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Abstract 

Given the circumstance that the process for the revision of the international standard 
ISO 19157 is currently open, this article presents a critical reflection on its content, 
application and some challenges posed by the new types of data (e.g. big data, BIM 
data, etc.), that also have a geospatial component and to which, therefore, this 
international standard can be applied as well. Proposals are put forward going along 
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three lines of improvement, on the one hand the consideration of new data quality 
elements and on the other, the reinforcement of the interoperability of this 
international standard with other standards related to data quality, and finally various 
improvements (e.g. standardization of evaluation methods, clearly introducing the 
life cycle, improvement of the definition of metaquality, etc.) of the standard, which 
come from experience. 
 Key words: geospatial data quality, ISO 19157-1, revision. 

Resumen  

Dado que actualmente está abierto el proceso de revisión de la norma internacional 
ISO 19157-1, este artículo presenta una reflexión crítica sobre su contenido, 
aplicación y algunos desafíos planteados por los nuevos tipos de datos (p.ej. big data, 
datos BIM, etc.), que también tienen un componente geoespacial y los que, por tanto, 
esta norma internacional también podría aplicarse. Las propuestas se presentan 
siguiendo tres líneas, por un lado, la consideración de nuevos elementos de calidad 
de datos, por otro, el refuerzo de la interoperabilidad de este estándar internacional 
con otros estándares relacionados con la calidad de datos y, finalmente, varias 
mejoras más específicas que se basan en la experiencia (p.ej. estandarización de 
métodos de evaluación, introducción del ciclo de vida del producto de datos, mejora 
de la definición de la metacalidad, etc.). 
 Palabras clave: calidad de datos geoespaciales, ISO 19157-1, revisión. 

Introduction 

The economic relevance of geographic information (GI) and geospatial services has 
been valued in numerous studies in the last decade (e.g. PIRA, 2000), all of which 
indicate large returns and added value to society (e.g. reduction of travel times, 
reduction of emissions of contaminating gases, etc.). For instance, one of the latest 
studies (αlphaβeta, 2017) estimates that the global consumer’s benefits from 
geospatial services are more than US$550 billion annually. GI is also recognized as 
a tool for good governance by many organizations (e.g. United Nations, the World 
Bank, International Federation of Surveyors, etc.). A very popular article published 
in The Economist has stated that “The world’s most valuable resource is no longer 
oil, but data”1 and an in-depth study conducted by Hahmann and Burghardt (Dresden 
University of Technology) in 2012 has shown that at least 78% of the information we 
usually manage is geospatial information.2 

 
1  https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-

oil-but-data 
2  https://www.tandfonline.com/doi/abs/10.1080/13658816.2012.743664 
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 Taking into account the view that defines GI as a kind of model of the real world 
(Burroughs, 1986), its quality aspects can be considered a key element because they 
describe the quality of such a model and its relationship with reality, or more 
precisely with the universe of discourse, which is the part of the real world that 
includes everything of interest for a geospatial data product (ISO 19101). 
 The concept of quality of geographic information, as we know it today, was 
introduced into the international geospatial agenda only 40 years ago. It was in 1982 
when the first studies began under the auspices of the American Congress of 
Surveying and Mapping. Thus, a proposal for a standard was created (Moellering, 
1987) which referred to suitability for use, quality reports and five categories of 
quality elements (lineage, positional accuracy, accuracy of attributes, logical 
consistency and completion). It is relevant to indicate that we are still working with 
these elements of quality, with almost no changes. Around this time the International 
Cartographic Association promoted a book edited by Stephen C. Guptill and Joel L. 
Morrison under the title “Elements of Spatial Data Quality” (Guptill & Morrison, 
1995). This manual was the catalyst for greater international concern regarding this 
subject in university and research fields. 
 The first international standard considering geospatial data quality was probably 
the DIgital Geographic Exchange STandard (DIGEST),3 whose first version was 
issued in 1992 by the Digital Geographic Information Working Group which was 
established in 1983. This proposed standard, somewhat modified, was adopted as 
Federal Information Processing Standard 173 by the National Institute of Standards 
and Technology (NIST, 1994). DIGEST has become a NATO standardization 
agreement (STANAG 7074). After that, the European experimental standard4 on 
geospatial data quality was approved in 1998 by the CEN/TC 287, containing a 
complete quality model for geographic information, and four years later the first 
version of ISO 19113:2002 (ISO, 2002) on quality principles was published, followed 
by another international standard (IS) on quality evaluation procedures (ISO 19114, 
2003) and a technical specifications definition on quality measures (ISO/TS 19138) 
(ISO 2006). Finally, in 2013 the three documents were fused in a unique IS for 
geospatial data quality (ISO 19157) (ISO 2013), which was amended in 2018 for 
describing data quality using coverages. Finally, in August 2019 ISO Technical 
Committee 211 resolved to revise this IS, and today it is currently under revision. 
Therefore, although there is a solid theoretical framework and an ample bibliography 
regarding this matter, we believe that geospatial data quality is not fully implemented 
in production processes yet, probably due to several reasons, among others: 
 

 
3  http://www.dgiwg.org/dgiwg/htm/documents/historical_documents.htm  
4  ENV 12656:1998, Geographic Information - Data description - Quality. 

http://www.dgiwg.org/dgiwg/htm/documents/historical_documents.htm
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• Geographic information production processes are arduous, expensive and take a 
long time to be completed, therefore sometimes the approach of producing the 
best possible product with the available budget is adopted. Taking quality into 
account is neither cheap nor simple.  

• There are very popular solutions which do not pay too much attention to data 
quality. Some geospatial non-official data providers such as Virtual Globes (e.g. 
Google Earth) and volunteered geographic information (VGI) (e.g. Open Street 
Map) are widely used since the cartographic democratization5, while their quality 
is unknown and/or unquantified and in spite of their approach based on “take it 
as it is”. This situation is balanced out by great usability and quality of service, 
and sometimes openness and global coverage.  

• Not only data producers but also data users and brokers have some kind of 
“quality immaturity” and there is not much geospatial data quality demand. This 
situation is probably due, among other causes, to the fact that there are many 
quality indicators and measures which makes the comparison of different datasets 
not easy. 

