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A B S T R A C T

Modern ecosystem-based forms of marine management such as Marine Spatial Planning (MSP) deal with various
complex systems and often with huge amounts of data. Software-based simulative and analytical tools are
therefore frequently mentioned in the scientific literature on marine management approaches. But in addition to
the evolution of management approaches, the requirements for more integrated tools are also progressing. MSP,
for instance, comes with different spatial resolutions, an increased need to consider multiple interdepencies, and
increased requirements for validity than most of the previous marine management questions. We reviewed seven
well-known Decision Support Tools (DSTs) by asking 59MSP practitioners from at least 25 countries worldwide
about their experience with these tools. The results revealed that, while respondents were mostly positive about
the use of DSTs in MSP processes, DSTs are still mainly used in the academic realm and have not yet found their
way into everyday MSP practice. There is a broad range of reasons for not using DSTs, including the complexity
of these tools, the resources required to operate them, low stakeholder confidence in DST outcomes, and the lack
of additional value in using DSTs.

1. Introduction

Ecosystem-based management and Marine Spatial Planning (MSP)
require detailed information at various ecological and socio-economic
levels as well as on their interdependencies (Jay et al., 2016). Within
the marine realm, the use of simulation models and software-based
Decision Support Tools (DSTs) has a long tradition for integrating
knowledge in both analytical and decision making processes (Fulton
et al., 2011). Software-based simulative and analytical tools are widely
used in various marine and maritime fields, e.g. oceanography, marine
ecology, shipping, fisheries, and for the placement and management of
Marine Protected Areas (MPA) (e.g. Fowler and Sørgård, 2000; Caddy
and Cochrane, 2001; Wang et al., 2007; Stewart, 2008; Ball et al., 2012;
Guerry et al., 2012; Rengstorf et al., 2013; Bruggeman and Bolding,
2014; Schiller et al., 2014). MSP comes with requirements that may be
different from most of the previous marine management questions for
which more traditional models and DSTs seek to support the decision
making. In particular, MSP comes with different spatial resolutions, and
due to its regulatory character, it has increased requirements for the
validity of these tools that go beyond those in academic research. In

addition, MSP focuses on multiple interdependencies and on the in-
tegration of social, economic, and environmental issues. This may raise
broader questions than those of sectoral management approaches.

All this, however, does not mean that these sectoral tools would not
in principle be able to support decision making in MSP. Some of the
better-known DSTs in this context are Marxan (Ball et al., 2012) and its
extension Marxan with Zones (MarZones) (Watts et al., 2009). They
were originally developed for conservation planning, but have also
proven to be able to support MSP in finding locations for other human
uses, e.g. offshore wind farms (Mohn et al., 2011).

DSTs used for terrestrial spatial planning, e.g. land-use models, are
usually not of use for MSP as they often work with cadastral data
structures or are based on land rent theories, e.g. as formulated by Von
Thünen and Ricardo (Couclelis, 2005; Verburg et al., 2007). As own-
ership structures at sea are often very different from those on land, the
theoretical and practical basics of terrestrial DSTs are not applicable to
the sea.

DSTs can be powerful integration tools and the existing variety of
DSTs covers a broad range of integration aspects, from integration of
scientific knowledge to integration of stakeholders' and
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nonprofessionals' knowledge or from the integration of ecological to the
integration of socio-economic data. DSTs may support knowledge in-
tegration also by their ability to process large amounts of data and to
present topics in intelligible and graphic formats. DSTs may also con-
tribute to the uncovering of knowledge gaps and, by supporting the
integration of diverse knowledge fields, they may contribute to more
balanced, more valid, and possibly also better accepted MSP outcomes
(Fyhr et al., 2013).

