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Abstract: The role of remote sensing data in detecting, estimating, and monitoring socioeconomic
status (SES) such as quality of life dimensions and sustainable development prospects has received
increased attention. Geospatial data has emerged as powerful source of information for enabling both
socio-technical assessment and socio-legal analysis in land administration domain. In the context of
Korean (re-)unification, there is a notable paucity of evidence how to identify unknowns in North
Korea. The main challenge is the lack of complete and adequate information when it comes to
clarifying unknown land tenure relations and land governance arrangements. Deriving informative
land tenure relations from geospatial data in line with socio-economic land attributes is currently the
most innovative approach. In-close and in-depth investigations of validating the suitability of a set
of geospatially informed proxies combining multiple values were taken into consideration, as were
the forms of knowledge co-production. Thus, the primary aim is to provide empirical evidence of
whether proposed proxies are scientifically valid, policy-relevant, and socially robust. We revealed
differences in the distributions of agreements relating to land ownership and land transfer rights
identification among scientists, bureaucrats, and stakeholders. Moreover, we were able to measure
intrinsic, contextual, representational, and accessibility attributes of information quality regarding
the associations between earth observation (EO) data and land tenure relations in North Korea
from a number of different viewpoints. This paper offers valuable insights into new techniques
for validating suitability of EO data proxies in the land administration domain off the reliance on
conventional practices formed and customized to the specific artefacts and guidelines of the remote
sensing community.

Keywords: remote sensing; land tenure; land administration; geospatially informed analysis; knowl-
edge co-production

1. Introduction

The role of remote sensing data in detecting, estimating, and monitoring socioe-
conomic status (SES) such as quality of life dimensions and sustainable development
prospects has received increased attention across number of disciplines in recent years [1-5].
Geospatial thinking and technology have provided an important opportunity to advance
the understanding of the specific questions which drives SES perspectives that include
humanitarian health [6,7], rural household poverty [4,8], neighborhood deprivation [9],
valuation of land and property [10], and urban dynamics [3]. This argument has given rise
to much debate on not only making an association of remotely sensed spatial data and
socio-economic parameters but also predicting or interpreting them.

Land administration deals with the people-to-land relationship, by describing, an-
alyzing, designing, and measuring their relations that include social, economic, spatial,
legal, and engineering perspectives [11]. Along with the growth of remote sensing applica-
tions in SES, there has been growing recognition and evidence of the vital links between
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remote sensing and land administration [12-19]. Geospatial data has emerged as powerful
source of information for enabling both socio-technical assessment [20] and socio-legal
analysis [21] in land administration sphere. Moreover, recent advancements have led to a
renewed interest in identifying socio-spatial footprints of land boundaries and associated
land rights through integration of different sets of geospatial and socio-economic data
and informative interpretation [12,21]. Thus, a novel approach to land administration
sheds a contemporary light on grounded theories and practices of land tenure, use, value,
development, and governance.

However, the challenge now is how to make better use of geospatial technologies to
generate evidence and the resulting data as robust evidence in spatial decision-making
processes. Although, the effectiveness of the earth observation (EO) data for public decision-
making in the land sector has been well-exemplified by [22,23], it was also claimed that
the existing accounts fail to fully resolve the government demands for better land policy-
making and planning [22]. This argument is line with a longstanding quarrel of evidence-
informed policy-making [24-27] that aims to ensure transparent use of sound evidence
and appropriate consultation processes in policy making [24]. It is therefore that such
evidence must meet certain criteria on technical quality, a relevant source of information
and effective communication [28]. The term "geospatially informed analysis (GIA)" is used
here to refer to evidence generation and provision of salient and legitimate evidence in
spatial decision-making, supported by geospatial technologies and geospatial data. With
regard to land management, it is important to bear in mind that spatial decision making is
conducted on various spatial scales, ranging from local to national, and thus incorporates
multiple spatial cognitions and perspectives of both state and non-state agencies.

It is possible that GIA might not be applicable to the contexts in which the limited
access to data exists, quality of data matters and reliability of data sources have been raised.
North Korea belongs to this category. Studies on North Korea [29-34] and governing
North Korean land tenure [35-38] have attracted considerable attention, both scholarly
and popular. The majority of existing research accounts for land (tenure) reform in North
Korea and land governance arrangements in unified Koreas. To date, however, there is a
notable paucity of evidence-based literature describing and investigating how to identify
unknown land tenure relations in North Korea due to the obvious difficulties in obtaining
and analyzing empirical data. Several ways of overcoming these barriers to capturing the
relationship between land tenure and governance and Korean (re-)unification process have
recently been suggested that involve understanding and suggesting methods and solutions
to problems [21,39,40]. Drawing upon both land administrative and geospatial engineering
approaches, these enabled to provide reasonably consistent evidence and knowledge-base
of an association between land tenure/land governance and (re-)unification of which
relatively little is known. Whereas previous approaches suggested here were based on
documented spatial knowledge and reasoning relating to land tenure and land governance,
this study aims to supplement and extend these insights by incorporating and reflecting on
local spatial knowledge and expertise.

Although a number of different studies have been conducted on the subject of North
Korea and its refugees, there are still insufficient insights into the fundamental differences
between North Korean and South Korean perceptions, beliefs, and experiences [41]. Such
an information gap may hamper a smooth transition towards unification. It is therefore
of fundamental importance to gain further insights directly from North Korean refugees.
Currently, the only possible way of doing this is to interview and engage with North
Korean refugees (that refers to new settlers or defectors; saeteomin or bukhanitaljumin in
Korean terms). Urban studies in North Korea tend to involve on-site work, social contact,
and face-to-face interaction with the population of interest rather than relying on existing
literature and available data. However, most of the work carried out to date has not
been able to provide robust evidence on the basis of persistent observation and in-depth
analysis [42].
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In general, gathering information regarding land tenure from multiple non-human
resources such as legislation, policy documents and case studies is possible. However,
the main challenge faced by many decision-makers is the incompleteness and inadequacy
(inadequate proof or evidence) of information when it comes to clarifying how land tenure
relations and land governance arrangements are really constructed and maintained in
North Korea. In the light of these unknowns, additional data from multiple stakeholders
is valuable for obtaining a more detailed insight into the broad spectrum of personal
experience, views, and judgements [43,44]. In this respect, North Korean refugees can also
act as human capital, not only as a supplement to publications on North Korea but also as
a way of conducting an empirical analysis of primary data on North Korea [45].

When it comes to abnormal circumstances for gathering empirical evidence in this
study, it is necessary to explain the main challenges and most common practices. More
recent attention in urban planning and land management of North Korea has focused
on using focus group interview (FGI) methods with North Korean refugees and spatial
analysis with Google Earth images (EO data). Notwithstanding the fact that these methods
seem to be most feasible and effective, the current research on land tenure and land
governance in North Korea has been impeded by the lack of empirical data, rigorous
methodologies, and reliability and validity of information for the in-close and in-depth
investigation. Therefore, in addition to methods commonly used, such a content analysis
on internal documents in North Korea and joint expert consultation processes make up for
a dearth of evidence-based knowledge base [42,46].

Adopting a similar position aforementioned, findings from a previous study demon-
strate how a process of socializing the pixel (combining with land administrative and
geospatial engineering approaches) can take place through (re-)interpreted semantic land
tenure relations [21]. As a result, GIA has been proposed based on a mixed-methods
design and an information fusion approach, to construct a strong and consistent association
between land tenure and EO data. However, a further investigation into the validation of
elaborated meaning and interpreted information throughout extensive consultations with
outside experts and multiple stakeholders needs to be undertaken before the association
between land tenure and EO data can be more clearly understood in line with algorithmic
approaches. Thus, the primary aim of this paper is to provide empirical evidence for
the claim that it is possible to standardize the identification and categorization of certain
objects, environments, and semantics visible in EO data that can be used to (re-)interpret
land tenure relations.