• Most GIS tools have not taken data quality into consideration until now.  
• The transition from “the best possible quality” to a level of quality that “fits for 

purpose” has not been completed by geospatial data producers and users. 
• Probably the international standard ISO 19157:2013 is relatively recent, and its 

complete application will take a while in a sector with slow production processes 
and big inertia. 

• On the other hand, new data sources and techniques are invading us with huge 
amounts of geospatial data which are frequently updated (e.g. satellite imagery, 
UAV, LIDAR, etc.). A very high updating frequency and the fact of being sensor 
data seems to leave little room to consider quality assessment. 
 

 In this context, it would be also extremely important to have an optimized quality 
framework based on the best possible geospatial data quality IS, and the final purpose 
of this article is to contribute to improving the technical content of ISO 19157 as 
much as possible. 
 ISO 19157:2013 is a good and complete standard covering all elements of 
geospatial data quality under a unique and consistent approach. It is better structured 
than the former ISO 19113, ISO 19114 and ISO/TS 19138 documents, includes sharp 
UML models, and introduces metaquality and some interesting considerations in the 
annexes about criteria on how to apply it and how to mix different quality elements. 
 Nevertheless, ISO 19157:2013 is a complex standard which has been thoroughly 
revised, and a quick analysis shows some gaps. For instance, in general there are few 
examples and no examples for important contents (e.g. metaquality), the user has no 

 
5  [3] https://www.poynter.org/reporting-editing/2005/holovaty-wins-10000-batten-award-for-chica-

gocrime-org/ 

https://www.poynter.org/reporting-editing/2005/holovaty-wins-10000-batten-award-for-chicagocrime-org/
https://www.poynter.org/reporting-editing/2005/holovaty-wins-10000-batten-award-for-chicagocrime-org/
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chance to create its own quality elements, a model for quality reports is missing, 
raster and image quality is not taken enough into account, several measures have 
definition problems, etc. 
 The ISO/TC211 has already held some meetings in which this issue has been 
discussed (e.g. sessions in Toulouse (France) and Omiya (Japan)). Recently (Malta, 
January 2020) Eurogeographics has organized a meeting where the process as well 
as suggestions received by TC211 from the 28 experts who are collaborating in the 
review have been presented. 
 This paper presents some ideas coming from experts nominated by the Spanish 
technical committee 148 of UNE (previously known as AENOR). Our objective is 
multiple, on the one hand to indicate the greatest weaknesses and deficiencies in the 
data quality model of ISO 19157 and its application, and on the other hand to indicate 
a set of current opportunities and challenges in relation to data that require location 
and the quality of this data. Finally, we indicate a set of improvements that should be 
adopted in the new version of ISO 19157 if we really want it to be applied in an 
extensive, intense and correct way. So this article aims to examine in-depth those and 
other problems of this IS and try to propose solutions to improve it in the complex 
arena of the current geographic data ecosystem. In the next section a critical analysis 
of ISO 19157:2013 is presented, trying to identify weak points and areas of potential 
improvement and proposing solutions, new approaches and future lines of progress. 
Section 4 is devoted to the new challenges facing geospatial quality due to the new 
types of data, like the aforementioned ones, which probably requires a new approach 
based on some kind of “quick and big” quality information. As a consequence of 
sections 3 and 4, a set of proposals for the revision of ISO 19157:2013 is presented 
in section 5, with the aim of enhancing the applicability and usefulness of the 
standard. In some points a quite complete idea about how to update the standard is 
provided, while in other cases just some ideas and concepts are included. Finally in 
section 6, some conclusions summarizing the contributions are outlined. 

Critical analysis of International Standard ISO 19157 and its application 

Quality should be used by producers and users. One natural way is to include data 
quality exigencies in the specifications. Another way is to include the data quality 
results in the metadata, and for this reason we will start this section talking about 
specifications and metadata. Ariza-López and Rodríguez-Pascual (2018) presented a 
small study (in April 2018), consulting the information available on 19 websites of 
National Mapping Agencies of the American continent and they found that only 11 
times (≈ 58%) metadata of the available data and services were published, that only 
one organization (5.3%) publishes quality information of its data beyond the lineage 
and that on only 6 occasions (32%), was descriptive information of the available 
geographic data products published, although on 4 occasions it was labeled 
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“Technical Documentation” and in one case presented as specifications. In addition, 
this is not unique to the American continent. A simple review of the sections 
dedicated to quality in the implementation rules of INSPIRE also give, in many cases, 
a sense of insufficiency. These simple studies indicate that there are problems with 
the inclusion of quality aspects in the specifications and metadata of geospatial data 
products (ISO 19131 and ISO 19115-1, respectively), or rather, that there are 
problems with the use of the quality framework proposed by ISO 19157. 
 The original ISO 19115 metadata standard is the base for the metadata records 
included in Spatial Data Infrastructures and clearinghouses catalogues that collect 
descriptions of geospatial data products. As data quality elements are an integral part 
of the metadata model we should expect that most producers provide a 
comprehensive description of the different components of the data quality in their 
metadata records, but this is not the common case. An analysis of the metadata 
harvested by an old version of the GEOSS6 portal reveals that most datasets include 
no data quality indicators and if they do they rarely go beyond positional accuracy 
(Zabala et al. 2013).  
 ISO 19115 has been always blamed for being long and complex. Indeed, the 
standard is very comprehensive, with more than a hundred properties that can 
potentially be populated. Its complexity lies in the difficulty in separating the dataset 
description into so many properties, making the creation of a metadata record tedious 
and time-consuming. Despite these difficulties, individual properties are well defined 
and relatively easy to understand and populate if the information is at hand, with one 
exception: data quality. Actually, a quality model is included in ISO 19115 but this 
document alone does not provide enough details. ISO 19115:2003 mentions the 15 
subclasses and some properties needed to specify quality measures but it does not 
include any concrete measures. We need to refer to ISO 19157:2013 to discover a list 
of about 80 quality measures, each one with the methodology and statistical analysis 
needed to extract the result. In our experience, the ISO metadata standard is very 
popular among practitioners but they rarely have access to ISO 19157, and so data 
quality remains relatively unknown. This could be remedied by metadata tools 
providing the necessary alternatives and information to the user, but the current 
metadata editors do not develop data quality in the necessary level of detail. 
Unwittingly, TC211 might have made the situation worse by removing the data 
quality element from ISO 19115-1:2014 and delegating its definition to ISO 19157. 
There is a need to make ISO 19157 known among the community as well as to 
metadata editor developers. 
 ISO 19157 organizes the quality measures into six classes representing mainly 
the components of the information (spatial, thematic, temporal, logical, etc.) that are 

