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Abstract. Land subsidence in areas with weak soils affects a large part of the Netherlands and causes many
problems. To solve them diverse and specialized knowledge of possible measures to prevent, mitigate or reverse
land subsidence is needed. This knowledge is fragmented over many agencies, companies and individuals. Here
we show how data and knowledge are related and we stress the importance of implicit knowledge for knowledge
transfer on land subsidence. It is demonstrated that land subsidence in the Netherlands is a “wicked problem”.
This makes its solution cumbersome. However, we show that self-learning digital environments can help consid-
erably in knowledge acquisition, storage and retrieval. We give an inventory of research questions that have still
to be answered to make an digital environment really effective for a wicked problem like land subsidence.

1 Introduction

In the Netherlands, significant land subsidence takes place in
areas with “weak soils” (peat and clay soils) (Fig. 1). The
need to tackle the problem is big.

Several public authorities in the Netherlands on state,
provincial and municipality level have taken initiatives to
improve knowledge and knowledge dissemination on land
subsidence, for example by: the establishment of the Plat-
form Slappe Bodem (weak soils platform), a collaboration
of twenty municipalities and six water boards (in 2015); the
launch of the National Knowledge Program on Land Subsi-
dence by several public authorities (in 2016), which started
many so-called “knowledge expeditions” in 2018 and 2019;
the inclusion of land subsidence in the Inter-administrative
Program (in February 2018) and in the Delta Program on
Spatial Adaptation (in September 2018) by the national gov-
ernment; and, finally, the deal on the Green Heart Region
between the government and several public authorities (in
November 2018). These initiatives show that dealing with
land subsidence is socially and administratively urgent for
the Netherlands.

Knowledge and experience with regard to land subsidence
is widely available in the Netherlands, at public authorities,
knowledge institutions and engineering firms. They are avail-
able in the form of reports, digital tools and the knowledge
and experience of experts. However, recording and dissemi-
nation are not performed in a structured manner (Twynstra
Gudde, 2018; Witteveen+Bos, 2016). Existing knowledge
and experience is often fragmentarily available, which makes
them difficult to disclose to all potentially interested parties.
This makes it difficult to apply adequate solutions for land
subsidence problems (Twynstra Gudde, 2018). This situation
is experienced in the Netherlands as problematic for pro-
fessional practice. In addition, new knowledge is developed
rapidly and new experiences are gained continuously. This
problem gave rise to research on how this problematic dis-
closure of knowledge on land subsidence in the Netherlands
could be tackled. Furthermore, public authorities asked how
a digital platform or tool could facilitate such knowledge dis-
closure.

This article describes the first results of this research and
defines resulting new research questions. The research was
carried out in the period 2017–2018 based on three com-
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Figure 1. Estimation of land subsidence in the Netherlands 2016–
2050 (Klimaateffectatlas, 2017).

ponents: (1) extensive desk research on theoretical interna-
tional literature and practical publications in the Netherlands,
(2) three bachelor student projects, and (3) five working ses-
sions with professionals in the field of land subsidence in the
Netherlands.

This article first describes the theoretical basis of knowl-
edge and knowledge disclosure on land subsidence. Subse-
quently it describes the situation in professional practice in
the Netherlands and analyses this situation. Finally conclu-
sions are drawn and suggestions for further research identi-
fied.

2 Knowledge disclosure on land subsidence

2.1 Land subsidence

Land subsidence in peat and clay soils occurs in six of the
twelve provinces of the Netherlands. The expected subsi-
dence until 2050 varies from a few centimeters to two meters.
This subsidence is the result of centuries of interventions in
the soil and water system (Van den Born et al., 2016; Erkens
et al., 2015; Seijger and Verheijen, 2015). Land subsidence
due to natural causes (tectonic earth movements, sedimenta-
tion and compression) is often limited to a few millimeters
per year. Land subsidence due to human causes (compres-
sion, drainage and oxidation) can amount to decimeters per
year (Erkens et al., 2015).

Land subsidence has five possible consequences (Erkens
et al., 2015; Pieterse et al., 2015): (1) increased flood risks,
(2) damage to buildings, foundations and infrastructure,
(3) pressure on land use, including the possible disappear-
ance of the peat meadow landscape, (4) increased CO2 emis-
sions, influencing climate change, and (5) increasingly com-
plex water management.

The Netherlands Environmental Assessment Agency cal-
culated that land subsidence will cost society 22 billion euros
until 2050 (Van den Born et al., 2016).

