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Abstract: Long-term success in landscape planning and ecosystem restoration relies on continuous
engagement, exploring alternatives, and collaborative creation and design to develop sustainable
spaces. However, stakeholders often struggle to contribute effectively due to limited ecological
knowledge and planning experience, making it difficult to select strategies and anticipate outcomes.
Leveraging video game engine technologies that integrate environmental data, models, planning rules,
and interactive 3D visualizations, this study introduces an ecology-integrated gaming tool. The tool
automates the generation of landscape elements, including local vegetation communities, and allows
users to explore and combine land-use and restoration strategies for given areas. This paper outlines the
tool’s development workflow, including modeling and visualizing current landscapes, developing Pro-
cedural Content Generation (PCG) graphs for automated generation, and integrating generated content
with Graphical User Interface for interactive co-design. It concludes by highlighting the tool’s potential
to enhance collaborative landscape design and participatory restoration while discussing future pro-
spects.
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1 Introduction

Active stakeholder engagement is a precondition for successful ecosystem restoration in
landscape planning, benefiting both nature and human well-being (PALMER & STEWART
2020, LOFQVIST et al. 2023). Collaboration among stakeholders with diverse knowledge, ex-
periences, and perspectives is essential for achieving a shared vision on alternative futures,
fostering sustainable ecosystem restoration and landscape inclusiveness. In addition to deci-
sion-making based on verbal communications on predetermined scenarios, collaborative de-
sign (co-design) promotes active engagement across various design stages, ensuring that de-
signs correspond with community needs, preferences, and values, thus creating more func-
tional, inclusive, and meaningful settings (MANZINI 2015, GAETE CRUZ et al. 2023). Co-de-
sign tools include GIS-based tools for site selection such as for housing development
(BOROUSHAKI & MALCZEWSKI 2010), or augmented reality applications, e. g. capturing
hand-drawn sketches on a base map indicating land use change and then displaying corre-
sponding dynamic simulated flood risk maps (TOMKINS & LANGE 2023). Both examples in-
tegrate multi-criteria to better inform decision-making. Alongside economic and ecological
factors, landscape perception significantly shapes people’s preferences on landscape
(KAPLAN & KAPLAN 1989). Implementing co-design in a more immersive way to envision
and experience future landscapes, — such as through 3D visualization — is expected to enhance
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decision-making by complementing rational multi-criteria analysis with intuitive perception,
achieving a balanced integration of logic and sensibility.

A key challenge in co-designing immersive 3D landscapes is ensuring meaningful stake-
holder participation, as individuals lacking knowledge in ecology and planning regulations
may find it difficult to identify appropriate areas for proper restoration or landscape manage-
ment strategies. A lack of knowledge regarding local flora could hinder users in selecting
suitable plant species and community compositions that align with the local site conditions
and their aesthetic preferences.

Recent advancements in video game engine technologies potentially provide solutions to
these challenges by allowing to integrate environmental data and models, planning rules,
participatory experiences, and real-time visualizations. These technologies enable immersive
visualization of alternative scenarios and real-time decision impact assessment. The resulting
tools foster a new paradigm for public communication and collaborative decision-making in
environmental planning (BISHOP 2011).

Procedural Content Generation (PCG) frameworks further enhance game engine technolo-
gies by automating the creation of complex ecological elements based on local environmental
parameters (TOGELIUS et al. 2011). “Procedural” means that content — such as land cover,
vegetation composition, or habitat patterns — are generated dynamically by a computer pro-
gram based on input conditions, rather than being manually created by a designer or devel-
oper (SHAKER, TOGELIUS & NELSON 2016). For example, rather than manually positioning
each vegetation type within a landscape, PCG algorithms can autonomously allocate plant
species to locations based on spatial density and ecological principles (OLIVEIRA et al. 2022).
Ecology-focused PCG tools like Unity3D's Biome Generation Tool (SEPULVEDA et al. 2023)
and Gaia (GOODRICH et al. 2024), and Unreal Engine’s (UE’s) PCG Biome Core (EPIC
GAMES 2024), assist game designers in creating diverse ecosystems by automating the gen-
eration of terrain features, vegetation, and other natural elements based on predefined rules
and parameter. Using a PCG framework that controls element distribution randomness
through proportional weights, vegetation communities can be dynamically generated based
on community structure, flora density, and species proportions, aligning with the inherent
randomness of natural ecosystems.

