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This paper is concerned with the governance of geodetic deformation measurements. If we
want to know if and how fast a country, or parts of it, are subsiding or rising, who decides
that it should be measured and how is the methodology determined? What interests are at
stake? How is the proper use and innovation of geodetic methods guaranteed?

To be able to answer such and similar questions, a prelude to a taxonomy of governance ar-
rangements for geodetic deformation measurements is presented. Relevant aspects of activities
to measure deformations are incorporated into a system to describe governance arrangements.
By interviewing nine experts in the field of geodetic deformation measurements in the Nether-
lands, the activities of companies, institutions and other structures that are concerned with
geodetic deformation measurements were analysed, which provided the information to build
a system that provides the basis for a taxonomy, which needs further validation in future
research.

1. Introduction

Geodetic deformation measurements have a large social importance. Generally, they are
used to determine soil subsidence by mining activities, sea level variation, subsidence
and distortions of residential and civil engineering structures (building of underground
railways, engineering works in ports and locks, industrial installations, etc.), landslides of
hills, mountains, dikes and dams.

Figure 1: Damage from mining activity in Friesland (www.deweekkrant.nl).
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The importance of geodetic deformation measurements is illustrated by the fact that they
are sometimes subject of discussion in Dutch Parliament. In a letter to Parliament on
November 17, 2009 (Van der Hoeven 2009), Mrs. Van der Hoeven, Dutch minister
of Economic Affairs, wrote, that the soil above a gas field in Friesland, the Netherlands,
had subsided at least 28 cm up to 2009 (see the effects in figure 1), due to gas and salt
extraction from the underground. It had been determined by a new measuring technique:
satellite radar interferometry. "It is 10 cm more than what had been predicted by con-
ventional techniques", the minister wrote. But how precise and reliable is this number
of 28 cm? What does it mean exactly? How is it measured, and by whom? Those
questions are not treated in Parliament, but they are important if geodetic experts want
to give good recommendations to a minister and to facilitate effective communication on
deformations.

To answer such questions, a study was performed on how geodetic deformation measure-
ments (gdm) are organised. As a result, this paper provides a system to describe the
governance of gdm as a basis to build a taxonomy. The taxonomy will eventually give a
classification of governance arrangements of gdm in a certain country or region within a
certain period of time. The building of the system starts with considering why geodetic
deformation measurements are performed and what type of human activities are moni-
tored. The consideration is limited to deformations within a certain time- and spaceframe
and to geodetic techniques to measure them. It is also limited to the monitoring of human
activities and leaves out of consideration deformations by natural causes.

The basis of the system is provided by results of interviews that were held with represen-
tatives of seven Dutch companies, which are active in gdm.

The taxonomy, which can be built with the proposed system, will clarify how changes
of spatial geometry over time are monitored. It will provide a better understanding of
different governance arrangements of gdm, and it enables a comparison of them with
each other. It will show practitioners of geodetic deformation measurements and those
politically responsible for temporal changes of spatial geometry and their consequences,
how these changes are monitored. The insights may show ways how to do it better, more
efficiently and more effectively.

2. Damage control and gdm-activities

In Niemeier (2011) an overview is given of tasks and objectives of "geometric moni-
toring" of objects in small-dimensional spaces, that resemble the tasks and objectives of
gdm. Also Welsch, Heunecke and Kuhlmann (2000, p.16) give in their standard
textbook on gdm an overview of tasks of geodetic monitoring measurements. Combining
both yields the following list of tasks of gdm:

• Identifying causes of deformations (and noncausative activities)

• Guaranteeing normal functioning of objects

• Guaranteeing security for employees and citizens
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• Registering normal, standard behaviour of objects

• Testing model assumptions of behaviour of objects

• Predicting behaviour of objects

Hiding behind these tasks is one consequence of deformations that is almost always feared:
damage. Predicting damage, preventing it and identifying size and extent if it occurred
nevertheless, is what is aimed at.