Given our awareness of critical consequences in misidentifying geospatially informed
proxies due to the lack of appropriate and rigorous validation of suitability, a threefold
approach to empirical knowledge elicitation for GIA is taken, comprising (1) extracting
scientific knowledge with a high-level of expertise based on topical (i.e., land tenure
and land administration), methodological (i.e., remote sensing and earth observation),
and contextual (i.e., Korean (re-)unification) interests; and (2) identifying bureaucratic
knowledge (i.e., government officials); and (3) deriving knowledge of local communities
in geographic areas of interest from people (i.e., North Korean refugees) who have the
most accurate understanding (through familiarity or personal experience) of land tenure
relations, land governance and land use practices. This study seeks to answer the following
specific research questions:

e To what extent does scientific, bureaucratic and stakeholder knowledge agree or
disagree with a set of identified pixel-based proxies related to land tenure in North
Korea?

e How does a knowledge co-production process help to validate suitability of geospa-
tially informed proxies and become legitimate land tenure knowledge?

This paper comprises four sections. The first deals with the conceptual and method-
ological accounts of research and analysis. The following section brings together the key
findings relating to proxy identification and the measurement of information quality. The
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remaining sections of the paper comprises a summary and discussion of the findings and
further implications for future research, respectively.

2. Validating the Suitability of Geospatially Informed Proxies

Validating the suitability of the remote sensing data and products against the social
context of the location is critical. However, despite the explosive growth in the use of remote
sensing in a wide range of applications in many different fields, there is increasing concern
about the lack of rigorous social and contextual validation methods and techniques, which,
in turn, may result in the misidentification or misinterpretation of proxies. Therefore,
to ensure better-informed geospatial analysis, it is necessary to consider not only the
procedure and legitimacy of validating the suitability of relevant proxies and combining
multiple values through knowledge co-production processes.

2.1. On the Need of Tailored Approaches to EO Data Validation

"Validation" is a term frequently used in the remote sensing literature, yet it is used
in different disciplines to mean different things. To avoid, terminological confusion, it
is important to bear in mind that the term validation throughout this paper has come
to be used in its broadest sense to refer to validating suitability or usability of proxies
using EO data for GIA. A validation is a fundamental requirement when using EO data in
any mapping project. It provides a basis for identifying classification errors and enables
the overall accuracy and uncertainty of mapping outcomes to be estimated with sample
data [47]. Congalton [48] lists three reasons why validation has become so important.
It enables (1) the identification and correction of usage errors in images, (2) a robust
quantitative comparison of methods, and (3) the provision of more reliable information
to enable better informed decision making. Much of the available literature on remote
sensing deals with the question of accuracy; however, Campbell and Wynne [49] critically
warn that validation is a much more complex process, as considered by many, and it
displays obvious difficulties in convincingly addressing whether the outcomes are correct.
The design of sampling, response, and analysis processes are an important component of
accuracy assessment and play a key role in yielding rigorously defensible validation in
remote sensing science [47]. As conventional methods, there are several possible validation
techniques available to examine the accuracy or error of EO data, such as visual inspection,
non-site-specific analysis, difference image creation, error budgeting and quantitative
accuracy assessment [48,49]. Indeed, the renewed interest in various image classification
methods, such as geographic object-based image analysis (GEOBIA), necessitates a range
of different validation efforts to meet the respective characteristics [50].

Despite the cutting-edge advancements in EO data validation, it should be noted that
remote sensors on satellites and aircraft cannot directly detect and record a particular social,
political, economic, or historical context of landscapes and their internal dynamics [51].
Unlike the remote sensing community, some studies confirmed that including participatory
techniques with professionals in land administration domain helps to validate quality and
usability [52,53]. Moreover, a qualitative approach in conjunction with visual interpretation
and quantitative analysis to measure the scalability of the semi-automated cadastral bound-
ary feature extraction from remote sensing data has been applied to the validation [54]. In
the same vein, using EO data to derive proxies for identifying and interpreting unknown
land tenure relations requires a rigorous interpretation of various contextual information
and a more nuanced insight into the socio-legal-spatial properties. Therefore, there are
limits to how far conventional and solid validation procedures, which have already been
formed and customized for specific artefacts and validation objectives in the remote sensing
community [55], can be taken in land administration science. In other words, a tailored
validation protocol would help to establish a higher accuracy and feasibility based on the
results obtained from the EO data interpretation.
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2.2. Knowledge Co-Production: Scientific, Bureaucratic and Stakeholder Knowledge

The notion of "knowledge co-production” is commonly used to refer to the collaborative
and interactive process of synthesizing different sources and types of knowledge [56-58].
Co-produced knowledge blurs the boundaries between science and practice [59]. Therefore,
not only experts, scientists and professionals now play a pivotal role in the decision-making
process, but the committed knowledge of non-scientific stakeholders should also be taken
into account.

According to Freedman [60], if scientifically valid trials of a useful or interesting hy-
pothesis are conducted or provide reliable information on the hypothesis being tested, the
values and validity are recognized as scientific. To enable this, scientific validation needs to
consider the inclusion of expert knowledge at higher levels of education and profession-
alism in order to test for scientific acceptability such as transparency and replicability of
results [61]. Bureaucratic knowledge is now considered essential, as bureaucrats and civil
servants possess advanced knowledge from governance processes that include top-down
political representation, bottom-up citizen participation and informal knowledge-sharing
networks [62]. In administrative and government practice, "bureaucratic knowledge"
serves to navigate complex decision making. It associates the political and strategic use
of knowledge rather than the intrinsic (non-instrumental) value of knowledge, such as
the norms of ethos and ethics, with bureaucratic works [57,62-64]. Thus, bureaucratic
validation is such that it synthesizes knowledge from both internal and external resources
and creates new forms of knowledge from perceptions of political feasibility and institu-
tional arrangement [65]. Unlike scientific validation, which is based on replication logic,
bureaucratic knowledge relies on either pragmatic plausibility or feasibility logic, similar
to political logic.

However, critical questions have been raised about the uncertainty of decision making
in resolving multifaceted local and societal problems on the sole basis of scientific and
expert knowledge [66]. One of the most significant current discussions in this argument
concerns the incorporation of varying stakeholder knowledge that reduces rigidity, rep-
resents multiple perspectives, and promotes adaptability in decision making [67]. There
is also a growing body of literature that recognizes the importance of stakeholder or lay
knowledge as a key informant that emphasizes intense contextual and localized knowledge
of people in their local environments [68]. Therefore, the potential advantage of using
stakeholder validation is the increased precision both in terms of context and localization
in validating the suitability of proxies that cannot be verified through disciplinary expert
assessment or administrative capacity. In view of all that has been mentioned so far, one
may suppose, as argued by Edelenbos et al., [57] that only coproduced knowledge fully
assesses pre-identified proxies for GIA that considers scientific validity, policy relevance
and social robustness.

2.3. Geospatially Informed Analysis (GIA)

In recent decades, describing, analyzing, and understanding people-to-land relations
using geospatial technology has given rise to effective legal, social, and spatial solutions to
multifaceted problems relating to land. Recently, more advanced geospatial intelligence
has not only offered administratively straightforward, technically feasible, and financially
affordable approaches [69], but it has also provided a rich set of data and information
that conventional analytical techniques would have been unable to identify or access. We
also view land management as a combination of interventions in governance, based on
questions of how and under what conditions such land interventions are responsible and
how these can be supported by technologies. It is possible, therefore, that GIA supports
both smart and responsible land management [70,71], especially of difficult-to-access
regions where unknown or unsupported land governance exists [21,39,40].

On the one hand, geospatial intelligence is not currently sufficiently embedded in
decision-making processes, while on the other, decision makers do not sufficiently rely
on geospatial intelligence, even though it is available. Even geospatial intelligence is too
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product-oriented and insufficiently process-oriented. Based on this line of argument, we
note that, despite the above claims of GIA, it still needs to be clarified how, where, and
when it can be used to enrich both scientific and bureaucratic knowledge. Building on
the critical insights from GIA, it enables us to address proxy development in a smart
and responsible manner, where significant uncertainty exists regarding data access, data
integration and data reliability.