This study aims to integrate ecological data — such as vegetation communities and their dis-
tribution concerning terrain slope, sunlight exposure, and proximity to water — into the gam-
ing environment, to create an ecology-integrated gaming tool for collaborative landscape de-
sign. We present a structured workflow to guide the creation of ecologically realistic vegeta-
tion communities and enable interactive creation and visualization of restoration scenarios.

2 Developing the Tool

Using UE's PCG framework, we developed a workflow for an ecology-integrated gaming
tool (Fig. 1). To demonstrate the application, we used two case studies: a rural river (Allt
Ghlinn Thaitneich) in Scotland, where riparian woodland is absent, and the proposed day-
lighting (i. e. opening-up) of a culverted urban stream in the Binz area of Zurich, Switzerland.
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Fig. 1: Key workflow steps for developing the ecology-integrated gaming tool

In rural settings, for example in our Scotland study, current vegetation distribution was mod-
elled using data from OpenStreetMap, local habitat map (Scottish Forestry Map) and on-site
surveys. Each color on the map representing a distinct vegetation community type, such as
“lowland birch woodland.” Employing UE’s PCG Biome Plug-in or similar algorithms, this
map can be projected onto a grid of PCG points that spatially store vegetation community
definition data, facilitating the creation of the existing terrain with vegetation.

In urban environments, 3D buildings and grey infrastructure can be modelled through either
manual methods or automated 3D reconstruction techniques. The latter leverages advanced
algorithms and relies on a large dataset of site photographs to generate accurate digital mod-
els of structures (BODIS-SZOMORU, RIEMENSCHNEIDER & VAN GOOL 2016). Additionally,
Building Information Modeling (BIM) data can also be imported, enabling integration of
more detailed and comprehensive structural information into the virtual environment. For the
Zurich case study, as an initial exploration of the workflow, manual modeling of fagcade de-
tails was carried out using SketchUp to create representations of the limited number of build-
ings in the study area, based on street view photographs and the 3D city model provided by
the City of Zurich.

2.1 PCG Graph Development

The PCG graph is the core PCG blueprint in UE that defines procedural rules and parameters
for dynamically generating content, ensuring flexibility and scalability in design workflows.
We developed specific PCG graphs for different vegetation communities, allowing designers
or players to select and apply them to generate the corresponding vegetation community in
designated areas.

In rule-based systems, rules serve as filters that assess specific features or parameters — such
as terrain slope, elevation, proximity to objects, or environmental variables — to ensure a
particular location satisfies the criteria for content placement. Rule-based systems regulate
element placement by utilizing ecological principles and incorporating randomization via
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noise and weight maps to achieve natural variation. This ensures that the produced biomes
are both visually varied and ecologically consistent, reflecting natural distributions. Below
are few instances of rules functioning as filters:

(1) A water distance filter calculates the difference between the Z-coordinates of points
within a specified region and the elevation (Z-coordinates) of a defined water surface
plane. This process filters out points based on specified height difference criteria, ena-
bling the identification of areas corresponding to high, medium, and low water levels.
These distinctions facilitate the appropriate allocation of vegetation types, such as
aquatic, amphibious, riparian, and upland vegetation, ensuring ecologically accurate
vegetation communities’ generation.

(2) The slope filter uses the “Normal to Density” node to translate the surface normal vectors
at specific terrain points into density values, excluding points where the normal vectors
fall within a specified angular range. This ensures vegetation is placed only on slopes
with appropriate inclination.