Driven by increasing effort and interest in various comprehensive
and integrated forms of marine management, a large number of more
MSP-specific DSTs have been or are currently being developed
(Coleman et al., 2011; Stelzenmüller et al., 2013; Pınarbaşı et al.,
2017). A number of studies reviewed the technical features of some of
the available DSTs (e.g. Watts et al., 2009; Ball et al., 2012; Guerry
et al., 2012; Bastardie et al., 2013; Pınarbaşı et al., 2017), compared
them to other DSTs (e.g. Delavenne et al., 2012; Fyhr et al., 2013;
Portman, 2016), or documented their use in pilot projects (e.g. Klein
et al., 2008; Allnut et al., 2012; Ban et al., 2013; Merrifield et al., 2013;
Cravens, 2016; Göke et al., 2018). The literature suggests that DSTs
often seem to be used and promoted within science and nature con-
servation communities. The full potential of DSTs in supporting prac-
titioners in implementing MSP does not seem to have been realised yet.
This is remarkable, inasmuch as DSTs are meant to be useful tools,
supplementing our existing mental capabilities for analysis and helpful
for making more informed decisions (Constanza and Ruth, 1998).

The present study examines the DST experience of 59MSP practi-
tioners in 128MSP processes from at least 25 countries worldwide. It is
shown that while most respondents judged the use of DSTs positively,
such tools were actually not used in the majority of the reviewed MSP
processes. In particular, authorities and stakeholders were said to be
sceptical of DSTs. These tools were perceived as being of no avail,
overly complex or not trustworthy.

2. Material & methods

2.1. Research questions

The primary questions of this empirical study were (1) by whom and
(2) for what purposes are DSTs actually used in the context of MSP; (3)
what are the reasons for not using DSTs; and (4) what experience
practitioners have with MSP DSTs. For the latter, a focus was put on
acceptance by stakeholders, influence on the outcome of the MSP
process, resource requirements, and tool complexity.

2.2. Survey

An online questionnaire was designed to investigate the above-
mentioned research questions. A mixed-method questionnaire (Gold,
1980) was chosen for data gathering as this approach enables extensive
research over a geographically dispersed target group while it also al-
lowed for gathering data in relation to complex matters as outlined in
section 2.1 above. During the questionnaire design the above men-
tioned four core questions were specified into 35 sub-questions with the
aim to collect data on different types of content, namely attributes
(respondents' characteristics), behaviour (respondents' actions), atti-
tude (respondents'perception), and beliefs (here: respondents' estima-
tion of other peoples' perception) (De Vaus, 2013). The questions were
predominantly open-ended (57%), but multiple choice (26%) and
rating scales (17%) were also applied (see the Supplementary Material
available with this article online). For some questions, a variety of
DSTs, that were determinded by means of literature search, was pre-set
(Atlantis, Cumulative Impacts Assessment Tool, InVEST, MarineMap,
Marxan/MarZones, NatureServe Vista, and Zonation; Table 1), but re-
spondents also had the opportunity to add other DSTs to the ques-
tionnaire. Moreover, some questions allowed for multiple answers, in
order to capture as completely as possible a picture of the interviewees'

general MSP and DST experiences. A priori, it was hypothesized that
Marxan/MarZones is one of the most commonly applied DSTs in the
context of MSP (cf. Watts et al., 2009; Ban et al., 2013; Peckett, 2015;
Portman, 2016). The questionnaire therefore included an in-depth
study of experiences made with Marxan/MarZones.

A draft version of the questionnaire was pre-tested by third persons
in the authors' institutions. The final questionnaire (available as
Supplementary Material online) was then published online, where it
was accessible for a period of seven weeks between the end of May and
the beginning of July 2016. A link to the final questionnaire was
emailed to 107MSP practitioners globally and it was shared via email
distribution lists of platforms related to MSP and ecosystem-based
management tools (namely: MSP Platform, MSP Research Network,
Marxan Forum). The links to the questionnaire were tagged with col-
lector IDs that were used to monitor the response rates from the dif-
ferent communities.

