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In urban planning, landscape and architecture design, designers and planners often confront
intricate and multidimensional societal issues. To effectively address these challenges, this paper
introduces a morphological analysis approach that systematically explores and aids generation of a
variety of societal design solutions. Morphological analysis involves construction of a matrix of
subsystems and associated options, the method enables designers to explicate certainties and
uncertainties at the earliest project phases while simultaneously integrating quantitative metrics and
qualitative insights. The research further advances this framework through deep integration with
Artificial Intelligence Generated Content (AIGC). Leveraging AIGC’ s capacity for rapid, high-variance
generation, the approach accelerates the production and iterative evaluation of design proposals during
the formative stages, thereby amplifying both innovative potential and pragmatic viability. Within this



hybrid structure, designers are positioned to interrogate problems from multiple epistemic vantage
points, revealing an expanded solution space. Systematic evaluation tools embedded in the workflow
ensure rigorous, evidence-based assessment, enhancing the scientific grounding and adaptive capacity of
the design process. Consequently, design strategies can be continuously refined and recursively upgraded.
The study contributes to design theory while furnishing practitioners with a robust, operational toolkit.
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HIGHLIGHTS

o Introduces Morphological Analysis as a structured tool to address social complexity and uncertainty
in urban and landscape design.

o Proposes the concept of Societal Morphology to link culture, institutions, organizations, and spatial
systems within sustainable design.

o Combines Morphological Analysis with Al-generated content to enable rapid scenario creation and
participatory visualization.

o Develops the Society Optioneering framework, Embeds Morphological Analysis within iterative
design thinking, delivering urban and landscape diversity design options guided by principles of
inclusivity and sustainability, enhancing systematic exploration and evaluation.

1 Introduction

Understanding and modelling society is inherently complex due to the dynamic, interconnected, and
multi-scalar nature of social systems. Rather than treating society as an abstract totality, this paper
conceptualizes it as a functional system composed of interacting subsystems, particularly within the
spatial contexts of urban and rural environments. This functional lens enables the targeted modelling of
concrete social scenarios, such as contested landscape developments, urban transformation, and
community-based projects.

Conventional approaches to social system modelling, ranging from computational simulations and
agent-based models to qualitative methods and social network analysis, have generated valuable insights
into diffusion processes, behavioural dynamics, and governance networks. However, these tools often
encounter significant limitations when confronted with problems marked by high uncertainty, competing
stakeholder values, and intangible or unquantifiable variables.

Morphological Analysis (MA), situated within the broader category of Problem Structuring Methods
(PSMs)(1], offers unique advantages for addressing such challenges. By systematically mapping situational
parameters and their interrelations, MA facilitates the exploration of multiple possible futures and design
configurations. Importantly, it supports early-stage decision-making in contexts where formal predictive
modelling is unfeasible, while accommodating diverse stakeholder perspectives. Despite this potential,
the application of MA to socially contested, spatially anchored design problems, particularly in landscape
and urban planning, remains underexplored in existing scholarship.

This paper makes three key contributions to address this gap: (1) Methodological Advancement: It
introduces morphological analysis as a structured yet flexible framework for navigating complex social
scenarios in landscape and urban design, providing a methodological bridge where conventional
modelling falls short. (2) Contextual Innovation: It situates MA within real-world, community-driven
contexts such as stormwater infrastructure planning and community garden development,
demonstrating its utility in mediating spatial conflicts and integrating divergent social values. (3)
Integration with Emerging Tools: It explores the potential synergy between MA and Al-generated content
(AIGC), positioning generative design tools (e.g., Midjourney, Vizcom) as complements for scenario
creation and visualization. This integration represents a novel methodological pathway for accelerating
participatory design processes in the creative industries.



The central research question guiding this study is: How can morphological analysis support the
structuring and exploration of socially contested scenarios in landscape and urban design contexts? In
answering this, the paper argues that MA provides a participatory and optioneering-oriented design
methodology, capable of enriching sustainability-oriented planning practices where traditional
approaches prove insufficient.

The structure of the paper is as follows: Section 2 introduces the theoretical foundations and
methodological principles of morphological analysis; Section 3 demonstrates its application through a
scenario-based design process addressing landscape conflicts; Section 4 discusses findings and
limitations; Section 5 concludes with reflections on the integration of MA with generative Al tools and
highlights future research directions for sustainable landscape and urban design.

2 Morphological Analysis and Its Methodological Basis
2.1 Societal Design

The concept of society relates to the organisation of a community of people that may share some
cultural characteristics, activities and traditions, and access the same institutions. Institutions in this
context following the line of thought developed by Geoffrey M. Hodgson (2006)!2! include entities such
as government, law, social norms[3l and academia, and provide a key function in society enabling ordered
thought, defined expectations and action by imposing form and consistency on human activities. Indeed,
institutions enable behaviour as well as providing constraints. Rules, be they explicitly defined by an
institution or implicitly, can open up possibilities enabling choices and actions that might otherwise not
arise. An example of this is in mobility where the rules and expectations associated with vehicle driving
behaviours enable, on the whole, effective passage for the majority of vehicle users on a given road each
day. As Hodgson notes, regulation, far from being a limiter, can provide freedomsl2l.

As institutions, representing systems of established and embedded social rules that structure social

interactions, depend on the actions of individuals they also mould behaviours. Through this institutional
feedback they have self-reinforcing and self-perpetuating characteristics. Geoffrey M. Hodgsonl[2l uses the
distinction that an organization is a special institution that involves criteria to establish boundaries and
to distinguish their members from non-members. This also includes principles defining who is in charge,
and chains of command and associated responsibilities for the people within the organization. As society
involves so many interrelated functionalities it can be useful to consider constructs that require
agreement between groups of people. As examples of such constructs, John R. Searle (2005)[4! ascribed
the term social fact to constructs that depend on human agreement such as money, property rights,
marriage, sports and celebration dates in contrast to physical objects.

