed out already 

by Robinson and Frank (1985), uncertainties of spatial data due to indistinct 

boundaries and obscure spatial features are an unavoidable fact. Fuzziness of spatial 

features includes in Area A, of for example unsettled top layer of sand and soil, and in 

Area B, of for instance wetlands. The problem of interpretation difficulties due to 

fuzzy spatial objects still persists, and has by Goodchild (2010) been included in the 

list of research challenges of the GIScience in the decade to come. 

 

Figure 5.2 Shadows caused by vegetation complicate digitising of NSL (Source: © Lantmäteriet). 

Following the previous discussion, the result of Area B, especially if considered the 

value of e, possibly also indicate greater digitising difficulties due to indistinct 

shoreline boundary. Area B, as demonstrated by an example in Figure 4.3, compiles 

of wide areas of fuzzy shoreline boundaries. Also, Area A with a resulted small value 

of e, is composed of predominantly areas of relatively crisp boundaries, mainly due to 

steep bedrock towards the water. Therefore, the collection of shoreline boundaries 

within Area B is subject to greater uncertainties compared to Area A because of 

partially fuzzy shoreline demarcation restricting accurate interpretation possibilities. 

The space-time analysis by the calculated proportion e therefore reveals not only 

underlying shoreline characteristics as subdued to external factors, but also likely to 

the internal acquisition challenges itself. 

The results of the analysis indicate that Swedish shorelines have obvious regional 

differences in terms of positional uncertainties developed over time. The 

discrepancies are reflected in the NSL data and clearly detected by the space-time 

analysis conducted within this study. Dissimilar degrees of positional changes occur 

due to for example variations in terrain characteristics and differences in impact of 

natural phenomena, all known to cause changes in the position of shorelines over 

time. Subsequently, terrain characteristic and seasonal changes are plausible to cause 
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various problems in acquisition of NSL dependent on the region in focus. Hence, 

regions of Swedish shorelines should be viewed as heterogeneous, i.e. as different 

regarding the potential positional uncertainties developed over time. Nevertheless, it 

must be noted that in this study only two test areas were analysed. Further studies that 

can strengthen the above mentioned are needed. 

Moreover, it must be noted that the positional accuracy of NSL, as specified by the 

NSL specification, regarding for instance the 2 m and 5 m mean error tolerances, 

cannot be entirely fulfilled giving the positional uncertainties developed over time. In 

comparison to other line-based data, such as for example roads and administrative 

boarders, shoreline cannot be as accurately depicted. Optimal accuracy of NSL can at 

best be fulfilled at the time when the data is digitalised. From time thereafter, the data 

is decreased in accuracy as the actual positions of the shorelines are changed. On the 

other hand, with good maintenance of the data, the potential uncertainties can be 

reduced. At present, Lantmäteriet updates NSL at a time interval of two years, 

regardless of the region concerned. Conversely, with the knowledge of discrepancies 

in regional positional uncertainties, it should be considered to use an altered update 

strategy. Further investigation using a space-time analysis technique similar to as 

proposed in this thesis would enable for Lantmäteriet to shift focus toward Swedish 

regions known to be influenced by greatest positional changes. This means that 

regions of more stable character, such as within Area A, should be updated less 

frequently, while regions with known changeability, like Area B, should be updated 

at an increased rate. Thus, it is possible to an even greater extent assure the positional 

accuracy of the NSL classified data. 

5.3 Forthcoming Studies 

From the discussion of this study is clear that both point-based and line-based 

accuracy assessment methods have substantial limitations. Line-based methods, 

although possesses the greatest advantages, requires a corresponding line data of 

higher accuracy. Network RTK would be an anticipated method to collect reference 

data; however, when it comes to the collection of shoreline data there are obvious 

restrictions due to mainly the compound shape of shorelines and to the potentiality of 

inaccessible terrain. Thus, a complete shoreline data, to be used in a line-based 

method, cannot be completely collected based on a geodetic surveying technique. 

Giving the above-mentioned constraints, a visual accuracy assessment towards aerial 

photography is at present the most viable option. However, lately there have been fast 

advancements in new acquisition technologies which could make the acquisition of 

complete shoreline data possible, and hence the use of a line-based accuracy 

assessment method. Such an example is presented below. 

The possibilities of very high resolution imagery possess intriguing prospects so that 

to collect complete line data. Very high resolution imagery, collected by a remote 
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sensing technique has some evident benefits. In particular, of eminent advantage is 

the use of what is variously known as unmanned aerial vehicles (UAVs) or unmanned 

aerial systems (UASs) in order to collect high resolution imagery. A prominent 

feature of UASs in comparison to conventional manned aircrafts is the significantly 

lower cost. As an example, Laliberte et al. (2010) used UAS to acquire very high 

resolution imagery with a spatial resolution on the centimetres level. Such aerial 

photographs could be used to collect a complete line data of high accuracy 

representing the shorelines of a particular area. In contrast to a geodetic surveying 

technique, such acquisition method can be used to collect data in areas of inaccessible 

terrain. Nevertheless, giving the promising prospects of UAS, it may also become 

suitable in the collection of data compiled in the data theme of NSL, as the high 

resolution imagery acquired by an UAS would enables for greater discrepancies of 

spatial objects. Therefore, as an additional future study, it should be investigated the 

potentials of very high resolution imagery, collected by UAS, to be used in 

stereoscopic digitising of NSL. 