So the objectives of gdm are:

• Damage prediction

• Damage prevention

• Damage identification

Deformations that are monitored by gdm are caused by human activities or natural causes.
In this paper only gdm to monitor human activities are considered. The following human
activities were registered in the interviews:

• Residential building

• Infrastructure and non-residential building

• Hydraulic engineering

• Mining industry

• Industrial installations

• Scientific research / Long term investigations

A difference is made between geodetic (gdm) and geotechnical deformation measure-
ments. Geotechnical deformation measurements are measurements of tensions and dif-
ferences in pressure, slope changes, deflection, changes in distance and altitude by means
of specialised instruments, which frequently reach submillimetre level. Measurements
of changes in distance and altitude with total stations and spirit level instruments are
considered geodetic deformation measurements. Also photogrammetrical measurement
methods, GPS, SLR, VLBI and INSAR are considered as geodetic (Verhoef 1994).
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3. The proposed system and the underlying interviews

The system described in this paper is designed to build a taxonomy that encompasses the
description, identification, nomenclature, and classification of the governance of activities
concerning geodetic deformation measurements in a certain region within a certain period
of time. The taxonomy will be made with an aim in mind: to be able to see how the
activity of gdm is governed and organised among different institutions and companies and
to identify the differences, so that strengths and aspects to be improved can be identified,
especially concerning the applied gdm-methods and the communication on them.

The proposed system provides an assessment of gdm-activities within a certain gover-
nance arrangement. Gathering assessments together on the basis of similar scores, types
of governance arrangements of gdm can be identified, described and named, and a classi-
fication can be established, which gives a taxonomy of governance of gdm. The system,
underlying the taxonomy, stems from an analysis of interviews.

As a basis for the questions that were posed to the interviewed Dutch companies, the
EFQM Excellence model was used, see www.efqm.org. The questions were complemented
with additional questions as explained below. The EFQM Excellence model is an often
used model to assess strengths and potential gaps of organisations in many areas of
activity, as is demonstrated by Nabitz, Klazinga and Walburg (2000). The model
gives nine criteria by which to judge an organisation. The criteria are mentioned in figure
2.

Figure 2: The EFQM Excellence model (www.efqm.org).

On the mentioned website for each criterion several statements are made. Assessing the
validity of these statements for an organisation gives an assessment of the strengths and
potential gaps of the organisation.
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To assess governance arrangements for gdm the entirety of gdm-activities is viewed as if
it were a (societal) company. This enables the application of the EFQM Excellence Model
to this societal company. During the interviews with the Dutch companies focus was on
the gdm-activities in these companies. Each company contributes to the gdm-activities
of the societal company.

Seven Dutch companies, active in the field of gdm, were visited in January 2012. One of
them is the executive arm of the Dutch Ministry of Infrastructure and the Environment
(Rijkswaterstaat). The others are commercial enterprises. Four of them have relatively
large revenues from gdm, two are small companies. Together they cover a large amount
of the gdm-activities in the Netherlands. As is shown by Guest (2006) six interviews can
be sufficient to acquire the basic elements for identifying the metathemes of the subject
under investigation.

Of each company factual information was gathered during the interviews like revenue
(turnover), profit, number of employees, amount and geographical extent of projects on
gdm, and level of education of personnel in gdm. Then several questions were posed:

• is it a public or a private interest to perform gdm?

• does legislation and or do regulations exist concerning gdm?

• are gdm performed for company-internal or external interests?

• how is governance of gdm?

About each criterion of the EFQM Excellence Model several statements were given and
it was asked to rate them on a five point Likert scale (with predefined definitions). The
results were recorded and annotations made that were later analysed. On their basis the
system to describe the governance of gdm was made. In table 1 some factual information
of the interviewed companies is given. Because not all information is publicly available,
these are estimates.

4. A system to describe governance of gdm

In the interviews that were held with representatives of seven Dutch companies, active in
gdm, the predominant position of damage control became very clear. The gdm-activities
of these companies are very often aimed at damage identification, because in many cases
it is known that damage will occur. Unknown, however, are the size and extent of the
damage and who is to blame for the damage. Prediction and prevention play a part
depending on the human activity that is monitored.