GIA is fast becoming the ultimate driver of spatial decision making in land manage-
ment and sheds new light on recent insights into societies, the environment, the earth,
resilience, and sustainable development. However, scientifically framed knowledge and
technical expertise in remote sensing and earth observation tends to greatly exaggerate
the excellence of laboratory experiments conducted under highly controlled conditions
and technocratic approaches to dealing with land/spatial problems. At the same time,
the dominance of bureaucratic knowledge in land policymaking devalues other forms
of knowledge and undermines the local context, the political representation of citizens
and the social processes of land governance and land use. Using geospatial tools and
instruments, the citizen (stakeholder) is now able not only to consume and produce geospa-
tial information but also to contribute grounded knowledge more effectively to spatial
decision-making processes. Synchronization, complementing and contradiction with views,
judgements and experiences in the knowledge coproduction process affect the GIA utilized
in spatial decision making and thus determine exactly how, where and when different
forms of knowledge can legitimize scientific standards and conformity as bureaucratic and
social norms.

3. A Case Study: Geospatially Informed Analysis of North Korea

The method was designed for which proxies are considered relevant and useful by
scientists, government professionals and stakeholders and to elicit their evaluation of the
information quality. This necessitated very careful investigation. A survey was conducted
with 77 sample respondents recruited from scientific, bureaucratic and stakeholder groups.
Data for this study were collected using a web-based questionnaire, and the analysis
used both the Chi-square test and the one-way ANOVA test. The following subsections
describe in greater detail what was investigated and who was involved, how the survey
was conducted and how the data was analyzed.

3.1. Identification of Proxies and Quality of Information

The first important stage of the analysis was to identify proxies by which to derive
unknown land tenure relations in North Korea in conjunction with EO data. A preliminary
investigation proposed a set of candidate proxies relating to the key questions based on the
elements of image interpretation used in remote sensing, divided into the four categories
of land ownership, land use, land transfer, and land access [21]. Within these categories, a
total of 66 proxies were derived from 32 groups of objects, environments and semantics
that were visible in the EO data and that could be (re-)interpreted to discern unknown
land tenure relations in North Korea (see Figure 1). These proxies generally consisted of
combinations of shape patterns, colors, textures relating to physical structures, types of
buildings, infrastructures, types of land use, and proximity of comparable features. The
line of reasoning attached to the proxies is significantly associated with central concepts
of tenure claims and interests such as collective ownership, land lease and use, occupa-
tion, transactions, and land access. Hence, in line with our approach to validating the
suitability of remotely sensed proxies, we set out to test the hypothesis that determines
“whether proposed proxies are (1) scientifically valid, (2) administratively relevant or
useful, and (3) contextualized and localized.” Hence, the null hypothesis (Hp) is “no dif-
ference between scientific, bureaucratic, and stakeholder distributions (of agreements) for
identified proxies.”
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Section code

Group code Sub-group code

Lo1

Lo
Land Ownership |—

Scales (0-1)

—| (Dry) paddy ﬁelds_}

wesssns Collective (farm)land ssssssss

LO1.1
Presence | 1=yes; 0=no
L0221 ¢ 1ugh (or coarse) image texture | 1=yes; 0=no

Loz
L02.1
4| High density (o 1=yes;
LO3

=no

L03.1
Object colors In grey scales | 1=yes; 0=no

Proxies for Land Ownership Identification

LT

LO3.2[7)) gnature line of the tiled roof | 1=yes; 0=no
Densely built-up structure with single-story detached houses | 1=yes; 0=no
104
4| Portable farming-related objects L0411 o esence | 1=es; 0=no
105
s 105.1
Seasonal changes of activities ol 1=yes; 0=no
106
106.1
Orchards Small dot-shaped patch | 1=yes; 0=no
o7
107.1
Pastures Smooth texture | 1=yes; 0=no
b3
5 4| (or sheds) LOBAL 6 itbuildings | 1=yes; 0=no
g Lo9
S L09.1 "
S Buildings (sites) Low density (or 1=yes; 0=no
Yy
£ 109.2 i " "
s Complex, elongated or irregular object boundaries es; 0=no
Lo10

4| Roofs

Lo11

L010.1
{ Blue, green, yellow and red and light (brightness) Il:yes,‘ 0=no

L011.1,

/ welfare i

l‘

4| Agricultural /

Land Transfer | ——

Presence |1=yes; 0=no

LT1
—| Small land (sotoji) Ii

Proxies for Land Transfer Rights Identification

LA

LTL1[ presence | 1=yes; 0=no

% Garden plot (GP)

LT3

no

L1220 G mall parcel size | 1=yes;

LT2.
—| In front/back yards or attached to each other |1=yes; 0=no

HTZ'S Green colors | 1=yes;

=no

4| Side-job plot (SIP)

4

L
Tiny patch of land (TPL)

LA1

L1337 o rge parcel size | 1=yes; 0=no

LT3.2)

In front/back yards or attached to each other

LLT3:31 Green colors | 1=yes; 0=no

ﬂ{ Lower elevation
L7427 G entle slope less than 15% | 1=yes;

small patches of vegetation cover between neighboring lands | 1=yes; 0=no

1=yes; 0=no

1=yes; 0=no

=no

LT4.4 N
—{ Presence on the hillsides or along the streams or ditches |1:yes,‘ 0=no

Land Access

Public utility networks / nature reserves / heritage sites I—

Proxies for Land Access Rights
Identification

LAL.1]

n closer proximity to hazardous or isolated location | =yes; O=no

LA1.2|
lack of access to roads; low to intermediate imperviousness |1:ye§; 0=no

LAL3 g\ ongated object shapes | 1=yes; 0=no

LALA[ o wer green colors and rough textures

=yes; 0=no

Subdivision of land parcels

LA21, 1=yes; 0=no

Proxies for Land Use Rights Identification

Section code

Group code

L Lu1

Land Use

}——— tand use and 1and cover changes |————————

land use

L2

Sub-group code

Scales (0-1)

LULAL tense land development | 1=yes; 0=no
LU1.2| ,
Increase of agricultural land | 1=yes; 0=no

LU1.3

Urban areas with the development of water bodies

LU1.4]
In border regions than infand areas | 1=yes; 0=no

=yes; 0=no

4| Different types of houses / I
Lu3

LU211 presence | 1=yes; 0=

L3.1

(semi houses

La

Low building density | 1=yes; 0=no

LU3-2[" 4 ¢ 3 stories houses

1=yes; 0=no

—"”3'3 Uniformly shaped settlement | 1=yes; 0=no
LU3.4 P

In close proximity to roads | 1=yes;
LU35H | ow to intermediate imperviousness | 1=yes;

=no

4| Apartments

Lus

LU4.11 | orge rectangular simple form | 1=yes; 0=no
Lu4.2 .

Regular alignment  |1=yes; 0=no
LU4.3[" \ore than three stories | 1=yes; 0=no
LU4.4 " . x N

Low to intermediate imperviousness | 1=yes; 0=no
LU43 T Shadow silhouettes |1=yes; 0=no

 potmenes |—

LUG
—| Harmonica houses (in rural areas)

LUS-1T" betached small-sized buildings | 1=yes; 0=no
(L0221 ou buitt-up land |1=yes; 0=no

Lus.4
Buffer between houses | 1=yes; 0=no

Small roof with slate materials

1=yes; 0=no

Chimneys (small dot-shaped objects / light shadow silhouette) | 1=yes; 0=no

Fences (line-shaped objects)

1=yes; 0=no

—{ New construction or ion of

Luz.1f
| o |1=yes;

Lug

activities I

Lus.1
of 1=yes; 0=no

Group land use

—' of
109

LU9.1

—' of diverse }

Presence |1=yes; 0=no

Land in colls use

i1

4|r i ion of

LU10.9]
L

Multiple building objects with similar patterns | 1=yes;

High density of settlement

3 simple rectangular forms | 1=yes; 0=no
~3 same roof colors | 1=yes; 0=no

1=yes; 0=no

LU11.1|
|nfrastructure—|—| Observation (by existing building removal) | 1=yes; 0=no

Lu12

Lu13

Lu12.1
—| Accessibility (improved access to road?]—' Increase paved roads and wider widths (high imperviousness) | 1=yes; 0=no