Effective governance of land subsidence in the Nether-
lands is difficult (van Buuren et al., 2017; Erkens et al., 2015;
van Hardeveld et al., 2014; Seijger and Verheijen, 2015;
Witteveen+Bos, 2016): (1) Subsidence is a creeping process,
and therefore difficult to see; (2) The soil structure is hetero-
geneous and uncertain. As a result, there is uncertainty about
the effectiveness of measures; (3) Local spatial differences
require customization and differentiation; (4) The costs and
benefits are skewed: government agencies pay for a signifi-
cant part of the costs, while citizens and entrepreneurs enjoy
the benefits. (5) The responsibilities are fragmented and the
issues transcend administrative and organizational bound-
aries. The state, provinces, municipalities, water boards and
utility companies have to work together, often with different
perspectives on the issue. (6) Residents and entrepreneurs are
responsible for tackling problems for their homes and land.
They have, however, a limited awareness of the consequences
of land subsidence and their responsibility therein. (7) The
role of land subsidence in local assessment processes: in gen-
eral, soil conditions are considered to be a technical problem
that requires a technical solution.

Land subsidence can, therefore, be seen as a “wicked prob-
lem” (Erkens et al., 2015; Rittel and Webber, 1973). A prob-
lem is wicked, if (1) it is intertwined with various related
problems and knowledge fields, if (2) many different stake-
holders with their own interests are involved, with different
– often conflicting – perceptions and insights, and if (3) the
problem has major consequences. This means that a detailed
elaboration and application of measures is not sufficient.
Dealing with land subsidence requires a learning, interactive
approach, aimed at a coherent action perspective in which
the complexity of land subsidence is given a place and par-
ties work together to be effective (Grin et al., 2010; Levin et
al., 2012; Metze and Turnhout, 2015).

2.2 Data, information and knowledge

To disclose knowledge requires a distinction between data,
information and knowledge (Baumard, 1999; Nonaka and
Takeuchi, 1995; Weggeman, 2000). Data is data that has not
yet been given meaning. Information is data that has been
given meaning and that is recorded in documents, informa-
tion systems and/or networks. This is called explicit knowl-
edge. It remains in an organization when all people are gone.
Implicit knowledge (also known as experiential knowledge
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or tacit knowledge) is knowledge that a person has acquired
through the combination of explicit knowledge and experi-
ence. This knowledge is not explicitly available in a docu-
ment. Implicit knowledge is no longer present in an orga-
nization when people have left. Weggeman (2000) uses the
relation K = f (I,E,S,A). Knowledge (K) is a function of
Information (I ), Experience (E), Skills (S) and Attitude (A).
Information therefore only becomes knowledge when it is
enriched with experience, skills and attitude. Implicit knowl-
edge plays a (still) large(r) role within a “wicked problem”
context; experience and learning are even more important.
This means that unlocking knowledge on land subsidence –
and a digital environment that supports this – must be about
unlocking explicit knowledge as well as unlocking implicit
knowledge.

2.3 Disclosing explicit knowledge

Finding, disclosing and using explicit knowledge on land
subsidence, using a digital environment, has to take account
of four points: availability, uncertainty, accessibility and reli-
ability of knowledge (Cash et al., 2003; Koppenjan and Klijn,
2004; Lavis et al., 2003). These four points are explained
here: (1) Availability: is the knowledge you need already
present? (2) Uncertainties: which uncertainties are there? Not
only with regard to knowledge, but also with regard to un-
derlying assumptions/different calculation methods/models.
(3) Accessibility: is there any knowledge at all about a spe-
cific theme? Is it accessible/available? And if so, how much
energy (transaction costs) must be invested in acquiring this
knowledge? (4) Usefulness of knowledge: knowledge must
be relevant, credible and legitimate for this purpose.

2.4 Disclosing implicit knowledge

Implicit knowledge is crucial for interpreting a wicked prob-
lem and finding an appropriate solution (Baumard, 1999;
de Bruijn, 2008; Koppenjan and Klijn, 2004; Nonaka and
Takeuchi, 1995; Weggeman, 2000). Implicit knowledge re-
quires personal mechanisms and interaction to be shared
(Carrillo et al., 2006). These mechanisms often translate into
consultation moments, workshops, training courses, mentor-
ing, etc. (Argote and Ingram, 2000; Goh, 2002). Experimen-
tal instruments such as semi-structured interviews, stories
and films are used to record implicit knowledge.

2.5 Use of digital environments

Digital environments can be used to improve knowledge
transfer (Twynstra Gudde, 2018). Digital environments are
(mostly) concerned with explicit knowledge, which is pre-
served, stored and shared via databases, intranet and digital
platforms. In recent decades there has been a strong develop-
ment in these facilities (Schindler, 2002). As they develop, it
becomes increasingly easier, faster, more effective and more

efficient to communicate and share knowledge, both inside
and between organizations (Schindler, 2002). In addition,
more people have easy access to knowledge.

To include implicit knowledge in a digital environment, the
experimental instruments, mentioned in the previous section,
are suitable, provided that the recordings are made search-
able.