 
6  https://www.earthobservations.org/geoss.php  

https://www.earthobservations.org/geoss.php
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subdivided into 15 subclasses (data quality elements) which define what is measured 
(omissions, commissions, absolute accuracy, topological consistency, etc.). 
Conceptually, there is no reason why this could not be extended to other aspects of 
quality (e.g. redundancy, quality of metadata, quality of service). However, the 
design rules used to create the subclasses by generalization make them difficult to 
extend once they are encoded in a data format such as XML. This limits the 
extensibility to each revision of the standard. In fact, included in ISO 19157 was a 
new class for usability as an effort to extend the scope of the IS beyond the producer 
perspective into the user perspective. However, usability is described in a confused 
manner as an aggregation of producer’s measurements and conformance to 
requirements, which might not be the best approach. Instead, a new model for user-
created quality in the form of feedback could be better. 
 The measures included in ISO 19138:2006 Annex D were collected among the 
ones commonly used by mapping agencies. The last revision of the list, now 
conforming annex D of ISO 19157:2013, included a few new additions. Meanwhile 
geospatial information has become popular in other sectors, making the current scope 
quite limited. One example of a possible extension of scope is the big data world, 
where modeling is regularly used to investigate and predict Earth variables at regional 
or global level. These models are validated in different ways that are not necessary 
compatible with the current list of measures. The need for other quality measures is 
also observed in the emerging crowdsourcing, citizen science or other non-
authoritative data products. The metadata records are also under scrutiny and new 
measures are proposed to evaluate the quality and completeness of their descriptions. 
Another gap is introduced by the very same ISO 19157 when providing an example 
for metaquality. The example used in Annex E.3 introduces a confidence quality 
measure called “safety factor”. Unfortunately, ISO 19157 Annex D does not contain 
the description of this measure, obfuscating the usefulness of the example and leaving 
the reader with incomplete information on how to report metaquality. Ideally, 
ISO19157 should be encoded as an extendable list of quality measures. Annex H of 
ISO 19157 provides some clues on how an extensible catalogue of measures should 
be built as a registry. However, the annex ignores the possibility of making the 
measure available as a dynamic ontology which includes the current Annex D as well 
as other measures from other standards and best practices (e.g. ISO 8000, ISO/IEC 
25012, ISO/TR 21707, GUM7, VIM8 guides). Ideally, this ontology would link to 
actual examples on how to use the measures in real live cases. Even if new quality 
measures seem necessary, we have to be careful in increasing the list too much: the 
more measures we have the more difficult it becomes to compare the quality of 
datasets with different origins. 
 
7  https://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf  
8  https://www.bipm.org/utils/common/documents/jcgm/JCGM_200_2012.pdf  

https://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf
https://www.bipm.org/utils/common/documents/jcgm/JCGM_200_2012.pdf
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 Data quality measures are based on applied statistics. The same statistic can be 
applied to different measures used in different components and with different 
thresholds or parameters. This is particularly true for assessing uncertainties as 
described in ISO 19157 Annex G. The same statistic is applied in several quality 
measures of annex D, making the selection of the right quality measure unnecessarily 
confusing. In our opinion current measures do not make enough effort in separating 
the domain of numbers (e.g. the individual uncertainties of each feature) from the 
statistical expression or mathematical metrics that will be applied to the domain in 
order to summarize the quality into a measurable indicator (e.g. standard deviation), 
adding an unnecessary level of confusion. By separating the domain from the metrics, 
applications and metadata editors could focus on the latter while experts and 
practitioners could concentrate on preparing and specifying the domain. 
 At present, some users as well as producers consider that ISO 19157 is too focused 
on quality evaluation. The relation of the data quality measurements with the life 
cycle management of the data product is introduced in Annex B, enumerating which 
stages of the life cycle quality evaluation should be performed and this could be 
reported as part of the quality evaluation description as metaquality. More emphasis 
should be placed on this topic. Only a mature and easy to use quality standard that 
considers all steps in the life cycle of a product will result in a certification of 
geospatial data products incorporated into industrial procedures. 
 Another problem presented by this model, as formulated and applied, is the grain. 
The model presents problems working at the instance level. This is problematic in 
the case of aiming to ensure traceability over instances and also to derive global 
quality values from data products generated by aggregation of instances from various 
sources (Ariza-López & Rodríguez-Pascual, 2018). 
 Finally, the revision and improvement of this international standard should be 
considered in a broad sense that also includes aspects of the quality of geoservices 
and producers. Let us think that many data are offered through geoservices and that 
the quality of the data producer, as an organization, affects the quality of your product 
(the data). Ariza-López & Rodríguez-Pascual (2018) present an analysis with this 
more global perspective of the challenges of quality in geospatial data. 

New types of data: the challenges 

Since The Economist (2017) published a story titled, "The world's most valuable 
resource is no longer oil, but data", the sentence "data is the new oil" has become a 
usual way to indicate the value of data. In this way, the so-called data economy 
(Wikipedia, 2020) is a main concern of world and regional institutions (e.g.  
UN-EAPD 2019 and EU 2020). Geospatial data and these types of data indicated 
below, and many other types of data, are part of this data economy. From our point 
of view, ISO 19157 is focused on geospatial data but with a classical producer 
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perspective. For this reason, and thinking about the data economy, we consider that 
new perspectives must be included in the revision of this international standard in 
order to guarantee a higher level of application and convergence between different 
highly related data-types, at least considering the following types:  
 
• Big data are “high-volume, high-velocity and/or high-variety information assets 

which demand cost-effective, innovative forms of information processing that 
enable enhanced insight, decision making, and process automation” (Gartner, 
2020). There is no specific type of big data. The relationship of big data with 
geospatial data is clear (Eldawy and Mokbel, 2013), many of the geospatial data 
(e.g. remote sensing images) are true sets of big data. The relationship is so 
obvious that many authors talk about geospatial big data (Lee and Kang, 2015; 
Robinson et al., 2017). Quality issues are pointed out as an important challenge 
in geospatial big data (Robinson et al., 2017; Lee and Kang 2015; Li et al., 2016). 

