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ZUSAMMENFASSUNG

PATINA LESEN: 
LERNEN AUS DER KONTEXTUELLEN VERÄNDERUNG 
GEBAUTER LANDSCHAFTEN IM LAUFE DER ZEIT IN BERLIN

Die hier vorgelegte kumulative Dissertation basiert auf der 
Hypothese, dass es möglich ist, Entwurfs-, Detaillierungs-, 
Bau- und Instandhaltungstechniken zu optimieren, indem 
die Entwicklung von Landschaftsarchitekturprojekten in 
regelmäßigen Abständen nach Abschluss überwacht und 
bewertet wird. Ziel ist es, die Qualität zukünftiger Projekte 
zu erhöhen, indem die Schwachstellen und Vulnerabilitäten 
bestehender Bauwerke mit einer qualitativen und quan-
titativen Fallstudienmethode identifiziert und analysiert 
werden. Sowohl für die Ursachenerhebung und das 
Monitoring als auch für die Entwicklung von Optimierungs- 
strategien wurde ein eigenes methodisches Vorgehen 
entwickelt. Diese Arbeit ist in zwei Teile gegliedert. Teil 1 
enthält die schriftliche Thesis einschließlich der einzelnen 
veröffentlichten und unveröffentlichten wissenschaftlichen 
Artikel, in der die Forschungsziele und -methoden erläutert 
sowie die Forschungsergebnisse präsentiert werden. 
Teil 2 beinhaltet den ‘Katalog der Schwachstellen und 
Vulnerabilitäten’, der die aus der Forschung resultierenden 
Fallstudienauswertungen und Optimierungsstrategien 
enthält.

Landschaftsarchitektonische Bauwerke sind dynamische, 
sich verändernde Systeme, die mit der natürlichen 
Umgebung und den Nutzungsmustern interagieren. Ihr 
Prozess der Patinierung und ihr anschließender Verfall 
zeigen Schwachstellen des Entwurfs sowie Defizite bei 
der Detaillierung, dem Bau und der Pflege auf. Diese 
Prozesse können der Praxis aber auch Informationen über 
die Auswirkungen von Entwurf, Detaillierung, Nutzung, 
Bewitterung und Wartung liefern. Der schlechte Zustand 
einiger realisierter Landschaftsarchitekturprojekte zeigt die 
Notwendigkeit eines effektiveren Monitorings sowie von 
Rückkopplungen landschaftsarchitektonischer Bauwerke. 

In dieser Arbeit wurde die zeitgebundene Veränderung 
zeitgenössischer landschaftsarchitektonischer 
Elemente in der Stadt Berlin auf der Grundlage einer 
zerstörungsfreien multitemporalen Analyse unter den 
gegebenen Kontextbedingungen untersucht. Die gebauten 
Landschaftselemente von zentraler Bedeutung für diese 
Forschung sind beispielsweise Stufen, Wege, Einfassungen, 
Entwässerungselemente, Baumroste, Sitzelemente, Zäune 
und Wände.

Schwachstellen sind Bereiche eines Bauwerks, die 
aufgrund ihrer Gestaltung, Konstruktion, der besonders 
exponierten Lage (Ecken, Kanten usw.) oder der spezi-
fischen hohen Anforderungen (Oberflächen mit Boden-
kontakt usw.) äußerst anfällig sind. Inhärente Schwächen 
sind ein unvermeidlicher Faktor aller Strukturen, die sich 
aus der Konstruktion, den Materialeigenschaften oder dem 

Verschleiß (z.B. die vordere Kante einer Stufe) ergeben. 
Schwächen können aber auch durch Fehleinschätzungen 
bei der Planung und Ausführung, minderwertige Materi-
alien oder schlechte Verarbeitung und Wartung verursacht 
werden. Schwachstellen können durch das Lernen aus 
früheren Fehlern minimiert oder vermieden werden, 
indem die Projektentwicklung überwacht und Feedback 
an den Berufsstand gegeben wird. Viele häufig auftretende 
Schwachstellen und Vulnerabilitäten wurden in dieser 
Forschungsarbeit identifiziert. Der repetitive Charakter 
dieser Schwächen unterstreicht einen deutlichen Mangel 
an Wissen innerhalb der Profession über die Prozesse, 
die die Veränderung von Bauwerken im Laufe der Zeit 
beeinflussen.

Die in diesem Forschungsprojekt entwickelten Methoden 
der Ursachenanalyse und des Monitoringverfahrens 
basieren auf ähnlichen Systemen zur visuellen Über-
prüfung von Ingenieurbauwerken. Jährlich wiederholte 
fotografische Aufnahmen von Veränderungen der gebauten 
Landschaftselemente in drei Zoomfaktoren - Kontext-, 
Objekt- und Detailbilder - bilden die Grundlage für die sich 
anschließenden Expertenanalysen und -bewertungen. 
Die Kernperiode der Forschung umfasst die ersten fünf bis 
neun Jahre der Projektentwicklung nach Fertigstellung der 
Bauwerke. Weitere einmalige Erhebungen älterer Projekte 
ermöglichten die Betrachtung über einen Zeitraum von 
bis zu 27 Jahren. Die fotografischen Aufnahmen wurden 
mi Metadaten (z.B. Ort, Fertigstellungsdatum, Einrichtung, 
Material) versehen, zu Fallstudien-Sequenzen zusammen- 
gefasst und in einer Datenbank gespeichert. Durch 
Vergleiche zwischen dem Originalzustand und den aufein-
anderfolgenden Aufzeichnungen wurden prozessabhängige 
Veränderungen sichtbar gemacht und häufig auftretende 
Schwachstellen und Vulnerabilitäten aufgezeigt. Aus den 
dokumentierten Vergleichswerten der Veränderung war 
es möglich, die vorzeitige Alterung zu bestimmen und die 
dafür wichtigsten Ursachen zu identifizieren.

Die folgenden Artikel wurden im Rahmen der kumulativen 
Dissertation verfasst. Alle Arbeiten fokussieren auf 
die Kernaspekte dieser Forschungsarbeit und setzen 
die entwickelte Methodik der Ursachenanalyse durch 
Auswertung von Fallstudien um. In den folgenden kurzen 
Zusammenfassungen der Beiträge wird ein Überblick 
über den Inhalt und die Beziehung der einzelnen Beiträge 
zueinander gegeben.

• Artikel A) Zeit, Entwurf und Konstruktion: Lernen 
aus der Veränderung der gebauten Landschaften im 
Lauf der Zeit 
Autor: Simon Colwill 

1
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• Dieser Artikel gibt einen Überblick über das 
Forschungsthema, stellt die Forschungsfrage vor 
und diskutiert die wichtigsten Faktoren, welche die 
Veränderungsprozesse der gebauten Landschaften im 
Lauf der Zeit beeinflussen. 

• Artikel B) Zeit, Patina und Verfall: Die Faktoren der 
Landschaftstransformation 
Autor: Simon Colwill 
Im Artikel B wird ein Überblick über die Einfluss- 
faktoren der Landschaftsveränderung gegeben und 
deren spezifische Besonderheiten diskutiert.

Die Artikel C, D und E befassen sich mit den folgenden 
Einzelfaktoren, die im Lauf der Zeit die gebauten 
Landschaften beeinflussen: Klima, Nutzung und spontane 
Vegetation.

• Artikel C) Klima und Verfall: Die Auswirkungen des 
Stadtklimas auf die gebaute Landschaft 
Autor: Simon Colwill 
Dieser Artikel konzentriert sich auf die Konflikte 
zwischen klimatischen Kräften und gebauten Land-
schaften im Lauf der Zeit. Es werden die Resultate von 
Studierendenworkshops und erste Forschungsergeb-
nisse der TU Berlin untersucht. Die Resultate werden in 
Form von Fallstudien vorgestellt, die den Einfluss von 
Klimafaktoren auf die gebaute Landschaft veranschau-
lichen und analysieren.

• Artikel D) Nutzung und Fehlnutzung: Das Ablesen der 
Patina von Nutzeraktivitäten im öffentlichen Raum 
Autor: Simon Colwill 
Dieser Artikel präsentiert die Konflikte zwischen der 
gebauten Landschaft und ihren Nutzern. Er enthält 
die Analyse der sich entwickelnden Merkmale und 
Symptome verschiedener Formen von Nutzung, 
Missbrauch und Gebrauchsaneignung in der gesamten 
Stadt Berlin.

• Artikel E) Ursache des Problems: Umgang mit 
den Konflikten zwischen spontaner Vegetation und 
gebauter Landschaft 
Autor: Simon Colwill 
Der Artikel diskutiert diese Konflikte, indem die 
Ursachen und Auswirkungen des spontanen Wachs-
tums im Lauf der Zeit analysiert, Schwachstellen und 
Vulnerabilität aufgezeigt, die zugrunde liegenden 
Probleme diagnostiziert und Optimierungsstrategien 
entwickelt werden.

• Artikel F) Vor-Ort-Lernen 
Autor: Simon Colwill 
Die Ergebnisse dieser Dissertation heben Entwurf 
und Detaillierung als die wichtigsten Ursachen für 
Schwachstellen in der Umsetzung landschafts- 
architektonischer Bauwerke hervor. Diese Mängel 
deuten auf unzureichende Aus- und Weiterbildung der 
Landschaftsarchitekten hin. In diesem Artikel wird auf 
mögliche Verbesserungen in der Konstruktionslehre 
eingegangen, um diese Probleme anzugehen.

• Artikel G) Hardscape vs. Softscape: Umgang mit 
den Konflikten zwischen Vegetation und gebauter 
Landschaft (unveröffentlicht) 
Autor: Simon Colwill 
Konflikte zwischen Vegetation und gebauten Land-
schaftselementen sind Thema dieses Beitrags. Der 
Schwerpunkt des Artikels ergibt sich aus der hohen 
Anzahl von ähnlichen Fallstudien, die durch diese 
Feldmonitoring-Methode identifiziert wurden.

• Artikel H) ‘Optimierte spontane Vegetation’: 
Strategische Umsetzung von ‘optimierter spontaner 
Vegetation’ an sehr gefährdeten Standorten in der 
gebauten Landschaft (unveröffentlicht) 
Autoren: Simon Colwill, Norbert Kühn und Cordula 
Loidl-Reisch 
Artikel H präsentiert eine neue Pflanzstrategie, 
die sich aus den Inhalten der Dissertation ergibt. 
Diese hat die Pflanzung von ‘optimierter spontaner 
Vegetation’ an Standorten mit hoher Gefährdung in der 
gebauten Landschaft zum Thema. Die Pflanzung zielt 
darauf ab, die Gestaltung ästhetischer, ökologischer 
und nachhaltiger städtischer Landschaften mit 
verbesserter Leistungsfähigkeit während des gesamten 
Lebenszyklus des Projektes zu ermöglichen.

Mit den Forschungsergebnissen wird für alle Akteure im 
Bereich der Landschaftsarchitektur neues Wissen generiert, 
indem neuer Erkenntnisse zusammengebracht werden, 
die zur Verbesserung von Entwurf, Konstruktion und Pflege 
von Landschafts- architekturbauwerken verwendet werden 
können. Die Hauptergebnisse dieser Forschung sind die 
entwickelten Monitoring-Methoden zur Beurteilung von 
Schwachstellen, Vulnerabilitäten und der allgemeinen 
Leistungsfähigkeit von gebauten Landschaftselementen 
in der Planungs-, Umsetzungs- und Nutzungsphase 
des Projektzyklus. Die Forschung folgt einer zyklischen 
Forschungsmethode von der Untersuchung vor Ort 
über die Auswertung bis hin zur Dokumentation, um 
neues Wissen für zukünftige landschaftsarchitektonische 
Entwurfsprojekte zu generieren. Diese Monitorings- und 
Evaluierungsmethoden ermöglichen die Identifizierung 
der am häufigsten auftretenden Schwachstellen und 
Vulnerabilitäten in gebauten Landschaften, die Aufdeckung 
von Ursachen und die Entwicklung von Lösungsansätzen.

Der Katalog (Teil 2) mit den Ergebnissen der Fallstudien- 
evaluierungen kann von Anwendern genutzt werden, um 
Veränderungen vorherzusagen und Schwachstellen in der 
Planungsphase zukünftiger Projekte analog zu erkennen. 
Er kann auch in der Nutzungsphase zur Unterstützung von 
Bauwerksinspektionen eingesetzt werden.

Die Verwendung dieser Forschungsergebnisse 
ermöglicht in der landschaftsarchitektonischen Praxis 
Veränderungsprozesse zu identifizieren, zu evaluieren 
und zu prognostizieren, wodurch die Leistungsfähigkeit 
von gebauten Landschaften verbessert und ein wichtiger 
Beitrag zur Nachhaltigkeit, Resilienz und Dauerhaftigkeit 
der Landschaftsarchitektur geleistet wird.
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This practice orientated cumulative PhD thesis is based 
on the hypothesis that it is possible to optimise design, 
detailing, construction and maintenance techniques by 
monitoring and evaluating the development of landscape 
architecture projects at regular intervals after completion. 
The aim is to enhance the performance of future projects 
by analysing the weak points and vulnerabilities of existing 
built works using a qualitative and quantitative case study 
research method. An individual methodological approach 
was developed for the root cause analysis and monitoring 
procedure as well as for the development of optimisation 
strategies. This cumulative thesis is divided into two parts. 
Part 1 contains the written thesis itself including the 
individual papers, which explains the research objectives 
and methods and presents the research results. Part 2 is 
the ‘Catalogue of weak points and vulnerabilities’ which 
contains the case study evaluations and optimisation 
strategies resulting from the research.

Built landscape architecture works are dynamic evolving 
systems interacting with the natural environment and 
patterns of use. The process of patination and subsequent 
deterioration of built landscapes highlight weak points of 
the design as well as deficiencies in detailing, construction 
and maintenance. These processes however can also 
inform practitioners on the implications of design, 
detailing, usage, weathering and maintenance. The current 
poor state of many built landscape architecture projects 
justifies the need for more effective monitoring and 
feedback from built works. 

In this research, the time-bound behaviour of 
contemporary landscape architectural elements in the 
city of Berlin was examined based on a non-destructive 
multi-temporal analysis under the prevailing contextual 
conditions. The ‘built landscape elements’ central to this 
research are for example steps, paths, edgings, drainage 
elements, tree grates, seating elements, fences and walls.

Weak points are areas of a structure that due to the design, 
construction, particularly exposed location (corners, 
edges etc.) or particularly high demands (surfaces with 
ground contact etc.) are of especial vulnerability. Inherent 
weaknesses are an unavoidable factor of all structures 
resulting from the design, material properties or wear and 
tear (e.g. the corner of a table). Weaknesses can however 

also be caused by misjudgements in the planning and 
execution of the design, low quality materials or by poor 
workmanship and maintenance. Weaknesses can be 
minimised or avoided through learning from previous 
failures by monitoring project development and providing 
feedback to the profession. Many frequently occurring 
points of weakness and vulnerability were identified 
throughout this research. The repetitive nature of these 
weaknesses underlines a distinct lack of knowledge within 
the profession of the processes influencing change to built 
landscapes through time.

The causal analysis and monitoring methods developed in 
this research project are based on similar systems for the 
visual inspection of engineering works. Annually repeated 
photographic surveys of changes to the built landscape 
elements in three zoom factors: context, object, and detail 
images, form the basis for the subsequent analysis and 
evaluation which is reliant on the judgement of experts. 
The core period of research covered the first 5-9 years 
of post-completion development of the built elements, 
further one-off surveys of older projects allowed for a 
period of up to 27 years to be analysed. The photographic 
recordings were assigned metadata (e.g. location, 
completion date, facility, material), grouped as case study 
sequences, and stored in a database. Through comparisons 
between the original state and successive recordings, 
process-dependent changes became visible and frequently 
occurring points of weakness and vulnerability were 
pinpointed. Comparisons of the rate of change allowed 
premature ageing to be determined, and the most 
significant causes identified. 

The following papers were drafted as part of this 
cumulative dissertation. All papers focus on the core 
themes of this doctoral research and implement the cause 
analysis methodology through evaluating case studies. In 
the following brief summaries of the papers, an overview 
is given on paper content and how the individual papers 
relate to one another.

1 SUMMARY

READING PATINA: 
LEARNING FROM THE CONTEXTUAL CHANGE OF 
BUILT LANDSCAPE ARCHITECTURE ELEMENTS 
OVER TIME IN BERLIN



14

• Paper A) Time, Design and Construction: Learning 
from Change to Built Landscapes Over Time. 
Author: Simon Colwill.  
This paper provides an overview of the research topic, 
presents the research question and discusses the main 
factors influencing change to built landscapes over 
time. 

• Paper B) Time, Patination and Decay: The Agents of 
Landscape Transformation.  
Author: Simon Colwill.  
In Paper B, an overview of the agents of landscape 
transformation are presented and their individual roles 
discussed. 

Paper C, D and E focus on the following individual agents 
that influence built landscapes over time; climate, use and 
spontaneous vegetation. 

• Paper C) Climate and Decay: The impact of the urban 
climate on built landscape. 
Author: Simon Colwill.  
This paper focuses on the conflicts between climatic 
forces and built landscapes through time. It explores 
the findings of student workshops and the initial 
results of research at the TU Berlin. Results are 
presented in the form of case studies, illustrating 
and analysing the impact of climatic agents on built 
landscape. 

• Paper D) Use and Abuse: Reading the Patina of User 
Actions in Public Space. 
Author: Simon Colwill.  
This paper explores the conflicts between the built 
landscape and its users by analysing the evolving signs 
and symptoms of various forms of use, abuse and use 
appropriation throughout the city of Berlin. 

• Paper E) The Root of the Problem: Addressing the 
Conflicts between Spontaneous Vegetation and Built 
Landscape. 
Author: Simon Colwill.  
This paper discusses these conflicts by analysing the 
causes and effects of spontaneous growth over time, 
pinpointing areas of weakness and vulnerability, 
diagnosing the underlying issues, and developing 
optimisation strategies.

• Paper F) On-site learning 
Author: Simon Colwill.  
The results of this doctoral research highlight 
design and detailing as the most significant cause of 
weakness. These shortcomings indicate insufficiencies 
in the education and training of landscape architects. 
Therefore, this paper discusses possible improvements 
in the teaching of landscape construction in order to 

address these issues. 

• Paper G) Hardscape vs Softscape: Addressing the 
Conflicts between Vegetation and Built Landscape. 
(Unpublished) 
Author: Simon Colwill.  
Conflicts between vegetation and built landscape 
elements are the focus of this paper. The focus of the 
paper results from the large number of related case 
studies identified through the field research. 

• Paper H) ‘Enhanced Spontaneous Vegetation’: The 
Strategic Implementation of ‘Enhanced Spontaneous 
Vegetation’ at Points of High Vulnerability in the Built 
Landscape. (Unpublished) 
Authors: Simon Colwill, Norbert Kühn and Cordula 
Loidl-Reisch. 
Finally, Paper H presents a new planting strategy 
that is emerging as a result of this doctoral research 
involving the planting of ‘enhanced spontaneous 
vegetation’ at points of high vulnerability in the built 
landscape. This planting aims to enable the design of 
more aesthetical, ecological, and sustainable urban 
hardscapes with improved performance throughout 
the project life cycle. 

The research results benefit all stakeholders in the field 
of landscape architecture by generating a breadth of 
new knowledge that can be used to enhance the design, 
construction and maintenance of landscape architecture 
works. The main results of this research are the resulting 
monitoring methods for assessing weak points, 
vulnerabilities and general performance of built landscape 
elements in the planning, implementation and occupancy 
phase of the project cycle. This follows a cyclic research 
method from on-site investigations to interpretation and 
documentation in order to generate new knowledge for 
future landscape architecture projects. These monitoring 
and evaluation methods enable the identification of 
the most frequently occurring points of weakness and 
vulnerability in built landscape works, the pinpointing 
of causes and the development of possible solutions. 
The catalogue (Part 2) with the results of the case study 
evaluations can be used by practitioners in order to predict 
change and detect points of weakness by analogy in the 
design phase of future projects. This can also be used for 
supporting post occupancy constructional inspections. 

The use of this research enables practitioners of landscape 
architecture to identify, evaluate and forecast change, thus 
enhancing the performance of built landscape works and 
making an important contribution to the sustainability, 
resilience and durability of landscape construction. 
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INITIAL QUESTIONS AND OBJECTIVES

The central aim of this research project was to develop 
monitoring methods to assist landscape architects, clients 
and contractors in identifying and diagnosing (diagnosis) 
weak points and vulnerabilities in built landscape 
works, thus avoiding them in new projects (prognosis). 
The research also focused on developing optimisation, 
prevention and protection strategies for the weaknesses 
identified. The objective is to optimise the quality and 
durability of built landscape architecture projects in terms 
of sustainable planning, construction and maintenance 
processes. 

The research project was based on the hypothesis that it is 
possible to optimise design, detailing, construction and 
maintenance techniques by monitoring and evaluating 
the development of projects at regular intervals after 
completion. This follows a cyclic research method from 
the initial on-site investigations to interpretation and 
documentation of the resulting data in order to generate 
new knowledge for the implementation of future projects 
(Fig. 1).
 

INTRODUCTION
READING PATINA

Schematic diagram of the hypothesis

Figure 1

2
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The subjects of research were landscape elements, or 
combinations of these, in public or semi-public open 
spaces (Fig. 2), built between 1990 and 2015 in the city of 
Berlin, Germany. Since reunification, a large number of 
typologically different landscape architecture projects have 
been planned and implemented in Berlin. The current, 
often desolate state of some of these projects reflects 
on the one hand the financial distress of the city (BMUB 
2015: 12, 33, 74) - a fact that increasingly applies to cities 
throughout the world - on the other hand a clear lack of 
knowledge on the time-bound and contextual processes of 
change (Colwill: 2019). The required design, material and 
constructional bandwidth of the objects to be examined 
was achieved by selecting a large number and variety of 
open spaces such as city squares, parks, forecourts and 
promenades by diverse international landscape architects. 
Award winning projects or those resulting from national or 
international design competitions were preferred. For the 
purpose of narrowing down the subject area the following 
typologies are excluded from this study:
• Playgrounds and  green roofs:  many guidelines, 

recommendations and regulations are available 
relating to inspections, safety, maintenance and repair 
of these elements over time. 

• Plantings: a new research project implementing 
similar research methods is suggested. 

• Water features: these are technical structures that 
are considered too complex to be evaluated with this 
visual method .

Weak points are areas of a structure that due to the design, 
construction, particularly exposed location (corners, 
edges etc.) or particularly high demands (intensively 
frequented surfaces etc.) are of especial vulnerability. 
Inherent weaknesses are an inevitable and unavoidable 
factor of all structures resulting from the design of the 
structure, material properties and wear and tear; for 
example, mechanical damage to exposed edges of steps 
or the natural discolouration of wood (greying) (Colwill 
2017b: 294). Inherent weakness can be optimised, but not 

completely eliminated, through improved design, quality of 
materials and maintenance. However, weaknesses can also 
be caused by misjudgements in the planning and execution 
of the design, low quality materials, poor workmanship 
and maintenance. Budgetary restraints are also a major 
influence on the quality and durability of works over time. 
These weaknesses can be minimised or avoided through 
increasing awareness of previous failures by monitoring 
change and providing feedback to the profession– thus 
avoiding failure repetition (Ibid).