Analysing the interviews it was concluded that the system should consist of two main
aspects:

i. The interest of damage prevention, prediction and identification and how it is pro-
tected

ii. The activity of gdm
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geo-departments gdm-activities

Name Revenue Personnel Revenue Personnel

(emillion) (fte) (emillion) (fte)

Rijkswaterstaat (DID) 15 700 2.2 5

Company A 35 400 2.2 7

Company B 19 137 0.8 4.5

Company C 4 40 1 6

Company D 9 90 0.85 8.5

Company E 2 21 0.3 2.1

Company F 2.3 31 0.125 1.5

Table 1: Interviewed companies.

Each one of them is treated more closely in the following subsections. The first aspect is
seen as a procedure with key players and processes. In figure 3 it is represented as three
circles and elaborated upon in subsection 4.1. One of the processes is the activity of gdm,
which constitutes the second aspect to be considered. In the figure it is represented as
the inner circle with its three clouds. The clouds represent three features. Each of them
has several subfeatures that are highlighted in subsection 4.2.

4.1. The interests

As stated in section 2. the central issues for gdm are damage prevention, prediction
or identification. The protection of this interest (the governance of this interest) is a
procedure with three processes and three key players that are linked in a time sequence.

The three processes are:

i. Deciding that gdm should be performed

ii. Deciding when,by whom and how gdm should be performed

iii. Executing gdm

The three key players are:

i. the Primary Guardian of interest (that no damage is inflicted)

ii. the Principal to organise execution of gdm

iii. the Gdm Executing Entity
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Figure 3: A visual representation of the proposed system to make a taxonomy.

Figure 4: Scheme of processes and key players.

The processes and key players are visualised in figure 4.

Each key player and each process is explained in the following.

i. The primary guardian of interest (that no damage is inflicted) is in many cases
a governmental institution on state, regional or local level. As an example may
serve a municipality that orders the construction of a tunnel and demands from
the construction company to monitor the construction activities to ensure that no
damage is induced on surrounding houses and installations. Another example is the
mining law in the Netherlands that states that the mining company should perform
measurements in view of movement of the earth Mijnbouwwet (Mining law)
(2002). In this case the state as legislator is the primary guardian. It has appointed
a state institution (State Supervision of Mines) to act as primary guardian and to
oversee the activities of the mining company.

ii. The decision that gdm should be performed can be taken by a variety of entities:

117



GeoMonitoring 2012 H. Velsink

• Legislation

• Regulations of Primary guardian

• Contractor of main human activity

• Assurance company

• Owner / user of industrial installation

• Citizen who might suffer damage or has already suffered it

As can be seen it is not always the primary guardian that takes the decision to
perform gdm.

It is important to notice that the assignment (contract) to perform gdm may be
given separately from the assignment for the main human activity (e.g. mining,
building, see section 2.). It seems logical that the primary guardian decides what
is to be preferred: keeping the responsibility for the main human activity and its
geodetic monitoring in one hand or explicitly giving it to two separate entities. Dur-
ing the interviews for both options advantages and disadvantages were registered.
It is worth further studying.

iii. The principal to organise execution of gdm may be the same entity (institution,
company, organisation) as the primary guardian, but often that it is not the case.
In the example of the Dutch mining law it is the mining company that operates as
principal.

Construction of highways in the Netherlands is performed by Rijkswaterstaat (exec-
utive arm of the Dutch Ministry of Infrastructure and the Environment). It operates
as primary guardian for damages that may occur during construction and mainte-
nance of highways. Up till now it also operated as principal of gdm and until
recently it also executed gdm itself. Rijkswaterstaat has in recent years turned to
the outsourcing to the private sector of many of its activities, i.a. the execution of
gdm. It is now considering bringing the task of principal of gdm to the open market.
Its function would then become more like that of the Dutch State Supervision of
Mines and it would restrict its activities to overseeing the activities of a privatised
principal.

iv. The decision on how gdm should be performed may be taken by the principal,
but that is not necessary. The principal may decide to lay the gdm-tasks in the
hands of a contractor in such a way that the contractor may decide on measuring
and analysing techniques as long as the contractor guarantees that the information
required to prevent, predict or indentify damage is provided in the right time. It
may be that the principal decides to combine the human activity to be monitored
and the monitoring itself in one assignment to a company. In such a case even the
decision who performs gdm may not be taken by the principal.
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v. the Gdm Executing Entity is mostly a company like the ones that have been in-
terviewed, but it may also be surveyors from the primary guardian or a public
institution. Because of stimulating an open market and tendencies to privatise this
happens less and less.

vi. The process of executing gdm is elaborated in the next subsection 4.2.