3. Results

3.1. Respondents and their background

In total, 59 respondents, working in at least 25 countries, replied to
the questionnaire. All answers were included in the sample. The re-
spondents worked mainly in Europe (16), the Americas (10), Australia
and New Zealand (6), and Asia (5) (see Fig. 1). Nineteen respondents
did not specify a main working country. Most of the respondents took
part in MSP processes as scientists (47%), 20% worked for authorities,
15% for NGOs, 7% for private companies and 2% as volunteers (other:
9%). In most cases, the respondents gained their MSP experience
through active involvement in more than one spatial planning process
(average: 2.17). The majority of the respondents took part in MSP
processes at multiple spatial levels (68%), e.g. at local, regional, na-
tional, and/or international scale. Only a minority gained experience
with MSP at solely a single level (national level: 10%; regional or local
level: each 8%; international level: 3%). A large group, 37 respondents,
came from the wider Marxan community (further details in Chapter
3.4).

Respondents said that most of the MSP processes in which they had
taken part had a formal or legislative character (60%); 37% of the at-
tended MSP processes were of informal nature (not specified: 3%).
Questionnaire respondents had taken part in marine management
processes that either addressed multiple human uses (comprehensive
MSP; 51%), focused on marine conservation (29%; e.g. design of
marine protected areas, habitat mapping) or focused on other forms of
single-sector approaches (5%; e.g. fisheries management, offshore wind
energy development), and 12% were engaged in other topics related to
MSP (e.g. research on tools and methods, transboundary MSP; Fig. 2).

In an introductory question, most of the respondents associated the
term “DST” with geospatial software tools, just as they were in the focus
of this study. The tools Marxan/Marxan with Zones, SeaSketch (the
successor of MarineMap), InVEST and Zonation were named explicitly.
Some respondents gave more general answers, such as Geographic
Information Systems (GIS) or computer modelling. Also mentioned
were non-spatial compatibility matrices, MSP games, ecosystem service
assessments, as well as anything that provides information into a de-
cision-making process, e.g. expert evidence, scenarios, participatory
approaches.

On the one hand, DSTs were seen as a means to “better integrate
available information into decision making”, to “make science acces-
sible to decision-makers and other process participants” or to “be ob-
jective and less biocentric”. Others perceived DSTs as informative or
interactive tools suited for consultation, participation, and negotiation.
It was also acknowledged that with the use of DSTs one might be better
able to analyse (large) data and to point out facts that a human
otherwise may have overlooked. On the other hand, limitations, such as
a lack of translation into national languages, were mentioned. It was
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stated that the usefulness of DSTs depends on the validity of their input
data and that the results cannot be adopted without evaluation. After
all, DSTs are only suited to support decisions, not to make decisions, as
some respondents emphasized.

Most of the respondents (90%) had heard of at least one of the pre-
set DSTs (cf. chapter 2.2). In addition, some of the respondents (22%)
had named more tools as DSTs they already knew, such as ArcGIS,
ARIES (focused on ecosystem services), MARCO (visualization tool for
the Mid-Atlantic region), and various ecological models. The tools
Marxan/MarZones (83%), MarineMap including its successor SeaSketch
(49%), and InVEST (46%) were most widely known. In the context of
MSP, the respondents had the most experience with Marxan/MarZones,
MarineMap/SeaSketch, Cumulative Impacts Assessment Tool, Zonation
and InVEST (Fig. 3).

3.2. Use of DSTs in Marine Spatial Planning

The reviewed MSP processes had different degrees of maturity. In
less than one-third of all cases (29%) the end product(s) of a process,
e.g. a MSP program, plan, or concept, were approved into policy or
became legally binding. In about 38% of cases the end products were of
a preparatory nature, e.g. data, analyses, or recommendations produced
at an early stage of a formal or informal MSP process. In nearly one-
third of cases (32%) the end products were of mainly scientific or
personal interest.

