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Summary

SUMMARY 

The scientific community develops data-driven tools to support land use policy deve-
lopment. These tools capture facts and knowledge in various forms, such as: land cover 
maps, trend graphs of agricultural yields and, more complex, scenario based impact 
assessment models. Tools vary in different ways; in their purpose, their targeted form 
of use and technically. Purposes include: obtaining system understanding, doing future 
projections, social learning, and communicating synthesized findings. Forms of use are 
for example a desk study or interactively in a stakeholder workshop. Despite the de-
mand for tools and their large supply, literature indicates that uptake of available tools 
for policy making, is low.

Data-driven tools for land use policy are complex. Their complexity lies in i) the multiple 
scientific disciplines that interact through land use and ii) the contextual political pro-
cess that involves balancing different needs and wants from a variety of stakeholders. 
Addressing these complexities requires dialogue and collaboration between those in-
volved. Tools that facilitate and advance this process of dialogue and collaboration 
are therefore particularly helpful. Consequently, a tool is defined here as a data- and 
software based object that informs and facilitates dialogue, both through its joint de-
velopment and its associated application process.

This thesis makes a scientific contribution to the field of dialogue and collective thin-
king for tools for land use policy development, by integrating methods from software 
engineering with participatory approaches and workshop design. In particular it inves-
tigates how collaboration methods and practices can help overcome issues hampering 
the use of data-driven tools with the overall objective to support the formulation of 
supported and feasible land use policies. The latter is where this thesis’ societal con-
tribution lies. 

The overall objective of this thesis is: to provide collaboration practices for scien-
tists, stakeholders and policymakers for developing and utilising data-driven 
tools to support land use policy development. The objective is further specified in 
four research questions: How can different scientific communities, tool developers and 
users work together to develop an integrated land use policy assessment tool? How 
can the applicability and transparency of a land use policy assessment tool be enhan-
ced to better understand drivers and impacts of land use change? How can a land use 
policy tool include stakeholder knowledge and facilitate to rapidly reach a common un-
derstanding between different views on land use? How can tool development enhance 
and facilitate collaboration with the overall objective to influence land use policy?
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Chapter 1 introduces this thesis by looking into context in which the tools are to ope-
rate: (a) the different conceptualisations of land (land cover, land use and landscape) 
and how perspectives on land management are tied to land ethics of individuals. This 
is followed by (b) a brief explanation of the land use policy making process, the actors 
involved and the role that data-based scientific tools play in it. Tools that support 
collaboration are of particular interest, as they improve the chance for finding an ac-
ceptable solution for those involved. Collaboration is defined as the process that in-
volves continuous interaction between all team members. During these interactions 
knowledge is produced and internalized; relationships are developed; and the under-
standing of a problem, and its solution, is jointly shaped and reshaped. Despite the 
large number of available tools, only a few are used due to a mismatch with what is 
demanded. Causes listed include: the tool is too complex; applicability is too slow to 
answer to the urgency of decision making, too technocratic/missing human dimensi-
on, and missing political support.

Chapter 2 investigates how land use tool developers can use methods and practices 
from software engineering to help close the demand-supply mismatch. Software engi-
neering is a discipline that studies how people work together to build a useful compu-
ter system, how a (real-world) system should be broken down in meaningful abstrac-
tions, and technology. This chapter uses a case to illustrate how the User Centered 
Design and agile methodologies from software engineering were used in the field of 
environmental modelling to develop an integrated assessment tool. The development 
involved researchers from different land use related disciplines, the donor, designers 
and policy advisors as proxies for end-users. This chapter describes i) the use of col-
laborative screen sketching sessions to create a joint vision on the end product, ii) the 
development of a conceptual model to develop a shared vocabulary and system under-
standing, iii) the use of short time-boxed design-implement-feedback iterations to have 
a growing solution from the onset of a project. These iterations made it also possible to 
adjust development direction based on evolving understanding. 

Chapter 3 studies how the transparency and applicability of a land use change model 
can be enhanced by inventorying current bottlenecks of an existing model, visioning 
the ideal solution and reimplementing and testing it in several case studies. In this 
process experienced and inexperienced modelers worked together to identify learning 
curves and persistent difficulties. These difficulties discourage the use of the tool in 
an improving iterative fashion, and included: i) the lack of self-explanatory results in 
relation to the underlying land use change processes and ii) the large amount of time 
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consuming and error prone manual operations between the sub-tools that made up 
the model. During workshops, visual diagrams were drawn to clarify the overall mo-
del concept and the internal flow of reasoning. Application screens were sketched on 
whiteboard to create a joint vision on how to interact with the model and to design 
interactive analysis tools to empower users to analyse and interpret results. The resul-
ting reimplementation of the model has been tested in four cases that vary in size and 
detail from north eastern Spain to Portugal, Bangladesh and Latin America.

Chapter 4 introduces a method to include stakeholder knowledge in a spatially ex-
plicit tool during moderated group sessions. During these sessions stakeholders tell 
stories supported by data, policy problems are scoped, the most important interacti-
ons investigated and the state of relevant knowledge and data is assessed. Knowledge 
and preferences of workshop participants are captured in a computer program and 
linked to available spatial- and spatio-statistical data. During such workshops an ite-
rative approach is followed, starting with simple (knowledge-based) rules and step-by-
step adding complexity, using the participants’ interpretation of model-results. In these 
multi-stakeholder processes, science is not merely a messenger of data and knowledge 
products through reports and briefings, but enables participants to internalize scienti-
fic knowledge, and integrate it together with local and tacit knowledge. 

Chapter 5 describes the co-design of a web-based information platform. In their se-
arch for an evidence base to inform policy making, the Dutch government initiated a 
collaboration with stakeholders (NGO’s, researchers, local government) to jointly vision 
and develop that information platform. These stakeholders operate within an environ-
ment that experiences data loss as result of a high turnover in project funds and per-
sonnel. In early iterations with data providers and information users, ideas on the way 
of working together and the technical solution converged. Technology push had to be 
downscaled while concise and visual messages had to be developed. The iterative pro-
cess built trust and willingness to collaborate amongst the involved. Three principles 
made the platform’s uptake and growth possible: It is funded, promoted and used by 
national and regional policy makers; it simplifies tasks of rapporteurs, data providers 
and local management; and it is continuously being adapted to changing needs and 
insights. 

The final chapter 6 synthesizes the methodological findings and recommends practi-
ces to address the barriers for tool uptake from chapter 1. These are followed up by 
three overall reflections. 
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Firstly, on the advantages and limitations of the use of data. While data are a crucial 
asset to find time, place and event relationships that are hard to see otherwise, limi-
ting the view of the world to ‘data-only’ causes to miss out on relevant other aspects. 
Especially aspects that are intrinsically about values (e.g. landscape beauty), or aspects 
that are complex and multi-interpretable (e.g. habitat health or social cohesion) fall in 
this last group.  
 
Secondly, I reflect on collaboration as a means to converge perceptions towards sup-
ported solutions. Collaboration aids to: a) reach a common understanding by getting 
to know each other’s thinking, identifying similarities and differences, and what these 
mean for each other; b)  facilitate the development of a shared vision under a feeling 
of shared ownership and c) reflect on one’s own thinking and recognising assumptions 
and values in it. While in general I argue that collaboration is worthy of pursuit, it some-
times is a burden, and it is not always successful.

And thirdly, I reflect on choosing the right tool. Tools are helpful for making informed 
decisions by separating factual knowledge from biases and beliefs. In their simplified 
representations of reality, tools have limitations that are not always explicit. Moreover, 
the choice for what simplification to use is driven by the background and interest of the 
researchers and donors. As land use, and land use policy development, is inherently 
complex, a single tool cannot capture all associated aspects on its own. Methods that 
facilitate to see the big picture by encouraging systemic thinking and recognising the 
role of actors and contexts, are needed to bring together disconnected worlds in peo-
ple’s minds.

Finally, issues requiring further research are listed in the form of questions: 1) how can 
psychological and educational insights be used to enhance the inter- and transdiscipli-
nary learning with tools in group sessions? 2) how can collaboration tools be used to 
reduce the disconnect between evidence informed policy making and plan realisation? 
3) how can (big) data and (cluster) computing transparently be used in interactive wor-
king sessions with stakeholders?
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Introduction

As a teenager I visited the hilly landscape in the south of the Netherlands for the first 
time. I saw patches of grasslands bordered by hedges in the valleys, forest covered 
hilltops, small villages and scattered farmhouses along meandering streams. Like nu-
merous other tourists I hiked the scenic area, crossing farmers’ fields by the right of 
way and enjoyed refreshments at one of the many picturesque half-timbered cafes and 
restaurants. Looking back I wonder, would the farmers be just as happy with us cros-
sing their land, or would they rather scale-up and increase productivity and revenue? 
Why weren’t they enhancing their business operations like most of the farmers in the 
Netherlands had to do, to make a living? Were they too much embedded in the cultural 
heritage of the land, or were they facing legal restrictions on how to manage the land 
that kept them from changing their practices? And if there was such legislation, where 
and how was it made? Who had a say in their development, were all voices heard equal-
ly and on what basis had decisions been made?

The above is just an example from the Netherlands. Everywhere people have different 
values and preferences on how land should be used and managed. Measures on a sin-
gle piece of land often impact neighbouring areas. Impacts that may be unwanted, un-
foreseen, or simply ignored. For example, clear-cutting forests on a hilltop may cause 
flooding and siltation downhill, the use of fertilizer or pesticides to increase crop yields 
may affect water quality and plant and animal life downstream, or a newly built road to 
improve accessibility may result in a noisy and dangerous barrier in a local community. 
Different expectations, demands and viewpoints are often cause for conflict, while ac-
tually people’s interdependency calls for collaboration. Taking distance from polarized 
disputes, offering factual knowledge and helping people to –more intersubjectively- 
share their perspectives, facilitates mutual understanding and creates more space for 
negotiation which is a prerequisite for finding a common action perspective and to 
align practices that last (Galinsky & Moskowitz, 2000; Pettigrew & Tropp, 2006; Todd 
and Galinksy, 2014). In the above example from the south of the Netherlands, several 
of such action perspectives are found, for example: farmers are paid by the tourism 
sector for the preservation of attractive hedges that also separate footpaths from their 
field, or farmers start a farm campsite to have direct benefits from the tourists crossing 
their lands.

Data-driven spatial planning and decision-support tools are a means to facilitate this 
process of objectification, communication and mutual learning, and make it possible to 
try out alternative solutions before venturing in an actual implementation, i.e. test the 
likely ecological and societal effects of land-based measures and policies. Such tools 
can also record views, opinions and experiments in thinking and thereby document 
discussions, are measures of progress and can be used as foundations to inform a 
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follow up in the decision-making process on the use of the land. Despite these obvious 
advantages, and the wide range of tools developed by scientists for this purpose, many 
tools are not used.

In the following four sections, this chapter examines why tools are not used. First the 
context in which these tools are to operate are described: (a) the different ways on 
how the land can be conceptualized and how people relate to it and; (b) the different 
aspects of policy making and its influence on shaping the land. Second, an outline is 
given on the broadness of available tools and how they are intended to support policy 
making. And third, the issues hampering the use of tools for policy making are listed.

1.1  	 LAND USE

The world’s landmasses are diverse, with mountains, deserts, forests and metropolitan 
and industrial landscapes. Natural processes and humans change the land by season 
and even transform the structure of the land for the longer term. Examples of seasonal 
change include: the harvesting of agricultural crops leaving a bare soil, grasslands dis-
appearing under a thick layer of snow during winter, or a desert bursting into life after 
heavy rains. Structural changes take place when land is cleared for agriculture, land is 
transformed for urban expansion, floods wash away existing land cover, or when na-
tural ecological succession occurs. All these changes affect the functioning of the land 
and all that depends on it (MA, 2003; de Groot et al., 2010).

Landscapes may appear as a vast homogeneous surface or as a patchwork of different 
covers and uses. Where ‘land cover’ gives a notion of what is actually physically present 
on the land (e.g. trees, grass, buildings), ‘land use’ expresses how people utilize the land, 
possibly for multiple functions simultaneously, e.g. forestry and recreation, or agriculture 
and biodiversity (Huang et al., 2015). Typically ‘land use’ is related to and delineated by 
ownership, such as farms, or national parks. ‘Landscape’ supersedes the notions of ‘land 
cover’ and ‘land use’ and includes elements of the physical system and the cultural elements 
and management. Humans perceive, value and use landscapes differently, based on their 
aesthetical well-feeling, cultural relations to areas, personal preference and life style goals 
(Antrop, 2000; Karmanov, 2009; Greiner et al., 2009; Simensen et al, 2018).

Different perspectives on how land should be managed are strongly tied to how we as 
individuals regard, value and use the land. Where some libertarians advocate that a 
landowner can use his land and produce the maximum of goods and services for wha-
tever purpose, others call for a minimum social foundation and restrict the production 
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to an ecological ceiling (Raworth, 2017). Creutzig (2017) promotes an egalitarian ethic 
and calls for “international coordination of land use, governing land as global commons 
to ensure everyone’s adequate standard of living and to provide access to food, clothing, 
housing and medicine” (see also Dietz et al., 2003; Ostrom, 1990). Leopold (1949) and 
Millstein (2018) suggest an ecological ethic in which the fates of humans, other species 
and the ecosystem are interdependent and inseparable. Advocates of either ethic may 
exert political pressure and influence policy making to shape society in accordance 
with their values and preferences (Xu, 2019).

1.2 	 POLICY AND LAND MANAGEMENT

 Through policies and spatial planning the use of land is regulated in an effort to direct to-
wards more desirable, and away from undesirable, social, economic and environmental 
outcomes (Young, 2013). Land use planning, as part of spatial planning1, and regulation 
restrict how land can be used while (monetary) policies may provide incentives to guide 
land use by encouraging or discouraging (economic) activities (OECDa, 2017). Goals of 
land-use planning and land use policies include: identifying locations for productive (e.g. 
agriculture) and extractive (e.g. mining, or forestry) activities, locating recreational and 
environmental and resource conservation areas, pointing out areas exposed to natural 
hazards (e.g. flooding, droughts, or earthquakes), assignment of management for resto-
ration, or prevention of land-use conflicts and pollution constraints.

The development of public policies by governments is a social process involving the 
interplay of competing and collaborating parties including: different ministries and 
other governmental organisations, business, interest groups, nongovernmental or-
ganisations and individuals. These parties seek to influence the policy making process 
through lobbying, public advocating for their position and education of supporters and 
opponents. The result is often a compromise formulated under influence of political 
ideology, intuition, tradition, public opinion, economic conditions and technological 

1 Spatial planning is an all-purpose concept and includes master planning (describe long term goals and 

strategies consisting of comprehensive sets of measures, to get there.), regional planning (e.g. appointing 

urban zones, industrial zones and rural zones), urban planning (e.g. neighbourhoods possibly accompanied 

by architectural demands, roads, canals), project planning (e.g. bridge over a river, parking lot for a shopping 

centre), land use planning, etc. (Couclelis, 2005; Baptist et al., 2019). Where spatial plans on a regional level are 

rather sketchy and lay out a contextual design, with envisioned design principles to be detailed during project 

implementation, land use plans prescribe specific land use at specific locations on the basis of socio-economic, 

physical and ecological suitability (Hersperger et al, 2018; OECDb, 2017; Theuns et al., 2016). 



22

Chapter 1

developments (Saylor academy, 2012; Kooiman, 2003). The influential power of each 
of the parties is affected by the regime type (e.g. democracy or oligarchy) and style of 
governance, such as hierarchical regulation or voluntary and participatory approaches 
(Pahl-Wostl, 2019). 

While policies try to steer land use from above, the realisation on the ground can turn 
out quite different. Land managers and -owners may choose different from the policy 
objective due to local- and personal circumstances, such as: bio-physical restrictions 
and opportunities, access to financial capital, the market, personal preferences and re-
lationships, and pressure and pull factors from social arenas (Borras et al., 2018 in Xu, 
2019; Hersperger et al., 2018; Renn, 1993). Mismatches between government expecta-
tions and the actual on the ground effect, could be reduced if policy developers were 
better informed with evidence (Howlett, 2009; Gluckman et al., 2021) on the current 
conditions under which the land managers and -owners have to work, and on the likely 
effects of potential policies.

Scientific evidence, i.e. tested information based on data measured in the field, or gen-
erated via modelling (e.g. interpolation or extrapolation), can significantly contribute 
to policy effectiveness as it downsizes the role of intuition and ideology and tells us 
‘what most likely works’ to achieve goals or what should not be done to avoid harm 
(Becker et al., 2019; Timmerman & Langaas, 2005; Sutherland et al., 2004). Unlike in 
engineering, policy making does not strictly use scientific knowledge and evidence to 
make decisions, but uses fact selection, interpretation and trade-off analysis between 
multiple competing social values and preferences (Parkhurst, 2017; Head, 2016; Aarts, 
2015). Preferably, facts are not used to close a discussion, but form a starting point for 
a dialogue. A dialogue is about collective thinking and inquiry. A dialogue recognizes 
different truths to work together towards viable solutions (Aarts, 2015).

1.3 	 COLLABORATION TOOLS

The interactions between social, economic, technological- and ecological processes, 
policy development and institutions are complex. Data-driven tools that integrate facts 
and knowledge on these interactions help to understand the current situation, how it 
was formed, and assess the likely effects of potential future policies. These tools ena-
ble to explore beforehand and understand feedback, side effects, the spatial variation 
of impacts, trade-offs between objectives of different stakeholders and are therefore 
essential to effective policy making (Kelly et al., 2013). 
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There are hundreds of tools to capture facts and knowledge on land use and policy. 
These tools range from relatively simple to highly complex. Their perceived difficulty or 
complexity, is the product of the data-requirements of the tool, the users’ experience 
with the tool and knowledge of the domain, the use-context and time and resource 
requirements (Harrison et al., 2017). Table 1-1 illustrates this great variety in tools on 
the basis of several studies on tool inventories and characterisations. Some of the cha-
racterisations focus on technical aspects (e.g. the application domain, data require-
ments, or modelling method). Other characterisations are based on the organisatio-
nal conditions (e.g. capacity needs, throughput time, stakeholder inclusion), or on the 
purpose for which they are used (e.g. system understanding, exploration of effects of 
management options). 

Tool characteristics that support collaboration are of particular relevance in this thesis, 
as they improve the chance for finding an acceptable solution for those involved, under 
the condition that everyone’s values and perspectives are considered in the negotia-
tion process (Pouwels, 2019; Barnaud et al, 2013; Cash et al, 2003). These characteris-
tics facilitate the individuals, groups, or organisations with divergent interest(s) in land 
use development, to jointly engage in problem solving, and include: fact finding (Karl 
et al., 2007), storytelling (a technique to organize and communicate thinking and emo-
tions (Bassano et al., 2019)), developing system understanding and social learning, i.e. 
learning via an interactive process of observation and imitation, that leads to a conver-
gent change in the stakeholders’ perspectives (van der Wal et al., 2016).

Collaboration is an intensive modus of information sharing, knowledge production and 
involves the development of relationships that may lead to behavioural change (Fisher, 
C., 2010; Michaels, S., 2009). Collaboration is often confused with cooperation. In both 
concepts people work together to reach a mutual objective. However, where cooperation 
is about dividing tasks to responsible individuals to reach a predefined result, collabora-
tion involves continuous interaction between all team members. During these interac-
tions the understanding of a problem and its solution, is jointly shaped and reshaped.

Not only can collaboration be enhanced through the use of tools, collaboration may 
also be improved through joint tool development. During the tool development pro-
cess practitioners, policy and decision makers, scientists and tool developers carry out 
complex technical tasks while at the same time undertaking social relational activities 
(Kelly et al., 2013; Maurel et al., 2007) in order to integrate knowledge and enhance 
understanding that potentially result in behavioural change, personal growth and con-
tribute to removing the challenge of dealing with conflicting expectations, demands 
and viewpoints (Rodela et al., 2017).
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Table 1-1 common tool inventory studies. Each listed study is described in short 

together with the tool characterisation as given by the authors and the number of tools 

within the study. The focus of the characterisation is indicated in the last column.

AUTHORS SHORT DESCRIPTION
NUMBER OF TOOLS OR TOOL 

TYPES DESCRIBED

CHARACTERISATIONS OF TOOLS AS USED BY 

AUTHORS

FOCUS OF THE 

CHARACTERISATION

Gasparatos and Scolobig (2012) provide an overview of sustainability assessment tools 17 tools monetary, biophysical and indicator-based Technical

Gret-Regamy et al. (2017) review of decision support tools for ecosystem service 68 tools
differentiation based on spatial scales, data type 

requirements and policy application
Technical

Harrison et al. (2017)
offer decision trees for selecting ecosystem, service assessment 

methods
36 tools Biophysical, socio-cultural, monetary, integrative

Technical and 

organisational

Voinov et al. (2018)
provide guidance to practitioners for selecting participatory 

modelling tools 

23 tool types 

(e.g. role playing games,

or integrated modelling). 

Fact finding, process orchestration, qualitative modelling 

and (semi-) quantitative modelling  

Technical and 

organisational

Kelly et al. (2013)
reviews approaches that have the capacity to integrate knowledge in 

models for understanding trade-offs to advise policy-making
64 tools

Prediction, forecasting, management and decision-making 

under uncertainty, social learning, developing system 

understanding

Purpose

Gupta et al. (2012) and Argent et al.(2016)

Provide principles of conceptual modelling to enable mathematical 

and computational developments on the basis of the conceptual 

model

8 tool types (Cognitive mapping, 

participatory modelling, integrated 

modelling, quantitative and 

qualitative scenario analysis, system 

dynamics, mathematical models)

Conceptual models, mathematical models,

computational models 
Technical  

McIntosh et al. (2011) and Power et al. (2015)

describe Decision Support Systems to inform environmental policy 

and management organisations and enhance a person or group's 

ability to make decisions

19 tools

Structure of the decision context (agreeability and 

arguability of the decision formulation and solution) and 

the decision phase (intelligence, design and choice)

Technical and 

organisational

McInerny et al. (2014) and Pelzer et al. (2015) 

in Rodela et al. (2017)

explain the qualities of spatial decision support systems and how 

they bring together scientific knowledge from different disciplines 

and support the emergence, and integration of tacit, local and 

traditional knowledge in decision-making

36 tools

Spatial vs more abstract non-spatial visualisations, level of 

knowledge integration (different scientific disciplines, tacit, 

local and traditional knowledge), scale, level of integration 

with user demands and learning ability 

Technical and 

organisational

Perez-Soba et al. (2018), Offer guidance tools for land and water based ecosystem services 4 guidance tools to hundreds of tools

Stakeholder identification, problem structuring, indicator 

identification, biophysical assessments, socio-cultural and 

monetary assessments

Technical 

Edmonds et al. (2019)
Looks at the need for re-justification of a model when it is used for 

another purpose than for which it was built 
7 tool types

Purpose of modelling: Prediction, explanation, description, 

theoretical exploration, illustration, analogy and social 

learning

Purpose

Ness et al. (2007)
Provides a categorisation of sustainability assessment tools to widen 

its interpretation from environment alone

32 tool types (incl. ecological food 

print, well-being, cost-benefit, life 

cycle assessment)

Indicators/indices, product related assessments and 

integrated (nature-society) assessment tools
Technical

Van Schrojenstein Lantman et al., (2011) Describes core principles and concepts in land-use modelling 8 specific tools and 9 tools types

Continuation of historical development, suitability of land 

(in monetary or other units), result of neighbourhood 

interactions, result of actor interaction

Technical 
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Table 1-1 common tool inventory studies. Each listed study is described in short 

together with the tool characterisation as given by the authors and the number of tools 

within the study. The focus of the characterisation is indicated in the last column.

AUTHORS SHORT DESCRIPTION
NUMBER OF TOOLS OR TOOL 

TYPES DESCRIBED

CHARACTERISATIONS OF TOOLS AS USED BY 

AUTHORS

FOCUS OF THE 

CHARACTERISATION

Gasparatos and Scolobig (2012) provide an overview of sustainability assessment tools 17 tools monetary, biophysical and indicator-based Technical

Gret-Regamy et al. (2017) review of decision support tools for ecosystem service 68 tools
differentiation based on spatial scales, data type 

requirements and policy application
Technical

Harrison et al. (2017)
offer decision trees for selecting ecosystem, service assessment 

methods
36 tools Biophysical, socio-cultural, monetary, integrative

Technical and 

organisational

Voinov et al. (2018)
provide guidance to practitioners for selecting participatory 

modelling tools 

23 tool types 

(e.g. role playing games,

or integrated modelling). 

Fact finding, process orchestration, qualitative modelling 

and (semi-) quantitative modelling  

Technical and 

organisational

Kelly et al. (2013)
reviews approaches that have the capacity to integrate knowledge in 

models for understanding trade-offs to advise policy-making
64 tools

Prediction, forecasting, management and decision-making 

under uncertainty, social learning, developing system 

understanding

Purpose

Gupta et al. (2012) and Argent et al.(2016)

Provide principles of conceptual modelling to enable mathematical 

and computational developments on the basis of the conceptual 

model

8 tool types (Cognitive mapping, 

participatory modelling, integrated 

modelling, quantitative and 

qualitative scenario analysis, system 

dynamics, mathematical models)

Conceptual models, mathematical models,

computational models 
Technical  

McIntosh et al. (2011) and Power et al. (2015)

describe Decision Support Systems to inform environmental policy 

and management organisations and enhance a person or group's 

ability to make decisions

19 tools

Structure of the decision context (agreeability and 

arguability of the decision formulation and solution) and 

the decision phase (intelligence, design and choice)

Technical and 

organisational

McInerny et al. (2014) and Pelzer et al. (2015) 

in Rodela et al. (2017)

explain the qualities of spatial decision support systems and how 

they bring together scientific knowledge from different disciplines 

and support the emergence, and integration of tacit, local and 

traditional knowledge in decision-making

36 tools

Spatial vs more abstract non-spatial visualisations, level of 

knowledge integration (different scientific disciplines, tacit, 

local and traditional knowledge), scale, level of integration 

with user demands and learning ability 

Technical and 

organisational

Perez-Soba et al. (2018), Offer guidance tools for land and water based ecosystem services 4 guidance tools to hundreds of tools

Stakeholder identification, problem structuring, indicator 

identification, biophysical assessments, socio-cultural and 

monetary assessments

Technical 

Edmonds et al. (2019)
Looks at the need for re-justification of a model when it is used for 

another purpose than for which it was built 
7 tool types

Purpose of modelling: Prediction, explanation, description, 

theoretical exploration, illustration, analogy and social 

learning

Purpose

Ness et al. (2007)
Provides a categorisation of sustainability assessment tools to widen 

its interpretation from environment alone

32 tool types (incl. ecological food 

print, well-being, cost-benefit, life 

cycle assessment)

Indicators/indices, product related assessments and 

integrated (nature-society) assessment tools
Technical

Van Schrojenstein Lantman et al., (2011) Describes core principles and concepts in land-use modelling 8 specific tools and 9 tools types

Continuation of historical development, suitability of land 

(in monetary or other units), result of neighbourhood 

interactions, result of actor interaction

Technical 
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In literature the term tool often remains ambiguous, but several definitions exist. Voinov 
et al. (2018) and Maurel et al.(2007) differentiate between ‘methods’ (as a structured set 
of processes and activities), ‘tools’ (artefacts, software, that do not change during their 
use) and ‘applications’ (outcomes of a tool often related to a specific policy and region, 
e.g. in the form of maps, charts and tables). Ness et al. (2007)  refer to indicators as a 
tool for quantitatively measuring an economic, social or environmental state and Perez-
Soba et al. (2018) describe structured processes, computer-based models and maps 
depicting the spatial distribution of phenomena as tools for decision making.

This thesis closely follows Voinov et al.(2018) and defines a tool as a data- and software 
based object that informs and facilitates dialogue, both through its joint development 
and its associated application process.

1.4 	 ISSUES HAMPERING THE USE OF TOOLS

There has been a considerable growth in the demand and supply of computer-based 
tools to support spatial planning and decision making, to better understand the com-
plex socio-ecological interactions and to balance between multiple, and often com-
peting, objectives (McIntosh et al., 2011; Rodela et al., 2015). These tools have been 
successful in informing and facilitating the dialogue between stakeholders and have 
helped to find viable solutions. Common examples include the climate projection-
based implementation of coastal development set-back zones by cities, to protect 
against the increased risk of sea level rise and flooding (Aguiar et al., 2018); avoiding 
harm to protected species during dyke- and floodplain- -maintenance and -develop-
ment activities by Dutch water authorities by consulting a community-based species’ 
observations database (Ticheler, 2020); the embrace of hydrological and fire risk 
models by South African nature park managers and brewery companies resulting in 
the joint investment in wildfire and drought risk reducing measures, by clearing non-
native invasive tree species from catchments supplying water to hop farms (Reyers et 
al., 2015; Nel et al., 2014).

Although there are successes and despite the research and development effort, tool 
uptake is low due to a variety of reasons (Geertman, 2006; McIntosh et al. 2011; Argent 
et al., 2016; Zasada et al., 2017; Gibson et al., 2017). These reasons can be categorized 
in the following main groups:

•	 Tool capabilities do not align with the users’ demand. Often caused by too little or unclear 
communication between tool developer and tool user and the interpretations that are 
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made by both parties. Adding more people between developer and user adds to the 
number of interpretations. It also happens that scientists push their scientific interest 
and position it prominently in a tool which does not necessarily help users.

•	 The tool is too complex in terms of ease of use. Ideally a tool is intuitive and self-expla-
natory in its use and builds on prior knowledge of topics, possibly supported by 
minor explanations of a tool expert or a manual. Literature as a resource for under-
standing and working with a tool is seldom helpful for users with a practical instead 
of a scientific interest.

•	 Lack of transparency. Users need to understand the reasoning and causalities and 
sometimes even the internal mechanics, to be able to relate to it and to address the 
mistrust that might occur.

•	 The applicability of the tool is too time consuming, as a result of necessary model para-
meterisation, calibration and validation, or model calculation time. Lead time is espe-
cially important when tools are used in explorative participatory modelling workshops 
(Voinov et al., 2018) in which the impact of emerging plans or measures are sought. 

•	 Tool adaptation is too slow to answer to the urgency of decision-making. Rapidly evolving 
contexts demand tool flexibility (Pope et al., 2013). Although most tools have some 
flexibility, it is not necessarily the flexibility needed, e.g. land use change models 
were unable to cope with policies for biofuel-crops when these were first proposed 
(Banse et al., 2011) and took months to adapt. The more complex and data-intensive 
tools take more resources and more lead time to adapt. This is especially true when 
tools consist of model frameworks in which the complex interplay of the separate 
models (Janssen et al., 2011) may need adaptation and involves multiple experts 
from different domains. 

•	 Too technocratic, missing human dimension. Tacit knowledge and preferences arising 
from qualitative and creative social processes are preferred to rational and predictive 
modelling approaches (de Wit et al., 2009; Addison et al., 2013; van Oosten et al, 2018)

•	 No access to data. There is a reluctance to share data because of legal restrictions, 
fear of missing out on opportunities, or fear of reputation loss as result of inade-
quate quality assurance or drawing erroneous conclusions (Verweij et al., 2019; 
UNEP, 2012). A champion advocating the tool or a prior relationship between the 
tool developers, data providers and users, can help to achieve the trust needed for 
data sharing. 

•	 Missing political support. Public opinion, and thereby perceptions, on a collective pro-
blem influence the shaping and reinforcement of policies and vice versa (Soroka and 
Wlezien, 2012). The processes of interaction and decision-making among the actors, 
and the arena’s in which they take place, lead to the creation and reproduction of 
social norms (Hufty, 2011). These social norms further influence political support for 
the use of evidence captured in- and made accessible through tools.
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Given these issues, the overall objective of this thesis is: to provide collaboration 
practices for scientists, stakeholders and policymakers for developing and utili-
sing data-driven tools to support land use policy development.

1.5 	 OBJECTIVES OF THIS THESIS

The objective of this study is further specified in four research questions that each deal 
with one aspect of collaboration tools for land use policy development:

1.	 How can different scientific communities, tool developers and users work together 
to develop an integrated land use policy assessment tool? 

2.	 How can the applicability and transparency of a land use policy assessment tool be 
enhanced to better understand drivers and impacts of land use change?

3.	 How can a land use policy tool include stakeholder knowledge and facilitate to 
rapidly reach a common understanding between different views on land use?

4.	 How can tool development enhance and facilitate collaboration with the overall 
objective to influence land use policy? 

Answers to these research questions will provide collaboration practices for develo-
ping and utilising data-based tools to support land use policy development.

1.6 	 THIS THESIS

This thesis makes a scientific contribution to the field of dialogue and collective thinking 
for tools for land use policy development. In particular it investigates how collaboration 
methods and practices can help overcome issues hampering the use of data-driven 
tools with the overall objective to support the formulation of supported and feasible 
land use policies. The latter is where this thesis’ societal contribution lies. 

In this introduction, chapter 1, the overall objective and context of this thesis is des-
cribed. The remainder of this thesis is organised as listed below. Chapter 2 to 5 have 
already been published and describe four methodologies and associated case studies, 
that together answer the separate research questions.

Chapter 2 investigates software engineering practices to enable land use modellers 
to include advancing system understanding and user requirements within and during 
their tool development. 
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Chapter 3 describes how a black-box land use tool was redeveloped with its current 
and foreseen users, to enable experimenting by speeding up the modelling process, 
and through (intermediate) result visualisations.

Chapter 4 presents a participatory land use modelling tool that uses a combination of 
human and computational analysis to exchange scientific and tacit knowledge, values 
and preferences during the exploratory phase of decision making. 

Chapter 5 elaborates on the role of continuous reflection on ways of working together 
to maintain reciprocity and trust, to inform the development of policies through the 
co-design of a web-platform

Chapter 6 synthesizes the work carried out in this study and positions the results in the 
broader context of collaborative tools for spatial policies. Based on these reflections 
directions for future research are suggested.
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ABSTRACT 

Policy makers have a growing interest in integrated assessments of policies. The Inte-
grated Assessment Modelling (IAM) community is reacting to this interest by extending 
the application of model development from pure scientific analysis towards applica-
tion in decision making or policy context by giving tools a higher capability for analysis 
targeted at non-experts, but intelligent users. Many parties are involved in the con-
struction of such tools including modellers, domain experts and tool users, resulting 
in as many views on the proposed tool. During tool development research continues 
which leads to advanced understanding of the system and may alter early specifica-
tions. Accumulation of changes to the initial design obscures the design, usually vastly 
increasing the number of defects in the software. The software engineering community 
uses concepts, methods and practices to deal with ambiguous specifications, changing 
requirements and incompletely conceived visions, and to design and develop main-
tainable/extensible quality software. The aim of this paper is to introduce modellers 
to software engineering concepts and methods which have the potential to improve 
model and tool development using experiences from the development of the Sustain-
ability Impact Assessment Tool. These range from choosing a software development 
methodology for planning activities and coordinating people, technical design prin-
ciples impacting maintainability, quality and reusability of the software to prototyping 
and user involvement. It is argued that adaptive development methods seem to best fit 
research projects, that typically have unclear upfront and changing requirements. The 
break-down of a system into elements that overlap as little as possible in features and 
behaviour helps to divide the work across teams and to achieve a modular and flexible 
system. However, this must be accompanied by proper automated testing methods 
and automated continuous integration of the elements. Prototypes, screen sketches 
and mock-ups are useful to align the different views, build a shared vision of required 
functionality and to match expectations.



33

An IT perspective on integrated environmental modelling: The SIAT case

2.1 	 INTRODUCTION

The last three decades the environmental modelling community has developed 
numerous models (Reynolds and Acock, 1997, Papajorgji et al., 2004). These modelling 
efforts have evolved from single disciplinary to interdisciplinary models “to allow for a 
better understanding of complex phenomena enabling the evaluation of the whole cause 
effect chain from a synoptic perspective by combining, interpreting and communicating 
knowledge from diverse scientific disciplines” (Rotmans and Dowlatabadi, 1998). Integrated 
Assessment Modelling (IAM) simulates both the natural and socio-economic systems in 
applications like scenario analysis and evaluation of the environmental, economic and 
social consequences of different policy strategies (Parker et al., 2002, Van de Sluijs, 2002).

Policy makers have a growing interest in integrated assessments of policies (Van 
Ittersum and Brouwer, 2009) on which the IAM community is reacting by extending the 
application of model development from pure scientific analysis towards application in 
decision making or policy context (Matthies et al., 2007, Sterk et al., 2009).

Typically many individuals from different institutions, diverse background and roles 
are involved in the development of an IAM (Hinkel, 2009), modellers, indicator experts, 
domain experts, tool users, software engineers, managers and donor representatives, 
resulting in as many views on the proposed tool which especially in the early phases 
are not always exactly envisioned. Dissenting views may continue to exist unnoticed 
when design is not made concrete from the beginning. Even during the development 
advancing research continues to lead to an improved understanding of the system. 
Therefore, early specifications tend to be altered later on. Accumulation of changes to 
the initial design obscures the design, usually vastly increasing the number of defects 
in the software (Larman, 2004).

Initial IAM was targeted at the development of comprehensive integrated systems, like 
the RAINS model (Alcamo et al., 1990), or IMAGE model (Rotmans, 1990). Current IAM 
development focuses at the modelling itself e.g., steps to develop a model (Jakeman 
et al., 2006); participatory modelling (Voinov and Gaddis, 2008); quality assurance in 
modelling (Scholten et al., 2007), or on modularity to allow configuration in accordance 
with the question at hand (Reynolds and Acock, 1997, Donatelli et al., 2002, Gijsbers 
et al., 2002, Argent, 2004, Leimbach and Jaeger, 2004, Papajorgji et al., 2004, Hinkel, 
2009). Although IAM models are implemented through software, IAM seems to make 
little use of software engineering methodologies. The software engineering community 
uses concepts, methods and practices to deal with ambiguous specifications, changing 
requirements and incompletely conceived visions, and to design and develop 
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maintainable/extensible quality software while safeguarding usability aspects.

This paper aims to introduce environmental modellers to software engineering concepts 
and methods which have the potential to improve model and tool development. 
Experiences with the development of the Sustainability Impact Assessment Tool (SIAT) 
will serve as an illustrative case study.

Section 2 introduces some important software engineering concepts and methods 
which can have a large effect on software quality and are easy to implement. All of 
these concepts and methods were used for the development of SIAT as explained in 
Section 3. Finally, Section 4, discusses what has been learned by applying the software 
engineering concepts and methods for the development of SIAT, confronts it with 
literature and concludes by explaining its added value to IAM development in general.

2.2 	 SOFTWARE ENGINEERING METHODS AND CONCEPTS

Software engineering is a field of study concerning the application of a systematic and 
disciplined approach for the development, operation and maintenance of complex 
software (Abran and Moore, 2004). Main clusters of interest are: (i) the process – how 
to get from system requirements to a product; (ii) structure – the design of the system; 
(iii) technology – what technology will be (re)used, and; (iv) organization – assign tasks 
to responsible individuals and/or organizations. Software quality assurance (Srivastava 
and Kumar, 2009) intersects with all clusters.

IAM is at an early stage of applying software engineering principles. The following 
paragraphs introduce elementary methods and concepts which can have a large effect 
on quality and are easy to implement.

2.2.1 	 Software development methodology

A common metaphor for software engineering is construction. This metaphor works 
out well when all requirements can be specified upfront in detail. Typically in research 
projects requirements are not clear from the beginning. Here the gardening metaphor 
from Hunt and Thomas is more suitable (Hunt and Thomas, 1999). Constant work is 
needed to keep it in the required shape. Choosing the right development process is a 
critical success factor to the development and use of a software system.

A software development methodology is a prescriptive model that establishes the 
order in which a project specifies, prototypes, designs, implements, reviews, tests 
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and performs its activities. It primarily exists to co-ordinate people involved in the 
development of the software (Cockburn, 2000): architects, designers, implementers, 
testers, users, researchers and project co-ordinators. Literature gives us many 
development methods to choose from, varying from the formal Rational Unified 
Process (Kruchten, 2003) and strictly phased waterfall method (Royce, 1970) to highly 
adaptive agile methods like eXtreme Programming (Beck and Andres, 2004), SCRUM 
(Schwaber and Beedle, 2001), or Chrystal (Cockburn, 2004). Agile methods demand to 
get continuous user feedback during short design-implement-test-deliver iterations.

Which method to choose depends on: (i) understanding of system requirements 
and the ability to update them during project execution; (ii) software development 
expertise; (iii) team size and team distribution; (iv) decision making, leadership and 
culture; (v) necessity to have visual presentations before the end of the project, either 
for customers, or management; and (vi) predefined schedule constraints (McConnell, 
1996, Cockburn, 2000, Tate, 2005, Poppendieck and Poppendieck, 2006).

2.2.2 	 Domain analysis

A common language and a shared understanding of the application context by all 
stakeholders is crucial as this is the basis for further analysis. The design of a software 
product starts therefore by analysing the conceptual domain to which the software 
applies. A conceptual domain analysis yields common grounds for further specific analysis 
(Champeaux et al., 1993) by identifying, collecting, organizing, and representing the 
relevant information in a domain, based upon the study of knowledge captured from 
users and domain experts by means of workshops and interviews; underlying theory in 
literature; and the study of existing systems within the domain. Domain analysis carefully 
delineates the domain being considered, organizes an understanding of the relationships 
between the various elements in the domain, considers commonalities and differences 
of the systems in the domain and represents this understanding in a useful way (Nilsen et 
al., 1994). Result of the analysis is a domain model: a simplified, abstract image of reality. In 
the analysis notions from the domain and relations between those notions are described.

2.2.3 	 Usability and prototyping

A broader scope and applicability can be achieved when an assessment tool is 
targeted at the less technical experienced user (Matthies et al., 2007). Within the User 
Centered Design approach (Raskin, 2000) usability requirements drive the features and 
technical development by studying the usefulness with the intended users. Central 
usability characteristics include: learnability, efficiency, memorability, low error rate 
and satisfaction of user experiences when working with the software (Nielsen, 1992, 
Holzinger, 2005).
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Prototypes of an interface design can be used to test usability with users. Holzinger 
(2005) gives an overview on methods to inspect and test usability aspects with 
prototypes. Prototypes can be incomplete versions of the software product, but 
may as well be screen designs in a software presentation tool, or even hand drawn 
sketches on paper (Sefelin et al., 2003). They allow users to evaluate developers’ 
proposals for the interface construction of the product by actual testing, rather than 
having to interpret and valuate the design based on descriptions. The main objective 
of a prototype is to find out if the developers are on the right track and to further feed 
requirement discussion.

Prototypes are also useful to test technical issues, such as performance, interfacing 
between components and service availability. In general a prototype is an inexpensive 
way to try out ideas so that as many issues as possible are understood before the real 
implementation is made (Tate, 2005).

2.2.4 	 Architecture

The increasing size and complexity of software force the use of abstraction and to break 
the system down into separate elements of concern in which each element has its own 
functional responsibilities. Such a common abstraction of a system, or architecture, 
manifests early design decisions through which the system to be build can be analysed. 
As such an architecture helps communication among stakeholders as a basis for 
mutual understanding, negotiation and consensus by documenting system qualities, 
like modularity, adaptability, extensibility, maintainability and portability. Through 
an architecture the system can be compared with others, reusable components can 
be located and cost estimates can be made. Understanding of and consensus on an 
architecture is important as it defines early design decisions which are hardest to 
change and therefore most critical to get right (Bass et al., 2003).

From the many existing software architectures there is one that is very often used 
for many applications: the layered architecture. In the layered software architecture 
the system is split up into a number of layers in which each layer can be built, 
tested, changed and reused independently. As a general rule each layer only has 
dependencies on those below it, limiting the effect of changes and thereby increasing 
maintainability. For instance the layers of 5-layered architecture consist of: (1) 
presentation, user interface; (2) application, workflow, e.g. what screen appears when 
a certain button is pressed, or enabling of controls when login is valid; (3) services for 
controlling transactions; (4) domain, program logic representing domain knowledge; 
and (5) persistence for storing state.
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The different layers may be running on a single computer, but can also be divided 
on separate machines. For example the presentation and application layer could be 
running as a web-client and the persistence layer can be implemented by a relational 
database running on a separate server. This is referred to as a multi-tier architecture.