LU13.1]

4| Newly built

Lu1g

i In a barren land and adjacency to dwellings |1:yes, 0=no
Lu13.2[ - -
light object colors / white or grey colored roofs / rough texture | 1=yes;

Lu15

LU14.1
4' Increase of the number of houses in a certain vicinity '—' Presence in high density [1=yes; 0=no
4 Undivided shared areas of the common property L1 1=yes; 0=no

Figure 1. The organization of geospatially informed proxies on land ownership, land use, land transfer and land access rights (source: the authors, based on Lee and de Vries (2020) [21]).
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One of the most influential accounts of a methodology for information quality assess-
ment comes from [72], which sets out the theoretical dimensions of information quality
(IQ) and comprehensively examines four key quality attributes from both academics” and
practitioners’ perspectives: (1) intrinsic, (2) contextual, (3) representational, and (4) accessi-
ble. Both intrinsic and contextual quality underline the informative factors, but intrinsic
attributes are associated with accuracy, believability, reputation, and objectivity, whereas
the latter considers tasks that require added value, relevance, completeness, timeliness,
and an appropriate amount. On the other hand, both representational and accessibil-
ity dimensions stress the technical accounts of the system by which information must
not only be interpretable, easy to understand and represented clearly and consistently,
but also emphasize accessibility and security [72]. To test the hypothesis, two different
approaches were taken in an attempt to account for the identification of proxies (Part
I of the questionnaire) and the measurement of information (proxy) quality (Part II of
the questionnaire).

3.2. Selection of Proxies and Measurement of Information Quality
3.2.1. Participants

The participants (see Table 1) were divided into three groups on the basis of their
knowledge production methods: (1) scientific knowledge, focusing in particular on topical,
methodological, and contextual interests (scientists); (2) bureaucratic knowledge that exists
in the context of administrative and governmental practices; and (3) stakeholder knowledge
of key informants with the emphasis on contextual and localized knowledge of North
Korea. A random sample of participants (i.e., thus, it is unable to report the participation
rate exactly.) with a different set of knowledge was identified from personal networks and
connections with government agencies (from Korea Land and the Geospatial Informatix
Corporation (LX) as well as local authorities under the Ministry of Land, Infrastructure and
Transport (MOLIT)), (non-)governmental organizations (the Korea Hana Foundation, the
Together Foundation, and the Saeil Academy), academic and research institutions (from
universities, the Korea Research Institute for Human Settlements (KRIHS), the Land &
Housing Institute (LHI), and the Spatial Information Research Institute (SIRI)) in South
Korea. Therefore, group A and B were recruited based on South Korean’s expertise, while
group C consisted of North Korean refugees living in South Korea.

A total of 77 participants took part in the study. Of the total cohort of 77 partici-
pants, 29 were members of scientific knowledge groups (38%) while 30 and 18 respondents
were from bureaucratic (39%) and stakeholder knowledge groups (23%), respectively
(see Table 1). The Participants A group comprised scientists representing a broad range
of expertise and domains in the fields of land management, land administration, land
governance, land tenure, and cadastral surveying. This group also included eligible spe-
cialists with substantial knowledge and skills in remote sensing and earth observation
technologies. In addition, participants were recruited from independent entities who
share knowledge and a deeper understanding of Korean (re-)unification. The Participant
B group represented bureaucratic knowledge and policy usefulness, with the following
parameters: government professionals and officials who demonstrated a set of profes-
sional skills and had gained relevant work experience in public sectors involving land
tenure/administration/management, land/cadastral surveying, and geospatial informa-
tion. To create our stakeholder sample, we considered people with a declared or conceivable
interest or stake in land tenure relations, land governance arrangements and land-use prac-
tices in North Korea. Thus, the Participants C group involves judgements of stakeholders
who have the most direct and accurate understanding of land systems in North Korea by
virtue of their life experience; in our context, this refers to North Korean refugees.

To begin this process, each participant group was invited via multiple contact points to
participate in the study, with a link to the online questionnaire included. The participants were
asked to complete two tasks relating to the identification of proxies and the measurement
of information quality. The invitations included a clear explanation of the purpose of the



Remote Sens. 2021, 13, 1301

9 of 23

research, along with an introductory statement and instructions attached to the questionnaire.
Originally, the questionnaire was compiled in English. However, it was subsequently trans-
lated into Korean to gain a better understanding of the possibilities of identifying proxies
and measuring information quality. The participants were asked to complete two parts of the
anonymized questionnaire within two weeks (29 June-15 July 2020).

Table 1. Characteristics of participants.

Knowledge Groups

Total Scientific (A) Bureaucratic (B) Stakeholder (C)
N 77 29 30 18
Gender (% female) 32% 28% 27% 50%
Age
30 years or younger 23% 17% 23% 33%
31-50 years 64% 69% 63% 56%
51 years or older 13% 14% 14% 11%
Completed educational level
Middle-level applied: Middle & high school 8% 3% 3% 22%
Higher vocational: Bachelor’s degree 35% 10% 40% 67%
Higher academic: Master’s degree 29% 35% 34% 11%
Postgraduate academic: PhD 28% 52% 23% 0%
Work experience *
0-5 years 47% 48% 37% 61%
6-10 years 15% 14% 10% 28%
10 or more years 38% 38% 53% 11%

Note. * For scientific and bureaucratic groups had land administration, management, remote sensing, or unification-related work
experiences; on the other hand, it did not require relevant professional knowledge and experiences for stakeholder groups.

3.2.2. Questionnaire

The questionnaire was developed in consultation and discussion with international
and local scientific communities (e.g., universities and research institutions), (1) by sharing
cutting-edge scientific knowledge on smart and responsible land management; (2) by
comparing how local contexts influence land tenure relations, especially in developing
countries; and (3) by underpinning a new conceptual and methodological account of a
geospatially informed analysis in a remote sensing community.

Due to budget constraints, time-limitations, and travel restrictions (owing to COVID-
19), the data was collected using a web-based questionnaire based on the freely available
Google Forms questionnaire. In order to identify the most transferrable and applicable
proxies, the participants were asked whether they agreed or disagreed by choosing one of
two possible values on a binary scale. One advantage of the binary scale is that it avoids
the problem of nuanced and neutral answers from respondents. By forcing respondents’
options, we obtained precise data with which to clarify and confirm the proxies identified
beforehand (See Figure 1). In addition, after each proxy group category, participants
were able to add their comments or suggestions for additional candidate proxies in a
supplementary space (see further details of a questionnaire with a following link: https:
/ /forms.gle/85zK323vYWBhRIhFS; it is available only in Korean.). To provide a good
and full understanding of the questionnaire’s survey content, the questionnaire was fully
described with the background, purpose, and key terms of study, and provided sample
satellite images in each section with detailed descriptions. We also amended the question
format into a more respondents-friendly form with the help of a communication expert
as well as many land administration specialists in South Korea to make it easier for
respondents to answer the questions.

Unlike the binary scale format, Likert items allow more finely tuned responses and
enable respondents to indicate the extent of their agreement, including a neutral response
to the questions. For the attitude questions measuring information quality, a 5-point Likert
scale was used to ask respondents whether they agreed or disagreed, with the following
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possible variations: excellent, good, fair, poor, very poor. Questions on measurement
were in part adopted from AIMQ (a methodology for information quality assessment)
methodology [67] and referred to such as aspects as believability, completeness, consistent
representation, interpretability, objectivity, relevancy, timeliness, and understandability.
Finally, the participants were asked to leave an e-mail address if they wished to know the
results of the study.

3.2.3. Data Analysis

To formally compare the views and judgements of different group samples in iden-
tifying geospatially informed proxies, the Chi-square test was selected to test whether
there were any (significant) differences in the distributions across scientific experts, bureau-
crats, and stakeholders. We adopted the Chi-square test since this test is also suitable for
more than two nominal variables or arbitrary dimension (R x C rather than 2 x 2) [73,74].
Proxies representing only a few statistical differences (p < 0.05) were considered to be in
agreement. The experiment was conducted with two possible outcomes (agree or disagree)
with the results of the proxy identification (validation) being expressed as a proportion of
the overall respondents from the scientific, bureaucratic and stakeholder groups, since our
data were derived from random sampling.