In 66% of cases, the designation of space for human uses and
functions took place without using DSTs or model-based solutions. In
27% of the reviewed MSP processes, DSTs or models were applied,
mostly in combination with other criteria and methods, to inform the

Table 1
Overview of the pre-set decision support tools (Nelson et al., 2009; Link et al., 2010; Coleman et al., 2011; CSIRO, 2011; EBM Tools Network, 2011; Fyhr et al., 2013;
McClintock Lab, 2017; Moilanen, 2007; NatureServe, 2017).

Decision Support Tool Overview

Atlantis • Modularly constructed ecosystem model

• Originally focused on biophysical parts of marine ecosystems and fisheries, now also used for multiple use and climate questions

• Dynamic, two-way coupled sub-models for each of the major steps in an adaptive management cycle (biophysical, industry/
exploitation, sampling and assessment, management)

Cumulative Impacts Assessment Tool • Framework for modelling, mapping and evaluating the cumulative impacts of human activities

• Helps assessing the most vulnerable locations, identifying priority stressors and compatible/incompatible ocean uses based on
ecosystem vulnerability, mapping the most and least impacted areas, and assessing the relative contribution of stressors to overall
ecosystem condition

InVEST • Composed of a number of models for different ecosystem services (e.g. wave energy, fishery production, water quality), based on
ecological production functions and economic valuation methods, creates biophysical or socioeconomic outputs

• Process-based models enable estimation of how changes in ecosystem structure and function influence the delivery and value of
ecosystem services, can be used with scenarios

MarineMap/SeaSketch • Originally developed to allow stakeholders to access authoritative geospatial data and delineate boundaries of MPAs

• SeaSketch is also designed to incorporate ideas of stakeholders into zoning, regulatory, or management plans through an accessible
map interface; immediate analytical feedback about sketched zone (e.g. habitats protected, potential costs and benefits), advanced
analyses from other tools can also be included (e.g. Marxan)

Marxan/MarZones • Aims at achieving some minimum representation of biodiversity features in spatial planning for the smallest possible, usually
socioeconomic costs

• Marxan with Zones further incorporates multiple zone types, the contributions of zones to different management targets, the costs of
implementing different zone types in different locations and interactions between zones

NatureServe Vista • GIS application for complex assessment and planning

• Helps assessing impacts on a variety of natural, cultural and development objectives, and creating options for sites and entire land-
and seascapes

• Provides quantitative reports and maps, allows testing of different scenarios
Zonation • Identifies areas important for retaining habitat quality and connectivity for multiple species

• Uses species distributions predicted on large grids and an algorithm that produces a hierarchy of conservation priority through the
land- or seascape

• Iterative removal of selection units (cells) using the criterion of least marginal loss of conservation value

Fig. 1. Countries in which the respondents mainly work (note: 19 respondents did not specify a single country as their main working country).
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allocation of uses or other forms of marine spatial zoning/planning. In
some cases (7%) respondents stated that they had not yet reached a
planning stage at which a decision on the use or nonuse of DSTs would
have been necessary.

3.3. General experiences with decision support tools in MSP

Questionnaire respondents were mostly positive about the use of
DSTs in MSP processes. 60% stated in the survey that a DST had a high
or medium influence on a MSP process in which they had taken part.
The most prevalent and also the most positive experience was made
with Marxan or its extension MarZones, followed by MarineMap and its
successor SeaSketch. The experience made with Zonation, InVEST, and
the Cumulative Impacts Assessment Tool was, in this order, also mostly
positive. The Atlantis model and the ArcGIS extension NatureServe
Vista were the only tools that respondents said were in most known
cases only of low importance for the outcome of a MSP process. But
single respondents stated that they were aware of cases in which these
two DSTs were of high relevance for the decision-making process.

In about 38% of cases, the DST was operated by members of a
planning group, i.e. a person within a MSP authority or members of a
MSP (research) project. Only for about 14% of cases were external
service providers hired. But these numbers have to be interpreted with
caution, as respondents were uncertain about the affiliation of the op-
erator in nearly 48% of cases.