2.2.5 	 Quality

Many aspects co-determine the quality of software (McConnell, 2004). Full elaboration 
of the subject is beyond the scope of this paper. Reusability of components or services, 
possibly based on standards (Krueger, 1992, Simcoe, 2006), is mentioned as quality 
characteristic in the context of ecological and agricultural modelling (Reynolds and 
Acock, 1997, Donatelli et al., 2002, Papajorgji et al., 2004, Holzworth et al., 2010). 
Two other quality aspects are detailed here and are easy to implement into the 
development process and have a profound effect on the defect rate, coding efficiency, 
the understandability and the spread of knowledge of the code.

Like scientific papers, source code quality is improved by reviews. The most intensive 
form of code reviewing is pair programming, where one developer continually monitors 
another developer that is entering the code (Beck and Andres, 2004). A large number 
of defects and small-scale design flaws are intercepted this way before they become 
part of the standing code base. The code tends to be better readable, understandable, 
and maintainable. While at first sight it may seem unproductive to have two developers 
producing the code, the early interception of defects saves much time later that needs 
not be spent on finding and solving defects and refactoring weak design choices. Even 
more important is the reduction of the number of effects that otherwise would remain 
unnoticed unto the final product (McConnell, 1996, Tate, 2005).

In addition to code reviews, correct functioning of code can be guaranteed by 
accompanying all production code by unit tests. These tests can be run automatically 
and are to test various kinds of foreseen and unforeseen calls to the code against a 
predicted result. The collection of unit tests builds up during the entire development 
period and can be run any moment to check whether new alterations may have 
unwanted side effects to existing code. Seemingly complex code defects can be 
automatically traced back to simpler underlying code. Hence the extra time invested in 
writing unit tests saves time solving unwanted side effects.
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2.3 	 SIAT DEVELOPMENT

2.3.1 	 What is SIAT

SIAT is a web application to estimate the possible consequences of different policy 
assumptions on multifunctional land use and its sustainability within different images 
of the future (Verweij et al., 2009). SIAT (Figure 2-1) allows the user to identify those 
geographical areas that are most sensitive to particular policies, identify regional 
differences and analyse causes, look at potential ‘trade-offs’ and undertake all analysis 
dynamically (Potschin and Haines-Young, 2008).

Figure 2-1 - SIAT user interface impression. The main screen shows the definition of a 
policy and a map depicting regional differences of the land use function ‘land based 
production’. In the radar chart in the inset on the bottom-right, all land use functions’ 
scores in relation to the sustainability limit (edge of the red circle) are drawn allowing 
to find trade-offs. In the chart in the inset on the bottom-left, bars are drawn represent-
ing scores of 2 land use functions and 4 member states. Bars are grouped by land use 
function. The thin red lines plotted on top of the bars represent limits which vary per 

land-use function and member state. 
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SIAT was developed within the integrated research project entitled ‘Sustainability Impact 
Assessment: Tools for Environmental, Social and Economic Effects of Multifunctional 
Land Use in European Regions (SENSOR)’ funded through the EU Framework Programme 
6. The project covered the sectors forestry, nature conservation, agriculture, energy, 
transport and tourism (Helming et al., 2008).

SIAT uses a model chain to translate policies together with certain images of the 
future into impacts (Figure 2-2a). These drivers are translated into land-use changes 
from which in turn in combination with constant-factor maps social, economic and 
environmental indicators are derived. Constant-factor maps contain parameters which 
are expected to be constant throughout the modelling. Finally, regional sustainability 
limits for the indicators by means of land-use functions are assessed (Pérez-Soba et al., 
2008, Paracchini et al., in press).

Figure 2-2 - Model chain. Model components making up the model chain use a stan-

dardized interface making them (technically) interchangeable. This is the case be-

tween figure a and b in which three model components are replaced by one with equal 

behaviour. (a) Originally foreseen model chain and (b) available chain at project closure.

Land-use changes are determined by the use of a modelling framework (Jansson et al., 
2008) including the macro-econometric model NEMISIS (Brecard et al., 2006), the forestry 
model EFISCEN (Nabuurs et al., 2001, Schelhaas et al., 2007), the agricultural model CAPRI 
(Britz et al., 2003, Britz and Witzke, 2008) and the land-use allocation model DYNA-CLUE 
(Verburg et al., 2004). Since the modelling framework was complex to work with and took 
a long time to calculate impacts of various policies SIAT was planned to use a meta-model 
(Sieber et al., 2008) derived from the modelling framework (Kuhlman, 2008).

(a) – originally foreseen model chain (b) – available chain at project closure
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New policies, baselines, target times and indicators at different spatial extent and 
spatial resolution can be added to SIAT making it adaptable to future applications.

2.3.2 	 Development process

During workshops, meetings and interviews with scientists from within the project, 
policy makers at EU level and regional stakeholders we disseminated ideas and 
received feedback that further specified system requirements. Iteratively the same 
group of scientists and policy makers and different groups of regional stakeholders 
were contacted during the full four and half year project duration. The presentations 
and discussions in the workshops were structured around definitions of policies, 
impact comparisons and visualizations, and the need of explaining assumptions and 
the causal relation between drivers and impacts.

Initially several detailed interpretations of the system were presented. A common 
vision and integrating concept, however, did not arise until the presentation of a first 
prototype that was developed together with a graphical designer (Verweij et al., 2006). 
This prototype provoked adequate feedback that helped to stabilize the conceptual 
domain model and gave direction to system development (Figure 2-3).

The domain model (Figure 2-4) shows that an integrated assessment compares 
indicators in different images of the future that are influenced by several drivers. 
Drivers have been divided between those that can be affected by policy versus external 
drivers such as climate change, technological innovations and world population.

Based on the feedback a multi-tier architecture was selected, in which the models and 
visual representations of impacts find a place as exchangeable components. Like all 
other system components, in the agile development process that has been used, the 
design of the system architecture was not rigidly fixed, but subject to change whenever 
required. However, since the architecture is fundamental to the application, major 
changes at this level were less likely to occur.

To speed up development we searched for reusable components and services with a 
strong preference for open standards, such as the OpenMI to provide a standardized 
interface to describe, link and transfer data between models on a time step basis (Moore 
and Tindall, 2005) and Web Mapping Service to produce maps of spatially referenced 
data dynamically from geographic information (OGC, 2004). Components and services 
for architecture were searched for during its design, while others were searched for 
as required at any stage in the development. Examples of the latter category include 
graph visualization components, or data parsing components.
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Figure 2-5 - Screen sketch example. A Graphical User Interface sketch showing all con-

trols in an anticipated state. Major points of interest are explained in text balloons.

Figure 2-6 - Story card example. Three elements make up the story card: (i) a unique 

identifier and a concise (but possibly improved) title; (ii) a short formulation of a require-

ment in user terminology which may be supported by a sketch; and (iii) developer notes.
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Usability testing included storyboards, a sequence of screen sketches on how we 
understood the targeted impact assessment tool, how it should/could look and was to 
be interacted with (Figure 2-5).

At the same time we gathered feedback creating new story cards, a short formulation of 
a user requirement (Beck and Andres, 2004), to be implemented in a following iteration 
(Figure 2-6). A story card was implemented vertically through all architectural layers in 
contrast to the more classical approach of developing layer-by-layer horizontally.

Iterations implemented as many story cards as would fit in a time frame of 3 weeks. 
Iterations resulted in an operational new release, on which user feedback and new 
story cards or new prioritization of story cards were based. Story cards were stacked 
with the highest priority card on top. Three releases have been tagged as prototypes 
for formal project deliverables.

Within every iteration, source code was added to and changed within the existing code 
base. Unit tests were used to ensure proper functioning of previously developed code. 
Refactoring (Fowler et al., 1999) was applied liberally to make the internal structure of 
software easier to understand and cheaper to modify without changing its observable 
behaviour. All code and unit tests were checked into a version control system on a 
daily basis.

Software development took place in two teams based at separate locations and 
organizations. One team worked on a single model component without formal 
development method. The larger team consisted of 4–6 software developers in one 
room and used the development method ‘evolutionary development’ using story cards. 
Implementing a story card started with the design and break-down into smaller tasks. 
Day tasks were assigned each morning during a 20 min stand-up meeting in which each 
developer also shortly reported on the progress made the previous day. Story cards 
were assigned starting with the highest priority. The implementation of story cards was 
done using pair programming assuring continuous code review by the pair partners. 
The composition of the pairs was reshuffled after each card completion.

2.3.3 	 Results

Using the 5-layered architecture (paragraph 2.2.4) the SIAT system was broken down 
into elements that overlap as little as possible in features and behaviour. This principle 
of Separation of Concerns accommodated the organizational structure of the SENSOR 
project in which different engineering groups were responsible for development of 
different software elements. Figure 2-7 shows the elements which make up the total 
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Figure 2-7 - SIAT system architecture. Each box represents an element within the 

system. The arrows between the elements indicate the communication direction be-

tween them. The Graphical User Interface (GUI) element resides at the client’s comput-

er, while all others are located on the server. Models are wrapped using a standardized 

interface (OpenMI) facilitating the formation of a modular model composition.

SIAT system and their relation to each other:
•	 Graphical User Interface (GUI);
•	 Simulation services – access to the domain model such as available policy instruments, 

indicators, spatial divisions, meta-information;
•	 Models – are wrapped in a standardized interface using the OpenMI (Moore and 

Tindall, 2005) which supports to use modular model compositions;
•	 Map services – gives access to geo-referenced images representing maps (WMS: 

OGC, 2004);
•	 Factsheet service – resources containing fact sheets in xml format;
•	 3D landscape visualization services – provides 3D landscape images showing how the 

landscape might look in a modelled future (Snizek et al., 2008).



45

An IT perspective on integrated environmental modelling: The SIAT case

Each element can be located at a different physical location. For practical reasons such 
as maintenance, performance, or security this would not be optimal. The GUI runs at 
the client’s machine in a web browser. The larger part of the systems’ elements reside 
on a single web server while the database is located on another server within the same 
domain. The 3D visualization services are hosted by another organization.

The architecture is data driven, in terms of policy instruments, baseline scenarios, 
spatial divisions, indicators, documents, geo-related data (e.g. climate zones), etc. 
Models are substitutable, i.e. they can be substituted with other implementations 
without the need to re-engineer the entire software system. The core system services 
are loosely coupled to the (web based) user interface, facilitating the production of 
specific front-ends interacting with the same back end.

The 3D landscape visualization and the meta-model implementations were excluded 
from the latest release due to instability. A pre-calculated (result-based) component 
model replaced the originally planned regression based meta-model (Figure 2-2 b). The 
decision not to release SIAT with the meta-model component could be postponed until 
late in the project without running into problems as a consequence of the open model 
architecture.

2.4 	 DISCUSSION

2.4.1 	 Agile development method

Agile development methods were used in the implementation of the SIAT tool. These 
were most suitable, as the outcome of research projects are to some extent unpredictable 
due to their innovative nature. Unpredictable outcomes lead to ambiguous and 
changing specifications of what SIAT should do. Part of this unpredictable outcomes 
are caused by advances in scientific understanding of the domain. Generally speaking 
these unpredictable outcomes make it hard to direct the development from the onset 
of the project and use exhaustive upfront design phases. Instead, the development 
process must be agile and quickly adjust to changing or new insights from the rest of 
the research project, resulting in modified specifications. Agile processes are among 
the top ten key factors that determine the success of software projects (Standish 
Group, 2005).

A selection (e.g. story cards, pair programming, daily stand-ups) of best-practices 
from agile methods was chosen, based on the literature and personal preference. 
The software development was based on short responsive iterations, in which the 
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specifications of the SIAT tool were adjusted to the lessons learned. Each development 
iteration consisted of short design, implementation, testing and release-phases and 
lasted no longer than 4 weeks. Other parts of the research project operated on longer 
iterations. The use of these agile practices helped to match the results of the software 
development with the results from the others domains in the research project and to 
manage expectations of users with respect to tool functionality.

The agile approach was challenged, however, by differences in culture between the 
two teams. One team operated more on the basis of authorized craftsmanship, which 
implies a focus on delivering a functional tool instead of documenting a semi-functional 
tool and is based on trust in the software development team. The other team followed 
a more procedural approach to software development, which is advisable when the 
employing organization prefers clear policies and procedures (Boehm and Turner, 
2004). The team using the agile practices developed the major part of the tool, while 
the other team developed a replaceable component with a clear interface. The clear 
interface resolved the conflict in development methods, and allowed the teams to 
cooperate. The parallel use of different development methods was only possible in this 
case, as the definition and interface of one component was rigidly fixed at the start of 
the development process. If it is not possible to rigidly define these components and 
their interfaces, it is advisable to use agile methods in all cases and not trying to mix 
methods.

Literature (Salo and Abrahamsson, 2008) reports the increased development speed and 
improved code quality characteristics of agile methods compared to formal methods, 
which was not experienced at the start of the development process of SIAT. Initially 
there were fluctuations in development speed and quality, due to team members 
working on all layers of the architecture. This typically required team members to learn 
new skills, for example a database developer learning about the user interface. This 
learning process was facilitated through the use of pair programming. Later on in the 
development process, the use of agile methods resulted in a shared understanding of 
the system between team members and a stable and productive development pace.

2.4.2 	 Continuous integration and separation of concerns

SIAT was divided in tiers (e.g. presentation, model, data) and components (e.g. meta-
model, map services) according to the principle of Separation of Concerns. This 
enabled us to distribute the workload over two development teams. Both teams 
could progress at their own pace, however some safeguards were needed to prevent 
integration problems, because of changing component interfaces during development 
by one team.
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The selected integration approach for components and tiers during the development 
process was the use of proxies. Most components were initially represented by 
proxies, i.e. simple substitutes that display the same behaviour externally, but not 
necessarily produced semantically valid data. Proxies allow gradual implementation 
of functionality of a component and at the same time have a working end-to-end 
system. A drawback of the use of proxies is that component interface changes during 
the development phase can easily be made and not be detected until the integration 
phase, as multiple components often are maintained separately. The integration phase 
is close to a milestone or deadline and problems in this phase can be costly and stressful 
to solve. Solving such integration problems could profit from continuous integration as 
utilized in the SEAMLESS-Integrated Project (Van Ittersum et al., 2008, Wien et al., 2010). 
Continuous integration means semantically and technically validating the integration of 
each of the components and tiers into the whole. It is a software development practice 
where team members integrate their work (at least) daily. Each integration is verified 
by automated tests and automated builds (Fowler, 2006).

Automated unit testing provides trust in the proper functioning of the code base when 
all tests pass. Ideally all methods of all classes are verified through unit tests. We built 
unit tests for the simulation services and the OpenMI compliant models. Incremental 
development and refactoring of these elements were safe as errors could be quickly 
identified and fixed. For the GUI we did not use unit tests as we found the technology 
of the testing framework immature and burdensome to work with. As the GUI grew 
in time and became in need of refactoring this was understood as a wrong decision. 
Even some simple errors were time consuming to locate. As it is advisable to write unit 
tests for source code of domain or application tiers, unit tests must also be available 
for source code that is part of the presentation tier (i.e. GUI). Fortunately, testing 
frameworks for presentation tiers are still improving.

As part of the separation of concerns, SIAT strictly separates subject matter (data, or a 
modular model) from program logic permitting changes in application behaviour. This 
implies that when adding additional policy instruments, indicators, or spatial divisions 
to the database, they will become available through the system without the need to 
recompile. Data deliveries were often late due to reservations researchers have to 
deliver premature data. Since no assumptions were made about the contents of the 
data in the program code, work on it could continue independently, without interfering 
with the data production. Nevertheless it must be stressed that early integration of data 
and application is important to check the relations and format of the data against the 
program logic. In addition, such a separation of data and logic facilitates the application 
of the system in areas where it was not originally developed for. Or, with substitutable 
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models, specific model components could be exchanged with versions suitable to the 
new application.

Originating from the water domain the OpenMI was successfully used for linking 
models in SIAT and in other environmental applications (Janssen et al., 2009, Lindner 
et al., 2010). By using OpenMI we were able to have an alternative component act as 
substitute for the ones that could not be realized. An extension to the standard of 
OpenMI for the description and exchange of non-numerical, or complex data simplified 
the application for SIAT models (Verweij et al., 2007, Wien et al., 2010). Knapen et al. 
(2009) describe the use of ontologies (Villa et al., 2009) for describing exchangeable 
information with OpenMI components. The architecture helped us to find similarities 
with the SEAMLESS-IF tool (Wien et al., 2010) providing a basis for cooperation on 
technical design and implementation.

2.4.3 	 Users and usability

Clear objectives for tool development are not obvious since often various stakeholders 
have different goals. A concise and comprehensive vision statement that is agreed 
upon or at least acknowledged by the stakeholders is necessary to ensure a successful 
tool development. Furthermore, user involvement is prerequisite for directing the 
development process (Mysiak et al., 2005, Standish Group, 2005, Jakeman et al., 
2006, McIntosh et al., 2008) and raising and balancing expectations (Sterk et al., 2008) 
throughout the project.

Like the first version of mDSS (Mysiak et al., 2005) we focused on the GUI while using 
dummy data and models for illustration. Rizzoli and Young (1997) distinguish three 
main categories of users: the scientist, the manager/policy maker and the stakeholder. 
We targeted SIAT at the last two categories and started looking for examples in a similar 
domain such as the unpublished ‘ATEAM mapping tool’ and EURURALIS (Westhoek et 
al., 2006). The EURURALIS tool was appreciated for the visualization of output helping 
users to get an improved understanding on interdependencies (Sterk et al., 2009). The 
assignment of user roles to virtual user representatives at the EU level as assessed 
in several workshops (Tabbush et al., 2008) provided an opportunity to disseminate 
ideas while real user representatives were selected from the project participants for 
attaining the required development direction.

Uncertainty on the user type targeted with the SIAT tool during the early project stages 
made us decide to develop a throw away prototype as a starting point. Argent and 
Grayson (2001) suggest that such an initial system helps users to overcome difficulties 
to explicitly express what they expect from a system. As such the throw away prototype 
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was invaluable to arrive at a shared and explicit vision and receive detailed feedback 
on software requirements. Subsequent incremental releases ensured that software 
development stayed close to expectations based on the shared vision of the end-product.

As part of the development of the throw away prototype and releases, screen sketches 
and story boards depicting GUI suggestions were drawn. These can be drawn fast in 
comparison to implementing them in actual software and are far less ambiguous than 
textual suggestions without pictures. Participatory design of screen sketches was found 
especially effective in small workshops where participants drew jointly on a whiteboard 
while discussing their design.

All SIAT versions have benefited from the participation of a graphical designer for 
drawing sketches during the development. Literature highlights the importance of 
design to remove barriers, which results in an increasing willingness to use a tool (Lu 
et al., 2001). Tractinsky et al. (2000) even states that a well-designed product is a better 
usable product and the SIAT tool attracted positive feedback with its professional 
appearance.

2.5 	 CONCLUSION

This paper introduces some common software engineering principles and 
demonstrated their usefulness through an application of these principles to the SIAT 
tool development. As a software development method, agile practices seem to best 
fit research projects, that typically have unclear upfront and changing requirements 
and many different views on the functionality. Separation of concerns helps to divide 
the work across teams participating in the research project and to achieve a modular 
and flexible system. However, this must be accompanied by proper automated testing 
methods and continuous integration. To align the different views on functionality 
prototyping, screen sketches and mock-ups can be used to build a shared vision of 
required functionality and to match expectations.
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HIGHLIGHTS 

•	 iCLUE is a new member of the commonly used CLUE land use change model family.
•	 Ease of use and model transparency enhance learning opportunities.
•	 Inclusion in a modelling framework enables scenario analysis and impact assessment.
•	 The software architecture creates opportunity for model enhancements.

ABSTRACT 

Human use of land increasingly alters the structure and the functioning of the 
environment. To ex-ante understand and anticipate these changes there is an 
increased need for readily available and operational land use change models. One of 
these models is CLUE, which has been used in many studies all over the world. These 
studies brought forward operational hurdles, that hamper model application. The 
overall objective of this paper is to present a new version of the CLUE model, iCLUE, 
that helps to overcome these hurdles. We describe the technical redevelopment, 
conceptual innovations, several applications and success factors and critical reflections. 
iCLUE minimizes manual error-prone actions, enhances ease-of-use, speeds up the 
operational modelling process and provides data visualisations to empower users to 
analyse and interpret results.
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3.1 	 INTRODUCTION

3.1.1 	 History of land use modelling practice

Humanity and its socio-economical system are maintained by and depend upon the 
natural environment (PEER, 2010). Human use of land alters structure and functioning 
of this natural environment (Vitousek et al., 1997). Changes in land cover through 
agriculture, forestry and urbanisation represent the most substantial alteration through 
their interaction with most components of global environmental change (Ojima et al., 
1994, Turner et al., 1994), particularly related to climate change. Since the last decade, 
land use and land use change have been gaining importance (e.g. Pielke, 2005) because 
of their role in both climate adaptation and climate mitigation. Biofuels are needed to 
reduce fossil fuel consumption and mitigate climate change, while land also needs to 
be altered to increase food production and adapt to droughts and floods. Overall, there 
is an increased need for readily available and operational land use change models. This 
also calls for a re-evaluation and reconstruction of existing models.

Land use models have a rather long history, starting with a number of seminal papers in 
the 1970s (e.g. Wilson, 1971). Particularly important for the current generation of land 
use models were cellular automata models (Batty et al., 1997). Boosted by increasing 
(remote sensed) data availability, the number of land use models started increasing 
and diversifying in the last decades, including: specialised urban growth models (e.g. 
Clarke et al., 2007, Liao et al., 2016), forest landscape (Thompson et al., 2016) and 
deforestation models (Soares-Filho et al., 2006), and agricultural land use models. The 
latter category has spawned a rather large number of (agricultural) spatially explicit, 
integrated land use models (see for an overview, National Research Council, 2014, 
Verburg et al., 2004). In this paper, we focus on an empirical, data-driven, spatially 
explicit model. There are two categories of these models that are of importance: models 
with a predominantly top-down logic of first determining narrative scenario’s with 
overall demand (Mallampalli et al., 2016), which is subsequently allocated, and models 
with a predominantly bottom-up logic of determining which spatially explicit land use 
changes are likely to happen. The topic of study, the CLUE modelling framework, is an 
example of this first category.

3.1.2	 The iCLUE model and its history

The iCLUE land use change model originates from the CLUE model family (Veldkamp 
and Fresco, 1996, Kok et al., 2001, Verburg et al., 2002, Verburg and Overmars, 
2009). The CLUE model has been used in many studies all over the world for land 
use planning, environmental impact assessment and ex-ante policy assessments 
(Lesschen et al., 2007, Luo et al., 2010, Britz et al., 2011, Gibreel et al., 2014). CLUE 
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allocates land use based on areal land use demands. Allocation takes place based on: 
(1) land use suitability (e.g. no agriculture on steep slopes with dry unfertile soils), (2) 
conversion rules (e.g. ‘urban cannot change into pasture’, or ‘new production forest 
can be harvested only after 20 years and turned into fallow land’), (3) neighbouring 
land use (e.g. built-up area is likely to expand next to existing built-up area), and (4) the 
areal demand for specific land use types (e.g. 250 ha of agriculture in my study area in 
2030) (Figure 3-1).

The land use suitability describes how well a certain land use type fits on a specific 
location based on the characteristics of that location, such as soil type, slope, climate 
and accessibility of markets. The suitability can be determined by statistical methods, 
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e.g. empirically using logistic regression analysis, expert knowledge, or sequential 
assimilation of observations using Bayesian Belief Networks (Kjaerullf and Madson, 
2013, Verstegen et al., 2014).

Conversion rules determine if and under which conditions a conversion from one land 
use type to another is allowed. Typically these rules are defined by scientific experts, but 
may also be gathered from stakeholders. Rules include: conversion possible, conversion 
impossible, conversion possible after a specified amount of time and, conversion (im)
possible within specified areas. In addition, the ease-of-change indicates the reluctance 
of a land use type to change.

Neighbouring land use influences the spatial allocation of a specific land use type at a 
specific spot. Nearby land use is more determinant than areas further away.

The land use demand can be determined on simple trend extrapolations or (complex 
economic) models. Typically demands are defined per administrative unit due to the 
political and/or institutional target setting (e.g. to determine land use changes for 
Europe in 2050, each country implements its own policies, finally determining land use 
demands). The future land use demands need to specify, at least for the final year of 
model simulation, the area covered by the different land use types.

The sum of these four determinants specify the probability for each potential land 
use type per location. This results in a location-specific probability distribution across 
the potential future land use types. Each location is allocated to a single specific land 
use type using the probability distribution. In this way, the allocated land use does not 
necessarily match the predetermined demands, neither when a tolerance for deviation 
from the demands is indicated. Hence the model iterates until the demands are met 
within the pre-defined tolerances. In each iteration the probabilities are adapted to 
reduce the mismatch in demand and allocation.

3.1.3	 Problem definition and objective

In a great number of studies in different parts of the world on different scales and 
different domains, CLUE has been used as land use change model. The need to 
understand processes involving past and future land use changes will always remain 
highly relevant. However, these studies brought forward operational hurdles that 
made us reluctant to apply the model and that we seek to solve:
•	 There is a dependency on a small amount of experts to apply the model, implicating 

that the workforce in projects is limited by the availability and preferences of indi-
vidual experts;
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•	 Results are not self-explanatory in relation to the underlying land use change pro-
cesses;

•	 Data preparation for, and post-processing of CLUE runs are time consuming (as also 
identified by Mas et al., 2014);

•	 Error prone due to the many manual actions required for data conversion scripts 
and tools, the many coding, file naming and file structuring conventions, and manual 
guarantee of coding consistencies across files.

•	 Lacking clear warnings and error messages hampering efficient handling of causes.

The overall objective of the paper is, therefore, to present a new version of the CLUE 
model, iCLUE, which was constructed to provide solutions for the issues above and 
evaluate its ease of application. In the paper we describe the development process, the 
technical architecture, several applications and the way we solved the issues above.

3.2	 METHOD

3.2.1	 Scoping

During half a day workshop with 5 modelling experts and 3 software engineers we 
exchanged experiences from CLUE modellers and identified common bottlenecks and 
formulated joint visions. Next we did an in-depth literature review of peer-reviewed 
published CLUE papers (Kok et al., 2001, Veldkamp and Fresco, 1996, Verburg et al., 
2002, Verburg and Overmars, 2009), the manual (Verburg, 2010, Overmars et al., 
unpublished.), scrutinizing the code of the various software tools and listing the file-
naming, coding and file-structuring conventions. Despite differences in detail and 
realization between the sources we derived a single scheme describing the process of 
doing a CLUE run in which all manual data-conversion interventions are identified (see 
Figure 3-2). While scrutinizing the code we ran into conceptual model imperfections for 
which model innovations were sought.

We jointly envisioned the model to use a minimum of manual –error prone-data-
conversion actions and include integrated result visualisations and transparent analysis 
tools. In addition the statistical method and conversion rule base of the model should 
be adaptable and extensible. Several existing software solutions were considered 
as implementation platform: DINAMICA (Soares-Filho et al., 2002), R (R Core Team, 
2015), QUICKScan (Verweij et al., 2016), IDRISI2 and dataflow management systems. 
The visualisation, data storage and readily available algorithms of these platforms 

2 https://clarklabs.org/products/ 

https://clarklabs.org/products/
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iCLUE
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1ssuitability

elasticity

demands

restrictions

and policies

Suitability
1s - split each qualitative map by category using GIS

2s - split all maps per administrative unit using GIS

3s - export all maps to .ASC files using GIS

4s - name and organise all maps as CLUE requires

For each administrative unit:

5s - run ...tool per map to get samples in file per map

6s - create an empty ‘alloc1.reg’ text file

For each land use class:

7s - run tool to reformat samples files to SPSS format files

8s - run tool to remove highly correlated drivers

9s - run SPSS manually to determine regression function

10s - interpret SPSS results and type regression 

parameters in ‘alloc1.reg’ following CLUE coding, 

line number and code position requirements

Demands
11d - setup folders per region with subfolders per scenario

For each administrative unit

For each scenario

12d - create empty ‘demand.in1’ text file

13d – type demand [cells] per land use class per year 

using the CLUE coding, line number 

and position requirements

Restrictions and policies
14r - prepare spatial policies and restriction maps and 

export them to the .ASC format

15r - cut restriction maps per administrative unit, place them in the 

corresponding scenario folder and use the CLUE naming them 

using the CLUE naming convention

For each administrative unit

for each scenario

16r - Create an empty ‘allow.txt’ text file

17r - use the CLUE coding and positioning system to indicate if 

a land use transition is allowed, or not. If the location

determines transition then use the CLUE coding conventions 

to refer to a map 

Elasticity
18e - create an empty ‘main.1’ text file

19e - use CLUE coding conventions to indicate the elasticity per land use

Merge results
For each scenario

for each administrative unit

20m - run CLUE model

21m - run tool to merge results per administrative unit

22m – import all scenario maps (from all years) in GIS for viewing

merge 

results

2s 3s 4s 6s 8s 9s

11d

14r 15r

18e 19e

20m

21m

Choose:

- scenario’s 

- target time

- land uses  

Gather map 

data

Visualise and 

analyse 

results

10s7s5s

13d12d

17r16r

22m

CLUE

Figure 3-3 - Vision on new CLUE process overview.
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were seen as an important added value in contrast to developing the model fully from 
scratch. QUICKScan was chosen as the implementation platform since it offers many 
visualisations, data storage mechanisms, Application Programming Interfaces (API’s) for 
result analysis and back-tracing into modelled results, and focus (though not limited) 
on categorical data (like land use data). Moreover the involved software engineers are 
familiar with its technical architecture. See Figure 3-3 for the envisioned model setup.

3.2.2	 Vision definition through wire frames

A functional design is a formal documentation of what an application should do and 
how an application should function in interaction with a user. It is a reference for the 
implementation. Within the User Centered Design approach (Raskin, 2000) usability 
requirements drive the features and technical development by studying the usefulness 
with the intended users. Prototypes of interface design can be used to test usability 
with users. Prototypes can be incomplete versions of the software product, but may as 
well be screen designs in a software presentation tool, or even hand drawn sketches on 
paper (Sefelin et al., 2003). They allow users to evaluate developers’ proposals for the 
interface construction of the product by actual testing, rather than having to interpret 
and valuate the design based on descriptions. The main objective of a prototype is 
to find out if the developers are on the right track and to further feed requirement 
discussion (Verweij et al., 2014). In general a prototype is an inexpensive way to try out 
ideas so that as many issues as possible are understood before the real implementation 
is made (Tate, 2005).

‘Wire frames’ are prototypes addressing the layout of a screen and deal with 
information, structure, relationships between information and flow between screens. 
They are a graphical means of communication to further feed discussion on structure 
and information. Wire frames do not address aesthetics. During the user feedback/
design phase in an agile method new wire frames might be added for new functionality, 
or existing ones might be revised (Verweij et al., 2014).

During three two-day sessions with land use modellers and software engineers many 
versions of screen designs were jointly sketched on paper. Each version was tested 
against modelling experience on the logical sequence of modelling processes and 
options, and iteratively resulting in an improved sketch. At the end of each session the 
paper sketches were transformed into a set of digital wire frames. Figure 3-4 shows an 
example of a developed wire frame.



59

Improving the applicability and transparency of land use change modelling: The iCLUE model

3.2.3	 Result visualisation and analysis

The most important outcome of a land use model are the spatially projected allocations 
of land use classes through time. In interviews the land use modellers wish-listed the 
following result visualisations to get understanding on the occurring changes (what, 
where and how):

•	 Map of land use at any modelled time (possibly dynamically displayed like a movie 
through time)

•	 Summary statistics of the area of each land use class at any modelled time (possibly 
dynamically displayed like a movie through time)

•	 Hotspot maps, i.e. land use transition frequency per location over the modelled time

Figure 3-4 - Example wire frame showing a wizard-like interface with 6 steps. In the 

displayed screen step 5 ‘Conversion’ is active. The main part of the screen shows how a 

user can change the conversion possibilities ‘from’ one land use class ‘to’ another. The 

text balloons provide additional explanations.
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•	 Type of land use transitions between two modelled times, i.e.:
o	 the area gained and lost per land use class (e.g. pastures may have disappeared 

in some locations while appeared at other locations). This provides an 
immediate overview of the areal changes.

o	 the area gained and lost per land use class defined by its originating and target 
land use class (e.g. pastures that have disappeared have been replaced partly 
by forest and partly by urban areas. Where pasture appeared, this was at the 
expense of arable land and forest. These types of relocation are a result of the 
interplay between demands and local suitabilities. In this case, the relocation 
of pasture is enforced by the high demand for forest and urban areas). This 
provides details on areal transitions.

See Figure 3-5 for screenshots of these visualisations.

A   Land use Hungary, 2050 (projected)

2000

2019

2020

2050

B Land use change hotspots (2000-2050)

Trace land use history

C Transitions of projected land use changes in Hungary between 2000 and 2050 (in km2)

Built up area

Arable

Pasture

Natural area

Irrigated arable

Permanent crops

Forest

Other

Total area of gain and loss Share of lost and gained

Figure 3-5 - Screenshots of envisioned model result visualisations. A. Land use 

distribution maps with summary statistics. B. Hotspot, or change frequency map with 

land use change history for back-tracing purposes. C. Land use transitions between 

two modelled times, both total areas and shares.
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3.3	 RESULTS

3.3.1	 Technical architecture and model setup

An architecture is a common abstraction of a system that manifests early design decisions 
through which the system to be build can be analysed. As such, an architecture helps 
communication among stakeholders as a basis for mutual understanding, negotiation 
and consensus by documenting system qualities, like modularity, adaptability, 
extensibility, maintainability and portability (Bass et al., 2003; Verweij et al., 2010).

The iCLUE model was developed as an independent piece of java3 software equipped 
with a plugin API for using it within the QUICKScan framework application (see Figure 
3-6). QUICKScan4 is a java based spatial modelling environment developed using the 
OpenMI OGC standard5 model integration framework (Gijsbers et al., 2002, Knapen et 
al., 2013). QUICKScan offers support for scenario- and indicator concepts and provides 

3 https://www.oracle.com/java/index.html 

4 http://www.quickscan.pro/ 

5 http://www.opengeospatial.org/standards/openmi 
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Figure 3-6 - Architecture of iCLUE as a module into the framework of QUICKScan.

https://www.oracle.com/java/index.html
http://www.quickscan.pro/
http://www.opengeospatial.org/standards/openmi
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many built-in visualisations, analysis tools, possibilities to trace back into modelled 
results and user interface templates for model parameter editors. These tools have 
been designed according to the separation of concerns principle, i.e. separation 
of software logic, user interface and data. For iCLUE two parameter editors were 
developed: a wizard – similar to the wire frames-, and a parameter file. The model 
was developed incrementally. Given the short development iterations in which new 
functionality was added we chose to start with the parameter file editor which was easy 
and quick to adapt during the iterations in contrast to a fully functioning wizard user 
interface. See Annex I for the template of the parameter file format.

Figure 3-7 - UML diagram of the main classes of the iCLUE model.
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During the scoping phase the modellers explained the need for flexibility for the 
suitability method and the conversion rules. These requirements have a central role in 
the architecture of the model as extension hooks for which several implementations 
were made based on the requirements of different modelling cases (see Figure 3-7).

3.3.2	 Model implementation

The logical calculation process of the iCLUE model as described above is illustrated in 
Figure 3-8. Conceptual model innovations include:

•	 Demand deviation validation per land use type;
•	 Sampling from land use probability distribution;
•	 Probability calculation;
•	 Using sigmoid function to calculate demand weight;
•	 Using shocks on the demand weight, in iterative matching of allocation and demand.

Figure 3-8 - UML activity diagram of the logical calculation process of the iCLUE 

model.
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These innovations are described below.

The allocated land use area does not necessarily match the demand exactly. The user 
can specify the allowable deviation per land use class and indicate whether it is an 
absolute areal deviation (in number of cells, or hectares), or a relative areal deviation (in 
percentage of the total demand). Typically land use types covering large areas are given 
a relative deviation while land use types covering small areas use an absolute deviation.

During allocation each cell is appointed a single specific land use type. In iCLUE this 
is based on a sample drawn from this location-specific probability distribution for 
including stochastic behaviour (Mas et al., 2014) and a fair representation of the 
probability distribution.

Land use probabilities are calculated by summing the suitability, neighbourhood and 
demand weight. The probability for the current land use is calculated by also adding 
the ease of change. Each determinant is represented by a number between 0 (low) and 
1 (high) with the exception of demand weight (Figure 3-9 A).

Figure 3-9 - A: Example probability calculation. The ease of change is added only for 

the current land use (‘pasture’). The last column ‘probability bars’ displays a probability 

fraction distribution and is used for drawing a sample. B: example sigmoid function 

which is used to calculate the demand weight. The current area of the land use is 20 

areal units, while the demand is 50 (sigmoid crosses the 0-line at the demand value), 

requiring a strong increase in the area.
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The difference between the future demand and the actual area covered by a land use 
type is used to derive the demand weight. The bigger the difference, the bigger the 
weight, derived from a sigmoid function between −1 (the actual area has to decrease 
strongly) and 1 (the actual areas has to increase strongly) (Figure 3-9 B).

The model uses iterations to find a solution fitting within all tolerance limits. In each 
iteration the probabilities are adapted towards reducing the mismatch in demand and 
allocation. The bigger the mismatch the larger the adaptation. Per iteration a maximum 
of 5% is added or removed from the probabilities for land use classes that do not pass 
the tolerance limit validation.

If the moving average of the deviation between iterations becomes too small (<5% over 
10 iterations) the pseudorandom number generator Mersenne Twister (Matsumoto 
and Nishimura, 1998) redefines the probability of land use classes with unmatched 
demands within the range of 95%–105% of the original probability value. Mersenne 
Twister is also used to break flip-flopping -or continuous switching of allocated land 
use-, again by redefining the probability within the 95%–105% range.

3.3.3	 Approach validation

Sofar iCLUE has been applied in 4 independent projects by 8 individuals from various 
organisations across the world. The 8 model operators have experience with using other 
CLUE versions. These applications vary in resolution, size of the study area, number of 
projected years, number of land use classes, number of drivers and complexity of the 
conversion rules. Detailed descriptions of these applications and the observations on 
the use of iCLUE are given below.

3.3.3.1	 Sustainable mineral exploitation
For sustainable exploitation of minerals in Europe, the current mineral requirements 
of society must be met without compromising the ability of future generations to 
meet their own needs. Accordingly, within the framework of the EU Horizon2020 
MINATURA2020 project, potentially exploitable mineral deposits and resources have 
been assessed against other - both current and future - land uses, taking into account 
criteria such as priorities for settlements, natural habitats, etc. The iCLUE model was 
used to project future land use in eight case study countries: Hungary, Italy, Poland, 
Portugal, Slovenia, Sweden and the United Kingdom. Eleven land use classes were 
dynamically modelled into the future from 2012 till 2050: forest, arable land with annual 
crops, arable land with permanent crops, grassland, non-grazed grassland, shrubland, 
non-grazed shrubland, sparsely vegetated areas, non-grazed sparsely vegetated areas, 
built-up area, and open pit mineral extraction sites or dump sites. Overall, the most 
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prominent changes are the increase in built-up area (urban sprawl) and the decrease in 
cropped land. For several case study countries, we see a major increase in shrubland, 
which can be seen as land abandonment. These patterns are mainly driven by distance 
to the coast, population density (or global night lights index as a proxy), impervious 
area and cropping frequency. Below the case study of Portugal is exemplified.

Portugal, the southwesternmost country of mainland Europe, has a total area of about 
90.000 km2. Portugal’s northern inland is mountainous with several plateaus indented 
by river valleys, whereas the south is characterized by rolling plains. Portugal is a 
significant European minerals producer, especially of copper, tin, tungsten and uranium. 
For Portugal, a clear segregation in land use change was projected: extensive urban 
sprawl along the coast, and a succession of inland annual crop areas into grassland 
and subsequently shrubland, reflecting the process of agricultural land abandonment. 
These patterns are mainly driven by distance to the coast, population density (or global 
night lights index as a proxy), impervious area and cropping frequency. GIS data used 
has a resolution of 100 m2 with a total of 3470 rows and 5770 columns. 34 drivers were 
used (Cormont et al., 2016).

“We coded the driver ‘accessibility’ as quantitative with values 1, 2 and 3, which we 
later changed to ordinal with values ‘near’, ‘far’ and ‘very far’ as advised by a colleague 
statistician since the value 2 is not necessarily two times as far as 1. Instead accessibility 
could also have been expressed as travel time in hours or distance to in kilometres. A 
similar case is related to the driver ‘aspect’ which runs from 0 to 360°, where 0 equals 
360°. The solution used was to qualitatively classify it in ‘north’, ‘northwest’, ‘west’, 
etc. Since all driver files are required to have the same spatial extent, resolution and 
projection, we developed a small script to process all GIS-data to a given template. 
Initially we used a coarse spatial resolution to be able to do quick model runs to test 
effects of demand tolerances and conversion rules, which we later replaced by the 
targeted spatial resolution. We processed multiple countries using the same drivers, 
conveniently allowing us to copy the parameters from one country to another. iCLUE 
runs varied in processing time depending on the size of the country from roughly 
10 min to a bit more than 1 h”

3.3.3.2	 Biodiversity to mitigate climate change
Tropical forests provide us with foods, fibres and medicines, they filter water and 
control its flow. They also ‘soak up’ carbon dioxide from the air, mitigating climate 
change. Within the EU Seventh Framework Programme project ROBIN, we analysed 
the impacts of three alternative land use policy scenarios aimed at maximising climate 
mitigation potential. The projection of these policies was executed with both CLUE and 
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iCLUE. This was done at continental level, covering all 21 countries of South and Meso-
America. Eight land use classes were dynamically modelled into the future from 2005 
till 2050: forest, shrubland, grazed shrubland, grassland, grazed grassland, cropland for 
food, feed and fodder, cropland for food with perennial trees or shrubs, and cropland 
with energy crops (Van Eupen et al., 2014).

“The cell-based sampling of the probability distribution results in a speckled image 
of allocated land use. In the applications this undesirable effect was prevented by 
including distance-to drivers, e.g. distance to roads, or distance to edge of forest. 
This effect could also have been prevented by using neighbourhood functions. To 
understand the transitions the trace-back tool offered the possibility to see the history 
of land use changes at a certain location. Even more insight would be gained by 
showing the probability distribution change through time by location, de-composed to 
its determinants.”

3.3.3.3	 Water scarcity in Europe and northern Africa
Water scarcity affects ecosystems and the services they provide to society. In five river 
basins in Europe and one Moroccan basin the prevalence of, and interaction between, 
stressors were identified in the context of the EU-funded project GLOBAQUA. Climate 
change is expected to worsen the situation. iCLUE was used in all six river basins to 
understand the complex relations between ecosystems and their stressors and to 
analyse the effects under changing conditions. One of them, the Ebro river basin in 
Spain, is exemplified below.

The Ebro catchment (over 85.000 km2) is located in North-eastern Spain and includes 
Andorra and a small part of France. The basin experiences a Mediterranean climate. 
Grasslands and coniferous forests dominate in the Pyrenees, broadleaved forests are 
prevalent in the western mountain regions. The mean discharge has been decreasing 
in the last decades due to infrastructural works and regrowth of forest. Climate change 
is expected to worsen the water scarcity problems thereby impacting ecosystems 
and their services to society. GIS data of a 1 km2 resolution included 21 drivers 
such as: employment in different sectors, distances to settlements, river and roads, 
hydrogeology, elevation, aspect, slope, erosion levels, population, Gross Domestic 
Product and water use. The CORINE land use map of 2000 was used as a baseline for 
a projection to 2030. The following land use classes have been modelled: non-irrigated 
arable land, permanently irrigated land, vineyards, fruit trees and olives, grasslands 
& pastures, complex cultivation patterns, agriculture with natural vegetation, broad-
leaved forest, coniferous and mixed forest, sealed area, transitional woodland (incl. 
shrub and sclerophyllous vegetation), open spaces with little or no vegetation and 
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water (Huber Garcia et al., 2018). GIS data used has a resolution of 1 km2 with a total of 
313 rows and 527 columns.