Built landscape elements are defined as the physical 
component parts of a landscape construction. These 
include individual materials and assemblies of materials 
such as structural elements and site furniture. This 
research focused on the following classifications of 
landscape elements:

Built landscape elements
• Decking, platforms and boardwalks 
• Drainage elements
• Facades and structures (adjoining surfaces and 

elements)
• Fences, railings, handrails and barriers
• Irrigation systems
• Paving and edgings (exterior flooring)
• Ramps 
• Services and manhole covers
• Site furniture: 
 - Benches
 - Bike stands
 - Bollards
 - Lighting elements
 - Signage
 - Waste containers
• Steps 
• Tree grates and guards
• Vegetation and planting details
• Walls

Classification of open space (according to character of use / ownership)

Figure 2
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During the course of the research new material specific 
and material unspecific classifications became necessary 
in order to address the specific characteristics of the weak 
points identified.

Material specific weak points
Material specific weak points result from the specific 
properties of individual materials and their surface 
treatments. 

Material unspecific weak points
These weak points are independent of the specific 
implemented material or building elements. Problems 
occur mainly due to susceptibility to malicious damage, 
graffiti and spontaneous growth in the public realm.

Built landscapes undergo constant dynamic change, 
for example, due to exposure to environmental forces, 
the processes of use and misuse, and the intensity and 
frequency of maintenance and repair (Colwill, 2017a: 315, 
316). Landscape elements and materials are therefore 
subject to a variety of stresses such as:
• Specific mechanical stresses on the elements 

themselves resulting, for example, from the design, 
construction methods, choice of materials or 
constructive building protection.

• Contextual mechanical stresses on built landscape 
elements influenced by the space in which they 
are located. For example, the level of exposure, the 
specific climate, the type and intensity of use and 
vandalism.

The research aimed to record, analyse and evaluate these 
stresses while taking into account the processes of time-
bound change. 

This PhD research is based on findings gained from diverse 
preliminary investigations in the context of teaching and 
research at the Technical University Berlin. The extensive 
collection of approximately 60,000 multi-temporal 
photographic recordings and on-site investigations taken 
between 2007 and 2013 from landscape architecture 
projects in Berlin, formed the initial basis of the research 
(see Fig 3). This preliminary research period enabled 
the main focus and methodology for the DFG (German 
Research Foundation) research project and the PhD thesis 
to be defined. This led to the development of the following 
scientific objectives:

• Expand the depth of knowledge on interactions 
between design, building materials, technical 
implementation, maintenance and time-bound, 
contextual change processes that occur after 
completion.

• Develop a non-destructive method for the detection 
and localisation of frequently occurring weak points 
and vulnerabilities in built landscape architecture 
in the sense of a low-threshold and non-destructive 
diagnostic and prognostic tool. Identify the types and 
frequency of the pathologies found.

• Determine through on-site investigation the possible 
causes (contextual mechanisms and processes) of 
specific effects (visible indicators) on built landscape 
elements over time.

• Establish a monitoring procedure for assessing 
weak points, vulnerabilities and general performance 
of built landscape elements in public open spaces 
by documenting and evaluating change. This also 

Overview of the field research periods in relation to the PhD research period
Figure 3
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involves the creation of a data collection system 
for the development and storage of this time based 
knowledge.

• Develop a forecasting instrument, which aims to 
optimise future built landscape elements in the 
planning phase with regard to durability, resilience 
and maintenance and thus makes a significant and 
necessary contribution to sustainability. 

• Exchange knowledge between various stakeholders 
through interdisciplinary expert interviews and 
evaluations, symposiums and workshops thus 
developing a shared knowledge base.

• Develop optimisation, prevention and protection 
strategies for dealing with weak points and 
vulnerabilities in the design, construction and 
maintenance of landscape architecture projects.

• Disseminate the research results to the broadest 
possible audience through workshops, symposiums, 
presentations at conferences, teaching and 
publications.

Further recordings were made during the DFG financed 
research period raising the total to approximately 90,000 
photographic recordings. This data provided a substantial 
basis for the selection of the case studies and subsequent 
evaluations. 

Overview of the research project cycle
Figure 4
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RESEARCH METHOD

The research method was based on empirical inquiry 
following the case study methodology involving both 
qualitative and quantitative evidence (Yin 2014: 109; 
Colwill: 2018a). Photographic recordings were taken at 
regular intervals over a 5-9 year period from the time 
of project completion. Further surveys of older projects 
allow for a period of 27 years to be analysed (Fig 3). The 
causal analysis method developed in this research project 
was based on similar systems for the visual inspection 
of engineering works and is reliant on the judgement of 
experts (e.g. RI-EBW-PRÜF: 2017, DIN 1076:1999, ISO 15686-
8:2008(E), Suda et al: 2007). Through documentation and 
comparisons between the original state and successive 
recordings (pre-post comparison) process-dependent 
changes become visible. The multi-temporal images 
depicting specific weak points and vulnerabilities over 
time were then chronologically ordered as sequences 
and grouped to form case studies. Each of the case 
studies resulting from the field research represents the 
development of ‘a contemporary phenomenon within 
its real life context’ (Yin 2014: 13). The principles of 
construction pathology were used to identify relationships 
between the ‘visual signs and symptoms’ (effects) 
observed and pathological conditions’ (causes) (Watt 
1999: 1-7, 159-165). This enabled causes to be determined 
and recommendations for the most appropriate course 
of action to be made (Ibid). A quantitative analysis of the 
results revealed frequently occurring points of weakness 
and vulnerability that need special attention in design, 
detailing, implementation and maintenance. Comparisons 
of the rate of change allowed for premature ageing to be 
determined, and the most significant causes identified. 

In order to advance the research results beyond academic 
audiences and gain first-hand knowledge from active 
practitioners in the field, multidisciplinary expert 
interviews and evaluations with landscape architects and 
landscape contractors as well as with researchers took 
place. 

Figure 4 provides an overview of how the PhD research 
cycle was structured. The research cycle begins with on-
site data collection followed by the documentation of this 
fieldwork. Selected results of the documentation are then 
analysed, the results of the analysis are then documented  
and fed back to the profession, for example through 
publications, teaching and conferences.

The research itself was carried out based on the following 
clearly defined programme subdivided into 7 research 
phases. This programme was not planned as a strictly 
linear model thus allowing for a sequence of iterations and 
changes during the research activities. 

RESEARCH PROGRAMME

Research phase 1: Theory
The first phase of the research program determined the 
existing state of scientific knowledge through in-depth 
multidisciplinary research in libraries, archives, databases, 
etc., as well as interviews with experts. Working methods, a 
procedure for project selection, and a system for evaluating 
the development of built landscape elements were 
developed. 

Research phase 2: Collection of supplementary data
The second phase focused on the implementation of 
the remaining site surveys as a basis for the subsequent 
analysis and evaluation. This data mainly consisted of 
photographic images at three zoom factors- context images 
(representing the total site as well as contextual and spatial 
interrelationships), object images (showing the individual 
landscape elements as well as the transitions to adjacent 
surfaces and objects), and detail images (providing 
detailed information on the construction, surfaces and 
fixings). Data collection reports and project data sheets 
were used to record information from the field studies as 
well as background data concerning the site itself such as; 
construction periods, specific location, date of completion, 
maintenance level. Background data for case studies was 
obtained from local planning authorities, publications, 
planning offices and web based resources. 

The first project-specific multidisciplinary international 
workshop and symposium ‘Reading Patina 1.0: Learning 
from the deterioration of built landscapes through time’ 
took place within this phase. The aim of the symposium 
was to generate discussion, reflection and feedback on 
this topic from a greater scientific audience together 
with various other stakeholders. Initial results of this PhD 
research were presented and discussed together with 
presentations of experts from related fields of study. The 
second day focussed on interdisciplinary discussion of the 
main topics of the research project and the development of 
optimisation strategies.

‘Reading Patina 1.0: Learning from the deterioration 
of built landscapes through time’. 
International Symposium and Workshop, 7th to 9th July 
2016 (held in English)
Lectures: 

Simon Colwill, TU Berlin 
‘Reading Patina: Theory and Practice’
‘The Reading Patina Database’
‘Vandalism!’

Guest Lecturers: 
Prof. Cordula Loidl-Reisch, TU Berlin
Assoc. Prof. Liat Margolis, Toronto University (CA)
Barbara Deutsch, Landscape Architecture Foundation 
(USA), 
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Dr. Bettina Wettstein, TU Kaiserslautern (DE),
Keynote lecturer: 

Prof. Niall Kirkwood, Harvard Graduate School of 
Design (USA)

Research phase 3: Preparation and management of data
In this phase a database was created for storing and 
retrieving the comprehensive recordings. With the 
necessary supplementary recordings taken during 
the research period, there were a total of over 90,000 
recordings available for evaluation. A screening process 
was used to critically review and sort the most indicative 
recorded material. The recordings were then stored in the 
database and step by step basic metadata (location, project 
type, completion date etc.) was added.

Research phase 4: Analysis and interpretation of data
In phase 4 the identification of frequently occurring 
points of weakness and vulnerability was carried out by 
qualitative and quantitative analysis of the data collected. 
The multi-temporal images from the database that clearly 
portrayed weak points and vulnerabilities were then 
grouped for each landscape element to form case studies. 
These were then chronologically ordered as sequences 
displaying multi-temporal change over time. Over 600 case 
studies (approximately 17,000 images) were selected and 
assigned additional descriptive metadata in order to form 
data sets for the subsequent analysis (Fig. 5).

Multidisciplinary expert interviews and evaluations took 
place in order to carry out the condition classification, 
determine the most probable causes (root cause analysis), 
and develop optimisation strategies. The number of 
interviews and stakeholder groups were chosen according 
to the available time and resources, the level of diversity 
of the case studies to be evaluated, and the desired 
‘outputs’ aimed at diverse audiences. This led to a series 
of nine expert interviews from three stakeholder groups: 
3 landscape architects, 3 landscape contractors and 3 
researchers, who each evaluated a total of 159 case studies 
(159 individual case study evaluations by 9 experts, a total 
of 1431 evaluations). 

The expert interviews were subdivided into three parts:

1. Case study analysis using visual prompts (case study 
example see Fig. 6) 
Condition Classification form I (very good) to V (not 
given, unsafe, irrepairable) for to the following criteria: 

Functionality: Usability, function, process-related 
serviceability and safety
Stability: The carrying capacity of the structure at 
the time of the survey
Durability: The ability of structure to withstand 
scheduled use through expected service life

Data base overview.

Figure 5
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2. Root cause analysis: 
a) The root causes of change were assessed according 

to the following criteria:
Context: 
- Site and Contextual factors
Component Quality: 
- Design and detailing factors, 
- Material specific factors,
- Implementation factors (Workmanship)
Operating Conditions: 
- Environmental processes (weathering), 
- User actions/usage, 
- Maintenance and repair, Force majeure
[Kirkwood, 1999: 166-177; Colwill, S. (2016): 398].

b) Weighting of the evaluation criteria (checklist): 
The impact of each evaluation criteria was then 
weighted from high to medium, low or insignificant. 
Possible optimisation, prevention and protection 
strategies were then developed for each case study. 
These strategies were discussed, notes were taken and 
drawings made.

3.  The interviews concluded with a general discussion 
on the strengths and weaknesses of contemporary 
landscape architecture works - observations, 
problems, and solutions.

The prioritisation (weighting) of the individual evaluation 
criteria highlighted the key priorities of each expert. 
This enabled the main causes to be determined and 
recommendations for the most appropriate course 
of action to be developed from varying professional 
perspectives. The results highlight the perspectives of each 
stakeholder group, leading to a better understanding of 
both individual and shared values, priorities and concerns.

Research phase 5: Development of optimisation, 
prevention and protection strategies
The objective of the 5th phase was to develop prevention, 
minimisation and protection strategies for the weak 
points and vulnerabilities identified in phase 4. Based on 
the findings of the interdisciplinary expert interviews, 
strategies that counteract the weaknesses were developed. 
The results were represented in the form of texts, drawings, 
diagrams, recommendations and checklists. 

The second symposium took place within this phase in 
order to present and discuss the initial results amongst 
various stakeholders and thus gain valuable feedback. 
Guest lectures of experts from associated fields allowed 
a broad discussion of the research topic from various 
perspectives.

‘Reading Patina 2.0: Zeit und Veränderung’ (Time 
and Change).
Symposium/workshop, 5th July 2018 (held in German)
Lectures: 

Simon Colwill, TU Berlin
‘Zeit und Veränderung’ (Time and Change)

Guest Lecturers: 
Prof. Peter Petschek, Hochschule für Technik 
Rapperswil (CH) 
Dr. -Ing Florian Bellin-Harder, Universität Kassel (DE) 
Dr. Noël van Dooren, Van Hall Larenstein Velp (NL) 

Research phase 6: Summary and discussion of the results
In this phase the research results were summarised 
and scientific conclusions presented. The results were 
discussed in relation to the initial research questions as 
well as their implications for planning, construction and 
maintenance practices in landscape architecture. Starting 
points for future research were also identified in this phase.

Research phase 7: Compilation of the PhD thesis
The last phase focussed on the compilation of texts and 
diagrams for the PhD thesis. The presentation format for 
the presentation of the case study evaluations catalogue 
was also developed and implemented.

Change to wooden bench under a tree canopy over 7 years. 
a) Year of completion
b) 1 year later
c, d) 7 years after completion

Figure 6

a

c d

b
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INTRODUCTION TO THE SCIENTIFIC PAPERS 

In the following brief summaries of the scientific papers an 
overview is given of paper content and how the individual 
papers relate to one another. All papers focus on the 
core themes of this doctoral research and implement 
the cause analysis methodology by evaluating case 
studies.  The research and monitoring methods  have been 
continuously developed over the entire research period 
through repeated analysis and evaluations. The individual 
papers therefore reflect a continued development of these 
research methods and are thus presented chronologically. 
The resulting post occupancy monitoring and evaluation 
methods for assessing weak points, vulnerabilities and 
general performance of built landscape elements in public 
open spaces are presented in the synthesis of this PhD 
thesis. 

The following papers were drafted as parts of this 
cumulative dissertation. 

• Paper A provides an overview of the research topic, 
presents the research question and discusses the main 
factors influencing change to built landscapes over 
time. 

Paper A) Time, Design and Construction: Learning from 
Change to Built Landscapes Over Time
Author: Simon Colwill 
The paper discusses the initial results of this PhD research 
at the TU Berlin focusing on the deterioration of built 
landscapes through time. This research is based on the 
hypothesis that it is possible to optimise design, detailing, 
construction and maintenance techniques through 
continued analysis of existing projects at regular intervals 
after completion. Time leaves traces on the surface of built 
landscape, for example through weathering, biological 
growth, use and/or misuse. The speed of this change is 
often alarming. Time related processes of deterioration 
highlight weak points of the design as well as deficiencies 
in detailing, construction and maintenance. The research 
aims to develop a non-destructive monitoring method to 
‘read’ these traces of time through multi-temporal analysis 
of existing projects. Construction surveys of the elements 
are evaluated in order to make these time-bound processes 
of change visible and pinpoint frequently occurring points 
of weakness. This includes an analysis of the context, 
location, type, use, material and construction of the 
elements. A low-threshold anticipatory method is then 
developed to optimise future landscape projects during the 
design and detailing phase with regard to their durability 
and resilience. 
The construction teaching methods evolving from this 
research enable integrative learning within the fields 
of landscape design, urbanism, sociology of space, 
climatology, construction, maintenance and management. 

The students evaluate ‘real’ projects on site, examine the 
root causes of change and reflect on interrelations between 
design, building materials, technical implementation, 
maintenance and the processes of context-related change 
over time. The students then develop strategies for 
deterring weakness and vulnerability in future projects.
This focus on the time factor connects the built landscape 
and professional practice with academic knowledge. It 
enables continued learning from built works on an ongoing 
basis throughout one´s professional career.

• In Paper B, an overview of the agents of landscape 
transformation are presented and their individual roles 
discussed. 

Paper B) Time, Patination and Decay: The Agents of 
Landscape Transformation
Author: Simon Colwill
This paper discusses conflicts between the processes of 
patination and eventual deterioration of built landscapes 
through time. Patination is a process of addition to a 
surface acquired through age and exposure. This may also 
be followed by decay, a detrimental process of subtraction 
from a surface. The transformation between these two 
processes can be quickly exceeded due to unfavourable 
design, detailing, construction, weathering, usage and/or 
maintenance. 
Built landscapes undergo constant dynamic change due 
to exposure to environmental forces, the processes of 
use and misuse, together with the quality and frequency 
of maintenance. These agents of decay seldom act 
independently, more commonly they act in combination 
with one another. They occur predominantly in a cyclic, 
rhythmic manner, from daily (morning to night) to yearly 
cycles (spring to winter) throughout the entire project 
lifecycle (cradle to grave). These time-related processes 
of patination, deterioration and decay highlight the 
imperfections of the design as well as deficiencies in 
detailing, construction and maintenance. Through 
analysing these traces of time on the surface of built 
landscape the aggressive agents influencing change can 
be identified and frequently occurring areas of conflict 
identified. Landscape architects can combat these agents 
through the optimisation of design, detailing, construction 
processes and maintenance regimes throughout the 
project cycle. Regular monitoring of post-completion 
development together with the implementation of 
necessary design and/or technical alterations can avoid 
premature deterioration. 
The paper focusses on initial research results from 
research at the TU Berlin that is developing a non-
destructive monitoring method to ‘read’ the traces of 
time through multi-temporal analysis of existing projects. 
By understanding the causative agents of change, 
optimisation strategies can be developed to enhance future 
projects with regard to their durability and resilience. 
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• Paper C, D and E focus on the following individual 
agents that influence built landscapes over time; 
climate, use and spontaneous vegetation.

Paper C) Climate and Decay: The impact of the urban 
climate on built landscape
Author: Simon Colwill
This paper focuses on the conflicts between climatic forces 
and built landscapes over the project lifecycle. It explores 
the findings of student workshops and the initial results of 
this PhD research at the TU Berlin.
The impact of climatic processes on built landscape is 
determined by the level of climatic exposure together with 
the form of the structure itself and the properties of the 
materials used such as albedo, thermal conductivity and 
heat storage capacity. Climate is however not a constant 
factor, it follows cyclical rhythms for example from 
morning to night and seasonal change, which are often 
disturbed by unpredictable incidents such as storms and 
other extremes. This leads, together with other ageing 
factors (e.g. usage, maintenance), to surface patination and 
eventually to deterioration and decay. 
Workshops were held in cooperation with the Department 
for Climatology at the TU Berlin over a one year cycle. 
They were aimed at improving our understanding of the 
impact of climatic processes (e.g. temperature, humidity 
or solar radiation) by mapping traces of weathering on 
built landscape elements in various materials. A thermal 
imaging camera, hygrometer and other diverse climatic 
instruments were utilised to gain detailed readings from 
the objects themselves and their surrounding contexts. 
Students assisted in developing the research strategy, were 
involved in on-site research and analysed the resulting 
data. The results enabled the students to determine the 
resilience of various structures and materials to climatic 
influences as well as points of design and constructional 
vulnerability. The research results also highlight the 
impact of climate on thermal comfort. Research results 
are presented in the form of case studies, illustrating and 
analysing the impact of climatic agents on built landscape. 

Paper D) Use and Abuse: Reading the Patina of User 
Actions in Public Space
Author: Simon Colwill
One of the most aggressive agents influencing change to 
built landscapes is the user. This usage is influenced by 
many factors such as the activities and functions available, 
climatic factors, the time of day, the day of the week and 
seasonal variations. In structural terms, usage is a form 
of mechanical loading which can be static or dynamic 
and exerts force upon the structure. Repeated cycles of 
use therefore lead to wear and tear; the intensity and 
frequency of these interactions dictate the impact of these 
forces over time. 
This paper explores the conflicts between the built 
landscape and its users by analysing the evolving signs 

and symptoms of various forms of use, abuse and use 
appropriation throughout the city of Berlin. Abuse refers to 
the impact of wilful destruction which is a form of criminal 
vandalism. In addition, ‘passive’ vandalism in the form of 
use appropriation or unintentional destruction can occur. 
Overuse leads to an increased frequency and/or intensity 
of loading and wear which often results in an increased rate 
of deterioration and damage. Use is also an indirect form of 
maintenance, for example humans suppress spontaneous 
growth through trampling and conserve wooden handrails 
through contact with their hands. Thus, underuse often 
leads to an increased rate of material deterioration, soiling 
and spontaneous growth and therefore to a need for 
increased maintenance. 
The visible traces of use and abuse are embedded in the 
form of wear, erosion, organic sediments, pollution, dirt 
and vegetation growth on the surfaces of our built works. 
By applying the principles of construction pathology this 
patina can be ‘read’ and deciphered, the influencing factors 
determined and optimisation strategies established. The 
data resulting from this PhD research enables a detailed 
interpretation of the impact of use and abuse as well as a 
deeper understanding of the causative processes involved. 
Case studies from the research are presented, illustrating 
and analysing the conflicts between user actions and the 
built landscape.

Paper E) The Root of the Problem: Addressing the 
Conflicts between Spontaneous Vegetation and Built 
Landscape
Author: Simon Colwill
Built landscapes are under relentless attack from 
both spontaneous urban vegetation (plants that 
colonise naturally without cultivation) and the gradual 
encroachment (spreading) of existing ornamental plantings 
onto adjacent surfaces. The location, spread and rate of 
this growth is highly influenced by microclimatic factors, 
the availability of soil and propagules, and the frequency of 
disturbance. Spontaneous urban plants are highly adapted 
to the harsh urban environment and colonise the built 
landscape both overground through seed dispersal and 
underground by means of regeneration from rhizomes. The 
encroachment of plantings beyond planned boundaries 
onto surrounding surfaces often occurs due to unrestrained 
growth and the insufficient removal of rooting substrate 
from the border area between soft and hard landscape. 
This paper discusses these conflicts by analysing the 
causes and effects of this growth over time, pinpointing 
areas of weakness and vulnerability, diagnosing the 
underlying issues, and developing optimisation strategies.

Research at the TU Berlin is focusing on analysing the 
processes of patination and subsequent deterioration of 
built landscapes over time. The principles of construction 
pathology are used to identify relationships between 
the observed ‘visual signs and symptoms’ (effects) 
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and ‘pathological conditions’(causes) (Watt 1999). This 
enables causes of deterioration to be determined and 
recommendations for the most appropriate course of 
action to be made (Ibid). This paper focuses on developing 
optimisation strategies for the areas of weakness and 
vulnerability identified, and therefore aims to enhance the 
durability and resilience of our built works.

• The results of this PhD research highlight design and 
detailing as the most major cause of weakness. These 
shortcomings indicate insufficiencies in the education 
and training of landscape architects. Therefore, Paper 
F discusses possible improvements in the teaching 
of landscape construction in order to address these 
issues. 