To measure information quality, a one-way ANOVA test was conducted. The one-
way ANOVA test is one of the most commonly-used techniques for determining whether
or not there are any statistically significant differences between the means of two or
more independent variables (e.g., between groups, within groups). In an experiment,
the measurement variable is the independent variable; thus, scientific, bureaucratic, and
stakeholders” standpoints, respectively, were determined. The nominal variable is the
dependent variable and can take one of five values (very poor/poor/fair/good/excellent)
relating to the quality of the information on proxy identification, based on a 5-point Likert
scale. Itis equal to 1 if respondents give the answer “very poor” with regard to believability,
completeness, consistent representation, interpretability, objectivity, relevancy, timeliness,
and understandability. On the other hand, it is equal to 5 when participants consider it to
be “excellent”. Prior to the one-way ANOVA test, we also conducted D’ Agostino—Pearson
normality and lognormality tests to determine whether the data set was well-modelled
(that the given sample comes from a normally distributed population). We followed up
the one-way ANOVA test with Tukey’s multiple comparison test (Tukey-Kramer test) to
compare every variable with every other variable.

4. Results
4.1. Identification of Proxies
4.1.1. Land Ownership (LO)

To identify land ownership, 15 proxies were incorporated in the analysis (See Figure 1).
Of these 15 proxies, first eight (LO. 1 to LO. 8) were associated with the identification of
collective (farm)land and the remainder (LO. 9 to LO. 15) with state (farm)land. Null
hypothesis (Hp) cannot be rejected, i.e., that there is no difference between scientific,
bureaucratic and stakeholder distributions for nine proxies. For these nine proxies, the
judgements elicited from scientific knowledge are in agreement with those observed in
bureaucratic groups. On the other hand, we reject the null hypothesis that there is no
difference between the three different knowledge groups for the following six proxies:
rough/coarse image texture of (dry)paddy fields, high density /compactness of settlements,
signature line of a slanting roof of rural dwellings, observation of seasonal changes in
agricultural activities, small dot-shaped patch of orchards, smooth texture of pastures, and
low density of building (sites).

It was found that the Table 2 compares the results obtained in the Chi-square test of
validating the suitability of proxies for land ownership identification. In general, when
a p-value is less than 0.05 for each proxy (No 2, 3, 5, 8 to 10, and 12), it means that the
agreements elicited from the scientific, bureaucratic, and stakeholder groups are highly
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inconsistent, and thus hinder validating the suitability of a set of proxies. Although there is
higher rates of disagreement among scientific group (ranging from 13.8 % to 48.3%) arising
from the interpretations of the identified proxies, the possible proxies for land ownership
identification derived from EO data (LOs. 1, 4, 6, 7, 11, and 13 to 15) achieved a better
understanding among the bureaucratic (mean average: 46.2%) and stakeholder groups
(mean average: 63.9%).

Table 2. Validating the suitability of proxies for land ownership identification and differences between knowledge groups.

Chi-Square Test

Knowledge Groups (Agreement, %)

LO. Proxies for Land Ownership Identification
x? (p-Value) Scientific (A) Bureaucratic (B) Stakeholder (C)
1 Presence of (dry)paddy fields 5.732 (0.056) 24.1% 43.3% 66.7%
2 Rough/coarse 1ma%iilt§;<ture of (dry)paddy 15 950 (0.0001 **) 13.8% 33.3% 72.2%
3 High density /compactness of settlements 8.337 (0.015 *) 34.5% 50.0% 77.8%
4 Object colors in grey scales of rural 5.873 (0.053) 31.0% 50.0% 66.7%
dwellings
5 A signature line of the. slanting oof of rural 12.260 (0.002 *¥) 20.7% 40.0% 72 29
dwellings
6 Densely built-up structure with single-story 5.732 (0.056) 31.0% 43.3% 66.7%
detached houses
7 Presence of portable farming-related objects 5.366 (0.068) 37.9% 46.7% 72.2%
8 Observation of seasonal changes of 16.140 (0.000 ***) 24.1% 26.7% 77.8%
agricultural activities
9 Small dot-shaped patch of orchards 12.440 (0.002 **) 17.2% 30.0% 66.7%
10 Smooth texture of pastures 7.631 (0.022 *) 17.2% 30.0% 55.6%
11 Outbuildings of warehouses 4.186 (0.123) 31.0% 40.0% 61.1%
12 Low density of building (sites) 6.407 (0.040 *) 24.1% 40.0% 61.1%
13 Complex, elongated/irregular boundaries of - 5 55 5 76 20.7% 43.3% 50.0%
buildings (sites)
14 Blue, green, yellow, red, and light roof colors 2.465 (0.291) 37.9% 50.0% 61.1%
15 Presence of agricultural, monumental and 0.462 (0.462) 48.3% 53.3% 66.7%

welfare infrastructure

Note. Agreement of knowledge groups means the percentage of yes in the survey. * p value < 0.05; statistically significant between
knowledge groups. ** p value < 0.01; statistically very significant between knowledge groups. *** p value < 0.001; statistically extremely
significant between knowledge groups.

4.1.2. Land Use Rights (LU)

There were 35 proxies incorporated for the identification of LU from EO data. Proxies
LU. 1 to LU. 24 reflect aspects of individual land use rights, while another explanation of
group land use right is associated with proxies LU. 25 to LU. 35. Significant associations
for the difference between scientific, bureaucratic and stakeholder’s agreements were
not found to be related throughout a Chi-square test for all the possible proxies of land
use rights. In other words, we retain the null hypothesis (p value < 0.05) that there is
no difference between the knowledge groups. All participant groups agreed that much
uncertainty (judging by the agreement ratio of < 50%) still exists concerning the relationship
between EO data and the identification of land use rights at some points. However,
statistical difference does not fully account for difference in actual opinions. In other words,
the x? and p values only demonstrate a statistically significant difference, which is the
result of a rational exercise with numbers but does not denote any practical significance in
that there is no difference.

Table 3 shows the breakdown of x? and p values along with the fraction of total agree-
ment for validating the suitability of proxies for identifying land use rights. There is still
no systematic understanding of how EO data contributes to land use rights identification
(LUs. 11 to 15, and 24) among scientific, bureaucratic and stakeholder knowledge groups
(less than 30% are in agreement); however, strong evidence was found in support of the
validation of the six proxies in individual and seven proxies in group land use rights with
agreement of at least 40 percent in two separate groups (LUs. 5, 6,7, 16, 17, 22, 25 to 27,
29 to 31, and 34).
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Table 3. Validating the suitability of proxies for land use rights identification and differences between knowledge groups.

Proxies for Land Use

Chi-Square Test

Knowledge Groups (Agreement, %)