“Learning to work with iCLUE is easy. After half-a-day training users could independently 
parametrize, run and validate the model for other study areas. The possibilities to 
introduce errors are next to nil. GIS data preparation still requires to use the same 
spatial extent, resolution and projection and this quite a lot of time. iCLUE runs in less 
than 10 min”

3.3.3.4	 Bangladesh
Bangladesh is one of the least developed countries of the world dominated by rural areas 
with a total area of almost 150.000 km2 in the south of Asia. Bangladesh is experiencing 
an increasing rate of land use change as a result of population dynamics, economic 
development, climate change, improved accessibility and technological developments 
in agriculture. For strategic planning and informed decision making iCLUE was used 
to project future land use under different scenarios. GIS data used has a resolution of 
1 km2 with a total of 520 rows and 718 columns. Drivers include: administrative units, 
elevation, distance to the main road network, Gross Domestic Product, population 
density, soil and various climate variables and their projections. The land use map 
of 2000 was used as baseline for a projection over 30 years distinguishing between: 
cultivated land, forest, grassland, water bodies, built-up area and unused land (Hasan 
et al., submitted).

“For this study we wanted to use a well-known and well-accepted model with as little effort 
and capacity as possible. With a download from the internet and some email assistance 
we were able to run the model for three scenarios. The evident error messages allowed 
us to progress without further technical assistance. Initially the model did not find a 
solution within the tolerances we defined. In order to successfully allocate the demands 
we set very loose tolerances which we then increasingly tightened in a trial-and-error 
manner. For our study area and model parametrization iCLUE runs in a few minutes.”

3.4	 DISCUSSION

With the new iCLUE model, we minimized operational hurdles that previously made us 
reluctant to apply the model. We solved these issues in the following manner:

•	 There is a dependency on a small amount of experts to apply the model, implicating 
that the workforce in projects is limited by the availability and preferences of individual 
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experts. To concentrate on the complex endeavour of land use modelling, the 
operational part of the modelling must be as simple as possible. Through the 
separation of concerns, the model can be fully run with a self-explanatory single set 
of parameters and enables users to independently run the model after a very short 
(about half a day) training.

•	 Results are not self-explanatory in relation to the underlying land use change processes. 
Land use modelling brings together many different mutually dependent factors. 
The many built-in data visualisations empower users to disentangle the underlying 
land use transitions that take place both at cell level and for the study area as 
a whole. Although the visualisations facilitate analysis the user must have good 
understanding of land use change processes to correctly interpret the results.

•	 Data preparation for, and post-processing of CLUE runs are time consuming. Since iCLUE 
only uses a single parameters file, there is no longer a need to manually harmonise 
a set of parameter files as input. Post-processing into the analysis and visualisation 
tools is automatically handled by the integrated QUICKScan environment. Less 
input files and automatic post-processing speed up the cycle of model execution 
and result analysis. It stimulates to do iterations to improve the modelling results. 
Just like in CLUE, GIS data is required to all be in the same spatial extent, resolution 
and projection.

•	 Error prone due to the many manual actions required for data conversion scripts 
and tools, the many coding, file naming and file structuring conventions, and manual 
guarantee of coding consistencies across files. The automation of the many manual 
steps in iCLUE makes the whole procedure of data preparation and model run less 
error prone. The user no longer needs to know how data is transformed and coded 
and how the separate processes make use of that data. However, the automation 
also implies that the user does not necessarily has to look into the results of the 
statistical analysis and thereby might miss out on algebraic insights.

•	 Lacking clear warnings and error messages hampering efficient handling of causes. 
A syntax and semantic check takes place over the parameters file. In case of 
incorrectness or incompleteness of the parameters file, an error report with 
suggestions for improvement is shown.

In addition to the issues forming the rationale behind the development of iCLUE we 
observed new forms of use emerging. Firstly, the accelerated operation and introduced 
transparency facilitates the understanding of the underlying processes and stimulates 
and enables the adaptation of model parameters for subsequent runs. Thereby creating 
opportunities for interactive use during participatory spatial planning and participatory 
modelling (Voinov and Brown Gaddis, 2008, Hewitt et al., 2014, Verweij et al., 2016). 
Secondly, the introduced transparency enhances understanding of modelled land use 
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change processes, opening up new possibilities for methodological innovations for land 
use modelling. Thirdly, the embedding into a modelling framework enhances flexibility 
in terms of integrated linkages to other models (e.g. Wagner et al., 2017, Connor et al., 
2015, Knapen et al., 2013) and it allows to do further post-processing, e.g. into land 
use dependant indicators, such as ecosystem services or sustainability indicators, or 
impact assessment and scenario analysis.

Although we argue that iCLUE is a technical and conceptual improvement over previous 
versions of the CLUE model, there are also some critical issues:

•	 Each member of the CLUE model family produces slightly different results. So does 
iCLUE because of the model innovations (e.g. demand deviation validation per land 
use type and the sampling from the land use probability distribution). Changes are 
relatively small and do not influence the overall interpretation.

•	 iCLUE allocates demands for each time step (year). If demands are not met in a 
time step, the model stops execution and displays a warning explaining why the 
model halts. When demands are met within tolerance limits the model does not 
automatically show how far off the results are. This deviation could be helpful in 
fine-tuning the tolerances. The deviation can currently be analysed by performing 
manual diagnostics.

•	 Including a random number generator inhibits reproducibility. However, various 
model runs using the same input parameters result in similar output patterns. This 
type of model is targeted at scenario studies in which the focus is on patterns of 
change rather than exact predictions for each location.

•	 So far all applications used regressions to determine suitabilities. Try outs with 
Bayesian Belief Networks -and especially the interactive visualisation of belief bars-
show that these are likely to improve the transparency of the suitability statistics. 
Bayesian Belief Networks are also a useful tool to include stakeholder knowledge, 
non-spatial information (e.g. policies and management options) and decision 
hierarchy (Celio et al., 2014, Hewitt et al., 2014, Mahamane et al., 2017). However, 
further developments are required to fully automatically derive Bayesian models 
with probability tables from driver-samples as Bayesian ‘evidence’.

•	 Currently the trace-back tool displays land use through time for a given location 
(see Figure 3-5 B). The trace-back tool would profit from additionally showing 
graphical overviews of probability bars for each land use type through time and the 
contribution of each determinant in the total probability.

•	 iCLUE does not and cannot address all issues related to land use modelling. 
Verstegen et al., 2014, Celio et al., 2014 and Van Vliet et al. (2016) provide methods 
for calibrating and validating land use projection models to improve the allocation. 
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Future improvements could seek links with other types of models to improve e.g. 
agency (Grashof-Bokdam et al., 2017, Murray-Rust et al., 2014, Ralha et al., 2013) or 
representation of process-based information.

During the development of iCLUE the authors worked intensively together in building 
the software. Amongst the team, this co-creation process built trust in the model 
software and its usage, as each member reviewed the work done by the other team 
members.

The iCLUE source code is freely available (https://doi.org/10.5281/zenodo.1100980) 
under EUPL6 and as part of the QUICKScan modeling environment. QUICKScan can be 
obtained via www.quickscan.pro. iCLUE can directly be included in java based software, 
or wrapped in scripting languages like R7 or Python8 for further analysis.
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HIGHLIGHTS

•	 QUICKScan speeds up the exploratory phases of the policy cycle.
•	 It creates a joint understanding through a participatory process.
•	 Integrate quantitative and qualitative scientific-, local- and tacit knowledge.
•	 70 workshops in 20 countries: diversity of problems and spatial and temporal scale. 

ABSTRACT

Policy making is required in cases in which a public good needs to be either maintained 
or created, and private or civil initiatives cannot deal alone with this. Policy making 
thus starts with a phase of problem identification and determining whether there is 
a problem that needs to be dealt with. Rapidly evolving contexts exert influence on 
policy makers who have to take decisions much faster and more accurately than in the 
past, also facing greater complexity. There is a need for a method that lowers the lead 
time of the exploratory phase of the policy cycle. At the same time the method should 
create a joint understanding of the most important interactions. This paper proposes 
QUICKScan, a method, process and spatially explicit tool, to jointly scope policy 
problems in a participatory setting, investigate the most important interactions and 
feedbacks and assesses the state of knowledge and data of relevance to the problem. 
QUICKScan uses strongly moderated participatory workshops bringing together a wide 
range of stakeholders relevant to the policy issue. These moderated workshops jointly 
build an expert system in a spatially explicit tool using functionality of bayesian belief 
networks, python programming, simple map algebra and knowledge matrices, with a 
strong focus on visualization of results. QUICKScan has been applied in 70 different 
applications in a range of different policy contexts, stakeholders and physical locations. 
Through these applications participants were able to internalize the knowledge that 
was usually handed to them in briefs and reports, to develop a joint understanding of 
the main interactions and their link to impacts and to develop a problem statement 
and solution space in a reduced lead time. Ultimately, QUICKScan demonstrates 
another role of science, not solely as a knowledge production, but also facilitating the 
knowledge consumption.
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4.1	 INTRODUCTION

It has become clear that it is extremely difficult to have societal and economic 
development without compromising environmental sustainability, which is the eco-
social system that humanity maintains and depends upon (PEER, 2010). Drivers of 
change, such as demographic development, resource depletion, loss of ecosystem 
services, natural hazards and climate change have become threats to social and 
policy issues such as water- and food security, social wellbeing, energy security and 
a prosperous economy (United Nations, 2014). The spatial distribution, scale and 
complexity of the interactions between these issues and drivers represent a challenge 
for policy makers, spatial planners, researchers and the public at large. While the 
scientific community tries to find testable explanations between drivers and issues, the 
public sector sets societal goals such as sustainable development, nature conservation 
and environmental quality. Spatial planners organize the distribution of human activities 
across territories of different scales according to an overall strategy (United Nations, 
1987). It is the role of policy makers at different levels of government to facilitate and 
encourage mitigation, adaptation and prepare for likely changes by achieving the level 
of transparency needed to obtain the public support for taking far reaching measures. 
For both it is a challenge to formulate initiatives which bring together as many, often 
conflicting, interests as achievable.

Policy making is required in cases in which a public good needs to be either maintained 
or created, and private or civil initiatives cannot deal (alone) with this. Policy making is 
typically conceptualized as a cyclical process (Figure 4-1), that goes through different 
stages of analysis, design of policy options, implementation and review (Zamparutti et 
al., 2012, Jansen et al., 2007, Winsemius, 1989). Especially in the first stages of problem 
identification, evidence gathering and design of different options, science has a role to 
play, and is traditionally seen as the supplier of evidence (Gibbons et al., 1994, Sterk et 
al., 2009), that can then be consumed by policy makers.

As an example of a step in the policy cycle and its relation to evidence, Impact 
Assessment (IA) is a decision support method to ensure that sustainability concerns are 
taken into consideration by identifying a problem, setting an objective and choosing 
between alternative options to reach that objective. An evidence based IA is becoming 
increasingly important in societal decision making and policy development (Turnpenny 
et al., 2009). It enables policy makers, decision makers and spatial planners to maximize 
benefits to society and minimize unwanted side-effects. The analysis should cover the 
impacts in the targeted domain and regions, as well as unintended impacts, side effects 
and trade-offs in adjacent domains and regions.
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Rapidly evolving contexts exert influence on policy makers who have to take decisions 
much faster and more accurately than in the past. Current practise of IA is often found 
to be ‘an expensive and time consuming regulatory hurdle’ (Pope et al., 2013), while also 
methods of evidence provisioning in science through modelling or experimental work 
are time and resource intensive. Often by the time the evidence is produced through 
scientific methods, the (policy) context has changed, and is concerned with other items 
(Adelle et al., 2012). “Increasingly science is expected to support decisions by providing 
urgent answers to complex, uncertain questions. Typical complaints are that science 
takes too long, or provides unreliable answers that turn out to contradict stakeholders’ 
experiences resulting in stakeholder disappointment. Stakeholders must necessarily 
work together to define the right question, and delineate how approximate the answer 
can be, and still be useful. Scientists must define how vague the question can be, and 
still be studied. Both require certainty − of expectations for a given question, and 
of reliability of the answer (contingent on current understanding)” (Guillaume and 
Jakeman, 2012). Where the integral character of policy making and planning hampers a 

Figure 4-1 - Policy cycle of dealing with a problem.
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responsive adaptation to new circumstances a demand for more agility exists. Especially 
steps requiring ‘scientific evidence’ and ‘consultation with external stakeholders’ need 
to be streamlined into the process.While policies are often conceived on the basis of 
current trends, there is a growing need to improve anticipatory thinking to capture 
both the future risks and opportunities (European Commission, 2013a, European 
Commission, 2013b).

In response to the demand for shorter lead times and more agility, scientific methods 
have been developed for the early phases in policy making and spatial planning, which 
are exploratory by nature. In these phases, problems and stakeholders are identified, 
objectives are set and alternative options (i.e. scenarios, (spatial) strategies) defined. 
Scientific methods available in the exploratory phase are expert groups (European 
Commission, 2010), Rapid (Participatory) Appraisal (McCracken et al., 1988, Ison and 
Ampt, 1992), qualitative deliberative participatory methods (Davies and Dwyer, 2008), 
preference elicitation (Kodikara et al., 2010, Aloysius et al., 2006) or fuzzy cognitive 
mapping (Kosko, 1986, Jetter and Kok, 2014). These methods result in storylines, 
preference functions, score tables, or concept maps showing linkages and directions of 
influence between major problems, drivers, valuations and other concepts. However, 
additional steps such as modelling are required to quantify impacts and use those 
to iterate, fine tune or improve preferences, options and storylines. Ideally, this 
would be done during the participatory sessions, resulting in an understanding of the 
influence of key drivers on key outputs as perceived by the stakeholders engaged in 
the participatory process. Thus, there is a need for a method that lowers the lead time 
of the exploratory phase of the policy cycle and that results in a joint understanding of 
the most important interactions in a participatory setting, as a way of capacity building 
across actors.

This paper introduces a method, process and spatially explicit mapping and assessment 
tool, named QUICKScan, to jointly scope policy problems in a participatory setting, 
investigate the most important interactions and feedbacks and assesses the state of 
knowledge and data of relevance to the problem (see Fig. 1). The paper demonstrates 
the usability and usefulness of the QUICKScan through an overview of a large number 
of applications with different policy contexts and questions considered across a range 
of spatial and temporal scales.
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4.2	 METHODS

4.2.1	 Overview

QUICKScan is a participatory modelling method (KorfMacher, 2001, Voinov and Brown 
Gaddis, 2008) that links stakeholder- and decision maker knowledge and preferences 
to available spatial- and spatio-statistical data, and is designed for group use, e.g. in a 
multi-stakeholder workshop setting.

During such workshops an iterative approach is followed, starting with simple 
(knowledge-based) rules (equations) and step-by-step adding complexity, using the 
participants’ interpretation of model-results. Results are visualized in interactive maps 
(McCall, 2003, Jankowski, 2009), and summary charts and trade-off diagrams. Successive 
iterations are used to 1) improve the quality of the model, 2) try out alternative (spatial) 
plans and policy options and, 3) include different stakeholder values and perspectives.

Knowledge of the participants is captured in a computer program and encrypted in a 
conditional (e.g. ‘if A then B’), mostly qualitative form, as is common in expert systems; 
humans tend to represent their knowledge qualitatively rather than quantitatively 
(Newell and Simon, 1972) (e.g. ‘Mary is small, but Clarissa is smaller’ as opposed to ‘Mary 
is 1.68 m and Clarissa is 1.62 m’). The computer program can show how a conclusion 
is reached by visualising the chain of knowledge and the data. The knowledge is 
separated from the reasoning and from the data on which it is applied. (Negnevitsky, 
2002, Buchanan and Smith, 2003, Yuchuan Chen et al., 2012).

4.2.2	 Process

Each QUICKScan follows a number of logical steps: scoping, workshop preparation, the 
workshop itself and reporting on results and observations (Figure 4-2).

The scoping phase starts with clarifying the decision context (Gregory et al., 2012) 
and defining the objectives. It ends with the formulation of key questions by the 
client. Examples of key questions are: ‘what are Ecosystem service impacts of ecological 
reconstruction plans? Which are relevant ecosystem services? ’, or ‘what management 
options are available for increasing agricultural production? Which ones are acceptable? ’.

In the preparation phase participants are identified, evidence and potential alternatives 
are gathered and data is collected. There are various techniques to identify participants. 
The choice of a specific participant identification technique strongly depends on the 
project context, the project phase and the available resources (Luyet et al., 2012). 
To ensure inclusion of all relevant stakeholders, to avoid bias and to minimize the 
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Figure 4-2 - Sequence of QUICKScan phases: scoping, preparation, workshop and 

reporting. The workshop phase is characterised by many iterations in which each 

iteration adds complexity. Several tools are used to support knowledge exchange 

between participants: whiteboard, post-it, flipchart, computer and video projector.

REPORTING (OPTIONAL)

(e.g. different alternatives, their impacts and comparison/trade-offs of alternatives)

WORKSHOP(S)

(create a common understanding)

PREPARATION
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(formulate key questions together with user/donor)

SELECT PARTICIPANTS

(together with user/donor) GATHER EVIDENCE AND
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DEVELOP MODEL CONCEPT
(Jointly define indicators, indicator 

metrics, and  alternatives)

COMPUTE INDICATORS
(in situ), ANALYSE RESULTS

ELICIT PARTICIPANT
FEEDBACK AND EVALUATE

MAKE KNOWLEDGE EXPLICIT
(Relate alternatives and indicators 

to gathered data using participant 

knowledge)

Whiteboard, sticky notes

Flip-over

computer and video projector
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complexity of the process, we identify key participants together with the donor and 
problem holder. Subsequently additional participants may be identified by consulting 
the key stakeholders. Typically we aim at a variety of participants including decision 
makers, interest groups, topic experts and data experts that have different attitudes, 
conflicting perspectives, power, urgency and proximity to the key question (Mitchell et 
al., 1997).

Evidence is gathered by studying background information and interviewing participants 
aiming at new ideas (Ampt and Ison, 1989, Ison and Ampt, 1992). Together with the 
background information these semi-structured interviews provide the basis for data 
collection as the interviews provide insight on participant perspectives on criteria, 
consequences, trade-offs, alternatives, estimations and perceived values. Data may 
refer to bio-physical (e.g. soil, elevation), classified Remote Sensing (e.g. land cover), 
census data (e.g. population density), results from model runs (e.g. climate projections), 
or spatial plans. If required data are not available a proxy might be used (e.g. when in 
need of information about accessibility of forests, e.g. for timber harvesting, slope may 
function as a proxy).

The workshop is setup following iterations of model conceptualisation, make stakeholder 
knowledge explicit, compute indicators and model evaluation based on the resulting 
indicators. The evaluation is used to adapt the model in the successive iterations.

•	 Develop model concept—The participants jointly inventory relevant indicators, 
indicator metrics and alternatives. i.e. the indicator ‘timber production’ might be 
measured qualitatively in terms of {low, medium, high}, or quantitative in tons/
hectare/year. That indicator ‘timber production’ might be derived following 
different alternatives, such as: from land cover map, or from forest management, 
growing stock and forest type. Other alternatives might include: timber production 
in the current situation and in a possible future (e.g. from spatial plans, or climate 
projections); or compare different stakeholder perspectives.

•	 Make stakeholder knowledge explicit—The participants relate indicator concepts 
to available data by building a causal chain of participants’ knowledge. Their 
knowledge can be a mix of formal science, local and indigenous knowledge (Pert et 
al., 2015, Thaman et al., 2013), tacit knowledge, assumptions and perceived values.

•	 Compute indicators—The tool operator calculates indicator maps and summary 
charts as requested by the participants (e.g. average per administrative unit, or 
trade-off of a number of indicators per administrative unit).
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•	 Evaluate—the participants evaluate the performance of the indicators in a single 
alternative, or evaluate the performance of summaries of indicators across 
alternatives. The evaluation might trigger another iteration in which participants 
identify additional indicators, perspectives and refining knowledge.

After the workshop has ended the results and the participants’ evaluations 
are documented in a report to secure progress, and establish agreements and 
disagreements.

4.2.3	 People

Several people are involved in a QUICKScan workshop with the following roles:
•	 Participants—decision makers, interest groups and topic experts.
•	 Discussion facilitator—guiding the group with a focus on how things are discussed 

and securing that tasks are done and specified problems are addressed.
•	 Modeller—analysing the participants’ discussion, extracts spoken knowledge and 

transfers it into modelling terms.
•	 Computer program operator—puts modelling terms into the computer program 

and, initiates calculations, shows maps and summary graphs, keeps it all organised 
and ensures every participant understands the model. Often the role of operator 
and modeller are combined in one individual.

4.2.4	 The tool

The QUICKScan computer program encompasses a modelling environment that needs 
to be filled with spatial and statistical data during the preparation phase. The tool is 
not restricted to a specific geographic location or spatial resolution. Knowledge rules, 
capturing participant knowledge, are used to combine data and derive indicators. 
Typically the rules use classifications to describe quantitative data and typologies to 
give qualitative data meaning. Rules may be linked together to form a chain of rules. 
Alternative (chains of) rules are used to capture different options. Derived data from 
alternatives can be aggregated (e.g. by administrative units, or biophysical units such 
as catchments, or climatic zones) to be displayed in tables and charts for overviews 
(Figure 4-3). Additional functionality is listed in Table 4-1.
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Figure 4-3 - Screen shot compilation of the QUICKScan tool. A typical QUICKScan 

exercise starts by populating the system’s data and rule library ‘1′ with spatial and 

statistical data relevant for the study (e.g. elevation and forest management). ‘2′ is 

an example of an if.then.else rule defining potential timber production based on the 

growing stock and forest management. Data and rules are dragged onto the canvas 

and linked together forming a chain (see ‘3′). Rules are applied to the data to create 

maps (‘4′). Results of alternative chains may be compared in aggregated bar charts (e.g. 

potential timber production profit per administrative unit, or climatic zone).
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Table 4-1 - Listing of software functionality and its rationale.

Function Rationale Description

Standardisation
Bring all indicators in the 
same domain space.

Standardize quantitative and ordinal data 
between 0.100.

Spider diagram
Trade-off analysis 
between indicators, 
alternatives and regions.

Display multiple indicators of multiple alternatives 
in a single spider. Each indicator is standardised 
before display.

Linked maps
Facilitate the visual 
comparison of several 
indicator maps.

Show multiple driver and indicator maps in 
separate, but spatially synchronized windows. 
Zooming and panning in one map makes the 
other window follow. Moving your cursor on 
one window makes the cursor in the other maps 
follow.

Difference map Compare alternatives.
Highlight the differences from two alternatives 
that specified the same indicator (e.g. different 
times, or with different assumptions).

Difference chart Compare alternatives.
Show areal loss and gain between two 
alternatives.

Bar chart
Compare alternatives 
and regions.

Show indicator scores summarised per spatial unit 
(e.g. administrative units) and alternatives.

Sustainability limits

Show how sustainable 
a location, or spatial 
aggregation is from a 
limit. Either below, or 
above the limit.

Sustainability limits include thresholds, standards 
and policy targets (Paracchini et al., 2011). Limits 
can be defined per indicator and may vary per 
spatial unit (e.g. administrative unit, or biophysical 
stratification).

Weighted average
Create a composite 
indicator (for Multi-
Criteria Analysis).

Do a weighted sum on two or more indicators. 
The indicators are standardised before summing 
them up.

Bayesian Belief 
Networks 
(Stelzenmueller et 
al., 2010, Haines-
Young, 2011, Gret-
Regamy et al., 2013)

Support reasoning with 
uncertainties.

Include uncertainties in the knowledge rules and 
visualise the propagation the (un)certainties.

ArcPy
Support map algebra 
(Burrough et al., 1998).

A set-based algebraic language to manipulate 
geographic data, such as subtraction, 
multiplication, or shortest path analysis.

Tracing

Model transparency. 
Clarify the causal 
pathways from drivers 
and (management) 
options to the impacts.

From every location in an indicator map the 
chain of reasoning can be shown following the 
chain of participant knowledge and data. The 
path of reasoning is location specific. This tool is 
commonly used to iterate and tune specific causal 
relationships.
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4.2.5	 Tool development process

The development of the QUICKScan started with a scoping phase in which the strategic 
aims, short term objectives and boundaries were set. The development process 
focused on users and their needs. User involvement was organised by identifying 
several sounding boards in order to gain: mutual understanding, insights in the user 
needs and support from the targeted communities. The different sounding boards had 
different meeting frequencies depending on their role.

The QUICKScan concept was shaped via one-on-one semi-structured interviews (Wilson, 
2013) and workshops with the sounding boards. This conceptualisation phase resulted 
in guidance on the workshop process and a software concept in terms of wire frames 
and a technical architecture. ‘Wire frames’ are prototypes addressing the layout of a 
screen and deal with information, structure, relationships between information and 
flow between screens (Verweij et al., 2014a).

The actual software development followed an agile approach with a sequence of time-
boxed activities: design, develop, test, deliver, elicit feedback and the planning for 
another iteration (Verweij et al., 2010a, Verweij et al., 2010b). After several iterations 
we’d built enough functionality to start using it in actual workshops. Each workshop 
provided insight on new software functionality to build and deepened and broadened 
the guidance on the workshop process.

4.2.6	 Approach to evaluate QUICKScan performance

The findings described in this paper are based on an analysis of two sources of 
information and data:

1.	 QUICKScan has been applied in a multitude of situations over the past few years, all 
with some policy dimension and with a diversity of problems, options considered 
and spatial and temporal scale. These applications were prepared and facilitated 
by the author team and some others over the past years. Strategic reflection 
occurred with representatives of the European Environment Agency over the years 
to specify the steps in the process and organisation required to reach the expected 
outcomes. All these applications represent a process of learning by doing and 
gradual refinement of the approach.

2.	 Next to these applications, feedback from participants was collected after the 
workshops, in some cases in structured formats, in other cases by discussion and 
reflection. The feedback from participants is summarised below to explain aspects 
of the functioning of QUICKScan and highlight strengths and weaknesses. The 
feedback of participants has also been used in improvements of the methodology.
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4.3	 RESULTS

4.3.1	 Overview

Since 2010 successive versions of QUICKScan have been applied in approximately 70 
workshops in 20 countries (see Annex II), e.g. China, Romania, Darfur, Hungary, Brazil, 
France and the Netherlands. More than 40 were in a setting with 5–30 participants. The 
remaining applications have been done by an individual −usually scientist– as a desk 
study with regular consultations with fellow scientists and/or stakeholders on results and 
modelling approach. The participatory workshops varied in turnaround time from 3 h to 
25 days. The latter involved 5 workshops of 5 days each with a time lag of 3 weeks between 
each consecutive workshop. The shorter workshops were explorative, while the longer 
ones focused on getting more accuracy into the assessment. Most of the workshops took 
a single day. The application domain ranges from environmental planning, ecosystem 
service assessment, sustainable management, natural capital and green infrastructure 
to crop production, water management, outdoor recreation, nature development, land 
use restoration and mineral exploitation. The scale of the applications varied from local 
to continental with a spatial resolution from 5 × 5 m2 to 1 × 1 km2. Most applications have 
been carried out at regional, national and continental scales with a resolution ranging 
from 100 × 100 m2 to 1 × 1 km2. In the following paragraphs results from three different 
workshops are described that vary in objective, duration and number of participants.

4.3.2	 Sample result 1, explorative assessment – 

	 potential timber production of France

In the context of the EU Biodiversity Strategy to 2020 Member States map and assess 
the state of ecosystems and their services (Braat and de Groot, 2012)in their national 
territory with the assistance of the Commission (European Commission, 2011) to 
help decide on what ecosystems to restore with priority where (Maes et al., 2013). 17 
Member States were trained in mapping ecosystem services (Braat et al., 2015, Pérez-
Soba et al., 2015). The description below illustrates the mapping of a single ecosystem 
service by France.

During a three hours session a policymaker, an expert on Ecosystem Services and 
a GIS data expert of France set out to map estimates of ‘potential timber production’ 
supported by a QUICKScan modeller. Initially they explored available maps of France 
accompanied by storytelling to get a shared understanding of the location of forests, 
the circumstances under which they grew and the earnings of selling the timber. Maps 
included: CORINE land cover (EEA, 2013), forest management (Hengeveld et al., 2012), 
the road network for accessibility to harvest timber, and climate zones (Metzger et al., 
2005) influencing growth rates.
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The participants discussed the metric to use for measuring the amount of timber 
production, including ordinal qualities (‘a lot’, ‘moderate’, ‘little’) and quantities in tons/
hectare/year. Given the objective, data availability and time availability they chose to 
use quantitative ranges expressed as ordinal qualities (‘<50′, ’50-100′, ‘100-200′, ‘200-
300′, ’>300′ tons/hectare/year). Iteratively the participants developed four alternatives: 
1. Map timber production directly from CORINE land cover; 2. Map timber production 
based on growing stock (EEA, 2014) and forest management; 3. Include accessibility 
using slope as proxy under the assumption that too steep places are unfavourable to 
harvest; 4. Include tree species (Brus et al., 2012) to correct for species characteristics 
influencing the extractable net timber. In the last alternative the average species price 
per ton was used to calculate the profits per administrative unit for all of France. Figure 
1-9 shows part of the rules forming the model as created by the participants.

The participants assessed their modelled results positively using their personal 
knowledge and official reports with statistics per administrative units as comparison. 
The monetary valuation was evaluated as a coarse proxy. The government officials 
clarified that the experienced learning-by-doing (Gavrel et al., 2016) created a much 
deeper understanding than what they typically get from written, or spoken form. This 
workshop demonstrated how the Member State can map ecosystem services to help 
decide on what ecosystems to restore with priority, and where. The workshop clarified 
the mapping expectations of the European Commission and it enabled the participants 
to produce additional requested maps independently.

4.3.3	 Sample result 2, participatory model development –

	 wetland management in the Chinese Yellow River Delta

The Yellow River Delta (YRD) is located between Bo Sea Bay and Laizhou Bay in China. It 
is a delta with weak tide, much sediment transport, frequent displacements and forms 
the most complete and extensive young wetland ecological system in China. On the 
east-Asian migration routes it offers breeding, wintering and stop-over places for many 
migratory birds, among which are very rare species like the Red-crowned crane and 
the Saunders’s gull. The YRD is also an important base for aqua-culture and has been 
appointed as national agricultural development area. The delta faces influences of 
urbanization, pollution and fragmentation caused by oil development. In recent years 
regulation of the river course to the delta and decreased sediment loads have led to 
salinization and a trend of rapid decrease of wetlands. The freshwater wetland area 
has decreased half in size in the last 20 years, destroying the connectivity and integrity 
of the wetland ecosystems. The habitats that are used by rare birds are facing the 
danger of disappearance.
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What would be a more balanced water allocation for sustainable development of the 
wetland nature reserves, dealing with the effects of land use changes and variations in 
the flooding regime?

During one and a half year 5 10-day workshops were organised with the Yellow 
River Conservancy Commission (YRCC), hydrological and ecological experts from the 
University of Najing and the Chinese Academy of Science, Dutch consultants and 
local stakeholders to define scenarios, spatial strategies, indicators and compare 
scenario and strategy impacts. Stakeholders were selected by the YRCC based on their 
dependency of water from the Yellow River and included the Nature Reserve Authority 
and urban planning of Dongying municipality. Both also representing agriculture and 
aqua-culture farmers within their territory. Since it was argued that the oil industry 
predominates all other interests it was decided not to include it in the workshops. 
Stakeholder presence varied with relevance per workshop.

The study started with an inception workshop resulting in a diagnosis of the problems, 
defining the boundary conditions and approach of the study in detail, and including 
indicators for measuring ecological performance. Four additional workshops were 
planned. In each workshop focus groups were formed with a specific objective, such 
as the definition and refinement of scenarios, spatial strategies, ecological qualitative 
rule-based modelling and hydrological modelling (to be denoted as water models). 
During each workshop the focus groups worked in daily iterations. At the end of each 
day each focus group presented their progress for plenary discussion and acceptance 
by officials.

In the first workshop sessions were organised to: 1) define scenarios, spatial strategies 
and indicators based on the proposals by YRCC, 2) do an inventory of required available 
spatial data, 3) choose water management options and, 4) model the ecological effects 
based on expert rules. In consecutive workshops scenarios, spatial strategies and the 
knowledge rules were refined.

Each workshop involved modelling. Due to their complexity and data needs the 
water models were run once, or twice during a workshop. At the start of a workshop 
parameters for a scenario (water volume per unit of time) and spatial strategy (location 
of dams) were chosen to be fed to the models. Resulting ground water level and flood 
duration maps were discussed afterwards.

The semi-quantitative ecological model was built with the stakeholders keeping the 
targeted indicators constantly in mind and using those as a starting point for back 
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reasoning the causal relationship from habitat suitability towards the inputs generated 
by the water models (Eupen et al., 2007). The ecological know-how was gathered 
and implemented during the workshops and included the definition of ecotope-, 
vegetation and physiotope typologies and rules for vegetation development. During a 
daily session multiple iterations of ecological model adaptation, execution and result 
analysis were made.

During the workshop the participant awareness of possible and feasible water 
allocation increased. Later, part of the wetland nature reserve was given the Ramsar 
status as result of this study (Ramsar Convention Secretariat, 2013).

4.3.4	 Sample result 2, scientific method development – 

	 ecosystem integrity in the Brazilian Amazon

Deforestation and climate change heavily impact the ecosystem of the Amazon 
rainforest threatening its resilience and the sustainability of many human activities. The 
notion of Ecosystem Integrity is used as a synonym for intactness, completeness and 
integration of ecosystems. Land protection may prevent ecosystems and their services 
to deteriorate from the pressures of agricultural expansion, population growth and 
wood harvesting. In the Brazilian Amazon land protection occurs in several forms such 
as environmental conservation, setting biodiversity priority areas and the delineation 
of indigenous lands. Still, the effects are not clear as understanding of the ecosystems 
is incomplete and responses to human actions are highly uncertain.

Bayesian Belief Networks (BBN) are models that probabilistically represent correlative 
and causal relationships among variables. BBNs have been successfully applied to 
natural resource management to address environmental management problems and 
to assess the impact of alternative management measures. While BBN’s are used to 
study results from deliberative participatory questionnaires linked to GIS-data (e.g. 
Gret-Regamy et al., 2013) and in preference elicitation methods with a very little amount 
of spatial entities (e.g. Haines-Young, 2011), few studies have fully integrated BBNs 
and GIS and explored the resulting benefits (Stelzenmueller et al., 2010). By training 
the probabilistic relationships using field data, Remote Sensing data and GIS data the 
BBN can provide information on the ecosystems: the ecosystem integrity and their 
likely response to climate change or alternative management actions. For this study 
the QUICKScan software was extended with BBN functionality to allow BBN’s to be 
applied on spatial data without the need for time consuming and error prone manual 
conversion of data between GIS software and BBN software.
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During an initial tele-conference ecosystem experts and spatial modellers set up a 
conceptual map (Novak, 1991) of ecosystem integrity that fit the perceived reality of 
the local experts. Based on the identified drivers satellite imagery was used to create 
driver maps of leaf area index (Watson, 1947), Gross Primary Production (Prince and 
Goward, 1995), evapotranspiration and vegetation cover (Amthor and Baldocchi, 
2001). The conceptual map was transferred to a prototype ecosystem integrity BBN-
model and was tested against experts’ expectations. To test the effect of the inclusion 
of probabilities mechanistic rules were developed simultaneously. The results of both 
approaches were compared. The statistical BBN relationships and the mechanistic 
rules in both models were iterated upon during several tele-conferences with the 
Brazilian ecosystem experts, Brazilian Remote Sensing experts and Dutch ecosystem 
modellers and QUICKScan experts. In between the tele-conferences more Remote 
Sensing- and GIS data was gathered by the Brazilian experts. which was integrated 
during the tele-conferences. The iterations stopped when the local experts were 
satisfied with the result and identified the necessity to further tune and proof the 
model with field data.

The study showed that the concept of Ecosystem Integrity can be mapped using high 
resolution satellite imagery. Both the mechanistic rules and the BBN resulted in a similar 
statistical overall distribution of the Ecosystem Integrity. However, the modelled spatial 
patterns were quite different. The local experts judged the BBN to better fit reality. 
The BBN model showed more gradual integrity transitions and better positioned the 
well-known biodiversity hotspots. This study is input for the evaluation of existing and 
assessment of potential future conservation areas and indigenous lands. The study has 
been published in Verweij et al., 2014b and Simões et al., 2015.

4.3.5	 Participant feedback

At the end of workshops participants were asked to shortly reflect upon how they 
perceived the workshop. Annex III provides a list of the feedback. Based on this 
feedback the following topics supporting the approach were extracted:

•	 The method speeds up the first stages of the policy cycle (Figure 1-7): gaining 
understanding, finding evidence, identifying data and knowledge gaps and the 
rapid evaluation of strategies when doing impact assessments.

•	 The method stimulates to truly work interdisciplinary. Each individual responds to 
the visualisations of modelled results, which is then discussed by the group.

•	 This proves it is possible to do an assessment without complex, time consuming 
and expensive modelling.
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Critical reflections include:
•	 If the stakeholders don’t bring in important information you might miss out the 

effects that make a difference.
•	 How strong will the evidence-base of the results of a workshop be back in the 

political arena?
•	 The method heavily relies on the availability of spatial data. If the data is of poor 

quality you will also get poor results.

4.4	 DISCUSSION AND CONCLUSION

As demonstrated above, the QUICKScan methodology operates on the science-
policy interface and can be employed in a range of different circumstances to jointly 
develop an understanding of the problem and solution space in early phases of policy 
development. QUICKScan has matured via a large number of applications (Annex 02) to 
an off-the shelf methodology for policy-science interaction in the exploratory phase of 
policy development. We demonstrated that the methodology is capable of developing 
storylines, selecting indicators for measuring the objective achievement, gaining and 
processing of stakeholder knowledge and jointly create new model(s) as is done in 
participatory modelling (Voinov and Brown Gaddis, 2008). QUICKScan offers access 
to spatially distributed phenomena and provides interactive zooming, overlaying, 
temporal comparisons and many visualization options as used in participatory GIS 
as part of its tool (McCall, 2003, Jankowski, 2009, Cutts et al., 2011). QUICKScan is 
applicable in situations that Ittersum et al., 1998 calls explorative; a situation with high 
uncertainty and high causality.

4.4.1	 Three main benefits of QUICKScan emerged during the applications

First, the use of QUICKScan resulted in a reduction of lead time for the problem scoping 
phase of the policy cycle. In situations with uncertainty on the precise definition of the 
problem, the implications in different futures and the possible responses in scenarios, 
it produced rapidly a joint understanding of the main relevant interactions, the impact 
on indicators and commitment from different stakeholders for future steps. Even if 
the lead time includes time for data preparation and initial discussions on problem 
formulation before the main event in the workshop, in all cases it was still faster as 
a policy officer contracting out extensive research on a specific problem for evidence 
gathering, or as expert group consultations. As an added benefit the results of the 
workshops often provided pointers to questions in which more evidence has to be 
gathered, or a more extensive stock-take of the available evidence is required in further 
development of the policy options. Such next steps could for example be executed with 
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more detailed system dynamics models including feedback loops.

Second, the application of QUICKScan resulted in a better joint understanding across 
stakeholders. Rodela et al. (2015) found that QUICKScan performs well on knowledge 
integration, learning and shared understanding. Particularly in the workshops, 
participants could be carefully selected to represent different perspectives, while 
alternatively the approach to the problem could be adapted to the stakeholders 
available in some applications where there were more representatives from science 
seeking a thorough understanding from a scientific point-of-view. Participants are 
forced to listen to another, and jointly develop model input matrices and relationships 
between variables, on which they all had their views individually, while at the same 
time getting an understanding of the impact on indicators, that were jointly agreed as 
crucial reference points. In future discussions and interactions, the stakeholders could 
thus have more targeted exchanges on what they see as the most relevant interactions 
and indicators.

Third, participants emphasized the importance of internalizing the (scientific) 
knowledge and data, as it was before only presented to them in reports, visualisations 
and publications. By working with the knowledge, explicitly using it in constructing 
mental models, and defining the relationships between variables, participants obtained 
an active understanding of the implications of the knowledge and data, as impacts 
could be visualized, and changes in causal pathways immediately resulted in changes 
in indicator values. For this not only the mental model itself was crucial (as captured in 
other methods such as Fuzzy Cognitive Mapping), but also the computation of indicator 
values as part of the mental model.

4.4.2	 The QUICKScan methodology still has some limitations

First, a clear limitation is its link to spatial thinking, as the tool is spatially explicit, 
which excludes any non-spatial problems. Arguably all problems will have a spatial 
dimension, however, this may not be as important nor as apparent as the emphasis it 
receives through the QUICKScan methodology.

Second, if the logical model has to include feedback loops and focuses on explaining 
the systemic functioning, then more detailed methods based on system dynamics are 
required. Arguably an interactive and participatory setting of problem explorations 
is not appropriate for such investigations in systemic functioning, as the system 
description will likely soon be too complex for all participants to follow.

Third, a possible drawback of the use of this type of flexible model setup is that 
important drivers may be overlooked if no expertise, or data of the topic is available. 



92

Chapter 4

This makes the modelled values of indicators less accurate or incomplete. To some 
extent this can be remedied by already identifying variables early on in the process 
from a problem perspective and finding appropriate data at that stage. If data is not 
available, suitable proxies can then be identified.

Fourth, participants skills and predispositions may be limitative in some cases. 
Participants do usually not spend a great deal of time on preparation for the workshop, 
unless actively involved early on, which may not be possible for all participants. 
Some participants might then not agree with the approach as important details are 
overlooked from their perspective, or data was not included in the preparation that 
they believe is crucial.

This all emphases the importance of skilled facilitators who can also mediate the use of 
technology and spatial data and thinking in participatory settings.

Further extensions of the QUICKScan methodology are continuously being worked 
on. As an example, a link to a map table is being explored, in which the map table 
can be used as an interactive tool for some of the discussions by participants and by 
directly outlining areas on a map (e.g. conservation areas). Also an online platform is 
continuously build to document the different applications, which could in the future be 
used to bring data, results and models together, but also allow for continued discussion 
and exchanges between participants remotely. Finally, more computational tools are 
being added to the library of functions available in the spatially explicit tool, including 
land use and land cover projections (Verweij et al., in prep.) and an extension of Multi 
Criteria Analysis.

In conclusion, QUICKScan speeds up the early phases of the policy cycle by facilitating 
knowledge uptake and internalization through a strongly mediated participatory 
process. In these multi-stakeholder processes, science is not merely a messenger of 
data and knowledge products through reports and briefings, but is integrated together 
with local and tacit knowledge to reach broader support for policy making. QUICKScan 
is relevant to the problem and solution scoping phase in policy processes when there 
is a clear spatial component. Similar methodologies could be developed in other policy 
processes.
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HIGHLIGHTS

•	 Web-platforms on nature inform the development of regulations and policies.
•	 Although many data exist, policy makers are constrained by a lack of information.
•	 Co-design catalyses reciprocity and trust needed for willingness to share data.
•	 Rather focus on meeting needs of suppliers and users than new technologies.
•	 Evolving contexts require continuous reflection on ways of working together.

ABSTRACT

To secure the sustainable use of nature, governments track nature’s health and 
develop regulations and policies. Although there is a seeming abundance in 
observation-recordings, decision- and policy-makers are constrained by the lack of 
data and indicators, mostly as a result of barriers preventing existing data from being 
found, accessed, made suitable for (automated) processing and reused, but also due 
to missing visualisations targeted at answering questions asked by policy makers. 
This paper explores the process and principles for developing a biodiversity web-
platform that informs policy and management on the state and trends of nature, 
based on experiences with the Dutch Caribbean Biodiversity Database (DCBD). The 
DCBD supports the assessment of the state of nature and guarantees long-term data 
availability in an environment that experiences a high turnover in project funds and 
personnel. Three principles made DCBD’s uptake and growth possible: The platform 
is funded, promoted and used by national and regional policy makers, it simplifies 
tasks of local management and rapporteurs, and it is continuously being adapted to 
changing needs and insights. Stronger dissemination of DCBD’s narratives in social 
arenas (e.g. newspapers, social media) may make Caribbean nature and biodiversity 
more politically and societally relevant.
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5.1	 INTRODUCTION

There is an increasing awareness that biological diversity is a global asset of great value 
for current and future generations. At the same time biodiversity is under pressure 
by expanding human activities. To secure the sustainable use of nature, governments 
develop regulations and policies, and monitor nature to track the state and trends of its 
health. The state and trends also provide the evidence base to evaluate the effectiveness 
of those policies (Miedziński, 2018), to discover environmental implications of the use 
of nature (Linton and Warner, 2003; Dahl, 1981), and to counter negative effects by 
developing effective strategies and action plans (Asongu et al., 2018, Addison et al., 2015; 
Mascia et al., 2014). Tracking the state and trends of nature is therefore also acknowledged 
in global monitoring and reporting policies, such as the Sustainable Development Goals 
(SDGs) and the Aichi Targets of the Convention on Biological Diversity (CBD)9 .