An important question that should be asked when analysing the governance of gdm in
a certain field of human activity, is if there is a monopoly. If the key players are not
members of one organisation and a division of tasks has taken place, for example by way
of public tendering, a monopoly may strongly influence financial health and capabilities
for innovation of entities involved. A monopoly may be caused by the existence of only
one company capable of performing a certain technique, but it may also be a principal
that dominates the market of interest in a certain type of deformations. In the latter
case companies capable of measuring that type of deformations can depend heavily on
the principal.

The aforementioned procedure of three processes and three key players should be described
to enable the analysis of gdm in a certain field of human activity. Such a description defines
the governance of gdm for that particular field. Another type of governance may lead to
other conclusions concerning the optimal way of performing gdm. The analysis of gdm is
treated in the next subsection.

4.2. The activity of gdm

Gdm can be applied in a wide range of situations. Let us first consider a contractor that
has to build a complex building in a town centre. He is convinced that no damage will
be caused to the surrounding buildings, but his assurance company demands certainty
that no claims will be made. He therefore hires a land surveyor, as cheap as possible.
A deformation measurement is seen as a simple activity. One has only to level twice a
few points and subtract the measured heights from each other. That is the deformation
and if it is below a certain level, say 2 millimetres, than everything is ok. No excessive
measurements should be made. Modern instruments are trusted to make no errors.

Let us now consider the Dutch oil and gas company NAM. They have exploited oil and
gas fields in the Netherlands since the sixties and they have been levelling ever larger
areas of the Netherlands to conform to the legal obligation to monitor earth subsidence
induced by their activities. They have been levelling, performing GPS campaigns and are
now studying the use of InSAR. The heights of many points have been measured in the
course of years, but many of those points have been lost. And even if points are not
lost, they cannot be measured at all times and with all available techniques. So they
have a complex mathematical model to calculate subsidence (NAM report 2000). In
this model the difference of two measured heights is not seen as a deformation, caused
by their mining activity. The heights are influenced by measurement errors, soil settling,
instabilities of the point itself or the construction it is put into. The heights are also
influenced by their mining activities. For each of those influences statistical descriptions
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are made and used in the mathematical model. Conclusions that are drawn from this
model are dependent on many assumptions that were made when the model was built.
Complex software and highly educated personnel are necessary to make the calculations
and draw sensible conclusions.

Both examples show the range of applications of gdm. To describe the range of gdm-
applications three features arise from the interviews that play an important role:

i. Size of the gdm-performing entity

ii. Complexity of the gdm-activity

iii. Available knowledge base on gdm

From the analysis of the interviews the properties and subproperties followed that can be
defined for each of the three features. They are explained in the following subsections.

To assess the performance of a certain governance arrangement of gdm, each of the
above three features and each of its properties and subproperties should be assessed.
Some of them are to be assessed on a quantitative scale, others on a qualitative scale.
Two scales are given in table 3 for this purpose: scale A is a quantitative scale and scale
B a qualitative. For scale A the ranges for each property should be chosen depending
on the property or subproperty assessed. Scale B originates from the EFQM Excellence
Model, see www.efqm.org.

In table 2 an overview is given of the three features, their properties and subproperties
and the scale by which they should be assessed.
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Feature (Sub)Property Scale

Size Financial Turnover A

Size of Average Project A

Amount of Personnel A

Profitability A

Complexity Level of Consultancy and Analysis B

Level of Influence on Assignment B

Available Other Services B

Specialised Software B

Innovative, Specialised Instruments B

Policy laid down in Writing B

ISO Standardisation B

Key Results Monitored B

Member of Umbrella Organisation A

Knowledge Base Educated & Experienced Personnel B

Academically Educated Personnel B

Knowledge Management & Innovation B

Research & Development A

Table 2: Features and (sub)properties and the scale (see table 3) to assess them.