A systems approach is manifest in literature on economic development. Charles Edquist(5! (2013)
notes, in his systems of innovation, that innovations may be brand new or more often combinations of
existing elements and that such innovations arise through emergence and diffusion of knowledge as well
as translation to products and processes. The notion of systems referring to 'complexes of elements or
components, which mutually condition and constrain one another, so that the whole complex works
together, with some reasonably clearly defined overall function' as described by James Flecklél has
consistency across many domains (1993). Although a system may be apparent in a society, it should be
noted that not all national systems have been consciously designed!”] and may have arisen from multiple
actors that have played a role in the influencing the development of a current state, in the form sometimes
of unintended consequences from previous actions.

Society and its associated institutions, organisation and interactions exhibits various forms of
complexityl8l. Elliott Ash et al.[9 note that complexity describes a particular form of system where a
constellation of actors and relationships give rise to specific types of system dynamics. Complex adaptive
systems where agents are capable of learning and changing behaviours are typical in social systems.
While there are many actors in society, and states may be dominant, significant parties can also include
non-governmental organisations, multi-national companies, social movements, expert communities and



even individualslt9]. Inherent to some institutions such government, organisations and even individual
actors is the concept of power and as such needs to be considered in modelling.

If a system approach is accepted then inclusion of factors such as land, urban and rural interrelations,
labour and physical capital as associated with classical economics may be appropriate in modelling.
However, the notion of human capitallt1ll12] and social capitall!3] also need to be considered. Any concept
of society design and development and its modelling would need to address such possibilities[141[15],

As indicated, society is a highly complex entity, due to a vast number of variables required to visualize
both the boundaries and structure, whilst being exacerbated by high levels of inter-connectivity. This is
not just due to the variety of components that have to be considered in the (problem) structuring process
but also due to intangible factors within the nature of individual and group behaviour inherent in the
concept of society. Indeed, the issues to be confronted are very similar to those encountered in the
broader design process familiar in domains such as engineering, architecture and industrial design, and
design thinking(6l(171(18] principles such as frame creation, a human centred approach, abductive and
integrative thinking, and a focus on value creation can be readily applied and adapted to the social domain.

"Social design" refers to design for inclusive, user-led social value creation. It emphasizes creating
social equity, inclusion, and user participation, focusing on the needs and experiences of individuals and
communities. In contrast, "societal design" refers to the systemic modelling and structuring of social
systems and interactions, particularly in policy and planning contexts. It focuses on the overall
functionality of social systems, the relationships between subsystems, and how systemic interventions
can achieve societal goals.

Societal design must address high levels of complexity and uncertainty. In the initial stages, much
design activity is unstructured and thus faces a range of uncertainties. The further a design concept is
from realization as a finished item, whether a product, service, system, platform, or entity, the more it is
prone to varying conditions of uncertainty. Additional factors impacting the development process include
the inter-connectivity and complexity between all components, compounded by dynamic and non-linear
complexity. If not addressed early, these uncertainties can escalate into undesirable outcomes that are
difficult for the design team to correct at later stages—especially when the project is constrained by
resources (time, money, people, requirements). These issues impact not just the creative, early-stage of
the project but across the entire design spectrum.

When confronted by uncertainty, complexity, and inter-connectivity, methods exist to support
decision-makers (as well as designers and analysts). One such method is morphological analysis, a
powerful decision-support tool within the category of Problem Structuring Methods (PSMs).
Morphological analysis supports groups dealing with problems involving multiple actors, conflicting
perspectives, and key uncertainties(191(20]. It also helps generate viable possibilities from a large array of
potential scenarios or configurations. Early consideration of the actual problem space can mitigate some
inherent uncertainties during the overall design process.

Morphological analysis enables the structuring and analysis of complex problems which:

-Are inherently non-quantifiable

-Are stakeholder orientated with strong socio-political, cultural and technical positions

-Contain non-resolvable uncertainties

-Cannot be modelled easily or simulated

-Require a judgmental approach to be placed on a sound methodological basis[21l.

Temporal period and spatial proximity are important factors in consideration of society with
persistence of activity important in the formation and maintenance and definition of society. The notion
of societal makeup can be defined in many ways, such as:

-Common culture, institutions and patterns of social relations

-Principal daytime activity by age group within a spatial region



-System modelling with subsystems defined by function.

This paper adopts a functional approach, representing society as an overall system with interactions
between subsystems. Morphological analysis is used to classify subsystems and create a matrix of options.
The methodology is demonstrated through a cascade of charts, enabling increased levels of embodiment
relevant to urban and rural contexts and their interrelations. This functional approach allows for
tolerance of overlap and even mismatch across classifications. Moreover, the methodology used for
exploring options, morphological analysis, provides opportunities for both implicit and explicit
consideration of factors.

2.2 Morphological Analysis and Charts

There are numerous interpretations of morphological analysis. Two generic versions are considered
here, the first embracing a more formal, theoretical interpretation and secondly a more user-based
perspectivelll. Formal morphological analysis is a method for systematically structuring and examining
the total set of possible relationships in a multidimensional, usually non-quantifiable, problem space.
Such problems are not only complex but exacerbated by high levels of inter-connectivity adding further
complexity to the problem. Each set of configurations generated can be considered as a bundle of
attributes. By identifying all the variables relating to the problem, all possible combinations of these
variables (configurations) are examined. Through a reductive process, whereby inconsistent individual
pairs of variable are filtered out with the help of software, computing only those configurations where all
variables are consistent with one another, a final set of viable solutions can be compiled for further
analysis. Morphological analysis allows for all ideas to be considered as a first stage in the analysis process
and as such is an exploratory method par excellence [11.

In essence morphological analysis provides management and policy makers with the ability to
identify informed and innovative options when confronted with complex problems. The process mitigates
the risk of making the wrong decision in the face of uncertainty. It does this by structuring the problem,
filtering out inconsistent relationships within the problem boundary, to generate a much-reduced set of
workable solutions. Additionally, it processes unstructured ideas and concepts and renders them down
to a set of modular components, which can be used to help in the construction of new and innovative
“products” or concepts.