Paper F) On-site learning
Author: Simon Colwill
This paper discusses landscape construction teaching 
methods that focus on learning from field trips and on-site 
assignments. It argues that it is not possible to teach the 
real complexity of landscape construction techniques 
merely in the classroom by presenting theory, facts and 
showing examples of real projects. Built landscapes are 
far more dynamic system influenced by factors such as 
weathering, use and abuse, decay, biological growth 
and maintenance. Therefore, in order to understand this 
complexity, construction teaching in the classroom needs 
to be accompanied by on-site learning activities. 
Field trips, excursions and on-site assignments provide 
intense learning opportunities, giving students the 
opportunity to experience landscape and materials under 
construction or in use. These field activities are vastly 
enriched when accompanied by the project designer, 
construction firm and/or client together with the design 
and construction drawings. The first hand experiences of 
project stakeholders enable, for example, discussion on 
contradictions between design intention and construction, 
or implementation problems and solutions. As well as 
taking students out on field trips, guest lecturers from the 
‘real world’ are brought into the classroom. Guest lectures 
from practitioners and industry experts bring professional 
practices and perspectives into the classroom. The key aim 
is to establish knowledge exchange between academics 
and practitioners, linking theory to practice, taking 
students to the field and bringing professionals to the 
classroom for mutual benefit.
In the construction phase students learn from the scale 
and complexity of construction-sites and gain a feel for 
craftsmanship and construction techniques, foundations, 
dimensions, materials and detailing, much of which are no 
longer visible after completion. In the usage phase students 
experience built landscape as a dynamic evolving system 
interacting with the natural environment and patterns of 
use. 
The benefits of on-site learning include the experience of 

space and design; the time-bound effects of weathering, 
site use or misuse, materials, details, decay, maintenance 
and the overall atmosphere of the site. There are also 
additional ‘passive’ learning gains from spending time on 
site, for example through observations of thermal comfort 
or patterns of human use. This enables students a deeper 
understanding of the dynamic nature of built landscape 
works. The added dimension of on-site learning enables 
integrative learning in all fields of landscape architecture, 
urbanism, sociology of space, climatology, construction, 
maintenance and management. 
In contrast to conventional classroom teaching, on-site 
learning forces students to confront all facets of a project 
simultaneously, students need to think and discuss at the 
spur of the moment before formulating a multifaceted 
seminar paper. This on-site learning approach treats built 
landscape projects as research objects, avoids copy-
paste learning and enables a more integrative approach 
to teaching landscape construction. These techniques 
complement more traditional learning techniques in 
lecture halls and seminar rooms. 

• Conflicts between vegetation and built landscape 
elements are the focus of Paper G. The focus of the 
paper results from the large number of related case 
studies identified through the field research. 

Paper G) Hardscape vs Softscape: Addressing the 
Conflicts between Vegetation and Built Landscape 
(Unpublished)
Author: Simon Colwill
This paper focusses on the results of field research that 
depict the evolving conflicts between hardscape (hard 
landscape materials)and softscape (planting areas) over 
the course of time. Many frequently occurring points of 
weakness and vulnerability were identified. The most 
common conflicts involve the growth of spontaneous 
urban vegetation directly upon hard landscapes and 
the encroachment of existing ornamental plantings 
onto surrounding structures. Root heave resulting from 
conflicts between structures and existing trees or large 
shrubs was also found. In addition, surface soiling and the 
blocking of drains due to the deposition of organic matter 
(leaves, blossom, etc.) and other airborne sediments were 
repeatedly detected. 
Inadequate maintenance often leads to the development 
of successive phases of spontaneous vegetation that 
establishes on its own and thrives without maintenance. 
This growth can become damaging over time as more 
aggressive woody plants with more extensive root and 
shoot systems develop. The subsurface growth of root 
systems is particularly difficult to remove once established. 
When only surface growth is removed, many species can 
quickly grow back from these subsurface root systems. 
Effective maintenance therefore requires that potentially 
harmful or particularly resilient root systems are removed 



27

at regular intervals before they can establish themselves. 
The reduced budgets available for maintenance 
operations force landscape architects to focus more on 
the maintainability of their projects in the design and 
detailing phase of the project. It is therefore essential 
that the design, detailing and material selection reflects 
the frequency and quality of maintenance available. 
Considerations also need to be made for how the project 
will develop throughout the project lifecycle and how the 
desired standard of maintenance can be achieved with 
the maintenance skills, equipment and budget available. 
Therefore the designer needs to consider site specific 
factors such as microclimate, the type and intensity of 
usage, the potential for surface soiling, the accumulation 
of organic and inorganic debris, and the development of 
spontaneous growth. During this process, the aim should 
be to predict design weaknesses in terms of durability and 
maintenance, and to focus on optimising or resolving these 
weaknesses in the design and detail phase of the project. 
This offers landscape architects the potential to balance 
the needs of both hardscape and softscape and thus 
develop projects that age gracefully through time.

• Finally, Paper H presents a new planting strategy 
that is emerging as a result of this doctoral research 
involving the planting of ‘enhanced spontaneous 
vegetation’ at points of high vulnerability in the built 
landscape. This planting strategy aims to enable the 
design of more aesthetical, ecological, and sustainable 
urban hardscapes with improved performance 
throughout the project lifecycle. 

Paper H) ‘Enhanced Spontaneous Vegetation’: The 
Strategic Implementation of ‘Enhanced Spontaneous 
Vegetation’ at Points of High Vulnerability in the Built 
Landscape (Unpublished) 
Authors: Simon Colwill, Norbert Kühn and Cordula Loidl-
Reisch 
The proposed strategy aims to enhance the built urban 
landscape by exploiting the ecological, economic, and 
aesthetical potential of spontaneous urban vegetation. 
The main idea is to plant areas of the built urban 
landscape that are particularly susceptible to spontaneous 
growth with an enhanced mix of spontaneous urban 
vegetation. This planting mix, that we call ‘enhanced 
spontaneous vegetation’, consists of a mix containing 
spontaneous species together with ornamental plants. 
The aim is to suppress further succession, thus hindering 
the establishment of more aggressive species that can 
damage the built environment. Objectives of the species 
selection are to increase the aesthetic value and public 
acceptance of spontaneous species, reduce maintenance 
costs, improve performance and extend project lifespan. 
Enhanced spontaneous plantings therefore provide a low-
maintenance sustainable solution for specific locations in 
the built landscape that would otherwise be physically and 

economically difficult to manage. For these situations, we 
predict that these plantings would become almost self-
sustaining communities of highly resilient species that can 
be managed with minimal human intervention. 

INTRODUCTION TO THE MANUSCRIPTS AND SYNTHESIS

This cumulative dissertation continues with a presentation 
of the individual manuscripts and a synthesis of the 
results. A low threshold and non-destructive monitoring 
method for use in post occupancy evaluation was 
developed throughout the research period. The resulting 
method of interactive knowledge production from built 
landscapes is presented and analysed in the synthesis. 
The synthesis reviews this method and analyses how it 
can be qualified in terms of sustainability, resilience and 
durability. 

The methodology was verified through multidisciplinary 
expert evaluations of 159 identified weak points and 
vulnerabilities involving nine persons from three 
stakeholder groups; landscape architects, contractors and 
researchers. Key research results of the expert evaluations 
and case study analysis are presented in a catalogue of 
weak points and vulnerabilities (see Part 2 of this thesis), 
thus providing practitioners with a tool for informing their 
judgments on design, detailing and maintenance.
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Through preparing construction seminars at the TU Berlin 
many landscape projects in and around the city were 
periodically studied and recorded. These experiences 
highlighted the diverse processes of change, and the 
alarming rate at which they occur. This developed into 
a DFG funded research project as well as construction 
teaching techniques focussing on this topic. 

The research project entitled ‘Landscape architecture and 
the time factor: Construction research on the contextual 
change of built landscape elements and the development 
of optimisation strategies’ is developing a low-threshold 
and non-destructive monitoring method for identifying 
frequently occurring points of weakness and patterns 
of change through field research. Where the causes 
are not visible or ambiguous, conventional inspection 

techniques using technical apparatus and scientific 
analysis are necessary. ‘Change’ refers to the development 
of characteristic patina which, when unabated, leads to 
the destructive processes of decay. Points of weakness are 
areas that due to their design, construction or particularly 
exposed position are subject to greater levels of stress. 
Consequently these are more frequently and rapidly 
subject to detrimental change than other areas. 

The main research goals are to:
• develop a non-destructive field research method for 

monitoring built landscapes over time
• identify and analyse the key causes of change
• develop an optimisation strategy for landscape details
• define a method for forecasting change
• disseminate the research findings to practitioners

TIME, DESIGN AND CONSTRUCTION: 
LEARNING FROM CHANGE TO BUILT LANDSCAPES OVER TIMEA

Examples of change to landscape details over time

Figure 1



34

In order to obtain uniform and comparable research results 
in terms of climate, culture and contextual conditions, and 
to achieve the required design, material and constructional 
bandwidth the research focuses upon landscape details 
(e.g. steps, paths, drainage elements, tree grids, seating 
and walls) in public or semi-public open spaces in Berlin 
built between 1990 and 2015. Since reunification, a large 
number of typologically different projects have been 
planned and implemented. The current often desolate 
state of many of these projects reflects the reduced 
resources of the city, a fact that increasingly applies to 
cities throughout Europe (BMUB 2015, p. 12, 33, 74).

The processes of change are diverse and interrelated; the 
following key causes for change have been established:
• Contextual factors: e.g. level of exposure, access and 

circulation, social environment.
• Design and detailing deficiencies: e.g. form, choice of 

construction, serviceability, competencies of staff
• Material deficiencies: e.g. suitability of material for 

the function and location, material quality 
• Implementation deficiencies: e.g. quality of 

implementation, construction management, 

competencies of staff
• Maintenance and repair deficiencies: e.g. too 

intensive, extensive or incorrect maintenance, 
competencies of staff and site management

• Ageing processes/time: e.g. climate and weathering, 
cultural change

• User actions: e.g. intensity of use or misuse by people 
and/or animals, 

• Force majeure: e.g. flooding, fire, storm, riot, strike, 
natural disaster

(cf. Kirkwood 1999, 166-177)

In order to react to these diverse processes of change 
landscape architects need to continue being involved in 
developing their built works after completion. Contextual 
factors and ageing processes remain unpredictable factors 
that need to be thoroughly deliberated during design 
and detailing. A major cause of accelerated ageing is 
financial restraints, resulting in a reduction of specification 
quality as well as construction, maintenance and repair 
deficiencies. Change due to human actions throughout 
the project cycle (e.g. competences of designers, 
consultants and project managers; skills of construction 

Change to wooden bench in full shade under a tree canopy over 7 years. 
Above: Year of completion and 1 year later. Below: 7 years after completion. 

Figure 2
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and maintenance staff; user intensity and behaviour) 
can be reduced through improved vocational education, 
continued staff training and improved working practices.

Landscape projects were ideally recorded from their year 
of completion; subsequent recordings were made each 
following year. Recordings were also made from older 
projects which can be evaluated with the aid of reference 
images from comparable details. To allow for a detailed 
holistic analysis, the photographic images were taken 
at three different levels of observation; images showing 
contextual and spatial interrelationships, images depicting 
the individual elements, and detailed images zooming 
in on surfaces. To date, ca. 75,000 photographic detail 
recordings have been made from ca. 180 projects. The 
recordings are currently being labelled (e.g. title, location, 
date, completion date), assigned extensive metadata for 
the subsequent detailed analysis (context, description, 
classification, analysis etc.), and stored in a database. 
The metadata structure has been developed through 
extensive literature research, comparisons with criteria for 
international standards, and personal observations (see 
fig. 3).

The database enables a quantitative screening process 
for the comprehensive data, frequently occurring change 
and points of weakness can be identified and selected as 
case studies. Through comparisons between the original 
state and successive recordings, process-dependent 
changes become visible. Wettstein (2009: 87-142) defines 
various discrepancies in project goals, expectations 

and assessment criteria between landscape architects, 
construction firms and clients based on interviews with 
practitioners. We are therefore developing rigorous 
qualitative evaluation system based on expert interviews 
with differing stakeholders and material specialists. An 
optimisation strategy will then be developed to mitigate 
weakness and detrimental change. 

The research results will form a catalogue of change 
processes that can be used during the design phase of 
future projects to forecast change and detect points of 
weakness by analogy. However, due to specific climate and 
cultural factors the results are not directly transferable to 
other regions. 

Metadata structure for the evaluation database

Figure 3
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‘Learning is the process whereby knowledge is created 
through the transformation of experience’ 
(Kolb, 1984, p. 38)

The research project is running hand in hand with teaching, 
allowing students to focus on the core themes of the 
investigation (e.g. climate and construction, points of 
weakness, use and misuse) through seminars, workshops 
and thesis topics. Many students initially have a ‘false’ 
image of built landscape which is propagated by images 
in Landscape Architecture publications that frequently 
portray ‘perfect’ projects with flawless materials, taken 
at the time of completion. The on-site reality check for 
students a few months or years later is often disheartening. 
Teaching methods developing from this research help 
to counterbalance this by involving Students in on-site 
surveys, analysis and evaluations of ‘real’ projects after 
completion. Students experience built landscape as a 
dynamic evolving system interacting with the natural 
environment and patterns of use. The teaching methods 
follow Kolb´s (1984) ‘Experiential Learning Cycle’ model 
of learning involving four elements: concrete experience 
(experience/do), reflective observation (review/discuss), 

abstract conceptualisation (learn) and testing in new 
situations (plan/apply). For example, a major assignment 
within our construction seminar for Masters Students 
involves students in small groups analysing landscape 
projects on-site before formulating a response. The 
assignment is set as a research question, the object of 
research being ‘real’ landscape projects. Students examine 
the current condition in relation to the surrounding context 
and reflect on interrelations between design, building 
materials, technical implementation, maintenance and 
the processes of change over time. Comparisons with 
images in publications at the time of completion, together 
with project descriptions or reviews enable the students 
to identify time bound changes to the built landscape, as 
well as discrepancies between design intentions and the 
built reality. Teacher support enables the students to ‘read’ 
and interpret the traces of wear and tear, weathering and 
succession in order to determine, for example, patterns 
of use, misuse or maintenance as well as the causes of 
change. The students then develop optimisation strategies 
for deterring weakness and vulnerability in future projects 
within a classroom learning context. These field learning 
activities are complemented by a series of lectures 

Excerpt from student field research submission. Girod, M. (2015) 

Figure 4
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and seminars focusing on e.g. detail design, materials, 
construction detailing and the processes of change. The 
students produce a variety of texts, photo documentations, 
diagrams, sketches and technical drawings to present their 
findings allowing for diverse forms of assessment (see 
fig. 4). This method offers a more integrative approach 
to teaching landscape construction. Students confront 
all facets of a project simultaneously, they need to think, 
discuss and analyse built landscape before formulating 
multifaceted submission documents. 

These research and associated teaching methods treat 
built landscape projects as research objects, gaining 
knowledge for continued optimisation of design, 
detailing and maintenance practices by monitoring and 
evaluating processes of change over time. They represent 
an exemplary way to combine the synergistic potentials 
of teaching, research and professional practice. The 
field-based learning activities provide students with the 
opportunity to contextualise their learning experience 
within an academic framework. 
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‘One hopes one builds forever, but one has either to 
anticipate or accept change and its effects …’ 
S. Child [1: p303] 

In landscape architecture the optimal condition is 
often not reached at the time of practical completion, 
projects mature through time and patination throughout 
the project lifecycle. The processes of patination and 
subsequent deterioration leave traces on the surfaces 
of the built environment which highlight deficiencies 
in design and detailing, construction and maintenance. 
Patination is a process of addition to a surface acquired 
through age and exposure. This process is followed by 
decay, a process of subtraction from a surface which is 
detrimental to the fabric. The transformation between 
these two processes can be quickly exceeded due to 
unfavourable design, detailing, construction, weathering, 
usage and/or maintenance. 

Current research at the Technische Universität Berlin is 
based on the hypothesis that it is possible to optimise 
design, detailing, construction and maintenance 
techniques by monitoring and evaluating projects at 
regular intervals after completion. A low-threshold 
and non-destructive monitoring method to ‘read’ and 
decipher these traces of time is being developed in order 
to pinpoint the agents of landscape transformation and 
identify frequently occurring points of weakness in built 
landscapes. The methods being developed align with 
the principles of construction pathology by identifying 
a relationship between the ‘visual signs and symptoms’ 
(effects) observed and ‘pathological conditions’ 
(causes). This enables causes to be determined and 
recommendations for the most appropriate course of 
action to be made [2].

Inherent weaknesses are an inevitable and unavoidable 
factor of all structures resulting from the form of the 
structure, material properties and wear and tear; 
for example, mechanical damage to exposed table 
corners or the natural discolouration of wood (greying). 
Inherent weakness can be optimised, but not completely 
eliminated, through improved design, quality of materials 
and maintenance.

Weaknesses can, however, also be caused by 

misjudgements in the planning and execution of the 
design, low quality materials, poor workmanship and 
maintenance, which are often the result of budgetary 
restraints. These weaknesses can be minimised or avoided 
through increasing awareness of previous failures through 
feedback loops to the profession – thus avoiding the 
repetition of failures. 

‘… every new piece of construction is to some 
extent a hypothesis and its performance in practice 
is the experiment. But where are the designer/
experimenters?’ 
B. Bordass [3: p29]

Most construction projects include experimental or 
innovative aspects such as a special form, new materials 
or surface treatments [3: p29]. Furthermore, so-called 
‘standard details’ are actually work in progress, and 
need to be updated on a regular basis to suit specific 
site requirements. This acquired knowledge from 
experimentation, innovation and development needs to be 
feed back to the profession for research and development 
purposes. Feedback is however not routine and therefore 
weakness and failure persist. [3: p23]. 

The field research focuses on projects within the city of 
Berlin; which ensures the comparability of social and 
microclimatic characteristics. It is based on multi-temporal 
photographic surveys which form the basis for the 
subsequent analysis and evaluation. The core period of 
research covers the first 5 years of post-completion project 
development, further surveys of older projects allow for 
a period of up to 25 years to be analysed. Data collection 
reports and project data sheets provide important 
background information on site specific data and other 
observations. The photographic recordings are assigned 
metadata (e.g. location, completion date, facility, material) 
and stored in a database. The analysis and evaluation of 
the data is carried out both quantitatively and qualitatively. 
By comparing selected images from the initial state with 
the associated subsequent recordings, the process-
dependent changes become visible. Frequently occurring 
areas of deterioration highlight points of weakness and 
vulnerability. Comparisons of the rate of change between 
different objects and projects allow premature ageing to 
be determined, and the common causes identified. Expert 

TIME, PATINATION AND DECAY: 
THE AGENTS OF LANDSCAPE TRANSFORMATION.B
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interviews will be employed at a later stage to develop 
prevention, minimisation and protection strategies in order 
to counteract the problems identified.

The agents of landscape transformation seldom act 
independently of one another but are interrelated and 
complex. The following list of main causes has been 
established through an initial analysis of 400 case studies. 
These cause criteria are subdivided into those relating 
to the Context, Component Quality, and Operating 
Conditions. Due to the complex nature of these processes 
some of the criteria inevitably overlap with one another 
[Fig. 1] [4: pp166-177] [5: p398].

The following detailed discussion of the causes and 
commonly found effects of these agents is not exhaustive 
and will be added to or adapted during the ongoing 
analysis of further case studies. 

CONTEXT

Site and contextual factors 
These factors include the specific geographical location, 
microclimate (urban, coastal, upland and forest 
microclimates), degree of exposure, aspect (slope), and the 
influences from surrounding elements such as buildings 
and vegetation. Factors such as the degree of exposure, 
topography and aspect strongly influence the intensity of 

microclimatic agents. 
Organic matter such as leaves, fruit, flowers, seeds or sap 
from neighbouring vegetation is transported to the lowest 
points of our built works through runoff and erosion. This 
accumulation of organic matter slowly decays leading to 
increased moisture retention and initiates soil formation 
which in turn provides the perfect physical and hydric 
conditions for spontaneous plant growth [6: p13] [7: pp 
63 et seq., 80]. Vegetation can also influence the built 
environment through direct contact causing abrasion and 
increased shading, in turn creating an increased level of 
humidity and an increased rate of degradation. Progressive 
root growth may penetrate into built elements causing 
direct damage, or beneath structures, which can cause 
heave, displacement, breakage or foundation failure [8: pp 
10 et seq.].
Soils that are prone to volume change are particularly 
problematic in the built environment. Periods of drought 
may cause soil shrinkage which can lead to structural 
subsidence. Prolonged periods of rain can lead to soil 
expansion (heave), which may also cause structural 
damage. 
Other contextual factors include the surrounding traffic, 
which can influence the site through airborne pollution, 
and mechanical damage. 

The effects of contextual factors: 
• Airborne sediments are mainly deposited in the lower-

velocity lee of vertical elements such as walls, edgings, 

The agents of landscape transformation. [4: pp166-177] [5: p398].

Figure 1
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kerbs, bollards, at the base of street furniture as well as 
in the corners and joints of built elements [Fig. 2a]. 

• Drainage channels and gullies, being at the lowest 
point of the built landscape, are particularly prone to 
this form of decay [Fig. 2b]. 

• Many cases of surface damage to paving caused by 
occurrences of root heave have been identified [Fig. 
2c]. 

• Intensive shading by vegetation, nearby buildings or 
other built elements is a common cause of increased 
surface moisture, surface soiling, and spontaneous 
vegetation growth [Fig. 2d]. 

• Structural subsidence has also been observed, caused 
by soil shrinkage, settlement, excessive loading or 
deficient foundations. 

COMPONENT QUALITY

Design and detailing factors
These include change due to the quality of the design and 
detailing and insufficient or defective durability features.

‘Designers repeat details and reuse certain materials 
… In this way, ‘learning by mistakes,’ rules of thumb, 
and various shorthand methods and detail practices 
are established over a number of years, to be 
repeated, elaborated on, or, as is sometimes the case, 
misappropriated and lost over time.’ 
N. Kirkwood [4: p183] 

In the design phase conceptional ideas are transformed 
into tangible design solutions. The specific geometry 
and form of each element needs to allow not only for the 
appropriate usage, but also for weathering (e.g. rainwater 
runoff) and ease of maintenance through time. The site 
programming (functional concept) can lead to conflicts of 
usage, and in turn to detrimental change. 
The detailing phase acts as an intermediary between the 
design process and project realisation by relating material 
to form and function. The main stimuli for change are due 
to the suitability of the selected material and surface finish 
for the specific use. Through ensuring ease of maintenance 
and repair, it is possible for elements to reach their optimal 
service life. 
Good detailing relies on a thorough understanding of 

a) Deposits of airborne sediments: year 1/ year 10. b) Airborne sediments causing blockage: year 1/ year 8. c) Root actions causing heave: year 1/ year 4. 
d) Intensive shade leading to succession: year1/ year 6. [Photos: S. Colwill]

Figure 2
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design concepts, construction techniques and material 
properties over time. Many detailing factors influence time 
based change: 
• Design and technical design in general: e.g. form, 

material selection, fixings, jointing and compliance 
with construction standards

• Structural design: e.g. dimensioning, stability 
• Drainage: surface and sub-surface drainage, rainwater 

runoff in general
• Maintainability: ease of maintenance and repair 
• Durability features: all methods of constructive 

protection including drip edges, copings, and surface 
treatments. 

A few examples of design and detailing problems from the 
field research are listed below:
• The form of construction elements often determines 

the patterns of change and decay. For example, 
objects with very acute angles, such as edgings and 
short walls, often become chipped or broken through 
mechanical damage [Fig. 3a]. Also, non-chamfered or 
unrounded edges of paving elements are frequently 
chipped, especially at the turning points of vehicular 

traffic [Fig. 3b]. 
• Structural design issues such as the bending of low 

steel railings or the wooden laths of benches bending 
between the supports [Fig. 3c] have been identified. 

• Minimal drainage gradients are often found leading 
to a reduced rate of runoff and an increased rate of 
sedimentation and decay in the joints and on the 
paving. 

• Many elements suffer from the accumulation of waste 
or the development of spontaneous growth within 
or beneath the construction, which is often only 
removable with extensive maintenance [Fig. 3d].

• Constructive protection measures such as wall copings 
are often not implemented leading to extensive 
staining. 

• Irrigation systems have been found to cause severe 
staining when directed towards walls and paths. 

