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Abstract: In this paper, we report on the application of systems engineering in initiating the synthesis
of a participatory planning support system (PSS) for sustainable regional planning. The systems
engineering SPADE approach is applied in a model-based fashion to define and link sustainable
development goals (SDGs) to regional and urban planning policies in a co-creative multi-stakeholder
environment. The approach is demonstrated through a case study from the interregional climate,
land-use, and transportation planning process (PAKT) in the Ålesund region in Norway. The work
was performed using focus groups with planning stakeholders over a series of workshops to analyze,
design, verify and validate the problem structure. Our study shows that the approach is useful for
integrating and operationalizing the SDGs in a planning context. The methodology also brings clarity
and structure to planning problems and provides a pedagogical frame to engage stakeholders in
co-creative PSS synthesis. Further research is necessary to explore how structured elements may be
exploited in PSS synthesis.
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Integrating the Sustainable Development Goals (SDGs) in regional and urban planning is critical for goal attainment. The Organisation for Economic Co-operation and
Development (OECD) estimates that 105 out of the 160 SDG targets will not be achieved
without engagement at the sub-national level [1], and all SDGs have targets related to
responsibilities at the local and regional level. This integration process is often referred
to as “localizing”, and urban and regional planning are considered critical processes in
which this integration must occur [2]. Literature is abundant with case reports from various
localizing efforts, where municipal and regional authorities have attempted to use the
goals in creating visions, strategies, and plans (see, e.g., [3,4]). These efforts show that
successful integration must be performed systematically [5], building on a coherent and
holistic approach [6] tailored to the local context and plans [7].
While there currently exists a wide range of planning support systems (PSSs) [8–10],
their common objective is to assist planning practitioners and other stakeholders in accessing, assessing, and communicating information and knowledge in the planning process.
Following the communicative and collaborative development of planning practices, participatory PSS to facilitate stakeholder engagement and interaction have also been developed
(see, e.g., [11]). Planning support system functionality may vary depending on the selected
user and planning tasks but typically include capabilities to acquire, store, analyze and
visualize data [12]. This is achieved by integrating various computational tools that include, but are not necessarily limited to, geographical information and spatial modeling
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systems [13]. Although land-use models are necessary for planning decision support,
aspatial models and information are also considered valuable and essential [14].
This study aims to demonstrate how systems engineering may be utilized to organize and facilitate the co-creative development of PSSs for sustainable regional and urban
planning. The systems engineering SPADE (stakeholders, problems, alternatives, decisions, evaluation) methodology is applied in a model-based fashion to develop a problem
structure for urban planning utilizing the SDGs. The article reports on an application of
this approach in the climate, land-use, and transportation planning process (PAKT) in the
Ålesund region, where a series of stakeholder involvement workshops were held to link
the sustainable development goals to planning decisions.
In the following section, we elaborate on contemporary developments and challenges
in PSS development before study methods are introduced in Section 3. Results from the
problem structuring exercise are presented in Section 4 and further discussed in Section 5.
Concluding remarks and further research are presented in Section 6.
2. Background
2.1. Planning Support in Ill-Structured Contexts
Although multiple PSSs have been developed to aid sustainable regional and urban
development, land-use and transport practitioners still largely rely on conventional methods, tools, and techniques in their everyday practice. Several scholars have explored this
mismatch between the supply and demand of PSSs, often referred to as the implementation gap in PSS science [15,16]. In surveying planning practitioners and PSS users in the
Netherlands, Te Brömmelstroet [17] found that “soft issues” such as lack of transparency,
poor communication value, and low user-friendliness were considered primary bottlenecks
for tool implementation. These findings were echoed in a study performed by Vonk and
Geertman [18]. They identified challenges related to insufficient instrument quality and
insufficient diffusion in planning practice, and low user acceptance. As a result of these
shortcomings, PSSs often fail to support planning practitioners and other stakeholders in
strategy-making processes [15].