Morphological analysis and charts in this context refer to the synthesis of constituent parts that make
up an overall whole. The methodology is widely used in design and engineeringl22l but has also found
applications in management, strategy and risk assessment. The methodology was originally formulated
by Fritz Zwickyl23l as part of efforts to accelerate technology development for jet engines in the United
States, with contributions to the development of the methodology from the Swedish Morphological
Societyl24l. Zwicky (1969) identified key parameters of aviation engine technology, including the thrust
mechanism, oxidizer and fuel type and broke each of these functions down into constituent parts under
each parameter or sub-system(23l. Possible permutations were considered and listed, such as a ramjet that
could use atmospheric oxygen and solid fuel. For some permutations an existing product and solution
already existed, potentially enabling rapid adaptation and deployment. New or original permutations of
options were viewed by Zwicky as stimuli for creativity and consideration. Morphological analysis has
been demonstrated as an effective ideation and innovation realisation methodology for new product
development, services, patent definition and value management. The methodology has been further
developed for risk assessment(®l and has found widespread adoption in engineering and design
curriculums to augment exploration of diverse concepts(22l. The technique comprises two key elements:

-Systematic analysis of current and future structures of a domain as well as identification of key gaps
in that structure - or the Problem Space.



-Stimulus for invention of alternatives that fill these gaps and meet the imposed requirements - or
the Solution Space.

The term morphological analysis is common to several subject disciplines including linguistics. Here,
however, the term is used to refer to a specific creativity tool for the generation of alternative concepts by
means of development of generic sub-functions for a product or process, and consideration of alternative
means for implementation of each sub-function.

Morphological analysis is a technique that can be used to generate additional ideas for product
concepts that would not normally spring to mind. The technique involves considering the function of a
generic solution to a problem and breaking it down into a few systems or sub-functions. The notion of
functionality is common in design with consideration commonly given to form and functional attributes.
However, additional granularity is possible with consideration of technical, aesthetic, economic, social
and latent functionsl25l. The notion of a set of related attributes that need to be fulfilled simultaneously
will be familiar from Abraham H- Maslow’s hierarchy of needsl2¢l in its various formulations with
consideration given to physiological, safety and social requirements, self-esteem and actualisation.

In the example explored here we generate a variety of means to fulfil each of these systems, sub-
systems or sub-functions. The sub-functions and potential means of fulfilling each of these sub-functions
can be arranged in a grid as illustrated generically in Table 1. An overall solution can then be formulated
by selecting one means for each sub-function and the combination of these forms the overall solution.
The grid can be populated by text or sketches depicting the potential means of fulfilling the sub-system
requirement(271i22]. The technique relies upon the user’s selection of sub-function options to synthesise
an overall solution or set of possibilities. The user can explore the design space systematically, using their
experience to guide the outcome, or experimentally or using defined criteria. The matrix given in Table 1
is abstract and generic in its formulation, showing the subdivision of a system into a number of relevant
subsystems and a series of means for fulfilling each subsystem!22l. Care needs to be applied in defining
the functional requirements to avoid the specification of functions and sub-functions with a pre-
conceived solution.

Table 1: Generic morphological analysis chart.
MEANS

SUBSYSTEM

Subsystem 1

method 1 of fulfilling
subsystem 1

method 2 of fulfilling
subsystem 1

method 3 of fulfilling
subsystem 1

method n of fulfilling
subsystem 1

subsystem 4

subsystem 4

subsystem 4

Subsystem 2 method 1 of fulfilling method 2 of fulfilling | method 3 of fulfilling | method n of fulfilling
subsystem 2 subsystem 2 subsystem 2 subsystem 2

Subsystem 3 method 1 of fulfilling method 2 of fulfilling | method 3 of fulfilling | method n of fulfilling
subsystem 3 subsystem 3 subsystem 3 subsystem 3

Subsystem 4 method 1 of fulfilling method 2 of fulfilling | method 3 of fulfilling | method n of fulfilling

subsystem 4

Subsystem 5

method 1 of fulfilling
subsystem 5

method 2 of fulfilling
subsystem 5

method 3 of fulfilling
subsystem 5

method n of fulfilling
subsystem 5

A typical morphological field can contain many orders of magnitude of formal configurations. This
number of permutations is likely to be far too many to inspect casually or even by systematic attempts.
To overcome this, the internal relationships between the field parameters can be examined and the field
reduced by eliminating mutually contradictory conditions. In addition, increased levels of sophistication
can be applied to morphological analysis, such as weighting of ideas, for example, costing information to
guide users in the impact of the individual selection of each sub-functional option. In the absence of
coherent strategies to identify preferred solutions, it has been observed that once a few sets of plausible
alternative selections have been tried, searching for a better solution gets abandonedI28l. Whiting[2°] notes



that in practice too many possibilities can be developed leading to problems in evaluation of the
alternative concepts effectively. However, computational approaches have enabled non-consistent
combinations to be excluded!20l.

The following section presents the application of morphological analysis to the challenge of societal
design and the arising environment with specific application to urban considerations.

3 Applying Morphological Analysis to a Contested Urban Landscape

Urban green space planning is often characterized by competing interests, spatial constraints, and
divergent visions among stakeholders. In rapidly urbanizing contexts, community landscapes can become
arenas of social contestation, where ecological restoration goals, municipal regulations, and community
aspirations collide. For example, debates may arise over whether limited land should prioritise storm
water management infrastructure, recreational amenities, or community food production. Such conflicts
highlight the difficulty of achieving consensus when multiple actors hold different values, priorities, and
time horizons.

The goal of this case study was to explore how morphological analysis (MA) can be applied as a
problem-structuring and decision-support tool in contested landscape planning. Specifically, the study
aimed to:

-Identify the principal sub-systems and parameters that structure urban green space planning under
conditions of conflict.

-Map alternative configurations to visualise the breadth of possible solutions.