• ‘Desire paths’ (paths created by erosion) are often 
found due to a lack of paths in the desired route. Also, 
right angled path junctions often lead to damage by 
users and/or maintenance traffic rounding off the 
corners. 

a) Breakage of acute angle: year1/ year 7. b) Chipped non-chamfered paving: year1/ year 11. c) Structural design weakness: year 12. d) Spontaneous 
growth below bench: year 7 [Photos: S. Colwill]

Figure 3
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Material specific factors

‘The effects of age and wear are powerful diversifying 
agents’ 
D. Pye [9: p65]

Various material specific factors influence change and 
deterioration through time. These factors relate to the 
quality and durability of the material and its surface 
protection. Durability characterises the ability of a material 
to perform its required function over its expected service 
life under scheduled maintenance. Each individual material 
reacts differently to the influences of weathering, use and 
maintenance over time. Practitioners need to understand 
the strengths, weaknesses and other unique characteristics 
of each material and forecast how the material will endure 
through time. Selecting the right material and surface 
finish for the job also relies on knowledge of the desired 
object form, function, site of installation, the intensity and 
frequency of use, and the foreseen level of maintenance 
and repair. Another consideration is that the site of 
installation may be located in an aggressive environment 
influenced by intensive use or misuse, intensive freeze-

thaw cycles, or where grit or de-icing salt is spread in 
winter. Surface finishing can enhance material properties 
for specific applications. 
Material change through time can be classified into those 
which influence the aesthetics, and those which lead to 
a reduction in functionality, stability, and/or durability. 
Time often improves the look of materials by blending 
imperfections on surfaces, highlighting surface structure 
through deposits of dirt, growth of lichen or by fading 
colours. These continual processes of change can be 
regulated through regular maintenance and repair in order 
to achieve an optimal service life.

Many material related weaknesses have been observed 
through the field research, some of the main factors are 
detailed below:
• The greying and cracking of wood and the 

discolouration of synthetic surfaces occurs rapidly in 
exposed locations due to ultraviolet radiation. 

• Water absorption of materials is a major factor, 
especially for horizontal surfaces that are subject 
to intensive cycles of wetting and drying, freezing 
and thawing and increased staining from airborne 

a) Water absorption increasing staining: year 8. b) Lifting of screws: year 4/ year 7. c) Embankments erosion: year 01/ year 07. d) Weathering highlighting 
production faults: year 7 [Photos: S. Colwill]

Figure 4
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sediments [Fig. 4a].
• Insufficient or defective coatings and finishes such 

as paints or powder coatings leads to moisture 
penetration below the surface coatings which cannot 
easily escape and therefore leads to an increased rate 
of decay. 

• Fixings such as screws, bolts, rivets and nails are the 
source of many problems. Screws and nails in wood 
and wood-plastic-composites often lift over time 
due to the flexing of the timber through use [Fig. 4b].
Corrosion and/or contact corrosion of fixings due to 
inappropriate specification is commonly found, this 
leads to staining and structural damage.

• Jointing is a common source of weakness mainly 
due to the loss of jointing material and spontaneous 
vegetation growth. 

• Many cases of ‘picture framing’ (darkened perimeters 
of paving materials formed by efflorescence being 
transported from the bedding material between the 
joints) have also been identified on concrete and 
natural stone paving. 

• The erosion of embankments through cycles of use, 

weathering and landslides was often identified [Fig. 
4c].

• Elements that are subject to mechanical surface 
damage through use such as bike stands or bollards 
are particularly susceptible to corrosion. 

• Production process faults, for example due to 
the soiling of concrete formwork, or insufficient 
compaction, were often found. These often become 
more visible through time due to the effects of 
weathering. [Fig. 4d].

Implementation factors
These agents include the quality of implementation, 
workmanship, site supervision, construction technique, 
and conformance with construction standards. 

‘The increased time and cost pressure during construction 
often leads to deficiencies in the construction work. 
Thus, in the implementation process, recognised rules of 
technology are often violated or construction plans are 
deviated from.’ C. Bahr, K. Lennerts [10: p27] 

a) Efflorescence and spots of rust staining: year 1/ year 8. b) Surface becoming increasingly irregular: year 1 / year 7. c) Settlement of paving surrounding 
facilities: year 7. d) Cracking of in-situ concrete surfaces: year 2/ year 5 [Photos: S. Colwill]

Figure 5
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David Pye views workmanship as an extension of the 
design process; he states that ‘…design can only become 
manifest through workmanship’ [11: p9]. The quality of 
workmanship is dependent on the qualifications and 
experience of the construction staff, managers and site 
supervisors. Mechanical damage and/or surface soiling can 
occur throughout the construction process from material 
transportation, to assembly and the use of machines on 
site. 

Frequently found points of weakness due to 
implementation factors include:
• Efflorescence and spots of rust staining (from exposed 

reinforcement) on the surfaces of concrete elements 
were frequently identified [Fig. 5a]. 

• Asphalt surfaces with a rolled on crushed stone finish 
are often not evenly coated, with time and wear the 
surfaces become increasingly irregular. [Fig. 5b]

• The Settlement of paving elements surrounding 
facilities such as manholes, where compaction during 
construction is more difficult [Fig. 5c].

• Cracking or breakage of large in-situ concrete surfaces, 
especially those with specific forms [Fig. 5d]. 

• Many cases of repairs (mainly to concrete and stone 
elements) from the construction period were found, 
which often become more evident due to weathering 
through time. 

OPERATING CONDITIONS

Environmental processes
These agents include weathering, climate, chemical 
and biological agents which affect materials in differing 
ways depending on the surface properties. These 
processes occur in a cyclic manner; from daily cycles (e.g. 
temperature, precipitation) to seasonal cycles (summer, 
autumn, winter, spring) throughout the entire lifecycle 
of the project. The intensity of these agents through time 
highly influences the rate of deterioration.
Climatic agents include factors such as water, ice, frost, 
snow, sun, wind, humidity and temperature. In sunny 
locations colours generally fade; synthetic materials 
become brittle, wood twists and cracks. Thermal expansion 
and contraction from temperature change and relative 
humidity places stress on many materials leading to 
cracking or the fracture of surface coatings. 
Rainwater is a major cause of erosion and transporter of 
airborne sediments (e.g. particulate matter). The surface 
flow of water on built elements is highly influenced by the 
object form, material, surface properties and the proximity 
to the ground. Ground proximity is a major problem due to 
the splashback of rainfall which, depending on the surface 
properties, reaches a height of 20-30cm. 
Wind can cause direct stress to the structure and also 

transports pollution and sediments. 
Chemical agents are mainly airborne pollutants (e.g. 
industrial, marine pollutants) or aggressive soil conditions 
that attack the surfaces of built elements. The deposition 
of dust, dirt, pollen, and other atmospheric contaminants 
on the surfaces of built elements leads to surface soiling. 
This deposition is increased on rough and/or structured 
surfaces, surfaces prone to frequent wetting, as well as in 
joints, gaps and surface imperfections.
Biological agents include vegetation growth and animals 
such as dogs, foxes, birds (especially pigeons) insects and 
rodents [12: p127] [13: p283]. 
Spontaneous vegetation growth, generally due to a lack 
of maintenance over long periods of time, leads to an 
increased the rate of decay through increased shading, 
moisture retention and root actions.
A few examples of environmental impacts identified via 
field research are listed below:
• The climatic effects on horizontal surfaces were found 

to be particularly pronounced especially on unbound 
surfaces. This leads to an increased rate of soiling and 
natural succession [Fig. 6a]. 

• Surfaces below objects, such as under waste 
containers, which are particularly undisturbed through 
use and/or maintenance, are susceptible to increased 
rate of succession. 

• Surface soiling at the top and base of built elements, 
was frequently found [Fig. 6b]. 

• Cases of spontaneous vegetation growth are 
widespread throughout the city, especially in the 
recesses, corners, edges and joints of built elements 
[Fig. 6c].

• Many cases of damage from dogs digging next to 
benches, and rodents burrowing under surfaces or into 
embankments have been identified [Fig. 6d]. 

User actions / usage
‘Science …. has not enabled us to predict the 
behaviour of people; which very many designers need 
to be able to do. … We design failures chiefly because 
we cannot make reliable predictions about responses.’ 
D. Pye [9: p27].

Humans cause physical stress to the built environment 
through use, misuse or underuse, which is difficult (if not 
impossible) to foresee in advance. Therefore, in an optimal 
situation, the level of maintenance and repair needs to 
be adjusted to the resulting situation. In structural terms, 
usage is a form of loading which can be static or dynamic, 
and exerts force upon the structure. The intensity and 
frequency of these interactions dictate the impact of these 
forces over time.
Overuse describes a space or element with an excessive 
frequency and/or intensity of use causing detrimental 
deterioration.
Misuse refers to the impact of wilful destruction (criminal 
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vandalism) and use appropriation (uses of an object for 
a purpose or in a manner other than intended). In this 
research project, these forms of misuse are evaluated 
purely on their impact on the specific structure.
Underuse describes a space or element which is used less 
than expected. This reduced rate of trampling often leads 
to an increased rate of spontaneous vegetation growth [14 
p96] and therefore to an increased need for maintenance.

Many problems developing from usage over time have 
been identified from the field research, including: 
• In many projects, intense use is focused on certain 

areas or objects whereas others remain disused. 
• Overuse often leads to severe surface erosion 

especially to unbound surfaces (e.g. grass areas, 
compacted gravel) [Fig. 7a]. 

• Many different forms of accelerated deterioration 
through wilful destruction were identified [Fig. 7b]. 

• Chewing gum trodden flat by human traffic is 
especially frequent near building entrances and public 
seating [Fig. 7c].

• Many forms of use appropriation, such as using 

bike stands as benches or play equipment, have 
been observed, leading to unintentional soiling and 
damage.

• Underuse often becomes visible through an increased 
rate of succession [Fig. 7d].

Maintenance and repair
‘Feedback into the growth or decay of a landscape 
allows the landscape architect to have a positive, 
creative role in its development, rather than a 
negative, mitigating view of change, which is 
encompassed in the notion of ‘maintenance.’ 
J. Raxworthy [15: p193]

Maintenance and repair operations involve performing 
repeated cycles of routine actions which aim to keep 
the project in working order, prevent problems from 
arising and restore dysfunctional elements. The quality 
of the maintenance operations is dependent on the 
qualifications and experience of the maintenance staff and 
site supervisors. The frequency, quality and intensity of 
these operations highly influence the rate of deterioration 

a) Overuse causing surface erosion: year 2/ year 7. b) Wilful destruction: year 01/ year 07. c) Chewing gum trodden into surface: year 15. d) Increased 
succession due to underuse: year 5 [Photos: S. Colwill]

Figure 7
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through time. 
Insufficient or incorrect maintenance often leads to 
accelerated deterioration, reduced usability, a downward 
spiral of decay. Incorrect maintenance, for example by 
using abrasive brushes, or aggressive chemical solutions, 
can cause surface discolouration or abrasion, thus leading 
to corrosion, erosion and/or permanent surface damage. 
It is therefore essential to know the available level 
of maintenance, type of equipment, and skills of the 
maintenance staff in the planning phase so that the 
planning can be adjusted accordingly.

The problems resulting from maintenance and repair in 
Berlin are extensive; some of the main findings are listed 
below:
• Insufficient maintenance is a significant factor in most 

of the field studies leading to spontaneous vegetation 
growth in corners, joints and drainage elements [Fig. 
8a]. 

• Particularly difficult to reach surfaces are often not 
maintained, for example surfaces behind railings or 
areas between the wood laths of a bench.

• A few cases of surface erosion/abrasion from 

mechanical and/or chemical maintenance have been 
identified [Fig. 8b]. 

• Insufficient repair is a major problem which can also 
lead to risk of injury. For example warped boards or 
protruding screws on wooden decks [Fig. 8c]. 

• Graffiti removal often leaves visible residues, especially 
on coloured surfaces [Fig. 8d].

Force majeure
This factor covers the level of impact of unforeseeable 
natural disasters such as flooding, earth movement (e.g. 
landslide, earth quakes), extreme storm damage and 
human factors such as war, terrorist activities and riots. The 
visible signs of such events are specific to the individual 
event itself; generally however cause extensive damage 
over wide areas.

Very few of the Berlin case studies can be linked to this 
factor; however fallen trees and damage resulting from 
traffic accidents have been documented.

a) Increased soiling on horizontal unbound surfaces: year 2/ year 7. b) Increased succession in undisturbed areas: year 3. c) Spontaneous vegetation 
growth: year 01/ year 07. d) Dogs burrowing beside benches: year 2 [Photos: S. Colwill]

Figure 6
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CONCLUSION

‘The ‘research’ of detail has previously been 
considered of little significance in practice. … the 
results of the studies were rarely made available to 
others’ 
N. Kirkwood [4: p183] 

The methodology being developed within this research 
project enables a formalised monitoring of built works 
and a tool for continuous improvement. This enables 
an iterative learning process from previous innovations 
and problems in order to optimise the performance of 
future projects in the design, detailing and construction 
phases of the project. The results can also be used during 
the post- occupancy phase to compare the developing 
condition with a catalogue of case studies in order to take 
appropriate measures to counteract negative change. 

The initial case study evaluations display a great diversity 
of weaknesses throughout public space in Berlin and 
generate a wide range of detailed knowledge on project 
development. Raising awareness on weakness and 

problems is however problematic within the profession; 
no one wants to take the blame, be faced with ruined 
reputations or legal liability issues. Without learning from 
past problems, and passing this knowledge on to others 
through publications and teaching, they will continue to 
be repeated. This is shown by the repeated occurrence of 
many weaknesses and failures observed throughout our 
field research. Learning from problems is a form of ‘lifelong 
learning’ from built works and should become a standard 
part of ‘research and development’ within the profession. 

The landscape architecture profession needs to develop 
a culture of criticism, reflection and learning from the 
detrimental processes of change through time. Several 
publications and platforms are available for buildings such 
as the ‘Journal of Performance of Constructed Facilities’ 
and the web platforms ‘Failures Wiki’ [A] and the ‘Building 
Failures Forum’ [B] [16 p.328]. A confidential journal or 
web platform for the dissemination of specific knowledge 
related to innovation, weakness and decay in landscape 
architecture projects is long overdue.

a) Insufficient maintenance: year 1/ year 6. b) Surface damage from maintenance: year 01/ year 06. c) Insufficient repair leading to risk of falling: year 10. 
d) Visible residues from graffiti removal: year 1 [Photos: S. Colwill]

Figure 8
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Built landscapes undergo constant dynamic change due to 
exposure to environmental forces, the processes of use and 
misuse, and the intensity and frequency of maintenance 
and repair. One of the key factors in designing and 
detailing durable projects is in understanding the climatic 
parameters of the specific location. Climatic agents such 
as precipitation, wind, sun, humidity and temperature 
highly influence the performance of landscape architecture 
works. This is due to the physical distress caused, for 
example, by repeated cycles of wetting and drying, 
freezing-thawing, wind, and fluctuations of temperature. 
These processes occur in repeated cycles; from daily 
cycles (e.g. temperature, precipitation) to seasonal cycles 
(summer, autumn, winter, spring) throughout the entire 
lifecycle (cradle, grave) of the project [FIG 1] [1]. The 
intensity, frequency and variability of these climatic agents 
dictate the extent of climatic impact over time. In order 
to counteract these agents construction materials can 
be enhanced through finishing (e.g. polishing) and the 
application of surface coatings (e.g. paint, impregnation). 

The effect of these climatic agents leads to a process 
of patination and, if disregarded, subsequently to 
deterioration. The visible signs of climatic decay are for 
example greying, cracking, roughing, surface soiling and 
spontaneous vegetation growth, which can lead in the long 
term to a reduced load‐bearing capacity and destruction. 
Through analysing these traces of time on the surface of 
built landscape the aggressive agents influencing change 
can be identified and frequently occurring areas of conflict 
identified. 

This paper presents initial research results of a research 
project at the Technische Universität Berlin (TU Berlin) 
focused on monitoring the development of built 
landscapes through time. The results will be presented 
in the form of case studies, illustrating and analysing the 
impact of climatic agents on built landscape. 

CLIMATE AND DECAY: 
THE IMPACT OF THE URBAN CLIMATE ON BUILT LANDSCAPEC

The cycles of landscape transformation [Diagram: S. Colwill].

Figure 1
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The main climatic agents identified during the course 
of the research are temperature, relative humidity, 
precipitation, direct sunlight (ultraviolet radiation - UV) 
and cycles of freeze-thaw. 

Temperature and relative humidity levels determine 
the level and rate of biodeterioration, corrosion, rot and 
atmospheric staining [2: p 20]. These fluctuations can also 
cause severe damage due to thermal material expansion 
and contraction. Furthermore, temperature variations 
induce thermal stress generating a thermal gradient 
between the exposed upper surfaces and the surface 
below which can lead to cracking (e.g. concrete) and/
or deformation (e.g. asphalt) [2: p 5]. This is particularly 
problematic for large components (e.g. large concrete 
surfaces) or constructions that do not allow for the 
necessary expansion through expansion joints [3: p 29, 4: p 
29]. 

Exposure to direct sunlight (ultraviolet radiation) results 
in the UV degradation of UV-unstable materials [4: p 96-
98]. UV degradation and weathering cause the natural 

processes of greying, cracking and warping of wood [4: p 
98], synthetic surfaces often discolour and become brittle 
[Fig. 2a, 2b] [5: p 151]. 

Shaded locations allow for a reduced rate of evaporation 
and cooler temperatures which leads to increased levels 
of humidity and biological growth [Fig. 2c, 2d] [6: p 24, 7: p 
154].

Precipitation (rain, sleet, snow, hail, drizzle etc.) is a major 
climatic agent and transporter of airborne sediments (e.g. 
particulate matter). The surface flow of precipitation on 
built elements is highly influenced by the object form, 
material and surface properties. Furthermore, ground 
proximity is a particularly major influence due to rising 
moisture from the soil and splashback which reaches a 
height of up to ca. 30cm. Materials with a higher water 
absorption capacity (e.g. sandstone) are particularly 
subject to intensive cycles of wetting and drying, freezing 
and thawing [3: p29, 2: p 2] and also to the formation of 
substrate suitable for plant growth [Fig. 2d] [6: p 22]. Water 
flow patterns on the surface result in the relocation of 

a) Greying of wood (exposed location): time of competition/ 3 months later. b) Discolouration of synthetic surface (exposed location): year 1/ year 3. c) 
Comparison of strongly shaded locality and an exposed sunny location 2 years after completion. d) Water absorption increasing staining (sheltered loca-
tion): year 8. [Photos: S. Colwill]

Figure 2
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propagules and other sediments often leading to stains 
from colonies of cyanobacteria [8: p 625]. 

Precipitation also influences the ground beneath the 
construction by entering the substructure and groundwater 
table [2: p 15]. Soils that are prone to volume change are 
particularly problematic for the built environment; periods 
of drought may cause soil shrinkage which can cause 
structural subsidence, prolonged periods of rain can lead 
to soil expansion (heave) which may lead to structural 
damage. [2: p 20]. 
 
Wind causes direct stress to the structure and also 
transports airborne pollutants (e.g. industrial, marine 
pollutants, vehicular traffic) and sediments [2: pp 6-7]. 
The deposition of airborne dust, dirt, pollen, and other 
atmospheric contaminants on the surfaces of built 
elements leads to surface soiling [Fig. 3a, 3b]. Factors that 
contribute to soiling and staining include the material 
properties (e.g. chemical composition, water absorptivity 
and porosity), degree of exposure, surface roughness 
(structure) and wetness [8: p 623]. This deposition is 

increased on the lower-velocity lee of vertical elements 
such as walls, edgings and at the base of street furniture 
as well as on structured surfaces and in the corners, 
joints, gaps of built works. Surfaces that are vulnerable to 
frequent wetting or where surface moisture is continually 
present are particularly prone to soiling. This process 
not only highlights the surface structure but also surface 
imperfections through time. 

Another major climatic influence is the frequency and 
intensity of freeze-thaw cycles. Frost induces stress in the 
material itself which can lead to cracks, surface scaling 
and roughness. Severe frost-thaw cycles can also cause 
frost heave leading to cracking, structural damage or 
subsidence. This is due to an upward volume expansion 
of soil caused by the freezing of moisture, the melting of 
this frozen soil can then lead to a weakening of the bearing 
capacity of the substrate [9: p60].

The climatic factors mentioned above also have a major 
influence on the location, spread and rate of growth of 
spontaneous vegetation growth. The growth is focused on 

a/b) Deposits of airborne sediments on concrete wall (exposed location): year 1 / year 10. c) Biological growth on wooden deck (sheltered location): year 
17. d) Biological growth only on riser due to reduced trampling and maintenance (semi-exposed location): year 1 / year 7. [Photos: S. Colwill]

Figure 3
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niches, corners, joints and cracks of the built environment 
that have the ideal climatic, moisture and soil conditions 
for the specific species [Fig. 3c, 3d]. Norbert Kühn defines 
spontaneous vegetation as‘ … all plants that develop 
without intentional Horticultural input .... It grows at no 
financial cost, is authentic and is always appropriate to site 
conditions’ [10: p 47].

Surface growth is mainly initiated by bryophytes, lichens, 
algae and fungi that are largely not detrimental to the 
material itself and contribute to the development of 
surface patina. This can however lead to more damaging 
species of vegetation taking hold such as trees and 
woody plants that may damage the construction through 
acids produced by the roots, direct contact, and physical 
penetration by roots [6: p 25, 11: p 101]. In general, more 
aggressive woody plants and trees that can severely 
damage a construction require higher levels of substrate 
[12: pp 359-366, 6: p 24].The intensity of growth is 
determined by the availability and quality of rooting 
substrate, the exposure, moisture availability and the 
frequency of disturbances from use (trampling) and/or 
maintenance [Fig. 3c, 3d] [6: pp 16, 23, 13: p 5, 11: p 94]. 
Existing plant cover also protects against evaporation, 
sun exposure, and regulates relative humidity therefore 
supporting further growth [14]. Our research results show 
that damp, sheltered and shaded locations generally 
support more growth than exposed locations. 

The reflection of short-wave solar radiation is termed 
albedo. Its value is expressed by the percentage of the total 
incoming radiation that is reflected, from total absorption 
(0%) to total reflection (100%) [15: p32]. Albedo is mainly 

influenced by the colour and brightness of a material 
surface and the intensity of sunlight (illumination) [16. 
p.35]. It is also influenced by factors such as surface 
roughness, the wavelength of the incoming solar radiation 
and its angle of incidence [16: p.52]. Due to the decreasing 
angle of incidence, the albedo value increases from the 
equator to the poles [16: p 35, 15: p32].]. Darker and 
rougher surfaces (lower albedo) lead to an increased 
absorption level, rapid heat transformation on the material 
surface, leading to increased evaporation and lower surface 
moisture [16: p 35,160]. Lighter and smoother surfaces 
(higher albedo) reflect more solar radiation leading to a 
reduction in surface temperatures. [15: p32]. This increased 
solar reflection from lighter surfaces can however have a 
negative effect on surface brightness (glare) and increase 
thermal stress/discomfort for pedestrians. [17: p 384]

These climatic agents are influenced by the degree 
of exposure, aspect (slope), relief, and the degree of 
sheltering of the structure by surrounding obstructions 
such as trees or nearby buildings [16: p 54]. The agents 
seldom act independently, more commonly they act in 
combination with one another. The following diagram 
divides the built landscape into three main climatic zones 
[Fig. 4]: 

Open ground with no obstructions nearby is exposed to 
direct sunshine, frost actions, increased wind velocity 
and high levels of precipitation. These locations lead to 
an increased rate of drying, increased solar ultraviolet 
radiation, low humidity together with high precipitation 
and frost intensity. This climate is the most extreme and 
therefore aggressive for many materials; colours generally 

The zones of climate exposure [Diagram: S. Colwill]

Figure 4
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fade; synthetic materials become brittle, wood twists 
and cracks [Fig. 2a, 2b]. Direct exposure to sunlight and 
wind often lead to desiccation thus limiting the growth of 
spontaneous vegetation [18: p 31, 19: p 65]. 
Construction materials best suited to these areas are 
therefore tolerant to high levels of ultraviolet radiation, 
thermal expansion, cycles of precipitation, and frost-thaw. 
A relatively light surface (high albedo) is favourable in 
reducing surface temperatures and material stress (e.g. 
thermal expansion), very light surfaces should be avoided 
due to glare and thermal stress for pedestrians [17: p. 384]. 