The well-structured environment offered by PSSs is in stark contrast to the complex
and dynamic planning and problem-solving processes at the strategic level [15]. According
to Pidd [19], problems may be classified according to the level of stakeholder agreement
on what the problem is and how it may be solved. Where there exists consensus on both,
problems are merely puzzles; identifying a course of action is a matter of identifying
the best option within the given context. At the other extreme, we find messes where
stakeholders disagree on the problem and how these (different) problems should be solved.
In between, we have problems where a unified problem definition is achievable, but work is
required to formulate the problem and its potential solutions. Rittel and Webber [20] argue
that planning problems are wicked in that it is impossible to achieve a definite answer to
what the problem is and how it may be solved. A key property of wicked problems is that
they are never definitely formulated. The problem and solutions emerge gradually among
stakeholders through a continuous process of judgment, argument, and negotiation [20].
In order to offer a decision aid in these ill-structured contexts, PSS developers need to
approach planning problems more holistically. In their summary of planning support science advancements and challenges, Geertman and Stillwell [16] assert that development in
instrumentation needs to be supplemented with the continued research on the dimensions
of application and governance to move beyond the former technology-driven approach in
PSS. The application aspect pertains to the object-oriented goal of planning support and
covers the content of planning and the objectives to be achieved. Governance aspects, in
turn, relate to planning practices and processes by which these objectives are achieved [16].
This paper targets both the application and governance dimensions of planning explicitly
using systems engineering to determine what sustainable urban development is and how
it may be structured within a strategic planning context. This approach permits specify-
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3. Method
3.1. Methodology: Systems Engineering as an Integrative Framework
Systems engineering may be viewed both as a discipline and a process. As a discipline,
it provides a basis for designing and applying systems from a holistic perspective [23]. As
a process, it entails a systematic, top-down, iterative approach to system design, development, and deployment [23–25]. While initially developed to handle large-scale complex
technical systems, it has evolved to support problem-solving in socio-technical systems [24].
The systems engineering SPADE methodology developed by Haskins [24] is derived
from essential systems engineering processes to offer a generic, jargon-free framework for
problem-solving. The acronym is built on the steps of the methodology, which encompasses defining and analyzing stakeholders, problems, alternatives, decision-making, and
continuous evaluation. The methodology has been applied in multiple problem-solving
efforts, with recent examples from applications to support bioeconomy transitions [26]
and digital twin development of offshore cranes [27]. In [28], SPADE is used to develop a
problem structure for marine emission reduction technology acquisitions. In this article, we
deploy the methodology in the same manner, with the objectives of structuring planning
decisions and reorienting them according to the SDGs. Table 1 summarizes the steps of
SPADE and its application in our case study.
Table 1. The SPADE methodology applied to planning problem structuring, adapted from [24,28].
Step
S
P
A
D
E

Inquiry
Stakeholders: Who are the key stakeholders to the planning process?
Problems: What are the stakeholder sustainability objectives and criteria and how do
they link to the SDGs?
Alternatives: What are the alternative strategies, policies and measures that may be
implemented to achieve the objectives?
Decisions: How do alternative courses of action comparatively evaluate towards the
stated objectives?
Evaluation: Continuous effort in, between and across all steps.

Identifying planning stakeholders is the first step of the approach. These are actors
who influence and/or are influenced by the decisions at hand, in our case, the decisions
and outcomes of the planning process. Stakeholders may be classified in several ways,
e.g., considering their influence [29], but a practical approach is to differentiate between
primary and secondary stakeholders [30]. In our study, we define a primary stakeholder as
an individual or group directly involved in the planning process. Secondary stakeholders
are additional individuals or groups whose interests are influenced by the outcomes of the
planning process, resulting from interaction among primary stakeholders.
Next, stakeholder problems need to be analyzed. In a problem structuring context,
this translates to their values, objectives to be achieved, and the partial ways they may be
described through criteria [31–33]. If planning objectives are not already based on SDGs,
they are reoriented in this step. This also entails identifying and linking objectives and
criteria to measurable SDG-based indicators.