The clearing-house mechanism of the CBD promotes the use of web-platforms10 to 
inform and enable the transparent sharing of information with governments and all 
other stakeholders, including private and voluntary sectors, science and the public 
at large (UNEP, 1995; Blurton, 2002; Chemutai, 2009). A great number of biodiversity 
web-platforms exist, including community interfacing platforms aspiring to bring the 
science and policy-making communities closer together (e.g. Kovács and Pataki, 2016), 
syntheses of scientific knowledge (e.g. Pérez-Soba et al., 2018), research infrastructures 
for open-data (e.g. GBIF11 ; OBIS12 ; Beck et al., 2014), GIS-data repositories (e.g. Siles et 
al., 2018) and citizen-science data collections (e.g. Sullivan et al., 2014).

Biodiversity information is based on data that is gathered by a variety of people. 
Professionals and nature enthusiasts observe and record nature, either by the use of 
protocols in field studies, remote sensing and monitoring schemes, or via opportunistic 
sightings (Proença et al., 2017). Despite this seeming abundance in data availability, 
decision- and policy-makers are constrained by the lack of targeted data and indicators 
(Geijzendorffer et al., 2016), mostly as a result of barriers preventing existing data from 
being found, accessed, fit for (automated) processing and reusable (Wetzel et al., 2015, 
Wilkinson et al., 2016). Existing data cannot be found when it (or the data’s meta-data) 
is not uploaded to a well-known public data-platform. Existing data are also often not 
accessible, e.g. because of legal restrictions, or sharing reluctance due to scientific 

9 https://www.cbd.int/sp/targets/ , retrieved August 26, 2018

10 https://www.cbd.int/chm/network/ retrieved August 26, 2018

11 https://www.gbif.org/ retrieved September 13, 2018

12 https://obis.org/ retrieved January 21, 2019

https://www.cbd.int/sp/targets/
https://www.cbd.int/chm/network/
https://www.gbif.org/
https://obis.org/
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publication possibilities. Finally, processing may be time-consuming or impossible if data 
descriptions (i.e. meta-data) necessary for data interpretation are missing, or if the data 
are captured in a handwritten scanned document. Stronger collaborations between 
policy makers and observers are needed to ensure that observation efforts generate 
data that can be found, accessed and made suitable for processing and presented in 
such a way that it answers questions asked by policy makers (Addison, 2015).

In order to develop a sustainable data platform it needs to be embraced by its users, 
both the data providers and data consumers. Many development methods exist (Curcio 
et al., 2019; Iden and Bygstad, 2018; Huijgens et al., 2017; Verweij et al., 2010) of which 
two stand out for their iterative, human-centred and action-oriented characteristics: 
User-Centred Design (Abras et al., 2004), and Participatory Design (Sanders, 2013) or 
Co-Design (Blomkamp, 2018). In User-Centred Design, end users influence how ICT 
experts and designers develop a system, whereas in co-design, users collaborate in 
exploring, developing and testing solutions to shared challenges. Co-design is a form 
of co-creation in which the initiative lies with a public organisation (Voorberg et al., 
2015; Ramaswamy and Ozcan, 2018) and is considered to be useful for solving complex 
issues and realizing changes. How can the co-design process and principles be used to 
develop a sustainable data-platform that answers policy questions and impacts local 
nature policy and management? In this paper we describe our experiences with the 
development of the web-platform for Dutch Caribbean nature and biodiversity.

5.1.1	 A platform for nature in the Dutch Caribbean

Caribbean terrestrial and marine ecosystems are facing major threats and are undergoing 
considerable change due to overexploitation, fragmentation, pollution, invasive species 
and climate change (Linton and Warner, 2003; Jackson et al., 2012; Debrot et al., 2018). 
The Dutch Caribbean economy depends heavily on incoming tourists and tourism in turn 
depends mostly on the natural capital of the islands, which underpins the importance of 
a healthy natural environment (ministry of Economic Affairs, 2013). For example, for the 
island of Bonaire – one of the Dutch Caribbean islands - the direct tourism expenditure 
is estimated at around 160 million US dollars, while 415 million US dollars was the Gross 
Domestic Product in 2015 (Statistics Netherlands, 2017).

The Kingdom of the Netherlands has ratified international and regional biodiversity 
treaties and conventions and made national legislation for the protection of nature 
and biodiversity in the Dutch Caribbean. These bring about reporting obligations that 
ask for monitoring and assessment of nature and biodiversity and in case of decline, 
taking counteractive policy and management measures and tracking its effectiveness. 
International and regional conventions are: the Convention on Biological Diversity 
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(CBD), the Cartagena Convention including the SPAW-protocol (Specially Protected 
Areas and Wildlife in the wider Caribbean region), Convention on the Conservation of 
Migratory Species of wild animals (CMS), Memorandum of Understanding on sharks, 
Inter-American Convention for the protection and conservation of sea-turtles (IAC), 
International Plant Protection Convention (FAO IPPC) and Convention on wetlands 
(RAMSAR). A European initiative is target 6 ‘step-up action to tackle the global 
biodiversity crises’ of the European Biodiversity strategy (European Commission, 2011). 
National strategies and action plans include the Nature Policy Plan for the Caribbean 
Netherlands 2013-2017 (Ministry of Economic affairs, 2013). The CBD and the national 
Nature Policy Plan require the implementation of a national biodiversity web-platform 
(‘clearinghouse mechanism’13) to provide effective information services to facilitate the 
implementation of the national biodiversity strategies and action.

The Dutch ministry of Agriculture, Nature and Food Quality has initiated and funded 
the development of the Dutch Caribbean Biodiversity Database (DCBD) as a nature and 
biodiversity web-platform for the Dutch Caribbean since 2010. The DCBD is publicly 
available at: www.dcbd.nl (see Figure 5-1). It is a central knowledge store for policy 
making to assist nature management and spatial planning and for science to exchange 
research information. It guarantees long-term data availability in an environment that 
experiences a high turnover in project funds and personnel. The DCBD allows the 
user to assess the status of ecosystems, species and threats and pressures, to explore 
spatial data on biophysical, socio-economic, ecological and topographical properties, 
to navigate a listing of biodiversity and ecosystem-based information portals and to 
search in a library for reports, journal articles, documents and raw data.

13 https://www.cbd.int/chm/ , retrieved October 10, 2018

http://www.dcbd.nl
https://www.cbd.int/chm/
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Figure 5-1 - screen compilation of the Dutch Caribbean Biodiversity Database 

(DCBD) homepage showing the four key services: monitoring, maps, resources 
and portals (www.dcbd.nl)

Interactive mapsMonitoring indicators & narratives
(can support on statistical analysis)

Portal listingSearch the repository

Download resource

http://www.dcbd.nl
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5.2	 CO-DESIGN OF THE DUTCH CARIBBEAN 
	 BIODIVERSITY DATABASE

5.2.1	 Development process

In 2011, the development of the DCBD started with a one-day scoping workshop with 
representatives of about 20 local nature NGO’s (park managers and conservationists) 
and island governments from six islands, scientists and representatives of the Dutch 
ministry of Economic Affairs, at Bonaire. The 25 invitees were selected by the ministry 
and the Dutch Caribbean Nature Alliance (DCNA), a regional network of protected 
areas and conservation organisations spanning the Dutch Caribbean islands of Aruba, 
Bonaire, Curaçao, Saba, St. Eustatius and St. Maarten. Prior to the workshop, we 
studied existing nature observation web-portals for inspiration, including seaturtle.org, 
Dutch Caribbean Biodiversity Explorer14, eBird.org, Reef.org, SynBioSys15, observado.
org and FloraVanNederland.nl. We also collected in-house available GIS data (soil, 
geomorphology and vegetation), an excerpt of the sea turtle monitoring data and set 
up a draft species taxonomy. Based on this we developed a prototype for the DCBD to 
elicit targeted feedback. This prototype included the aspects that we presumed to be 
elementary: i) maps, ii) encyclopaedic functionality, iii) observation functionalities (data 
entry and summary charts) and iv) document sharing (uploading and downloading 
reports and scientific articles). During the workshop we presented the prototype and 
asked individual participants for feedback on these four specific aspects. Next, we 
inventoried additional desired functionalities of the participants and set priorities.

To ensure that the web-platform remains updated in content and connected to user 
demand, the development process is viewed as ongoing and is organized in iterations 
that allow the web-platform and the process to adjust to new scientific or managerial 
insights, reporting obligations, or changing user groups (Sébastien et al., 2014). To 
maintain the web-platform, the ministry grants a budget to the DCBD development on 
a yearly basis. To guarantee continuity an informal advisory board provides strategic 
advice. The advisory board is made up of the donor and the DCNA (Figure 5-2). The 
Dutch national government and the DCNA are actively involved in the policy process 
and agenda setting and maintain the DCBD by funding staff and experts to maintain 
the DCDB. Maintenance activities include scanning research activities, uploading data 
and reports, maintaining professional and social networks and encouraging their 
network to share their data and reports on the DCBD.

14 http://biodivexplorer.dcbd.nl/explorer/home 

15 https://www.synbiosys.alterra.nl/ 

http://biodivexplorer.dcbd.nl/explorer/home
https://www.synbiosys.alterra.nl/
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Most monitoring efforts take place on seasonal basis, e.g. turtle or bird nesting. 
Bilateral meetings between the DCBD maintainers and the various NGO data collectors 
provide updated information and data, help to clarify the data structure and share 
interpretation of the data. These also provide opportunity to learn about their new 
monitoring and management activities and noteworthy events, such as storms or 
seaweed invasion. The NGOs responsible for data collection are asked how they use 
the DCBD (e.g. archiving, communication, learn from others, support in statistical 
analysis tasks) and if there are refinements to better suit their evolving needs. These 
user wishes and the updated information and data provide input for the planning 
of each annual DCBD development iteration. Each iteration starts with the feedback 
and ideas from the users and advisory board (‘ideation’), followed by the ‘design’ and 
subsequent ‘development’ of technical functionalities and graphics. Finally, the new 
developments are ‘tested’ through reviews by users, before they are ‘published’.

Figure 5-2 - Schematic overview of collaboration with users and advisory board in 

the development process. The adjustment cycles for the Dutch Caribbean Biodiversity 

Database occur annually through bilateral meetings with users and database 

maintainers.
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During the bilateral meeting week, explicit attempts are made to expand the stakeholder 
network and community of practice, by engaging additional/new organisations 
recommended by the NGOs and local government partners, e.g. dive schools started 
to record their sightings and National Statistics Netherlands recently added DCBD’s 
biodiversity indicators to their annual reporting.

5.2.2	 Sketching and storytelling during indicator development

Indicators signal changes in ecosystem health, biodiversity and pressures, and are 
elementary for taking evidence based policy and management measures (Laihonen et 
al., 2004). Indicator visualisations and graphics are a powerful means to communicate 
the status and trends (McInerny et al., 2014). Indicators, therefore, play a central role 
in the DCBD. Indicators are derived from field observations and remote sensing data. 
The indicators are defined based on managerial and policy requirements, context 
and agendas (Figure 5-3). Indicators are jointly designed with data collectors (e.g. 
park managers, conservationists, local government) who provide their collected raw 
data (tabular, GIS, photographs, videos) and tacit knowledge on noteworthy events 
impacting the state of nature, e.g. severe storms, seaweed invasion, poaching, coastal 
development. Additionally, reporting staff clarify their need for indicators for specific 

Figure 5-3 - Indicator development is based on managerial and policy requirements, 

context and agendas and by monitoring activities on ecosystems, species and threats.
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species, species-groups, ecosystems and threats, or pressures that are relevant for 
reporting obligations.

The process to jointly design the indicators is initiated through iterative dialogue with 
the data-collectors. This serves to brainstorm and sketch several indicator graphs on 
paper based on the ideas generated by participant’s narratives and data. Dialogues are 
organized per island per species, species group, ecosystem, pressure or threat. The 
indicator graphs are then debated in plenary to check whether the trends match expert 
and are management- and policy-relevant. This provides the basis for the final design 
stage, where the DCBD maintainers retreat for several hours to convert the paper 
sketches into real indicator graphs derived from collected raw data, which are then 
shared with the data collectors for feedback. If necessary, these are refined through one 
or several iterations of sketching and development, e.g. in case that the data does not 
support the narrative, or if the graph is not visually compelling. To ensure robustness 
in the quantitative analyses, Statistics Netherlands - an independent administration - 
provide input into this analysis and reviews the statistical methods used.

5.2.3	 Approach to evaluate and increase the impact of the DCBD

The evaluation of the impact of the DCBD is based on four main sources of information. 
First, there is an explicit agenda item in every iterative work session in which feedback 
on DCBD’s technical functionalities and the process of cooperation is elicited from 
individual users. Second, the diversity of returning user groups is monitored, which 
include those users brought in contact with the DCDB via existing users, those actively 
sought out through the DCDB process, or those that find the DCBD by themselves. 
Third, visit statistics of the DCDB website are monitored and fourth, the website 
statistics and visitor posts are assessed to understand the most common data and 
information requests and the most utilised parts of the DCBD and by whom.

The Dutch Caribbean Nature Alliance, as part of the advisory board, publishes ‘BioNews’ 
a free monthly digital newsletter featuring recent nature related news about the Dutch 
Caribbean as well as overviews of recent publications, current research and monitoring 
programmes and upcoming events. News in BioNews contains hyperlink references 
that lead the reader to the specified resources on the DCBD, increasing the visibility of 
the DCBD. Articles on the DCBD are published in BioNews on irregular basis.
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5.3	 RESULTS

5.3.1	 Platform evolution

During the scoping workshop the following priorities were set, based on feedback on 
the prototype (Figure 5-4 A): 1) upload observation data in a well-structured and pre-
defined data-entry-form, and download for a restricted set of users, 2) share and search 
documents, 3) display of GIS maps as a background for observation data (observations 
only visible for restricted set of users), 4) display encyclopaedic information that 
cannot be found on general purpose websites like wikipedia (with possible links to 
specific web-portals, e.g. reefbase.org, fishbase.org and CARMABI’s16 species register 
with taxonomic and trait information ‘Dutch Caribbean Biodiversity Explorer’17) and 5) 
include a professional and high quality design.

Implementation of the first online operational system was based on these priorities 
and readily available information from the DCNA (Figure 5-4 B). Digital reports and 
GIS maps were immediately available for publishing, but the sharing conditions for 
observation and monitoring data had to first be clarified. All data collectors wanted a 
safe central database repository for their monitoring data as provided by the DCBD, to 
alleviate their challenges of severe staff turnover. These data collecting organisations 
viewed the DCBD as important to secure continuity in the structure and storage of 
their raw data. Some data collectors wanted to make their raw data publicly available, 
others only wanted to share derived indicators. Both options were made available 
through the DCBD, depending on the data collector’s needs. Multiple devices were 
suggested for uploading field observations (mobile phone, smart phone, tablet, laptop, 
or desktop), but the data collectors preferred standard paper forms and water-proof 
notepads for underwater recordings. Field recordings were then manually entered 
via web-forms on the DCBD when back in the office, which were tailor-made for each 
monitoring program and organisation. During data-entry the format of the data was 
checked automatically to guarantee data consistency and enable automatic indicator 
graph generation. These indicator graphs were updated every time new data was 
entered. On specific request of the advisory board, items of special interest were put 
in the spotlight on the homepage. A graphical designer was added to the development 
team to secure a consistent, professional and attractive look-and-feel.

16 http://www.carmabi.org

17 http://biodivexplorer.dcbd.nl/explorer 

http://www.carmabi.org/
http://biodivexplorer.dcbd.nl/explorer/
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After a year however, it turned out that, although willing, data collectors hardly used 
the data entry facilities from the DCBD. The main challenges identified for inhibiting 
their use of the DCBD were: i) an unstable internet connection, ii) a deviation from their 
current data-entry practices, iii) the feeling of loss of control over their own data made 
them reluctant to use the web facility and iv) the limited possibilities of interactive 
analysis methods.

These challenges were addressed through reverting to custom-made data entry 
spreadsheets instead of online web-entry forms (Figure 2-3 C). The spreadsheets 
were given automated consistency checks for data quality. For instance, a field 
that should express ‘distance’ only accepts numerical values within a pre-defined 
range based on the monitoring protocol and the data collectors’ expert knowledge. 
So ‘far away’ could not be entered. A field that should contain a species name is 
to be filled via a pre-defined drop-down list to prevent typing errors which would 
hamper automatic analysis. Each tailor-made spreadsheet is maintained at the data-
collectors’ premises which ensures that familiar analysis tools and methods can be 
applied independently. At regular intervals the completed spreadsheets are sent over 
for storage at the DCBD.

5.3.2	 Indicators and narratives

Indicators are created based on data availability and demand. Currently the indicators 
are grouped into 20 categories, comprising three on ecosystems (coral reefs, seagrasses, 
ecosystem size), five on pressures (invasive lion fish, corallita and goats, fisheries 
and tourism) and 12 on species (Queen conch, Caribbean flamingo, Antillean iguana, 
Red-billed tropicbird, sea turtles, sharks, rays, Yellow-shouldered parrot, coastal and 
wetland birds, invertebrates, terrestrial birds and terns). Where available, each category 
contains indicator graphs per island (e.g. sea turtles for Bonaire, St.Eustatius, Saba and 
St.Maarten). Multiple indicator graphs may be available per island. For example, for 
sea turtles on Bonaire there are indicator graphs available for nesting and for in-water 
sightings. The nesting graphs indicate the status of the reproduction, while the in-water 
sightings are indicative for the health of the foraging grounds.

Where many years of recordings exist, indicator graphs show general trends (Figure 
5-5 A). These trends are accompanied by a statistical interpretation conducted in 
cooperation with experts from Statistics Netherlands. When few repeated recordings 
are available, bar charts per observation period may visually indicate a trend (Figure 
5-5 B). Where a standard analysis and visualisation method exists (e.g. Atlantic and 
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Figure 5-5 – Sample of DCBD indicator graphs

The aim is that each indicator is accompanied by a short narrative with particular 

attention given to indicators showing sudden changes in trends. In addition, 

explanations for these trends are shown on the indicator graph. For instance, in 

the salt lake Gotomeer a contamination by fire retardants as a result of a fire at the 

nearby oil depot, decimated the number of flamingos and this event is recorded on 

the indicator graph for flamingos (Figure 5-5 D).
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Gulf Rapid Reef Assessment18) that method is preferentially used (Figure 2-4 C). Finally, 
an indicator graph may be accompanied by a detailed indicator to facilitate localized 
management (see respectively Figure 5-5 A and D).

The aim is that each indicator is accompanied by a short narrative with particular 
attention given to indicators showing sudden changes in trends. In addition, 
explanations for these trends are shown on the indicator graph. For instance, in the salt 
lake Gotomeer a contamination by fire retardants as a result of a fire at the nearby oil 
depot, decimated the number of flamingos and this event is recorded on the indicator 
graph for flamingos (Figure 5-5 D).

5.3.3	 Impact of the DCBD and its indicators

Interactive maps and resources are the most visited elements of the DCBD. Commonly 
search requests for reports and maps on the Dutch Caribbean via web-engines result 
in top-listed hits for the DCBD.

National government (Dutch ministries of Agriculture, Nature and Food Quality and 
Infrastructure and Water Management, Statistics Netherlands) use the DCBD for 
their reporting obligations based on the (inter)national treaties. These ministries 
regularly use the status and trend indicators as published on the DCBD to facilitate 
these reporting obligations (ministry of Economic Affairs, 2014; Verweij et al., 2015). 
For example, Statistics Netherlands publishes trends in turtle nests and flamingo 
abundance (Statistics Netherlands, 2016; Statistics Netherlands, 2017). Debrot et 
al. (2018) showed living coral cover trends, parrot abundance and the expansion of 
invasive plants for the national report on the state of nature.

Local authorities and management bodies in the Dutch Caribbean use the DCBD to 
inform responsibilities for spatial planning and carry out interventions for managing 
nature and the living environment. The DCBD provides evidence in the form of data 
and knowledge that underpins decisions on granting of permits, e.g. the annual reports 
of Sea Turtle Conservation Bonaire (STCB) use the DCBD’s indicators on sea turtle nests 
and in-water sea turtle abundance to inform their decisions on (Willis et al., 2016; Schut 
et al., 2017). The indicators are developed in cooperation with STCB and are based on 
their data. Piontek (2015, 2016) as presented to the Island Government of St. Eustatius, 
includes several of the DCBD’s indicator graphs. For the St. Eustatius’ annual sea turtle 
conservation program report STENAPA uses the DCBD’s indicators on sea turtle nests 

18 http://www.agrra.org

http://www.agrra.org/
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and in-water sea turtle abundance (Berkel, 2014). St. Maarten Nature Foundation uses 
the DCBD’s indicator graphs on shark and ray sightings, sea turtle nests and brown 
pelican abundance for outreach and educational purposes19.

Businesses such as dive schools, provide their observation data that they record 
during daily dives as advertisement material to attract future customers. That data is 
handed over to the DCBD to generate indicator graphs. The graphs form outreach and 
marketing material for these businesses. For researchers, the DCBD offers data and 
information that is easily found and accessed. The raw data underlying the indicators 
and maps serve as an inspiration and basis for further research.

5.4	 DISCUSSION

5.4.1	 Principles for designing a policy relevant data platform

As demonstrated above DCBD has broadened its initial scope from data rescue (Diviacco 
et al., 2015; Hawkins et al., 2013; Costello, 2009) to a platform with indicators and narratives 
relevant for decision making. Reflecting on our experiences in co-designing this platform 
with data collectors, and a range of end users in government, business and research, 
we have distilled three principles that were critical in DCBD’s uptake, growth and use.

First, the DCBD is actively supported by national and regional policy makers and 
embedded in a mandated local institution. The Dutch ministry organised initial 
meetings with park managers and non-governmental conservation organisations and 
continuous to give political credibility, legitimacy and visibility to DCBD, and continued 
to organise periodic meetings while using their network to expand DCBD’s scope. The 
ministry also supports the maintenance of the DCBD by locally subcontracting staff 
that scan for and upload relevant resources. Research projects funded by the Dutch 
ministry are contractually obliged to provide their data and results to DCBD. Since 
the policy makers use DCBD themselves, they provide specific feedback on the DCBD 
system, the collaboration process and the network which it services. Their ongoing 
active role clearly shows they have taken ownership of the platform.

Second, DCBD simplifies mandated tasks of local management and rapporteurs. It 
simplifies or carries out tasks that would otherwise remain pending or would take much 
effort. This is facilitated by the co-designed workflow and data-entry practices of data-
collectors and the tailor-made digital data-entry forms in software familiar to them. Data-

19 http://www.naturefoundationsxm.org/activities/ , retrieved 9 August 2018

http://www.naturefoundationsxm.org/activities/
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collectors are forced to structurally input their observation data, which reduces input 
errors, enhances automated analysis, and meets the needs for central data repositories 
that cater for high staff turnover. From this workflow, reporting needs, including indicator 
visualisations, are made explicit. Similarly, needs of reporting staff are defined based on 
reporting obligations. Specific indicator graphs are created and custom-developed for 
each target group to meet their specific reporting mandates and needs.

Third, the DCBD must continuously evolve in response to changing external and 
internal factors, functional requirements, procedures, priorities and institutional 
environments. Sustaining and adaptation of the platform is made possible through 
1) constant dialogue between users, maintainers, developers and donors Figure 2-1, 
and 2) programmatic government funding, which is crucial for longterm storage and 
content curation (Arzberger et al., 2004; Bach et al., 2012; Bendix et al., 2012).

There are also principles that had to be revisited:

First, the initial idea to give data-collectors a login-account and to enter and store their data 
in the system via web-interface was unsuccessful. Contrary to what literature suggests on 
the necessity for online massive data storage and sophisticated automated analysis and 
query tools (Balmford et al., 2005; Bendix et al., 2012), data-collectors mostly dismissed the 
offered technical facilities and stuck to their daily routines. Even after various iterations 
of functional adaptations, the system was rejected due to limited internet connection 
availability, time constraints to become familiar with the online functionalities and the 
initial lack of trust to share data. Letting go of the concept of a large standardised database 
and focusing on simplifying daily routines resulted in increased participation and trust. 
Thus, the best technical solution is the one that best fits user practices and preferences.

Second, it was found that researchers are reluctant to share their data due to scientific 
publication possibilities or presumed insufficient quality. Even if researchers collect 
data with public money and are contractually obligated to share their data publicly it 
hardly ever happens. Possibly the contractual obligations are not enforced, because 
there are no penalties. Scientists and other data providers must be motivated to make 
their data available to the global community. Sayogo and Pardo (2013) suggest that 
scientists publish their dataset. As such it can be cited, crediting the ones that share 
their data, without the necessity or lead time required to publish a research article (e.g. 
Nature’s scientific data20).

20 https://www.nature.com/sdata/publish , retrieved May 3rd 2019

https://www.nature.com/sdata/publish
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Third, the impact of the platform on nature policy making and management is difficult 
to quantify. Although Saarela et al. (2015) identified collaboration and informing as 
important means for generating impact – both characteristics of DCBD – and there are 
clear examples of policy making influenced through DCBD’s information (e.g. Debrot et 
al., 2017), there is no straightforward relation between DCBD and policy making. Many 
factors, like public opinion, political will and timing, influence this relation. Stronger 
dissemination of DCBD’s narratives in social arenas (e.g. newspapers, social media) 
may make Caribbean nature and biodiversity more politically and societally relevant.

5.4.2	 Position compared to data platforms and indicator catalogues

Costello & Wieczorek (2014) advise to publish biodiversity data through a data 
platform, a system that enables integration of harmonised data in other similar 
datasets and to use a quality checked open-access data repository, to which, 
preferably, peer-reviewed articles are attached for proof of data quality (e.g. GBIF21, 
GenBank22). Data platforms are typically used by data scientists. Although the DCBD 
stores data, it cannot be classified as a data platform in this sense. The DCBD stores 
all offered observation data in raw, non-harmonised format as practiced in data lakes 
(Russom, 2017). Data is provided by trained professionals and scientists which is an 
indication for its quality.

While data platforms target data scientists, indicator catalogues aim to provide 
condensed information in the form of indicators with accompanying narratives and 
references (e.g. EEA indicators23 and Environmental Data Compendium24). These 
catalogues are designed to answer key policy questions and support all phases of 
environmental policy making, from designing policy frameworks to setting targets, 
and from policy monitoring and evaluation to communicating to policy makers and 
the public (EEA, 2018). Likewise, a selection of the DCBD’s data and accompanying 
references is used to derive indicators and narratives for direct use by management 
and policy making. Where ‘EEA indicators’ and ‘Environmental Data Compendium’ can 
draw on a rich, long-term data collection built by spatially well-distributed monitoring 
networks, Dutch Caribbean monitoring activities have, almost without exception, a 
shorter history in monitoring. In general, when funds are limited, monitoring heavily 
depends on contribution of (skilled) volunteers (Van Swaay et al., 2008). Some monitoring 
programs in the Dutch Caribbean can draw on a limited number of volunteers willing to 

21 https://www.gbif.org

22 https://www.ncbi.nlm.nih.gov/genbank 

23 https://www.eea.europa.eu/data-and-maps/indicators 
24 https://www.clo.nl

https://www.gbif.org/
https://www.ncbi.nlm.nih.gov/genbank/
https://www.eea.europa.eu/data-and-maps/indicators
https://www.clo.nl/


113

Co-designing a data platform to impact nature policy and management:
experiences from the Dutch Caribbean

participate. The possibilities for long-term systematic sampling are constrained due to 
high turnover of volunteers which is typical for the islands.

5.5	 CONCLUSION

What started out as a data rescue process, evolved into a platform with indicators 
and narratives relevant for decision making, while still offering all underlying data. 
This development could take place because of the process that was followed which 
actively sought to engage meaningfully with those who both supply and use data, and 
to customise the platform to meet both their needs. The process was supported by an 
Advisory group comprised of government institutions viewed as credible organisations 
in supporting such a multi-use platform, and was furthermore embedded in an 
institution responsible for its maintenance. Three principles made DCBD’s uptake 
and growth possible: the platform is funded, promoted and used by national and 
regional policy makers, it simplifies tasks of local management and rapporteurs, and 
it is continuously being adapted to changing needs and insights. The development of 
a data-platform like DCBD is not necessarily about using state-of-the-art technology, 
but about meeting the needs and priorities of both data supplies and users, which are 
diverse and require diverse approaches, and growing an active stakeholder network. 
In this growing stakeholder network, a process that actively seeks to reflect on ways of 
working, improving and continuously evolving at both the individual level and collective 
cross-institutional level is key.
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6.1	 MAIN FINDINGS

The land is subject to constant change, both through natural processes and human 
interventions. Human use of any particular piece of land is influenced by how 
the landowners and land managers perceive and value the land. Moreover, its use 
influences neighbouring lands and thereby neighbouring owners and users, who might 
have different perspectives on how to use the land. These different perspectives are a 
potential source for conflict.

Through public policies and spatial planning the use of land is regulated in an effort 
to direct towards more desirable, and away from undesirable, social, economic and 
environmental outcomes. The development of these policies is a social process 
involving competing and collaborating parties that try to influence the policy outcome 
conform their values and preferences. Policies are therefor often formulated as a 
compromise between the different wants and needs (Saylor academy, 2012).

While policies take a top-down approach to land use planning, the realisation on the 
ground can have unexpected and unwanted effects as result of local circumstances 
(Xu, 2019; Hersperger, 2018). These mismatches could be less frequent if more rational 
methods were used during policy development (Howlett, 2009). Scientific evidence 
can significantly contribute to policy effectiveness as it downsizes the role of intuition 
and ideology and informs us on what works and what not (Becker et al. 2019). As 
such, scientific evidence, is ideally used as a starting point for dialogue, in which all 
participants have pieces of the answer, and work together towards viable solutions  
(Aarts, 2015).

The scientific community develops a multitude of data-driven tools to capture facts 
and knowledge on land use and policy. Tool uptake for policy making, however, is low. 
Reasons include: the tool is too complex and capabilities do not align with the users’ 
demand; applicability is too slow too answer to the urgency of decision making, too 
technocratic/missing human dimension, and missing political support (see chapter 1 
for a full listing).
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This thesis contributes to the enhancement of dialogue and collective thinking in land 
use policy development and in particular in providing collaboration practices for 
scientists, stakeholders and policy makers for developing and utilising data-
driven tools to support land use policy development. To this end four research 
questions were addressed:

1.	 How can different scientific communities, tool developers and users work together 
to develop an integrated land use policy assessment tool?

2.	 How can the applicability and transparency of a land use policy assessment tool be 
enhanced to better understand drivers and impacts of land use change?

3.	 How can a land use policy tool include stakeholder knowledge and facilitate to 
rapidly reach a common understanding between different views on land use?

4.	 How can tool development enhance and facilitate collaboration with the overall 
objective to influence land use policy?

The following paragraphs provide answers to these questions. 

Table 6-1 summarizes the findings in relation to the issues hampering the tool use from 
chapter 1, grouped by the methodological chapters 2 to 5. Mind: chapters 2 to 5 do 
not map one-to-one on the research questions, but describe four methodologies and 
associated case studies, that together answer the separate research questions. The 
table lists the end user, the collaborating parties, the tool collaboration practices, the 
result of using the practices and the addressed barrier.

Table 6-1 - listing of collaboration practices and the barriers addressed. The barriers 

use shortened names to reduce table space: demand mismatch (tool capabilities do not 

align with the users’ demand); complexity (the tool is too complex in terms of ease of use); 

transparency (lack of transparency); lead time (the applicability of the tool is too time 

consuming); flexibility (tool adaptation is too slow to answer to the urgency of decision-

making); technocratic (too technocratic, missing human dimension); data access (no 

data access); political support (missing political support); * No direct link with the barriers 

for tool uptake addressed, but used to focus on enhancing the collaboration process
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End user Collaborating parties Collaboration practice Result of the practise Barriers addressed

Chapter 2 – An IT perspective on integrated environmental modelling: the SIAT case

Civil servants  of the 
European Commission 
involved in land 
use policy making 
(particularly  biodiesel)

- Scientific researchers of
   agriculture, economy,     
   forestry, land use, social and 
   policy science interface 
- Software engineers and 
   designers

Develop screen sketches (also called ‘wire-frames’, ‘blue-
printing’, or ‘mock-up’) that set out how the software is to be 
used and what information it should offer.

To create a joint vision on the end product Demand mismatch, 
complexity

Develop a (visual) conceptual model with the most 
important domain notions and their interactions. To create a shared vocabulary and system understanding transparency

Describe the technical architecture of the data based tool To help divide implementation across specialised teams while taking care of a joint 
understanding on a more abstract level *

Short time-boxed design-implement-test-deliver iterations To have an growing solution from the onset of a project and be able to adjust 
development direction based on evolving understanding Demand mismatch

Chapter 3 – Improving the applicability and transparency of land use change modelling: the iCLUE model

Land use modelers

Scale varies from river 
basin (e.g. Ebro in 
Spain) to global

- Experienced and  
   inexperienced land use 
   modelers
- GIS experts
- Statisticians
- Software engineers

Develop conceptual models enriched with visual 
representations of the form of the concepts (e.g. maps and 
timelines to explicate the role of spatial variety and time in 
land use projections)

To build consensus on the system and highlight key processes (Argent et al., 2016) transparency

Develop screen sketches To create a joint vision on the end product Demand mismatch, 
complexity

Use interactive visualisations to explain how data and 
causal relations are used in reasoning

To highlight useful information for exploring (and understanding) what drives 
temporal and spatial patterns of land use change to occur at specific locations Transparency

Document the dynamic behaviour in activity diagrams To clarify and document the flow of reasoning Transparency

Use summary visualisations and statistics (e.g. spatial and 
content generalisations, or land use transition matrices)   

To remove noise and more clearly understand trends, hotspots and differences 
between alternative situations that apparently are the same Complexity

Jointly and iteratively parameterise, run and analyse the 
model and model results (Mind: this works best if the 
model can be interactively used which requires short 
calculation times)

To shorten throughput time to come to a shared understanding and thereby reduce 
transaction costs Lead time, transparency

Chapter 4 – QUICKScan as a quick and participatory methodology for problem identification and scoping in policy processes

Policy makers, topic 
experts and interest 
groups (e.g. on 
mining, conservation, 
recreation, land 
degradation)

Scale varies from 
local (e.g. part of the 
Danube floodplain 
in Romania) to 
continental (e.g. South 
America)

- Policy makers
- Interest groups
- Topic experts
- GIS experts
- Software engineers and 
  designers 

Interview participants beforehand To direct pre-workshop data gathering and anticipate potential conflicts during the 
workshop Demand mismatch

Story telling by participants supported by visualisations of 
gathered data 

To build a common understanding on a situation and problems for which solutions are 
to be sought

Demand mismatch, 
technocracy

Inventory of indicators (and selection of their relevant 
metrics)

To guarantee that the assessment represents perspectives of all participants and 
create a joint vision on the issues to be assessed Demand mismatch

Avoid lengthy digressions or discussions To maintain velocity in collaborative work *

Include skilled facilitator To cope with potential power relations between participants *

Break up the participants into smaller groups with mixed 
background and give them small simple tasks while 
stimulating them to physically move around (e.g. drawing 
on flip-over, inventories using sticky notes, or stickering for 
prioritisation of issues)

To break the ice and let people get to know each other, and to provide a safe 
atmosphere in which there is room for everyone to express themselves Technocracy

Start with very simple model using participant knowledge 
and stepwise grow complexity (within a single working 
session)

To guarantee that each of the participants fully understands the flow of reasoning 
from the onset and can contribute meaningfully   

Complexity, flexibility, 
applicability, technocracy

Test modelled results against the participants’ image of 
reality. If necessary, jointly adapt the model To make all participants part of the process and ensure credibility and acceptance Technocracy

Drill down in the calculation rules of specified locations in 
result maps and visualise the causal flow of reasoning that 
was used to calculate the result value, possibly resulting in 
the need to revisit the rules

To guarantee that the flow of reasoning is fully understood (and ideally accepted) by all Complexity, transparency

Visually compare alternative models (i.e. alternative 
representations of reality) To fuel group discussion on alternative models and implications thereof Complexity 

Save terms, data and modelled relations representing 
participants’ knowledge, interpretations and preferences To have a common truth on collective knowledge and progress at a certain point in time Transparency
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End user Collaborating parties Collaboration practice Result of the practise Barriers addressed

Chapter 2 – An IT perspective on integrated environmental modelling: the SIAT case

Civil servants  of the 
European Commission 
involved in land 
use policy making 
(particularly  biodiesel)

- Scientific researchers of
   agriculture, economy,     
   forestry, land use, social and 
   policy science interface 
- Software engineers and 
   designers

Develop screen sketches (also called ‘wire-frames’, ‘blue-
printing’, or ‘mock-up’) that set out how the software is to be 
used and what information it should offer.

To create a joint vision on the end product Demand mismatch, 
complexity

Develop a (visual) conceptual model with the most 
important domain notions and their interactions. To create a shared vocabulary and system understanding transparency

Describe the technical architecture of the data based tool To help divide implementation across specialised teams while taking care of a joint 
understanding on a more abstract level *

Short time-boxed design-implement-test-deliver iterations To have an growing solution from the onset of a project and be able to adjust 
development direction based on evolving understanding Demand mismatch

Chapter 3 – Improving the applicability and transparency of land use change modelling: the iCLUE model

Land use modelers

Scale varies from river 
basin (e.g. Ebro in 
Spain) to global

- Experienced and  
   inexperienced land use 
   modelers
- GIS experts
- Statisticians
- Software engineers

Develop conceptual models enriched with visual 
representations of the form of the concepts (e.g. maps and 
timelines to explicate the role of spatial variety and time in 
land use projections)

To build consensus on the system and highlight key processes (Argent et al., 2016) transparency

Develop screen sketches To create a joint vision on the end product Demand mismatch, 
complexity

Use interactive visualisations to explain how data and 
causal relations are used in reasoning

To highlight useful information for exploring (and understanding) what drives 
temporal and spatial patterns of land use change to occur at specific locations Transparency

Document the dynamic behaviour in activity diagrams To clarify and document the flow of reasoning Transparency

Use summary visualisations and statistics (e.g. spatial and 
content generalisations, or land use transition matrices)   

To remove noise and more clearly understand trends, hotspots and differences 
between alternative situations that apparently are the same Complexity

Jointly and iteratively parameterise, run and analyse the 
model and model results (Mind: this works best if the 
model can be interactively used which requires short 
calculation times)

To shorten throughput time to come to a shared understanding and thereby reduce 
transaction costs Lead time, transparency

Chapter 4 – QUICKScan as a quick and participatory methodology for problem identification and scoping in policy processes

Policy makers, topic 
experts and interest 
groups (e.g. on 
mining, conservation, 
recreation, land 
degradation)

Scale varies from 
local (e.g. part of the 
Danube floodplain 
in Romania) to 
continental (e.g. South 
America)

- Policy makers
- Interest groups
- Topic experts
- GIS experts
- Software engineers and 
  designers 

Interview participants beforehand To direct pre-workshop data gathering and anticipate potential conflicts during the 
workshop Demand mismatch

Story telling by participants supported by visualisations of 
gathered data 

To build a common understanding on a situation and problems for which solutions are 
to be sought

Demand mismatch, 
technocracy

Inventory of indicators (and selection of their relevant 
metrics)

To guarantee that the assessment represents perspectives of all participants and 
create a joint vision on the issues to be assessed Demand mismatch

Avoid lengthy digressions or discussions To maintain velocity in collaborative work *

Include skilled facilitator To cope with potential power relations between participants *

Break up the participants into smaller groups with mixed 
background and give them small simple tasks while 
stimulating them to physically move around (e.g. drawing 
on flip-over, inventories using sticky notes, or stickering for 
prioritisation of issues)

To break the ice and let people get to know each other, and to provide a safe 
atmosphere in which there is room for everyone to express themselves Technocracy

Start with very simple model using participant knowledge 
and stepwise grow complexity (within a single working 
session)

To guarantee that each of the participants fully understands the flow of reasoning 
from the onset and can contribute meaningfully   

Complexity, flexibility, 
applicability, technocracy

Test modelled results against the participants’ image of 
reality. If necessary, jointly adapt the model To make all participants part of the process and ensure credibility and acceptance Technocracy

Drill down in the calculation rules of specified locations in 
result maps and visualise the causal flow of reasoning that 
was used to calculate the result value, possibly resulting in 
the need to revisit the rules

To guarantee that the flow of reasoning is fully understood (and ideally accepted) by all Complexity, transparency

Visually compare alternative models (i.e. alternative 
representations of reality) To fuel group discussion on alternative models and implications thereof Complexity 

Save terms, data and modelled relations representing 
participants’ knowledge, interpretations and preferences To have a common truth on collective knowledge and progress at a certain point in time Transparency
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End user Collaborating parties Collaboration practice Result of the practise Barriers addressed

Chapter 5 – Co-designing a data platform to impact nature policy and management: experiences from the Dutch Caribbean

(Inter)national 
rapporteurs, local 
nature management, 
interested parties in 
biodiversity of the 
Dutch Caribbean 
(incl. international 
researchers)

- National and local 
   government
- Nature park management
   NGO’s
- Business (mostly dive    
   schools)
- Rapporteurs
- Scientists
- Software engineers and 
   designers

Continuously update collaboration practice and 
information products (and software) based on feedback 
of collaborating parties

To remain relevant and connected with the user community in a dynamic network 
environment Demand mismatch

Face to face meetings To build a strong relationship with mutual trust and loyalty (Jiang et al., 2012) which 
is required for sharing of information for which the feeling of ownership is strong Data access

Support data collectors with technological tools and 
scientific methods To give something in return and have mutual benefits of information sharing Complexity, data access

Build narratives (Morgan, 2017) and trend indicators 
with local experts (data and knowledge supply) and 
rapporteurs (demand for information) 

To bring together data supply and demand with the overall objective to inform (and 
thereby influence) policy making

Political support, 
technocracy

Share content maintenance across several organisations To have shared ownership and an ongoing commitment to maintain and promote 
the collective efforts Political support

Have champions promote the platform, both within the 
government and the domain network To generate support and willingness to collaborate Political support

Collectively produce outreach material both through 
formal (inter)national reporting obligations, and media To inform and influence the political and societal debate Data access

Long term (governmental) support for technical and 
content maintenance To have continuity and legitimacy Political support

6.1.1	 Collaboration practices for integrated tool development

There are several practices that facilitate collaboration on the development of data-
driven tools. These practices should be used in combination and apply not to a specific 
type of assessment, but to tool development in general. They also aid in aligning 
tool capabilities with the users’ demand and in securing ease of use. Three of these 
practices are especially helpful during project start, the fourth is particularly helpful in 
staying connected during project execution. 

Build a conceptual model from scratch in a workshop (see chapter 2, 3 and 4). This 
model must capture the most important system elements with relationships between 
them. Starting from scratch allows to jointly shape the domain and for everybody 
to internalize it. Existing models do not describe the same domain under the same 
circumstances with the same questions, but can be looked at for inspiration. They 
should not be used during the meeting as they distract from the specific study. In my 
experience such workshops work well when started by a brainstorm session in which 
participants write down elements on sticky notes. A facilitator then calls them out loud 
and groups them on a wall or table based on explanations and feedback from the 
participants. Naive groupings and arrows between them, help activating participants 
and overcoming possible hesitation, and can be used to invite them over to the wall to 
make corrections.