Scale A

1 Very small

2 Small

3 Medium

4 Large

5 Very large

Scale B

1 Not present

2 Could be better

3 We perform very good

4 We all believe that we perform excellently

5 We can prove that we are the best

Table 3: Scales for assessing (sub)properties.

4.2.1. Size as determining feature

The size of a gdm-performing entity (institution, company or other organisation) is de-
termined by:

i. its financial turnover (revenue)

ii. the size of an average project

iii. the amount of personnel

iv. its profitability (to assess the capacity of an organisation to perform gdm well; it is
not an indication of size)
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The interviews made it clear that this information should be gathered from up to four
levels:

• the uppermost level (independent company, umbrella company, holding, state com-
pany)

• the financially independent company that is member of an umbrella organisation

• the department that is responsible for geodesy, geoinformatics, spatial information

• the activity of geodetic deformation measurements (gdm)

4.2.2. Complexity as determining feature

The interviews demonstrated that the complexity of governance of gdm is reflected in the
complexity of the organisation that performs gdm. Three properties are distinguished to
describe complexity:

i. Added value

ii. Type of policy making

iii. Being member of a larger organisation

Added Value

Added value has been shown in the interviews to be of vital importance. If a commercial
enterprise performs gdm, then the ability to give an added value to the measurements
determines to a great extent the profitability of the activity. To describe the ability to
give added value five subproperties are defined:

i. Level of consultancy and analysis

The profitability of gdm-activities generally rises notably if the measurements can be
combined with consultancy and if analyses and presentations of the measurements
are part of the assignment.

ii. Level of influence on assignment

The added value of gdm improves if in an early stage the gdm-executing company
is involved in determining if and how gdm will be performed. Also if the principal
had good experiences with the company in the past, the gdm-executing company
will be in a position to deliver more added value.

If the gdm-activities are acquired by public tendering, in which the gdm-executing
company has little influence on the terms of tendering, then the profitability is in
general worse (information from the interviews).
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iii. Available other services

If the gdm-executing company is capable of offering additional services, like for
example geotechnique, it may be more attractive for the principal to hire.

iv. Specialised software

If the gdm-executing company can use specialised software it has a clear added value.
In such a case two respondents told that they were asked by foreign companies in
the same umbrella organisation to assist with their software in activities abroad,
although all other activities were limited to the Netherlands.

v. Innovative, specialised instruments

Also the possession of innovative, specialised instruments (and the capability to use
them) has a clear added value.

The ability to deliver an added value or not can be compared with delivering processed
goods as opposed to delivering raw materials. The first is in general far more profitable.

Type of policy making

It showed in the interviews that the amount of personnel, active in gdm, is often quite
limited (see table 1), even if the activity is part of a company that is member of an
umbrella organisation that has a turnover of several billion euro. But the advantage
of the umbrella organisation lays in the fact that writing policy (for its business, its
personnel management, its costumer treatment and for gdm) is a normal procedure in
large organisations. Although smaller, independent companies do have a policy on gdm,
it is mostly only in the head of the director.

It also showed in the interviews that ISO standardisation of an organisation may consid-
erably influence the success of its activities.

Important as well is the attention an organisation pays to its key results as defined in
the EFQM model: financial health, market performance, productivity and innovation
performance.

Concluding it can be said that writing policy, ISO standardisation and monitoring key
results determines the type of policy making.

Being member of a larger organisation

Apart from what is said under the previous property, being a member of a larger organ-
isation has clear advantages, because a principal tends to value the reliability of being a
member of a larger company and its capability of using other resources within the umbrella
organisation.
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4.2.3. Available knowledge base as determining feature

The available knowledge base on gdm depends on three properties, as it appeared from
the interviews:

i. Level and type of education and experience

In general for those that perform measurements in the field an education on inter-
mediate vocational level in geodesy is required and education on higher vocational
level for those that use specialised software and oversee activities.