The third step requires formulating alternative courses of action to achieve the stated
objectives. In a planning context, the level of detail in possible alternatives depends on
the maturity of the planning process. High-level strategies are usually formulated at the
initial stage before more detailed policies and measures are identified. In our approach,
we attempt to structure these alternatives in a hierarchical manner. Once stakeholders,
problems, and alternatives are identified, a decision analytical effort may be initiated.
This requires collecting data to understand how alternative courses of action affect SDGs
targeted in previous steps. In this article, we provide a linked problem structure to outline
the decision step. Evaluation is performed within, between, and across all steps.

3.2. Stakeholder Focus Groups and Workshops
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In order to inform the problem structure and support its verification and validation,
a series of stakeholder workshops were held during 2020. The workflow of the stake‐
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Figure 2. Stakeholder workshops in the PAKT problem structuring process.

4. Results
The problem structuring process was continued through document analysis, where
critical
planning documents for the PAKT process were used to provide an initial problem
4.1. Stakeholders
structure.
These encompass
theclimate,
Planning
and Building
Act, [34] which
regulates
planning
The planning
process for
land‐use,
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activities,
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Regarding
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and
Municipal
Planning
and
holders representing various interests, viewpoints, and expertise pertinent to the[35],
process
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planning
program
[21].
This
was
presented
in
another
stakeholder
workshop
and decisions. We may divide these stakeholders into three main groups, as shownfor
in
stakeholder
Figure 3. feedback and inputs. Based on this exercise, a modified problem structure was
developed. This structure was updated as the planning proposal [36] was presented.
4. Results
4.1. Stakeholders
The planning process for climate, land-use, and transportation involves many stakeholders representing various interests, viewpoints, and expertise pertinent to the process
and decisions. We may divide these stakeholders into three main groups, as shown in
Figure 3.

prise committees representing private interests are established and hold regular meet
to provide direct feedback to planning documents. Due to their direct involvement,
are considered primary stakeholders.
Finally, we have the wider societal stakeholders, with residents, the society at la
and others represented through interest organizations. Residents are represented thro
6 of 13
various committees that provide feedback to PAKT during the planning process. T
may therefore be considered primary stakeholders.
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Figure 3. StakeholdersFigure
in the 3.
PAKT
planningin
program.
Stakeholders
the PAKT planning program.

Firstly, the4.2.
public
sector encompasses both the administrative and political resources
Problems
necessary to develop and implement planning strategies and policies. In this group, we
The objectives of the PAKT program set out the goals that the proposed PAKT
find the planners, politicians, and other state agencies that develop, decide, and support the
and subsequent adoption of the plan in spatial and transport planning should striv
planning processes. Planners and politicians are considered primary public stakeholders as
achieve. The planning program, draft proposals, and stakeholder feedback resulted in
they are directly and continuously engaged in the process as the PAKT strategies mature.
objectives hierarchy in Figure 4. Eight initial objectives were distilled to four object
Next, we have stakeholders in the private sector, which influence and are influenced
with sub‐objectives throughout this process. In the initial planning program, object
by planning decisions. While land-use policies may strongly influence landowners and
were formulated without explicit links to the SDGs. Through the problem structuring
developers, their involvement is less direct at the initial strategic level. In PAKT, enterprise
cess and subsequent draft plan proposal, SDGs pertinent to each objective were ident
committees representing private interests are established and hold regular meetings to
and formulated.
provide direct feedback to planning documents. Due to their direct involvement, they are
considered primary stakeholders.
Finally, we have the wider societal stakeholders, with residents, the society at large,
and others represented through interest organizations. Residents are represented through
various committees that provide feedback to PAKT during the planning process. They may
therefore be considered primary stakeholders.