Besides the aforesaid prospects, very high resolution imagery could be used in a 

completely different purpose. Due to the lower cost in comparison to manned 

aircrafts, UAS can be operated in monitoring positional changes within regions of 

NSL. Among other things, the very high resolution imagery would enable to detect 

shoreline areas of greatest positional changes over time. Subsequently, such 

information could be used to develop an improved strategy on updating NSL data, by 

maintaining the positional accuracy of NSL dependent on regional and time-

dependent positional uncertainties. However, the possibilities of such monitoring 

plans require further testing. 

In view of the following, in a forthcoming study, one significant improvement 

regarding the space-time analysis must be reflected on. Due to the lack of data, this 

study was restricted to the use of only two updates, one from the year 2012 and the 

other from 2014. The analysis would significantly be improved if a greater number of 

updates were available. In other words, a space-time analysis involving NSL data 

reflecting the shoreline positions over a longer period of time would enable for a 

deeper analysis of positional changes of an area of interest. This, however, requires 

that NSL data from earlier years are stored so that to enable for a space-time analysis, 

using for example the buffer analysis method proposed in this thesis. 
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6 Conclusions 

The focus of this thesis is put onto the spatial data set of NSL, a national shoreline 

data structure of Sweden produced in cooperation between Lantmäteriet and the 

SMA. The horizontal positional accuracy of NSL is of immense importance due to its 

many application areas. As indicted by the positional mean error tolerances specified 

by the NSL specification, NSL data products are required to be of very high 

positional accuracy. On the other hand, due to its dynamic component and geometric 

complexity, shorelines are submitted to considerable positional uncertainties. In order 

to assure a high positional accuracy of the data, the accuracy should preferably be 

measured so that to understand how the accuracy conforms to specified tolerances. At 

present, the positional accuracy of NSL data is not evaluated based on any accuracy 

metrics. Moreover, there is little understanding in the potential positional 

uncertainties of NSL classified shorelines developed over time. Changes that are in 

direct influence of the quality of the data. This study has been aimed at conducting a 

quality assessment by two specific assessment methods in order to be given a deeper 

understanding of the positional accuracy of NSL. What follow is the conclusions of 

this study based on the results of the two quality assessment methodologies applied. 

In accordance to the first specific aim of this study, positional accuracy of selected 

NSL data was assessed using a point-based method with a resulting accuracy measure 

by the RMSE. There are two specific constraints with the use of the point-based 

accuracy method in the assessment of line-based NSL data. First, point-based 

methodologies are based on the concept of well-defined points. In contrast, shoreline 

data do not contain well-defined features that can be used to measure deviations 

between the data and corresponding pair of points representing the ground truth. 

Thus, there is a major conceptual drawback. Second, following the first limitation, 

dependent on the points chosen, the resulting accuracy metrics in the form of the 

RMSE is likely to be altered. In other words, dissimilar accuracy measures for the 

same data tested may be derived dependent on the test points selected. Point measures 

therefore are submitted to potential bias. In an accuracy control of NSL, such 

condition is not desired. 

Giving the apparent restrictions of the point-based method used in this study, a line-

based method would be a preferred alternative. In fact, using a line-based method in 

the assessment of NSL would be the very best choice. On the contrary, such method 

requires a corresponding line data of higher accuracy. A future study should address 

the possibilities to make use of an advanced acquisition technique, by for instance 

UAS, in order to collect line-based reference data to be used so that to assess on the 

accuracy of NSL. Nevertheless, giving the present restrictions alongside with the 

current possibilities, Lantmäteriet should proceed with the current accuracy 

assessment method based on visual inspection towards aerial photographs. Such a 

methodology do not enable for deviations to be calculated and RMSE metrics to be 



 

42 

 

derived, however, it does give sufficient indication of apparent deviations in need of 

being corrected. 

Part from the accuracy assessment conducted in this study, and in compliance to the 

second specific aim, in this study was proposed a space-time analysis technique to 

examine the positional uncertainties of NSL data developed over time. The results 

indicate that some Swedish coastal regions are subdued to great positional changes 

over time. Subsequently, as indicated by the analysis, some regions will develop 

greater positional uncertainties over time than do other regions. The dissimilar 

deviations are likely due to prevailing regional factors such as for example wind, 

post-glacial uplift, or alike. In turn, the positional accuracy of NSL cannot be utterly 

fulfilled in accordance to the required mean tolerances specified by the NSL 

specification, giving the potential uncertainties developed over time. Shoreline data 

can for example never be equalised to the accuracy of line-based road data or similar. 