License fees, costs for computing facilities and/or for personnel for
the operation of DSTs were paid by MSP authorities or other public
agencies in 22% of cases. Additionally, in 4% of cases, expenses were

shared between agencies and external funding institutions, e.g. in the
framework of projects. In many cases (45%) financing was provided by
third parties, e.g. by research and innovation funding programs, foun-
dations, or universities. In 29% of cases respondents stated that they
had no license fees (open source software) or failed to declare who paid
for equipment and personnel.

Financial issues were not an important factor in the decision not to
use DSTs (Fig. 4). In most cases, DSTs were not applied because they
either did not seem to be appropriate for the MSP process or because
people were simply not aware of a DST.

There is a broad variety of reasons why a DST was considered to be
not appropriate. Some respondents stated to have no need for any DST,
e.g. because “traditional planning based on maps and clear criteria
worked well enough”. Further reasons given were “overly complex for
the process I work on” (Atlantis), no additional benefit from a tool that
“only estimates” a cumulative impact or that covers “only one aspect of
the planning process” (Cumulative Impacts Assessment Tool), and “it
had assumptions that made it too weak to be useful” (Marxan). In cases
where technical resources were the reason for not using DSTs, these
ranged from “lack of skilled personnel” or “training need” over “lack of
required data” to “[…] too much hardware capability for use in de-
veloping world setting” (all).

The questionnaire respondents rated various DSTs against resource
demand, complexity, and their acceptance by stakeholders (Fig. 5).
Nearly all DSTs that were considered show a high demand for data.
However, for some tools, especially for MarineMap/SeaSketch, the
demand varies with the particular problem for which the DST is being
applied. The diagram on the demand for human resources shows a

Fig. 2. Type of marine management processes that the respondents have been involved in.

Fig. 3. Number of respondents that have been involved in the application of specific DSTs in the context of MSP (including application frequency).
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distribution similar to that of the data resources diagram. Again, the
effort to run a DST is often assessed as high, but for many tools this is
context-dependent, as above, with the exception of Atlantis and Nat-
ureServe Vista. For GIS-based tools, the complexity was sometimes
judged to be nearly as complex as an integrated 3D ecosystem model
(Atlantis). For most of the reviewed tools, the acceptance of a DST by
stakeholders seems to decrease with increasing complexity of the tool.

3.4. General experiences with Marxan and Marxan with zones

Questionnaire respondents stated that Marxan and its extension
MarZones were the most common and most often used DSTs in the
context of MSP. Actually, this meant mainly their use for conservation
planning, i.e. for the identification of locations for MPAs (87% of cases).
Only in single cases were Marxan/MarZones also used to identify

potential solutions for the allocation of human uses. However, about
one-third of the respondents considered using of Marxan/MarZones for
analyses other than conservation planning.

In this context it should be noted that 37 respondents came from the
wider Marxan community, distributed over 15 countries of work. The
share of occupations for this subgroup was similar to that of the overall
sample (Fig. 6). Compared to the sample, Marxan/MarZones users
showed slightly stronger relations to conservation planning: 33%
worked mainly with marine conservation, 53% with comprehensive
forms of MSP, and 6% with focus on offshore energy. Another 6% of the
answers indicated other MSP-related topics.

Marxan/MarZones users acquired their ability to operate these DSTs
in diverse ways. Some said that they were able to run these tools on the
basis of autodidacticism with the help of online resources and YouTube
videos. Others already had a strong background in GIS programming,

Fig. 4. Reasons for not using decision support tools.

Fig. 5. Resource demand, complexity, and acceptance by stakeholders per decision support tool (10=high, 0= low).
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received extensive training in dedicated courses, or were trained during
their studies. Most Marxan/MarZones users had a college degree. Some
respondents emphasized the need for very experienced experts to make
full use of these tools.

The expenditure of time to run Marxan/MarZones before the tool
provided useful input for a MSP process was said to be in the range of
1–75 months; in 64% of cases the effort ranged from 4 to 24 months,
with a median of 8 months. The outcomes of these Marxan/MarZones
runs were actually used to make management decisions in 43% of cases,
but in most cases the runs were used for preparatory investigations or
scientific analyses.