Semi-open ground with low nearby obstructions is 
subject to moderate climatic exposure. The increased 
surface moisture through partial-shading (decreased rate 
of drying) together with increased deposition of airborne 
sediments increases the rate of spontaneous vegetation 
growth,

Sheltered locations with significant surrounding 
obstructions are generally protected from the direct 
actions of precipitation, direct sunshine and wind. These 
locations lead to a reduced rate of drying, increased 
humidity and therefore to an increased rate of biological 
deterioration [Fig. 2c, 2d]. Airborne organic matter and 
other sediments often accumulate in these lower-velocity 
areas leading to increased moisture retention and soil 
formation which in turn provides the perfect physical and 
hydric conditions for spontaneous vegetation growth [20: 
p13, 19: pp 63 - 80].
Construction materials for these areas should be resistant 
to moisture, biodegradation, quick drying and simple to 
clean. Unbound surfaces and paving with a high proportion 
of joins (e.g. setts) generally require increased maintenance 
in these areas.

Note: Due to the complexity of the interaction between 
climate and the built environment there are many special 
climatic locations, for example those influenced by up-
draughts on facades, which are not covered by this simplified 
zoning diagram. 

CASE STUDIES

Workshops were held in cooperation with the climatology 
department at the TU Berlin over a one year cycle 
investigating the climatic impact on built landscape 
elements in various materials. These were held as 
student field research activities using a thermal imaging 
camera, hygrometer and other climatic instruments. 
The data resulting from the workshop enables a detailed 
interpretation of the visible signs of decay from the 
research case studies, and a deeper understanding of the 
causative processes involved. 

The research site was the forecourt of the architectural 
building of the TU Berlin. The space is oriented towards 
south east and comprises mainly of sealed surfaces with 
two planters containing shrubs and trees. The surface 
temperature and surface moisture were measured at 
14 standpoints at regular intervals from 8am to 8pm. 
Air temperature, relative humidity and wind were 
recorded using a multi-functional instrument. A thermal 
imaging camera was also used to gain a greater coverage 
of readings from the objects themselves and their 
surrounding contexts. 

The first summer recordings took place on 25.05.2016, a 
cloudy day on which the albedo effect, for example on dark 
and light paving slabs, was almost insignificant, which 
demonstrated the significant relationship between albedo 
and the level of sunlight. The field research was then 
repeated on a sunny summer day on 08.06.2016. Sanda 
Lenzholzer explains that on a sunny day at noon in central 
Europe an open surface can receive up to 1000 watts per 
square meter, compared to 500 watts on a cloudy day and a 
mere 100 watts in deep shade. [15: p31]. 

In the following section the summer workshop results from 
08.06.2016 will be discussed together with the findings 
of the research project in order to explain the impact of 
climatic agents on vertical and horizontal elements of the 
built landscape. The air temperature was recorded on the 
TU Berlin rooftop weather station.

Vertical element: FREESTANDING CONCRETE WALL 
The highest temperatures fluctuations were recorded on 
the most exposed surface at the top of the wall, whereas 
the more constant temperatures were distributed at the 
base. The recorded surface moisture was the lowest at 8pm 
due to the heat storage capacity of the material. 
As Darlington [13: p 17] observed, vertical elements lead 
to an interruption of horizontal air currents and therefore 
to increased deposition of sediments and propagules 
compared to horizontal spaces. He states that ‘In assessing 
the ecological potential of any wall, general considerations 
include its dampness, texture, thickness, inclination, 
orientation and position …’ [13: p 5]. Thicker walls are 
capable of retaining more moisture and are therefore more 
prone to surface vegetation. [13: p 5]. 
 
The climatic evaluation of the wall is divided into three 
zones, the Top, Face and Base.

Top: This zone is characterised by extremes of wetting 
and rapid drying, the highest moisture and temperature 
fluctuations, and the accumulation of airborne substrates. 
The values at the top of the wall in full sun rose rapidly 
in the morning and reached up to ca. 16°C above the air 
temperature, cooling occurred after sundown. Particles 
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accumulate on the horizontal surface at the top of the 
wall due to air currents, precipitation, surface erosion and 
transportation by animals (e.g. birds and ants), enabling 
biological growth. Wall copings are a form of constructive 
protection that reduce staining by shedding precipitation 
away from the face of the wall. The field research results 
show that copings are often not implemented, leading to 
many cases of surface staining. 

Face: This area is characterised by the lowest levels of 
surface moisture, little staining and substrate deposition 
and rapid drying. The temperature of the face of the 
wall reached its peak of 31°C in the early afternoon, in 
the early evening it remained 11°C warmer than the 
surrounding air temperature due to the heat storage 
capacity of the material. The incline of the wall affects 
moisture and substrate retention, more vertical surfaces 
are predominantly dryer, and therefore fewer plants can 
establish [13: p 5, 8, 18: p 39]. The upper area of the wall 
face is influenced by the runoff of sediments from the top 
of the wall which often cause vertical biological staining 
(e.g. cyanobacteria, algae, mould) [8: p 625]. This process 
leads to a highlighting of the surface structure of the wall. 
Walls from individual units (e.g. bricks, stone, concrete) and 
vertically structured surfaces lead to a more even spread 
of surface soiling. Surface irregularities, for example due 
to production process faults such as the soiling of concrete 

formwork, can also become more visible through soiling. 
The bottom 20-30cm of the wall is strongly influenced by 
rising damp and the splashback of rainwater which often 
leads to soiling, biological growth, staining and material 
deterioration [8: p 629]. Surface soiling on smooth and light 
coloured surfaces (e.g. smooth exposed concrete) becomes 
especially visible. 

Base: This is the wettest zone due to direct precipitation, 
runoff from the wall face and moisture rising from the 
soil due to capillarity [Darlington: p5]. Spontaneous 
vegetation growth is predominantly found at the base due 
to the increased levels of moisture, low evaporation levels 
due to shading, and the increased availability of rooting 
substrate [13: p5, 6: p20]. The substrate accumulates 
through the direct deposition of airborne particles or 
from being washed from the face and/or top of the wall by 
precipitation. This niche is seldom disturbed by human 
trampling and is particularly difficult to maintain, which 
often leads to an increased rate of growth. 

Thermographic analysis of a free-standing concrete wall over a one day period. [F. Zwangsleitner]

Figure 5
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Horizontal element: GRANITE PAVING SLABS, 
LIMESTONE SETTS, ASPHALT, TOPSOIL

The darker granite paving slabs and limestone setts had 
a consistently higher surface temperature and lower 
surface moisture than the lighter surfaces. Some lighter 
slabs with significantly rougher surfaces attained similar 
measurements to the darker surfaces; this surface 
roughness leads to a reduced albedo. The highest surface 
temperature of ca. 50 ° C was reached at 2pm on the dark 
granite slabs on open ground, which was over 20 ° C above 
the surrounding air temperature. Therefore, materials 
and joints for exposed locations need to withstand the 
internal stress and expansion resulting from this extreme 
temperature variation, together with physical loading. 
The higher pore volume of the gravel joints results in 
reduced maximum temperatures. Spontaneous growth 
mainly occurs in these joints where soil and moisture can 
accumulate, especially on shaded surfaces that are seldom 
disturbed by trampling and/or maintenance. 
Shading leads to reduced evaporation, an increase 
in surface moisture retention and reduced maximum 
temperatures, thus aiding vegetation growth [Figure 7] 
[16: p. 57]. The recorded surface temperature difference 
between sunny and shaded locations of limestone setts 
reached ca. 18°C at 2 pm, whereas the difference was down 
to ca. 2°C at 8pm.

The growth of paving vegetation is also dependant on 
maintenance regimes such as brushing or road salting. 
This vegetation is often maintained in a perpetually early 
state of succession due to trampling and limited soil 
accumulation [11: p99]. 

The recorded temperature of the exposed black asphalt 
surface (low albedo) reached a maximum of ca. 46°C in the 
early afternoon which was ca. 20°C higher than asphalt in 
a shaded location. These high temperatures can lead to a 
softening of the asphalt binder leading to deformation and 
rutting [21]. In the late evening the surface temperature 
was ca.10°C higher than the air temperature demonstrating 
its high heat storage capacity. The field research shows that 
repeated cycles of expansion and contraction often lead 
to surface cracks and the breaking of the adhesive bond 
with the peripheral edging which leads to spontaneous 
vegetation growth. 

Low temperature and moisture fluctuations characterise 
the soil surface due to the high pore volume and moisture 
retention properties [16: p. 50]. The soil temperature rose 
to ca 10°C above the air temperature in full sun, in the full 
shade the temperature remained within ca. 3°C of the air 
temperature. 

Thermographic analysis of dark and light coloured granite paving slabs over a one day period. [F. Zwangsleitner]

Figure 6
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CONCLUSION

The initial research results display a great diversity of 
weaknesses due to climatic agents throughout public 
space in Berlin, some of which are depicted and discussed 
in this paper. The data resulting from the workshops 
enables the specific characteristics of climatic vulnerability 
on various structures and materials to be determined 
thus generating a wide range of detailed knowledge on 
project development. Landscape architects can combat 
these climatic agents through the optimisation of design, 
detailing, construction processes and maintenance regimes 
throughout the project cycle. 

Climatic factors also have a major influence on the spread 
and growth rate of spontaneous vegetation. Maintenance 
operations should aim to halt the processes of succession 
to the early stages that are not harmful to the material or 
structure. Insufficient or incorrect maintenance can lead to 
the continued growth and succession of grasses and woody 
plants that can lead to deterioration and/or structural 
damage.

Factors such as the degree of exposure, relief and aspect 
strongly influence the intensity of microclimatic agents. 
This indicates the necessity for selecting the right material 
and surface finish for a particular geographical location. 
Furthermore, knowledge of the specific climate factors and 
the foreseen level of maintenance and repair are required. 
No two locations on a site are exactly alike; therefore 
different materials or surface treatments may be necessary 
to implement an object in various situations. For example, 
in an exposed open location a hardwood bench may well 
be treated with UV protection oil, for a sheltered location 

under lime trees a painted finish is most probably more 
appropriate.

Existing signs of climatic degradation also act as a ‘climatic 
indicator’, providing an expectation as to the type and 
extent of climate‐induced deterioration. Therefore, regular 
monitoring of post-completion development together with 
the implementation of necessary design and/or technical 
alterations and/or maintenance strategy can avoid 
premature deterioration.
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INTRODUCTION

‘Science …. has not enabled us to predict the 
behaviour of people; which very many designers need 
to be able to do. … We design failures chiefly because 
we cannot make reliable predictions about responses.’ 
(David Pye 1995: 27)

The actions of users are one of the most aggressive agents 
influencing change to built landscapes through time and 
are particularly difficult to predict. Many factors influence 
the patterns of use of public space such as the activities 
and functions available, climatic factors, the time of day, 
the day of the week and seasonal variations. In structural 
terms, usage is a form of mechanical loading which can 
be static or dynamic and exerts force upon the structure. 
Repeated cycles of use (cyclic loading) therefore lead 
to wear and tear. The intensity and frequency of these 
interactions dictate the impact of these forces over time. 

Current research at the Technische Universität Berlin is 
developing a system for monitoring the development 
of built landscapes through time. A low-threshold 
anticipatory method is currently being developed to 
optimise future landscape projects already during the 
design and detailing phase. The processes of patination 
and subsequent deterioration highlight weak points of the 
design as well as deficiencies in detailing, construction and 
maintenance. Through comparisons between the original 
state and successive recordings process-dependent 
changes become visible and frequently occurring points of 
weakness can be pinpointed. The data resulting from the 
research enables a detailed interpretation of the visible 
signs of deterioration and a deeper understanding of the 
causative processes involved.

This paper will explore the signs and symptoms of various 
forms of use throughout the city of Berlin. Case studies 
from the research project will be presented, illustrating and 
analysing the impact of user actions on the built landscape. 

RESEARCH RESULTS

‘Products and spaces, which - according to the criteria 
of professional design and its definition of meaningful 
use - are ‘misunderstood’ or ‘abused’, have a great 
potential for innovation and various new, other, multi-
functional options of use’ 
(Brandes et al. 2009: 13) 

The many problems associated with use such as overuse, 
underuse, misuse, alternative use and appropriation of 
use are difficult to predict and can lead to erosion, damage 
or destruction. In many projects, imbalances of use lead 
to the intense use or misuse of certain areas or objects 
whereas others remain disused. 

Misuse refers to the impact of wilful destruction (criminal 
vandalism) and appropriation of use (usage of an object 
for a purpose or in a manner other than intended) breaking 
either legal regulations or social norms. Vandalism is 
defined by Maren Lorenz as a deliberate, anonymous 
and norm-violating act causing damage or destruction to 
third party property, which occurs without an apparent 
motive. (2009: 10). A student field study took place at the 
TU Berlin aimed at defining the main categories of misuse 
of open space in Berlin and evaluating user acceptance of 
the resulting condition. The signs of misuse in parks and 
city squares were mapped and five main categories were 
established:

Categories of Misuse
• Damage and wilful destruction 

ل      to materials and objects [Fig. 1a, b]
ل      to vegetation [Fig. 1c]

• Street-art and guerrilla advertising:
ل      Street-art and graffiti [Fig. 4a,b]
ل      Street-advertising, billposting, stickers [Fig. 4c,d]

• Littering:
ل      trash, rubbish [Fig. 2a, b]
ل      dog and human faeces [Fig. 2c] 
ل      chewing gum and cigarettes [Fig. 2d]

• Appropriation of use:
ل      alternative usage [Fig. 3a, b]
ل      appropriation for sports e.g. skating [Fig. 3c, d] 
ل      alternative site circulation e.g. desire paths [Fig. 5c]

• ‘Guerrilla gardening’ [Fig. 1d]

USE AND ABUSE: 
READING THE PATINA OF USER ACTIONS IN PUBLIC SPACED
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Tessin claims that a tidy image of the open space gives its 
visitors a feeling of security and increases the awareness 
of users to care for the space: ‘Due to the concrete design, 
facilities and maintenance of the park, a standard and role- 
conforming behaviour is to be at least suggested. The more 
intensively designed, maintained, and more elaborate, for 
example the park, the more civilised the behaviour of users’ 
(Tessin 2011: 46). Furthermore, the principle of the ‘Broken 
Windows Theory’ dictates that a damaged or untidy area 
will lead to further occurrences of wilful damage in the 
future. Kelling and Wilson (1982), the founders of this 
theory, found through empirical studies that vandalism 
and other kinds of damage to property increase and 
accelerate in areas where signs of vandalism are already 
present. According to Tessin, ‘… Vandalism is best reduced 
by immediate repair and a generally high maintenance 
standard and, of course, by a vandal-resistant, robust 
equipment and design’ (2011: 16).

Various forms of misuse can be observed throughout 
Berlin ranging from physical damage to street furniture, 
to soiling by chewing gum, sticker tags and sticker art, 
graffiti, littering, desire paths, theft and skater damage. 

From a constructional viewpoint, misuse may lead to 
surface erosion, damage and destruction and therefore 
needs to be addressed in the design and detailing phase. 
Other factors, such as graffiti or stickers, form an additional 
surface protection layer and are not detrimental to the 
construction itself. All forms of misuse may however 
contribute to the ‘Broken Windows Theory’ and therefore 
may lead to a downward spiral of decline. Designers 
can address surface disorders (e.g. graffiti, stickers) 
by implementing appropriate materials with easily 
maintainable protective surfaces and coatings (Ross 
2016: 399). Many research projects have focused on the 
prevention of misuse and vandalism in public space, 
strategies include:

• Opportunity reduction measures: e.g. improve 
design, aesthetics and maintenance; design in order to 
reduce opportunity (e.g. vandal-proof materials, anti-
graffiti coatings, planting of dense vegetation in front 
of vulnerable surfaces, lighting and fences)

• Enforcement measures: e.g. prohibitive signs, visible 
security patrols, surveillance cameras

• Collaborative measures: stakeholder engagement 

Forms of misuse. a) Wilful destruction: year 01/ year 07. b) Wilful destruction, littering: year 08. c) Wilful destruction to vegetation. d) Guerrilla gardening.

Figure 1
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Misuse. a) Littering: year 05. b) Littering within a structure: year 07. c) Faeces and urine: year 5. d) Chewing gum trodden into surface: year 15. 

and participation. According to Oscar Newman's 
‘defensible space’ hypothesis (1972) offenders are 
discouraged from action if they perceive the space as 
being controlled by its users and residents.

• Education measures: e.g. education programmes in 
schools, community initiatives, mass media campaigns 
directed at high-risk audiences. 
(e.g. Barker & Bridgeman 1994: 6-13; Havârneanu 2017: 
1081-1085) 

Research indicates that the most effective approaches 
employ a combination of strategies (Barker & Bridgeman 
1994: 37). The main focus for landscape Architects 
therefore lies in improving design, aesthetics and 
maintenance together with stakeholder engagement and 
participation in these processes.

‘There are two types of objects in public space that are 
popular targets for destruction: objects which seem to 
be dispensable or whose purpose is not understood, 
and authoritarian objects that only allow for one 
prescribed kind of use’ 
(Brandes et al. 2009: 168)

Similar to Brandes et al (2009: 168), our research shows 
that authoritarian objects such as prohibition signs are 
especially subject to wilful destruction [Fig. 1a]. Stickers 
(sticker tags and art) have become an extremely popular 
means of spreading information in urban open spaces 
and are particularly difficult to remove [Fig. 4d] (Ross 
2016: 398). Guerrilla gardening is the unauthorized act of 
gardening in public or private spaces often as a response 
to urban problems or as environmental activism [Fig. 1d] 
(Adams & Hardmann 2014: 1103-1116). The responses to 
guerrilla gardening are very mixed; most of these works 
take place without public consultation which can result in 
adverse impacts on the surrounding community (Adams 
et al. 2015: 1-16). Many forms of misuse, such as graffiti 
or billposting are controversial; on the one hand this can 
be seen as a form of positive cultural expression, social 

Figure 2
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exchange, protest, or users simply identifying with the site. 
On the other hand, some may associate these works with 
deterioration or find the works visually offensive. 

Littering, the behaviour of improper litter disposal, 
poses environmental, social and aesthetic problems. It 
occurs not only due to the behavioural characteristics of 
user’s but may also result from an insufficient number of 
waste containers, insufficient emptying, poorly located 
containers or an existing presence of litter. [Fig. 2a, b] 
(Schulz et al 2011: 47-48). Receptacles without covers 
are particularly susceptible to storms, wind, birds, dogs, 
vermin and other animals. Large-scale research shows that 
the farther away the receptacles are, the more likely you 
are to litter (Ibid 2011: 35–59). Cigarette butt littering can 
be significantly reduced by providing additional ashtrays, 
especially in close proximity to building entrances where 
smokers gather due to indoor smoking legislation (Liu and 
Sibley 2004: 373-384). 

In addition to the active form of wilful destruction, 
‘passive’ vandalism in the form of ‘appropriation of use’ 
or ‘unintentional destruction’ can occur. Appropriation is 
a form of misuse in which an object is used for a purpose, 
or in a manner other than intended which may result in 
conflicts between users, unintentional soiling, damage 
or destruction [Fig. 3, 4]. Psychologists Costall and Dreier 
(2006: 10) argue for ‘… the need to think of design not as a 
separate stage prior to the use of things, but as a continuous 
process within the context of their actual use’ which can 
change and adapt through time. They explain that certain 
types of usage are foreseen by the designer and catered 
for in the design and detailing through employing specific 
affordances (characteristics that imply how an object 
should be used) (Ibid.: 46). Users are under normative 
pressure to use these objects for these ‘proper’ functions 
according to the designer's intention (Ibid.: 17, 32). The 
user, however, may recognise the objects ‘accidental 
functions’ and utilise built elements creatively in a non-
standard or ‘improper’ way (Ibid.: 32). This creative 
appropriation of objects can therefore be viewed as part 
of the design development process which extends the 
functional diversity of the object (Ibid.: 24). For instance, 

Appropriation of use. a) Use as a bench or bed: year 5. b) Tree or bike rack: year 06.

Figure 3
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a park bench may be viewed by a child as a playground 
element, by a homeless person as a bed, or by a teenager 
as a fitness device (Tessin 2011: 34-37). Each of these uses 
are mutually exclusive and may cause physical damage, 
soiling. These appropriated uses may also discourage 
others from using the bench for its intended purpose as a 
seat. 

Appropriation of use and unintentional damage can also 
occur as a result of failures or misjudgements in the design, 
detailing and realisation. A few examples are listed below:
• Objects with very acute angles often become chipped 

or broken through use [Fig. 5a].
• Surface coatings for bike stands that are not impact 

resistant often become chipped through use (e.g. 
powder coatings) [Fig. 5b].

• ‘Desire paths’ through grass areas (created by surface 
erosion) are often found due to a lack of paths in the 
preferred direct route (‘short cut’). These paths follow 
fluid flowing routes that generally branch off at roughly 
45°angles with rounded corners [Fig. 5c, d] (Loidl-
Reisch 2013: 16). 

Both overuse or underuse are problematic, each can lead 
to accelerated deterioration. 

Overuse leads to an increased frequency of loading and a 
greater intensity of wear, littering and soiling, which often 
results in an increased rate of surface erosion, damage 
and deterioration [Fig. 6a, b. Fig. 7]. Too intensive loading 
through use can cause structural or mechanical damage, 
deformation, ground movement or the displacement of 
a structure. The overpopulation of public space can also 
result in conflicts between individual users or groups for 
differing activities. The ‘eventisation’ and ‘festivalisation’ 
of public space for outdoor special events and festivals is 
increasingly becoming part of urban culture, generating 
intense periods of wear [Fig. 7] (Jung 2013: 50). This can 
provoke unintentional damage by multiple users who, for 
example, are then forced to walk on the grass adjacent to 
hard surfaces, thus causing compaction, physical erosion 
and damage [Fig. 6a]. These events and the resulting 
damage disrupt the patterns of usage by regular users 
which often leads to further conflicts. Damage through 
overuse is seldom ‘repairable’ through maintenance and 
often requires the increased stabilisation of surfaces and 

 Appropriation of use, a) Graffiti/public art: year 4. b) Public art: year 05. c) ‘Guerrilla advertising’: year 5 d) Sticker tags, sticker art: year 8. 

Figure 4
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facilities. Therefore protective or preventative design 
and construction measures need to be taken in advance 
of events in order to limit damage. New projects can be 
implemented according to the requirements for specific 
events that are appropriate for the site (Jung 2013: 50). 

Underuse accompanied by insufficient maintenance 
generally leads to an increased rate of soiling, spontaneous 
growth and material deterioration. For example, a reduced 
rate of trampling of paved surfaces through use results in 
the reduced suppression of surface growth which can lead 
to an increased rate of spontaneous vegetation growth 
(Lundholm 2014: 96). This needs to be counterbalanced 
by increased maintenance in order to avoid accelerated 
deterioration [Fig. 6c, d]. The underuse of a space also 
results in reduced social control which can increase the 
subjective feeling of being unsafe, which in turn can lead to 
a further decline in use (Tessin 2009: 18). Therefore, in an 
optimal situation, maintenance and repair operations need 
to be adjusted over time to the type and level of usage on 
site. 
Usage is also an ‘indirect’ form of maintenance and should 

therefore be considered as a key aspect in optimising 
the long term development of the project. For example 
humans suppress spontaneous growth through trampling, 
oil wooden handrails through contact with their hands 
(Tanizaki 1998: 11) and remove dirt from benches by sitting. 
This becomes especially apparent through the visible 
patterns of use that become evident through insufficient 
maintenance over time [Fig. 8]. 