-Test how MA, combined with participatory discussion and Al-supported visualization, can support
more inclusive scenario design.

To construct the relevant morphological matrix (Table 2), we used a combination of literature review
and expert-informed group discussion. A facilitated workshop was conducted with 12 participants: 4
landscape designers, 3 community representatives, 2 municipal planners, and 3 environmental policy
analysts. Participants were selected for their expertise in participatory design, prior involvement in local
greening projects, and their ability to represent diverse perspectives (policy, grassroots, and technical).
The workshops were conducted in two half-day sessions (4 hours each) and involved morphological
decomposition exercises, option elicitation, and concept synthesis. Discussions centred on questions such
as: What key sub-systems structure the planning of a contested community landscape? What are the
primary tensions between stakeholder groups? What types of solutions are considered viable by different
actors?

Table 2: 12 key sub-systems morphological matrix
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The morphological chart generation process led to the identification of 12 key sub-systems with
multiple internally consistent options. These were organised into a morphological matrix (shown as first
column in Table 2). While group discussion alone does not constitute sufficient justification for robust
modelling, it was supported by triangulation with existing literature on participatory green infrastructure
and community land use. Table 2 illustrates the morphological chart for the embodiment of society. The
principal subsystems and parameters considered include energy mix, cityscape, housing, land
distribution, autonomy, economy, social, technological, risks, time horizon, transportation and
environment. For each a series of options have been defined. In Table 2, the options marked in red are the
choices of Group 1, while the text marked in blue represents the choices of Group 2. However, for instance,
"Medium" and "Train, E-Bus, E-Bike mix" are common choices were highlighted by yellow color.

The subsystems in Table 2 were developed from considerations of broad requirements and needs
along with principal enablers as indicated in Section 1. Such a listing involves elements of subjectivity and
can be developed as in this case from group discussion and brainstorming. Alternative subsystems could
be defined, however this chart in this form has been found useful across differing nationalities and
political contexts and the use of a tabular format in a spreadsheet allows for means that have not been
listed to be readily added. In defining the subsystems and means for fulfilling each of these, reference can
be made to relevant domains and areas of expertise such as urban design[3011311(32],

The chart depicted in Table 2 serves as a practical illustration of scenario planning, where personal
preferences guide the selection process. Once the choices are made, it is essential to synthesize the overall
selection and give it a tangible form. This can be accomplished by envisioning and discussing what such
a scenario would entail. A preliminary sketch can be created, or more advanced tools like prompt
engineering and Al visualizers, such as Vizcom, can be employed, as referenced in Figure 1. It is important
to recognize that these visualizations may not fully capture the intentions of the selector, and iterations
may be required to ensure that the Al-generated imagery accurately reflects the original vision. Recently,



the use of Al large language models, including ChatGPT and Gemini, to craft abstract narratives for chosen
solution configurations has shown promise, albeit with limited successi33l. Further selections and more
refined visual representations are showcased in Figures 1 and 2, with the visualizations in instance of
Figure 2 produced using Midjourney. Here, the design plan by red text of a megacity for the cityscape
significantly influences the visual outcome, Figure 1. The outcome indicated by blue text in Table 2 is
shown as Figure 2.

Fig. 2: Al image representation for the blue text selection shown from Table 2. (Image generated with Midjourney).

This methodology can be effectively combined with hierarchical decision-making principles, such as
the Analytic Hierarchy Process34], or other multi-criteria decision analysis methods. By integrating
landscape design considerations, the process can be further enriched. For instance, the selection of
"Garden Stadt" for housing in the chart suggests an emphasis on green spaces and sustainable living,
which can be elaborated upon in the visual and narrative synthesis. Similarly, the choice of "Solar + Wind"
for energy mix indicates a preference for renewable sources, which can influence the design of urban and
rural landscapes to incorporate solar panels and wind turbines aesthetically.

In essence, the landscape design aspect adds a layer of depth to the scenario planning, allowing for a
more comprehensive and visually engaging representation of the selected configurations. This



integration enhances the visual appeal and provides a more holistic view of how the chosen elements
interact within the broader context of urban and rural environments.

Morphological charts offer a structured approach to elaborate on various subsystems, providing a
comprehensive framework for addressing complex societal issues. These charts can be tailored to specific
systems or subsystems, such as energy, mobility, and apartment typology, which are crucial for societal
planning and development. By integrating landscape design considerations, these charts can be further
enhanced to reflect the interplay between built environments and natural systems.

For instance, when considering energy systems, the chart can be expanded to include landscape-
oriented elements such as solar farms integrated into agricultural fields or wind turbines positioned to
complement the natural topography. This optimizes energy production and harmonizes with the
surrounding landscape, enhancing aesthetic and ecological values. In the context of mobility, the chart
can incorporate options like green corridors for electric vehicles or bicycle paths that blend seamlessly
with parks and recreational areas. Such integration promotes sustainable transportation while also
enriching the landscape with functional and visually appealing features. For apartment typology, specific
charts can explore designs that maximize natural light and views, integrating green roofs or vertical
gardens to enhance the living environment. This approach improves the quality of life for residents and
contributes to the overall biodiversity and sustainability of urban landscapes.

Furthermore, as exemplified in Table 3, morphological charts can address broader societal
challenges such as flooding. By considering landscape design, these charts can evaluate options such as
rain gardens, bioswales, and permeable pavements that manage stormwater effectively while enhancing
the urban green space. This holistic approach ensures that flood mitigation strategies are not only
functional but also contribute positively to the landscape aesthetics and ecological health. In summary,
the incorporation of landscape design into morphological charts provides a more nuanced and integrated
perspective on societal subsystems, ensuring that solutions are technically sound and aesthetically
pleasing and environmentally sustainable.

Table 3: Morphological chart for energy.