• Building information model (BIM) data sets are model-based geometric 
information, enriched thematically, semantically and relationally which, managed 
with the right software tools, allow a more efficient management of buildings and 
facilities (Ariza-López et al., 2019). BIM data are very similar to geospatial data 
and also deal with geospatial data because they must be integrated into a 
geographical framework (the actual location of the building) environment (the 
surrounding geographical-topographic reality), and also collect the presence, 
dimensions, positions and exact attributes of the elements of interest. BIM data 
are directly related to 3D geospatial city data. Puyan et al.2017 highlight the 
interest and importance of the quality of BIM data for facility management 
purposes and present examples of errors in BIM data that are very similar to those 
that occur in geospatial data. In this way, Puyan et al. (2017) show the close links 
between geospatial data and BIM data, Song et al. (2017) indicate the need and 
benefits of the integration of BIM and GIS and Ariza-López et al. (2019) develop 
BIM data quality controls based on geospatial data quality elements. 

• Volunteered geographic information (VGI) (Goodchild, 2007) is a kind of 
participative/collaborative geospatial data where citizens, often untrained and 
regardless of their expertise and background, create geographic information. The 
quality of VGI has been a hot topic from the beginning of this trend, and there are 
a lot of papers dealing with this topic. The need for specific data quality elements, 
metrics and methods is clearly pointed out in Gusminia et al. (2017), Degrossi et 
al. (2018), Senaratne (2017). 

• Statistical data are those produced by statistical agencies. Official statistics data 
are grouped into topics (e.g. economy, population, international trade, etc.) 
(SDMX 2009). These data have different levels of aggregation ranging from 
microdata (e.g. the income of a person) to an added value for a country (e.g. gross 
domestic product). There is a clear confluence between statistical data and 
geospatial data so that many statistical organizations (e.g. INEGI in Mexico, 
IECA in Andalucía (Spain), Eurostat in the European Union, etc.), are producing 
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geospatially enabled-statistical data and micro data. The current trend is that all 
statistical data have a location. There are already grids with geospatialized 
statistical data for some regions (Eurostat, 2020). There is a conceptual 
framework in place to include the geographical component (UN-ISGI, 2018; 
Moström et al., 2019). Data quality and quality management are relevant issues 
for official statistics (UN-SD, 2019). 

• Earth observation data and images. These are clearly geospatial data. They are 
also big data. Unfortunately, ISO 19157 is difficult to apply directly to this type 
of data. With the aim of process simulations in the Earth monitoring scope (e.g. 
climate change), there is a great concern about the quality of images and derived 
products (e.g. essential climate variables)9. The Committee on Earth Observation 
Satellites developed the project Quality Assurance Framework for Earth 
Observation (QA4EO) where a series of key guides provide a quality assurance 
framework for images and related processes, but ISO 19157 is not applied.  

• Geolinked data. Linked Data are defined as “structured data which is interlinked 
with other data so it becomes more useful through semantic queries; It builds upon 
standard Web technologies such as HTTP, RDF and URIs, but rather than using 
them to serve web pages only for human readers, it extends them to share 
information in a way that can be read automatically by computers” (Wikipedia, 
2020). Geolinked data or Linked Geodata10 consists of enriching the web with 
geospatial data. Geospatial data are linked to other data and any other type of data 
can be linked to a position given by geospatial data. Some national mapping 
agencies (e.g. OS in UK, IGN in Spain) already offer linked geospatial data. The 
relevance of linked geospatial data is clearly indicated in López-Pellicer et al., 
(2011). Working with the graph established by the links adds a degree of 
complexity to aspects of data quality. Zaveri et al. (2014) carry out an exhaustive 
work of compilation and organization of the numerous dimensions and measures 
that can be applied to evaluating the quality of the linked data. There have also 
been initiatives focused on quality dimensions and measures for geospatial linked 
data (GeoKnow, 2012). 

• IoT data are data produced by a “system of interrelated computing devices, 
mechanical and digital machines, objects, animals or people that are provided 
with unique identifiers (UIDs) and the ability to transfer data over a network 
without requiring human-to-human or human-to-computer interaction” 
(Wikipedia, 2020). IoT systems are related to digital twins and mirror spaces. Lot 
data refer to data derived from sensors (e.g., humidity, rain, heat stroke, 
temperature, etc.) that monitor real-world situations, and actuators (e.g. stepper 
motors, control valves, switches, etc.) that can modify real-world situations. 
Location powers the analytic capacity of IoT data-based systems. As indicated by 
Karkouch et al. (2016), data quality is crucial to gaining user engagement and 
acceptance of the IoT paradigm and services. There are several studies on the 

 
9  http://www.qa4ecv.eu 
10  http://linkedgeodata.org 

http://www.qa4ecv.eu/
http://linkedgeodata.org/
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quality of IoT systems (Ahmed et al., 2019), but the paper by Karkouch et al. 
(2016) focuses on the quality of the Iot data. In this paper, some of the established 
data quality dimensions are assailable to categories of geospatial data quality 
elements or geospatial data quality elements. It also points out several problems 
(e.g. outlier management) that are very similar to those inherent to management 
in the geospatial data domain. 

Proposals for the revision of ISO 19157-1 

As explained in previous sections, we can assert that there is a need for major changes 
which comes from: i) the adoption of new perspectives in terms of data, ii) the need 
for a greater interoperability with other ISO international standards and, iii) the 
experience acquired in the application of ISO 19157. 