Table 6-1 - continued
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End user Collaborating parties Collaboration practice Result of the practise Barriers addressed

Chapter 5 – Co-designing a data platform to impact nature policy and management: experiences from the Dutch Caribbean
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nature management, 
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Dutch Caribbean 
(incl. international 
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environment Demand mismatch

Face to face meetings To build a strong relationship with mutual trust and loyalty (Jiang et al., 2012) which 
is required for sharing of information for which the feeling of ownership is strong Data access

Support data collectors with technological tools and 
scientific methods To give something in return and have mutual benefits of information sharing Complexity, data access

Build narratives (Morgan, 2017) and trend indicators 
with local experts (data and knowledge supply) and 
rapporteurs (demand for information) 

To bring together data supply and demand with the overall objective to inform (and 
thereby influence) policy making

Political support, 
technocracy

Share content maintenance across several organisations To have shared ownership and an ongoing commitment to maintain and promote 
the collective efforts Political support

Have champions promote the platform, both within the 
government and the domain network To generate support and willingness to collaborate Political support

Collectively produce outreach material both through 
formal (inter)national reporting obligations, and media To inform and influence the political and societal debate Data access

Long term (governmental) support for technical and 
content maintenance To have continuity and legitimacy Political support

Use screen sketches to create a joint vision on the end product (see chapter 2, 3 and 4). 
Ideally the sketches display screen layout with text-blocks, headings and early ideas on 
data visualisations, preferably based on some real data. Screen sketches are particularly 
useful in the early stage of tool development to catalyse dialogue, to converge perceptions 
and to trigger planning activities on what needs to be done, when and by whom. Sketch 
screens on paper as a way of brainstorming, then detail them more in a presentation tool 
using graphs, images and pictures from the internet and finally have a graphical designer 
work on it to be able to have an impression as if it were implemented. 

To help divide tool implementation across teams, a technical architecture, a common 
abstraction of a system illustrating the physical and logical connections between tool 
modules must be made in the early stage of tool development. Each module can be 
developed separately as long as the interfacing is developed as agreed upon (see 
chapter 2 and 3). 

Focus and refocus development using short time-boxed design-implement-test-deliver 
iterations (chapter 2 and 4). Throughout project execution the understanding of the 
domain integration progresses and user requirements crystallise. By continuously 
developing small pieces of functionality and communicating progress by (preferably 
live) tool demonstrations, all involved can test whether they are still in line with each 
other and adjust planning or ways of working together when needed.
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6.1.2	 Enhanced operational and transparency features for improved

	 understanding of drivers and impacts of land use change

For tools, and specifically modelling tools, transparency is a property associated with 
the tool’s internal mechanics. Transparency plays a major role in understanding the 
formalised reasoning and the consequent trust and acceptance of a tool’s output by 
its users. To deliver transparency, developers produce documentation and provide 
access to source code and databases. Transparency is also a property of the process 
of building and parameterising new and existing tools; and of the visual analysis 
functionalities offered by the tool.  

In participatory modelling workshops, transparency is inherently included as 
participants jointly work on the model concept and the actual modelling (chapter 4). 
During that process the participants identify, discuss and decide what elements matter 
for the assessment (including drivers of change, system variables and indicators). As a 
result the participants improve their understanding of the functioning of the land use 
system as a whole. Participatory modelling can be done by collaboratively building a 
model from scratch (chapter 4), or parameterising an existing model. 

For existing models to be used in workshops they must be easy to use and be equipped 
with visual analysis tools to enable result interpretation. These characteristics are 
also helpful in more classical desk-top studies, but are not the first ones researchers 
focus on when developing models for system understanding or projection. Logically, 
time and energy are put into understanding signals from- and relationships between 
data first. When the model is to be used in a workshop in-situ, or when it is used so 
frequently that certain operational issues become time-consuming and error-prone 
hurdles (e.g. manual data pre-processing and post-processing), it is time to reconsider 
the current implementation.      

To find out how to improve the applicability and transparency of an existing tool a good 
understanding of the current model and its bottlenecks is required, both operational 
and analytical. Then, in a second step, you must design and test solutions. The following 
practices guide you to do so (chapter 3). 

Gaining insight in the current tool is achieved by developing a conceptual model and 
by graphically documenting the internal calculation flow and the external workflow 
of using the tool. Develop a conceptual model enriched with visualisations to give an 
one-pager overview of how the tool captures real world processes (chapter 3). The 
visualisations must clarify the ambiguity which is associated with the different 
interpretations that occur when using textual descriptions only. Such an illustration 
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not only helps in communicating an overall view and assumptions with the (end-)user, 
but also highlights the key elements and processes that likely require transparency 
features. In my experience drawing on a whiteboard while in dialogue with a handful of 
model experts will quickly result in a supported proposal. This proposal is elaborated by 
one, sent around for feedback (allowing individual reflection time) and then finalized.

Graphically document both the internal calculation flow and the external workflow of 
using the tool. Use one page for each of the flow diagrams and apply the clarity-over-
detail principle. The internal calculation flow diagram describes the order of calculations 
that together form the model. The external workflow diagram provides a recipe of the 
sequence of manual steps to be taken with various tools. These diagrams are the basis 
to map the current model and provide hooks for improvements.

To inventory current bottlenecks and to scope what is needed to solve them, mix 
experienced and inexperienced tool users in a focus group (chapter 3). The inexperienced 
users often focus on operational problems they encounter in applying a tool, while 
experienced users (used to the mode of tool operation) have a broader view on the 
assessment in dialog with end-users. Both bring in what is difficult in understanding, 
or explaining the spatial patterns resulting from reasoning that is embedded within 
the tool. 

To explore potential solutions the momentum of the focus group must also be used 
to draft the ideal workflow and to sketch screens on paper or whiteboard, and to feed 
the discussion with concrete suggestions (see chapter 3 and 4). The ideal workflow 
automates repetitive manual tasks that are time consuming and error-prone. Sketch 
screens for the model parameterisation and for the result display, including drill-down 
and summary visualisations (chapter 3 and 4). Drilling down from a calculated result 
enables to stepwise go into more detail and helps understanding the flow of reasoning 
that was used in the model. In contrast, summaries provide overview on trends, 
hotspots and differences between alternative situations.

6.1.3	 Including stakeholder knowledge in a land use policy tool to rapidly

	 reach a common understanding of the different views on land use

When stakeholder knowledge and work processes are integrated into a tool, it is 
easier for stakeholders to recognise and connect with it, as it is more aligned with their 
specific context and objectives. This applies to the design and functionalities of the tool 
itself as well as the data and modelling included in the tool. The joint design of a tool 
through screen sketches is already described in paragraph 6.1.1 (based on chapter 2 and 
3). The remainder of this paragraph explains how participatory modelling practices are 
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used in a workshop setting, through which people, share their knowledge, views and 
experience, by reflecting on presented data. The following practices should be used to 
prepare, carry out and evaluate such a workshop. 

Preparatory interview individual participants to inventory expertise, interests and 
preferences (chapter 4). Studying background material (e.g. literature and policy 
documents) supplements the findings from the interviews and together they generate 
insight into the range of required relevant data. The interviews will also allow to 
anticipate potential conflicts. I prefer to work with a small group of carefully selected 
participants. Somewhere between 5 and 10. In a small group it is easier to create a safe 
atmosphere in which there is room for everyone to express themselves. If working with 
bigger groups I mix plenary with smaller breakout sessions and I highly recommend to 
include a skilled facilitator to manage possible power relations. The facilitator can also 
intervene to avoid lengthy discussions on positions. Define clear roles and tasks for the 
facilitator and modellers involved in organising the participatory modelling workshop. 
The modeller must be able to interpret and translate spoken language of participants 
into modelling terms on-the-fly.  

The workshop is broken down in two main phases: 1) to connect to each other, and;  
2) to do the joint assessment of the land. First, participants are stimulated to tell 
stories and share their perceptions on the use of the land by using data visualisations. 
This creates space to get to know each other while building on facts. And it brings 
up elements that need to be included in the assessment. There are two techniques I 
often use to initiate the dialogue. Either, I present trend graphs (e.g. urban expansion, 
declining agricultural yields) and thematic maps (e.g. flood prone areas, travel time) 
and ask participants whether these fit their observations and if they can explain what 
they see. Or, I present a topographical map of the area and ask them to describe the 
landscape, its characteristics and important related (historical) events (chapter 4 and 
5). Shy or introvert participants may require explicit invitation to speak their minds. In 
my experience, posing naive questions entice them to do so.   

Second, based on the conversations, indicators are defined (e.g. soil and climate 
suitability for growing coffee, or travel time to educational facilities for children of coffee 
farmers) and these are jointly modelled from available data. This modelling starts with 
a simple relation between few data by using participant knowledge. The model is then 
iteratively refined by testing its results against the participants’ image of reality. I do this 
by asking whether participants recognize the resulting maps and graphs, where they 
see mismatches and, if any, what they assume to be the underlying reason (chapter 4). 
In case the result visualisation does match perceptions, it sometimes contains striking 
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manifestations (e.g. hotspots in maps and trend breaks in graphs). If participants can 
explain these, I add their explanations as notes (chapter 5). 

Finally, at the end of each workshop, inventory the impact of the workshop to learn what 
participants’ take-home messages are, how participants worked together, to what 
extent a common understanding is reached and what must be improved in following 
workshops. I often ask participants to reflect upon  the collaborative work and give 
them some individual time to come up with two or three supportive reflections and 
two to three critical ones (chapter 4). Although this collected feedback does provide 
learnings for the participants and the organisers, more structured formats should be 
examined (e.g. Sufi et al., 2018).  

6.1.4	 Influencing land use policy by enhancing and

	 facilitating collaboration through tool development

Scientific evidence and advice are key for informed policy making (chapter 1). In 
addition to informing, scientists may also try to actively influence policy making. This 
is for example the case with issues where there is scientific consensus of alarming 
environmental signals such as climate change or biodiversity loss. Scientists that seek 
to inform or influence policy with their findings, can work towards being heard which is 
conditional for having impact. Using a strong evidence base to substantiate a message, 
having community support, using media to publicly disseminate the message, and 
having a governmental stakeholder advocating it, improve the chance of being heard. 
To meet these criteria, the practices listed below can be used separately, but they have 
the strongest effect when used in combination.      

Build a stable and strong knowledge base that you can rely on for policy making (chapter 
5). While some knowledge is publicly accessible, others are managed by individuals 
that are reluctant to share, e.g. due to a strong feeling of ownership. In these cases 
you must build trust and willingness to work together through face-to-face meetings, by 
supporting needs of data suppliers with what they see as practical solutions (e.g. analysis 
methods, safely storing their data now and in the future, or broaden visibility) and 
always fully acknowledge their authorship. Face-to-face meetings are also supportive 
in understanding the demand from-, and informing for policy making. Face-to-face 
meetings do not exist in isolation, but are part of an ongoing dialogue to stay connected 
and to update collaboration practice and information products when needed. Long 
term governmental funding must be available to secure and provide legitimacy for 
such a knowledge base.

Organise a working session with domain experts ’and policy makers while working together 
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to jointly assess policy indicators (chapter 4 and 5). A working session is beneficial for policy 
makers as they can have a (rough) answer to their questions, prioritize the assessment 
towards the policy context and sought confidence levels and ask for clarification when 
needed. Domain experts can explore what drivers play a role, which negative impacts 
are likely to occur, identify what elaborate research is needed and they may suggest 
alternative policy formulations. One or multiple sessions may be organised depending 
the complexity and detail of the assessment, through put time and available capacity.

Write compelling narratives that are underpinned by data and supported with visual 
material (chapter 5). The narratives must be written in short, simple sentences that 
place mono-thematic indicators in broader context. Use indicator charts and maps to 
substantiate signals from data: charts to draw attention to (breaks in) trends and maps 
to illustrate spatial patterns. An appealing design, with a careful mix of texts, charts and 
images attracts attention and invites reading, thereby increasing the chance to get the 
message across. To further increase impact, narratives must be distributed through 
varying channels with diverse audiences using matching writing style. I often start 
drafting narratives through a dialogue with data collectors to jointly find signals in data, 
and confront this data analysis with their field experience and relevant events. I explain 
the relationships in the text and mark them in the chart and ask a policy official to 
add context by reflecting upon the draft from policy perspective. Ideally, I develop the 
narrative and the political context in a single face-to-face meeting. Finally, depending 
the media, a graphical designer includes aesthetics and a text editor reformulates the 
story, e.g. for a social media message, a newsletter, a policy brief or a newspaper article.  

Use the donor, project partners and stakeholders to grow your network and deliberately 
act on power relations and changing contexts. If possible, join forces with a champion 
based on mutual respect and trust (chapter 5). A champion is an individual whose 
message is likely to be accepted by others, on the basis of authority of knowledge or 
power, such as a valued domain expert or an influential policy maker.

6.2 REFLECTION

For data-driven tools to contribute to land use policy development, accepted 
methods and practices for developing and utilising these tools are needed. Several 
of the methods from chapters 2 to 5 are rooted in software engineering (particularly 
agile and User Centred Design), participatory modelling and workshop design. 
This paragraph reflects upon the main findings and on the use and limitations of 
collaboration practices for data-driven tools in general.
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6.2.1	 The role of data should not be overestimated nor underestimated

All of the research documented in this thesis is built on data as a crucial asset. 
Systematically gathered data aids to find the current status (e.g. agricultural yields), 
trends through time (e.g. the velocity and direction of developments in population 
numbers) and (spatial) patterns (e.g. hotspots of deforestation). Especially when 
different trends and events from different data sources are combined, relationships 
can become apparent (e.g. from Remote Sensing, census, and citizen science). These 
relationships, together with the extrapolation of trends or scenarios, can be used to 
project how the future is likely to develop, and test what the likely direct and indirect 
effects of potential policy interventions are. 

Obviously, data must be available at the scale appropriate for the study area. In my 
experience it is easier to get access to large scale (e.g. country-level or global) data, then 
detailed case study data (e.g. a small island, or sub-catchment). If no data is available, 
it can be considered to use proxies or to gather data first. Gathering and analysing 
data often takes time and may be costly. Gathering data is generally not worthwhile 
on deemed less important issues. It may not even be possible when urgent decisions 
have to be made, which forces concessions. The choice what data to use, what not, how 
to aggregate and display the data, how to interpret and weigh it against other issues, 
are choices with subjective elements. Data can be used as evidence to give direction in 
policy development, and it can be used to push a political agenda.   

As a first step in identifying data sources I recommend to get an impression of an area 
by doing a field visit with local experts and residents (chapter 4 and 5). During a walk 
or drive-through you experience the landscape and get a sense of its size, proportions 
and of the lifestyles of its residents. The residents could explain their use of the land, 
identify problems they experience and foresee if certain interventions and policies 
would be implemented. The local experts may point out specific elements, elaborate 
on the cultural background, on relations between the environment and human society, 
or on social dilemmas. Both the residents and experts could share their understanding 
on implications of past, present or potential future measures and policies. 

It might be argued that data are no longer needed, once field visits have been carried 
out. Although field visits may work well for a small area, they are, however, infeasible 
for large territories. Another drawback of decision making based on field visits alone 
is the human tendency to overestimate recent and emotionally charged events 
(Schwarz et al., 1991), the tendency to rely heavily on a limited set of information 
(Zhang et al., 2007) and fail to notice slow changes around them. As a result of these 
cognitive biases, relevant information is at risk of being overlooked. Field visit learnings 
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complemented with (trend) data on a broad variety of issues, may help to overcome 
these disadvantages. Relevant issues can be found through identifying (Gregory et al., 
2020) and interviewing stakeholders (Longhurst, 2016), or doing (literature) research. 

In my experience data only tells part of the story. While certain factors are relatively 
easy to measure and quantify, other factors are more difficult to measure and have 
the risk to be ignored in assessments. Especially factors that are intrinsically about 
values (e.g. cultural value, noise nuisance, or landscape beauty), or factors that are 
complex and multi-interpretable (e.g. habitat health or social cohesion) tend to fall in 
this last group, although there are well accepted methods to include such qualitative 
information (Paracchini et al., 2011.; Allain et al., 2018) 

In dialogue with stakeholders, policy makers and domain experts, facts, interpretations 
and opinions are often mixed. A term ‘extensive farming’ may be interpreted as ‘half of 
the amount of external inputs (fertilizer, pesticides and labour) in comparison to intensive 
farming’, or as ‘no external inputs. Grazing pressure below the limit of natural regeneration 
of the agricultural fields’. The use of such abstract and multi-interpretable terminology 
glosses over differences in perception, either unconsciously or on purpose (Janssen 
and van Ittersum, 2009). Data in the form of numbers enable fact checking  and lift 
the obscurity by enabling people to use the same reference and reflect upon it from 
their own perspective (e.g. ‘245 kg of soil injected Nitrogen per hectare in the Netherlands’, 
Lukacs et al., 2019). Data must be incorporated in policy development when policy 
makers are present in collaborative settings. This is especially true, when the data is 
accepted by influential stakeholders and when the data supports the policy agenda. If 
policy makers are not present, data must not only be made available to inform policy 
makers (e.g. through reports), but used to nourish political influencers (e.g. civil servants 
and lobbyists) and the public debate that in turn exert influence on the policy making 
process (Devarajan, S., 2017). How to get the data to be picked up and internalized up 
by political influencers and in the public debate, is another challenge.  

6.2.2	 Collaboration aids to converge different

	 perceptions towards supported solutions

All the research documented in this thesis uses methods and practices for intensive and 
creative work sessions, as a means for people to come together to formulate and work 
on a common goal. That goal is to develop tools that are used in policy development with 
the overall objective to support the formulation of a viable land use policy. The listed 
practices are helpful to integrate knowledge and experiences that are spread across 
individuals (see all chapters), to find ways to share and use scarce resources (e.g. land) 
(see chapter 4), or to join forces to exert influence on policy making (chapter 5). The 
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collaboration practices are about sharing with- and learning from each other, and jointly 
exploring and deciding. They are instrumental to: 1) reflect on one’s own thinking and 
recognising assumptions and values in it; 2) reach a common understanding by getting to 
know each other’s thinking, identifying similarities and differences, and what these mean 
for each other; 3)  facilitate the development of a shared vision under a feeling of shared 
ownership. This intensive engagement generates trust, commitment and enthusiasm 
to jointly work towards the goal, to influence agenda setting and to broaden impact 
(confirmed by Restrepo et al., 2020; Akbar et al., 2020; Anjum et al., 2021). In effective 
collaboration people work together on the basis of mutual respect and trust although 
they do not necessarily always agree with each other. Effective collaboration is also 
about pushing each other forward and allowing each other visibility and position. To stay 
connected during progression, the team must periodically reflect on the way of working 
together, be open to possible changing circumstances and adapt whenever necessary.  

Collaboration starts with a group of people that want to work together towards a 
common objective. It is either actively initiated, or it emerges spontaneously when 
people are engaged in conversation. Together they decide who else to include (and 
exclude) on what basis (e.g. for expertise, representation, or influence). Multiple 
collaborating groups may be formed around the same objective. These groups work 
together with different intensity and frequency, e.g. a group of scientific modelers that 
work together on a daily basis, the donor and foreseen users that provide feedback 
and direction in 3 weekly iterations, and a consultative group that provides input and 
feedback several times a year (see also Verweij et al., 2014; Nabuurs et al., 2019). 
Motives for participation may vary between individuals. Some may want to work 
together as they seek profitable opportunities, fear that they miss out on influencing 
outcomes, feel that they can meaningfully contribute, out of curiosity, are energized by 
socially engaging with others, or are obliged to do so as part of their job description.

Although engaging in collaboration has many benefits, not all activities are to be carried 
out in a collaborative effort. As collaboration is time and energy demanding, the benefits 
should outweigh the costs (Cross et al., 2016). I have found collaboration especially 
useful in activities where tools and processes need to be aligned, where complexity and 
social learning is involved, where awareness of- and access to- networks is needed, and 
when commitment is sought. Tasks must be split up if they are simple, it is clear what 
individuals need to do by themselves, or speed is key. If individual tasks are running 
longer, you must check regularly to see if everyone is still on the same page. 

In my experience collaboration efforts are not always a success and may not lead to 
a viable solution. Several reasons may be involved, such as external constraints (e.g. 
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political landscape, or mandate of the individuals involved), unrealistic expectations 
or because of interpersonal issues. Collaboration efforts can provide stage to fierce 
discussions when: there are different viewpoints, there is competition between 
participants, or personalities-, working style preferences-, or culture- clash. Although 
vigorous debates can be a constructive means to make progress, they are not helpful 
if they put relationships on edge and block continuation. Although maybe not all 
involved can be kept on board. Collaboration sessions can also feel like a waste of time 
when conflict-avoiding behaviour dominates critical thinking, and no tangible results 
or specific agreements are made. Careful preparation and facilitation can reduce 
risks considerably, for example by interviewing participants beforehand to anticipate 
potential conflicts, include a skilled facilitator to manage conflicts, or steer and trigger 
discussion by putting forward (bold or over-simple) proposals. Also, keep probing to 
unravel abstract notions. While abstract notions are easy to agree upon and give a 
feeling of unity (e.g. ‘we want to have a sustainable solution’), different perceptions 
remain, and that very likely result in future conflicts. To reduce the disconnect, you must 
therefore adopt an inquisitive attitude and keep asking. Still, the risk of collaboration 
failure remains. Despite preparation, setting and experience, it is an illusion to think 
that collaboration can be steered into a success always. Nevertheless, if you strive 
for (societal) impact, that risk should not stop you from trying, even if chances of 
disappointment are substantial.

6.2.3	 Choosing the right tool

The tools listed in this thesis are used to describe, compare and communicate 
simplifications of part of the world (models). They are helpful for making informed 
decisions by separating factual knowledge from biases and beliefs. Tools, in their 
simplified representations of land use and land use related processes, have limitations 
that are not always explicit. First, they are never fully value-free, because of the 
underlying theory and methods (confirmed by Douglas, 2009), for example the belief 
in free-markets, or the choice for a specific statistical method. Second, they are based 
on explicit and (un)conscious implicit assumptions on relationships between system 
elements, the choice of system elements, the level of detail, and the time horizon 
and -granularity. And third, they are a simplification of the current status of science. 
Unknown, or not understood, relationships cannot be captured and are thus missed. 

The choice for what simplification to use is driven by the socio-historical discourse (such 
as cultural background, scientific training and network), and interest of the researchers 
and donors (confirmed by Parker and Winsberg, 2018;  Lagopoulos, 2018). Available 
budget and lead time also play a major role.
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Many researchers push their supply of tools in projects, instead of exploring what 
would best fit the stakeholders’ demand. This is done for a number of reasons: alleged 
cost efficiency (the tool is available off the shelf), return on investment (investments 
either in money or people made in previous projects, have to pay off), trust (it has been 
used and is published in numerous studies), continuity (changing long-used methods 
complicates comparability), and institutional settings (the researchers, assessment 
agencies and policy developers have working relationships and networks in place). 
Tools are pushed already during proposal formulation, when issues to be examined 
are still fuzzy. Early decisions are made to be able to continue one’s own research 
interest, for cost estimation purposes (it is easier to estimate costs based on similar 
previous studies), a promising project proposal (a detailed and strictly planned proposal 
builds credibility and trust with the client), and to split work across project partners. 
Although these may seem valid arguments, there is a high risk of failure to deliver a 
useful solution, as detailed understanding of the (research) question only becomes 
apparent during project execution. The lurking disappointment and dissatisfaction 
of stakeholders and clients, may damage the relationship and ultimately the trust 
in science for answering questions. I recommend a more inquisitive attitude in the 
initial phase of a project in order to explore what tool(s) would be most helpful and 
to have more options for adaptive project implementation to ensure that tool choices 
can easily be adjusted during the course of the project. As tools, and their associated 
tasks and budgets, are often bound to project partners, this different project setup 
has quite some implications. There may also be implications with the donor as their 
bureaucracy might be organized around ticking completion of pre-defined deliverables 
and activities. 

An increasing complexity of land use dilemmas lead to a wish to develop integrated 
tools combining several disciplines into a single all-inclusive one. This combined with a 
consequence of tool push lead to linking of big existing models that each capture part 
of the socio-ecological system (e.g. Janssen et al., 2011; Sieber et al., 2013). Although 
goals are set under one thematic umbrella, knowledge and reasoning captured 
in individual models remain for the most part conceptually and, for the most part, 
technically separated (‘multidisciplinary’, see Wright Morton et al., 2015; Tress et al., 
2004). In my experience a lot of time and effort is put in technically realising interfacing 
between modelling software and data sources (see for example Knapen et al., 2013; 
Chen et al., 2020). An effort that continues today with new combinations of models and 
inclusion of promising new technologies like sensor data and digital twins (e.g. Wright 
and Davidson, 2020; vanderHorn and Mahadevan, 2021). The advantage of developing 
formalized links is that these prove that conceived links can actually be realized. The 
linked software systems simply don’t run otherwise. However, these challenging 
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technological puzzles detract from the overall objective of assessing the integrated 
effects and robustness of proposed policies. Such a technology-driven solution makes 
it hard, for even the model developers themselves, to understand the reasoning hidden 
within the system as a whole, and as a result, may rather obfuscate than help decision 
making (confirmed by Lee, 1973; Elsawah et al., 2020).  

The tools listed in this thesis vary in degree of interaction with stakeholders. Ordered 
from a low to a high degree these are: iClue (chapter 3) – for a researcher that seeks to 
understand where land use is likely to change under specific conditions; SIAT (chapter 
2) – as a focal point for individual modelers that bundles their joint effort in a simplified 
meta-model for policy makers; DCBD (chapter 5) - to link data collectors (scientists and 
field experts) with users (policy makers and land managers) through a web-platform; 
QUICKScan (chapter 4) - for collaboratively integrating expert and tacit knowledge with 
available data; and conceptual modelling (chapter 2, 3 and 4) - to inventory the relevant 
system elements and their relationships in a cross sectoral and cross disciplinary 
workshop. There is a wide range of tools available in addition to the ones listed here 
(see listing in chapter 1). The choice of what tool to use depends on the purpose 
(e.g. system understanding, projection, or social learning); the group of stakeholders 
you are targeting; the anticipated degree of interaction; and personal preferences 
of researchers and optionally donors and stakeholders. Such a personal preference 
may concern re-use because of familiarity, or the desire to try out something new. 
Multiple tools can be used in combination and in different phases of a project. Mid-
term progress evaluation helps to identify limitations or new opportunities, and adjust 
tool choices.   

As land use, and land use policy development, is inherently complex (chapter 1), a single 
tool cannot capture all associated aspects on its own. With different tools, that each 
explain part of the story and provide a disciplinary, sectoral or stakeholder perspective 
on the whole, it is up to the eye of the beholder to merge it all together. Methods 
that facilitate to see the big picture by encouraging systemic thinking and recognising 
the role of actors and contexts, are needed to bring together disconnected worlds in 
people’s minds. Such methods facilitate to (i) obtain a holistic understanding, (ii) aid 
to identify the need for complementary in-depth studies; (iii) understand stakeholder 
demands and tool(s) requirements, and; (iv) help to put the results of the in-depth 
studies into perspective. Methods to see the big picture include conceptual modelling 
(chapter 2, 3, 4, Argent et al., 2016), causal looping (Fernald et al., 2012; Cormont et al., 
in prep.), participatory mapping (e.g. Jacaobi et al., 2017; Verweij et al., 2017), and joint 
fact finding (Matsuura and Schenk, 2016; Innes and Booher, 2016; Verweij et al., 2020).
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6.3	 DIRECTIONS FOR FUTURE RESEARCH

This thesis contributes to the field of tools for land use policy development by providing 
collaboration methods and practices to scientists for enhancing tool uptake. It also 
identified issues that require further research. At least three main topics are identified: 

Firstly, how can psychological and educational insights be used to enhance the inter- and 
transdisciplinary learning with tools in group sessions? Inter- and transdisciplinary learning 
(Wright Morton et al., 2015) is elementary to knowledge integration in land use planning 
and land use assessments. Insights in this thesis are based on experience. A more solid 
foundation from psychological and educational studies is needed to bring supplementary 
insights and practical guidance to understand how learning takes place (e.g. social 
constructivism) and why some persons in collaborative activities are proactive and engaged 
while others behave passive and alienated. For example Ryan & Deci (2000) describe that 
motivation requires competence (the activities must build on a persons’ knowledge), 
autonomy (have influence on the process) and a social relation (with the other individuals 
involved). Assuming that these insights impact how tools are used in collaborative efforts, 
there will also likely be consequential (functional) requirements changing tool setup. 

Secondly, how can collaboration tools be used to reduce the disconnect between the 
evidence informed policy making process and plan realisation process? Tools contribute 
to the formulation of policies and plans. These intentions for land (use) change are 
published in policy documents, reports, vision documents and scientific articles. 
Often, this is where the study ends and momentum with stakeholders is lost. Although 
possibly, previous stakeholders have become champions for the realisation of plans, 
this realisation (if any) is often a disconnected process in which relationships (and 
knowledge) have to be reconstructed (Holl, 2017 in van Oosten et al., 2018), and 
in which a different, separate set of tools is used. Ideally these processes form a 
continuum that are supported by relatable data and tools. How to make sure that tools 
and collaboration practices that are used throughout the process are aligned with each 
other? And how would that ultimately lead to the realisation of plans?

Thirdly, how can (big) data and (cluster) computing transparently be used in interactive 
working sessions with stakeholders? For the QUICKScan participatory modelling tool 
described in chapter 4, data, algorithms and the Graphical User Interface are run 
from a single computer. The increasing availability of (big) data and (cloud- and 
cluster-) computing power are promising technological advancements to inform the 
policy making process with more detailed and up to date information. How can these 
technologies be used in workshops in which multiple explorative assessment iterations 
are carried out, such that they are transparent and informative to the users?
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# property file uses key = value notation. The symbol ‘ = ‘ cannot be used for other purposes

# key cannot contain any white spaces. Use camel casing instead

# key uses namespace notation (a ‘.’ between key-parts) to denote a hierarchical relation

# a value can contain white spaces

# in value the symbol ‘,’ is used to separate list elements. It can therefore not be used for other purposes

# Baseline landuse map and year that the map represents

# Example: Baseline.filename = D:\\clue\\Mexico\\rob_lu_16a

# Example: Baseline.year = 2005

# Landuse classes

# code in map file, colour code in hex rgb, ease of change, initial age in years, demand deviation type, demand 

deviation amount

# colour examples: (red ff0000), (green 00ff00), (blue 0000ff), (yellow ffff00), (white ffffff), (black 000000), 

(grey aaaaaa), (orange ffaa00), (purple aa00ff)

# see also: http://www.color-hex.com/color-names.html

# ease of change: {‘Very easy’, ‘Easy’, ‘Hard’, ‘Very hard’, ‘Cannot change’}

# demand deviation type: {‘AbsoluteDeviation’ [cell count], ‘PercentageDeviation’ [0…100]}.

# Example 1: LanduseClass.Forest = 10001,38a800,Hard,100,AbsoluteDeviation,2047

# Example 2: LanduseClass.Urban = 10002,38a800,Very easy,22,PercentageDeviation,15

# Administrative units map and list of unit name and unit code

# Example: AdministrativeUnits.filename = D:\\clue\\Europe\\masker

# Example: AdministrativeUnit.Netherlands = 1

# Example: AdministrativeUnit.Belgium = 2

# Demands

# line with sequence of landuse classes

# line with same sequence of landuse demands per year

# Example: LanduseDemands.sequence = Forest, Urban

# Example: LanduseDemand.Netherlands.2025 = 430787,232460

# Example: LanduseDemand.Netherlands.2050 = 530787,132460

# Example: LanduseDemand.Belgium.2010 = 300,200

# Example: LanduseDemand.Belgium.2050 = 400,100

# Drivers

# Can be ‘Constant’, or ‘Dynamic’ driver. Dynamic drivers change over time

# For every driver:

# line 1: DataType = {‘Qualitative’, ‘Quantitative’}

# line 2: filename = full path

# line 3 etc: class.className = class code in map file, class colour in hex rgb

# the following 4 examples illustrate: 1. qualitative constant driver, 2. quantitative constant driver, 3. qualitative 

dynamic driver, 4. quantitative drynamic driver

# Example 1: ParameterMap.Constant.EcoRegions.DataType = Qualitative

# Example 1: ParameterMap.Constant.EcoRegions.filename = D:\\clue\\Mexico\\wwf_ecoregion

# Example 1: ParameterMap.Constant.EcoRegions.class.Boreal = 204,ffaa5b

# Example 1: ParameterMap.Constant.EcoRegions.class.Pannonioal = 205,22e4ff

# Example 1: ParameterMap.Constant.EcoRegions.class.Tundra = 206,ffff00

# Example 2: ParameterMap.Constant.EnergyCropHectare.DataType = Quantitative

# Example 2: ParameterMap.Constant.EnergyCropHectare.filename = D:\\clue\\Mexico\\rk_encrop_ha

ANNEX I – ICLUE PARAMETER TEMPLATE
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# Example 3: ParameterMap.Dynamic.Temperature.DataType = Qualitative

# Example 3: ParameterMap.Dynamic.Temperature.class.Cool = 1,0000ff

# Example 3: ParameterMap.Dynamic.Temperature.class.Moderate = 2,ffaa00

# Example 3: ParameterMap.Dynamic.Temperature.class.Hot = 3,ff0000

# Example 3: ParameterMap.Dynamic.Temperature.filename.2005 = D:\\samplePath\\filename_2005

# Example 3: ParameterMap.Dynamic.Temperature.filename.2012 = D:\\samplePath\\filename_2012

# Example 3: ParameterMap.Dynamic.Temperature.filename.2020 = D:\\samplePath\\filename_2020

# Example 4: ParameterMap.Dynamic.PopulationDensity.DataType = Quantitative

# Example 4: ParameterMap.Dynamic.PopulationDensity.filename.2005 = D:\\samplePath\\filename_2005

# Example 4: ParameterMap.Dynamic.PopulationDensity.filename.2010 = D:\\samplePath\\filename_2010

# Example 4: ParameterMap.Dynamic.PopulationDensity.filename.2020 = D:\\samplePath\\filename_2020

# Suitability calculation

# line 1: Method = {StepwiseRegression, FunctionDictionary}

# line 2: depending the method

# line 2: StepwiseRegression.SampleSizePercentage = decimal number between 0…100 (percentage of the 

number of cells for each land use class that’ll be used to do the regression upon)

# line 3: StepwiseRegression.CorrelationThreshold = decimal number between 0…1 (drivers are being correlated 

for each landuse. If drivers are highly correlated (above threshold), the driver with the lowest correlation with 

the landuse class is omitted)

# line 4: StepwiseRegression.ExportFileName = d:\\path\\filename.prop

# Example: Suitability.Method = StepwiseRegression

# Example: Suitability.StepwiseRegression.SampleSizePercentage = 7.5

# Example: Suitability.StepwiseRegression.CorrelationThreshold = 0.85

# line 2: FunctionDictionary.<adminUnit>.<landuseClass>.<FunctionConstant ≥ decimal number between −1…1 

(constant value in function)

# line 3: FunctionDictionary.<adminUnit>.<landuseClass>.<FunctionCoefficient>.<Driver> = decimal number 

between −1…1 (coefficient value in function for quantitative driver)

# line 4: FunctionDictionary.<adminUnit>.<landuseClass>.<FunctionCoefficient>.<Driver>.

class.<className> = decimal number between −1…1 (coefficient value in function for qualitative driver)

# line 5: etc. for driver and landuse class

# Conversion

# choose from the options: {‘always’, ‘never’, ‘years, 7’, ‘location, D:\\samplePath\\conservationAreas.tif’}

# default is ‘always’ (no need to include a land use conversion that can take place always)

# for ‘location’: areas with data are NOT allowed to be converted. Areas without data (= nodata) can be conver-

ted

# Example 1: Conversion.Urban.Forest = never

# Example 2: Conversion.Forest.Urban = years, 15

# Example 3: Conversion.Forest.Arable = location, D:\\samplePath\\conservationAreas.tif

# Neighbourhood

# Specifiy a neighbourhood (a focal filter in the form of a square) per land use class.

# You can use mix different uneven sizes (e.g. 3, 5, or 7 cells)

# Only listed land use classes will be processed with a weighted sum neighbourhood function

# Example 1: Neighbourhood.Urban=1,3, 1,3,5,3,1,3,1

# Target time

# define until what time land use allocation calculations take place

# Example: TargetTime = 2050
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Case study Objective Data Type Participants Setting Impact

Green Infrastructure of 
Europe (EEA, 2011, Verweij 
et al., 2012)

What part of the Natura 2000 
areas could be seen as Green 
Infrastructure? And as Natura 
2000 is the core, what other 
areas might be included based 
on what assumptions?

Pan-European spatial datasets 
with a 1 km2 resolution: 
protected nature areas, land 
cover, High Nature Value 
farmland, eco-tones and 
various administrative and bio-
geographical mappings.

Explorative assessment European policy assessors and 
domain experts from across 
Europe.

During two days, three half-day workshops 
were organised with European policy 
assessors and domain experts from across 
Europe. Within workshop 1 the policy 
context was delineated and alternatives 
and indicators defined. The experts used 
previously gathered maps to derive the 
indicators for all alternatives in Workshop 2. 
The next morning the results were presented 
to the assessors in workshop 3 and iterated 
upon.

Helping the demand 
articulation for defining Green 
Infrastructure

Wetland Conservation 
in the Yellow River 
delta (Eupen et al., 
2007, Verweij et al., 
2010b, Wang et al., 2012)

What would be a more 
balanced water allocation for 
sustainable development of 
the wetland nature reserves, 
dealing with the effects of land 
use changes and variations in 
the flooding regime?

50 × 50 m2 resolution: land cover, 
topography (incl. oil pump jacks), 
soil, water table, hydrological 
flow, vegetation and elevation.

Participatory model 
development

Municipality officials, 
conservation commissioners, 
farmers and hydrological and 
ecological experts.

During one and a half year 5 ten-day 
workshops were organised to define 
scenarios, spatial strategies, indicators and 
compare scenario and strategy impacts.

Short term: increased 
participant awareness of 
possible and feasible water 
allocation;

Soybean expansion in 
Brazil (Barreto et al., 2012)

What are likely areas for future 
soybean expansion? What 
is the effect of that future 
expansion on indicator species 
as birds and large mammals? 
What areas need protection?

250 × 250 m2 resolution: land 
use (current situation and future 
projections), topography, soil, 
elevation

Facilitate scientific method 
development

Biological experts, scientific 
ecological and land use 
modellers

One year postdoc desk study with regular 
feedback rounds from fellow scientists

Raised awareness within the 
scientific community

Resettlement of displaced 
persons in South 
Darfur (Eshitera, 2013)

How much agricultural area is 
being converted to urban? Is 
the South Dafur agricultural 
system able to support the 
population?

100 × 100 m2 resolution: 
soil, rainfall, land cover (incl. 
agricultural crops and livestock 
grazing areas), water access 
points. Statistical data: 
consumption per capita, 
population, actual and maximum 
agricultural production.

Explorative assessment Local farmers, agricultural 
experts, human settlement 
experts and municipality officials

Half year Msc study including several group 
discussions and interviews to gather expert 
knowledge (and data).

Increased local awareness: the 
study results indicated that the 
livestock production subsystem 
is beyond the potential 
sustainable carrying capacity.

Landscape attractiveness 
of the Dutch 
countryside (Roos-
Klein Lankhorst et al., 
2016, Losekoot, 2013)

How do citizens value the 
scenic beauty of the Dutch 
living environment different? 
Can this purely be based 
on physical characteristics 
of the landscape? And can 
citizens be grouped on societal 
background given their 
valuation?

50 × 50 m2 resolution: land use 
and topography including high 
buildings, glass houses, power 
pylons, wind turbines, lines of 
trees, ditches, etc.

Facilitate scientific method 
development

Policy assessors, social scientists, 
statisticians, spatial modellers

A group of citizen several locations 
statisticians determined locations to test 
for landscape attractiveness and identified 
citizens to be interviewed to capture their 
perception of these locations.

Validated model is used in 
annual reporting obligations of 
the Dutch government

Urban Sprawl in European 
cities (Winograd et al., 
2013)

Where do we expect urban 
areas to grow? What are 
the biophysical and socio-
economic implications for 
urban, peri-urban and rural 
areas in relation with land 
cover, green infrastructure?

Pan European 
1 × 1 km2 resolution: land cover 
(historic data and present 
situation), urban nigh light, 
protected nature areas, 
elevation, economic and 
population density, accessibility 
to cities, agricultural soil 
production, soil suitability for 
construction, administrative 
boundaries

Explorative assessment European urban experts and 
policy assessors.

Three workshops with European urban 
experts and policy assessors. Scoping was 
performed in workshop 1. Workshop 2, took 
half a day and resulted in the definition of 
three alternatives and the identification of 
required maps and statistics. During the last 
workshop the alternatives were built and 
linked to indicators using knowledge of both 
participating experts and policy assessors.

Results included in European 
reporting obligation

Ecosystem Integrity of the 
Brazilian Amazon (Verweij 
et al., 2014)

Find relation between climate 
and human imposed drivers 
and ecosystem integrity to 
find likely future impacts on 
biodiversity

Pan Amazonia data at 
1 × 1 km2 resolution: Remote 
sensing products (like leaf area 
index and vegetation cover), land 
use, land cover, environmental 
protection zones and zonation of 
indigenous lands

Facilitate scientific method 
development

Ecosystem experts, biologists, 
statisticians

Several tele-meetings and workshops with 
Brazilian scientists and Dutch ecosystem 
experts and modellers. Fieldwork was carried 
out to validate the model.

Found quantitative relationships 
of the components forming the 
ecosystem integrity

ANNEX II  :  LISTING OF QUICKSCAN CASE STUDIES AND 
THEIR CHARACTERISTICS

https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
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Case study Objective Data Type Participants Setting Impact

Green Infrastructure of 
Europe (EEA, 2011, Verweij 
et al., 2012)

What part of the Natura 2000 
areas could be seen as Green 
Infrastructure? And as Natura 
2000 is the core, what other 
areas might be included based 
on what assumptions?

Pan-European spatial datasets 
with a 1 km2 resolution: 
protected nature areas, land 
cover, High Nature Value 
farmland, eco-tones and 
various administrative and bio-
geographical mappings.

Explorative assessment European policy assessors and 
domain experts from across 
Europe.

During two days, three half-day workshops 
were organised with European policy 
assessors and domain experts from across 
Europe. Within workshop 1 the policy 
context was delineated and alternatives 
and indicators defined. The experts used 
previously gathered maps to derive the 
indicators for all alternatives in Workshop 2. 
The next morning the results were presented 
to the assessors in workshop 3 and iterated 
upon.

Helping the demand 
articulation for defining Green 
Infrastructure

Wetland Conservation 
in the Yellow River 
delta (Eupen et al., 
2007, Verweij et al., 
2010b, Wang et al., 2012)

What would be a more 
balanced water allocation for 
sustainable development of 
the wetland nature reserves, 
dealing with the effects of land 
use changes and variations in 
the flooding regime?

50 × 50 m2 resolution: land cover, 
topography (incl. oil pump jacks), 
soil, water table, hydrological 
flow, vegetation and elevation.

Participatory model 
development

Municipality officials, 
conservation commissioners, 
farmers and hydrological and 
ecological experts.

During one and a half year 5 ten-day 
workshops were organised to define 
scenarios, spatial strategies, indicators and 
compare scenario and strategy impacts.

Short term: increased 
participant awareness of 
possible and feasible water 
allocation;

Soybean expansion in 
Brazil (Barreto et al., 2012)

What are likely areas for future 
soybean expansion? What 
is the effect of that future 
expansion on indicator species 
as birds and large mammals? 
What areas need protection?

250 × 250 m2 resolution: land 
use (current situation and future 
projections), topography, soil, 
elevation

Facilitate scientific method 
development

Biological experts, scientific 
ecological and land use 
modellers

One year postdoc desk study with regular 
feedback rounds from fellow scientists

Raised awareness within the 
scientific community

Resettlement of displaced 
persons in South 
Darfur (Eshitera, 2013)

How much agricultural area is 
being converted to urban? Is 
the South Dafur agricultural 
system able to support the 
population?

100 × 100 m2 resolution: 
soil, rainfall, land cover (incl. 
agricultural crops and livestock 
grazing areas), water access 
points. Statistical data: 
consumption per capita, 
population, actual and maximum 
agricultural production.

Explorative assessment Local farmers, agricultural 
experts, human settlement 
experts and municipality officials

Half year Msc study including several group 
discussions and interviews to gather expert 
knowledge (and data).

Increased local awareness: the 
study results indicated that the 
livestock production subsystem 
is beyond the potential 
sustainable carrying capacity.

Landscape attractiveness 
of the Dutch 
countryside (Roos-
Klein Lankhorst et al., 
2016, Losekoot, 2013)

How do citizens value the 
scenic beauty of the Dutch 
living environment different? 
Can this purely be based 
on physical characteristics 
of the landscape? And can 
citizens be grouped on societal 
background given their 
valuation?

50 × 50 m2 resolution: land use 
and topography including high 
buildings, glass houses, power 
pylons, wind turbines, lines of 
trees, ditches, etc.