Sub-system
Energy Zero-carbon Free for all Self-
strategy sustained
Energy source | Wind Wind (Offshore) | Nuclear Nuclear solar biomass geothermal
(Onshore) (Fi) (Fu)
Energy Local AC HVAC HVDC
Transmission Consumption
Energy Batteries Hydrogen Pumped Flywheel Gravity
Storage (Lithium-ion) hydro
Energy Use Industrial Residential Electric Home
Process heating/cooling | vehicles appliance
Energy None Direct control Time-of-use | Virtual Peer-to-
Demand tariff power peer
Flexibility plant trading
Energy Data Energy market | Smart meter Operational | Al
data
Table 4: Morphological chart for flood risk.
. . Meteorological | Stakeholders Social &_ Phys1cal. cre e ..
Geographic Attributes . Economic Prevention Mitigation Policies
Attributes .
Actors Actions




Steep sided channels Increased Residential Infrastructure | Dam Planned flooding
rainfall homes on integrity value | construction mitigation &
prediction flood plain in rural areas capability of local

area

River drainage & surface Are there flood Farmland on Local Local dev Capacity if

run-off warning and flood plain economies planning for engineering & tech
climate inherent value | rivers to deal with flooding
predictors?

% of woodland & local Rainfall Public/private | % population | Drainage Ag methods to

vegetation distributed in establishments | residing in systems & mitigate farmland
local area on flood plain | work relating water and livestock

to Public collection destruction
sector in flood | strategies
mitigation and
ER
Drainable basins in urban % of residents | Planting & Capability of
areas with effects of strategies to prevent
knowledge of environmental | transport disruption
flood development
prevention
Coincidental incidence of No. of Forest density | Capability of

flooding & high tides insurance cos strategies to
specialising in maintain comm
flood risk and lines
compensation

River collusion Capability of health

strategies to prevent
water pollution &
disease

Ground saturation & water Level of education

table value for localised

flooding

Are there effective
methods in place to
warn populace?

Here something is missing

The Morphological chart for energy presented in Table 3 represents a valuable tool for analysing the
relationship between energy flow and morphological structures, commonly utilized in fields such as
ecosystem studies, architectural environments, industrial design. Integrating energy morphology in
design enables consideration of options for more sustainable, efficient, and adaptive design solutions by
optimizing resource utilization, energy transfer, and environmental response. For instance, in
architectural design, by integrating the energy morphology, options for the optimization of building form
and materials, orientation, window arrangement, and insulation structures are prompted through
prompts for solar radiation, wind, and thermal energy transfer. At the urban scale design, energy
morphology guides the design of sustainable urban energy systems and spatial layouts. By analysing the
morphology of urban energy flows, such as electrical grids, traffic flows, and waste management,
integration of urban energy supply and utilization can be developed. Alternatively, based on natural
energy morphologies such as water and air flow, green corridors or rainwater management systems can
be designed to balance ecology and functionality, proposing urban design plans that offer harmony with
ecological environments35136]. The application of energy morphology in design not only aids in
optimizing resource use and energy efficiency but also promotes design innovation and sustainable
development. From architecture to product design, from cities to social culture, morphological analysis



provides designers with a systematic perspective and methodology, helping design better serve the
balanced needs of ecology and society. Of interest, the notion of morphology has been explored
extensively in urban design through form-based codes which combine concepts from historical urban
morphology to help understanding and provide continuity in urban development(37l.

Based on Table 4 (Morphological Chart), a preliminary urban-design scheme for flood governance
can be derived. Spatially, the plan proposes a “blue - green network” for river corridors, drainage
basins and flood-prone depressions, integrating urban watercourses and wetland systems into a
permeable, detention-oriented ecological matrix. At the neighbourhood scale, permeable pavements, rain
gardens and green roofs are arranged in a cascade that incrementally retains and infiltrates stormwater,
thereby reducing pluvial flood risk. At the dwelling-cluster scale, stilted or elevated podiums raise living
floors above design flood levels, while multi-functional waterfront public spaces serve as everyday
recreation areas and, during flood events, as temporary retention basins and evacuation zones. The
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coupling of “community cells” with distributed water-ecological nodes simultaneously safeguards
daily life and emergency safety. Socio-economically, the scheme embeds community-based education and
an ICT-enabled early-warning system that delivers real-time flood intelligence to residents. By aligning
insurance instruments with spatial planning, the framework incentivises homeowners and developers to
invest in flood-adapted construction and maintenance, enhancing collective resilience. Regarding
infrastructure and public services, arterial roads and metro entrances are co-designed with crest-level
alignment and stormwater outfall corridors; critical communication and energy assets are sited on
elevated refugia; emergency medical and public-service hubs are located at blue - green junctions to
guarantee rapid response and equitable coverage during disasters. Collectively, these measures weave a
multi-layered flood-mitigation framework—natural retention + community resilience + infrastructure

hardening + policy enablement—that enables the city to respond to floods across geographical, climatic,

social, economic and governance dimensions, advancing both sustainability and safety. A design

illustration of this is provided in Figure 3.
. 2

Fig. 3: Al image representation of the selection shown from Table 4. (Images generated with Midjourney).



Table 5: Morphological chart for apartment typology.
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The morphological chart for apartment typology presented in Table 5 lists functions or
characteristics related to apartment design and identifies core requirements of apartment design, such
as flexibility, sustainability, and community functions. This tool allows for the decomposition or
combination of key modules or design dimensions in apartment design, including aspects such as building
height, building shape, spatial layout, functional zoning (residential areas, work areas, leisure areas), and
environmental factors (ventilation, daylighting, sound insulation). Through the permutation and
combination of various options, multiple design solutions can be generated and syntheses of selections

for the charts presented in Figures 4.