Damage due to design and detailing. a) Damage to acute edging: year 1/year8. b) Damage to bike stand: year 06. 
c) Visible signs of use: desire paths: year 7. d) Visible signs of use: year 9 

Figure 5
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Overuse in Berlin. a) Erosion due to a street food market in Preussen Park. 
b) Music event in Tiergarten Park. 

Figure 7

Overuse and Underuse. a) Visible signs of overuse: year 7. b) Erosion due to overuse: year 15. 
c) Increased succession due to underuse: year 01/year 07. d) Underuse: year 6. 

Figure 6



68

DISCUSSION

‘It is safe to predict that during the life of the park, 
the program will undergo constant change and 
adjustment. The more the park works, the more it 
will be in a perpetual state of revision. Its ‘design’ 
should therefore be the proposal of a method that 
combines architectural specificity with programmatic 
indeterminacy’ 
(Koolhaas et al. 1995: 923)

Objects and spatial arrangements are not neutral. They 
demonstrate restrictions by allowing for certain uses by 
certain users and excluding others (Frers 2009: 177-191). 
Therefore a multifunctional design approach is preferable, 
allowing varying users multiple ways to use and adapt the 
object. Ideally, all possible forms of use need to be thought 
through and taken into consideration by the designer in 
the design and detailing stages. However, the type and 
intensity of use is difficult, if not impossible, to foresee 
in advance, especially when the whole project lifecycle 
is considered. The designer needs to gather a breadth of 
knowledge about the existing site with its specific context 

in order to make a judgement, including: 
• Accessibility

ل  site access and circulation
ل  distance from user groups
ل  catchment areas

• Urban quality (density etc.), 
ل  Surrounding land use 
ل  Living conditions
ل  Spatial distribution of facilities within the region 

(e.g. public space)
• Climatic data
• Demographics (crime statistics etc.)
• Indicators such as:

ل  existing signs of care or degradation provide 
an expectation as to the extent of use induced 
deterioration

ل  the presence of women in public space - because 
women react more sensitively to ‘unsafe 
environments’ (Tessin 2009: 15)

• Possible future forms of use and events. 
ل  Events: Parameters need to be set for future events 

on the site e.g. type of events, maximum capacity, 
risk assessment, vehicular access, maximum 

Use as an indirect form of maintenance. a) Year 2/year 9. b) Year 03. c) Year 6. d) Year 5. 

Figure 8
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weight of vehicles, protection measures and the 
provision of necessary equipment (Jung 2013: 50).

• It is also essential to know the level of maintenance 
and the skills of the available maintenance staff 
in the planning phase in order to achieve optimal 
maintainability.

If the type or intensity of usage is different to the prediction 
of the design team, the built landscape works may need to 
be adapted or optimised during occupancy. It is therefore 
necessary that Landscape architects monitor their built 
works at regular intervals after completion and report on 
project development. The current research shows that 
many problems related to use become visible within the 
initial 2 years after completion, some however become 
evident over longer periods. In order to improve operation, 
optimise maintenance and to measure and optimise 
performance we would suggest a 4 step post completion 
monitoring system over a period of 5 years. We recommend 
that this should be implemented in year 1, 2, 3 and 5 after 
completion and cover the following topics:-

• Technical analysis: 
ل  the identification existing and developing 

problems
ل   related to usage, design, construction etc. 
ل  the identification of performance issues
ل  assessment of the consequential damage/effects if 

not improved or repaired
• Remedial works: 

ل   adjustment and or optimisation of maintenance 
regimes

ل   planning of remedial works 
• Optimisation suggestions

ل  suggestions for design and/or constructional 
changes 

The results of this monitoring also need to be published 
in order to provide feedback to the profession and thus 
optimise future projects.

‘As a spatial and temporal terrain, a landscape is 
continuously changing in an unpredictable way, 
steered by the relations of the site with its specific 
context - an evolving system instead of a static image.’ 
… ‘Evolutionary processes are not exactly predictable. 
Thus, evolutionary design has to deal with uncertainty’ 
(Prominski 2005: 25, 33)

As a response to the conflicts associated with use 
an evolutionary design, maintenance and strategic 
development approach seems appropriate, which is able to 
respond to user demands through time. 
The above mentioned student field research showed 
that, generally speaking (the results are not scientifically 
valid however show a distinctive trend), different user 

groups such as children, adolescents and elderly people, 
unemployed and employed people, cyclists, skaters, 
sprayers and homeless people, have very differing 
opinions in what is perceived as misuse and vandalism. 
User participation in site management from the initial 
conception through to the post occupancy phase allows 
for the development of a specific development strategy 
focussing on local views regarding the level of cleanliness 
(level of maintenance), tolerance towards ‘vandalism’ and 
deterioration, and for making design changes. This can 
lead to increased acceptance of the users and a focusing of 
resources.

A new system of long term development called ‘process-
oriented project completion’ is being tested for the ‘Park 
am Gleisdreieck’ in Berlin. This is based on a planned 
withdrawal of part of the project budget in order to be able 
to react to changes and optimise operational performance 
after the completion of construction works. A ‘User 
Advisory Board’, consisting of elected local representatives, 
neighbours and members of the administration, represents 
the interests of the community and enables continual 
public participation throughout the project lifecycle, from 
the design phase to the post completion phase. The close 
contact between the management and the user advisory 
board ensures that the park's amenities develop close to 
the needs of the population, and that conflicts of use are 
recognised and minimised. An additional strength of this 
concept lies in the formation of a social network, thus 
increasing local identification and social control within 
the park. Insights from the initial usage of the park have 
led to the implementation of many concrete optimisation 
measures including the construction of further facilities 
and additional maintenance measures needed to correct 
the damage caused by intensive use. (Park am Gleisdreieck 
2017; Grün Berlin GmbH 2013)

The initial ‘process-oriented project completion’ period 
has now been extended to incorporate further unforeseen 
adaptions and extensions to the park due to park internal 
and external development factors (Endter 2018). In 
discussion with the park manager David Endter, an 
optimal processual completion period for all projects is 
not possible to define due to the specific individuality 
of projects. However minimum processual completion 
duration of 3 - 5 years is suggested (Ibid.).
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CONCLUSION

Many factors influence the type, frequency and intensity 
of use of public space. Some forms of misuse lead to 
damage and destruction whilst others such as graffiti or 
stickers, form an additional surface protection layer and 
therefore can enhance durability. Non-destructive misuse 
may be viewed on certain sites as a positive indication 
of the appropriation of public space, highlighting the 
participation of citizens in shaping their environment. 
All forms of ‘misuse’ however contribute to the ‘Broken 
Windows Theory’ and therefore can result in further 
misuse and decline. The consequence of both overuse 
and underuse is accelerated deterioration which can be 
counteracted through increased maintenance or changes 
to the design, construction or maintenance regime.

The problems associated with use show a clear need for 
landscape architects to accurately foresee the intensity 
and frequency of use during project planning. However 
many factors are not accurately predictable, especially 
when considering the complete project lifecycle. Therefore 
an adjustment mechanism is necessary during the 
post-completion phase in order to adapt to the actual 
situation of use through time. This research calls for 
the post completion monitoring of built works by the 
landscape architect in order for conflicts arising from the 
type and intensity of use or misuse to be addressed. The 
‘process-oriented project completion’ model enables 
projects to adapt to changes by retaining part of the 
project budget for post-completion adjustment purposes. 
If accompanied by continual public participation, the 
needs of actual user groups can be incorporated into the 
further project development and in the optimisation of 
maintenance strategies. Therefore, regular monitoring 
of post-completion development together with the 
implementation of necessary maintenance and/or design 
improvements can assist in improving performance and 
extending project service life.
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INTRODUCTION

‘And what is a weed? A plant whose virtues have yet 
to be discovered … Time will yet bring an inventor to 
every plant’ 
(Emerson 1879: 3) 

Hard surfaces are considered harsh substrates for 
vegetation due to the general lack of rooting space, 
low moisture availability, minimal soil volumes, soil 
compaction, climatic stress and regular disturbance from 
human activities such as trampling and maintenance 
(Lundholm 2014: 93; Kowarik 2003: 293-308). Spontaneous 
plants are however highly adapted to this harsh urban 
environment (Del Tredici 2014: 206). Colonisation 
takes place overground through seed dispersal using 
the wind, gravity or water, animal droppings, or by 
attaching to animals and being carried away. Dispersal 
can also occur through human trampling, maintenance 
operations or by being transported by vehicles (Darlington, 
1981). Spontaneous colonisation can also takes place 
underground by means of regeneration from rhizomes 
(underground stems). The location, spread and rate of 
spontaneous urban vegetation is highly influenced by 
microclimatic factors, the availability and quality of rooting 
substrate, moisture availability and the frequency of 
disturbance from use or maintenance (Lundholm 2014: 94; 
Lisci & Pacini 1993: 16, 23; Del Tredici 2010: 4). 

The most common conflicts involve damage from roots 
due to spontaneous urban vegetation growth directly onto 
the built landscape and the encroachment of existing 
plantings over planned boundaries onto neighbouring 

surfaces. Furthermore, the biological staining of materials 
was identified together with drainage conflicts due to 
the build-up of sediments and spontaneous growth. The 
consequences of spontaneous urban growth on the built 
landscape range from surface patination to subsurface 
damage which can become severe over time, see Figure 1 
(Loidl-Reisch 2016).

METHODS 

Current research at the Technische Universität Berlin 
(TU-Berlin) is based on the hypothesis that it is possible to 
optimise design, detailing, construction and maintenance 
techniques by monitoring and evaluating project 
development at regular intervals after completion. The 
processes of patination and subsequent deterioration 
of built landscapes highlight the weak points of the 
design as well as deficiencies in detailing, construction 
and maintenance. A low-threshold and non-destructive 
monitoring method to ‘read’ and decipher these traces of 
time is being developed in order to pinpoint the agents 
of landscape transformation and identify points of 
weakness and vulnerability in built landscapes. In order 
to obtain uniform and comparable research results in 
terms of climate, culture and contextual conditions, and to 
achieve the required design, material and constructional 
bandwidth, the research focuses upon landscape details 
(e.g. steps, paths, drainage elements, tree grids, seating 
and walls) in typologically different public or semi-public 
open spaces in Berlin. The current often desolate state of 
many of these projects reflects the reduced resources of 
the city, a fact that increasingly applies to cities throughout 

THE ROOT OF THE PROBLEM: 
ADDRESSING THE CONFLICTS BETWEEN SPONTANEOUS 
VEGETATION AND BUILT LANDSCAPE

E

Consequences of spontaneous urban growth on the built landscape. a) Filling of joints, cracks, fissures and recesses, b) Encroachment and spreading 
of plantings over surfaces and boundaries resulting in the veiling of structures, c) Leverage effects through root wedging and heave leading to further 
weathering, d) Loss of functionality, usability, stability or safety.

Figure 1
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Europe (BMUB 2015: 12, 33, 74). The research method 
is based on empirical inquiry following the case study 
methodology involving both qualitative and quantitative 
evidence (Yin 2014: 109). Each of the case studies resulting 
from the field research represents ‘a contemporary 
phenomenon within its real life context’ (Ibid: 13). 
Photographic recordings were taken at regular intervals 
over a 5-8 year period from the time of project completion. 
Through comparisons between the original state and 
successive recordings process-dependent changes 
become visible. The principles of construction pathology 
are used to identify relationships between the ‘visual 
signs and symptoms’ (effects) observed and ‘pathological 
conditions’ (causes). This enables causes to be determined 
and recommendations for the most appropriate course of 
action to be made (Watt 1999: 1-7, 159-165). Frequently 
occurring points of conflict highlight areas of weakness 
and vulnerability that need especial attention in design, 
detailing, implementation and maintenance. 

SPONTANEOUS GROWTH TYPOLOGIES 

The main typologies of pronounced spontaneous urban 
growth in the built landscape identified through this field 
research are shown in figure 2. The increased frequency 
and intensity of spontaneous growth in these areas 
suggests points of high vulnerability.

Many of these vulnerable areas arise because they are 
particularly difficult to maintain and require meticulous 
attention to detail, which is often not possible due to 
financial constraints. Some can however be optimised 
by selecting more appropriate materials, finishes and 
constructions for the specific location and function. 
Spontaneous growth was repeatedly found at the 
periphery of paved areas, surrounding trees, manhole 
covers, lighting fixtures and other obstructions. 
Construction work in these areas is impeded which may 
result in a lower quality of construction and consequently 
to an increased vulnerability to spontaneous growth. 

Spontaneous urban growth typologies. a) Cracks and fissures on horizontal or vertical surfaces, b) Paving or walling joints and seams, c) Junctions 
between horizontal and vertical surfaces, d) Peripheral encroachment over surfaces, e) Areas surrounding fixtures in horizontal or vertical surfaces, f) 
Surface area growth, g) Undisturbed areas due to inadequate maintenance or as a result of insufficient usage (under benches, behind railings etc.). 

Figure 2
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Sequence a-d: The encroachment of planting from embankment onto paving surface over 8 years. a) Year 1. b) Year 2. c) Year 6. d) Encroachment of 
vegetation promotes further spontaneous growth, Year 8. 
Sequence e-h: The encroachment of lawn onto a self-binding gravel surface over 10 years. e) Year 1, f ) Year 3. g) Year 5. h) Almost complete vegetation 
cover, Year 10. 

COLONISATION OF THE BUILT LANDSCAPE 

HORIZONTAL SURFACES 
Horizontal surfaces offer less hostile growing conditions 
and therefore generally lead to an increased vulnerability 
to spontaneous growth (Lisci & Pacini 1993: 20). The 
main difference to vertical surfaces is the presence of 
disturbance through trampling or handling which leads to 
the relocation of substrate, direct damage and substrate 
compaction (Lundholm 2014: 94-96; Segal 1969: 239-240). 
Surface colonisation begins with the formation of rooting 
substrate. The deposition of airborne sediments such as 
dust, dirt, organic matter (falling leaves, blossom, etc.) 
and other atmospheric contaminants is increased on 
the lower-velocity lee of vertical elements such as walls, 
edgings and plantings as well as on structured surfaces 
and in corners, joints and gaps. This accumulation of 
parent material together with actions of climatic factors 
and biota (bacteria, fungi, worms etc.) slowly breaks down 
and decays over time leading to soil formation (Bot & 
Benites 2005: 13; Loidl-Reisch 1987: 63-80). In turn this 
provides the perfect physical and hydric conditions for 
spontaneous plant growth (Bot & Benites 2005: 13). Initial 
spontaneous urban growth leads to the establishment 
of further microclimatic niches which promotes further 
growth. Continued growth over time leads to a process 
of succession in the plant communities that develop. 
The successive stages of spontaneous vegetation 
develop deeper and more extensive root systems which 
can gradually have an impact on the effectiveness and 
performance of the surface (Antos & Halpern 1997: 97). 
These more resilient communities (e.g. improved drought 
resistance) may damage the construction through physical 
penetration of roots, acids produced by the roots and 
direct contact (Lisci & Pacini 1993: 25; Lundholm, 2014: 

101). In general, more aggressive woody plants that can 
severely damage a construction require higher levels of 
substrate (Jim 2008: 359-366; Lisci & Pacini 1993: 24). 
Growth is however often maintained in a perpetually early-
successional state due to usage (trampling, contact with 
hands etc.) and maintenance regimes such as cleaning, 
brushing or the salting of surfaces (Lundholm 2014: 96, 99). 

Plant encroachment onto surrounding surfaces occurs due 
to the insufficient removal of organic debris and rooting 
substrate from the border area between soft and hard 
landscape through regular maintenance (e.g. brushing). 
Creeping and groundcover plants with a lateral growth 
habit that spread from suckers, rhizomes or stolons are 
particularly prone to rapid encroachment [Fig. 3a-d] 
(Niemiera 2012: 2). Surfaces adjacent to lawns are also at 
risk due to the accumulation of clippings at the periphery 
which degrade rapidly to become rooting substrate. This 
build-up of substrate allows the grasses to creep over 
edgings and encroach onto the paved surface by sending 
out shoots, rhizomes or seeds as shown in Figure 3e-h. 

Conflicts concerning encroachment can be optimised 
through the selection of less rampant, invasive species 
together with an increased intensity and frequency of 
maintenance. The implementation of wide or raised 
edgings surrounding vulnerable plantings such as 
lawns, meadows and groundcover helps to suppress 
encroachment and allows for increased maintainability.

Figure 3
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VERTICAL SURFACES 
Vertical elements such as walls, facades or lamp posts 
are generally more difficult for plants to colonise due 
to gravity, wind currents and precipitation runoff. As 
Darlington (1981: 17) observed, vertical elements interrupt 
horizontal air currents leading to an increased deposition 
of sediments and propagules which, due to gravity and 
runoff, leads to an increased rate of soil formation at the 
base. The increased levels of rooting substrate, moisture 
and low evaporation levels (due to shading) in this area 
often lead to an increased rate of spontaneous growth [Fig. 
4] (Darlington 1981: 5; Lisci & Pacini 1993: 20). Furthermore, 
this niche is seldom disturbed by human trampling and is 
particularly difficult to maintain, which enhances growing 
conditions. (Lundholm 2014: 95-96). 

Conflicts can be reduced by implementing fixtures with 
as few supports punctuating the surface as possible. A 
permanently elastic grouting material needs to be used 
for the joints immediately surrounding each support in 
order to allow for structural movement whilst sealing the 
joints against spontaneous growth. The maintainability 
of vertical elements in unbound materials (gravel, hoggin 
etc) can be improved by paving surfaces immediately 
surrounding the supports.

Covered surfaces and areas that are inaccessible for 
maintenance equipment should be avoided wherever 
possible. Where necessary, these surfaces either need 
to be intensively maintained or implemented with joint-
free poured surfaces or paving units with sealed joints 
(e.g. polymer resin or cement based) in order to minimise 
spontaneous growth.

SUBSURFACE DAMAGE 
The fine roots of spontaneous urban plants and 
encroaching vegetation penetrate into the joints, crevices 
and niches of horizontal or vertical surfaces of the built 
landscape in search of water, air and nutrients which may 
result in root wedging. Continued root growth over time 
leads to an increase in root girth thus exerting pressure 
and forcing materials apart. This in turn can result in 
increased moisture penetration, increased spontaneous 
growth and sustained damage through both root and frost 
wedging. Many spontaneous plants also develop tap roots 
or extensive fibrous root systems below the surface which, 
in time, can also exert subsurface upward or outward 
pressure. This ‘root heave’ can cause extensive damage 
by displacing or fracturing surfaces, resulting in safety 
issues such as slip and trip hazards. Subsurface roots are 
protected from the harsh surface climate, disturbance 
through trampling and maintenance activities which allow 
spontaneous plants to regenerate from the root base even 
after dieback or removal of the vegetation above ground. 
Seeds of spontaneous vegetation can also regenerate 
after many years of dormancy (Del Tredici 2010: 10. Wittig 
1991: 68-69). This makes maintenance measures for the 
permanent removal of spontaneous growth and the repair 
of root damage to hard landscape elements especially 
laborious.

Spontaneous urban vegetation therefore needs to be 
removed with their roots at a young age before the 
subsurface root systems can establish. Management of 
spontaneous vegetation by mechanical means achieves 
immediate results, however ‘cannot eliminate the basal 
portion of the vegetation, so that the weeds soon re-

Spontaneous growth between short walls over 8 years. a) Spontaneous growth at the base of short walls, Years 3. b) Year 6. c) Removal of growth in year 7. 
d) Rapid regrowth of vegetation in year 8.

Conflicts around fixtures. a) Impeded maintenance access when in use, year 7. b) Inaccessible spontaneous growth, year 8. c) Growth around street lamp, 
year 4. d) Hindered maintenance of covered surface, year 7

Figure 5

Figure 4
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grow, resulting in the need to repeat the operations at 
considerable expense several times during the year’ 
(Benvenuti 2004: 349). Figure 5 shows the development 
of spontaneous urban vegetation which was eventually 
removed in year 7, however one year later this vegetation 
had significantly regrown from its subsurface root system.

The most effective method of non-chemical weed control 
depends on the spontaneous plant species present, 
maintenance standard and cost effectiveness (Marble et al. 
2015a: 854). The best results are achieved when employing 
a variety of methods such as mowing, brushing, hand-
pulling, hoeing and thermal control techniques (Rask & 
Kristoffersen 2007: 374-377). Knowledge of the flowering 
periods of the predominant spontaneous species allows for 
maintenance to take place before the seeds become viable 
and are dispersed into the surrounding built landscape 
(Benvenuti 2004: 349, 351). 

Environmental (exposure to light, intensity of use), 
technical (paving type, joint width and material), and 
construction design (design, finishing) factors influence 
the intensity of spontaneous plant growth on hardscapes 
(Boonen at al. 2012: 4-12). Therefore, preventative weed 
control strategies need to be commenced in the design and 
detailing phase by selecting appropriate materials (e.g. 
jointing materials) and construction techniques (Boonen at 
al. 2012: 2-12; Rask & Kristoffersen 2007: 371, 378) that are 
tailored to the requirements of the specific site conditions. 

SHADED LOCATIONS [Fig. 6a-d]. 
Hardscapes in the shade of buildings, trees and 
overhanging vegetation are especially vulnerable to 

spontaneous plant growth and encroachment. Shading 
protects hardscapes against evaporation and sun exposure 
which increases the level of humidity and provides cooler 
temperatures (Lisci & Pacini 1993: 24, Wittig 1991: 154). 
A student assisted field study at the TU Berlin comparing 
exposed and shaded paved surfaces revealed that tree 
shade reduced maximum surface temperatures by up to 
19°C. Surface humidity was measured to be constantly 
higher in shade than on exposed surfaces during daylight 
hours. The study concluded that shaded hardscape 
surfaces therefore provide significantly better conditions 
for spontaneous vegetation growth than exposed surfaces. 
Spontaneous growth is particularly intense in shaded 
areas below or adjacent to vegetation due to the increased 
abundance of organic matter [Fig. 6a-d, Fig. 8e-h]. 

DRAINAGE CONFLICTS [see Fig. 6e-h]
Organic matter shed by plants such as leaves, fruit, 
flowers, seeds or sap together with other debris such 
as dirt, litter and mulch is transported to the lowest 
points of built works through the surface runoff of 
natural precipitation and erosion (Colwill 2017: 296). 
This debris therefore accumulates where drainage inlets 
(gullies, linear drains etc.) are located which often leads 
to conflicts due to enhanced spontaneous growth and 
blockages. This is especially problematic on unbound 
surfaces where, during heavy rainfall, surface runoff can 
wash out surface or jointing materials thus causing the 
increased sedimentation of drainage systems. Gullies 
with a low intake capacity or narrow inlet (slot channel 
drains) are especially susceptible to blockages [Fig. 6g]. 
Conflicts due to insufficient surface gradients were also 
identified. Low surface gradients reduce the flow rate of 

Images a-d: Increased vulnerability to spontaneous growth in shade. a) Limestone setts in full sun/full shade of a building, year 3. b) Increased spontane-
ous growth due to overhanging tree, year 3. c) Spontaneous vegetation adjacent to hedge, year 3. d) Spontaneous growth on compacted gravel surface 
below tree, year 4. 
Images e-f: Conflicts with drainage elements. e) Encroachment of vegetation from neighbouring embankment, year 3. f ) Growth within gully in compact-
ed gravel surface, year 8. g) Blockage of slit drain due to organic debris and spontaneous growth, year 3. h) Minimal gradient leading to sedimentation 
and growth on surface, year 10.