Candidate data quality elements 

In order to adopt new perspectives new data quality elements need to be defined, and 
this opportunity must be opened up as well (as in ISO 19113). Some examples of new 
data quality elements can be trust dimensions for open and linked data (Zaveri et al., 
2013), the quality of free text for descriptive texts included in metadata records 
(Ureña-Cámara et al., 2019) and quality elements proposed for images, 
photogrammetric flights or other spatial gridded products (Ariza-López, 2013).  
 Additionally to this approach, we can consider that a DQ-Element can be split 
into sub-elements, however, this makes the implementation and extensibility of ISO 
19157 more complex and it does not add much value. Nevertheless, creating an 
attribute in a DQ-element to include the quality subclass name and defining a code 
list makes it easier without losing any functionality. This will imply the need for new 
“quality categories” or dimensions, new measures, and so on.   
 The current version of ISO 19157 is more focused on vector data, leaving gridded 
data as something not frequently used. This fact makes the rule difficult to apply to 
this kind of geospatial data product. There is a need to place the focus on other data 
types (e.g. LIDAR, BIM, geo-linked data, etc.).  
In order to overcome this obstacle several changes need to be undertaken so that ISO 
19157 can be applied to raster data correctly, covering all its aspects.  
 

I Data compression: data represented in a grid is always a consequence of 
generalization. In this sense, raster formats tend to compress data in order to 
represent variables in a more discrete way, when most times they are continuous. 
To cover this issue a new DQ_Element called Compression will be very useful.  

II Many raster products are obtained from satellite images or photogrammetric 
flights. These scenes present some deficiencies most of the time: pixels failures, 
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rows/columns with no data, the presence of clouds or other weather conditions 
that hinder the extraction of information, shadows, etc. This is the case not only 
for specifications but also for DQ assessment of a product.  

III Representing physical variables through raster data: many remote sensing 
products which are geospatial data locate physical variables (such as 
temperature, pressure...) in space. Since these variables are most times 
completely different, the IS should leave open the chance of proposing specific 
DQ measures and elements for this kind of information.  

IV Orthophotos are another usual example of gridded data that should be able to 
have its own DQ elements and measures. In this sense, measures that cover the 
percentage of censored data in the orthophoto or the mosaic, mosaic cuts, or the 
degree of geometric and radiometric matching among adjacent orthophotos 
should be applied to this type of product.  

V Photogrammetric flight planning assessment, as part of the lifecycle of a product 
(e.g. orthophoto), is of relevance for producers and needs to be considered in this 
sense as well (Ariza-López, 2013).  

VI Measures for thematic classification: in this sense there are several spatial 
metrics which come from the world of landscape metrics that can present some 
clues to understanding the degree of accuracy in terms of thematic classification. 
These metrics describe the shape, distance between patches of the same category, 
fragmentation of the category and so on, that could be applied to the 
classification obtained and the real world. The comparison of these metrics could 
contribute to a better DQ assessment. Also, alternatives to the confusion matrix 
and derived parameters (e.g. Kappa index) should be considered as they are 
present in remote sensing studies (e.g. ice Coefficient, Relative bias, among 
others (Padilla et al., 2015)).  

VII Data derived from Lidar is becoming one of the main sources in geospatial 
products. ISO 19157 should cover this specific type of data as well as others, not 
only in terms of positional accuracy but also thematic accuracy and redundancy, 
which plays a key role in this kind of data.  
 

 Some examples of possible new elements taken from official documents are 
presented in Tables 1.a, b, c. Thus, the possibility of developing new elements should 
be left open. This opportunity existed in ISO 19113 but was eliminated in ISO 
19157:2013, which goes against the backwards compatibility that should be sought 
with the new versions.  
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Table 1a 
Example of a new quality element (Case 1) 

Name: Radiometric discontinuity 
Definition: Closeness of the radiometric values of homologous pixels of two images in 

a common area, is defined as: “S’il y a effeccivement eu un mosaïquage, la 
classe de précision sera exprimée par la différence de valeur radiométrique 
par canal tolérée sur les raccords entre images ne correspondant pas à un li-
néament, divisée par la radiométrie maximale de l’image et exprimée sous 
forme de pourcentage” 

Justification: When creating mosaics of images, the presence of radiometric discontinui-
ties is a common circumstance derived from many different circumstances 
and reasons. This situation is undesirable. The presence of a radiometric 
discontinuity is an aesthetic and an exploitation problem 

Source: Ministère de l’équipement, des transports, du logement, du tourisme et de 
la mer. Arrêté du 16 septembre 2003 portant sur les classes de précision  
applicables aux catégories de travaux topographiques réalisés par l’Etat, les 
collectivités locales et leurs établissements publics ou exécutés pour leur 
compte 

 
Table 1b 

Example of a new quality element (Case 2) 
Name: Integrity 

Definition: Is defined for aeronautical data as: a degree of assurance that an aeronauti-
cal data and its value has not been lost or altered since the data origination 
or authorized amendment 

Justification: This aspect is of great relevance for nautical and airspace security. The data 
quality model of the International Civil Aviation Organization considers 
this issue. This issue can be of interest for other uses and purposes (e.g. 
homeland security, army, medical urgencies, fiscal data, etc.) 

Source: ICAO (2010). ANNEX 15 to the Convention on International Civil Avia-
tion. Aeronautical Information Services 

 
Table 1c 

Example of a new quality element (Case 3) 
Name: Geometric fidelity 
Definition: Geometric fidelity is the measure defined as: that any real world alignment 

or shape, when viewed at the source survey scale, must be accurately  
reflected in the data to the required specification 

Justification: Real world objects (e.g. buildings) can be registered in a dataset without 
their exact and true relationships with their surroundings. It is necessary to 
have an assessment of the number of such types of objects in the dataset 
This information is relevant for the producer (quality of his processes or 
supplies) and for users 

Source: OS (2007). TOPO-96 Data quality. Ordnance survey 
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Interoperability with other International Standards 

In order to achieve greater interoperability with other ISO international standards or 
documents (e.g. ISO 8000, ISO/IEC 25012, ISO/TR 21707) and third-party 
documents (e.g. VIM, GUM, etc.), which are interrelated to ISO 19157, means the 
necessity of a great effort of coordination in concepts, terms, perspectives, etc. Along 
this line, a well-defined ontology is missing for the quality of geospatial data. This 
ontology should be compatible with other ontologies of other application domains 
(e.g. dqv11 of the W3C), and allow greater interoperability between different types of 
data. 
 Clear examples are the terms accuracy and uncertainty, which are not 
appropriately defined within ISO 19157, implying the need for a complete revision 
of many of the terms and measures proposed in it. Another example entails 
quantitative quality assessment, where a distinction between estimation and control 
is needed. Estimation means the precise determination of a parameter value and its 
confidence interval. Control (quality control) means taking a decision about the 
acceptation or rejection of a previously-stated hypothesis within a statistical 
framework of assumed risk. 
 Another issue entails the relationship between ISO 19157 and ISO 19131, for 
which to many of those that have applied both, the differences are not always 
completely clear. In the data specifications (according to ISO 19131) of many 
national mapping agencies there are usually no quality specifications on the data, and 
in some cases evaluation results appear when they are actually metadata. This is 
completely incorrect. More clarification is required, maybe an informative annex can 
help.  