LU . cps s
Rights Identification X2 (p-Value) Scientific (A)  Bureaucratic (B) Stakeholder
1 LULC changes with intense land 3.237 (0.198) 31.0% 50.0% 27.8%
development
2 LULC changes with increase in 1.149 (0.563) 27.6% 40.0% 38.9%
agricultural land
LULC changes in urban areas with . o o
3 the development of water bodies 0.449 (0.798) 31.0% 30.0% 38.9%
4 LULC changes in border regions than ) 5,5 4¢g) 31.0% 46.7% 38.9%
inland area
5 Presence of different types of 0.119 (0.942) 55.2% 53.3% 50.0%
houses/allotments
Low building density of o o o
6 (semi-)detached houses 0.026 (0.986) 37.9% 40.0% 38.9%
7 Half-stories in (semi-)detached 2.018 (0.364) 27.6% 43.3% 44.4%
houses
Uniformly shaped settlement of o o o
8 (semi-)detached houses 1.637 (0.441) 27.6% 43.3% 33.3%
In close proximity to roads with o o o
9 (semi-)detached houses 1.637 (0.441) 27.6% 43.3% 33.3%
Low to intermediate imperviousness o o o
10 of (semi-)detached houses 1.527 (0.465) 31.0% 43.3% 27.8%
11 Large, simple rectangular form of 1.795 (0.407) 17.2% 30.0% 16.7%
apartments
12 Regular alignment of apartments 0.761 (0.683) 17.2% 26.7% 22.2%
13 More than three stories of apartments 1.157 (0.560) 17.2% 23.3% 11.1%
14 Low to intermediate imperviousness - 44 (g 919 17.2% 20.0% 22.2%
of apartments
15 Shadow silhouettes of apartments 0.590 (0.744) 10.3% 16.7% 16.7%
16 Detached small-size allotment 2.128 (0.345) 55.2% 46.7% 33.3%
buildings
17 Low built-up allotment land 0.423 (0.809) 48.3% 46.7% 38.9%
18 Low imperviousness of allotments 0.967 (0.616) 41.4% 33.3% 27.8%
19 Buffer between allotment houses 0.043 (0.978) 31.0% 33.3% 33.3%
20 Small roofs with slate material of 0.281 (0.868) 27.6% 33.3% 27.8%
harmonica houses
Chimneys (small dot-shaped
21 objects/light shadow silhouette) of 4.481 (0.106) 10.3% 30.0% 33.3%
harmonica houses
2 Fences (line-shaped objects) of 1.383 (0.500) 34.5% 46.7% 50.0%
harmonica houses
23 Observation of new construction or— (o5 717) 27.6% 33.3% 38.9%
extension of residential buildings
24 Observation of expansion of 1.103 (0.576) 27.6% 30.0% 16.7%
construction activities
25 Presence of amalgamation of various 539 (4 743 41.4% 50.0% 50.0%
community amenities
Multiple building objects with similar
26 patterns for land conversion in 0.835 (0.658) 48.3% 36.7% 44.4%

collective use
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Table 3. Cont.
Proxies for Land Use Chi-Square Test Knowledge Groups (Agreement, %)
LU . g ge
Rights Identification x* (p-Value) Scientific (A) Bureaucratic (B) Stakeholder
27 High density of settlement for land 0.483 (0.785) 37.9% 46.7% 44.4%
conversion in collective use
28 Simple rectangular forms for land 2.537 (0.281) 24.1% 43.3% 38.9%
conversion in collective use
29 Same roof colors for land conversion , 7,5 4 699 37.9% 40.0% 50.0%
in collective use
Observation of
30 construction/extension of 0.377 (0.828) 48.3% 46.7% 55.6%
community infrastructure
Improved accessibility with increased o o o
31 paved roads and wider widths 2.491 (0.287) 27.6% 40.0% 50.0%
32 Newly built greenhouses on barren 0.490 (0.782) 34.5% 36.7% 44.4%
land adjacent to dwellings
Light object colors/white or grey
33 colored roofs/rough texture of newly 3.524 (0.171) 24.1% 30.0% 50.0%
built greenhouses
Increase in the number of houses in a
34 certain vicinity present in a high 2.264 (0.322) 31.0% 50.0% 44.4%
density
35 Presence of undivided shared areas of 2413 (0.299) 27.6% 36.7% 50.0%

common property

Note. Agreement of knowledge groups means the percentage of yes in the survey.

4.1.3. Land Transfer Rights (LT)

The proxies used to identify LT had 11 responses to the questions of each knowledge
group based on the following key components: small plots (sotoji) divided into a garden
plot (GP), side-job plot (S]P), and a tiny patch of land (TPL) in North Korea. As with data
obtained in the previous section on land use rights identification, we also found that there
is no statistical difference in a set of given observations (p value > 0.05). Therefore, we
do not reject the null hypothesis for the difference in views, judgements, and experiences
between scientific, bureaucratic, and stakeholder distributions on the proposed proxies
for land transfer rights. There remain several aspects concerning small plots (sotfoji) about
which relatively little is known to scientific and bureaucratic knowledge groups in South
Korea (only less than a third (30%) agreed on confirming land transfer rights). However, if
we could turn for a moment to look at both Table 4, we can see that the stakeholder group
with the most accurate understanding of land tenure relations, land governance and land
use practices had a higher mean estimated percentage (32%) of agreement than the average
ratio of other groups, with the validation of eleven proxies. This is especially the case with
LT. 2 (38.9%), LT. 3 (44.4%), LT. 4 (38.9%), and LT. 6 (44.4%).

4.1.4. Land Access Rights (LA)

As mentioned in the previous study [21], assuming and identifying EO data proxies
for LA in North Korea is one of the most challenging problems, as private land tenure is
not recognized in North Korea, and thus there are no land use regulations arising through
the restriction of private rights. With regard to restrictions of land access rights for public
purpose only, five proxies were included in the analysis. On average, these proxies received
the highest agreement among identified land tenure claims, ranging from 34.5% to 70%
among scientific, bureaucratic, and stakeholder knowledge groups. As Table 5 shows, there
is a significant difference between the bureaucratic and scientific/stakeholder groups in
the proxy with fewer green colors and rough textures in public utility networks/nature
reserves/heritage sites. Thus, the null hypothesis that there is no difference between
scientific, bureaucratic, and stakeholder distributions for this proxy cannot be rejected.
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What is interesting about the data here is that the bureaucratic knowledge group obtained
the highest level of agreement on proxy identification (63.3%, 60.0%, 70.0%, 66.7%, and
50.0%, respectively in order).

Table 4. Validating the suitability of proxies for land transfer rights identification and differences between knowledge groups.

-
-]

Proxies for Land Transfer Rights

Chi-Square Test

Knowledge Groups (Agreement, %)

Identification x?* (p-value) Scientific (A) Bureaucratic (B)  Stakeholder (C)
1 Presence of small plots (sotoji) 2.167 (0.338) 38.0% 26.7% 33.3%
2 Small parcel size of garden plot (GP) 0.783 (0.675) 31.0% 26.7% 38.9%
3 GP in front/back yards or attached to 4 35 50y 34.5% 30.0% 44.4%
each other
4 GP with green colors 0.918 (0.631) 27.6% 26.7% 38.9%
5 Large parcel size of side-job plot (SJP) 1.034 (0.596) 17.2% 16.7% 27.8%
6 SIP in front/back yards orattached to 4 415 499 27.6% 33.3% 44.4%
each other
7 SJP with green colors 0.258 (0.878) 24.1% 30.0% 27.8%
8 Lower ele"a“on(;’lf)f)ny patchofland 4 113 (0.493) 17.2% 30.0% 27.8%
9 Gentle slope less than 15% of TPL 1.413 (0.493) 17.2% 30.0% 27.8%
10 TPL with small patches of vegetation ) () g3 17.2% 26.7% 22.2%
cover between neighboring lands
1 Presence on the hillsides or along the 0.761 (0.683) 17.2% 26.7% 2229

streams or ditches of TPL

Note. Agreement of knowledge groups means the percentage of yes in the survey.

Table 5. Validating the suitability of proxies for land access rights identification and differences between knowledge groups.

LA

Proxies for Land Transfer
Rights Identification

Chi-Square Test

Knowledge Groups (Agreement, %)

X% (p-Value)

Scientific (A)

Bureaucratic (B)

Stakeholder (C)

5

Public utility networks/nature
reserves/heritage sites in close
proximity to hazardous or isolated area
Public utility networks/nature
reserves/heritage sites with a lack of
access to roads; low to intermediate
imperviousness
Elongated shapes of public utility
networks/nature reserves/heritage site
objects
Fewer green colors and rough textures
of public utility networks/nature
reserves/heritage sites
Observation of subdivision of land
parcels

1.768 (0.413)

2.083 (0.352)

4.115 (0.127)

6.909 (0.031 *)

1.474 (0.478)

51.7%

48.3%

44.8%

34.5%

34.5%

63.3%

60.0%

70.0%

66.7%

50.0%

44.4%

38.9%

50.0%

38.9%

44.4%

Note. Agreement of knowledge groups means the percentage of yes in the survey. * p value < 0.05; statistically significant between
knowledge groups.