Figure 6
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surface precipitation resulting in an increased deposition 
of sediments and the retention of moisture, thus providing 
ideal conditions for spontaneous growth [Figure 6h]. 

These conflicts can be reduced through increased surface 
gradients, the regular removal of debris from the surfaces 
of built landscapes (e.g. by brushing) together with 
frequent sediment removal from the inlets, channels 
and sediment filters of drainage elements. Furthermore, 
drainage inlets need to be planned away from the niches 
and corners of the built landscape where increased 
sedimentation and spontaneous growth is inevitable e.g. at 
the base of walls, the foot of steps or adjacent to abundant 
vegetation. 

THE COLONISATION OF MATERIALS [see Fig. 7] 

Contributing factors for the colonisation of materials 
include the degree of exposure, surface structure and 
roughness, surface wetness, and the specific material 
properties such as chemical composition, water 
absorptivity and porosity (Rindi 2007: 623). Furthermore, 
the deposition of fruit, sap, insect honeydew (excreted by 
aphids) and other organic substances by plants onto the 
surfaces of built elements leads to an increased level of 
surface colonisation. Rougher surface materials retain and 
trap particles of debris more readily allowing for increased 
soil formation and spontaneous growth. Porous materials 
are more easily colonised due to their water retaining 
capacity and the facilitation of substrate formation (Lisci 
& Pacini 1993: 22). The presence of surface moisture, 
for example in shaded areas, enables airborne deposits 
to adhere to surfaces more readily thus promoting the 
processes of surface colonisation. As a result, materials 
that are prone to moisture-related defects such as rot or 
rust require surface protection in these locations. Water-
resistant materials such as granite or concrete which 
remain permanently moist are susceptible to biological 
surface growth (algae, moss, fungi, and lichens). This 
biological growth retains moisture for a long period of time 
after rainfalls which results in reduce traction and risk of 
slipping. Therefore surfaces prone to moisture, such as 
areas in deep shade, need to be implemented with slip 
resistant surfaces. 

Unbound materials such as self-binding gravel and surfaces 
with a high proportion of aggregate joints are particularly 
prone to spontaneous growth, especially in shaded 
areas. The irregular granular surface layer leads to a rapid 
accumulation of sediments and enhanced conditions 
for spontaneous vegetation growth. The distribution of 
this spontaneous growth reflects patterns of disturbance 
through maintenance and usage, see Fig. 8e-g. 

Jointing materials are also prone to spontaneous growth, 
see Fig. 8a-d. Seeds, dirt and detritus that land on surfaces 
can be washed or blown into these recesses thus improving 
growing conditions. Research at Ghent University 
highlights the following factors in order to reduce 
spontaneous urban growth in paving joints:
• Bedding layers should have a high permeability 
• Joints should be narrow to reduce the surface of attack
• Narrow joints should be filled with fine-grained 

jointing sand (grain size <2mm). Wide joints should be 
filled with coarse-grained materials in order to reduce 
the amount of water available for vegetation growth 
(grain size <6,3mm)

• Reduce the level of organic pollution from surrounding 
areas through regular sweeping

(De Cauwer et al. 2014: 157-161)

Materials and their surface treatments therefore need to 
be selected by taking not only the form and function into 
consideration but also the specific microclimatic factors of 
the location. The predicted intensity of use, the foreseen 
level of maintenance and the presence of organic matter 
also need to be duly considered. 

DISCUSSION

‘From a horticultural perspective, a truly sustainable 
landscape design is one that is in balance with the 
financial resources available to maintain it’ 
(Del Tredici 2006: 52) 

Maintenance plays a major role in all the conflicts depicted 
as case studies presented in this paper. The frequency 
and quality of maintenance operations together with the 
quality of design and construction have a huge impact 

Primary succession of materials. a) Concrete steps, year 7. b) Natural stone, year 8. c) Aluminium alloy, year 11. d) Wood, year 7
Figure 7
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Spontaneous urban growth. a) Growth in jointing material of paving, year 3. b) Vegetation in open joint between surface and wall, year 7. c) Growth in 
joints of steps, year 7. d) Spontaneous growth in gravel joint at the foot of an inclined wall, year 6. e) Growth surrounding tree in self-binding gravel sur-
face, year 3. f ) Self-binding gravel surface in full shade of trees, year 5. g) Tree in self-binding gravel surface, year 7. h) Increased growth in gravel joints of 
paving beneath a tree, year 8.

Figure 8

on how a project will change, develop and eventually 
degenerate throughout the project lifecycle. Many 
authorities are however under financial constraints that 
limit the ability to maintain public space sufficiently 
(Kühn 2006: 58). Poor maintenance, however, may 
also result from reduced maintainability due to poor 
design and detailing. It is therefore essential to optimise 
maintainability in the design and construction phase by 
addressing the key points of weakness and vulnerability. 
This is also crucial in understanding how an object may fail, 
thus allowing for optimisation in the planning process. 

Poor or improper maintenance can also results from the 
lack of skills of maintenance staff or supervisors, the 
quality of workmanship and the available of suitable 
equipment. In the interests of optimising maintainability 
and durability, essential information on the availability of 
skills and equipment for the construction and maintenance 
of the project needs to be considered in the design and 
detailing process. 

Traditional maintenance concepts aim to completely 
remove all spontaneous growth leading to high costs. It 
is however possible to create aesthetical and ecological 
performative spaces by allowing for the growth of 
spontaneous vegetation (Seiter 2016: 30). Combining 
spontaneous plants and ornamental plant would help to 
make spontaneous vegetation more attractive to the public 
(Kühn, 2006: 64, 65). More research is however necessary 
in order to generate a thorough understanding of planting 
design and maintenance strategies involving spontaneous 
vegetation.

CONCLUSIONS 

‘Feedback into the growth or decay of a landscape 
allows the landscape architect to have a positive, 
creative role in its development, rather than a 
negative, mitigating view of change, which is 
encompassed in the notion of ‘maintenance’’ 
(Raxworthy 2013: 193). 

The results of our field research depict evolving conflicts 
between hardscape and spontaneous growth over time 
thus highlighting many frequently occurring points of 
weakness and vulnerability. The most common conflicts 
involve the growth of spontaneous urban vegetation 
directly onto hardscapes and the encroachment of existing 
plantings over surrounding structures. 

The reduced budgets available for maintenance operations 
(Kühn 2006: 58) force landscape architects to focus more 
on the maintainability of their projects in the design 
and detailing phase of the project. This process should 
aim to predict points of weakness and vulnerability, and 
focus on optimising or resolving these. Management and 
maintenance strategies also need to consider the long term 
guiding image of the design. Insufficient maintenance leads 
to the development of successive stages of spontaneous 
vegetation which can become damaging over time as more 
aggressive, woody plants establish. Effective maintenance 
relies on the regular removal of potentially damaging, 
or particularly resilient root systems at regular intervals 
before they can establish. Integrated control strategies 
should focus on preventive measures in the design and 
detailing phase as well as remedial maintenance measures 
such as brushing or flaming during occupancy (Boonen at 
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al. 2012: 12). Alternatively, a long term guiding image of the 
design allowing for the growth of spontaneous vegetation 
may be pursued. The necessary budget for long-term 
maintenance of the project should be secured in advance 
as part of lifecycle management.

The field research forming the basis for this study 
demonstrates how the monitoring of the development 
of built works over time allows for continuous learning 
through an improved understanding of design, detailing, 
and material performance through time. Observation 
and analysis of project development allows for increased 
opportunities to carry out alterations before damage or 
more significant failure can arise. The findings need to be 
fed back to the profession, thus providing practitioners 
with a tool for forecasting points of weakness and 
vulnerability, informing judgments on future projects and 
avoiding repeated failure.
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INTRODUCTION

This chapter discusses landscape construction teaching 
methods that focus on learning through on-site learning 
activities. These student assignments use built landscape 
works as the source of enquiry and learning. 
The current generation of students has grown up with an 
almost endless availability of digital information. In an ever 
more complex world taking students out of the classroom 
away from their desktops and laptops and into the field 
has become more important than ever. Educators therefore 
need to develop new teaching methods that engage 
students in the learning process, increases their attention 
and motivation, and promote active listening, refection, 
problem solving and creative thinking. 
Built landscape is a dynamic system influenced by factors 
such as material selection, weathering, use and abuse, 
succession and maintenance. In order to understand this 
complexity, construction teaching in the classroom needs 
to be accompanied by on-site learning activities and 
assignments that link theory with practice by engaging the 
students in active learning. 
Case studies of courses at the Technische Universität 
Berlin (TU Berlin) and Harvard Graduate School of Design 
(Harvard GSD) will illustrate the significance of integrated 
field learning activities. Both schools use the site as an 
essential source of knowledge in their methods of teaching 
and combine classroom teaching with a broad range of on-
site learning activities. 

ON-SITE LEARNING

‘Not having heard something is not as good as having 
heard it; having heard it is not as good as having seen 
it; having seen it is not as good as knowing it; knowing 
it is not as good as putting it into practice.’ 
Xunzi [Teachings of the Ru] (Trans. J. Knoblock. 1988: 
Book 8, Chapter 11, p. 81)

A research project at the TU Berlin entitled ‘Landscape 
architecture and the time factor: Construction research 
on the contextual change of built landscape elements and 
the development of optimisation strategies’ is currently 
developing a low-threshold and non-destructive cyclic 
monitoring method for identifying frequently occurring 

points of weakness and patterns of change to built 
landscapes works through field research. The method 
being developed allows practitioners to monitor the 
development of built works after completion and provide 
clients with recommendations for optimisation. This cyclic 
monitoring method enables ‘Lifelong Learning’ from built 
works throughout ones academic and professional career. 
The research project is running hand in hand with teaching, 
allowing for continuous curriculum improvement and for 
students to focus on the core themes of the investigation 
through seminars, workshops and thesis topics. The initial 
findings highlight frequently occurring points of weakness 
in landscape detail design caused by contextual factors, 
component quality and operating conditions throughout 
the project cycle (Fig. 1).

The repetitive nature of these weaknesses underlines 
a distinct lack of knowledge within the profession of 
the processes influencing change through time. These 
results point towards education as one of the key 
priorities for improving the understanding of weathering, 
temporality, durability and time based change within the 
profession, and therefore, for optimising the durability 
and sustainability of contemporary landscape architecture 
projects (Colwill, 2016, pp 399-400). 

On-site assignments that engage students in analysing 
the built environment and critically reflecting on what 
they are experiencing significantly enhance construction 
teaching methods. This provides the students with 
multifaceted information that is often difficult to convey in 
the classroom. They combine otherwise separately taught 
course content such as planning, design, context, scale, 
proportion, material characteristics, haptic and optical 
qualities, together with the influences of weathering, 
use, maintenance and durability over time. This enables 
integrative learning in all fields of landscape architecture, 
urbanism, sociology of space, climatology, construction, 
maintenance and management. 

These field activities are vastly enriched when 
accompanied by the project designer, construction or 
maintenance firm and/or client together with the design 
and construction drawings. The first hand experiences of 
project stakeholders enable for example discussion on 
contradictions between design intention and construction, 

F ON-SITE LEARNING: 
TEACHING LANDSCAPE CONSTRUCTION
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key problems and solutions during the planning and 
construction phase together with issues of performance 
over time. Guest lecturers from designers and industry 
experts bring professional practices and new perspectives 
from the ‘real world’ into the classroom. The key aim 
hereby is to establish a dialogue between academics and 
practitioners, linking theory to practice, taking students to 
the field and bringing professionals to the classroom for 
mutual benefit.

The site itself is an invaluable source of knowledge at each 
stage of project development:-
Prior to construction the existing topographic features 
of the site can be investigated, critical issues such as 
existing structures and vegetation evaluated, the character 
and genius loci (the distinctive atmosphere) of the site 
experienced, and the impact of development deliberated. 
During the construction phase students learn from 
the scale and complexity of the construction site and 
gain a feel for craftsmanship, construction techniques, 
foundations, detail design and materials, much of which 
are no longer visible after completion. 
In the post completion phase students experience built 
landscape as a dynamic evolving system interacting 
with the natural environment and patterns of use. This 
also allows reflections on the design, the vocabulary 
of landscape detail, the durability of materials, and 
the processes of change through time. ‘Reflection is an 
important human activity in which people recapture their 

experience, think about it, mull over & evaluate it. It is this 
working with experience that is important in learning’ (Boud 
& Keogh & Walker. 1985 p 43) 

There are, however, two major hurdles regarding landscape 
technology field trips. Firstly, learning in one context, 
does not easily transfer to another; therefore it is essential 
that students experience a broad range of projects and 
detailed design approaches. Secondly, taking students out 
of the classroom is becoming increasingly difficult within 
academic institutions especially with regard to building 
sites due to increasing amounts of safety management 
issues and the administration necessary. 

Methods
The teaching methods developing from this research aim to 
improve learning by involving students in on-site surveys, 
analysis and evaluations of ‘real’ projects and construction 
details after completion. This enables students to 
experience built landscape as a dynamic evolving system 
interacting with the natural environment, patterns 
of use and maintenance regimes within an academic 
context. These teaching methods follow the ‘Experiential 
Learning Cycle’ model of learning through experience 
and discovery developed by the educational theorist 
David A. Kolb (1984). The model employs a learning cycle 
that generally begins with Concrete Experience (doing, 
having a specific experience e.g. on field trips or on-site 
assignments) moving to Reflective Observation (review, 

 Identifying the causes of change to built landscapes over time. (based on Kirkwood. 1999: pp 166-177 & Colwill 2016: p 398)

Figure 1
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reflect and discuss the information gathered from different 
perspectives before making a judgement) then to Abstract 
Conceptualisation (draw conclusions, learn and develop 
a clear understanding of the theory) and finally to Active 
Experimentation (applying what you have learned to new 
situations) (Fig. 2).
 
The most effective learning takes place when learning 
involves all four stages of the cycle. Kolb describes 
experiential learning as ‘the process whereby knowledge 
is created through the transformation of experience. 
Knowledge results from the combination of grasping and 
transforming experience’ (1984: p 41). 

It is generally accepted that people learn in different 
ways, whereas some students achieve through classroom 
activities others can grasp complex theory and concepts 
through interaction with real life situations. There are 
many models and theories on learning preferences; the 
VARK model developed by the educational developer Neil 
Fleming presents four different learning strengths and 
preferences (Fleming. 2012: p 1).

Visual learners learn from what they observe. They 
prefer learning from images, drawings, diagrams, 
charts, graphs, mind maps etc.
Aural learners (or auditory learners) learn from what 
they hear. They prefer learning through lectures, 
discussions, podcasts, oral presentations etc.
Read/write learners learn from read or written words 
and by taking notes. They prefer learning through 
books, texts, essays etc.
Kinesthetic learners learn from what they touch, feel 
and do. They prefer learning through multi-sensory 

experiences such as field trips, real-life examples, 
hands-on projects etc.
(based on Fleming. 2012: p 1)

Many learners show a strong preference for one of these 
learning styles, while others are multimodal and have 
any combination of two, three, or four preferences. 
Multimodal learners are flexible about how they learn, 
however, to improve learning various modes of learning 
are often necessary (Fleming, 2012). Research from J. 
Sarabdeen (2013, p. 1) states that for multimodal learners 
‘The practical implication is that the trainers should adopt 
various learning strategies to achieve the learning objective’. 

‘Teaching often reflects the teacher´s preferred 
teaching style rather than students´ preferred learning 
styles.’ 
(Fleming & Baume. 2006: p 5)

The results of a learning preference survey at California 
Polytechnic State University from 2010 – 2012 showed that 
the highest preference amongst 85 architectural students is 
Visual (48%) followed by Kinesthetic (26%), Aural (14%) and 
then Read/Write (12%). Furthermore, roughly 40% of all 
students ‘would be defined as having multiple preferences 
that include both Kinesthetic and Visual’ (Nelson, 2013). 
These results enable educators to use teaching methods 
that reflect the learning strengths and preferences of 
specific groups of learners in a course in order to increase 
learning outcomes. Integrated field learning assignments 
are mainly kinesthetic and visual learning activities, and 
thus address a large proportion of architectural student’s 
preferential learning styles. 

The Experiential Learning Cycle. (based on Kolb. 1984)

Figure 2



86

CASE STUDIES
The following case studies from Harvard University and TU 
Berlin aim to show how diverse teaching methods involving 
site interactions ensure a thorough understanding of 
construction technologies and techniques. Both of these 
schools use the site as a source of knowledge through field 
trips and field research assignments. 

CASE STUDY 1  
HARVARD GRADUATE SCHOOL OF DESIGN
Course title: ‘Landscape Technology as Design: Material, 
Tectonics and Time’ 
Program: Master of Landscape Architecture

The course is supervised by Professor Niall Kirkwood, a 
Professor of Landscape Architecture and Technology at 
Harvard Graduate School of Design (Harvard GSD) since 
1992, and Alistair McIntosh, a lecturer with over 35 years of 
landscape practice and teaching experience. 

Before teaching at Harvard GSD Niall Kirkwood worked 
in landscape architecture and architecture private design 
practices in the United Kingdom and the United States for 
18 years and gained hands-on practical experience through 
supervising the field construction of built landscapes, 
infrastructures and buildings in Ayrshire Scotland, London, 
Barcelona, Columbus Ohio and New York. One of his many 
fields of research is landscape detail design, traditional 
and emerging construction technologies, and the on-
going durability of built landscapes. His books entitled 
‘The Art of Landscape Detail: Fundamentals, Practices 
and Case Studies’ (1999) and ‘Weathering and Durability 
in Landscape Architecture: Fundamentals, Practices, and 

The outdoor classroom. Active discussion of detail design and construction issues. 
Harvard GSD (Photo: N. Kirkwood. 2016)

Figure 3
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Case Studies’ (2004) provide pioneering information on 
the theories, approaches, and practices of landscape detail 
together with the weathering, durability, and physical 
changes in the designed landscape over time. His teaching 
methods reflect this research by employing a diverse 
variety of methods and techniques in order to address the 
complexity of landscape detail design.

The objective of the course is to develop ‘a critical 
understanding of both tested and emerging practices of 
detail design and construction in landscape architecture, 
address the interdependence between site, design, 
technology, tradition and innovation in the making of 
landscape architecture and how this can inform function and 
expression in landscape design work at a range of project 
scales’ (Kirkwood, McIntosh. 2017). The course is split into 
two main components, ‘The Indoor Classroom’ involving 
a series of lectures and workshops, followed in the second 
half of the semester by the ‘The Outdoor Classroom’ with 
field trips to a wide range of historic and contemporary 
built landscapes. The individual course assignment runs 
parallel to the classes throughout the semester.
 
The Indoor Classroom - A series of lectures, discussions and 
interactive workshops

The lectures focus on issues of landscape technology, 
materials and construction, detail vocabularies and 
tectonic syntax, weathering and durability, structural 
principles and soft engineering. Accompanying workshops 
aim to demonstrate how the above concepts are integrated 
into practices of design development. Class participants 
engage in an interactive analysis of case studies through 
the use of the diagnostic section. The concepts and 
methods introduced in the Indoor Classroom form the 
basis for students to analyse and comprehend what they 
physically experience during the field trips.

The Outdoor Classroom - A series of field trips
The field trips or ‘Outdoor Classrooms’ address a wide 
range of approaches to landscape design and construction. 
The sites are selected to allow students the opportunity 
to observe and engage in a wide range of landscape 
programs, detail languages, material applications, design 
form and expressions, from varied landscape architecture 
offices. 

The course assignment consists of three main parts:

Part 1. A technological critique of a landscape 
architecture project from the last twenty-five years is 

Initial site investigation sketches from Part 1 as a basis for the diagnostic section. X. Yuan. 
Harvard GSD (2016)

Figure 4
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carried out. Particular focus is placed on the application of 
detail design at a range of scales and tectonic applications.

Part 2. This involves the research, design and Reverse 
Engineering (derivation of detailed information on design, 
construction and operation from an existing object) of a 
detail design landscape prototype that must be described 
in a material and tectonic manner over time. 
The detail design prototype is of a complex nature 
consisting of a variety of interrelated natural and 
constructed boundaries, transitions, surfaces and objects 
derived from a Diagnostic Section. The diagnostic 
section is a research and development tool involving 
both technical design analysis and the development of 
optimisations. Built elements are broken down through 
reverse engineering into their constituent parts in order 
to comprehend how they were constructed. Diagnostic 
evidence is also added to assess the current condition. 
This enables students to critically analyse built landscape 
works, derive constructional features and evaluate 
performance through time. The facts established in the 
same diagnostic section can then be used to inform the 
speculative development of new built works. 

Part 3. The detail design prototype is now applied to a 
new geographic location taking into account the specific 
site topography, micro-climate, soils, groundwater, 
availability of materials, labour and cultural context. 
The prototype needs to be modified to ensure the 
necessary performance over dedicated periods of time. 
Throughout the workshop and field exercise the ‘Students 
learn and apply methods of observation that enable a 
critical understanding of existing built works and apply 
those insights to the productive development of their own 
landscape proposals from the conceptual to the detail 
scales’. (Kirkwood, McIntosh. 2017)

CASE STUDY 2 
TECHNISCHE UNIVERSITÄT BERLIN 
Course title: ‘Landscape Construction and Materials’ 
Program: Master in Landscape Architecture

The course aims to develop understanding of how 
initial conceptual ideas are transformed through design 
development processes into concrete landscape proposals 
whilst addressing the implications of the specific site, 
function, design, construction, materials and the dynamic 
nature of physical change over time. This involves the 
creative transformation of physical materials through 
techniques of landscape construction into a vocabulary of 
built landscape form. Students need to develop a critical 
understanding of current, new and emerging methods of 
detail design and construction, a thorough knowledge of 
the qualities and properties of materials, together with a 
clear understanding of the factors influencing patination 
and deterioration. The course is split into a series of 
classroom based learning activities involving lectures and 
seminars supported by on-site learning activities focussing 
on the detailed analysis of built landscapes. 
 
Classroom learning - A series of lectures, seminars, 
discussions and workshops
The classroom learning activities involve a series of 
lectures and seminars, held by university staff and visiting 
experts, focusing on developing knowledge on the 
interrelations between site design, detail design, building 
materials, construction detailing, structural engineering, 
maintenance and the processes of time-bound contextual 
change. These take place parallel to the progress of the 
field based exercises. Guest lecturers are invited to present 
specific project case studies that further illustrate course 
content. 

Field trip to a concrete plant enabling in-depth learning of production techniques. 
TU Berlin (Photo: C. Schellhorn. 2015)

Figure 5
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On-Site Learning - Landscape Forensics 
Assignments within our construction seminar for masters 
students involves students in small groups going to 
‘real’ landscape projects and analysing situations in 
detail before formulating a tailored response. This is 
set as a research question, the object of research being 
‘real’ landscape projects. Students examine the current 
condition in relation to the surrounding context and 
reflect on interrelations between site design, detail 
design, building materials, technical implementation, 
maintenance and performance issues. Comparisons with 
images in publications at the time of completion, together 
with project descriptions or reviews enable the students 
to identify time bound changes to the built landscape, 
as well as discrepancies between design intentions and 
the built reality. Teacher support enables the students to 
‘read’ and interpret the traces of wear and tear, weathering, 
maintenance and succession in order to determine, for 
example, patterns of use, misuse, maintenance and/or 
points of weakness. The factors influencing change through 
time are introduced in a classroom learning context 
prior to the on-site interactions serving as a basis for 
‘reading’ and interpreting the condition (from patination 
to deterioration) of the projects and detail elements under 
examination. An on-site lecture from a practitioner is 
also organised to a current construction site or recently 
completed landscape architecture project.