Facilitate scientific method 
development

Policy assessors, social scientists, 
statisticians, spatial modellers

A group of citizen several locations 
statisticians determined locations to test 
for landscape attractiveness and identified 
citizens to be interviewed to capture their 
perception of these locations.

Validated model is used in 
annual reporting obligations of 
the Dutch government

Urban Sprawl in European 
cities (Winograd et al., 
2013)

Where do we expect urban 
areas to grow? What are 
the biophysical and socio-
economic implications for 
urban, peri-urban and rural 
areas in relation with land 
cover, green infrastructure?

Pan European 
1 × 1 km2 resolution: land cover 
(historic data and present 
situation), urban nigh light, 
protected nature areas, 
elevation, economic and 
population density, accessibility 
to cities, agricultural soil 
production, soil suitability for 
construction, administrative 
boundaries

Explorative assessment European urban experts and 
policy assessors.

Three workshops with European urban 
experts and policy assessors. Scoping was 
performed in workshop 1. Workshop 2, took 
half a day and resulted in the definition of 
three alternatives and the identification of 
required maps and statistics. During the last 
workshop the alternatives were built and 
linked to indicators using knowledge of both 
participating experts and policy assessors.

Results included in European 
reporting obligation

Ecosystem Integrity of the 
Brazilian Amazon (Verweij 
et al., 2014)

Find relation between climate 
and human imposed drivers 
and ecosystem integrity to 
find likely future impacts on 
biodiversity

Pan Amazonia data at 
1 × 1 km2 resolution: Remote 
sensing products (like leaf area 
index and vegetation cover), land 
use, land cover, environmental 
protection zones and zonation of 
indigenous lands

Facilitate scientific method 
development

Ecosystem experts, biologists, 
statisticians

Several tele-meetings and workshops with 
Brazilian scientists and Dutch ecosystem 
experts and modellers. Fieldwork was carried 
out to validate the model.

Found quantitative relationships 
of the components forming the 
ecosystem integrity

https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
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Case study Objective Data Type Participants Setting Impact

High Nature Value Forests 
within Europe (Winograd 
et al., 2013)

High Nature Value forests are 
a hotspot for biodiversity. 
How can these forests be best 
characterised and where are 
they located?

Pan European 
1 × 1 km2 resolution: tree species, 
forest types, land cover, growing 
stock, wilderness of natural 
vegetation, forest connectivity, 
precipitation, slope, protection 
status, ecotones.

Explorative assessment European forestry experts, 
ecologists and policy assessors.

Three workshops with European experts and 
policy assessors. Scoping was performed 
in workshop 1. Workshop 2, took half 
a day and resulted in the definition of 
four alternatives and the identification 
of required spatial data. During the last 
workshop the alternatives were built and 
linked to indicators using knowledge of both 
participating experts and policy assessors.

Results included in European 
reporting obligation

Risk mapping for soil 
Carbon under climate 
change (Hijbeek et al., 
2016, in prep.)

Find hotspots of soil carbon 
stock that are sensitive to 
climate change endangering 
the sustainability of farming 
systems.

1 × 1 km resolution: soil texture, 
aridity, organic matter, slope 
and farming systems.

Facilitate scientific 
method development

Geographers, biological experts, 
soil scientists, spatial modellers 
and representatives of local 
farmers

One month scientific expert desk study 
with regular feedback rounds from fellow 
scientists

Improving expert knowledge 
using local knowledge

Impact of climate change 
on biodiversity in Pan-
European protected areas

The aim of the European 
Natura 2000 network is to 
assure the long-term survival 
of Europe’s most valuable 
and threatened species 
and habitats (European 
Commission, 2013a, European 
Commission, 2013b). How 
does the future climate 
variability change and how 
vulnerable are the protected 
areas to this change?

1 × 1 km2 resolution: maps 
of Natura 2000 areas (EEA, 
2013), climate projections 
(from EU FP6 Integrated Project 
ENSEMBLES, Contract number 
505539), Digital Elevation Model, 
Land cover, population density 
and accessibility to markets

Explorative assessment European policy makers and 
experts on climate adaptation.

During a half a day workshop we evaluated 
the impact of various climate projections 
on the protected areas on basis of the 
participants expertise

Created more in depth 
questions, created awareness 
of usefulness of IT tools for 
climate change impacts 
exploration

Vulnerability and 
adaptation assessment for 
Central America

What are the main 
vulnerabilities and risks to 
climate variability and climate 
change at local, regional 
and national scale? What 
are the best mitigation and 
adaptation options?

Population and agricultural 
census data, 1 × 1km2 resolution: 
land cover, land se, temperature 
and precipitation (both actual 
and projections), topography, 
elevation, administrative areas, 
accessibility to markets

Participatory model 
development

United Nations Environment 
Program − Climate change 
and adaptation team and all 
REGATTA project (UNEP, 2013) 
members for latin America

One month expert desk study with regular 
feedback rounds from decision makers

Strengthened capacity on 
how to do a vulnerability 
assessment

Pantanal River, 
Brazil (Jongman et al., 
2005)

Build capacity to develop a 
coherent river management 
organisation to reduce 
unwanted effects in the 
Brazilian Pantanal, like: 
permanent inundation caused 
by sanding up of the Rio 
Taquari.

100 × 100 m resolution: land use 
and flooding patterns (based 
on 30 × 30 m multi-temporal 
LANDSAT satellite images), 
geomorphology, vegetation, 
geology, topography

Participatory model 
development

Biologists, water managers, 
hydrologists, ecologists, 
regional policy maker and local 
(large scale) farmers

Three workshops of a week with scientific 
experts to build the model

Local farmers change position 
and join forces with policy 
makers to push forward the 
enforcement of regulation

Integrated flood 
mitigation strategies, 
Taiwan (Yang et al., 2011)

What spatial plan is optimal 
for both flood prevention and 
habitat restoration?

25 × 25 m resolution: land use, 
flooding frequency, elevation, 
hydro network, man-made 
water management structures 
(e.g. dikes)

Explorative assessment Water managers, conservation 
organisation, municipality 
officials and landscape 
ecologists

Preparatory workshop with stakeholders to 
develop flood preventive scenarios.

Raised political awareness for 
the importance of integrated 
assessments

Agricultural value-of-
use (Boogaard et al., 2003)

What is the value of land 
for different agricultural 
functions? How can we 
optimally allocate ownership 
of lands?

30 × 30 m resolution: soil type, 
water level, organic matter, 
water storage, soil acidity

Participatory model 
development

Experts on farm-level 
agricultural practise, soil and 
agricultural crops

7 months scientific expert desk study 
with regular feedback rounds from fellow 
scientists.

Created valuation of land 
forming the basis for exchange 
of land ownership by farmers

Suitability for nature 
development (Runhaar et 
al., 2003)

Determine nature target 
suitability based on site 
conditions

25 × 25 m resolution: water type, 
seepage, acidity infiltration, 
groundwater levels, other soil 
characteristics

Participatory model 
development

Experts on local level water 
management, vegetation 
specialists and ecologists

5 months a year scientific expert desk study 
with regular feedback rounds from fellow 
scientists

Several Dutch water managers 
use the NATLES criteria 
for analysing impacts of 
hydrological changes on 
terrestrial ecosystems, such 
as spatial planning to adapt 
for climate change and nature 
conservation

Wetland restoration in 
the Liaohe delta, China, 
(Xiaowen et al., 2012, Knol 
and Verweij, 1999)

Develop scenarios and identify 
measures to realize the 
landscape targets, locate the 
spatial areas involved in these 
measures, and determine the 
ecological impacts on flagship 
species.

25 × 25 m resolution: vegetation, 
land cover, soil, wetness, 
landscape target scenarios, 
measures, roads, waterways and 
oil plants.

Facilitate scientific 
method development

Conservation organisation 
representatives, water 
management, municipalities, 
fisheries, farmers, consultancy 
(for costing measures), 
ecologists and hydrologists.

Preparatory interviews and workshops with 
stakeholders to understand stakes and 
preferences. Half a year scientific expert desk 
study with regular feedback rounds from 
fellow scientists and stakeholders.

Mitigated the competing 
land-use needs between the 
ecological conservation and 
human needs, and to maintain 
the “no-net-loss” of wetland 
habitats

https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
https://www-sciencedirect-com.ezproxy.library.wur.nl/science/article/pii/S1462901116304385
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High Nature Value Forests 
within Europe (Winograd 
et al., 2013)

High Nature Value forests are 
a hotspot for biodiversity. 
How can these forests be best 
characterised and where are 
they located?

Pan European 
1 × 1 km2 resolution: tree species, 
forest types, land cover, growing 
stock, wilderness of natural 
vegetation, forest connectivity, 
precipitation, slope, protection 
status, ecotones.

Explorative assessment European forestry experts, 
ecologists and policy assessors.

Three workshops with European experts and 
policy assessors. Scoping was performed 
in workshop 1. Workshop 2, took half 
a day and resulted in the definition of 
four alternatives and the identification 
of required spatial data. During the last 
workshop the alternatives were built and 
linked to indicators using knowledge of both 
participating experts and policy assessors.

Results included in European 
reporting obligation

Risk mapping for soil 
Carbon under climate 
change (Hijbeek et al., 
2016, in prep.)

Find hotspots of soil carbon 
stock that are sensitive to 
climate change endangering 
the sustainability of farming 
systems.

1 × 1 km resolution: soil texture, 
aridity, organic matter, slope 
and farming systems.

Facilitate scientific 
method development

Geographers, biological experts, 
soil scientists, spatial modellers 
and representatives of local 
farmers

One month scientific expert desk study 
with regular feedback rounds from fellow 
scientists

Improving expert knowledge 
using local knowledge

Impact of climate change 
on biodiversity in Pan-
European protected areas

The aim of the European 
Natura 2000 network is to 
assure the long-term survival 
of Europe’s most valuable 
and threatened species 
and habitats (European 
Commission, 2013a, European 
Commission, 2013b). How 
does the future climate 
variability change and how 
vulnerable are the protected 
areas to this change?

1 × 1 km2 resolution: maps 
of Natura 2000 areas (EEA, 
2013), climate projections 
(from EU FP6 Integrated Project 
ENSEMBLES, Contract number 
505539), Digital Elevation Model, 
Land cover, population density 
and accessibility to markets

Explorative assessment European policy makers and 
experts on climate adaptation.

During a half a day workshop we evaluated 
the impact of various climate projections 
on the protected areas on basis of the 
participants expertise

Created more in depth 
questions, created awareness 
of usefulness of IT tools for 
climate change impacts 
exploration

Vulnerability and 
adaptation assessment for 
Central America

What are the main 
vulnerabilities and risks to 
climate variability and climate 
change at local, regional 
and national scale? What 
are the best mitigation and 
adaptation options?

Population and agricultural 
census data, 1 × 1km2 resolution: 
land cover, land se, temperature 
and precipitation (both actual 
and projections), topography, 
elevation, administrative areas, 
accessibility to markets

Participatory model 
development

United Nations Environment 
Program − Climate change 
and adaptation team and all 
REGATTA project (UNEP, 2013) 
members for latin America

One month expert desk study with regular 
feedback rounds from decision makers

Strengthened capacity on 
how to do a vulnerability 
assessment

Pantanal River, 
Brazil (Jongman et al., 
2005)

Build capacity to develop a 
coherent river management 
organisation to reduce 
unwanted effects in the 
Brazilian Pantanal, like: 
permanent inundation caused 
by sanding up of the Rio 
Taquari.

100 × 100 m resolution: land use 
and flooding patterns (based 
on 30 × 30 m multi-temporal 
LANDSAT satellite images), 
geomorphology, vegetation, 
geology, topography

Participatory model 
development

Biologists, water managers, 
hydrologists, ecologists, 
regional policy maker and local 
(large scale) farmers

Three workshops of a week with scientific 
experts to build the model

Local farmers change position 
and join forces with policy 
makers to push forward the 
enforcement of regulation

Integrated flood 
mitigation strategies, 
Taiwan (Yang et al., 2011)

What spatial plan is optimal 
for both flood prevention and 
habitat restoration?

25 × 25 m resolution: land use, 
flooding frequency, elevation, 
hydro network, man-made 
water management structures 
(e.g. dikes)

Explorative assessment Water managers, conservation 
organisation, municipality 
officials and landscape 
ecologists

Preparatory workshop with stakeholders to 
develop flood preventive scenarios.

Raised political awareness for 
the importance of integrated 
assessments

Agricultural value-of-
use (Boogaard et al., 2003)

What is the value of land 
for different agricultural 
functions? How can we 
optimally allocate ownership 
of lands?

30 × 30 m resolution: soil type, 
water level, organic matter, 
water storage, soil acidity

Participatory model 
development

Experts on farm-level 
agricultural practise, soil and 
agricultural crops

7 months scientific expert desk study 
with regular feedback rounds from fellow 
scientists.

Created valuation of land 
forming the basis for exchange 
of land ownership by farmers

Suitability for nature 
development (Runhaar et 
al., 2003)

Determine nature target 
suitability based on site 
conditions

25 × 25 m resolution: water type, 
seepage, acidity infiltration, 
groundwater levels, other soil 
characteristics

Participatory model 
development

Experts on local level water 
management, vegetation 
specialists and ecologists

5 months a year scientific expert desk study 
with regular feedback rounds from fellow 
scientists

Several Dutch water managers 
use the NATLES criteria 
for analysing impacts of 
hydrological changes on 
terrestrial ecosystems, such 
as spatial planning to adapt 
for climate change and nature 
conservation

Wetland restoration in 
the Liaohe delta, China, 
(Xiaowen et al., 2012, Knol 
and Verweij, 1999)

Develop scenarios and identify 
measures to realize the 
landscape targets, locate the 
spatial areas involved in these 
measures, and determine the 
ecological impacts on flagship 
species.

25 × 25 m resolution: vegetation, 
land cover, soil, wetness, 
landscape target scenarios, 
measures, roads, waterways and 
oil plants.

Facilitate scientific 
method development

Conservation organisation 
representatives, water 
management, municipalities, 
fisheries, farmers, consultancy 
(for costing measures), 
ecologists and hydrologists.

Preparatory interviews and workshops with 
stakeholders to understand stakes and 
preferences. Half a year scientific expert desk 
study with regular feedback rounds from 
fellow scientists and stakeholders.

Mitigated the competing 
land-use needs between the 
ecological conservation and 
human needs, and to maintain 
the “no-net-loss” of wetland 
habitats
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Integrated water 
management options for 
East Africa (Eupen et al., 
2014)

What are the costs and what is 
the effectiveness of measures 
for (1) minimizing the number 
of people at risk for flooding 
and (2) to minimize yield gaps 
in crop production?

Study area 1500 × 1000 km, 
1 × 1 km resolution: land 
cover, flooded area, soil 
texture, precipitation, yields, 
conservation areas, accessibility, 
grazing density, population 
density, elevation, slope, 
river basin boundaries, local 
measures

Facilitate scientific 
method development

Policy advisors, experts on 
flood risk modelling, landscape 
ecologist and an agricultural 
economist

During one and a half year 10 one-day 
workshops were organised to define 
scenarios, spatial strategies, indicators and 
compare scenario and strategy impacts. 
These workshops were followed up with 
desktop improvements.

Learned that linking local 
measures to global data 
does not provide plausible 
information.

Adaptive management 
plan for the lower Danube 
river, Romania

What are ecosystem service 
impacts of different ecological 
reconstruction plans?

10 × 10 m resolution: land use, 
flooding regimes, protection 
status and administrative units

Explorative assessment Environmental NGO, water 
manager, municipality official, 
farmers, fisheries organisation, 
tourist organisation

1 day workshop with 12 individuals in which 
ESS were identified, prioritized and rules 
defined for quantifying the value of these 
ESS. Two scenarios were developed and the 
implications for the ESS assessed

Shared understanding of the 
stakes. Joint agenda setting

Central area of the 
Kiskunság National Park, 
Hungary

Local experts and nature 
management organisations 
together (re)thinking 
the ongoing land use 
developments, develop 
sustainable land use and 
water management options, 
and consequently help reveal 
conflicts over land use change 
and management.

Study area is part of a long 
term socio ecological research 
network site (LTSER) 40 × 40 km, 
25 × 25 m resolution: land 
cover, topographical wetness, 
accessibility, elevation, distance 
from roads, administrative units 
and topography

Explorative assessment Forest managers, nature 
conservation, water authorities 
and ecologists

1 day workshop in which ecosystem services 
(ESS) were identified, prioritized and rules 
defined for quantifying the value of these 
ESS. Prioritize at the local level relevant 
services for five different bird groups by 
evaluation of preference, according to this 
landscape of pastures (pollen, nectar) service 
capacity of the local population in terms of 
priority services.

Organised working group 
that met on a regular basis 
using QUICKScan for further 
exploration and assessment 
resulting in changing the LTSER 
management plan

Map current and future 
ecosystem services in 
Glenlivit, Scotland

What are currently priority 
ecosystem services? How will 
they change under different 
land use scenarios? Which are 
the trade-offs?

10 × 10 m resolution: land 
cover, topographical wetness, 
accessibility, elevation, distance 
from rivers, administrative units 
and topography

Explorative assessment Nature conservation, tourism, 
foresters, farmers, sociologist, 
ecologist, hydrologist, business 
developer

1 day workshop in which ecosystem services 
(ESS) were identified, prioritized and rules 
defined for quantifying the value of these 
ESS. three scenarios were developed and the 
implications for the ESS assessed

Safe environment for 
stakeholders to put forward 
and try out extreme scenarios 
and evaluate based on impact 
visualization

Effects of land use 
change on landscape 
qualities (Roos-Klein 
Lankhorst et al., 2013)

Determine status and likely 
impacts of policy scenarios 
on landscape qualities for the 
Netherlands (cultural history, 
landscape scale, historical 
landscape, recreation 
capacity, green infrastructure, 
visual disturbance, 
morphology)

250 × 250 m resolution: land 
cover, land use, topography, 
elevation, vegetation, 
management of agricultural 
and natural areas, building- and 
vegetation height

Participatory model 
development

Policy makers, policy assessors, 
thematic experts

4 Month study with intense collaboration 
of thematic experts and policy assessors. 
Multiple workshop sessions, many bilateral 
meetings and emails. The model is updated 
annually by a small group of experts and 
irregular group discussions.

Validated model is used in 
annual reporting obligations of 
the Dutch government

Mapping of Ecosystem 
Services of 17 EU 
Member States (Maes 
et al., 2013, Braat et al., 
2015, Pérez-Soba et al., 
2015).

Train EU Member States on 
how to map and assess the 
state of ecosystems and 
their services in their national 
territory to help decide on 
what ecosystems to restore 
with priority where.

Varies per Member State. Data 
resolution ranges from 25 × 25 m 
to 1 × 1 km on land cover, forest 
types, management, elevation, 
floods, accessibility of rural 
areas and coastal waters, fishing 
activities, standardised prices 
(e.g. per tree species), protected 
areas, etc.

Explorative assessment National policymaker, national 
Ecosystem Services expert 
and national (spatial) data 
expert with the support of an 
Ecosystem Services champion, 
representatives from the 
European Commission and a 
QUICKScan modeller.

A one hour preparatory tele-meeting 
to identify key Ecosystem Services and 
available data per Member State.

Raised awareness on how 
to map ecosystem services; 
Created 3 ecosystems service 
maps per Member State 
(17*3 = 51 maps in total); 
Clarification of the European 
Commission’s objective to 
obtain the maps; Participants 
are able to create their own 
(improved) maps.

Planning for ecosystem 
services in Cities: the 
Amsterdam case (Zardo et 
al., 2016, in prep.)

Make an explicit link 
between physical features 
of Green Infrastructure and 
provisioning Ecosystem 
Services

5 × 5 m resolution: land cover, 
tree crown coverage, tree 
species, tree element type (e.g. 
line of trees, single tree, etc.) 
NDVI, soil, height of artificial 
areas, wind direction and wind 
strength

Facilitate scientific 
method development

Scientists: urban fabric designer, 
ecologist, ecosystem services 
experts and a (spatial) data 
expert

3 Month study in which regular expert 
discussions and participatory modelling 
sessions took place.

Understanding how what 
urban ecosystems services may 
be mapped.

Planning for green 
functions in the Dutch 
city of Utrecht (Maes et 
al., 2016)

The main societal functions 
for which municipalities 
design green spaces are 
the aesthetic value of green 
spaces and recreation. The 
Dutch municipality of Utrecht 
is interested in making more 
use of green infrastructure 
in the search of measures 
that can help to achieve a 
healthy city; for regulating 
temperature, air quality, water 
storage and drainage and 
noise reduction.

10 × 10 m resolution: land cover, 
road patterns and road usage, 
tree crown coverage, tree 
species, heat peaks, particulates 
from traffic, green index and 
noise levels.

Explorative assessment Municipal landscape architects 
and civil servant experts 
on health, water, catering 
establishments, recreation, 
citizen complaints (e.g. stress by 
noise) and ecology

Half a day workshop with 8 individuals for 
identifying functions of green and doing 
trade-off analysis. New functions and 
indicators where identified, defined and 
validated via group discussion.

Shared understanding on the 
effect and scope of green 
measures
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Integrated water 
management options for 
East Africa (Eupen et al., 
2014)

What are the costs and what is 
the effectiveness of measures 
for (1) minimizing the number 
of people at risk for flooding 
and (2) to minimize yield gaps 
in crop production?

Study area 1500 × 1000 km, 
1 × 1 km resolution: land 
cover, flooded area, soil 
texture, precipitation, yields, 
conservation areas, accessibility, 
grazing density, population 
density, elevation, slope, 
river basin boundaries, local 
measures

Facilitate scientific 
method development

Policy advisors, experts on 
flood risk modelling, landscape 
ecologist and an agricultural 
economist

During one and a half year 10 one-day 
workshops were organised to define 
scenarios, spatial strategies, indicators and 
compare scenario and strategy impacts. 
These workshops were followed up with 
desktop improvements.

Learned that linking local 
measures to global data 
does not provide plausible 
information.

Adaptive management 
plan for the lower Danube 
river, Romania

What are ecosystem service 
impacts of different ecological 
reconstruction plans?

10 × 10 m resolution: land use, 
flooding regimes, protection 
status and administrative units

Explorative assessment Environmental NGO, water 
manager, municipality official, 
farmers, fisheries organisation, 
tourist organisation

1 day workshop with 12 individuals in which 
ESS were identified, prioritized and rules 
defined for quantifying the value of these 
ESS. Two scenarios were developed and the 
implications for the ESS assessed

Shared understanding of the 
stakes. Joint agenda setting

Central area of the 
Kiskunság National Park, 
Hungary

Local experts and nature 
management organisations 
together (re)thinking 
the ongoing land use 
developments, develop 
sustainable land use and 
water management options, 
and consequently help reveal 
conflicts over land use change 
and management.

Study area is part of a long 
term socio ecological research 
network site (LTSER) 40 × 40 km, 
25 × 25 m resolution: land 
cover, topographical wetness, 
accessibility, elevation, distance 
from roads, administrative units 
and topography

Explorative assessment Forest managers, nature 
conservation, water authorities 
and ecologists

1 day workshop in which ecosystem services 
(ESS) were identified, prioritized and rules 
defined for quantifying the value of these 
ESS. Prioritize at the local level relevant 
services for five different bird groups by 
evaluation of preference, according to this 
landscape of pastures (pollen, nectar) service 
capacity of the local population in terms of 
priority services.

Organised working group 
that met on a regular basis 
using QUICKScan for further 
exploration and assessment 
resulting in changing the LTSER 
management plan

Map current and future 
ecosystem services in 
Glenlivit, Scotland

What are currently priority 
ecosystem services? How will 
they change under different 
land use scenarios? Which are 
the trade-offs?

10 × 10 m resolution: land 
cover, topographical wetness, 
accessibility, elevation, distance 
from rivers, administrative units 
and topography

Explorative assessment Nature conservation, tourism, 
foresters, farmers, sociologist, 
ecologist, hydrologist, business 
developer

1 day workshop in which ecosystem services 
(ESS) were identified, prioritized and rules 
defined for quantifying the value of these 
ESS. three scenarios were developed and the 
implications for the ESS assessed

Safe environment for 
stakeholders to put forward 
and try out extreme scenarios 
and evaluate based on impact 
visualization

Effects of land use 
change on landscape 
qualities (Roos-Klein 
Lankhorst et al., 2013)

Determine status and likely 
impacts of policy scenarios 
on landscape qualities for the 
Netherlands (cultural history, 
landscape scale, historical 
landscape, recreation 
capacity, green infrastructure, 
visual disturbance, 
morphology)

250 × 250 m resolution: land 
cover, land use, topography, 
elevation, vegetation, 
management of agricultural 
and natural areas, building- and 
vegetation height

Participatory model 
development

Policy makers, policy assessors, 
thematic experts

4 Month study with intense collaboration 
of thematic experts and policy assessors. 
Multiple workshop sessions, many bilateral 
meetings and emails. The model is updated 
annually by a small group of experts and 
irregular group discussions.

Validated model is used in 
annual reporting obligations of 
the Dutch government

Mapping of Ecosystem 
Services of 17 EU 
Member States (Maes 
et al., 2013, Braat et al., 
2015, Pérez-Soba et al., 
2015).

Train EU Member States on 
how to map and assess the 
state of ecosystems and 
their services in their national 
territory to help decide on 
what ecosystems to restore 
with priority where.

Varies per Member State. Data 
resolution ranges from 25 × 25 m 
to 1 × 1 km on land cover, forest 
types, management, elevation, 
floods, accessibility of rural 
areas and coastal waters, fishing 
activities, standardised prices 
(e.g. per tree species), protected 
areas, etc.

Explorative assessment National policymaker, national 
Ecosystem Services expert 
and national (spatial) data 
expert with the support of an 
Ecosystem Services champion, 
representatives from the 
European Commission and a 
QUICKScan modeller.

A one hour preparatory tele-meeting 
to identify key Ecosystem Services and 
available data per Member State.

Raised awareness on how 
to map ecosystem services; 
Created 3 ecosystems service 
maps per Member State 
(17*3 = 51 maps in total); 
Clarification of the European 
Commission’s objective to 
obtain the maps; Participants 
are able to create their own 
(improved) maps.

Planning for ecosystem 
services in Cities: the 
Amsterdam case (Zardo et 
al., 2016, in prep.)

Make an explicit link 
between physical features 
of Green Infrastructure and 
provisioning Ecosystem 
Services

5 × 5 m resolution: land cover, 
tree crown coverage, tree 
species, tree element type (e.g. 
line of trees, single tree, etc.) 
NDVI, soil, height of artificial 
areas, wind direction and wind 
strength

Facilitate scientific 
method development

Scientists: urban fabric designer, 
ecologist, ecosystem services 
experts and a (spatial) data 
expert

3 Month study in which regular expert 
discussions and participatory modelling 
sessions took place.

Understanding how what 
urban ecosystems services may 
be mapped.

Planning for green 
functions in the Dutch 
city of Utrecht (Maes et 
al., 2016)

The main societal functions 
for which municipalities 
design green spaces are 
the aesthetic value of green 
spaces and recreation. The 
Dutch municipality of Utrecht 
is interested in making more 
use of green infrastructure 
in the search of measures 
that can help to achieve a 
healthy city; for regulating 
temperature, air quality, water 
storage and drainage and 
noise reduction.

10 × 10 m resolution: land cover, 
road patterns and road usage, 
tree crown coverage, tree 
species, heat peaks, particulates 
from traffic, green index and 
noise levels.

Explorative assessment Municipal landscape architects 
and civil servant experts 
on health, water, catering 
establishments, recreation, 
citizen complaints (e.g. stress by 
noise) and ecology

Half a day workshop with 8 individuals for 
identifying functions of green and doing 
trade-off analysis. New functions and 
indicators where identified, defined and 
validated via group discussion.

Shared understanding on the 
effect and scope of green 
measures
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Case study Objective Data Type Participants Setting Impact

Safeguarding access to 
mineral deposits in 8 
European member State 
regions (Murguia et al., 
2015)

The exploitation of minerals 
in Europe is an indispensable 
activity to ensure that the 
present and future needs 
of the European society 
can be met. Access may 
be hindered by legislative, 
biophysical or community 
opposition constraints. 
Perform participatory land use 
planning to overcome these 
problems.

Varies per Member State. Data 
resolution ranges from 25 × 25 m 
to 1 × 1 km on geology, sea 
vessel routes, accessibility, 
cultural heritage, protected 
natural areas, land cover, fishing 
grounds.

Explorative assessment National policymaker, national 
Ecosystem Services expert 
and national (spatial) data 
expert with the support of an 
Ecosystem Services champion, 
representatives from the 
European Commission and a 
QUICKScan modeller.

A one hour preparatory tele-meeting to 
identify key minerals and available data per 
Member State.

Deeper understanding of 
different uses of land and 
sea influencing the (future) 
extraction of minerals.

Understanding Ecosystem 
Services and wellbeing 
in Mabalane woodland, 
Mozambique (Mohamane 
et al., 2016, in prep.)

Despite the key role the 
charcoal industry plays in 
the livelihood of the people, 
the charcoal provisioning 
ecosystem service has 
decreased considerably 
because of changes in land 
use and land cover. These 
changes affect developmental 
initiatives in Mabalane. 
This study identifies the 
communities most susceptible 
to changes and helps 
targeting how to best support 
rural communities.

30 × 30 m resolution: land cover, 
elevation, slope, topography, 
accessibility to resources, 
accessibility to markets, 
topographic wetness index

Facilitate scientific 
method development

Communities, park rangers 
and governmental officials, 
sociologists and ecologists

Several preparatory workshops to identify 
ecosystem services, technical interventions, 
institutional interventions and forest 
management options to get a local 
perspective of issues surrounding land use, 
ecosystem services and well-being. The 
QUICKScan model (including the Bayesian 
Belief Network) was built by several 
scientists and tested against facts and 
preferences gathered during preparation.

Enhanced understanding 
effects of land use and land 
cover change as a result of 
land management, market and 
policy, the relationship with 
Ecosystem Services and the 
impact on the livelihood of 
villagers to target aid

Coffee production in 
Colombia (Becerra et al., 
2015)

Which areas are, production-
wise, most affected by climate 
variability? How and where do 
what management options 
affect water quality and −
quantity? What are social and 
farmer profitability impacts?

500 × 500 and 30 × 30 m 
resolution: altitude, 
temperature, precipitation 
patterns, harvest periods, 
administrative regions, farm 
types and farm management

Participatory model 
development

Problem owner, marketing 
specialist, business expert, field 
experts, scientific experts

One day preparatory workshop to determine 
the objective, identify participants and 
relevant datasets. Followed by a two-week 
workshop

Uptake of QUICKScan in the 
management process of the 
organisation to support early 
warning decision making
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Case study Objective Data Type Participants Setting Impact

Safeguarding access to 
mineral deposits in 8 
European member State 
regions (Murguia et al., 
2015)

The exploitation of minerals 
in Europe is an indispensable 
activity to ensure that the 
present and future needs 
of the European society 
can be met. Access may 
be hindered by legislative, 
biophysical or community 
opposition constraints. 
Perform participatory land use 
planning to overcome these 
problems.

Varies per Member State. Data 
resolution ranges from 25 × 25 m 
to 1 × 1 km on geology, sea 
vessel routes, accessibility, 
cultural heritage, protected 
natural areas, land cover, fishing 
grounds.

Explorative assessment National policymaker, national 
Ecosystem Services expert 
and national (spatial) data 
expert with the support of an 
Ecosystem Services champion, 
representatives from the 
European Commission and a 
QUICKScan modeller.

A one hour preparatory tele-meeting to 
identify key minerals and available data per 
Member State.

Deeper understanding of 
different uses of land and 
sea influencing the (future) 
extraction of minerals.

Understanding Ecosystem 
Services and wellbeing 
in Mabalane woodland, 
Mozambique (Mohamane 
et al., 2016, in prep.)

Despite the key role the 
charcoal industry plays in 
the livelihood of the people, 
the charcoal provisioning 
ecosystem service has 
decreased considerably 
because of changes in land 
use and land cover. These 
changes affect developmental 
initiatives in Mabalane. 
This study identifies the 
communities most susceptible 
to changes and helps 
targeting how to best support 
rural communities.

30 × 30 m resolution: land cover, 
elevation, slope, topography, 
accessibility to resources, 
accessibility to markets, 
topographic wetness index

Facilitate scientific 
method development

Communities, park rangers 
and governmental officials, 
sociologists and ecologists

Several preparatory workshops to identify 
ecosystem services, technical interventions, 
institutional interventions and forest 
management options to get a local 
perspective of issues surrounding land use, 
ecosystem services and well-being. The 
QUICKScan model (including the Bayesian 
Belief Network) was built by several 
scientists and tested against facts and 
preferences gathered during preparation.

Enhanced understanding 
effects of land use and land 
cover change as a result of 
land management, market and 
policy, the relationship with 
Ecosystem Services and the 
impact on the livelihood of 
villagers to target aid

Coffee production in 
Colombia (Becerra et al., 
2015)

Which areas are, production-
wise, most affected by climate 
variability? How and where do 
what management options 
affect water quality and −
quantity? What are social and 
farmer profitability impacts?

500 × 500 and 30 × 30 m 
resolution: altitude, 
temperature, precipitation 
patterns, harvest periods, 
administrative regions, farm 
types and farm management

Participatory model 
development

Problem owner, marketing 
specialist, business expert, field 
experts, scientific experts

One day preparatory workshop to determine 
the objective, identify participants and 
relevant datasets. Followed by a two-week 
workshop

Uptake of QUICKScan in the 
management process of the 
organisation to support early 
warning decision making
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ANNEX III  :  QUICKSCAN WORKSHOP PARTICIPANT 

FEEDBACK

Feedback that confirms the QUICKScan approach, include:

•	 ‘QUICKScan speeds up taking management decisions. It provided us with the 
management information we require for taking decisions in two days. It took our 
analysts 2 months to do detailed analysis and then aggregate it to the indicators 
relevant for our job’ (Business manager, November 26th 2015)

•	 ‘This workshop pushes us to truly work interdisciplinary, which at home we don’t 
manage to do although we have got the same people around’ (Business operational 
manager, November 18th 2015)

•	 ‘Great to rapidly conduct a semi-qualitative analysis and create map and graph 
products while doing so’ (Regional policy maker, November 5th, 2015)

•	 ‘Although the data is sometimes of poor quality and knowledge of all underlying 
processes incomplete. Let’s work with it and give advice to the best of our 
capabilities, as lobbyists will push forward their agenda’s and decisions are going to 
be taken anyway’ (Marine mineral consultant, November 3, 2015)

•	 ‘The rather extreme scenarios we set up and assessed clarified where we had to 
refine and which scenarios didn’t have a relevant impact. It helped us identify the 
scenarios that were of potential interest’ (spatial planner, October 13th, 2015)

•	 ‘Love the possibility to smoothly shift between scales, numbers, relations and 
dialogue. Very stimulating’ (municipal official, October 13th, 2015)

•	 ‘For several months we have had the idea that our proposed policy would have 
huge impacts, but within these few hours we have come to understand that it will 
never have the magnitude we had presumed. We need to adjust our strategy.’ 
(policy maker, February 19th, 2015)

•	 ‘We don’t always need to initiate an expensive and time consuming tender to hire 
a consultant. This can speed up our work considerably’ (policy maker, February 
19th 2015)

•	 ‘The storytelling of my colleagues at the start of the workshop and their choice of 
maps to illustrate it was very interesting indeed.’ (conservationist, January 22nd 2015)

•	 ‘It is so easy and fast. It feels a bit like a game, but it really makes me think. Very 
stimulating.’ (policy advisor, September 10th 2014)

•	 ‘QUICKScan provides relevant results and is easy to use. GIS tools are more complex. 
I am happy to find out it is possible to do an assessment without complex, time 
consuming and expensive modelling’ (policy advisor, February 13th 2014)

•	 ‘The iterative approach of starting simple and adding complexity later on is very 
useful. QUICKScan is very practical and easy. It is a good communication tool’ 
(scientist, February 13th 2014)
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•	 ‘We are no longer afraid of modellers who say everything is complex. We can use 
a far simpler approach and have a useful result. We now see we should substitute 
missing data by expert estimates, but this requires courage against the critique of 
hard scientists.’ (scientist and policy advisor, February 13th 2014)

•	 ‘the use of Knowledge Tables is quite easy and handy as it is helped us local experts 
to participate in decision making where we allocated the available land resources 
to various livelihood zones’ (local expert, November 2012)

•	 ‘Information which we can read from internet or from reports brings us intellectual 
knowledge. In this workshop we gained hands-on knowledge. That experience 
based knowledge goes much deeper than the theoretical intellectual one’ (policy 
maker, February 13th 2014)

•	 ‘QUICKScan is crisp and clear. A very elegant tool’ (policymaker, March 22nd 2013)

Critical reflections include:

•	 ‘This approach uses constant expert gut-feeling assessment of knowledge, results 
and uncertainties. This is no objective assessment.’ (Policy advisor from industry, 
November 5th, 2015)

•	 ‘There is too little time to study the meta-data to objectively assess the results’ 
(Geological scientist, November 4th, 2015)

•	 ‘The method heavily relies on the availability of spatial data. If the data is of poor 
quality you will also get poor results.’ (scientist and policy advisor, October 2014)

•	 ‘The mechanistic approach is too simplistic. In the real world it is often the sudden 
unexpected changes or the sum of many small changes that make a difference.’ 
(scientific modeller, July 2014)

•	 ‘You only include the perceptions of the participating stakeholders at the time 
of the workshop. Isn’t that too narrow and too susceptible to change?’ (scientist, 
February 2016)

•	 ‘How strong will the evidence-base of the results of this workshop be back in the 
political arena?’ (scientist and policy advisor, February 2016)

•	 ‘Complex spatial interactions like spill over cannot be modelled within a few hours. 
You’ll miss out on just the effects that make a difference’ (scientific economic 
modeller, 2012)

•	 ‘If your stakeholders don’t bring in that peak water levels occur every 100 year you’ll 
miss out the effects that make a difference’ (hydrological consultant, 2010)



148

About the author

ABOUT THE AUTHOR

Peter Verweij was born in Wijchen (1969), at that time a small village, between the 
rivers Meuse and Rhine, close to the city of Nijmegen in the Netherlands. In 1990 he 
moved to Utrecht to study at the university’s department of philosophy. After several 
months, Peter switched to the more practical field of geo-informatics and specialised 
in cartography (1991-1995). During his study’s internship in New Zealand, he worked 
together with craft cartographers and designers on the country’s historical atlas. That 
experience, of mixing maps with graphics to communicate spatial phenomena and tell 
stories, has been an inspiration for his career. 

Peter started his working career as Remote Sensing specialist at a small consultancy 
firm. This short term job provided him with his first earnings which he used to travel 
to the Chilean Atacama desert and the Peruvian rainforest. Back in the Netherlands, 



149

About the author

he worked as ecological modeler to support landscape planning, which combined 
the disciplines of spatial modelling and programming (1996-2000). His interest 
in software technology and development methodologies drew him to work at a 
commercial software enterprise. 

Peter’s first contact with land use policy making came in 2004 while working on 
decision support systems on eco-toxicology and agricultural subsidiary schemes at 
Wageningen Research. These software systems forced to synthesize information by 
understanding the end-user’s need, and formally bring together different scientific 
disciplines and modelling approaches. To do so, a good overall insight was necessary, 
for which Peter used constant dialogue with the involved. He worked on this type of 
integrated system for several years. Since 2010 his interest is more on the use of land 
use data and knowledge in workshop settings through the same type of dialogue with 
experts, policy makers and stakeholders. 

Throughout his career Peter worked on a variety of topics and in different settings, 
such as: renewable energy, climate adaptation, land degradation, bio-diversity, 
forestry, urban development and food systems, for EU research projects, UN 
capacity building projects, Dutch government and business consultancies. His work 
has enabled him to travel and explore new places and (working) cultures, which he 
experiences as enriching. 

Peter lives in Wageningen, with his wife and three sons. He loves camping out with his 
family in France and in the alps, and is regularly found backpacking with his friends 
in northern Scandinavia.



150

References

REFERENCES

Aarts, N., 2015, The art of dialogue, Inaugural lecture upon taking up the post of 
Personal Professor of Communication and Change in Life Science Contexts at 
Wageningen University 

Abran, A., Moore, J.W., 2004, Guide to the Software Engineering Body of Knowledge, IEEE, 
http://www.computer.org/portal/web/swebok 

Abras, C., Maloney-krichmar, D., Preece, J., 2004, User-centered design, Bainbridge, W. 
Encyclopedia of Human-Computer Interaction, Thousand Oaks Sage Publishers

Addison, P., Rumpff, L., Bau, S., Carey, J., Chee, Y., Jarrad, F., McBride, M., Burgman, 
M., 2013, Practical solutions for making models indispensable in conservation decision 
making, Diversity and distribution, 19, pp. 490-502

Addison, P.F.E., Flander, L.B., Cook, C.N., 2015, Are we missing the boat? Current uses 
of long-term biological monitoring data in the evaluation and management of marine 
protected areas, Journal of Environmental Management, 149, pp. 148–156

Adelle, C., Jordan, A., Turnpenny, J., 2012, Proceeding in parallel or drifting apart? A 
systematic review of policy appraisal research and practice, Environment and Planning C: 
politics and space, 30(3), pp. 400–414

Aguiar, F., Bentz, J., Silva, J., Fonseca, A., Swart, R., Duarte Santos, F., Pnha-Lopes, G., 
2018, Adaptation to climate change at local level in Europe: An overview, Environmental 
science & policy, 86, pp. 38-63

Akbar, A., Flacke, J., Martinez, J., van Maarseveen, M., 2020, A Collaborative Framework 
to Improve Public Participation Practice, PDC ’20: Vol. 2, June 15–20, 2020, Manizales, 
Colombia

Alcamo, J., Shaw, R., Hordijk, L., 1990, The RAINS Model of Acidification: Science and 
Strategies in Europe, Kluwer, Dordrecht.

Allain, S., Plumecocq, G., Leenhardt, D., 2018, Spatial aggregation of indicators in 
sustainability assessments: Descriptive and normative claims, Land use policy, 76, pp. 
577-588

http://www.computer.org/portal/web/swebok


151

References

Aloysius, J., Davis, F., Wilson, D., Taylor, A., Kottemann, J., 2006, User acceptance of 
multi-criteria decision support systems: the impact of preference elicitation techniques, 
European Journal of Operational Research, 169 (1), pp. 273–285 

Ampt, P.R., Ison, R.L.,1989, Rapid Rural Appraisal for the identification for agronomic 
research, Proceedings XIV Int Grassland Congress, Nice, pp. 1291–1292

Amthor, J.S., Baldocchi, D.D., 2001, Terrestrial Higher Plant Respiration and Net Primary 
Production, Terrestrial Global Productivity, Academic Press, pp. 33–59

Anjum, M., Voinov, A., Taghikhah, F., Pileggi, S., 2021, Discussoo: Towards an intelligent 
tool for multi-scale participatory modeling, Environmental modelling & software

Antrop, M., 2000, Background concepts for integrated landscape analysis, Agriculture, 
ecosystems and environment, 77, pp 17-28

Argent, R.M., 2004, An overview of model integration for environmental applications—
components, frameworks and semantics, Environmental Modelling & Software 19, 219–234.