Marxan and MarZones were perceived as useful for modellers
(average grade of 4.5, on a scale from 1 (not useful) to 5 (very useful)),
scientists (average grade 4.3), and conservationists (average grade 4.2).
According to the respondents, authorities (average grade 3.3) and sta-
keholders (average grade 3.1) found these tools less useful (Fig. 7). The
ability to analyse complex data, the flexibility of Marxan/MarZones, the
opportunity to develop scenarios and to visualise alternatives, as well as
the fact that the software is free of charge, were highlighted as reasons
for positive perceptions. On the contrary, criticism and/or scepticism
about Marxan/MarZones and DSTs in general, mostly by stakeholders
and authorities, focused on reliability and difficulties in interpreting
results and data. Some authorities did not see a major benefit of those
tools over traditional spatial planning approaches. Stakeholders were
mostly sceptical because they felt they were confronted with a “black
box” and that they did not understand how it worked. Nonetheless,
83% of those 23 respondents who had worked with Marxan/MarZones
themselves stated that they would use these tools again.

The tone in the description of advantages and disadvantages was,
compared to other DSTs, similar and fairly balanced (advantages: 45%;
disadvantages: 55%). But the factors which determine whether an as-
pect was seen as an advantage or a disadvantage need further in-
vestigation, since the answers were highly contradictory. Starting with
the usability, Marxan and MarZone were seen by some as an easy to use
tool (easy to use, robust, freeware, good accessibility to training) while
others criticized the user interface, lack of robustness, the required level
of expertise and the risk of making mistakes. The methodology, an
optimizing approach for specified targets which can handle large
amounts of data, was seen as one of the main advantages, albeit this
was also perceived as a weakness, as it means that Marxan/MarZone are
dependent on large amounts of data and definitions that can be difficult
to parameterize.

The complexity of MarZones was perceived as ambiguous as well. It
offers, for instance, options especially for handling costs (conflicting
uses) which are limited in Marxan, but this added complexity increases
the risk of mistakes and misinterpretations.

Compared to not using a DST at all, the feedback was clearly posi-
tive, with 86% positive versus 14% negative ratings. Answers on ad-
vantages and disadvantages of Marxan/MarZones were given as free
text. By classifying them, it became clear that the main advantage is
seen in the methodology to handle a complex data situation while
major challenges are perceived in parameterizing the input and inter-
preting and communicating the output (Table 2).

In addition to the above-mentioned advantages, it was found ben-
eficial that Marxan/MarZones may serve as a source of evidence for the
MSP process and that they can provide information on the trade-offs of

Fig. 6. Profession of respondents (multiple answers possible).

Fig. 7. Positive or critical/sceptical positions of different groups of actors towards Marxan/MarZones as perceived by survey respondents.
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a spatial solution. However, it was also noted that the quality of results
depends on the input data. This includes scientific data, expert
knowledge, and the scale of the data. It was also seen as valuable that
the use of Marxan/MarZones may uncover knowledge gaps.

4. Discussion & conclusions

MSP is still a relatively young field. The last two decades have seen
the promotion and testing of the concept of MSP in nearly all parts of
the globe (Jay et al., 2013). But full implementation of MSP, i.e. a run-
through of a full legally binding MSP process, has only yet taken place
in a few cases (ibidem). This is echoed in the background of this study's
questionnaire respondents, since nearly one-half of the interviewees
cited academic interests as their primary reason for taking part in MSP
processes. More than one quarter of the respondents worked in Europe,
where MSP is a strong issue due to the currently ongoing first im-
plementation cycle of the European MSP Directive (2014/89/EU).
However, the present study covers MSP experience worldwide, with the
exception of Africa, which was represented by only one respondent
from the Seychelles.