4.2. Measurement of Information Quality

The participants were asked to consider data, information, or knowledge with regard
to whether an elaborated meaning or an interpreted information element is valid or not
and then to complete an eight-question survey about information quality. Of the eight
aspects, there was no statistically significant differences between group mean values (1-5)
for believability, completeness, consistent representation, interpretability, objectivity, and
timeliness as determined by one-way ANOVA. This indicates a high level of consensus on
information quality among the different knowledge groups. On the other hand, there was
a significant difference from those of variables between the means of three groups both
on relevancy at the p value < 0.05 level for the three conditions (between/within/total)
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and understandability of information (see Table 6). However, the one-way ANOVA test
does not tell us where the difference exists, and which specific groups differed. The post
hoc Tukey test indicated that the relevancy in scientific and bureaucratic groups (A-B) and
bureaucratic and stakeholder (B—C) groups differed significantly at p < 0.05; regarding
understandability, there was a statistically significant difference (p = 0.018) between the

scientific and bureaucratic (A-B) groups (see Table 7).

Table 6. Differences in information quality between knowledge groups.

One-Way Anova Test SUM of Squares Df ® MEAN Square F p-Value
Between groups 8.429 2 4.215 2.801 0.067
Believability Within groups 111.400 74 1.505
Total 119.800 76
Between groups 9.419 2 4.710 3.074 0.052
Completeness Within groups 113.400 74 1.532
Total 122.800 76
Consistent Between groups 3.283 2 1.642 1.105 0.336
. Within groups 109.900 74 1.486
representation Total 113.200 76
Between groups 5.464 2 2.732 1.633 0.202
Interpretability Within groups 123.800 74 1.673
Total 129.200 76
Between groups 9.193 2 4.597 2.650 0.077
Objectivity Within groups 128.300 74 1.734
Total 137.500 76
Between groups 21.820 2 10.910 7.526 0.001 **
Relevancy Within groups 107.300 74 1.450
Total 129.100 76
Between groups 8.902 2 4.451 2.750 0.070
Timeliness Within groups 119.800 74 1.619
Total 128.700 76
Between groups 11.740 2 5.870 3.895 0.024 *
Understandability Within groups 111.500 74 1.507
Total 123.200 76

Note. M Degrees of Freedom; * p value < 0.05; statistically significant between knowledge groups. ** p value < 0.01; statistically very
significant between knowledge groups.

Table 7. Post-hoc test of differences in relevancy and understandability between knowledge groups.

Tukey’s Multiple Difference of Mean d 95.00% CI of Diff. Value
Comparisons Test Levels Difference Std. Error Lower Bound Upper Bound P
A-B —0.7908 0.3135 —1.541 —0.04089 0.036 *
Relevancy A-C 0.5536 0.3613 —0.3104 1.418 0.281
B-C 1.344 0.3590 0.4859 2.2 0.001 **
A-B —0.8897 0.3197 —1.654 —0.1251 0.018 *
Understandability A-C —0.5230 0.3683 —1.404 0.3580 0.336
B-C 0.3667 0.3660 —0.5087 1.242 0.578

Note. * p value < 0.05; statistically significant between knowledge groups; ** p value < 0.01; statistically very significant between knowledge groups.

Figure 2 also displays an average of a range of values (1-5) for each level of information

quality in different knowledge groups. What stands out is that the bureaucratic group has
the highest median within the samples in all aspects of information quality, while scientific
(M = 2.5) and stakeholder knowledge (M = 2.7) groups had a lower mean score compared

to the bureaucratic groups, except in relevancy of information. The results, indicate that
relevancy of information received relatively positive scores from bureaucratic (M = 4.1)
and scientific groups (M = 3.3); on average, respondents from all groups reported lower

levels of consistent representation (M = 2.46602) and interpretability (M = 2.5).
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Figure 2. An arithmetic average of a range of values estimated. The horizontal bar plot shows minimum, mean,

and maximum values of information quality within groups. The dependent variable consists of five values (very

poor/poor/fair/good/excellent) on a 5-point Likert scale. The independent variables are scientific, bureaucratic, and

stakeholders” agreements.

5. Summary and Discussion

The principal limitation of closed questions in a questionnaire restricted respondents’

answers and expressiveness, enabling us to clarify and confirm the proxies we preidentified
(in Figure 1). A small sample was chosen because of the expected difficulty in obtaining a
high-level of expertise and an accurate understanding in the given context, based on the
fact that significant uncertainty exists regarding geospatial and socio-economic data access,
data integration, and data reliability.

Up to now, there have been no controlled studies which compare differences in find-
ings. However, the experimental work presented here provides first investigation how
pixel-based land tenure information become legitimate land tenure knowledge to some
extent. Although differences of agreement still exist, the most obvious findings to emerge
from the analysis is that there appears to be some agreement in judgements of proxies
among scientific, bureaucratic, and stakeholder groups. They agree on some proxies but not
on others. Weak associations of EO data and land ownership were identified for eight prox-



Remote Sens. 2021, 13, 1301

17 of 23

ies, including such as coarse image texture of (dry)paddy fields, high density/compactness
of settlements, a linear roof of rural dwellings, seasonal changes of agricultural activities,
and small dot-shaped patch or orchards.. On the other hand, some proxies are associated
with both collective and state land ownership and are strongly supported by bureaucratic
and stakeholder groups that stress the political and strategic use of proxies and possess the
most localized and contextualized knowledge.

With regard to proxies for land use rights identification, we can confirm that six proxies
relating to individual use rights such as presence of different types of houses/allotments,
detached small-size allotment buildings and low built-up allotment land and seven to
group land use rights (e.g., amalgamation of community amenities and increase in the
number of houses in a certain vicinity) were identified out of a total of 35 proxies. These
were found to be particularly associated with houses, allotments, land conversions and
improvements to the location. However, no significant agreement was found for all groups,
especially in apartment-types of proxies (e.g., rectangular forms, regular alinements, imper-
viousness, or shadow silhouettes of apartments). These proxies could have been generated
by misclassification bias or an erroneous assumption when identifying geospatially in-
formed proxies. The reason for this is not clear but it may have something to do with the
nature of apartments where multiple objects reside.

In addition, the findings indicate that elements of EO data interpretation such as
color, shape, size, height, and site (e.g., large parcel size of SJP, SJP with green colors,
lower elevation, and gentle slope of TPL) may not be associated with land transfer rights.
However, there is a knowledge gap resulting from a lack of clear understanding of specific
aspects and details of small plots (sotoji) in North Korea by South Korean scientists and
government professionals. The stakeholder group that has the most accurate understanding
of land tenure relations, land governance and land use practice showed significantly higher
ratio of agreement. Regarding the identification of land access rights, whilst there was
strong agreement in the validation of proxies between all knowledge groups and considered
to be most negotiated knowledge that is scientifically most valid, policy-relevant, and
socially robust among others in this study. As far as infrastructure elements are concerned,
three groups have shown a higher level of agreement among other proxy selections. We
may assume that a proxy identification in relation to infrastructure in North Korea could
be more important than anything else. In other words, it is possible that these identified
proxies could account for unknown aspects of land access rights in North Korea.

However, these results also need to be interpreted with caution. Firstly, we revealed
a strong and consistent association between land ownership and EO data and the mean
average of agreement in stakeholder groups—for those with the most localized knowledge
of land tenure—were higher compared to those of other groups. If the debate is to be
moved forward, a better understanding of different perceptions on land tenure among
North Korean refugees needs to be developed. It can be relatively easier for North Korean
refugees to distinguish collective and state (farm)land through EO data because they have
empirically familiar with the socialist land tenure system. Another reason to support
this claim may be that there was an obvious difficulty with defining the term which have
accustomed with South Korean land management practices.