Experience applying ISO 19157 

Finally, the experience acquired in applying ISO 19157 shows us the bulk of the 
changes that we consider is relevant to introduce in its revision. 

Distinction between the quality of a dataset and the uncertainty in individual  
attributes of a feature 

The scope element allows narrowing the scope of data quality to a particular attribute 
but unfortunately it is rarely implemented. We believe this is partly because it is not 
clearly explained in the current version of ISO 19157. In addition, in the world of Big 
Data and unstructured records where the abundance/redundancy of information about 
a single property can be used as a quality test, the distinction mentioned above is 
becoming more important. This is particularly true in case as of citizen science of 

 
11  https://www.w3.org/TR/vocab-dqv/ 

https://www.w3.org/TR/vocab-dqv/
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VGI, where redundancy in acquisitions and expert validations are used as quality 
indicators. A paradigmatic example is the identification of pheno-phases in a certain 
location and time, a situation in which redundant and coherent measures increase the 
veracity of each individual measurement that need to be quantified. Current measures 
in ISO 19157 are still applicable but they require a better definition of the individual 
inputs to assess.  

The quality assessment methods and their standardization 

The use of the same, well specified, data quality elements, scopes and measures does 
not ensure the compatibility between the results of two assessments if different 
quality assessment methods were applied. Even if these methods have place in the
   

Table 2 
Example of a template for methods standardization 

Line Component Description 

1 Method identifier Unique identifier within a namespace 

2 Name Name is the name of the method 

3 Purpose A description of the purpose of the quality assess-
ment method 

4 Method type  Indication of the method type (direct or indirect) 

5 Result type Indication of the result type (quality estimation or 
quality control) 

6 Description A general description of the method 

7 Source Identification of an explaining source(s), if exists 

8 Detailed description Description of the assessment 

8.1 Full inspection based Explanation of the full inspection process 

8.2 Sampling based Explanation of the sampling based process 

8.2.1 Sample Scheme Explanation of the sample scheme 

8.2.2 Sample Size Calculation of the sample size 

8.2.3 Sample collection Explanation of the sample collection process 

8.3 Resources Description of resources to be used 

8.3.1 Instrumental Specifications about instruments 

8.3.2 Human Specifications of skills 

8 Measures Identification of the standardized measures to be 
used 

10 Procedure A complete identification and explanation of the 
steps of the evaluation method 

10.x Step x Explanation of each step of the procedure 
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data model we consider that quality assessment methods should be better and they 
require a very similar treatment to measures (standardized measures of annex D of 
ISO 19157). This implies the definition of a list of components and also a catalog of 
standardized methods. Methods must be well defined in order to be understandable, 
replicable and their results interoperable. A standardized quality assessment method 
must offer an unambiguous definition, and a structure of the methods extended in a 
way that is presented in Table 2. Also, the methods must be established in the data 
product specifications (following ISO 19131), because product specifications must 
include quality requirements and how (the method by which) their achievement is 
measured. 
 In the current ISO model, conformity is a binary value that should also be 
associated with a methodology. There is a need for presenting a relationship with the 
data quality assessment methods are the concepts of conformity level and the quality 
control decision. The first refers to the minimum good quality level (e.g. at least 90%) 
or the maximum bad quality level (e.g. at most 5%) that the user is willing to accept. 
A standardized measure, the units of the measurement (e.g. m or mm) and the value 
are the key elements for defining a conformity level. The second refers to how an 
acceptance/rejection decision is taken in a quality control. This decision must be 
taken by comparing a result of a standardized quality assessment method versus a 
conformity level by means of a given rule where producers’ and users’ risk are 
previously established. The conformity level must be established in the data product 
specifications (following ISO 19131) as well as the quality control decision rules. 

Metaquality and its use 

There are very scarce references to the actual use of metaquality. One of the problems 
is that there is a lack of clear examples. An informative annex added to the new 
version of the IS could be adequate. In this sense, we would like to mention the use 
of metaquality developed in UNE 148002:2016 (UNE 2016) (see Figure 1), where 
metaquality elements (confidence, homogeneity and representativity) are more 
detailed. In order to cover several approaches to studying metaquality; for example, 
they divide the representativity into several topics: spatial, temporal, thematic, 
participative and global. They introduce the concepts of qualitative and quantitative 
confidence as well, which could also be interesting for the revision of ISO 19157. 

Report and its standardization 

ISO 19157 indicates that in order to provide more details than those reported as 
metadata, a standalone quality report may additionally be created. The structure for 
this standalone quality report remains unspecified. This situation leads to reports 
being very different and resulting in a clear problem in terms of interoperability, for  
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“In this standard confidence on the results of a PQC process is determined by two 
complementary aspects: 
• Qualitative. The rigorous application of the methods is the main guarantee of trust from 

a qualitative perspective. This aspect must be ensured by the participation of experts in 
the quality of geographic information in work teams and by the requirements stated in 
section 9 of this standard. 

• Quantitative. Effective enforcement of the following aspects is the basis of trust from the 
quantitative perspective: sample size, randomness, independence of the control process 
and greater accuracy of the reference SDS. These aspects should be ensured by 
compliance with the requirements of sections 8 and 9 of this standard. 