At best, NSL accurately corresponds to the positions of the true shoreline at the time 

the data was collected. From the time afterwards, positional uncertainties are 

inevitable due to time-dependent fluctuation of the actual shorelines boundary. 

An evidential problem of NSL is that, the longer the time passes, the less accurate the 

shoreline data will be. The problem of time-dependent positional uncertainties could 

be better treated by Lantmäteriet by means of an altered strategy of updating NSL. At 

present, the data is updated once every second year. Based on the knowledge of 

regional positional changes over time, NSL classified coastal areas could be updated 

in different time intervals dependent on the degree to which positions is likely to 

change. This means that regions of Sweden, included within the extent of NSL, are 

maintained at varying time phases dependent on predominant factors affecting the 

positional accuracy of NSL over time. Accordingly, the positional accuracy, and thus 

quality, of NSL can be better assured. 
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Appendix A 

Table A.1 and A.2 shows part of the point-based accuracy assessment results 

conducted in Area A and Area B. Collected corresponding coordinate pairs between 

tested (NX, EX) and reference (NQ, EQ) points are displayed, alongside with calculated 

deviations d∆N, ∆E, d∆N and d∆E. In Area A, in total 25 corresponding pair of points 

were collected, and in Area B, the number accounted to 35 pair of points. Coordinates 

are defined according to the 2D reference system SWEREF 99 TM. 

Table A.1 Result of accuracy assessment in Area A. 

Number NX EX NQ EQ d∆N d∆E d∆N, ∆E 

1 294613 6414466 294622 6414461 9 4 10 

2 296708 6414047 296707 6414044 1 2 3 

3 295809 6419103 295805 6419100 4 3 5 

4 295734 6418525 295734 6418525 0 0 0 

5 296109 6418432 296109 6418430 1 2 2 

6 296381 6419718 296380 6419719 0 1 1 

7 298626 6417962 298626 6417962 0 0 0 

8 299851 6418806 299850 6418805 1 1 1 

9 297376 6417415 297371 6417416 4 1 4 

10 298181 6417732 298181 6417732 0 0 0 

11 298734 6417232 298733 6417233 1 1 1 

12 299038 6417128 299038 6417128 0 0 0 

13 299247 6417109 299247 6417109 0 0 0 

14 299780 6417375 299780 6417375 0 0 0 

15 299463 6417764 299462 6417764 1 0 1 

16 297604 6415876 297605 6415876 1 0 1 

17 297582 6417265 297582 6417264 0 0 0 

18 297351 6416733 297352 6416732 1 2 2 

19 297697 6415261 297697 6415261 0 0 0 

20 297819 6415285 297819 6415284 1 1 1 

21 297505 6414143 297506 6414143 1 0 1 

22 299414 6413370 299417 6413369 3 1 3 

23 298263 6413644 298263 6413644 0 0 0 

24 297198 6411740 297198 6411740 0 0 0 

25 298314 6411742 298314 6411742 0 0 0 
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Table A.2 Result of accuracy assessment in Area B. 

Number NX EX NQ EQ d∆N d∆E d∆N, ∆E 

1 903589 7321802 903589 7321802 0 0 0 

2 903633 7321759 903633 7321758 0 0 0 

3 903287 7321297 903287 7321297 0 0 0 

4 903226 7320941 903226 7320941 0 0 0 

5 903766 7322254 903768 7322253 2 1 2 

6 902877 7322489 902877 7322488 0 0 0 

7 902614 7322635 902614 7322635 0 0 0 

8 900176 7322885 900177 7322882 1 3 3 

9 903438 7323949 903438 7323946 0 4 4 

10 901840 7324151 901838 7324153 2 3 3 

11 901107 7323199 901106 7323199 0 0 0 

12 900603 7323294 900603 7323294 0 0 0 

13 900474 7323340 900475 7323337 1 2 2 

14 903387 7325805 903386 7325805 0 0 0 

15 903149 7325486 903148 7325486 0 0 0 

16 901387 7325125 901392 7325126 4 1 4 

17 901441 7325194 901438 7325190 3 4 5 

18 901354 7325242 901358 7325241 4 0 4 

19 900268 7325321 900268 7325321 0 0 0 

20 903469 7324728 903468 7324724 0 3 3 

21 903701 7326099 903704 7326097 3 1 3 

22 906082 7322349 906082 7322348 0 0 0 

23 907945 7323938 907944 7323936 2 2 2 

24 907288 7323186 907288 7323182 0 4 4 

25 909250 7326075 909250 7326075 0 1 1 

26 908777 7326483 908778 7326483 1 0 1 

27 908200 7326403 908199 7326403 1 0 1 

28 907454 7326034 907455 7326034 1 1 1 

29 907541 7326386 907546 7326382 4 4 6 

30 907386 7326651 907388 7326652 2 0 2 

31 907310 7326708 907313 7326707 3 0 3 

32 907243 7326775 907243 7326775 0 0 0 

33 908551 7327548 908548 7327553 3 5 6 

34 909953 7326673 909956 7326674 3 0 3 

35 909998 7326392 910003 7326392 4 0 4 

 

 