Secondly, the present results were significant in at least two major respects. The
experimental data suggested that the three groups considered in this study were all in
a higher degree of agreement on identifying land use rights, nothing in particular really
stood out, but the agreement was distributed evenly at a relatively higher level than the
average of those observed in other claims. However, some of those experts still argued
that idea was not feasible to empirically derive changes in land use rights in North Korea
with EO data. Despite the fact that there has been increased numbers of North Korean
refugees (approximately 30,000 residents), one argued that it still remained challenging to
understand the notion of "individual" land use rights, according to his/her own experiences
of having worked and lived in North Korea.
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Thirdly, all knowledge groups showed that the proxies for land transfer rights iden-
tification were appeared to the lowest in the level of agreement. However, the questions
came up against the great problem of reliability of reported data and we are often not in a
position to know whether it enabled participants to provide fairer, more objective, and more
accurate and reliable assessments for validating the suitability of geospatially informed
proxies. For instance, making a judgement on this, however, inevitably makes additional
demands for expertise of either land management or remote sensing. Furthermore, these
validations require in-depth local knowledge of the distinguishing feature in North Korea
(i.e., sotoji) that is necessary to make association between EO data and land transfer rights.
To further identify the proxies, it is necessary to rely on multiple techniques and methods,
which combine both direct responses of individual, ranked, and stated choice responses
of either individuals or groups and indirect collections of perceptions, beliefs, and social
values. In addition to interviews and focus group discussions (FGD), one could add a
number of other relevant tools and techniques, such as, Q methodology (which combines
quantitative and qualitative data collections techniques with statistical and interpretative
data analyses methods), the Delphi technique (which relies on consecutive perceptions and
interpretations), and multi-criteria decision analysis (MCDA) (which combines and infers
from multiple opinions and preferences).

In order to ensure whether proposed proxies for land access rights were valid, the
participants were asked to select between the two, either agree or disagree. Of the 77 partic-
ipants who completed the questionnaire, nearly half reported that land access rights could
be identified in line with the proxies and the EO data. One could argue that this finding is
largely biased by the selection of respondents who had similar epistemic backgrounds. The
consequence of this bias could be that the understanding of what land rights constitute
and what not, would reflect the acquaintance with private rights tenure regimes only and
perhaps more limited awareness and experience with State-based tenure regimes. Hence, it
is important to keep this possible bias in these responses in mind, especially from scientific
and bureaucratic groups.

Nevertheless, regarding the measurement of information quality (see Figure 2), the
result was that we expected. Although EO data proxy identification for land tenure relations
in North Korea seems to be strongly relevant to respondents’ research, policies, and social
interests (i.e., relevancy of information; timeless of information), many participants did
suffer from a lack of consistent representation and interpretability of information. In order
to further investigate and confirm this finding, a provision of multi-disciplinary training
will enhance both researchers’ capacity to understand land tenure and land governance
in question and policymakers’ confidence in making spatial decisions in the context of
Korean (re-)unification based on GIA. This also enables multiple engaged stakeholders
to reveal the interconnection of geospatial science in land management practice. All
these require affinity with multiple technical disciplines such as geoinformation and earth
observation sciences, civil and environmental engineering as well as sensitivity of social
and political processes including public administration, law, economics, and (human)
geography. Secondly, one major drawback when implementing GIA was that non-remote
sensing scientists, government professionals and North Korean refugees were suffered
from scientific and technological literacy [75,76] (i.e., a high density of technical terms of
remote sensing used in research). As this case very clearly demonstrated, it is important
that reformulating the scientific language in a communicative style should be considered
to facilitate active stakeholders’ engagement in advancing GIA. Lastly, the existing and
grounded knowledge of GIA needs to be translated into voluntary guidelines, policy briefs
for scientists, policymakers, and other interest groups. In addition, fact-finding projects
from around the globe where unknown land tenure and unsupported land governance
exists needs to be implemented.

Different forms of evidence can be used to inform spatial decision making in land
management, with data being gathered via statistical and administrative evidence (from
government), analytical evidence (by scientific experts), evidence from citizens and stake-
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holders and evidence from evaluations [77]. This also accords with our approaches, which
showed that how a knowledge co-production process helps to validate suitability of geospa-
tially informed proxies and become legitimate land tenure knowledge. Given the fact that
this study has to be conducted with the best of all qualities, it should confirm or reject
our hypotheses as analytical evidence that may report a possible association between EO
data and land tenure with a case study in North Korea. Then, by incorporating and re-
flecting on local spatial knowledge from multiple stakeholders (i.e., scientists, government
professionals and North Korean refugees), it enabled us to tell policymakers what land
tenure knowledge they consider legitimate (i.e., scientific validity, policy relevance and
social robustness) and what counts as geospatially informed evidence. It is only after
knowledge (evidence) co-production processes, the finding of this study supports the view
that we can bridge and close the gap between technical aspects of the EO data evidence
generation and operational contexts in spatial decision making in land administration and
management. Much of the available literature so far on remote sensing for land administra-
tion is too product-oriented for skilled and trained technicians [12-19] and insufficiently
process-oriented for policymakers and end-users, allowing them to make decisions in the
most rational and informed way possible with EO data [22]. The point is not to go against
the promising ideas on RS applications, techniques, products, and methods, but to really
emphasize that it is an opportune time to undertake the most engaged and negotiated
knowledge for both evidence generation and provision of salient and legitimate evidence
in responsible and smart decision-making in land administration. This approach can be a
way forward remote sensing for land administration 2.0.

6. Conclusions

The aim of the research question in this study was to determine the extent to which
scientific, bureaucratic, and stakeholder knowledge coincides with a set of identified proxies
that would enable us to conclude whether certain proposed proxies are scientifically valid,
administratively relevant, contextualized, and localized. The findings from this study
could then be used to standardize the identification and categorization of certain objects,
environments, and semantics visible in EO data that can (re-)interpret land tenure relations
in North Korea in preparation for Korean (re-)unification.

Of the four different land tenure claims, both Chi-square and one-way ANOVA analy-
sis revealed that the distribution of agreements relating to land ownership and land transfer
rights identification varied among scientific experts, bureaucrats, and stakeholders. More-
over, it was possible to measure intrinsic, contextual, representational, and accessibility
attributes of comprehensive information to ascertain associations between EO data and
land tenure relations in North Korea based on different viewpoints. From here, the step
towards enhancing and developing the existing account is clearly supported by the current
findings on information quality.

The findings of this investigation complement those of a previous study relating to a
conceptual and methodological development of a geospatially informed analysis in the
land administration domain [21]. These findings contribute in several ways to our under-
standing of how the pixel can be converted to legitimate land tenure knowledge. First, it can
help us establish a tailored validation protocol with a higher accuracy and feasibility based
on the identification and interpretation of unknown land tenure relations derived from EO
data and various types of contextual information as well as a more nuanced view of socio-
legal-spatial properties. Second, these findings, being based on knowledge co-production,
are relevant to scientists, policy-makers, and practitioners involved in the decision making
process relating to land tenure reform and land governance rearrangement on the basis
of emerging geospatial technologies and datasets in the context of Korean (re-)unification.
Furthermore, the methods used in this study can also be applied to other cases elsewhere
in the world, in particular, difficult-to-access regions or fragile and conflict-affected areas.
Lastly, the present study contributes additional evidence of geospatially better-informed
analysis that emphasizes scientific validity, policy relevance, and social robustness within
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a responsible and smart land management framework. The geospatially better-informed
analysis is not about how geospatial intelligence can directly detect information but how
technology can smartly and responsibly support better information regarding land issues
for the benefit of scientists, policymakers, and stakeholders.

Although the current study is based on a small sample of participants and used a
focus group questionnaire, it offers valuable insights into new validation techniques of
suitability for EO data in the land administration domain based on conventional practices
that have been formed and customized to accommodate the specific artefacts and validation
objectives used in the remote sensing community. The scope of this study was limited in
terms of participants” knowledge, for example their level of expertise (scientific), adminis-
trative involvement (bureaucratic), and knowledge of locales in geographic areas of interest
(stakeholder). However, the limited number of samples adds further caution regarding
the generalizability of these findings. Thus, further investigation and experimentation to
develop the internal and external validity of findings and GIA methodology would be
of great help in understanding the associations between EO data and land tenure claims.
Considerably more work will need to be done to identify intrinsic links between geospatial
data and land tenure relations. It will then be necessary to concentrate on the development
of EO data interpretation in line with artificial intelligence (AI) so as to be able to delve
deeper into the future of land administration.
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