Fig. 4: Al image representation of the selection shown from Table 5. (Images generated with Midjourney)

The significant benefit of employing morphological analysis in the realms of landscape design,
architectural planning, or spatial planning is its capacity to enable practitioners to systematically organize
the knowns and unknowns of a multifaceted issue at an early stage. This issue may encompass a variety
of qualitative and quantitative elements, including both tangible aspects such as building materials and
spatial layouts, as well as intangible factors such as user experiences and ecological impacts.
Morphological analysis transcends a linear or isolated examination of the problem. Instead, it captures a
more authentic portrayal of the intricacy and interconnected inherent in design challenges. This is
particularly crucial when behavioral and social considerations must be integrated with the attributes of
various stakeholders involved in the design process. The method's strength lies in its capability to fuse
both "hard" quantitative data, such as structural loads and environmental performance metrics, with
"soft" qualitative insights, like aesthetic values and community engagement.

Furthermore, morphological analysis is equipped with the ability to pinpoint outliers and subtle
indicators early on, as well as to anticipate both positive and negative unintended consequences. This
early identification is invaluable for landscape architects, architects, and planners, as it aids in the
mitigation of risks associated with pursuing infeasible or inconsistent solutions. By subjecting complex
design problems to a more thorough evaluation, morphological analysis supports a more rigorous and
informed decision-making process. In essence, morphological analysis serves as an indispensable tool for
design professionals by providing a structured yet flexible framework that accommodates the multi-
dimensional nature of design challenges. It ensures that the solutions developed are not only technically
and functionally sound but also resonate with the social, cultural, and environmental contexts in which
they are situated. This holistic approach to problem structuring is vital for creating sustainable, inclusive,



and aesthetically pleasing built environments that stand the test of time and meet the diverse needs of
their users.

4 Discussion

The charts provide a valuable opportunity for exploration and experimentation, aligning with design
thinking approaches where concepts for social life can be conceptualized and their adoption
evaluated(38139l. Unlike traditional approaches that rely on a fixed worldview, morphological analysis
(MA) deliberately avoids universalism or prescriptive alignment with a single perspectivel40l. Users of MA
are not passive recipients but active agents, able to interpret options according to their own or evolving
worldviews, to adapt or even subvert given categories. In this sense, the user of a morphological chart
becomes a societal designer—either defining a new concept or providing a stepping stone toward the
transformation of an existing state. Multi- and cross-disciplinary inputs thus play a crucial role in
structuring the morphological problem space, ensuring that a comprehensive set of options is
represented and fairly considered.

A framework (shown as figure 5) demonstrates how morphological analysis can be applied to
address socially contested scenarios in landscape and urban design. The process begins with society,
conceptualized as a complex system of institutions, organizations, and interactions. From this system, a
set of variables is extracted, each representing a relevant dimension of social life (e.g., governance, land
use, environmental risks, community needs). These variables are further decomposed into subsystems,
and multiple options are identified for each, which together form the morphological matrix. By applying
optimization techniques such as pair-wise consistency analysis, incompatible or unrealistic combinations
are excluded, thereby reducing the otherwise overwhelming problem space.

The resulting framework supports the generation of n societal configurations, a process referred to
here as society optioneering. These alternative societal constructs provide multiple lenses for imagining
possible futures, especially in contexts where conflict, uncertainty, and divergent stakeholder views are
present. Finally, the configurations are translated into landscape design concepts, either through
traditional design synthesis or by leveraging emerging Al-based generative tools (e.g., text-to-image or
text-to-design prompts). Through this integration, morphological analysis enables a systematic,
participatory, and creative exploration of contested design scenarios, bridging social system complexity
with spatial design practice.

Morphological Analysis ”Society optioneeri ngn
Option 1 Option n
Variables g Morphological analysis to i
classify subsystems and
create a matrix of options. of social constructs

Optimisation

n societal
configurations

W Landscape
Sl Design

Problem space reduction
of matching
compatible pairs

Fig. 5: How MA can support the structuring and exploration of socially contested scenarios in landscape design.

While this framework opens up diverse pathways for envisioning alternative futures, the very
richness of options also introduces a new challenge: how to navigate and evaluate such a wide spectrum
of possibilities. This tension highlights the dual role of morphological analysis, not only as a generator of
pluralistic visions, but also as a critical tool for managing the inherent complexity of design and planning
processes. In landscape architecture, building design, and spatial planning, MA functions as an



indispensable tool for managing complexity in sustainable and innovative design. However, the method
can produce an excessive number of viable configurations. To address this challenge, the integration of
morphological analysis into iterative design workflows becomes particularly valuable. Rather than
treating it as a standalone analytical exercise, embedding MA within design thinking enables the
systematic organization, selection, and refinement of options throughout the design cycle, thereby
transforming complexity into a structured source of creativity.

When integrated into design thinking, morphological analysis can integrate each stage of the design
cycle (shown in Figure 6):

-Problem understanding and variable definition: MA facilitates multi-perspective analysis of user
behavior, emotional needs, functional requirements, and environmental interactions. By decomposing
problems into their diverse aspects, it enables comprehensive problem analysis across social, functional,
energy, technological, and cultural dimensions.

-Creative generation: Through the recombination of design elements—functionality, form, materials,
technology, aesthetics—MA encourages divergent exploration and produces a wide range of novel
proposals that transcend conventional approaches.

-Systematic evaluation and integration: Morphological matrices provide a structured foundation for
evaluating the feasibility and merits of multiple schemes, balancing multi-objective considerations such
as functionality, aesthetics, economy, and sustainability.

-Iterative optimization: With its modular and adaptive nature, MA allows for dynamic adjustment of
variables, integration of user feedback, and incorporation of technical constraints. This iterative capacity
enhances flexibility and adaptability, supporting continuous improvement of design outcomes.
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Fig. 6 How MA integrates with design process.

Beyond its methodological role, morphological analysis underscores the interplay between
technology, economy, and social structures. Manuel Castells[4ll in 2011 has highlighted how information
technology reshapes social forms, while Ezio Manzinil42l emphasized design’s central role in
collaboration, community building, and driving social innovation. These insights converge with MA’'s
ability to conceptualize “societal morphology” through the structured exploration of relationships and
interactions across diverse subsystems. Moreover, Al technologies are becoming significant enablers: in
design practices, large language models can assist in defining subsystems and narratives, while generative
Al tools can facilitate visualization and rapid prototyping(431(441.