(3) In urban or rural environments with buildings or other grey infrastructure, the planar
distance filter can identify areas within a specified distance from these structures. For
instance, in the Canton of Zurich, regulations specify that trees must be planted at least
2 meters from the inner boundary of neighborhood roads and at least 0.5 meters from
footpaths, free-standing sidewalks, or cycle paths (CANTON OF ZURICH 2020). These dis-
tance regulations can be incorporated into the PCG graph to ensure trees are not gener-
ated in prohibited locations, maintaining compliance with local regulations (Fig. 2).

3D models of plant species, assigned corresponding weights to represent their proportions
within the community, serve as “Mesh Entries” in the “Static Mesh Spawner,” which is the
final node in the PCG graph. This step outputs the plant meshes into the scene, completing
the procedural generation process by populating the landscape with vegetation in accordance
with the predefined vegetation community parameters and ecological rules. Species and their
weights can be determined based on vegetation habitats or vegetation community classifica-
tions that encompass natural, semi-natural, and predominant artificial vegetation communi-
ties, such as British National Vegetation Classification (NVC) and Lebensraumtypologie Ty-
poCH (a Swiss habitat typology system designed to describe and classify the natural and
semi-natural habitats of Switzerland, simplified as TypoCH) (DELARZE & GONSETH 2015,
JOINT NATURE CONSERVATION COMMITTEE 2020).

The NVC identifies 25 woodland communities including 7 wet woodland communities (W 1-
W7), as well as 28 swamp and tall-herb fen communities (S1-S28), along with their zonation
and distribution. For example, W3 (Salix pentandra—Carex rostrata) and W4 (Betula pu-
bescens — Molinia caerulea) occur in flushed areas near watercourses (RODWELL et al. 1991,
RODWELL et al. 1995, BROADMEADOW & NISBET 2024). TypoCH also provides detailed clas-
sifications and distribution for riparian habitats, including categories such as 2.1. Banks with
Vegetation, and 6.1. Swamp and Floodplain Forests, along with their respective subtypes.
These survey-based databases provide detailed information on vegetation community char-
acteristics and species composition, allowing for the prediction of plant species naturally
suited to specific sites. The community model construction is based on the shrub and herba-
ceous cover and number of species observed in survey samples. Only species frequently
appearing across survey samples or dominant in the communities are included in the model.
Following the generation of the procedural environment, iterative testing was conducted to
identify and adjust any elements that appeared visually unnatural.
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Alongside vegetation communities, the PCG framework can automatically build rocks along
the river randomly according to given rules or create artificial structures such as fences using
input polylines and a 3D mesh of the unit, hence facilitating collaboration in landscape de-
sign.
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Fig. 2: Visualization example of the Zurich case study

2.2 Integrating Generated Content with Graphical User Interface

The aim of this gaming tool is to allow stakeholders to co-design by selecting areas for certain
restoration activities, and understanding ecological benefits and trade-offs of different inter-
ventions. Therefore, a Graphic User Interface (GUI) is needed to allow stakeholders to place
specific vegetation types at specific locations, toggle new layers on and off to compare the
modified landscape with the original, and visualize the metrics of different scenarios (Fig. 3).
Input parameters for scenario generation can be modified, and output indication criteria can
be tailored to fulfil project requirements. Additionally, the GUI enables free movement
within the scene, providing different viewpoints, such as first-person or bird's-eye view
(KLEINSCHROTH et al. 2022), allowing users to explore the current and proposed future vision
from multiple perspectives. This interactive setup enhances user control over landscape mod-
ifications and visual assessments.
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Fig. 3: Screenshot of the GUI from the Scotland case study, displaying the W3 Salix Pen-
tandra-Carex rostrata woodland community