In recent decades, there has been a rise in self-learning
digital systems (machine learning). These systems enable
efficient searching and management of large – and ever-
increasing – amounts of knowledge, fragmented across many
sources (Diakopoulos, 2014; Domingos, 2015; Hosmer et al.,
2013; Quinlan, 2014; Singh et al., 2019; Stanley, 2017; Wit-
ten et al., 2016).

Self-learning systems collect very many results and rec-
ognize patterns in them, whose parameters are used to make
predictions for new situations. Using self-learing systems, in-
telligence can be built into the digital environment (Domin-
gos, 2015; Käfer and Harth, 2018; Stanley, 2017; Witten et
al., 2016): (1) Intelligence to find the right terms and con-
cepts in reports and texts and store them via “linked data”
(data stored on the internet in a standardized way and pro-
vided with a unique URL). (2) Intelligence to perform calcu-
lations and monitoring, for example of expected land subsi-
dence.

3 Analysis

Based on the previous sections, one can distinguish four es-
sential issues concerning disclosure of knowledge on land
subsidence:

1. Governance of land subsidence is difficult, involving
different stakeholders, issues and levels, in which stake-
holders have different perceptions. There is no such
thing as “one” or “best” solution.

2. Land subsidence is a wicked problem, and thus asks for
a learning approach.

3. Knowledge consists of data, information (explicit
knowledge) and implicit knowledge. All these aspects
have to be addressed. Especially implicit knowledge
asks for face-to-face interaction to enable disclosure.

4. Digital environments, capable of self-learning, are cru-
cial to support an effective disclosure of knowledge, but
always in coherence with face-to-face learning.

These four issues have to be tackled before one can arrive
at a successful digital platform for knowledge disclosure of
land subsidence. This has several consequences. A support-
ing digital environment must focus on unlocking both ex-
plicit knowledge and implicit knowledge. To this end, the
digital environment must take account of the availability,

proc-iahs.net/382/851/2020/ Proc. IAHS, 382, 851–855, 2020



854 H. Velsink et al.: Digital knowledge disclosure of land subsidence

uncertainties, accessibility and reliability of explicit knowl-
edge. The digital environment must function within a learn-
ing network of parties that support each other and must work
together to cope with land subsidence. From the perspec-
tive of knowledge impact between organizations, it can be
concluded that knowledge arises in and works through net-
works of organizations and around practical cases, where ev-
eryone uses and produces knowledge. This means that it is
not only important to have support from a digital network,
when searching for and finding the right knowledge, but also
to easily record available knowledge in the digital network.
In addition, knowledge transfer depends on the presence of a
knowledge infrastructure (ICT), the time pressure, the orga-
nizational culture, the working method of the management
and the way in which the parties involved work together.
The process of knowledge transfer depends on the personal
motives and the mutual relationship between the knowledge
transferors. Furthermore, the uptake and use of knowledge
in an organization depends on the incentive to acquire new
knowledge, the absorption capacity of the organization, the
organizational structure and the availability of knowledge
reservoirs. Finally, a digital environment that supports the
dissemination of knowledge for land subsidence must itself
also be learning, so that it can increasingly and effectively
respond to the user’s question and interpretation of this ques-
tion in the context of the wicked land subsidence problem.
In addition, efficient searching for, and management of, the
large – and ever increasing – amount of knowledge, frag-
mented across many sources, also requires a smart and self-
learning digital environment. Such a system uses insights in
the field of machine learning and self-learning algorithms.
These requirements for access to knowledge and the use of
a digital environment, in particular with regard to the role in
the learning network and the interpretation of the question in
the context of a wicked problem, mean that the digital envi-
ronment goes beyond what is called a knowledge system or
expert system in current literature.

4 Conclusions

Question: How can the problematic disclosure of knowledge
on land subsidence in the Netherlands be tackled, and how
can a digital platform facilitate such knowledge disclosure?

We conclude that: (1) the current knowledge needs of pro-
fessionals and the current knowledge disclosure process are
not clear, (2) there is not yet an adequate digital environment
that supports this knowledge disclosure, (3) such a digital en-
vironment must support a network of parties, aimed both at
unlocking and recording knowledge, (4) such a digital en-
vironment must support the search process for implicit and
explicit knowledge, and (5) such a supportive digital envi-
ronment must be self-learning. This leads to the following
research question and underlying sub questions:

1. What is the knowledge requirement of professionals re-
garding land subsidence?

2. How does the current knowledge dissemination process
take place (seeking and recording knowledge) regarding
land subsidence within the relevant network of parties?

3. How can this knowledge disclosure process be im-
proved?

4. How can a digital environment strengthen this knowl-
edge disclosure process?

5. How can such a digital environment look like?

We will address these questions in future research.
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