The proposed society optioneering methodology demonstrates how morphological analysis can
generate and evaluate diverse societal configurations, integrate multiple perspectives, and address
complex social challenges. It fosters interdisciplinary collaboration, strengthens scientific and adaptable
design frameworks, and expands innovation potential by bridging structured analysis with creative
exploration. Through its flexibility and system-implicit architecture, morphological analysis ensures
continuous optimization throughout the design process, offering robust pathways for sustainable societal
development and advancing the theoretical and practical frontiers of landscape and urban design.

5 Conclusions

This paper introduces the application of a structured, options-based methodology - morphological
analysis (MA) for addressing the complexities of societal design in the context of contemporary
challenges. The morphological charts presented here support the exploration of diverse subsystems,
encompassing not only functional aspects but also operational considerations such as environmental
risks and social conflicts. By employing cross-consistency analysis, the extensive array of options
generated can be systematically narrowed, ensuring a more focused and manageable pathway for
landscape and urban design strategies.

The study makes three principal contributions: (1) Theoretical Contribution: It advances design
methodology by extending morphological thinking into the field of societal design, demonstrating its
systematic, flexible, and innovative qualities when applied to contested urban and landscape contexts. (2)
Practical Value: It provides planners, designers, and policymakers with a structured toolset for navigating
uncertainty and conflict in urban planning and landscape architecture, enabling more transparent and
participatory processes in projects such as green infrastructure, community space design, and
sustainable city transformation. (3) Technological Integration: It identifies pathways for combining MA
with Al-generated content (AIGC) and visualization tools, accelerating early-stage prototyping, enhancing
collaborative engagement among stakeholders, and broadening the creative exploration of design
alternatives.

While the methodology proves effective for generating and structuring a wide spectrum of scenarios,
certain limitations remain. A key challenge lies in the potential abstraction and computational demands
of morphological thinking when addressing high-dimensional variables in complex social-ecological
systems. To address this, future research should: (1) further integrate MA with artificial intelligence (AI)
and advanced visualization tools to improve efficiency, automation, and interpretability; and (2)
investigate the adaptability of MA frameworks to specific urban and landscape challenges, refining tools
to better meet the requirements of sustainable spatial design.

Overall, this research contributes to design theory by enriching methodological approaches and
expanding the application of morphological thinking in societal and spatial domains. Specifically, in
landscape design and urban planning, MA offers a rigorous yet flexible framework for managing
complexity, balancing stakeholder interests, and fostering innovation in contested contexts. On the
practical level, its modularity and capacity for structured combination optimization provide effective
guidance for projects ranging from green infrastructure planning to urban transformation and
community-led design. Moreover, the integration of AIGC for scenario sketching and visualization
significantly enhances early design stages, bridging structured analytical processes with creative
synthesis. This synergy highlights MA as a versatile and powerful tool in the evolving toolkit of landscape
architects, urban planners, and spatial designers, promoting both methodological innovation and
sustainable practice.



REFERENCES

[1] Garvey, B. (2016). Combining quantitative and qualitative aspects of problem structuring in
computational morphological analysis (Doctoral dissertation, Imperial College London).

[2] Hodgson, G. M. (2006). What arc institutions. Journal of Economic issues, 40(1), 1-25.

[3] Elster, . (2020). Social norms and economic theory. In Handbook of monetary policy (pp. 117-133).
Routledge.

[4] Searle, J. R. (2005). What is an institution? Journal of institutional economics, 1(1), 1-22.

[5] Edquist, C. (2013). Systems of innovation: technologies, institutions and organizations. Routledge.

[6] Fleck, J. (1993). Configurations: crystallising contingency. International Journal of Human Factors in
Manufacturing.

[7] Nelson, R.R,, & Rosenberg, N. (1993). Technical innovation and national systems. Introductory
chapter in R. R. Nelson (ed.). National Systems of Innovation: A Comparative Study. Oxford University
Press.

[8] Mitchell, M. (2009). Complexity: A guided tour. Oxford University Press.

[9] Ash, E., Mukand, S., & Rodrik, D. (2021). Economic interests, worldviews, and identities: Theory and
evidence on ideational politics (No. w29474). National Bureau of Economic Research.

[10] Hix, S., & Hgyland, B. (2022). The political system of the European Union. Bloomsbury Publishing.
[11] Schultz, TW. (1961). Investment in human capital. The American economic review, 51(1), pp.1-17.
[12] Becker, G.S. (1962). Investment in human capital: A theoretical analysis. Journal of Political
Economy, 70(5, Part 2), pp.9-49.

[13] Woolcock, M., (1998). Social capital and economic development: Toward a theoretical synthesis
and policy framework. Theory and society, 27(2), pp-151-208.

[14] Luhmann, N. (2021). Modern systems theory and the theory of society. In Modern German Sociology
(pp- 173-186). Routledge.

[15] Dahrendorf, R. (2022). Essays in the theory of society. Routledge.

[16] Brown, T. (2008). Design thinking. Harvard business review, 86(6), p.84.

[17] Martin, R. (2009). The design of business: Why design thinking is the next competitive advantage.
Harvard Business School.

[18] Dorst, K. (2011). The core of ‘design thinking’ and its application. Design studies, 32(6), pp-521-532.
[19] Ritchey, T. (2011). Wicked problems and social messes, Springer.

[20] Childs, P.R.N., & Garvey, B. (2015). Using morphological analysis to tackle uncertainty at the design
phase for a safety critical application. Propulsion and Power Research 4, pp. 1-8, 2015.

[21] Heuer Jr R, & Pherson, R. (2011). Structured analytical techniques for intelligence analysis. CQ
Press.

[22] Childs, PRN. (2019). Ideation. Chapter 3 in Childs, P.R.N. Mechanical Design Engineering Handbook,
2nd edition. Butterworth Heinemann.