Argent, R.M., Grayson, R.B., 2001, Design of information system for environmental 
managers: an example using interface prototyping, Environmental Modelling & Software 
16, 433–438

Argent, R., Sodja, R., Giupponi, C., McIntosh, B., Voinov, A., Maier, R., 2016, Best 
practices for conceptual modelling in environmental planning and management, 
Environmental Modelling & Software, 80, pp 113-121

Arzberger, P., Schroeder, P., Beaulieu, A., Bowker, G., Casey, K., Laaksonen, L., 
Moorman,D., Uhlir, P., Wouters, P., 2004, An International Framework to Promote Access 
to Data, Science, 303 (5665), pp. 1777–1778

Asongu, S.A., Le Roux, S., Biekpe, N., 2018, Enhancing ICT for environmental sustain-ability 
in sub-Saharan Africa, Technological Forecasting and Social Change, 127, pp. 209–216

Austin, K., Mosnier, A., Pirker, J., McCallum, I., Fritz, S., Kasibhatla, P., 2017, Shifting 
patterns of oil palm driven deforestation in Indonesia and implications for zero-
deforestation commitments, Land use policy, 69, pp. 41-48

Bach, K., Schäfer, D., Enke, N., Seeger, B., Gemeinholzer, B., Bendix, J., 2012, A 
comparative evaluation of technical solutions for long-term data repositories in integrative 
biodiversity research, Ecological Informatics, 11, pp. 16–24



152

References

Balmford, A., Crane, P., Dobson, A., Green, R.E., Mace, G.M., 2005, The 2010 challenge: 
Data availability, information needs and extra-terrestrial insights, Philosophical 
Transactions of the Royal Society B: Biological Sciences, 360 (1454), pp. 221–228

Banse, M., van Meijl, H., Tabeau, A., Woltjer, G., Hellman, F., Verburg, P., 2011, Impact 
of EU biofuel policies on world agricultural production and land use, Biomass and 
Bioenergy, 35, pp. 2385-2390

Baptist, M., van Hattum, T., Reinhard, S., van Buuren, M., de Rooij, B., Hu, X., van Rooij, 
S., Polman, N., Piet, G., Ysebaert, T., Walles, B., Veraart, J., Wamelink, W., Bregman, B., 
Bos, B., Selnes, T., 2019, A more natural future for the Netherlands in 2120 (from Dutch: 
Een natuurlijkere toekomst voor Nederland in 2120), Wageningen University & Research 
report KB-36-003-004

Barnaud, C., Le Page, C., Dumrongrojwatthana, P., Trebuil, G., 2013, Spatial 
representations are not neutral: Lessons from a participatory agent-based modelling 
process in a land-use conflict, Environmental modelling & software, 45, pp. 150-159

Baron J. et al., 2014, The Effects of Atmospheric Nitrogen Deposition on Terrestrial and 
Freshwater Biodiversity. In: Sutton M., Mason K., Sheppard L., Sverdrup H., Haeuber 
R., Hicks W. (eds) Nitrogen Deposition, Critical Loads and Biodiversity. Springer, 
Dordrecht. https://doi.org/10.1007/978-94-007-7939-6_49 

Barreto, L., van Eupen, M., Kok, K., Jongman, R., Ribeiro, M., Veldkamp, A., Hass, 
A.,Oliveira, T., 2012, The impact of soybean expansion on mammal and bird, in the Balsas 
region north Brasilian Cerrado, Journal of Natature Conservation, 20, pp. 374–383

Bass, L., Clements, P., Kazman, R., 2003, Software architecture in practice, Addison-Wesley

Bassano, C., Barile, S., Piciocchi, P., Spohrer, J., Iandolo, F., Fisk, R., 2019, Storytelling 
about places: tourism marketing in the digital age, Cities, 87, pp. 10-20

Batty, M., Couclelis, H., Eichen, M., 1997, Urban systems as cellular automata, 
Environment and Planning B: Planning and Design, 24, pp. 1590164  

Becerra, J.P., Carvajal, F., Winograd, M., Verweij, P., Miguel-Ayala, L., 2015, QUICKScan: 
hands-on training to assess what it can for the Federacion Nacionalde Cafeteros and 
Intelligent Water Management, internal technical report

Beck, K., Andres, C., 2004, Extreme Programming Explained: Embrace Change, XP, 
Addison-Wesley Professional, 224 pp.

https://doi.org/10.1https://doi.org/10.1007/978-94-007-7939-6_49007/978-94-007-7939-6_49


153

References

Beck, J., Böller, M., Erhardt, A., Schwanghart, W., 2014, Spatial bias in the GBIF database 
and its effect on modeling species’ geographic distributions, Ecological Informatics, 19, 
pp. 10–15

Becker, W., Rosanti, R., Albrecht, D., 2019, Knowing unknowns: adapting uncertainty 
and sensitivity analysis for impact assessment and policy making, EU conference on 
modelling for policy support, 26-27 November, Brussels

Bendix, J., Nieschulze, J., Michener, W.K., 2012, Data platforms in integrative biodiversity 
research, Ecological Informatics, 11, pp. 1–4

Berkel, J., 2014, St.Eustatius national parks foundation sea turtle conservation program 
annual report 2014, STENAPA

Blomkamp, E., 2018, The Promise of Co-Design for Public Policy, Australian Journal of 
Public Administration, 77(4), pp. 729–743

Blurton, C., 2002, New Directions of ICT-Use in Education, Education and Technology, 
Retrieved from http://www.unesco.org/education/educprog/lwf/dl/edict.pdf, Accessed 
November 20, 2016

Boehm, B., Turner, R., 2004, Balancing Agility and Discipline—A Guide for the Perplexed, 
Addison-Wesley, 266 pp.

Boogaard, H.L., Verweij, P., Runhaar, J., 2003, Agricultural land suitability in the 
Netherlands (Dutch: Een nieuwe applicatie voor het bouwen en toepassen van geografische 
kennissystemen: nu is het MENES). Agro Inf. 16, pp. 5–8

Borras, S., Liu, J., Hu, Z., Li, H., 2018, Land control and crop booms inside China: 
implications for how we think about the global land rush, Globalizations, 15(1), pp. 134-151

Braat, L.C., de Groot, R., 2012, The ecosystem services agenda: bridging the worlds of 
natural science and economics, conservation and development, and public and private 
policy, Ecosystem Services, 1 (1), pp. 4–15

Braat, L.C., Bouwma, B. Delbaere, S. Jacobs, N. Dendoncker, M. van Eupen, A. Grêt-
Regamy, M. Perez-Soba, J. Peterseil, F. Santos-Martin, P. Scholefield, A. Torre-Marin, P. 
Verweij and B. Weibel, 2015, Mapping of Ecosystems and their Services in the EU and its 
Member States (MESEU), report no. ENV.B2/SER/2012.0016

http://www.unesco.org/education/educprog/lwf/dl/edict.pdf


154

References

Brecard, D., Fougeyrolles, A., Mouel, P.L., Lemiale, L., Zagame, P., 2006, Macro 
economic consequences of European research policy: prospects of the Nemisis model in 
the year 2030, Research Policy 35, 910–924.

Britz, W., Perez, I., Wieck, C., 2003, Mid-Term Review Proposal Impact Analysis with the 
CAPRI Modelling System. Mid-Term Review of the Common Agricultural Policy

Britz, W., Witzke, P., 2008, CAPRI Model Documentation 2008: Version 2, http://www.
capri-model.org/docs/capri documentation.pdf.

Britz, W., Verburg, P., Leip, A., 2011, Modelling of land cover and agricultural change in 
Europe: combining the CLUE and CAPRI-Spat approaches, Agriculture Ecosystems and 
Environment, 142 (1–2), pp. 40–50.

Brouwer, F., 2009, Integrated assessment of agricultural and environmental policies – 
concepts and tools, Environmental science & policy, 12, pp. 543-545

Brus, D.J., Hengeveld, G.M., Walvoort, D.J.J., Goedhart, P.W., Heidema, A.H., 
Nabuurs,G.J., Gunia, K., 2012, Statistical mapping of tree species over Europe, European 
Journal of Forest Research, 131 (1), pp. 145–157

Buchanan, B.G., Smith, R.G., 2003, Fundamentals of expert systems, Annual Review of 
Computer Science, 3 (1), pp. 23–58

Burrough, P.A., McDonnell, R.A., Lloyd, C.D., 1998, Principles of Geographical 
Information Systems, Oxford university press, 327 p

Cash, D., Clark, W., Alcock, F., Dickson, N., Echley, N., Guston, D., Jager, J., Mitchell, 
R., 2003, Knowledge systems for sustainable development, Proceedings of the national 
academy of sciences of the United States of America, 100(14), pp. 8086-8091

Celio, E., Koellner, T., Gret-Regamy, A., 2014, Modelling land use decisions with Bayesian 
networks: spatially explicit analysis of driving forces on land use change, Environmental 
Modelling & Software, 52, pp. 222–233.

Champeaux, D., Lea, D., Faure, P., 1993, Object oriented system design, Addison-Wesley, 
532 pp.

Chemutai, B., 2009, Achieving Effective National Environmental Governance in Africa, 
ISS Africa,  Retrieved from https://issafrica.org/iss-today/achieving-effective-
nationalenvironmental-governance-in-africa, Accessed: July 4, 2017.

http://www.capri-model.org/docs/capri documentation.pdf
http://www.capri-model.org/docs/capri documentation.pdf


155

References

Chen, M., Voinov, A., Ames, D., Kettner, A., Goodall, J., Jakeman, A., Barton, M., 
Harpham, Q., Cuddy, S., DeLuca, C., Yue, S., Wang, J., Zhang, F., Wen, Y., Lu, G., 2020, 
Position paper: Open web-distributed integrated geographic modelling and simulation to 
enable broader participation and applications, Earth-science reviews, 207, 103223

Clarke, K.C., Gazulis, N., Dietzel, C.K., Goldstein, N.C., 2007, A decade of SLEUTHing: 
lessons learned from applications of a cellular automaton land use change model, In: 
Fisher, P. (Ed.), Classics from IJGIS: Twenty Years of the International Journal of 
Geographical Information Systems and Science. Taylor and Francis, CRC, Boca Raton, 
FL, pp. 413–425.

Cockburn, A., 2000, Selecting a project’s methodology, IEEE Software, 64–71.

Cockburn, A., 2004, Crystal Clear: A Human-Powered Methodology for Small Teams, Agile 
Software Development Series, Addison-Wesley Professional, 336 pp.

Connor, J., Bryan, B., Nolan, M., Stock, F., Gao, L., Dunstall, S., Graham, P., Ernst, 
A., Newth, D., Grundy, M., Hatfield-Dodds, S., 2015, Modelling Australia land use 
competition and ecosystem services with food price feedbacks at high spatial resolution, 
Environmental Modelling & Software, 69, pp. 141–154.

Cormont, A., Van Eupen, M., Pérez-Soba, M., Verweij, P., Bodo, B., 2016, Future 
Land Use Maps Showing Potential Constraints in Case Study Regions, EU-project 
MINATURA2020 Deliverable D1.4.

Costello, M.J., 2009, Motivating Online Publication of Data, Bioscience 59, pp. 418–427

Costello, M.J., Wieczorek, J., 2014, Best practice for biodiversity data management and 
publication,  Biological Conservation, 173, pp. 68–73

Couclelis, 2005, “Where has the future gone?” Rethinking the role of integrated land-use 
models in spatial planning, Environment and planning A: Economy and space, 37(8), pp. 
1353-1371

Crawford, T.W., Messina, J.P., Manson, S.M., O’Sullivan, D., 2005, editorial in: 
Environment and Planning B: Planning and Design, 32, pp. 792-798

Creutzig, F., 2017, Govern land as a global commons, Nature, 546, pp. 28-29

Cross, R., Rebele, R., Grant, A., 2016, collaborative overload - too much teamwork exhausts 
employees and saps productivity, harvard business review, jan-feb 2016, pp. 74-79



156

References

Curcio, K., Santana, R., Reinehr, S., Malucelli, A., 2019, Usability in agile software 
development: A tertiary study, Computer Standards & Interfaces, 64, pp. 71–77

Cutts, B., White, D., Kinzig, A., 2011, Participatory geographic information systems for the 
co-production of science and policy in an emerging boundary organization, Environmental 
Science & Policy, 14 (8), pp. 977–985

Dahl, A.L., 1981, Monitoring coral reefs for urban impact, Marine Science, 31 (3), pp. 544–551.

Davies, G., Dwyer, C., 2008, Qualitative methods II: minding the gap, Progress in Human 
Geography, 32 (3), pp. 399–406

Debrot, A., Henkens, R., Verweij, P., 2018, State of nature of the Dutch Caribbean 
(Dutch: ‘Staat van de natuur van Caribisch Nederland 2017, een eerste beoordeling van de 
bedreigingen en managementimplicaties van habitats en soorten in Caribisch Nederland’), 
Wageningen Marine Research report c086/17.

de Groot, R., Alkemade, R., Braat, L., Hein, L., Willemen, L., 2010, Challenges in 
integrating the concept of ecosystem services and values in landscape planning, 
management and decision making, Ecological complexity, 7, pp. 260-272

De Wit, A., Boogaard, H., Fumagalli, D., Janssen, S., Knapen, R., van Kraalingen, D., 
Supit, I., van der Wijngaart, R., van Diepen, K., 2019, 25 years of the WOFOST cropping 
systems model, agricultural systems, 168, pp. 154-167

De Wit, A., van den Brink, A., Bregt, A., van de Velde, R., Spatial planning and Geo-ICT: 
how spatial planners invented GIS and are still learning how to use it, chapter 9 in H.J. 
Scholten et al. (eds.), Geospatial Technology and the Role of Location in Science, 
Springer GeoJournal Library 96

Devarajan, S., 2017, What do you see as the role of data in development? In: Data 
for Development: Perspectives on the World Bank Group’s Role and Contribution, 
Conversations: Strengthening the role of data in policy making-Perspectives from the 
World Bank Group, OECD, and AidData, retrieved from https://ieg.worldbankgroup.
org/news/role-of-data-in-policy-making on February 3 2021

Dietz, T., Ostrom, E., Stern, P.C., 2003, The struggle to govern the commons, science, 302, 
pp. 1907-1912

https://ieg.worldbankgroup.org/news/role-of-data-in-policy-making%20on%20February%203%202021
https://ieg.worldbankgroup.org/news/role-of-data-in-policy-making%20on%20February%203%202021


157

References

Diviacco, P., Wardell, N., Forlin, E., Sauli, C., Burca, M., Busato, A., Centonze, J., Pelos,C., 
2015, Data rescue to extend the value of vintage seismic data: The OGS-SNAP experience, 
GeoResJ, 6, pp. 44–52

Donatelli, M., Van Ittersum, M.K., Bindi, M., Porter, J.R., 2002, Modelling cropping 
systems—highlights of the symposium and preface to the special issues, European Journal 
of Agronomy 18, 1–11.

Douglas, H., 2009, Science, policy, and the value-free ideal, University of Pittsburgh 
press, pp. 256

Edmonds, B., le Page, C., Bithell, M., Chattoe-Brown, E., Grimm, V., Meyer, R., 
Montanola-Sales, C., Ormerod, P., Root, H., Squazzoni, F., 2019, Different modelling 
purposes, Journal of Artificial Societies and Social Simulation, 22 (3), 6

EEA, 2011, Green infrastructure and territorial cohesion, EEA Technical Report 18–2011

EEA, 2013, Corine Land Cover 2006 Vector v17, available at: http://www.eea.europa.eu/
data-and-maps.

EEA, 2014, Developing a forest naturalness indicator for Europe. Concept and 
Methodology for a High Nature Value (HNV) Forest Indicator, EEA Technical Report No 
13/2014, European Environmental Agency, Copenhagen 

EEA, 2018, EEA indicators, retrieved from https://www.eea.europa.eu/data-and-maps/
indicators/about , accessed 20 November 2018

Elsawah, S., Filatova, T., Jakeman, A. J., Kettner, A. J., Zellner, M. L., Athanasiadis, I. 
N., Hamilton, S. H., Axtell, R. L., Brown, D. G., Gilligan, J. M., Janssen, M. A., Robinson, 
D. T., Rozenberg, J., Ullah, I. I. T., & Lade, S. J., 2020, Eight grand challenges in socio-
environmental systems modeling. Socio-Environmental Systems Modelling, 2, 16226. 
https://doi.org/10.18174/sesmo.2020a16226

Eshitera, A., Assessing Agricultural Land Carrying Capacity for Sustainable Livelihoods 
and Resettlement of Internally Displaced Persons in South Darfur,2013, Msc thesis, 
supervisors: Boerboom,L., Dopheide, M., Faculty of Geo-Information Science and 
Earth Observation of the University of Twente.

http://www.eea.europa.eu/data-and-maps
http://www.eea.europa.eu/data-and-maps
https://www.eea.europa.eu/data-and-maps/indicators/about
https://www.eea.europa.eu/data-and-maps/indicators/about
https://doi.org/10.18174/sesmo.2020a16226


158

References

Eupen M van, B. Pedroli, C Huang, X. Wang, 2007, Impact modelling of scenarios on 
vegetation and fauna in the Yellow River Delta, Yellow River Delta Environmental Flow 
Study Sino-Dutch Study Programme Final Report 2007 YRCC, Yellow River Water 
Resources Protection Bureau, Alterra, Delft Hydraulics, Arcadis Euroconsult

Eupen, M., van Hoek, S.B., Boogaard, H., 2014, Linking a Database on Land and Water 
Management Options with a Spatial Knowledge Rule Based Modelling Environment, 
Alterra, Wageningen-UR, The Netherlands

European Commission, 2010, Framework for commission expert groups: horizontal rules 
and public register

European Commission, 2011, Our life insurance, Our Natural Capital: An EU Biodiversity 
Strategy to 2020

European Commission, 2013, digital agenda for europe, a europe 2020 initiative,why do 
we need policy making 3.0?

Evans, J.R., Elsawah, S., Ryan, M.J., 2019, Using instructional design theories to 
incorporate motivational elements into simulation design: application of the ARCS 
framework, MODSIM 2019 book of abstracts, The modelling and simulation society of 
Australia and New Zealand Inc.

Evans, N., 2019, Ecosystem services: on idealization and understanding complexity, 
Ecological economics, 156, pp. 427-430

Fernald, A., Tidwell, V., Rivera, J., Rodriguez, S., Guldan, S., Steele, C., Ochoa, C., Hurd, 
B., Ortiz, M., Boykin, K., Cibils, A., 2012, A Model for Sustainability of Water, Environment, 
Livelihood, and Culture in Traditional Irrigation Communities and Their Linked Watersheds, 
Sustainability, 4, pp. 2998-3022

Fishbein, M., Ajzen, I., 2010, predicting and changing behaviour: the reasoned action 
approach, Psychology press, 538 p

Fisher, C., 2010, Knowledge brokering and intermediary concepts – analysis 
of an e-discussion on the knowledge brokers’ forum, retrieved February 
7 2020 from https://www.preventionweb.net/files/workspace/33381_
knowledgebrokeringandintermediaryco.pdf 

Fowler, M., 2006, Continuous integration, http://martinfowler.com/articles/
continuousIntegration.html.

https://www.preventionweb.net/files/workspace/33381_knowledgebrokeringandintermediaryco.pdf
https://www.preventionweb.net/files/workspace/33381_knowledgebrokeringandintermediaryco.pdf


159

References

Fowler, M., Beck, K., Brant, J., Opdyke, W., Roberts, D., 1999, Refactoring: Improving the 
Design of Existing Code, The Addison-Wesley object technology series, Addison-Wesley, 
464 pp.

Galinsky, A. D., & Moskowitz, G. B., 2000, Perspective-taking: Decreasing stereotype 
expression, stereotype accessibility, and in-group favoritism, Journal of Personality and 
Social Psychology, 78(4), pp. 708–724

Gasparatos, A., Scolobig, A., 2012, Choosing the most appropriate sustainability 
assessment tool, Ecological economics, 80, pp. 1-7

Gavrel, F., Lebon, I., Rebiere, T., 2016, Formal education versus learning-by-doing: on the 
labor market efficiency of educational choices, Economic Modelling, 54, pp. 545–562

Geertman, S., 2006, Potentials for Planning Support: A Planning-Conceptual Approach, 
Environment and Planning B: Urban analytics and city science, 33, pp. 863-880

Gibbons, M., Limoges, C., Nowotny, H., Schwartzmann, S., Scott, P., Trow, M., 1994, The 
New Production of Knowledge: The Dynamics of Science and Research in Contemporary 
Societies, SAGE publishing, London (p 192)

Gibreel, T., Herrmann, S., Berkhoff, K., Nuppenau, E., Rinn, A., 2014, Farm types as 
an interface between an agro-economical model and CLUE-Naban land change model: 
application for scenario modelling, Ecological Indicators, 36, 766–778

Gibson, F., Rogers, A., Smith, A, Roberts, A., Possingham, H., McCarthy, M., Panell, D., 
2017, Factors influencing the use of decision support tools in the development and design 
of conservation policy, Environmental science & policy, 70, pp. 1-8

Gijsbers, P., Moore, R., Tindall, C., 2002, Towards OMI an open modelling interface and 
environment to harmonise European developments in water simulation software, In: 
Cluckie, I.D., Han, D., Davis, J.P., Heslop, S. (Eds.), Hydroinformatics, IWA Publishing, 
Cardiff, pp. 1268–1275

Geijzendorffer, I.R., Regan, E.C., Pereira, H.M., Brotons, L., Brummitt, N., Gavish, Y.,Haase, 
P., Martin, C.S., Mihoub, J.B., Secades, C., Schmeller, D.S., Stoll, S., Wetzel,F.T., Walters, M., 
2016, Bridging the gap between biodiversity data and policy re-porting needs: An Essential 
Biodiversity Variables perspective, Journal of Applied Ecology, 53, pp. 1341–1350



160

References

Gluckman, P.D., Bardsley, A., Kaiser, M., 2021, Brokerage at the science-policy interface: 
from conceptual framework to practical guidance, Humanities & social sciences 
communications, 8(84), pp. 1-10

Goldemberg, J., Teixeira, S., Guardabassi, P., 2008, The sustainability of ethanol 
production from sugarcane, Energy policy, 36(6), pp. 2086-2097

Grashof-Bokdam, C., Cormont, A., Polman, N., Westerhof, E., Franke, J., Opdam, P., 
2017, Modelling shifts between Mon- and multifunctional farming systems: the importance 
of social and economic drivers, Landscape Ecology, 32 (3), 595–607

Gregory, R., Failing, L., Harstone, M., Long, G., McDaniels, T., Ohlson, D., 2012, 
Structured Decision Making—A Practical Guide to Environmental Management Choices, 
Wiley-Blackwell (p 312)

Gregory, A. J., Atkins, J. P., Midgley, G., and Hodgson, A. M., 2020, Stakeholder 
identification and engagement in problem structuring interventions, European Journal of 
Operational Research, 283(1), 321–340

Greiner, R., Patterson, L., Miller, O., 2009, Motivations, risk perceptions and adoption of 
conservation practices by farmers, Agricultural systems, 99, pp. 86-104

Gret-Regamy, A., Brunner, S., Altwegg, J., bebi, P., 2013, Facing uncertainty in ecosystem 
services-based resource management, Journal Environmental Management, 127, pp. 
145–154

Gret-Regamy, A., Siren, E., Brunner, S., Weibel, B., 2017, Review of decision support tools 
to operationalize the ecosystem services concept, Ecosystem services, 26, pp. 306-315

Guillaume, J., Jakeman, A., 2012, Providing certainty in predictive decision support: 
the role of closed questions, R. Seppelt, A.A. Voinov, S. Lange, D. Bankamp (Eds.), 
International Environmental Modelling and Software Society (iEMSs) 2012 
International Congress on Environmental Modelling and Software Managing 
Resources of a Limited Planet, Sixth Biennial Meeting, Leipzig, Germany

Gupta, H., Clark, M., Vrugt, J., Abramowitz, G., Ye, M., 2012, Towards a comprehensive 
assessment of model structural adequacy, Water resources research, 48(8)

Haines-Young, R., 2011, Exploring ecosystem service issues across diverse knowledge 
domains using Bayesian Belief Networks, Progress in Physycial Geography, 35, pp. 
681–699



161

References

Harrison, P., Dunford, R., Barton, D., Kelemen, K., Martín-López, B., Norton, L., 
Termansen, M., Saarikoski, H., Hendriks, K., Gómez-Baggethun, E., Czúcz, B., García-
Llorente, M., Howard, D., Jacobs, S., Karlsen, M., Kopperoinen, L., Madsen, A., Rusch, 
G., van Eupen, M., Verweij, P., Smith, R., Tuomasjukka, D., Zulian, G., 2018,  Selecting 
methods for ecosystem service assessment: A decision tree approach, Ecosystem Services, 
29, pp. 481-498

Hasan, S., Verweij, P., Xiangzheng, D, Abdus, S., in prep., Scenario Simulation and the 
Prediction of Land Cover Change in Bangladesh through the ICLUE Model

Hawkins, S.J., Firth, L.B., McHugh, M., Poloczanska, E.S., Herbert, R.J.H., Burrows, 
M.T.,Kendall, M.A., Moore, P.J., Thompson, R.C., Jenkins, S.R., Sims, D.W., Genner, 
M.J.,Mieszkowska, N., 2013, Data rescue and re-use: Recycling old information to address 
new policy concerns, Marine Policy, 42, pp. 91–98

Head, B., 2016, Toward More “Evidence-Informed” Policy Making?, Public administration 
review, 76(3), pp. 472-484

Hengeveld, G.M., Nabuurs, G.-J., Didion, M., Van den Wyngaert, I., Clerkx, 
A.P.P.M.,Schelhaas, M.-J., 2012, A forest management map of European forests, Ecology 
and Society, 17 (4), 53

Helming, K., Tscherning, K., Koenig, B., Sieber, S., Wiggering, H., Kuhlman, T., Wascher, 
D., Perez-Soba, M., Smeets, P., Tabbush, P., Dilly, O., Huettl, R., Bach, H., 2008, The 
SENSOR approach, In: Helming, K., Tabbush, P., Perez-Soba, M. (Eds.), Sustainability 
Impact Assessment of Land Use Changes. Springer

Hersperger, A., Oliveira, E., Pagliarin, S., Palka, G., Verburg, P., Bolliger, J., Gradinaru, 
S., 2018, Urban land-use change: The role of strategic spatial planning, Global 
environmental change, 51, pp. 32-42

Hewitt, R., van Delden, H., Escobar, F., 2014, Participatory land use modelling, pathways 
to an integrated approach, Environmental Modelling & Software, 52, 149–165

Hijbeek, R., Cormont, A., Hazeu, G., Janssen, B., Bechini, L., Zavattaro, L., Werner, 
M.,Schlatter, N., Guzman, G., Bijttebier, J., Pronk, A., van Ittersum, M., in preparation, 
Do farmers perceive a shortage of soil organic matter? A European and farm level analysis

Hinkel, J., 2009, The PIAM approach to modular integrated assessment modelling, 
Environmental Modelling & Software 24, pp. 739–748



162

References

Holl, K., 2017, Restoring tropical forests from the bottom up – how can ambitious forest 
restoration targets be implemented on the ground?, Science, 355(6324), pp.455-456

Holzinger, A., 2005, Usability engineering methods for software developers. 
Communications of the ACM, 48(1), pp. 71–75

Holzworth, D.P., Huth, N.I., De Voil, P.G., 2010, Simplifying environmental model reuse, 
Environmental Modelling & Software 25, pp. 269–275.

Howlett, M., 2009, Policy analytical capacity and evidence-based policy-making: Lessons 
from Canada, Canadian public administration, 52(2), pp. 153-175

Huang, J., Tichit, M., Poulot, M., Darly, S., Li, S., Petit, C., Aubry, C., 2015, comparative 
review of multifunctionality and ecosystem services in sustainable agriculture, Journal of 
environmental management, 149, pp. 138-147

Huber Garcia, V., Meyer, S., Kok, K., Verweij, P., Ludwig, R., 2018, Deriving Spatially 
Explicit Water Uses from Land Use Change Modelling Results in Four River Basins across 
Europe, Science for the Total Environment, vols. 628–629. pp. 1079–1097

Huft, M., 2011, Investigating policy processes: the Governance Analytical Framework (GAF), In: 
Wiesmann, U., Hurni, H., et al. eds. Research for Sustainable Development: Foundations, 
Experiences, and Perspectives”. Bern: Geographica Bernensia, pp. 403–421

Huijgens, H., van Deursen, A., van Solingen, R., 2017, The effects of perceived value 
and stakeholder satisfaction on software project impact, Information and Software 
Technology, 89, pp. 19–36

Hunt, A.,Thomas, D.,1999, The Pragmatic Programmer: From Journeyman to Master, 
Addison-Wesley, 320 pp

Iden, J., Bygstad, B., 2018, The social interaction of developers and IT operations staff in 
software development projects, International Journal of Project Management, 36, pp. 
485–497

Ison, R.L., Ampt, P.R., 1992, Rapid rural appraisal: a participatory problem formulation 
method relevant to Australian agriculture, Agricultural Systems, 38, pp. 363–386

Ittersum van, M., Rabbinge, R., Latesteijn van, H., 1998, Exploratory land use studies and 
their role in strategic policy making, Agricultural Systems, 58 (3), pp. 309–330



163

References

Jackson, J., Donovan, M., Cramer, K., Lam, V., 2012, Status and Trends of Caribbean Coral 
Reefs: 1970-2012, Global Coral Reef Monitoring Network, IUCN, Gland, Switzerland.

Jacobi, J., Wambugu, G., Ngutu, M., Augstburger, H., Mwangi, V., Zonta, A., Otieno, S., 
Kiteme, B., Delgado Burgoa, J., Rist, S., 2019, Mapping Food Systems: A Participatory Research 
Tool Tested in Kenya and Bolivia, Mountain research and development, 39(1), 11p

Jakeman, A.J., Letcher, R.A., Norton, J.P., 2006, Ten iterative steps in development and 
evaluation of environmental models, Environmental Modelling & Software 21, 602–614

Jankowski, P., 2009, Towards participatory geographic information systems for 
community—based environmental decision making, Journal of Environmental 
Management, 90 (6), pp. 1966–1971

Jansen, J., Verweij, P., Wien, J., 2007, Policy lifecycle related tool development in 
environmental sciences, In: MODSIM 2007 International Congress on Modelling and 
Simulation, Australia and New Zealand, December 2007. Modelling and Simulation 
Society of Australia and New Zealand, ISBN 9780975840047—p.335–341

Janssen, S., Ewert, F., Hongtao, L., Athanasiadis, I., Wien, J., Theord, O., Knapen, R., 
Bezlepkina, I., Alkan-Olsson, J., Rizzoli, A., Belhouchette, H., Svensson, M., van Ittersum, 
M.K., 2009, Defining assessment projects and scenarios for policy support: Use of ontology 
in Integrated Assessment and Modelling, Environmental modelling & software, 24(12), 
pp. 1491 – 1500

Janssen, S., Athanasiadis, I., Bezlepkina, I., Knapen, R., Li, H., Perez Domingo, I., Rizzoli, 
A., Ittersum van, M., 2011, Linking models for assessing agricultural land use change, 
computer and electronics in agriculture, 76(2), pp 148-160

Jansson, T., Bakker, M., Boitier, B., Fougeyrollas, A., Helming, J., Van Meijl, H., 
Verkerk,P., 2008, Cross sector land use modelling framework, In: Helming, K., Tabbush,P., 
Perez-Soba, M. (Eds.), Sustainability Impact Assessment of Land Use Changes, 
Springer, pp. 159–180

Jetter, A.J., Kok, K., 2014, Fuzzy cognitive maps for futures studies—a methodological 
assessment of concepts and methods, Futures, 61, pp. 45–57

Jiang, J., Dai, B., Peng, D., Zhu, C., Liu, L., Lu, C., 2012, Neural Synchronization during 
Face-to-Face Communication, Journal of neuroscience, 32(45), pp. 16064 - 16069Karl, 
H.A., Susskind, L.E., Wallace, K.H., 2007, A dialogue not a diatribe – effective integration 
of science and policy through joint fact finding, Environment, 49(1), pp. 20-34



164

References

Karmanov,D., 2009, Feeling the landscape: sic psychological studies into landscape 
experience, PhD thesis, Wageningen University, ISBN: 978-90-8585-303-9

Kelly (Letcher), R., Jakeman, A., Barreteau, O., Borsuk, M., ElSawah, S., Hamilton, 
S., Henriksen, H., Kuikka, S., Maier, H., Rizzoli, A., van Delden, H., Voinov, A., 2013, 
Selecting among five common modelling approaches for integrated environmental 
assessment and management, Environmental modelling & software, 47, pp. 159-181

Kenny, D.C., Voinov, A.A., Castilla-Rho, J.C., 2019, Persuasion, influence, and participatory 
modelling in socio-ecological systems: A framework for action, MODSIM 2019 book of 
abstracts, The modelling and simulation society of Australia and New Zealand Inc.

Kjaerullf, U.B., Madson, A.L., 2013, Bayesian Network and Influence Diagrams: a Guide to 
Construction and Analysis, Springer ISBN 978-1-4614-5104-4.

Knapen, M.J.R., Athanasiadis, I., Jonsson, B., Huber, D., Wien, J.J.F., Rizzoli, A., Janssen, 
S., 2009, Use of OpenMI in SEAMLESS, In: Van Ittersum, M.K., Wolf, J., van Laar,G. (Eds.), 
Conference on Integrated Assessment of Agriculture and Sustainable Development: 
Setting the Agenda for Science and Policy (AgSAP 2009). Egmond aan Zee, The 
Netherlands.

Knapen, R., Janssen, S., Roosenschoon, O., Verweij, P., Winter de, W., Uiterwijk, 
M., Wien, J., 2013, Evaluating OpenMI as a model integration across disciplines, 
Environmental modelling & software, 39, pp. 274-282

Knol, W.C., Verweij, P.J.F.M., 1999, A spatial decision support system for river ecosystems, 
In: Wiens, J.A., Moss, M.R. (Eds.), Issues in Landscape Ecology, Proceedings of the Fifth 
World Congress, International Association for Landscape Ecology, Snowmass Village, 
Co, USA

Kodikara, P., Perera, B., Kularathna, M., 2010, Stakeholder preference elicitation and 
modelling in multi-criteria decision analysis—a case study on urban water supply, 
European Journal of Operational Research, 206 (1), pp. 209–220.

Kok, K., Farrow, A., Veldkamp, A., Verburg, P., 2001, A method and application of multiscale 
validation in spatial land use models, Agriculture, Ecosystems & Environment, 85, 223–238.

Kooiman, J., 2003, Governing as governance, Sage publications, ISBN 0 7619 4035 9, p.249

KorfMacher, K.S., 2001, The politics of participation in watershed modeling, 
Environmental Management, 27 (2), pp. 161–176.



165

References

Kosko, B., 1986, Fuzzy cognitive maps, International Journal of Man-Machine Studies, 
24, pp. 65–75

Kovacs, E., Pataki, G., 2016, The participation of experts and knowledges in the 
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES), Environmental 
Science & Policy, 57, pp. 131-139

Kruchten, P., 2003, The Rational Unified Process: An Introduction, Object Technology, 
Addison-Wesley, 310 pp.

Krueger, C., 1992, Software reuse, ACM Computing Surveys, 24(2), 131–183.

Kuhlman, T., 2008. Scenarios-driving forces and policies. In: Helming, K., Tabbush,P., 
Perez-Soba, M. (Eds.), Sustainability Impact Assessment of Land Use Changes.
Springer, pp. 131–157

Lagopoulos, A., 2018, Clarifying Theoretical and Applied Land-Use Planning Concepts, 
Urban science, 2(1), 17, 20 pp.

Laihonen, P., Kalliola, R., Salo, J., 2004, The biodiversity information clearing-house 
mechanism (CHM) as a global effort, Environmental Science & Policy, 7, pp. 99–108

Larman, C., 2004, Agile & Iterative Development—A Managers Guide, Agile Software 
Development, Pearson Education, Boston, US, 342 pp.

Lee, D.B., 1973, Requiem for Large-Scale Models, Journal of the American Institute of 
Planners, 39:3, pp. 163-178, DOI: 10.1080/01944367308977851

Leimbach, M., Jaeger, C., 2004, A modular approach to integrated assessment modeling, 
Environmental Modeling & Assessment, 9, 207–220.

Lesschen, J.P., Kok, K., Verburg, P.H., Cammeraat, L.H., 2007, Identification of vulnerable 
areas for gully erosion under different scenarios of land abandonment in Southeast Spain. 
Catena, 71, 110–121.

Liao, J., Tang, L., Shao, G., Su, X., Chen, D., Xu, T., 2016, Incorporation of extended 
neighbourhood mechanisms and its impacts on urban land-use cellular automata 
simulations, Environmental Modelling & Software, 75, 163–175

Linton, D.M., Warner, G.F., 2003, Biological indicators in the Caribbean coastal zone and their 
role in integrated coastal management, Ocean and Coastal Management, 46, pp. 261–276



166

References

Losekoot, S., 2013, The Landscape appreciation model: construction and evaluation of two 
prototypes, Technical report Van Hall-Larenstein—wildlife management Leeuwarden

Lindner, M., Suominen, T., Palosuo, T., Garcia-Gonzalo, J., Verweij, P., Zudin, 
S.,Paivinen, R., 2010, ToSIA – a tool for sustainability impact assessment of forest-wood-
chains, Ecological Modelling, 221(18), pp. 2197-2205

Longhurst, R., Semi-structured interviews and focus groups, 2016, Key methods in 
geography, edt. Clifford, N., Cope, M., Gillespie, T., French, S., Sage publication ltd, 752 p

Lu, H.-P., Yu, H.-J., Lu, S.S.K., 2001, The effects of cognitive style and model type on DSS 
acceptance: an empirical study, European journal of Operational Research, 131(3), pp. 
649–663.

Lukacs, S., Blokland, P.W., Prins, H., Vrijhoef, A., Fraters, D., Daatselaar, C.H.G., 2019, 
Agricultural practices and water quality on farms registered for derogation in 2017, 
National Institute for public health and the environment, RIVM report 2019-0026

Luo, G., Yin, C., Chen, X., Xu, W., Lu, L., 2010, Combining system dynamic model and 
CLUE-S model to improve land use scenario analyses at regional scale: a case study of 
Sangong watershed in Xinjiang, China, Ecological Complexity, 7, 198–207.

Luyet, V., Schlaepfer, R., Parlange, M., Buttle, A., 2012, A framework to implement 
stakeholder participation in environmental projects, Journal of Environmental 
Management, 11, pp. 213–219

MA, 2003. Ecosystems and Human Well-being: A Framework for Assessment. Island Press, 
Washington

Maes, J., Hauck, J., Paracchini, M.L., Ratamäki, O., Hutchins, M., Termansen, M.,Furman, 
E., Perez-Soba, M., Braat, L., Bidoglio, G., 2013, Mainstreaming ecosystem services into 
EU policy, Current opionion in Environmental Sustainability , 5, pp. 128–134

Maes J, Zulian G, Thijssen M, Castell C, Baró F, Ferreira AM, Melo J, Garrett CP, DavidN, 
Alzetta C, Geneletti D; Cortinovis C, Zwierzchowska I, Alves FL, Cruz CS, BlasiC, Alós 
Ortí, MM, Attorre F, Azzella MM, Capotorti G, Copiz R, Fusaro L, Manes F,Marando F, 
Marchetti M, Mollo B, Salvatori E, Zavattero L, Zingari PC, GiarratanoMC, Bianchi E, 
Duprè E, Barton D, Stange E, Perez-Soba M, van Eupen M, VerweijP, de Vries A, Polce 
C, Cugny-Seguin M, Erhard M, Nicolau R, Fonseca A, Fritz M,Teller A., 2016, Mapping 
and Assessment of Ecosystems and their Services, Urban Ecosystems, Publications Office 
of the European Union, Luxembourg



167

References

Mahamane, M., Zorrilla Miras, P., Verweij, P., Sitoe, A., Ryan, C., Patenaude, G., 
Grundye, I., Nhantumbo, I., Metzger, M., Ribeiro, N., Baumert, S., Vollmer, F., 2017, 
Understanding land use and land cover and woodland-based ecosystem services change, 
Mabalane, Mozambique. Energy and Environment Research, 7 (1)

Mallampalli, V., Mavrommati, G., Thompson, J., Duveneck, M., Meyer, S., Ligmann-
Zielinska, A., Gottschalk Druschke, C., Hychka, K., Kennym, M., Kok, K., Borsuk, M., 
2016, Methods for translating narrative scenarios into quantitative assessments of land 
use change, Environmental Modelling & Software, 82, 7–20.

Mas, J.F., Kolb, M., Paegelow, M., Camacho Olmedo, M.T., Houet, T., 2014, Inductive 
pattern-based land use/cover change models: a comparison of four software packages, 
Environmental Modelling & Software, 51, 94–111

Mascia, M.B., Pailler, S., Thieme, M.L., Rowe, A., Bottrill, M.C., Danielsen, F., 
Geldmann,J., Naidoo, R., Pullin, A.S., Burgess, N.D., 2014, Commonalities and 
complementarities among approaches to conservation monitoring and evaluation, 
Biological Conservation, 169, pp. 258–267

Matsumoto, M., Nishimura, T., 1998, Mersenne twister: a 623-dimensionally 
equidistributed uniform pseudo-random number generator, ACM Transactions on 
Modelling and Computer Simulation, 8 (1), 3–30. 

Matthies, M., Giupponi, C., Ostendorf, B., 2007, Environmental decision support systems: 
current issues, methods and tools. Environmental Modelling & Software, 22, pp. 123–127.

Maurel, P., Craps, M., Cernesson, F., Raymond, R., Valkering, P., Ferrand, N., 2007, 
Concepts and methods for analysing the role of Information and Communication tools (IC-
tools) in Social Learning processes for River Basin Management, Environmental Modelling 
& Software, 22(5), pp. 630-639

McCall, M.K., 2003, Seeking good governance in participatory-GIS: a review of processes 
and governance dimensions in applying GIS to participatory spatial planning, Habitat 
International, 27, pp. 549–573

McConnell, S., 1996, Rapid Development: Taming Wild Software Schedules, Microsoft 
Press Redmond, WA, USA, 647 p

McConnell, S., 2004, Code Complete, Microsoft Press, Redmond, USA, 156 p.



168

References

McIntosh, B.S., Giupponi, C., Voinov, A., Smith, C., Matthews, K.B., Monticino, 
M.J.,Kolkman, M.J., Crossman, N., Van Ittersum, M.K., Haase, D., Haase, A., Mysiak,J., 
Groot, J.C.J., Sieber, S., Verweij, P., Quinn, N., Waeger, P., Gaber, N., Hept-ing, D., 
Scholten, H., Sulis, A., Van Delden, H., Gaddis, E.J.B., Assaf, H., 2008, Bridging the Gaps 
Between Design and Use: Developing Tools to Support Envi-ronmental Management and 
Policy Developments, in: Integrated Environmental Assessment, Elsevier, pp. 33–48

McCracken, J., Pretty, J., Conway, G.,1988, An introduction to rapid rural appraisal for 
agricultural development, London: IIED Sustainable Agric. Program. p96

McInerny, G.J., Chen, M., Freeman, R., Gavaghan, D., Meyer, M., Rowland, F., 
Spiegelhalter,D.J., Stefaner, M., Tessarolo, G., Hortal, J., 2014, Information visualisation for 
science and policy: Engaging users and avoiding bias, Trends in Ecology, 29, pp. 148–157

McIntosh, B., Ascough, J., Twery, M., Chew, J., Elmahdi, A., Haase, D., Harou, J., Hepting, 
D., Cuddy, S., Jakeman, J., Chen, S., Kassahun, A., Lautenbach, S., Matthews, K., Merrit, 
W., Quinn, N., Rodriguez-Roda, I., Sieber, S., Stavenga, M., Sulis, A., Ticehurst, J., Volk, 
M., Wrobel, M., van Delden, H., El-Sawah, S., Rizzoli, A., Voinov, A.,2011, Environmental 
decision support systems (EDSS) development e Challenges and best practices, 
Environmental Modelling & Software, 26, pp. 1389-1402

Metzger, M.J., Bunce, R.G.H., Jongman, R.H.G., Mücher, C.A., Watkins, J.W., 2005, A 
climatic stratification of the environment of Europe, Global Ecology and Biogeography, 
14, pp. 549–563

Michaels, S., 2009, Matching knowledge brokering strategies to environmental policy 
problems and settings, Environmental science & policy, 12(7), pp. 994-1011

Miedziński, M., 2018, Do policy makers tell good stories? Towards a multi-layered 
framework for mapping and analysing policy narratives embracing futures, Futures, 101, 
pp. 10–25.