4.2. Problems
The objectives of the PAKT program set out the goals that the proposed PAKT plan
and subsequent adoption of the plan in spatial and transport planning should strive to
achieve. The planning program, draft proposals, and stakeholder feedback resulted in the
objectives hierarchy in Figure 4. Eight initial objectives were distilled to four objectives with
sub-objectives throughout this process. In the initial planning program, objectives were
formulated without explicit links to the SDGs. Through the problem structuring process
and subsequent draft plan proposal, SDGs pertinent to each objective were identified
and formulated.
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displayed in Figure 5. The United 4 Smart Sustainable Cities (U4SSC) indicator set [37]
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as anasinitial
framework
for providing
indicators
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the
municipalities
to
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planning
data repositories and analytical models established in the municipalities to support plan‐
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The mapping
between
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and PAKT
objectives
helpedhelped
identifyidentify
which
ning
decisions.
The mapping
between
indicators
and PAKT
objectives
objectives
were
already
covered
and
which
objectives
needed
new
indicators.
The
which objectives were already covered and which objectives needed new indicators.exerThe
cise showed that most of the mobility-related objectives, and anthropocentric land-use
exercise showed that most of the mobility‐related objectives, and anthropocentric land‐
objectives, were well covered. Meanwhile, there was a lack of indicators to evaluate ecologuse objectives, were well covered. Meanwhile, there was a lack of indicators to evaluate
ical and economic impacts from land use. As a result, it was decided to further develop
ecological and economic impacts from land use. As a result, it was decided to further de‐
indicators to accommodate the assessment of these objectives in subsequent work.
velop indicators to accommodate the assessment of these objectives in subsequent work.
4.3. Alternatives
While the decisions following from the PAKT document will continue to be implemented in the period for which it has been adopted, the document itself also decides on
some high-level strategies and policies for area development and lower-level measures
to be implemented, as shown in Figure 6. These decisions will propagate through the
planning hierarchy, ultimately providing the frames for day-to-day decisions made by
planners. At the highest level in PAKT, we find the land-use strategies. These provide the
rules for land-use in the region over the period, such as where residential and commercial
growth will take place and implicitly, the land to be conserved. The PAKT document also
provides a set of measures that may be further defined within the high-level land-use
change strategies, i.e., area-focused measures concerning site selection for residential and
commercial development and location of public services. We may also identify a set of
transport-focused measures that aim to support sustainable transport within the region.
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NO2
(µg/m3)
d
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d
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Evaluation is a continuous task performed in and between each step in the systems
Evaluation is a continuous task performed in and between each step in the systems
engineering SPADE method. As part of the stakeholder involvement process, feedback
engineering SPADE method. As part of the stakeholder involvement process, feedback
was given for each element of the problem structure during workshops to update and
was given for each element of the problem structure during workshops to update and
improve it. The within-step evaluation was performed by checking consistency with
improve it. The within‐step evaluation was performed by checking consistency with plan‐
planning documents and correcting any misinterpretations through stakeholder dialogue.
ning documents and correcting any misinterpretations through stakeholder dialogue.
Consistencies across steps were also checked by tracing between models.
Consistencies across steps were also checked by tracing between models.
5. Discussion
5.1. Workability of Systems Engineering in Planning Problem Structuring
The application of systems engineering to establish a problem structure for sustainable
urban planning demonstrates how consistent and traceable representations of an initially
complex planning context may be achieved. The approach generates models elicited
from and with stakeholders that help clarify the key planning context elements and their
interrelationships.
While the literature is abundant with PSS tool descriptions, there is little knowledge
about how to scope these tools properly. This requires moving beyond the domain of
information and communication technology to consider the dimensions of application and
governance [16]. SPADE enables PSS developers to gain a comprehensive understanding
of the themes and issues that practitioners and planning stakeholders handle. This may be
useful in establishing explicit and justifiable thoughts on tool scoping.
The approach also proved useful in engaging a wide range of planning stakeholders in
a joint problem structuring effort. As the approach is jargon-free and intuitive, it presents
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a pedagogical frame for stakeholder involvement and co-creative problem-solving. The
model-based implementation in the case study also proved practical as stakeholders easily
could reflect upon and adjust models during and between workshop sessions. As models
are sequenced according to the steps of SPADE, navigation between models was easily
facilitated during discussions.