About one-half of the respondents came from the wider Marxan
community. Marxan and MarZones are recognized as the most widely
used conservation planning software in the world (Watts et al., 2009),
including in marine conservation. Actually, MSP has its roots in nature
conservation (Jay et al., 2013). Again, this is reflected in the back-
ground of the study respondents, about one-half of whom had made

their experience in MSP processes that followed a comprehensive ap-
proach similar to terrestrial spatial planning, while about one-third had
a background in more sectoral approaches, and there dominantly in
marine conservation. It is therefore difficult to judge whether the high
share of study participants from the Marxan community may have
biased the study results or whether this simply reflects the varying
definitions of MSP in connection with the circumstance that Marxan
and MarZones are widely used planning software.

To some degree the results of this study may also have been influ-
enced by the high proportion of scientists, even if all of them reported
that they had practical experience in MSP. This might, for instance,
explain the mostly positive appraisement of DSTs in general, while
stakeholders and authorities were said to be mostly sceptical. In fact,
DSTs were applied in less than one-third of the reviewed MSP cases.

The high proportion of scientists would also explain why the ma-
jority of respondents said that DSTs had a medium or high positive
influence on a MSP process while this actually seems to be valid mainly
for research-driven projects or informal forms of MSP, as the costs of
setting up and running a DST were paid by agencies in only about one-
fifth of cases.

There is wide range of reasons for not using DSTs in MSP (cf.
Table 3). Some respondents mentioned that higher education is needed
to operate these tools. For lower levels of public administration this
might mean that funding is required for external experts. In this context
it is a little surprising that funding was stated to be no problem while
typical costs even for non-commercial tools are in the range of tens of

Table 2
Advantages and disadvantages of Marxan or Marxan with Zones (MarZones).

Advantages Disadvantages

Methodology explicit target setting connectivity challenging to integrate
integrate costs (limited) cost function not helpful
fairly unique analysis not all MSP questions can be solved by optimizing
simulated annealing concept/optimizing
algorithm
transparency
systematic methodology
ability to explore scenarios
insights into trade-offs
multiple options, e.g. regarding the complexity

Data/assumptions no assumptions high level of expertise necessary
handle many data layers strict data requirements

calibration is demanding
scale of different input data and study area
difficult parameterization
approximation/assumptions
Marxan (without zones): only 1 cost layer possible
no option to have biological and hydrodynamic processes, climate change etc. directly included
impacts are not predefined

Interpretation transparency for planners and stakeholders misleading if not performed properly
communication with stakeholders, difficult to explain, perceived as black box, overly complex, possibly
resulting in distrust

Others easy to work with and free lacks user-friendly interface
resource demanding

Table 3
Benefits and constraints of using DSTs in MSP as stated by questionnaire respondents.

Benefits Constraints

- Overall positive attitude towards the use of DSTs in MSP - DSTs are still mainly used in the academic realm
- Especially science and nature conservation communities are very familiar
with using DSTs

- Complexity and risk of applying them wrong

- DSTs supplement our mental capability for analysis - Resource intensive; suitability everyday planning practice questioned
- Helpful for making informed decisions - Low stakeholder confidence in outcomes
- DSTs are able to integrate scientific data and large amount of data into MSP - Lack of additional value in comparison to traditional planning approaches
- Helpful for communication in MSP (e.g. visualization of scenarios) - Lack of translation into national languages
- Source of evidence for MSP processes - Quality of input data and analysis must be given, results must be interpreted correctly and

communicated wisely
- Lack of awareness how to apply DST in MSP
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thousands of euros or dollars (e.g. for license and service costs or for
hiring and/or educating personnel). This may be partially explained by
the fact that in nearly one-half of the cases, DST application was ex-
ternally funded. This, in turn, may be explained by the numerous MSP
projects and pilot cases that are currently going on in various parts of
the globe and which is reflected in this study. It remains to be seen
whether authorities will have the necessary financial capacity when
MSP becomes part of their everyday routine.