In UE, the integration of player control, PCG generation, and GUI feedback involves the
following workflow: players interact with the environment through controls like movement
or selection tools to specify areas for modification or click on checkbox to show and hide
elements. These inputs are processed by the PCG graph, which dynamically generates con-
tent such as vegetation communities based on the player’s choices. The results are then vis-
ually rendered in the scene in real-time. Simultaneously, the system calculates relevant eco-
logical metrics, such as number of trees or shrubs planted and carbon stocks, and updates the
GUI to display these indicators. This creates a feedback loop where players can observe the
immediate impact of their actions, refine their designs, and make informed decisions about
ecosystem restoration. This workflow enables an interactive and intuitive design process,
combining ecological principles with practical visualization tools.
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3  Discussion and Outlook

This study demonstrates the value of ecology-integrated game environments for participatory
landscape design by merging ecological data with interactive, real-time simulations in game
engines. Case studies on a rural river in Scotland and an urban stream in Switzerland con-
firmed the workflow’s adaptability to various ecosystems and across scales. Such virtual
landscapes, generated from 3D terrain models and land use/land cover data, integrate the
advantages of GIS-based tools (BOROUSHAKI & MALCZEWSKI 2010), ensuring that collective
decision-making reflects spatial layout while enhancing understanding through 3D visuali-
zations. This study focuses solely on discussing the feasibility of using game engine technol-
ogy with PCG framework for interactive visualization. The effectiveness and interpretability
of the virtual vegetation community in will be assessed in the forthcoming study phase
through expert evaluation and consultation. Meanwhile, user experiences and feedback will
be analyzed in later studies through workshops as part of the proposed future research.

Unlike static renderers like Lumion and D5, which create fixed photorealistic visuals, UE
supports dynamic interactions, enabling users to explore and modify landscape elements in
real time. The GUI further allows users to easily input imagined future visions, balancing
procedural randomness with design control. Compared to traditional parametric design tools
like Rhino with Grasshopper, which rely on precision-centric control of parametric design,
our ecology-integrated gaming tool based on game engine with PCG framework facilitates
natural variability with minimal manual input, enhancing ecological realism for lay people
to use. In the future, integrating machine learning methods, such as Generative adversarial
networks could further improve procedural generation by adding complex environmental dy-
namics and player’s behaviors (RISI & TOGELIUS 2020). In addition, UE’s open-source flex-
ibility allows scene and GUI outputs to be shared and reused, fostering rapid replication and
broad application across projects, from education to ecological simulations for co-designing
landscapes.

Despite the advantages, certain limitations emerged while using this ecology-integrated gam-
ing tool. The approach relies heavily on a substantial library of detailed plant models to
achieve ecological realism; to address this, procedural generation techniques can be used to
create diverse plant variations from a smaller set of base models, reducing the need for an
extensive model library. The current vegetation community creation process requires manual
input, which can be labor-intensive. Integrating deep learning to summarize vegetation com-
munity composition and plant traits could potentially automate this step, reducing manual
effort significantly. Future iterations could further benefit from integrating advanced envi-
ronmental variables, such as dynamic weather patterns and seasonal changes, to simulate
ecosystem fluctuations over time. Incorporating these elements would provide users with a
richer understanding of temporal ecological processes, reinforcing the value as both an edu-
cational and design platform. The tool can quickly produce overall visualizations, which may
be sufficient for public participation. However, for practical implementation, ecologists and
design professionals are needed to further refine and detail the design based on the outcomes
of participatory inputs.



60 Journal of Digital Landscape Architecture - 10-2025

Acknowledgement

We gratefully acknowledge financial support from the VELUX STIFTUNG (Project
no.1928). We sincerely appreciate the valuable discussions and thought-provoking insights
from Eckart Lange, and Sigrid Hehl-Lange, which contributed to the conceptual development
of this paper.

References

BisHOP, I. D. (2011), Landscape planning is not a game: Should it be? Landscape and Urban
Planning, 100 (4), 390-392.

BODIS-SZOMORU, A., RIEMENSCHNEIDER, H. & VAN GOOL, L. (2016), Efficient volumetric
fusion of airborne and street-side data for urban reconstruction. In: 2016 23rd Interna-
tional Conference on Pattern Recognition (ICPR). 2016 23rd International Conference on
Pattern Recognition (ICPR), 3204-3209.