5.2. Operationalizing and Integrating the Sustainable Development Goals in Planning
The case study also demonstrates how explicit consideration of SDGs in the planning
context may be achieved. While SDG-based planning was stated as an essential objective
of the planning process in initial planning documents [21], they were not directly linked
to planning objectives and strategies. This linkage was made possible once the problem
structure was established. As this reorientation of objectives according to SDGs was made,
it was also possible to link objectives to measurable criteria and indicators, which was
another stated objective in the planning documents.
The case study utilized and linked an existing SDG indicator framework [37] to
planning strategies, which allowed us to use a globally harmonized system. The model
traceability rapidly helped identify entities for which new indicators were required. This
ability to structure existing information and identify missing elements shows the benefit of
creating a consistent model-based problem structure.
Although a specific indicator framework was operationalized in the case study, the
systems engineering approach may also be used in instances where new indicators need to
be developed. Stakeholders and experts could either be engaged to help synthesize new
indicators or help sort and select indicators from a predefined set.
5.3. Theoretical and Practical Limitations
The models generated from the problem structuring exercise reported in this paper
provide a basis for further synthesis of a PSS for strategic planning in the case study region.
As each planning process and region is unique, the structured outputs are also idiosyncratic
to the particular context in which they are developed [15]. The transferability of models
between planning contexts may therefore be low. However, models may be practical in
inspiring, comparing, and contrasting problem structures across planning contexts.
This limitation of model validity may also apply to the same region over time. As
planning is a constantly evolving process, stakeholders’ ideas, opinions, and perspectives
may change, and new problems may emerge [16]. Therefore, a problem structure should
not be considered a permanent representation of the planning context but rather as a
snapshot at a specific point in time. SPADE is a cyclical methodology, and the reported
procedure may be repeated with regular intervals to update and reorient the structured
elements as needed.
Problem structuring and decision support literature highlights the need to create
hierarchies with unique and non-overlapping objectives which reflect the fundamental
values of stakeholders [31,39]. This is particularly important when alternatives are to be
comparatively evaluated using formal models. The objectives and indicators established in
Figure 5 have not been scrutinized for this purpose. Further iterations using SPADE could
be used to validate the objectives and indicators against this formal requirement. This is a
natural step in the continued work of synthesizing a PSS.
The reported application of systems engineering focused on structuring the decision
context for planning stakeholders. While this provides a common frame of reference for
main planning themes, objectives, and strategies, further tool synthesis must also build on
extensive mapping of the practical context of the tool itself. This warrants its own problem
structuring that focuses on PSS users and the tasks they need to perform in addressing
planning decision problems. This subsequent step in the synthesis process could potentially
also be explored from a systems engineering approach, where user needs and requirements
are defined to further specify the PSS functions and architecture.
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6. Concluding Remarks
In this article, we have demonstrated the use of systems engineering to establish a
problem structure to initiate the synthesis of a participatory planning support system (PSS)
for sustainable regional planning. The systems engineering SPADE methodology has been
applied in a model-based way to define and link sustainable development goals (SDGs)
in a practical planning case involving multiple planning stakeholders. The case study
has demonstrated that the approach is applicable in generating consistent and traceable
representations of an initially ill-structured context and practical for engaging stakeholders
in a co-creative problem structuring exercise. The model-based approach to problem
structuring also proved practical in integrating and operationalizing the SDGs by linking
them to indicators and planning strategies.
While the workability of the approach is demonstrated for the given context, additional
applications should be made to further test the applicability and robustness of the approach
across regions, planning domains, and planning levels. Mechanisms and procedures for
updating problem structures within and across planning cycles would also prove useful to
avoid static representations of dynamic planning environments. Further synthesis of PSSs
requires additional mapping of user needs and requirements. Exploring the translation
of planning problem structures to tool functions and architecture is a critical topic for
further research.
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