 

In this standard homogeneity of the results of a PQC is determined by: 
• Production of the controlled SDS. The homogeneity of the controlled SDS is beyond the 

scope of this standard; however it should be noted that it can be a critical aspect in the 
case of SDS where numerous persons or organizations have intervened, where concur 
diverse backgrounds, knowledge, skills, etc., or different work methodologies are applied 
(e.g. OpenStreetMap).  

• The extension of the control process. For PQC processes dilated in space or in time 
appropriate quality management measures shall be taken in order to ensure 
homogeneity of the PQC process at all times. Key elements to ensure homogeneity are, 
among others: documented procedures, the establishment of standards in education and 
training of personnel involved including verification mechanisms to ensure consistent 
processes, etc. 

 

In this standard representativity of the result of a PQC should be evaluated from 
multiple perspectives. Since the assessment is based on sampling, the representati-
vity should be: 
• Considered in relation to the following aspects: 

− Space. The spatial representativeness of the sample by its effective spatial distribution 
compared to the actual spatial distribution of the population. 

− Time. The temporal representativeness of the sample by its effective temporal 
distribution compared to the actual temporal distribution of the population. 

− Theme. The thematic representativeness of the sample by its effective thematic 
distribution of categories and attributes compared to the actual thematic distribution 
of the population. 

− Participation. In the case of studies with the participation of various organizations (e.g. 
national series) or individuals (e.g. OpenStreetMap), has the same sense as previous 
cases but related to the participation issue in the population. 

− Global. Refers to global representativeness as an interpretation of all the partial 
representativeness given above being considered in a specific PQC. 

• Evaluated with appropriate techniques, some techniques are applicable: 

− Visual comparison of histograms and distribution functions of the sample and the 
population. 

− Adherence tests between the curves representing the distribution functions of the 
sample and the population (e.g. by means of the Kolmogorov-Smirnov test for 
continuous cases and Chi2 for discrete cases)”. 

 
Figure 1.  Translation of section 10 of the Spanish UNE 148002:2016 standard.  
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data quality comparison and for data certification. To deal with this problem a well-
defined and flexible quality report is needed. 

Quality along the lifecycle. 

Geospatial data quality, as presented in ISO 19157, is not understood as something 
that must take place along a product lifecycle. This idea (data quality along the 
lifecycle, in a process) must be presented and explained in the early beginning of the 
IS since it is one of the keys to understanding the concept of quality related to 
geospatial data. In our experience, most of those who apply the 19157 standard, or 
who wish to apply it, only focus on the quality of the final products. They do not 
anticipate that ISO 19157 should be applied throughout the entire product life cycle. 
We believe that this problem has several causes, being one of them that the IS does 
not sufficiently explain it and does not present example about this. In addition, ISO 
19157 scope needs to be widened to include such as photogrammetric and 
topographic production processes. Currently, it difficult for specialists in these fields 
to apply the standard. 
 Therefore, following this line, at least two additions are required in the revision 
of ISO 19157: on the one hand the idea of geospatial data products´ life cycle, and 
on the other hand a model of how to apply quality throughout this life cycle. For the 
first addition there are several proposals for geospatial data product lifecycles, for 
instance the United States Geological Survey12 considers five phases (plan, acquire, 
process, analyze and preserve and publish/share). A proposal for quality throughout 
the lifecycle is that of the Arbeitsgemeinschaft der Vermessungsverwaltungen (AdV, 
2002) which was adopted and improved by the Instituto de Estadística y Cartografía 
de Andalucía (IECA, 2011). As an example, a new version of this model is presented 
in Figure 2, which includes the Plan Do Check Act perspective (Deming’s Cycle) 
using the stages of the USGS lifecycle (plan, acquire, process, analyze, preserve, 
publish) and the quality assessments proposed by the AdV and improved by IECA 
(2011). The Cross-cutting elements (describe, manage quality and Backup Secure) of 
the USGS data lifecycle are also labeled. This model includes the main quality 
management functions (quality control, quality improvement, quality assurance and 
quality deployment):  
 
• Q1: Assessment of the basic model against general and strategic guidelines.  
• Q2: Assessment of the application model and specifications against the basic 

model.  
• Q3: Assessment of the application model and specifications against specific 

requirements.  
• Q4: Assessment of the data product against its logical consistency rules.  
 
12  https://www.usgs.gov/products/data-and-tools/data-management/data-lifecycle  

https://www.usgs.gov/products/data-and-tools/data-management/data-lifecycle


Revista Cartográfica 100 enero-junio 2020 147 
ISSN (impresa) 0080-2085 ISSN (en línea) 2663-3981 

• Q5: Assessment of the data product against the real world.  
• Q6: Assessment of the data product performance for analysis and uses.   
• Q7: Assessment of the product continuous improvement process.  
 
 

 
 
Figure 2.  Example model for quality throughout the cifecycle. 
 

Unify UncertML and ISO 19157 to improve Annex D. 

We identified some conceptual overlapping in the list of quality measures presented 
in annex D. This is due to the use of similar statistical concepts applied to different 
quality elements but using the same measure from the statistical point of view. A 
simplification in the way the list of measures in Annex D is presented is necessary in 
order to increase comprehension. We propose a way to achieve this without losing 
anything, using already existing alternatives: UncertML 2.013 and QualityML.14 
 UncertML 2.0 provides a semantic description of statistics that can be used to 
compute uncertainties. A priori, it seemed simple to associate those to ISO 19157 
quality measures but in practice it was not. By extending the concepts in UncertML 