BOROUSHAKI, S. & MALCZEWSKI, J. (2010), Measuring consensus for collaborative decision-
making: A GIS-based approach. Computers, Environment and Urban Systems, 34 (4),
322-332.

BROADMEADOW, S. & NISBET, T. (2024), Creating and managing riparian woodland. For-
estry Standard Practice Guide UK.

CANTON OF ZURICH (2020), Verkehrserschliessungsverordnung (VErV) [Traffic Develop-
ment Ordinance (VErV)].

DELARZE, R. & GONSETH, Y. (2015), Lebensrdume der Schweiz [Habitats of Switzerland].
Ott, Bern, Switzerland.

EPiC GAMES (2024), Procedural content generation (PCG) biome core and sample plugins in
unreal engine.
https://dev.epicgames.com/documentation/en-us/unreal-engine/procedural-content-
generation-pcg-biome-core-and-sample-plugins-in-unreal-engine (30.10.2024).

GAETE CRUZ, M. et al. (2023), Towards a framework for urban landscape co-design: Linking
the participation ladder and the design cycle. CoDesign, 19 (3), 233-252.

GOODRICH, A. et al. (2024), Gaia | procedural worlds.
https://www.procedural-worlds.com/products/indie/gaia/ (30.10.2024).

JOINT NATURE CONSERVATION COMMITTEE (2020), National Vegetation Classification
(NVOQ). https://jncc.gov.uk/our-work/nve/#nvce-types-floristic-tables (08.01.2025).

KAPLAN, R. & KAPLAN, S. (1989), The experience of nature : a psychological perspective.
Cambridge University Press.

KLEINSCHROTH, F. et al. (2022), Drone imagery to create a common understanding of land-
scapes. Landscape and Urban Planning, 228, 104571.

LOFQVIST, S. et al. (2023), How Social Considerations Improve the Equity and Effectiveness
of Ecosystem Restoration. BioScience, 73 (2), 134-148.

MANZzINI, E. (2015), Design, when everybody designs: An introduction to design for social
innovation. The MIT Press.

OLIVEIRA, G. et al. (2022), A rule based procedural content generation system. In: PEREIRA,
A.1 etal. (Eds.), Optimization, Learning Algorithms and Applications. Springer Interna-
tional Publishing, Cham, Switzerland, 107-113.



X. Zhai et al.: Ecology-Integrated Gaming Tool for Collaborative Landscape Design 61

PALMER, M. A. & STEWART, G. A. (2020), Ecosystem restoration is risky ... but we can
change that. One Earth, 3 (6), 661-664.

RisL, S. & TOGELIUS, J. (2020), Increasing generality in machine learning through procedural
content generation. Nature Machine Intelligence, 2 (8), 428-436.

RODWELL, J. S. et al. (1995), British Plant Communities Volume 4: Aquatic Communities,
Swamps and Tall-Herb Fens. 1st Ed. Cambridge University Press, Cambridge.

RODWELL, J. S. et al. (1991), British Plant Communities Volumn 1: Woodlands and scrub.
Ist Ed. Cambridge University Press, Cambridge.

SEPULVEDA, G. K. et al. (2023), Biome generation tool: A mixed-initiative software for the
procedural generation of biomes. Applied Sciences, 13 (14), 8070.

SHAKER, N., TOGELIUS, J. & NELSON, M. J. (2016), Procedural content generation in games.
Springer International Publishing, Cham, Switzerland.

TOGELIUS, J. et al. (2011), Search-based procedural content generation: A taxonomy and sur-
vey. IEEE Transactions on Computational Intelligence and Al in Games, 3 (3), 172-186.

TOMKINS, A. & LANGE, E. (2023), Planning and Designing Natural and Urban Environments
with an Adaptive Visualization Framework: The Case of Pazhou Island, Guangzhou,
Pearl River Delta. Land, 12 (2), 377.