Respondents also stated that the time expenditure typically amounts
to several months, sometimes years. This, in turn, brings not only a
financial problem; more importantly, long-lasting MSP processes can be
problematic because a delayed process might be confounded by en-
vironmental changes. Furthermore, stakeholders may lose interest (cf.
Støttrup et al., 2017).

Answers became more ambiguous when respondents mentioned
complexity. On the one hand, the complexity of many DSTs was seen to
be an obstacle for using them. This included the capacity and the in-
dividual ability to run them as well as other aspects like substantial data
requirements, sensitivity, and difficulties in interpreting the outcomes.
A consequence of this, and a very important aspect in the context of
societal decision making, is the lack of comprehension of and distrust in
DSTs by stakeholders. On the other hand, complexity was said to be one
of the main reasons for the use of DSTs; DSTs provide possibilities for
assessing those complex situations that usually cannot be resolved by
human brains alone.

Some of the survey respondents highlighted that DSTs are only
suited to support decision making, not to make decisions. This is in line
with conclusions of Lewis et al. (2007) and Day (2015), who found that
outcomes of DSTs should not be presented to stakeholders in their raw
form, as any DST has its limitations in providing solutions to real-world
planning problems. This sounds like a platitude, but it may explain the
somewhat reserved reaction of authorities and stakeholders.

Some respondents were even more critical and did not see an ad-
ditional value in using DSTs over more traditional forms of spatial
planning. This may be due to the fact that, in spatial planning,
knowledge is not necessarily the most important element in decision
making. While the European MSP Directive, for instance, requires
member states to make “use of the best available data”, the all-domi-
nant decision criterion in spatial planning is actually acceptance
(Faludi, 2000). Such an approach, however, would only allow quick or
efficiency-driven decision making and would merely be based on the
idea that MSP processes should be completed within a reasonable time
and at a reasonable price. In recent decades, science debates and policy
practice actually moved forward and recognized that evidence-based
decision making (Solesbury, 2002) is required to move from retroactive
regulations to proactive planning and negotiation (Hopkins et al.,
2011). This inevitably requires prognostic tools as well as tools that
combine analytical techniques with the provision of purpose- and goal-
oriented excerpts from large amounts of data. This may also explain the
positive attitude of scientists towards DSTs in MSP, as this kind of
thinking may be most familiar to this group of respondents.

To achieve the target of better-informed decision making in com-
plex systems, i.e. a higher degree of knowledge integration, it is ne-
cessary to further improve the existing tools or develop new ones.
Saunders et al. (2017) conclude that awareness by the responsible au-
thorities is necessary to integrate stakeholders' and scientific knowledge
and the authors suggest mostly process-based initiatives to achieve that
aim. We expect that DSTs will further evolve into tools that will support
such initiatives. To achieve this, DST developers will need to overcome
some of the constraints listed in Table 3. First, the functioning of a DST
has to become comprehensible to nonprofessionals, at least to a degree
that creates confidence into DST outcomes. In this study, only one DST
(MarineMap/SeaSketch) was stated to be well accepted by stake-
holders. Second, the existence of DSTs and their usability for MSP
should be better communicated. MSP planners need to learn about basic
DST facts to become able to judge which specific DST might support

them in which context. Each DST has been developed for a specific task
and it will be important that MSP planners are able to make the right
choice of a DST for particular tasks to not jeopardize the integration
process (cf. Göke et al., 2018). Due to their complexity, the application
of DSTs should stay a task for experts. This, however, would require
more financial ressources for conducting MSP processes. A fourth re-
commendation is therefore, that the usability of DSTs should be further
improved and the ressources to operate them need to decrease. It is not
only crucial that the benefits of using DSTs are recognized, but also that
their benefits outweigh the resource-intensive work that DSTs require.
Both the complexity and the resources required were stated to be too
high for most of the reviewed tools. To increase the number of MSP
processes in which the planners make use of the advantages of DSTs for
integration, developers will need to think about how DST can provide
higher degrees of multifunctionality and integrity while they need to
seek for solutions to reduce their complexity.
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