[23] Zwicky, E. (1969). Discovery, invention, research through the morphological analysis, The
Macmillan Company.

[24] swemorph.(n.d.) Swedish Morphological Society-Decision Support Modelling with Morphological
Analysis. https://www.swemorph.com/ (last accessed 5th December 2024).

[25] Aurisicchio, M., Eng, N., Ortiz Nicolas, ].C., Childs, P.R.N., & Bracewell, R. (2011). On the functions of
products. ICED11, paper number: 367.

[26] Maslow, A.H. (1954). Motivation and personality. Harpers.

[27] Childs, P.R.N. (2004). Mechanical design, 2nd edition. Butterworth Heinemann.

[28] Jones, ].C. (1970). Design methods: seeds for human futures. John Wiley.

[29] Whiting, C.S. (1958). Creative thinking. Van Nostrand,



[30] Abd Elrahman, A.S., & Asaad, M. (2021). Urban design & urban planning: A critical analysis to the
theoretical relationship gap. Ain Shams Engineering Journal, 12(1), pp.1163-1173.

[31] Pozoukidou, G., & Chatziyiannaki, Z. (2021). 15-Minute City: Decomposing the new urban planning
eutopia. Sustainability, 13(2), p-928.

[32] Son, T.H., Weedon, Z., Yigitcanlar, T, Sanchez, T., Corchado, ].M., & Mehmood, R. (2023). Algorithmic
urban planning for smart and sustainable development: Systematic review of the literature. Sustainable
Cities and Society, 94, p.104562.

[33] Garvey, B., & Svendsen, A.D.M. (2024). Navigating uncertainty using foresight intellligence Ch 10,
Springer.

[34] Saaty, T.L. (2008). Decision making with the analytic hierarchy process. International Journal of
Services Sciences, 1(1), pp-83-98.

[35] Yu, Kongjian. (2016). Sponge city: Theory and practice. China Architecture & Building Press.

[36] Spirn, A.W,, Schellnhuber, H.J., Daigger, C.T,, Fu, ]., Childs, P, Sedlak, D., Head, P,, Ravasi, T,, de Meulder,
B., Shannon, K., Dultzin, D., Sosa, F, Kay, A., Da Rocha, H., Chao, S.C., Buckeridge, M. Nobre, C.A., Yokohari,
M., Xie, S-P, Ashraf, KK, Strzepek, K., & Montalto, F. (2025). Why sponge planet? Discussions on land-
based, water-driven solutions. Landscape Architecture Frontiers.

[37] Talen, E. (2018). Urban morphology in urban design.In Oliveira, V. (Editor) Teaching urban
morphology, 205-217. Springer.

[38] Durkheim, Emile. (1895). The rules of sociological method. Translated by W. D. Halls. New York: Free
Press, 1982. First published 1895 as Les Regles de 1a Méthode Sociologique.

[39] Malik, H. A, & Malik, F. A. (2022). Emile Durkheim contributions to sociology. Sociology, 6(2), 7-10.
[40] Inayatullah, S. (2005). Questioning the future: methods and tools for organizational and societal
transformation. Tamsui, Tamkang University Press.

[41] Castells, M. (2011). The rise of the network society. John Wiley & Sons.

[42] Manzini, E. (2015). Design, when everybody designs: An introduction to design for social innovation.
MIT Press, 2015.

[43] del Campo, M., & Manninger, S. (2025). Al and the morphology of the city - Al's dynamic power in
shaping the future of urban design. In The Routledge Companion to Smart Design Thinking in Architecture
& Urbanism for a Sustainable, Living Planet (pp. 86-98). Routledge.

[44] Zou, Y., Zhao, C,, Childs, P, Luh, D., & Tang, X. (2025). User Experience Design for Online Sports Shoe
Retail Platforms: An Empirical Analysis Based on Consumer Needs. Behavioral Sciences, 15(3), 311.



HERRELIE: BERS Bt ER

ARIRHT 12, K48 BIRZL 2%, ZEUKME 4, OKMBTK 2, BBTX 2, AREHT N4E3, KRR @RS
2, EER REs

IR

bk ARV TR e, 5 EE TSP, ME W, R
%% SW7 2AZ

46 : p.childs@imperial.ac.uk

1) R TR RS %22BE, | M 510006

2 7 [E B TS B AR W LREERE, 185 SW7 2AZ
3 HIR A BRAF], B CRO SHW

4 bR Z T 2508, bt 100871
SIBEHEREFERFRL, Jba 100084

WE

FEIRT AR S S @St B H AR T i I R 2k H 22 4R At B8 D RO X S Bk
i, ARG NIBED T, RERZIFFHE RSSO R RS rEd g “ 7
ARGk FERE, ARRTHIMRERS LI H FIIE B, 38 FZ IR 1) A 28 P 5 AN 58 EEAT 1Al
AT, AN HPUE ER R S EER R . ATt — PRSI 5 N TR GEERAR (AIGC) H#HT
LR G . D) AIGC BOR, FEBLHAIIARIT BORET ML sZ PRI S, R BOHRRE R
QBT RE S SEHIME . AEIX—BESHEZE T, Wit IMRens 2 W0 A s M Be i e, A BUSE T Rl (g oy %6
R KITRGHIVPAE TR, Wik & T DO it 5 BT A RO, 3271 1 st A p B RL
SEEENAE, BEM S s S RS S IE T . AR TR A R, ORI
ThsEAR it T TR SRS

R

SRR S ks AL AIGC; MR, AIHFEEE

NERR

SINIEE B NSl T 5 SR B Ak 2 R e S A E RS it TR .

feth “AETRAT” WS, KU, wIEE. AUE AR RGN AT RESE BT B R A R IRAEZE o
R nth 5 NTERAERNER S, SHPE SRS 25t

ST TUCRIE S AT A GE R B B2, R R AR PENUANE E PR A A 2R B B B 4R
DN T 1) B A AT AT S SR PR 3R T 5 SO T HR B 2 BV DT SR = T RGETETEAt E