 
13  https://web.archive.org/web/20161029215725/http://www.uncertml.org/ 
14  http://www.qualityml.org/  

https://web.archive.org/web/20161029215725/http:/www.uncertml.org/
http://www.qualityml.org/
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a strategy to better normalize measures of ISO 19157 by making the list of measures 
more compact was achieved.  
 In essence, the concept of statistics is extended to include other quality metrics 
used to compute the result of each quality measure value when applied to a certain 
domain. QualityML provides a matrix of the combinations of indicators, 
measurements, domains and metrics most commonly used. The main idea behind this 
structure is to unlink measures, domains and metrics descriptions in order to 
maximize the generalization of descriptions and increase coherence among several 
measures using the same metrics (even with different domains), or several quality 
indicators using the same measures.  
 In fact, ISO 19157 already introduces the concept of data quality basic measure 
to avoid the repetitive definition of the same concept. There are data quality measures 
that have certain commonalities. Two principle categories of data quality basic 
measures are listed in the Annex: i) the uncertainty-related data quality basic 
measures (e.g. the LE50 basic measure used in linear error probability [id 33], time 
accuracy at 50% significance level [id. 55] or attribute value uncertainty at 50% 
significance level [id. 69]), and ii) the counting-related data quality basic measures 
which are based on the concept of counting errors or correct items. 
 QualityML goes one step beyond this generalization effort in the ISO 19157 basic 
measures, and groups one describing the same metric but with different parameters. 
For example, all the measures regarding "half length of the interval" are grouped in 
a single general metric called Half-lengthConfidenceInterval, which includes a 
parameter to describe the confidence level (or probability) of the true value being 
between the lower and the upper limit. Level has to be in the range [0,1]. This 
QualityML metric (Half-lengthConfidenceInterval) includes several ISO 19157 basic 
measures such as LE50 (and thus measures with id. 33, 55 and 69) but also LE68.3 
(used in standard linear error, id. 34), time accuracy at 68,3% significance level (id. 
54) and attribute value uncertainty at 68.3% significance level (id. 68), LE90, LE95 
etc. All these ISO 19157 measures are grouped in a single QualityML with a single 
parameter “level” to identify the significance level. The advantage of this 
generalization is not only the increase of coherence in the quality measures and 
metrics description, but also the possibility of describing any other confidence level 
interval in a standardized way. 
 This is done in QualityML not only for uncertainty-related data quality basic 
measures describing one dimensional random variables (Z, using “Half-length 
Confidence Interval”, examples above) but also for uncertainty-related data quality 
basic measures describing two dimensional variables and for counting-related data 
quality basic measures. More details about this approach can be found in Zabala & 
Maso (2016). 
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User feedback in the broader sense. 

Gray knowledge about the data can be as useful as quality indicators to assess "fit for 
purpose". A structured way to include experiences of users of products that report 
applications not initially foreseen as well as problems and workarounds should be 
included in this IS (or in another document related to it). Users can produce valuable 
and complementary metadata about resources structured in feedback about each 
resource they are interested in, have used, etc. There are plenty of elements that can 
be included in a feedback item about a resource (or a group of them) such as ratings, 
comments, usage, related publications, additional lineage steps, quality elements or 
significant events description. All these user feedback metadata elements 
complement producer metadata and add value to the dataset descriptions. It also helps 
increasing users' engagement as they can see a real opportunity to create a community 
and establish social links on a geospatial portal around the datasets they are interested 
in. The data producers may also take advantage of this situation, being able to respond 
to users’ demands in creating new versions of the resources or answering their 
concerns as new feedback items (related to the previous ones). 
 The work developed on previous projects such as GeoViQua,15 CHARMe16 and 
Melodies17 and on the OGC Geospatial User Feedback (GUF) working group, led to 
the approval of the OGC Geospatial User Feedback Conceptual Model Standard 
(Masó & Bastin, 2016) using the ISO schemas as a baseline. Geospatial User 
Feedback is metadata that is predominantly produced by the consumers of geospatial 
data products as they use and gain experience with those products. This standard 
complements existing metadata conventions whereby documents recording dataset 
characteristics and production workflows are generated by the creator, publisher or 
curator of a data product. As a part of metadata, the GUF data model reuses some 
elements of ISO 19115-1:2014 but not the general structure. This selective use of ISO 
metadata elements was intended to prioritize future interoperability with developing 
ISO metadata models, and would allow an easy integration into the new version of 
ISO 19157. 

Conclusions 

Geospatial data are relevant for the decision making of many daily activities and large 
investments, and therefore the quality of this data is important. Thus, ISO 19157 is a 
significat IS in the domain of geospatial data. ISO 19157 is currently in a revision 
process and therefore it is desirable that all interested parties are aware of this and 

 
15  http://www.geoviqua.org/  
16  https://www.copernicus.eu/en/characterisation-metadata-enable-high-quality-climate-applications-

and-services  
17  https://www.the-iea.org/projects/melodies-research-project/ 

http://www.geoviqua.org/
https://www.copernicus.eu/en/characterisation-metadata-enable-high-quality-climate-applications-and-services
https://www.copernicus.eu/en/characterisation-metadata-enable-high-quality-climate-applications-and-services
https://www.the-iea.org/projects/melodies-research-project/
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their ability to propose improvements. This document presents the contributions from 
a Spanish experts group. 
 In our view, ISO 19157 is a standard that has adequately fulfilled its function as 
a model to define, quantify and report quality, although its application has not been 
as widespread as desirable and when applied, has not been without problems. Many 
of the application problems are not particular of ISO 19157, they are typical of all 
standards in general, and this is a situation that requires a specific analysis that is 
outside the scope of this study. 
 Since technology and data availability have changed tremendously in recent 
years, we consider this revision of ISO 19157 appropriate. The challenges presented 
by the new types of available data as well as certain parts of traditional production 
processes that were not adequately covered with the ISO 19157:2013 version makes 
this revision essential if we want the proposed quality model that is continuously 
being applied. We need a model that ensures the highest degree of interoperability in 
the definition (conceptualization), quantification and reporting of data quality. For 
this reason the convergence with other standards and the inclusion of new dimensions 
of quality and new quality elements are aspects that we consider critical. 
 Additionally, the experience in the application of the model offers us a set of very 
specific guidelines focused on the field of spatial data production, such that they can 
make the application of the IS better understood, more efficient, powerful and 
versatile. 
 Therefore, we consider that the review is a good opportunity to improve this IS, 
otherwise the new types of data will bring other proposals for data quality that will 
surely require more additional efforts. There is no other option than to evolve or 
perish. 
 We are convinced that quality aspects are going to be more and more important 
in the near future for the proper use of geographic data and correct decision-making 
based on them in order to face the global challenges threatening the survival and well-
being of humankind in the long term, as expressed in the 17 Sustainable Development 
Goals defined by the United Nations. 
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