Millstein, R., 2018, Debunking myths about Aldo Leopold’s land ethic, Biological 
conservation, 217, pp. 391-396

Ministry of Economic affairs, 2013, Nature policy plan, the Caribbean Netherlands 2013-
2017 

Ministry of Economic Affairs, 2014, Convention on Biological Diversity, fifth National 
Report of the Kingdom of The Netherlands



169

References

Mitchell, R.K., Agle, B.R., Wood, D.J., 1997, Toward a theory of stakeholder identification 
and salience: the principle of who and what really count, Academy of Management 
Review, 22, 853–886

Mohamane, M., Zorilla Miras, P., Verweij, P., in prep., Integrating Bayesian networks 
and Geographic Information Systems as a tool in understanding land use and land cover 
change-Ecosystem Services links: a case study in Mabalane,-Mozambique

Moore, R., Tindall, C., 2005, An overview of the open modelling interface and environment 
(the OpenMI), Environmental Science & Policy, 8, pp. 279–296

Morgan, M.S., 2017, Narrative ordering and explanation, Studies in history and 
philosophy in science part A, 62, pp. 86-97

Murguia, D., Cormont, A., Tiess, G., van Eupen, M., Verweij, P., van der Sluis, T., Perez-
Soba, M., 2015, Participatory Land Use Planning for Safeguarding Access to Mineral 
Deposits in Europe, 24th World Mining Congress. Rio de Janeiro

Murray-Rust, D., Brown, C., van Vliet, J., Alam, S., Robinson, D., Verburg, P., Rounsvell, 
M., 2014, Combining agent functional types, capitals and services to model land use 
dynamics. Environ. Model. Software 59, 187–201.

Mysiak, J., Giupponi, C., Rosato, P., 2005, Towards the development of a decision support 
system for water resource management, Environmental Modelling & Software, 20, pp. 
203–214.

Nabuurs, G., Päivinen, R., Schanz, H., 2001, Sustainable management regimes for 
Europe’s forests – a projection with EFISCEN until 2050, Forest Policy & Economics, 3, pp. 
155–173.

Nabuurs, G., Verweij, P., van Eupen, M., Perez-Soba, M., Pülzl, H., Hendriks, K., 2019, 
Next-generation information to support a sustainable course for European forests, Nature 
sustainability, 2, pp. 815-818

National Research Council, 2014, Advancing Land Change Modelling: Opportunities and 
Research Requirements, The National Academies Press, Washington DC.

Negnevitsky, M., 2002, Artificial Intelligence, Pearson Education Limited, England p.427 
ISBN 10:0-321-20466-2



170

References

Nel, J., le Maitre, D., Nel, D., Reyers, B., Archibald, S., van Wilgen, B., Forsyth, G., 
Theron, A., O’Farell, P., Mwenge Kahinda, J., Engelbrecht, F., Kapangaziwiri, E., van 
Niekerk, L., Barwell, L., 2014, Natural Hazards in a Changing World: A Case for Ecosystem-
Based Management, PLoS ONE, 9(5)

Ness, B., Urbel-Piirsalu, E., Anderberg, S., Olsson, L., 2007, Categorising tools for 
sustainability assessment, ecological economics, 60(3), pp. 498-508

Newell, A., Simon, H., 1972, The Theory of Human Problem Solving, Prentice-Hall, 920 
pages

Nielsen, J., 1992, The usability engineering life cycle, Computer, 25, pp. 12–22.

Nilsen, R., Kogut, P., Jackelen, G., 1994, Component Provider’s and Tool Developer’s 
Handbook Central Archive for Reusable Defense Software (CARDS), STARS Informal 
Technical Report Unisys Corporation.

Novak, J.D., 1991, Clarify with concept maps: a tool for students and teachers alike, 
Science Teacher, 58 (7), pp. 45–49

O’Neill, B., Krigeler, E., Ebi, K., Kemp-Benedict, E., Riahi, K., Rothman, D., van Ruijven, 
B., van Vuuren, D., Birkmann, J., Kok, K., Levy, M., Solecki, W., 2017, The roads ahead: 
Narratives for shared socioeconomic pathways describing world futures in the 21st 
century, Global environmental change, 42, pp. 169-180

OECDa, 2017, The governance of land use in OECD countries: policy analysis and 
recommendations, OECD publishing, Paris, http://dx.doi.org/10.1787/9789264268609-en

OECDb, 2017, Land-use planning systems in the OECD: country fact sheets, OECD 
publishing, Paris, http://dx.doi.org/10.1787/9789264268579-en

OGC, O.G.C.I., 2004, Web Map Service 

Ojima, D., Galvin, K., Turner, I., 1994, The global impact of land use change, Bioscience, 
44 (5), pp. 300-304

Overmars, K., Verburg, P., Bakker, M., Staritsky, I., Hellmann, F., Schulp, N., 
unpublished, Eururalis 2.0 Technical Documentation CLUE-s.

Ostrom, E., 1990, Governing the commons: the evolution of institutions for collective 
action, Cambridge university press, pp. 280

http://dx.doi.org/10.1787/9789264268579-en


171

References

Pahl-Wostl, C., 2019, The role of governance modes and meta-governance in the 
transformation towards sustainable water governance, Environmental Science & policy, 
91, pp 6-16

Papajorgji, P., Beck, H.W., Braga, J.L., 2004, An architecture for developing service-oriented 
and component-based environmental models, Ecological Modelling, 179,pp. 61–77

Paracchini, M.L., Pacini, C., Jones, M.L., Perez-Soba, M., 2011, An aggregation framework 
to link indicators associated with multifunctional land use to the stakeholder evaluation of 
policy options, Ecological Indicators, 11(1), pp. 71-80

Parker, P., Letcher, R., Jakeman, A., Beck, M.B., Harris, G., Argent, R.M., Hare, M.,Pahl-
Wostl, C., Voinov, A., Janssen, M., Sullivan, P., Scoccimarro, M., Friend, A.,Sonnenshein, 
M., Barker, D., Matejicek, L., Odulaja, D., Deadman, P., Lim, K.,Larocque, G., Tarikhi, 
P., Fletcher, C., Put, A., Maxwell, T., Charles, A., Breeze, H.,Nakatani, N., Mudgal, S., 
Naito, W., Osidele, O., Eriksson, I., Kautsky, U., Kautsky,E., Naeslund, B., Kumblad, L., 
Park, R., Maltagliati, S., Girardin, P., Rizzoli, A., Mau-riello, D., Hoch, R., Pelletier, D., 
Reilly, J., Olafsdottir, R., Bin, S., 2002, Progress in integrated assessment and modelling, 
Environmental Modelling & Software, 17, pp. 209–217

Parker, D.C., Manson, S.M., Janssen, M.A., Hoffman, M. J., Deadman, P., 2004, Multi-
agent systems for the simulation of land-use and land-cover change: a review, Annals of 
the Association of American Geographers, 93, pp. 314-337

Parker, W.S., Winsberg, S., 2018, Values and evidence: how models make a difference, 
European journal for philosophy of science, 8, pp. 125-142

Parkhurst, J., 2017, The politics of evidence, from evidence-based policy to the good 
governance of evidence, Routeledge, Taylor & Francis group, ISBN 978-1-138-93940-0, 
p.182

Partnership for European Environmental Research (PEER), 2010, Innovative 
Environmental Research for a Changing Society, PEER Position Paper on FP8.

Pérez-Soba, M., Petit, S., Jones, L., Bertrand, N., Briquel, V., Omodei-Zorini, L., Contini,
C.,Helming,K.,Farrington,J.,Mossello,M.T.,Wascher,D.,Kienast,F.,DeGroot,R.,2008, Land 
use functions–a multifunctionality approach to assess the impact of land use changes on 
land use sustainability, In: Helming, K., Tabbush, P., Perez-Soba, M. (Eds.), Sustainability 
Impact Assessment of Land Use Changes. Springer, pp. 375–404



172

References

Pérez-Soba, M., Verweij, P., Saarikoski, H., Harrison, P.A., Barton, D.N., Furman, E., 
2018, Maximising the value of research on ecosystem services: Knowledge integration and 
guidance tools mediating the science, policy and practice interfaces, Ecosystem Services, 
29, pp. 599–607

Pérez-Soba, M., Braat, L., Verweij, P., van Eupen, M., Cormont, A., Wiebel and 
B.,Zulian, G., 2015, Training member states on ecosystem services mapping through 
hands on workshops, Final report to DG ENVIRONMENT’s CONTRACT N (ENV.B.2/
SER/2014/0045r, Alterra Wageningen UR, JRC and ETHZ (in preparation)

Pert, P., Ens, E., Locke, J., Clarke, P., Packer, J., Turpin, G., 2015, An online spatial 
database of Australian Indigenous biocultural knowledge for contemporary natural and 
cultural resource management, Science of the Total Environment, 534, pp. 110–121

Piontek, S., 2015, Final report St.Eustatius Global Coral Reef Monitoring Network, Gem 
City Consulting

Piontek, S., 2016, Final report St.Eustatius 2016 Global Coral Reef Monitoring Network, 
Gem City Consulting

Poppendieck, M., Poppendieck, T., 2006, Lean Software Development: An Agile Toolkit, 
Addison-Wesley Professional, 240 pp

Pettigrew, T.F., Tropp, L.R., 2006, A meta-analytic test of intergroup contact theory, 
Journal of personality and social psychology, 90(5), pp. 751-783

Pielke, R., 2005, Land use and climate change, Science, 310, pp. 1625-1626

Pope, J., Bond, A., Morrison-Saunders, A., Retief, F., 2013, Advancing the theory and 
practice of impact assessment: setting the research agenda, Environmental impact 
assessment review, 41, pp. 1-9

Potschin, M., Haines-Young, R., 2008, Making sustainability impact assessments: limits 
thresholds and the sustainability choice space, In: Helming, K., Tabbush, P., Perez-Soba, M. 
(Eds.), Sustainability Impact Assessment of Land Use Changes, Springer, pp. 425–450

Pouwels, R., 2019, A bird’s-eye view of recreation, improving the application of scientific 
knowledge and tools in collaborative decision-making processes, chapter 1 general 
introduction of PhD thesis, Wageningen University, The Netherlands, https://doi.
org/10.18174/477554 



173

References

Power, D., Sharda, R., Burstein, F., 2015, Decision Support Systems, Wiley Encyclopedia 
of Management, John Wiley & Sons, Ltd

Prell, C., Hubacek, K., Reed, M., Quinn, C., Jin, N., Holden, J., Burt, M., Kirby, M., 
Sendzimir, J., 2007, If you have a hammer everything looks like a nail: traditional versus 
participatory model building, Interdisciplinary Science Reviews, 32:3, pp. 263-282

Prince, S.D., Goward, S.N., 1995, Global primary production: a remote sensing approach. 
Journal of Biogeography, 22, pp. 815–835

Proença, V., Martin, L.J., Pereira, H.M., Fernandez, M., McRae, L., Belnap, J., Böhm, 
M.,Brummitt, N., García-Moreno, J., Gregory, R.D., Honrado, J.P., Jürgens, N., Opige,M., 
Schmeller, D.S., Tiago, P., van Swaay, C.A.M., 2017, Global biodiversity monitoring: From 
data sources to Essential Biodiversity Variables, Biological Conservation, 213, pp. 256–263.

Puttker, T. et al., 2020, Indirect effects of habitat loss via habitat fragmentation: a croos-
taxa analysis of forest-dependent species, Biological Conservation, 241, 108368, https://
doi.org/10.1016/j.biocon.2019.108368 

Ralha, C., Abreu, C., Voelho, C., Zaghetto, A., Machiavello, B., Machado, R., 2013, A 
multi-agent model system for land-use change simulation, Environmental Modelling & 
Software, 42, 30–46

Ramaswamy, V., Ozcan, K., 2018, What is co-creation? An interactional creation framework 
and its implications for value creation, Journal of Business Research, 84, pp. 196–205

Ramsar Convention Secretariat, 2013, The Ramsar Convention Manual: a guide to the 
Convention on Wetlands (Ramsar, Iran, 1971), 6th ed. Ramsar Convention Secretariat, 
Gland, Switzerland

Raskin, J., 2000, Humane Interface: New Directions for Designing Interactive Systems, ACM 
Press, 256 pp.

Raworth, K., 2017, Doughnut economics: seven ways to think like a 21st century economist, 
white river junction: Chelsea green publishing, ISBN 9781603586740, 309 pages

R Core Team, 2015, R: a Language and Environment for Statistical Computing, R 
Foundation for Statistical Computing, Vienna, Austria URL. http://www.R-project.org/.

Renn, O., 1993, The social arena concept of risk debates, Krimsky Sheldon, social 
theories of risk, pp. 179-196, http://dx.doi.org/10.18419/opus-7275 

https://doi.org/10.1016/j.biocon.2019.108368
https://doi.org/10.1016/j.biocon.2019.108368
http://www.R-project.org/


174

References

Restrepo, M. Lelea, M., Kaufmann, B., 2020, Assessing the quality of collaboration in 
transdisciplinary sustainability research: Farmers’ enthusiasm to work together for the 
reduction of post-harvest dairy losses in Kenya, environmental science & policy, 105, pp. 1-10

Reyers, B., Nel, J., O’Farell, P., Sitas, N., Nel, D., 2015, Navigating complexity through 
knowledge coproduction: Mainstreaming ecosystem services into disaster risk reduction, 
Proceedings of the National Academy of Sciences, 112(24)

Reynolds, J.F., Acock, B., 1997, Modularity and genericness in plant and ecosystem 
models, Ecological Modelling, 94, pp. 7–16

Rizzoli, A., Young, W.J., 1997, Delivering environmental decision support systems: software 
tools and techniques, Environmental Modelling & Software, 12, pp. 237–249

Rodela, R., Bregt, A.K., Perez-Soba, M., Verweij, P., 2015, Decision Support Systems as 
Type of Science-Policy Interface: Exploring the Potential of the QUICKScan Software Tool for 
Knowledge Integration and Learning, INVALUABLE WorkingPaper, 0215. INVALUABLE, 
Wageningen University and Research Centre,Wageningen

Rodela, R., Reinecke, S., Bregt, A., Kilham, E., Lapeyre, R., 2015, Challenges to and 
opportunities for biodiversity science–policy interfaces, Environmental science & policy, 
54, pp. 483-486

Rodela, R., Bregt, A., Ligtenberg, A., Perez-Soba, M., Verweij, P., 2017, The social side 
of spatial decision support systems: investigating knowledge integration and learning, 
Environmental science & policy, 76, pp. 177-184

Rollin, O., Perez-Mendez,N., Bretagnolle, V., Henry, M., 2019, Preserving habitat quality 
at local and landscape scales increases wild bee diversity in intensive farming systems, 
Agriculture, Ecosystems & Environment, 275, pp. 73-80

Roos-Klein Lankhorst, J., Nieuwenhuizen, W., Verweij, P., Farjon, J., Koomen, 
A.,Weijschede, T., 2013, Knowledge model landscape quality effects (Dutch:‘Kennismodel 
effecten landschap kwaliteit, KELK versie 2.0’), Wettelijke Onderzoekstaken natuur & 
milieu, WOT report 360, 53p.

Roos-Klein Lankhorst, J., de Vries, S., Buijs, A., Mapping landscape attractiveness, a 
GIS based landscape appreciation model for the Dutch countryside, Exploring the visual 
landscape, Advances in physiognomic landscape research in the Netherlands, edited 
by Steffen Nijhuis, Ron van Lammeren, Frank van derHoeven (pp 147–161); Research 
in Urbanism Series (RiUS), Volume 2, ISSN1875-0192 (print), ISSN 1879–8217 (online)



175

References

Rotmans, J., 1990, IMAGE an Integrated Model to Assess the Greenhouse Effect, 
Rijksuniversiteit Limburg, Maastricht.

Rotmans, J., Dowlatabadi, H., 1998, Integrated assessment modeling, In: Raynor, S.,Malone, 
E. (Eds.), Human Choices & Climate Change, Batelle Press, Columbus, pp. 291–377.

Royce, W.W., 1970, Managing the development of large software systems, In: International 
Conference on Software Engineering TRW Monterey, California, United States, pp. 1–9

Runhaar, J., Kuijpers, H., Boogaard, H.L., Schouwenberg, E.P.A.G., Jansen, P.C., 2003, 
Nature based land evaluation (Dutch: natuurgericht landevaluatiesysteem),Alterra Rep. 
550, 149p

Russom, P., 2017, Data lake purposes, practices, patterns and platforms, Best practices 
report. TDWI research

Ryan, R.M., Deci, E.L., 2000, Self-determination theory and the facilitation of intrinsic 
motivation, social development, and well-being, American Psychologist, 55(1), pp. 68–78

Saarela, S.R., Söderman, T., Lyytimäki, J., 2015, Knowledge brokerage context factors 
-What matters in knowledge exchange in impact assessment?, Environmental Science & 
Policy, 51, pp. 325–337

Salo, O., Abrahamsson, P., 2008, Agile methods in European embedded software 
development organizations: a survey study of Extreme Programming and Scrum, IET 
Software, 2, 58–64.

Sanders, E., 2013, Perspectives on Participation in design, In Wer Gestaltet die 
Gestaltung? Praxis, Theorie und Geschichte des Partizipatorischen Designs, Mareis,C., 
Held, M. and Joost, G. (Hg.). Verlag, pp. pp. 61–74

Sayogo, D.S., Pardo, T.A., 2013, Exploring the determinants of scientific data sharing: 
Understanding the motivation to publish research data, Government Information 
Quarterly, 30, pp. 19–31

Schut, K., Nava, M., Rivera-Milan, F., 2017, Research and Monitoring of Bonaire’s Sea 
Turtles: 2017 technical Report

Schwarz, N., Bless, H., Strack, F., Klumpp, G., Rittenauer-Schatka, H., Simons, A., 1991, 
Ease of Retrieval as Information: Another Look at the Availability Heuristic, Journal of 
Personality and Social Psychology. 61 (2), pp 195–202



176

References

Schelhaas,M.J.,Eggers,J.,Lindner,M.,Nabuurs,G.J.,Pussinen,A.,Päivinen,R.,Schuck,A., 
Verkerk, P.J., Van de Werf, D.C., Zudin, S., 2007, Model Documentation for theEuropean 
Forest Information Scenario Model (EFISCEN 3.1.3), Alterra, Wageningen.

Scholten, H., Kassahun, A., Refsgaard, J.C., Kargas, T., Gavardinas, C., Beulens, 
A.J.M.,2007, A methodology to support multidisciplinary model-based water management, 
Environmental Modelling & Software, 22, pp. 743–759

Schwaber, K., Beedle, M., 2001, Agile Software Development with SCRUM, Prentice Hall, 
Upper Saddle River, 158 pp.

Sébastien, L., Bauler, T., Lehtonen, M., 2014, Can Indicators Bridge the Gap between 
Science and Policy? An Exploration into the (Non)Use and (Non)Influence of Indicators in 
EU and UK Policy Making, Nature and Culture, 9, pp. 1–24.

Sefelin, R., Tscheligi, M., Giller, V., 2003, Paper prototyping – what is it good for: a 
comparison of paper- and computer based low-fidelity prototyping, In: Conference on 
Human Factors in Computing Systems. ACM, New York, Ft. Lauderdale, Florida, USA.

Sieber,S.,Müller,K.,Verweij,P.J.F.M.,Haraldsson,H.,Fricke,K.,Pacini,C.,Tscherning,K., 
Helming, K., Jansson, T., 2008, Transfer into decision support: the sustain-ability impact 
assessment tool (SIAT), In: Helming, K., Tabbush, P., Perez-Soba,M. (Eds.), Sustainability 
Impact Assessment of Land Use Changes. Springer, pp.107–128.

Sieber, S., Amjath-Babu, T., Jansson, T., Muller, K., Tscherning, K., Graef, F., Pohle, 
D., Helming, K., Rudloff, B., Saravia-Matus, B., Gomez Paloma, S., 2013, Sustainability 
impact assessment using integrated meta-modelling: Simulating the reduction of direct 
support under the EU common agricultural policy (CAP), Land use Policy, 33, pp. 235-245

Siles, G., Voirin, Y., Bénié, G.B., 2018, Open-source based geo-platform to support 
management of wetlands and biodiversity in Quebec, Ecological Informatics, 43, pp. 84–95

Simcoe, T., 2006, Open standards and intellectual property rights, In: Chesbrough, H., 
Vanhaverbeke, W., West, J. (Eds.), Open Innovation: Researching a New Paradigm. 
Oxford University Press, Oxford, pp. 161–183

Simensen, T., Halvorsen, R., Erikstad, L., 2018, Methods for landscape characterisation 
and mapping: A systematic review, Land use policy, 75, pp. 557-569



177

References

Simões, M., Ferraz, R., Equihual, M., Maqueo, O., Alaniz, N., Verweij, P., Alves, A., 2015, 
Impacts of Biodiversity Loss in the Carbon Stock and Evapotranspiration Fluxes Regulation 
in Brazilian Amazon, International Scientific Conference ‘OurCommon Future Under 
Climate Change, Paris France

Snizek,B.,Jorgenson,I.,Acevedo,R.,Biber,P.,Seifert,S.,Sieber,S.,Jones,L.,2008, Tools for 
graphical representation of multidimensional data in SIAT, SENSOR Contract No. 003874 
(GOCE) Deliverable number: 4.4.1 and 4.4.2, European Commission Within the Sixth 
Framework Programme (2002–2006), Brussels

Soares-Filho, B., Coutinho Cerqueira, G., Lopes Pennachin, C., 2002, DINAMICA – a 
stochastic cellular automata model designed to simulate the landscape dynamics in an 
Amazonian colonization frontier, Ecological Modelling, 154 (3), pp. 217–235.

Soares-Filho, B.S., Nepstad, D.C., Curran, L.M., Cerqueira, G.C., Garcia, R.A., Azevedo 
Ramos, C., Voll, E., Macdonald, A., Lefebvre, P., Schlesinger, P., 2006, Modelling 
conservation in the Amazon basin, Nature, 440, pp. 520–523

Soroka, N., Wlezien, C., 2012. Degrees of democracy: Politics, public opinion, and policy, 
Cambridge University Press 

Srivastava, P.R., Kumar, K., 2009, An approach towards software quality assessment, 
Communications  in Computer and Information Science, 31, pp. 150–160.

Stand-earth, 2020, Canada’s growing wood pellet export industry threatens forests, 
wildlife and our climate, retrieved from https://www.stand.earth/sites/stand/files/
report-canada-wood-pellet-industry.pdf on June 2020

Standish Group, 2005, CHAOS Rising—A Chaos Executive Commentary, The Standish 
Group International, Inc., West Yarmouth, USA

Statistics Netherlands, 2016, Trends in the Caribbean Netherlands 2016

Statistics Netherlands, 2017, Trends in the Caribbean Netherlands 2017

Sterk, B., Leeuwis, C., Van Ittersum, M.K., 2009, Land use models in complex societal 
problem solving: plug and play or networking? , Environmental Modelling & Software, 
24, pp. 165–172.

https://www.stand.earth/sites/stand/files/report-canada-wood-pellet-industry.pdf%20on%20June%202020
https://www.stand.earth/sites/stand/files/report-canada-wood-pellet-industry.pdf%20on%20June%202020


178

References

Stelzenmueller, V., Lee, J., Garnacho, E., Rogers, S., 2010, Assessment of a bayesian belief 
network-GIS framework as a practical tool to support marine planning, Marine Pollution 
Bulletin, 60, pp. 1743–1754

Sterk, B., Carberry, P., Leeuwis, C., van Ittersum, M.K., Howden, M., Meinke, H., 
vanKeulen, H., Rossing, W.A.H., 2009, The interface between land use systems research 
and policy: multiple arrangements and leverages, Land Use Policy 26-2, pp. 434–442

Sufi, S., Nenadic, A., Silva, R., Duckles, B., Simera, I., de Beyer, J., Sruthers, C., 
Nurmikko-Fuller, T., Bells, L., Miah, W., Wilde, A., Emsley, I., Philippe, O., Balzano, M., 
Coelho, S., Ford, H., Jones, C., Higgens, V., 2018, Ten simple rules for measuring the 
impact of workshops, Plos computational biology, 14(8)

Sullivan, B.L., Aycrigg, J.L., Barry, J.H., Bonney, R.E., Bruns, N., Cooper, C.B., 
Damoulas,T., Dhondt, A.A., Dietterich, T., Farnsworth, A., Fink, D., Fitzpatrick, J.W., 
Fredericks,T., Gerbracht, J., Gomes, C., Hochachka, W.M., Iliff, M.J., Lagoze, C., La 
Sorte, F.A.,Merrifield, M., Morris, W., Phillips, T.B., Reynolds, M., Rodewald, A.D., 
Rosenberg,K.V., Trautmann, N.M., Wiggins, A., Winkler, D.W., Wong, W.K., Wood, C.L., 
Yu, J.,Kelling, S., 2014, The eBird enterprise: An integrated approach to development and 
application of citizen science, Biological Conservation 169, pp. 31–40

Sutherland, W., Pullin, A., Dolman, P., Knight, T., 2004, The need for evidence-based 
conservation, Trends in ecology and evolution, 19(6), pp. 305-308

Tabbush, P., Frederiksen, P., Edwards, D., 2008, Impact assessments in the European 
Commission in relation to multifunctional land use, In: Helming, K., Tabbush, P.,Perez-Soba, 
M. (Eds.), Sustainability Impact Assessment of Land Use Changes, Springer, pp. 35–54.

Tate, K., 2005, Sustainable Software Development, an Agile Perspective, Agile Software 
Development, Addison-Wesley, 226 pp

Thaman, R., Lyver, P., Mpande, R., Perez, E., Cariño, J., Takeuchi, K., 2013,  The 
contribution of indigenous and local knowledge systems to IPBES: building synergies with 
science, united nations educational, scientific and cultural organization. IPBES Expert 
Meet. Rep. SC-2013/WS/ 23

Theuns, S., Grond, V., van Merrebach, M., Schellevis, B., Eskes, D., de Rooij, D., 
Hoorn, K., Moll, N., Mosselman, A., Portegijs, T., Otten, N., Duteweert, P., Maas, G., 
Masselink, L., 2016, Spatial climate agenda for the municipality of Rheden (translated 
from Dutch: Inventarisatie gevolgen klimaatveranderingen Rheden, Agenda ruimtelijke 
klimaatadaptatie), consortium report gemeente Rheden



179

References

Thompson, J.R., Simons-Legaard, E., Legaard, K., Domingo, J.B., 2016, A LANDIS-II 
extension for incorporating land use and other disturbances, Environmental Modelling & 
Software, 75, pp. 202–205.

Ticheler, H., 2020, pers. comm., Dutch: ‘Bij het onderhoud van dijken en watergangen 
maken waterschappen gebruik van de Nationale Database Flora en Fauna (NDFF) 
om te kijken waar beschermde soorten voorkomen en om overschrijden van de wet 
natuurbescherming te voorkomen’, January 9th 2020, Wageningen, The Netherlands

Timmerman, J., Langaas, S., 2005, Water information: what is it good for? The use of 
information in transboundary water management, Regional Environmental Change, 5(4), 
pp. 177-187

Todd, A.R., Galinsky, A.D., 2014, Perspective-Taking as a Strategy for Improving Intergroup 
Relations: Evidence, Mechanisms, and Qualifications, Social and Personality Psychology 
Compass, 8(7), pp. 374-387

Tractinsky, N., Katz, A.S., Ikar, D., 2000, What is beautiful is usable, Interacting with 
Computers, 13(2), pp. 127–145

Tress, G., Tress, B., Fry, G., 2004, Clarifying integrative research concepts in landscape 
ecology, Landscape ecology, 20, pp. 479-493

Turner, B., Meyer, W.B., Skole, D., 1994, Global land-use/land-cover change: Towards an 
integrated study, Ambio, 23(1), pp. 91-95

Turnpenny, J., Radaelli, C., Jordan, A., Jacob, K., 2009, The policy and politics of policy 
appraisal: emerging trends and new directions, Journal of European Public Policy, 16 (4), 
pp. 640–653

UNEP, 1995, Establishment of the clearing-house mechanism to promote and facilitate 
technical and scientific co-operation, UNEP/CBD/COP/2/6, September 1995

UNEP, 2012, A review of barriers to the sharing of biodiversity data and information, with 
recommendations for eliminating them. Prepared by the UNEP World Conservation 
Monitoring Centre. 30p

United nations, 1987, our common future, the Brundtland report, United Nations 
World Commission on Environment and Development



180

References

United Nations, 2014, Sustainable development goals, retrieved from https://
sustainabledevelopment.un.org/focussdgs.html

Van de Sluijs, J.P., 2002, Integrated assessment, In: Tolba, M.K. (Ed.), Responding to 
Global Environmental Change, Encyclopedia of Global Environmental Change, John 
Wiley & Sons, Chichester, pp. 250–253

Van der Wal, M., de Kraker, J., Kroeze, C., Kirschner, P., Valkering, P., 2016, Can 
computer models be used for social learning? A serious game in water management, 
Environmental modelling & software, 75, pp. 119-132

Van Eupen, M., Cormont, A., Kok, K., Simoes, M., Pereira, S., Kolb, M., Ferraz, R. 2014, 
Modelling Land Use Change in Latin America, EU FP7-project ROBIN Deliverable 2.2.1

Van Ittersum, M.K., Brouwer, F., 2009, Integrated assessment of agricultural and 
environmental policies – concepts and tools, Environmental Science & Policy, 12, pp. 
543–545.

Van Ittersum, M.K., Ewert, F., Heckelei, T., Wery, J., Alkan Olsson, J., Andersen, 
E.,Bezlepkina, I., Brouwer, F., Donatelli, M., Flichman, G., Olsson, L., Rizzoli, A., Vander 
Wal, T., Wien, J.J.F., Wolf, J., 2008, Integrated assessment of agricultural systems – a 
component-based framework for the European Union (SEAMLESS), Agricultural Systems, 
96, 150–165.

Van Oosten, C., Uzamukunda, A., Runhaar, R., 2018, Strategies for achieving environmental 
policy integration at the landscape level. A framework illustrated with an analysis of 
landscape governance in Rwanda, Environmental science and policy, 83, pp. 63-70

Van Scrojenstein Lantman, J., Verburg, P., Bregt, A., Geertman, S., 2011, core principles 
and concepts in land-use modelling: a literature review, chapter 3 in Land-use modelling 
in planning practice, eds. Koomen, E., Borsboom van Beurden, J., the Geojournal 
library, DOI 10.1007/978-94-007-1822-7_3 

Van Swaay, C.A.M., Nowicki, P., Settele, J., Van Strien, A.J., 2008, Butterfly monitoring in 
Europe: Methods, applications and perspectives, Biodiversity and Conservation, 17, pp. 
3455–3469

Van Vliet, J., Bregt, A., Brown, D., van Delden, H., Heckbert, S., Verburg, P., 2016, A 
review of current calibration and validation practices in land-use change modelling, 
Environmental modelling & software, 82, pp. 174-182

https://sustainabledevelopment.un.org/focussdgs.html
https://sustainabledevelopment.un.org/focussdgs.html


181

References

Veen, L., van Rheenen, G., Sluiter, F., van Loon, E., Bouten, W., 2012, A semantically 
integrated, user-friendly data model for species observation data, Ecological informatics, 
8, pp. 1-9

Veldkamp, A., Fresco, L.O., 1996, CLUE-CR: An integrated multi-scale model to simulate 
land use change scenarios in Costa Rica, Ecological Modelling, 91(1-3), pp. 231-248

Vervoort, J., Keuskamp, D., Kok., K., van Lammeren, R., Stolk, T., Veldkamp, T., Rekveld, 
J., Schelfhout, R., Teklenburg, B., Cavalheiro Borges, A., Janoskova, S., Wits, W., 
Assmann, N., Abdi Dezfouli, E., Cunningham, K., Nordeman, B., Rowlands, H., 2014, A 
sense of change: media designers and artists communicating about complexity in social-
ecological systems, Ecology and Society, 19(3):10

Verburg, P., Soepboer, W., Veldkamp, A., Limpiada, R., Espaldon, V., Mastura, S., 2002, 
Modeling the spatial dynamics of regional land use: The CLUE-S model, Environmental 
management, 30(3), pp. 391-405

Verburg, P., Schot, P., Veldkamp, A., 2004, Land use change modelling: current practice 
and research priorities, Geojournal, 61(4), pp. 309-324

Verburg, P., Van Eck, J.R., De Nijs, T., Visser, H., Jong, K., 2004, A method to analyse 
neighbourhood characteristics of land use patterns, Computers, Environment and Urban 
Systems, 28(6), pp.667–690.

Verburg, P., Overmars, K., 2009, Combining top-down and bottom-up dynamics in land 
use modeling: exploring the future of abandoned farmlands in Europe with the Dyna-CLUE 
model, Landscape Ecology, 24, pp. 1167-1181

Verburg, P., 2010, The CLUE model – hands-on exercises, Retrieved from http://www.
ivm.vu.nl/en/Images/Exercises_tcm234-284019.pdf  August 11, 2017

Verstegen, J., Karssenberg, D., van der Hilst, F., Faaij, A., 2014, Identifying a land use 
change cellular automaton by Bayesian data assimilation, Environmental Modelling & 
Software, 53, pp. 121–136.

Verweij, P., Knapen, M., Wien, J., 2007. The use of OpenMI in model based inte-grated 
assessments. In: MODSIM 2007 International Congress on Modelling andSimulation. 
Modelling and Simulation Society of Australia and New ZealandChristchurch, New 
Zealand.

http://www.ivm.vu.nl/en/Images/Exercises_tcm234-284019.pdf
http://www.ivm.vu.nl/en/Images/Exercises_tcm234-284019.pdf


182

References

182

References

Verweij, P., Sieber, S., Wien, J., Müller, K., 2006, SIAT, a sustainable impact assessment tool 
for understanding the drivers in integrated impact assessment, In: International Congress 
on Environmental Modelling and Software iEMSs 2006,Burlington (Vermont), USA.

Verweij, P.J.F.M., Roller, J.A.T., Vanmeulebrouk, B., Knapen, M.J.R., Van Randen, Y., 
DeWinter, W.P., Franke, G.J., 2009, SIAT – system architecture and design, SENSOR 
Contract No 003874 (GOCE) Deliverable number: 4.3.1, European Commission within 
the Sixth Framework Programme (2002–2006), Brussels

Verweij, P., van Eupen, M., Roos-Klein Lankhorst, J., Nieuwenhuizen, W., 2010, 
Qualitative reasoning in participatory spatial planning: the use of OSIRIS in the Yellow 
River Delta, In: Swayne, David A., Yang, Wanhong, Voinov, A.A., Rizzoli,A., Filatova, 
T. (Eds.), International Environmental Modelling and Software Society (iEMSs) 
2010 International Congress on Environmental Modelling and Software Modelling 
for Environment’s Sake, Fifth Biennial Meeting, Ottawa, Canada www.iemss.org/
iemss2010/index.php?n=Main.Proceedings

Verweij, P., Winograd, M., Perez-Soba, M., Knapen, R., van Randen, Y., 2012, 
QUICKScan: a pragmatic approach to decision support, In: Seppelt, R., Voinov, A.A., 
Lange, S., Bankamp, D. (Eds.), International Environmental Modelling andSoftware 
Society (iEMSs) 2012 International Congress on Environmental Modelling and 
Software Managing Resources of a Limited Planet, Sixth Biennial Meeting, Leipzig, 
Germany. www.iemss.org/society/index.php/iemss-2012-proceedings 

Verweij, P., Marinova, N., Lokers, R., 2014, User Centered Design: developing tools for 
encouraging climate change adaptation, International Congress on Environmental 
Modelling and Software – Bold visions for Environmental Modelling, San Diego, USA

Verweij, P., Simoes, M., Alves, A., Ferraz, R., Cormont, A., 2014, Linking bayesian belief 
networks and GIS to assess the ecosystem integrity in the Brazilian amazon, In: Daniel Ames, 
P., Nigel Quinn, W.T., Andrea Rizzoli, E. (Eds.),International Environmental Modelling 
and Software Society (iEMSs) 7th Intl. Congress on Env. Modelling and Software, San 
Diego, CA, USA. http://www.iemss.org/society/index.php/iemss-2014-proceedings 

Verweij, P., Meesters, E.H., Debrot, D., 2015, Identifying indicators to report on the status 
and trends of biodiversity for the Dutch Caribbean, Wageningen, Alterra Wageningen-UR 
(University & Research centre), Alterra report 2544

Verweij, P.J.F.M., Frissel, J.Y., Jochem, R., Pouwels, R., 2017, Onderbouwing locaties 
en additionele maatregelen ten behoeve van natuurbeleid Gelderland, Wageningen 
Environmental Research, Rapport 2847, ISSN 1566-7197

http://www.iemss.org/iemss2010/index.php?n=Main.Proceedings
http://www.iemss.org/iemss2010/index.php?n=Main.Proceedings
http://www.iemss.org/society/index.php/iemss-2012-proceedings
http://www.iemss.org/society/index.php/iemss-2014-proceedings


183

References

Verweij, P., Cormont, A., Nel, J., de Rooij, B., Jones-Walters, L., Slijkerman, D., Soma, 
K., van Eupen, M., 2020, A nature inclusive vision for Bonaire in 2050, Wageningen 
Research, report 3023

Villa, F., Athanasiadis, I., Rizzoli, A., 2009, Modelling with knowledge: a review of emerging 
semantic approaches to environmental modelling, Environmental Modelling & Software, 
24, 577–587

Vitousek, P., Mooney, H., Lubchenco, J., Melilio, J., 1997, Human domination of earth’s 
ecosystems, Science, 277(5325), pp. 494-499

Voinov, A., Gaddis, E.J.B., 2008, Lessons for successful participatory watershed modeling: 
a perspective from modeling practitioners, Ecological Modelling, 216, pp. 197–207

Voinov, A., Jenni, K., Gray, S., Kolongani, N., Glynn, P., Bommel, P., Prell, C., Zellner, 
M., Paolliso, M., Jordan, R., Sterling, E., Schmitt Olabisi, L., Giabbanelli, P., Sun, Z., Le 
Page, C., Elsawah, S., BenDor, T., Hubacek, K., Laursen, N., Jetter, A., Basco-Carrera, L., 
Singer, A., Young, L., Brunacini, J., Smajgl, A., 2018, Tools and methods in participatory 
modeling: Selecting the right tool for the job, Environmental Modelling & Software, 109, 
pp. 232-255

Voorberg, W.H., Bekkers, V.J.J.M., Tummers, L.G., 2015, A Systematic Review of 
Co-Creation and Co-Production: Embarking on the social innovation journey, Public 
Management Review, 17, pp. 1333–1357

Wagner, P., Murty Bhallamudi, S., Narasimhan, B., Kumar, S., Fohrer, N., Fiener, P., 
2017, Comparing the effects of dynamic versus static representations of land use change in 
hydrologic impact assessments, Environmental modelling & software, available online 
30 June 2017

Wang, X.G., Lian, Y., Huang, C., Wang, X.J., Wang, R.L., Shan, K., Pedroli, B., Eupen, 
M.,Elmahdi, van, Ali, A., 2012, Environmental flows and its evaluation of restoration 
effect based on LEDESS model in Yellow River Delta wetlands. Mitigation and Adaptation 
Strategies for Global Change, 17 (4), pp. 357–367

Watson, D., 1947, Comparative Physiological Studies on the Growth of Field Crops : I. 
Variation in Net Assimilation Rate and Leaf Area between Species and Varieties, and within 
and between Years, Annuals of Botany, 11 (41), pp. 41–76

Westhoek, H., Van den Berg, M., Bakkes, J.A., 2006, Scenario development to explore the 
future of Europe’s rural areas, Agriculture Ecosystems and Environment, 114(1), pp. 7–20



184

References

Wetzel, F.T., Saarenmaa, H., Regan, E., Martin, C.S., Mergen, P., Smirnova, L., Tuama, 
É.,García Camacho, F.A., Hoffmann, A., Vohland, K., Häuser, C.L., 2015, The roles and 
contributions of Biodiversity Observation Networks (BONs) in better tracking progress to 
2020 biodiversity targets: a European case study, Biodiversity, 16, pp. 137–149

Wien, J.J.F., Rizzoli, A., Knapen, M.J.R., Athanasiadis, I., Janssen, S., Ruinelli, L., Villa,F., 
Svensson, M., Wallman, P., Jonsson, B., Van Ittersum, M.K., 2010, A web-based software 
system for model integration in agro-environmental impact assessments, In: F. Brouwer, 
M.K. Van Ittersum (Eds.), Environmental and Agricultural Modelling: Integrated 
Approaches for Policy Impact Assessment. Springer Academic Publishing, in press

Wilkinson, M.D., Dumontier, M., Aalbersberg, Ij.J., Appleton, G., Axton, M., Baak, 
A.,Blomberg, N., Boiten, J.W., da Silva Santos, L.B., Bourne, P.E., Bouwman, J., 
Brookes,A.J., Clark, T., Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, C.T., 
Finkers, R.,Gonzalez-Beltran, A., Gray, A.J.G., Groth, P., Goble, C., Grethe, J.S., 
Heringa, J., ‘t Hoen, P.A.C., Hooft, R., Kuhn, T., Kok, R., Kok, J., Lusher, S.J., Martone, 
M.E., Mons,A., Packer, A.L., Persson, B., Rocca-Serra, P., Roos, M., van Schaik, R., 
Sansone, S.A.,Schultes, E., Sengstag, T., Slater, T., Strawn, G., Swertz, M.A., Thompson, 
M., Van DerLei, J., Van Mulligen, E., Velterop, J., Waagmeester, A., Wittenburg, P., 
Wolstencroft,K., Zhao, J., Mons, B., 2016, Comment: The FAIR Guiding Principles for 
scientific data management and stewardship, Scientific Data, 3

Willis, S., Nava, M., Schut, K., Rivera-Milan, F, 2016, Research and monitoring of Bonaire’s 
sea turtles: 2016 technical report

Wilson, A., 1971, A family of spatial interaction models and associated developments, 
Environment and Planning, 3, pp. 1-32

Wilson, C., 2013, Interview technique for UX practitioners. A User-Centered Design method, 
Morgan Kaufman, pp. 100

Winsemius, P., 1989, Be your own guest: thoughts on environmental policy development, 
(in Dutch: Gast in eigen huis), Samson H.D. Tjeenk Willink

Wright Morton, L., Eigenbrode, S., Martin, T., 2015, Architectures of adaptive integration 
in large collaborative projects, ecology and society, 24(4):5 

Xiaowen, L., Chen Liang, Jianbin Shi, 2012, Developing wetland restoration scenarios and 
modeling its ecological consequences in the Liaohe River Delta wetlands ,China, CLEAN Soil 
Air Water, Wetland Ecology China, 40 (10), pp. 1185–1196



185

References

Xu, Y., 2019, Rethinking the politics of land-use change: Insights from the rise of the 
industrial tree plantation sector in Southern China, Land use policy, 87, 104025

Yang, C., Wang, H., Kuo, P., 2011, Application of landscape ecological decision and evaluation 
support system on flood mitigation strategies, Irrigation and Drainage, 60, pp. 71–76

Young, O., 2013, Sugaring off: enduring insights from long-term research on 
environmental governance, International Environmental Agreements: Politics, Law and 
Economics, 13(1), pp.87-105

Chen, Yuchuan, Hsu, Chien-Yeh, Liu, Li, Yang, Sherry, 2012, Constructing a nutrition 
diagnosis expert system, Expert Systems with Applications, 39, pp. 2132–2156

Zamparutti, T., White, O., Sheate, W., Baker, J., Borsche, B., Goldenman, G.,Hernandez, 
G., Holmes, J., Orr, P., Pelsy, F., Stafford, J., Twigger-Roos, C., 2012, Assessing and 
strengthening the science and EU environment policy interface, European commission. 
Tech. Rep. 2012–2059

Zardo, L.l, Geneletti, D., Perez-Soba, M., Braat, L.C., van Eupen, M., in prep., Assessing 
the cooling capacity of urban green infrastructures. An ecosystem-service approach

Zasada, I., Piorr, A., Novo, P., Villanueva, A.J., Valanszki, I., 2017, What do we know about 
decision support systems for landscape and environmental management? A review and 
expert survey within EU research projects, Environmental modelling & software, 98, pp. 
63-74

Zhang ,Y., Lewis ,M., Pellon , M., Coleman, P., 2007, A Preliminary Research on Modeling 
Cognitive Agents for Social Environments in Multi-Agent Systems, AAAI Fall Symposium: 
Emergent Agents and Socialities, pp. 116–123



The research described in this thesis was financially supported by Wageningen 
Environmental Research.
Financial support from Wageningen University for printing this thesis is gratefully 
acknowledged.

Cover photograph by F.Berkelaar 
Flamingo photograph by DCNA / SHAPE Miro Mumrik
Cover design: Robert Jan van Oosten - www.rjvanoosten.nl
Layout design: Robert Jan van Oosten - www.rjvanoosten.nl
Printed by: Digiforce || ProefschriftMaken

www.rjvanoosten.nl
www.rjvanoosten.nl