It was said during one interview that the influx of two academics in geodesy (trained
at a academic research university) into the organisation had largely influenced the
competence to treat gdm. Without them they also performed gdm, but clearly in
a less advanced way (and so with less added value).

To define the level and type of education and experience two subproperties are
defined: the level of education and experience on an intermediate and higher voca-
tional level and the presence of higher academically educated personnel.

ii. Knowledge management and innovation

Asking personnel of a company how they keep their knowledge up-to-date is very
informative. Just reading a general magazine on geodesy and geoinformatics may
not suffice. Attending workshops and participating in training courses is essen-
tial. Reading foreign magazines, reading books on the subject and discussing with
colleagues from other companies and from universities on gdm is a positive sign.

iii. Research and Development

The percentage of revenue spent on Research and Development may also indicate
a capacity of keeping a good knowledge base and to be capable of innovation.

5. Conclusions and further research

In this paper a system to describe governance arrangements of geodetic deformation mea-
surements (gdm) is presented. It describes the interests at stake and the activities of gdm
by naming processes and key players and by giving features, properties and subproperties,
by which gdm-activities can be characterised.

The proposed system provides an assessment of gdm-activities within a certain governance
arrangement. The properties and subproperties can be assessed for the gdm-activities
(institutions, companies) in a certain region and period of time. Gathering assessments
together on the basis of similar scores, types of governance arrangements of gdm can be
identified, described and named, and a classification can be established, which gives a
taxonomy of governance of gdm.

Further research will focus on building and presenting such a taxonomy. The taxonomy
will provide a better understanding of different governances of gdm (e.g. in the mining
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industry, in the building industry and in monitoring industrial installations), and it enables
a comparison of them with each other. It will establish a basis for determining to what
extent conclusions of research of geodetic deformation measurements in a certain field of
activity can be applied more generally. It will show practitioners of geodetic deformation
measurements and those politically responsible, how these changes are monitored. The
insights may show ways how to do it better, more efficiently and more effectively.

References

Guest, G. (2006): How many interviews are enough?: An experiment with data saturation
and variability. Field Methods, 18 (1), 59–82. Available from
http://fmx.sagepub.com/cgi/doi/10.1177/1525822X05279903.

Mijnbouwwet (Mining law). (2002): Law of the Kingdom of the Netherlands of
October 31,2002, as valid on January 23, 2012.

Nabitz, U., N. Klazinga & J. Walburg (2000): The EFQM excellence model:
European and Dutch experiences with the EFQM approach in health care. Int J Qual
Health Care, 12 , 191-201.

NAM. (2000): Bodemdaling door aardgaswinning: Groningen veld en randvelden in
Groningen, Noord-Drenthe en het Oosten van Friesland. status rapport 2000 en prognose
tot het jaar 2050. [subsidence deformation gas oil exploration groningen]. Assen:
Nederlandse Aardolie Maatschappij B.V. (in Dutch).

Niemeier, W. (2011): Stand und Entwicklungstendenzen für das "Geometrische
Monitoring" von kleinräumigen Objekten. In Proceedings geomonitoring 2011.

Van der Hoeven, M. J. (2009): Onderzoek bodemdaling Noordwest-Friesland [Research
Soil Subsidence northwestern Friesland]. Letter of the Minister of Economic Affairs to the
Dutch House of Representatives.

Verhoef, H. M. (1994): Geodetische Deformatie Analyse (ge 135). Lecture Notes Delft
University of Technology, Faculty of Geodesy, Section MGP.

Welsch, W. M., O. Heunecke & H. Kuhlmann (2000): Handbuch Ingenieurgeodäsie:
Auswertung geodätischer Überwachungsmessungen (First ed.). Wichmann, H.

Contact

M.Sc. Hiddo Velsink

Hogeschool Utrecht
Instituut voor Gebouwde Omgeving
Nijenoord 1
Postbus 182
3500 AD Utrecht

125