This on-Site Learning based on what we call ‘Landscape 
Forensics’ which is a form of learning by examining 
the problems and failures arising on built landscape 
works through time. Furthermore, the location, spread 
and intensity of patination and decay allows specific 
vulnerabilities and weaknesses to be identified. Through 
analysing the root causes of failures methods for 
deterring future failure and enhancing durability can 
be derived. The method reflects on the entire design, 
construction and post completion phases of the project 
together with the current state of maintenance. The cause 
criteria listed in Fig. 1 form the basis for this analysis. 

The course assignment consists of four parts:

Part 1. The students perform an on-site examination and 
critical analysis of a built landscape architecture project 
completed in the previous 20 years.

Part 2. This involves the technological critique of a 
landscape detail within the selected site through reverse 
engineering and interpretation. The built element 
including the surrounding context is analysed with regard 
to the appropriateness of the design, construction and 
materiality together with the implications of functionality, 
location, weathering and durability. Points of weakness 
are identified that due to their exposed position (corners, 

Excerpt from a submission for Part 2 –Landscape detail critique and reverse engineering drawings. 
F. Karle. TU Berlin (2012)

Figure 6



90

Excerpt from a submission for Part 4 – Detail drawing and model of the optimised construction. 
F. Karle. TU Berlin (2012)

Figure 7
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edges etc.) or particularly high demands (intensively 
used surfaces, surfaces with ground contact etc.) are 
exposed to greater levels of stress than other areas of the 
same element. The root causes of time bound change 
are assessed according to the factors listed in Fig. 1. In-
use condition assessment takes place by analysing the 
differences between the current and original condition. 
This evaluation method is being further developed in 
the before mentioned research project. Change can 
be classified into those which are purely cosmetic and 
those that lead to a reduction in aesthetics, functionality, 
stability, and/or durability. Therefore a qualitative 
assessment of the following factors is carried out:

Aesthetic condition
From the initial process of cosmetic patination to the 
latter phase of visual degradation
Functionality
Usability, function, process-related serviceability and 
safety
Stability
The carrying capacity of the structure at the time of the 
survey
Durability
Ability of structure to withstand damaging impacts 
through expected service life, during scheduled use 
and maintenance

The students produce a variety of texts, photo 
documentations, diagrams, sketches and detail drawings 
to present their results; an example is shown in Fig. 6. 

Part 3. An optimisation strategy is then developed within 
a classroom learning context for the selected landscape 
detail with regard to the specific requirements of location 
(weathering, use intensity, level of maintenance etc.), use 
(form, material etc.) and for deterring constructional and 
material vulnerability. 

Part 4. The landscape detail is redesigned for a specific 
location using the knowledge acquired from the analysis in 
part 1 and 2 together with the optimisation strategy from 
part 3. A complete set of design and construction drawings 
and a scale model are then produced for the optimised 
landscape detail following standards for architectural 
construction and working drawings as shown in Fig. 7.
 

DISCUSSION 
The learning approaches presented here enable an 
integrative approach to teaching landscape construction 
by treating built landscape projects as research objects 
and engaging students in on-site research activities. Both 
courses use the site as an essential source of knowledge, 
a learning instrument informing the students on real life 
situations in the dynamic realm of time and change. The 
learning objectives are to provide students with techniques 
for design exploration through critical observation, 
technical thinking, and for monitoring the performance of 
built landscapes through time. 
Reverse engineering is a key teaching method of both 
courses and is based on a process of enquiry through 
observation and research. On-site observations of the 
current condition lead to the students posing questions 
regarding the design, construction, materials and the 
mechanisms of change. Individual research is then 
necessary to develop their knowledge, in order to analyse 
the site and its component parts in detail. The aim is to 
develop methods to critically analyse built landscape 
works, deduce the root cause of problems, evaluate 
performance through time, and develop optimisation 
strategies and solutions. This process is assisted by 
teachers who guide the students through the deductive 
process.

The course assignments not only aim to exercise and 
develop the tools, techniques and technologies of detail 
design practice in landscape architecture but also to 
predict and adjust to factors that affect the durability of 
landscape architecture projects over time. During these 
on-site assignments, students confront all facets of a 
project simultaneously, they need to think, discuss and 
analyse built landscape before formulating a judgement 
and an optimal response. The processes of observation, 
technical thinking, reflection and causal research 
enable a more founded development of innovative 
solutions. The role of the teacher in this process is as an 
educational coach, guide, and mentor who, if necessary, 
recommends alternatives for ineffective practices and/
or teaches possible alternatives. These teaching methods 
complement the more traditional techniques in lecture 
halls and seminar rooms. 

These teaching methods attempt to equip students 
with the tools necessary for lifelong learning from 
monitoring the development of both their own built 
landscape architecture works and the works of others. 
The assignments demonstrate to students how knowledge 
from built landscapes can be extracted and interpreted 
to inform future projects. The case studies follow Kolb´s 
(1984) cyclical model of ‘experiential learning’, from the on-
site data collection (experience/do) to the analysis (review/
discuss), the formulation of optimisation measures (learn) 
and the development of an optimised solution (plan/apply) 



92

The spiral process of continual learning and optimisation

Figure 8

(Fig. 2). Through repetition of this research cycle, a spiral 
process of continual learning and optimisation (Fig. 8) can 
be achieved. This process of Research and Development 
is similar to the monitoring methods currently being 
developed by the author within the previously mentioned 
research project.
 
The diversity of teaching methods also allow the courses 
to follow Neil Flemings VARK model of learning, optimising 
learning outcomes through addressing the preferences of 
a wide range of learning types, which in turn, often leads to 
increased group motivation. 

One of the bonus effects of these teaching activities is the 
passive learning that occurs. Observations of scale, form, 
materials and their surfaces, use, abuse, maintenance, and 
climatic interactions with the site allow ‘real world’ insights 
into landscape architecture projects within an academic 
framework. The problem solving ‘reverse’ assignments 
involving active learning and participation also enhance 
the learning experience by proving an activity in which 
the students can learn from each other. Boud, a professor 
of adult education, describes this ‘peer learning’ as the 

‘sharing of knowledge, ideas and experience between 
the participants.’ (2001: p. 3). The participants work 
collaboratively, give and receive feedback, and develop 
a wide range of skills. This engagement is reflected in the 
quality and diversity of the coursework.
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CONCLUSION
The teaching and learning methods discussed in 
this chapter demonstrate a shift of emphasis in the 
pedagogical framework of teaching landscape technology 
towards landscape performance, change, temporality 
and monitoring. Field-based learning assignments 
form an essential component in understanding theses 
complex relationships. The intensive on-site learning 
assignments involve observation, inquiry, and critical 
reflection on what they are investigating which triggers 
deeper, active learning. Hickcox (2002) explains that 
field experiences are student-centred learning activities, 
enabling the application of ideas and concepts taught in 
a traditional classroom context to a specific environment 
that stimulates critical thinking and analysis. They 
provide students with the opportunity to contextualise 
their classroom learning in the ‘real world’ of the built 
environment, therefore linking theory and practice. Both 
case studies presented here aim to improve teaching 
practices, enhance student learning, increase student 
engagement, and better prepare students for the complex 
requirements of the profession. The teaching methods 
focus on the relationship between site, design, landscape 
technology, and the dynamic forces of weathering 
and usage over time. The depth and complexity of the 
student results demonstrate a multifaceted technological 
understanding of landscape architectural detail design.
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Introduction
Landscape architecture involves the design and 
implementation of outdoor spaces by means of both 
‘hardscape’ (constructed features such as paths, walls, 
etc.) and ‘softscape’ (living vegetation such as lawns, 
trees, shrubs, etc.) elements. However, many conflicts 
between hard and soft landscape elements become 
evident through the processes of time and change. On 
the one hand, vegetation growth is often suppressed 
both overground and underground by the physical 
boundaries of its planting area, trampling, vehicles, 
harsh climatic factors and physical contact from usage. 

On the other hand, the built landscape is under constant 
attack from the encroachment of existing plantings, the 
development of spontaneous urban vegetation (weeds) 
and the problems associated with the build-up of organic 
debris. Furthermore, the requirements of softscape and 
hardscape are contradictory, thus increasing conflicts 
between one another. Plants need sunlight, carbon dioxide 
from the air, nutrients from the soil and water. They also 
need a non-compacted rooting environment, adequate 
drainage, aerated soil, and sufficient soil volume for root 
growth through to maturity. Built landscape, however, 
relies on highly compacted or stabilised base materials to 

HARDSCAPE VS SOFTSCAPE: 
ADDRESSING THE CONFLICTS BETWEEN VEGETATION AND 
BUILT LANDSCAPE.

G

Fig.: 1 Spontaneous urban growth in Berlin, 15 years after completion.

Figure 1
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provide structural stability which in turn leads to poorly 
aerated and drained subgrade soils. Furthermore, built 
landscapes shed surface water as quickly as possible; 
surfaces are therefore either partially or fully sealed which 
restricts gaseous exchange and the infiltration of water to 
the potential rooting zone below. It is therefore essential 
that landscape architects anticipate and optimise these 
conflicts and contradictions in the planning phase. This 
should aim to balance the needs of both plantings and 
built landscapes, thus reducing maintenance, increasing 
durability and avoiding premature deterioration. 

This paper addresses these conflicts by analysing the 
causes and effects of conflicts over time and diagnosing the 
underlying issues. The principles of construction pathology 
are used to identify relationships between the ‘visual 
signs and symptoms’ (effects) observed and ‘pathological 
conditions’ (causes) (Watt,1999: 1-7, 159-165). This 
enables causes to be determined and recommendations 
for the most appropriate course of action to be made 
(ibid). Frequently occurring points of conflict in the built 
landscape highlight areas of weakness and vulnerability 
that need especial attention in design, detailing, 
implementation and maintenance. This paper will focus 
on optimisation strategies that achieve a balance between 
enabling plants to grow and prosper without detrimental 
effects on the built environment and vice versa. 

Current research at the Technische Universität Berlin 
(TU-Berlin) is based on the hypothesis that it is possible to 
optimise design, detailing, construction and maintenance 
techniques by monitoring and evaluating project 
development at regular intervals after completion. The 
processes of patination and subsequent deterioration 
of built landscapes highlight the weak points of the 
design as well as deficiencies in detailing, construction 
and maintenance. A low-threshold and non-destructive 
monitoring method to ‘read’ and decipher these traces of 
time is being developed in order to pinpoint the agents of 
landscape transformation and identify points of weakness 
and vulnerability in built landscapes. A wide range of case 
study projects in Berlin were selected and photographic 
recordings in three zoom factors - context, object, surface - 
were taken at regular intervals over a 5-8 year period from 
the time of project completion. Further one-off surveys 
of older projects allow for a period of up to 25 years to be 
analysed. These photographic recordings were assigned 
metadata (e.g. location, completion date, facility, material), 
grouped as case study sequences, and stored in a database. 
Through comparisons between the original state and 
successive recordings process-dependent changes become 
visible and frequently occurring points of weakness and 
vulnerability can be pinpointed. Comparisons of the rate of 
change allow premature ageing to be determined, and the 
common causes identified. Key research results have been 
selected as case studies and documented in a catalogue of 

change processes. This provides practitioners with a tool 
for forecasting change and informing judgments on design, 
detailing, construction and maintenance. The main aim 
of this monitoring method is to optimise the performance 
of future landscape works in the planning stages with 
regard to their durability, resilience and maintainability, 
therefore extending the service life of both hardscapes and 
softscapes.

This research does not intend to advocate the excessive 
sealing of surfaces as a solution for avoiding spontaneous 
growth or reducing maintenance. On the contrary, the 
solutions discussed in this paper show that through 
improving design, detailing and maintenance measures, 
optimal environmental goals can also be achieved. For 
example by implementing permeable surfaces, thus 
allowing the roots of neighbouring vegetation to receive 
adequate air and moisture.

Terminology
‘And what is a weed? A plant whose virtues have yet 
to be discovered … Time will yet bring an inventor to 
every plant’  
Ralph Waldo Emerson (1879: 3) 

Weeds are still struggling for acceptance in the public 
realm. In comparison to cultivated plants ‘weeds’ are seen 
to have a ‘messy’, ‘unkempt’ appearance, are an indication 
of neglect and provide habitat for vermin (Tredici, 2010b: 
3). Some ‘weeds’ have negative attributes, such as being 
particularly invasive and crowding out native species, 
by causing damage to structures, by being phototoxic 
or poisonous, or by causing allergic reactions in people 
(Seiter, 2016: 18). A ‘weed’ is defined as ‘A wild plant 
growing where it is not wanted and in competition with 
cultivated plants’ (oxford dictionary, online, 2017). This 
term is generally used by the public to describe unwanted, 
unappealing, uncultivated, ugly, and troublesome plants 
that invade the controlled urban landscape. However 
these definitions are misleading, ‘weeds’ play a significant 
role in the urban ecosystem by lowering the impacts of 
the urban heat island effect, retaining stormwater, having 
medicinal properties, creating wildlife habitats, enhancing 
biodiversity and in preventing erosion (Seiter, 2016: 17). 
‘Weeds’ also take an essential role in the phytoremediation 
(capacity to extract, restrain, contain or degrade pollutants) 
of organic and inorganic pollutants present in urban soils, 
water or air (Seiter, 2016: 17; Gerhardt et al. 2017: 171; 
Rainer & West, 2015: 180; Kennan & Kirkwood, 2015: 42, 
123). These positive ecological services together with 
the ability to colonise and thrive in otherwise barren, 
anthropogenic habitats provide substantial benefits for 
the urban environment. According to Del Tredici (2010b: 
1), ‘Given that cities are human creations and that the 
original vegetation that once grew there has long since 
disappeared, one could argue that spontaneous plants have 
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become the de facto native vegetation of the city’. He also 
states (2010a p311) that it is imperative for practitioners to 
‘get beyond the divisive arguments over the relative value 
of native versus exotic species and focus on the ecological 
functionality of spontaneous urban vegetation. The task we 
face is not how to eliminate these plants, but rather how 
to manage them to increase their ecological, social, and 
aesthetic values.’ Therefore in this paper the ‘negative’ 
term ‘weeds’ is replaced by the neutral term spontaneous 
urban vegetation, which describes growth habit and is 
otherwise free of judgement. The word ‘spontaneous’ is 
described as ‘growing naturally and without being tended 
or cultivated’ (oxford dictionary, online, 2017). This paper 
uses the following definition of spontaneous urban 
vegetation from Norbert Kühn (2006: 47): ‘Spontaneous 
vegetation, defined as all plants that develop without 
intentional horticultural input, is a characteristic element 
of the urban environment. It grows at no financial cost, is 
authentic and is always appropriate to site conditions’. In 
order to change negative attitudes towards spontaneous 
urban vegetation we need to educate professionals and 
the public on the diverse ecological functionality of this 
vegetation. 

The term ‘encroachment’ is defined by the oxford 
dictionary online (2017) as ‘a gradual advance beyond 
usual or acceptable limits’. In this paper, the word 
encroachment is used to describe the spreading of existing 
ornamental plantings beyond planned boundaries or the 
gradual expansion of existing spontaneous growth over 
hardscapes through seed and vegetative reproduction. 

Vegetation suppression by built structures
Vegetation such as trees and shrubs often struggles to grow 
and develop freely within the built environment, inhibited 
both overground and underground by built structures. Soil 
volumes are often restricted due to the foundations of hard 
landscape features such as surrounding walls, kerbs, paved 
surfaces and/or the presence of underground foundations, 
utilities such as sewers, drains and utility cables. Soil 
compaction due to pedestrian trampling, vehicular 
traffic or through soil stabilisation measures during 
construction activities, reduces the volume of available 
rooting substrate, restricts gaseous diffusion through the 
soil and inhibits the movement of water (NJUG, 2007: 11; 
TDAG, 2014:140). This can lead to waterlogging which 
creates harmful anaerobic conditions for roots (TDAG, 
2014: 90). Compaction often restricts root development, 
plant anchorage and can lead to an inadequate supply 
of moisture and nutrients to the plant (NJUG, 2007: 11, 
12). These soil deficiencies can also result in root heave 
whereby roots penetrate immediately below surrounding 
hard surfaces in search of better rooting conditions causing 
lifting and cracking of the surface. The surface materials of 
built landscapes are partially or fully sealed thus limiting 
water and air movement to the rooting zones. Physical 
damage to vegetation can also result from human use or 
misuse (malicious damage, faeces, etc.) of built landscape, 
vehicular traffic or from construction and maintenance 
activities (e.g. mowers). The direct or indirect (water- 
and windborne waste) littering of vegetation areas can 
lead to the contamination of soils or plant also growth 
restrictions. Increased urban temperatures result from 
the Urban Heat Island effect which is primarily caused by 
urbanisation in the form of roads, paved areas, buildings 
and roofs that absorb high levels of solar radiation (Gago 
et al. 2005: 749,750). This also leads to increased plant 
heat stress (TDAG, 2014:141; Appleton et al. 2002: 2) which 
can cause drying, withering, wilt and the scorching of 
foliage. Paved surfaces are designed to shed surface water 
rapidly; however, excessive water can lead to flooding 
and/or water logging of vegetation zones where drainage 
is inadequate. Urban soils, airborne particulate matter 
and surface runoff can also contain contaminants such 
as lead and other metals (from industrial activity, vehicle 
exhausts etc.), particulate matter, pesticide residues or 
petroleum products, that can inhibit plant growth (Kessler, 
2013: A327-328). All these factors restrict vegetation 
development and therefore need to be carefully considered 
during the design, detailing, construction and maintenance 
stages of a project.

Colonisation of the built landscape 
The built urban landscape is under relentless attack both 
by spontaneously growing vegetation and the gradual 
encroachment of existing plantings. Our field research 
results show that both spontaneous urban vegetation 
(plants that colonise naturally without cultivation) and 
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ornamental plantings (cultivated plants for decorative 
purposes) are responsible for damage to the built 
landscape. The location, spread and rate of this growth is 
highly influenced by microclimatic factors, the availability 
of soil and the frequency of disturbance (Lundholm, 2014: 
94; Lisci & Pacini, 1993: 16, 23; Del Tredici, 2010b: 4). The 
most common conflicts involve the sporadic growth of 
spontaneous urban vegetation directly onto the built 
landscape and the encroachment of existing plantings over 
surfaces. Furthermore, root damage from existing trees 
and large shrubs was identified together with the soiling/
staining of materials and the blocking of drains due to the 
build-up of organic matter and pollutants. 

Many frequently occurring points of weakness and 
vulnerability resulting from conflicts between the built 
landscape and growth have been identified through this 
field research. These points of conflict together with the 
predominant influencing factors are documented in 
Figure 2.

Spontaneous urban vegetation and plant encroachment

- Plant encroachment [see Fig. 2(b)]
Plant encroachment onto surrounding surfaces often 
occurs due to the insufficient removal of organic debris 
and rooting substrate from the border area between soft 
and hard landscape through regular maintenance (e.g. 
brushing). Surfaces adjacent to lawns are especially at risk 
to encroachment due to the accumulation of clippings at 
the periphery which degrade rapidly to become rooting 
substrate. This build-up of substrate allows the grasses to 
creep over edgings and encroach onto the paved surface by 
sending out shoots, rhizomes or seeds as shown in Figure 
3. Creeping and groundcover plants with a lateral growth 
habit that spread from suckers, rhizomes or stolons are 
particularly prone to rapid encroachment (Niemiera, 2012: 
2) as depicted in the image sequence Figure 4.

Conflicts concerning encroachment can be optimised 
through the selection of appropriate species (less rampant, 
invasive) together with the increased intensity and 
frequency of maintenance. The implementation of wide 

Identification of pronounced zones of conflict between hardscape and softscape

Figure 2
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Encroachment of lawn onto self-binding gravel surface over 10 years. a) year after completion, b) Year 3. c) Year 5. d) 10 years after completion.

Encroachment of planting from embankment onto paving surface over 8 years. a) Year after completion. b) Year 2. c) Year 6. d) 8 years after completion.

Figure 3

Figure 4
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or raised edgings adjacent to vulnerable plantings such 
as lawns, meadows and groundcover helps to suppress 
encroachment and allows for increased maintainability. 

- Spontaneous urban vegetation [see Fig. 2(a)]
Hard surfaces are considered harsh substrates for 
vegetation due to the general lack of rooting space, 
low moisture availability, and regular disturbance from 
human activities and interventions such as trampling 
and maintenance (Lundholm, 2014: 93; Kowarik, 2003: 
293-308). Spontaneous plants are however highly 
adapted to this harsh urban environment and colonise 
the built landscape in many ways (Del Tredici, 2014: 
206). Colonisation takes place overground through seed 
dispersal using the wind, gravity or water, or by attaching 
to animals and being carried away. Seeds contained in 
fruits can be eaten by animals (birds, rodents etc.) and 
dispersed through their droppings. Spontaneous urban 
vegetation can also be dispersed through trampling, 
maintenance operations or by being transported by 
vehicles (Darlington 1981) and can germinate after long 

periods of dormancy (Del Tredici, 2010b: 10).
Spontaneous colonisation can also takes place 
underground by means of regeneration from rhizomes 
(underground stems). The factors that influence the 
colonisation of built landscapes by spontaneous urban 
vegetation include the: 
• quantity of propagules (seeds, spores etc.) and method 

of dispersal (Lisci & Pacini 1993: 16)
• intensity of vegetative spreading by means of suckers, 

rhizomes etc.
• species dependant edaphic preferences: (ibid.: 16)
         - soil volume
         - soil type, nutrients
         - degree of exposure
         - level of moisture
• species specific microclimate
• type, frequency and intensity of disturbance through:
         - maintenance
         - use e.g. trampling
         - microclimatic influences 
         - other sources

Spontaneous urban growth typologies: a) Cracks and fissures, b) Paving or walling joints and seams, c) Junction between horizontal and vertical surfaces, 
d) Peripheral encroachment over surface, e) Surrounding objects in surfaces, f) Surface area, g) Undisturbed areas (due to inadequate access/ workspace 
for effective maintenance or insufficient usage).

Figure 5
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- Surface colonisation
Figure 5 shows the typologies of surface colonisation by 
spontaneous urban growth identified through our field 
research. Surface colonisation begins with the formation 
of rooting substrate. The deposition of airborne sediments 
such as dust, dirt, organic matter (falling leaves, blossom, 
etc.) and other atmospheric contaminants is increased on 
the lower-velocity lee of vertical elements such as walls, 
edgings, plantings and at the base of street furniture as 
well as on structured surfaces and in the corners, joints 
and gaps of built works. This accumulation of parent 
material together with actions of climatic factors and 
biota (bacteria, fungi, worms etc.) slowly breaks down and 
decays over time leading to increased moisture retention 
and soil formation (Bot & Benites 2005: 13; Loidl-Reisch: 
pp 63 et seq. 80). In turn this provides the perfect physical 
and hydric conditions for spontaneous plant growth in the 
niches of the built environment (Bot & Benites 2005: 13; 
Wittig, 1991: 63-80). 

Surface growth is mainly initiated by bryophytes, lichens, 
algae and fungi that contribute to the development 
of surface patina and promote the processes of 
biodeterioration due to their water retaining capacity. 
These pre-existing species provide the basis for more 
resilient species of vegetation to take hold such as woody 
plants that may damage the construction through physical 
penetration of roots, acids produced by the roots and 
direct contact (Lisci & Pacini 1993: 25; Lundholm, 2014: 
p 101). In general, more aggressive woody plants and 
trees that can severely damage a construction require 
higher levels of substrate (Jim, 2008: 359-366; Lisci & 
Pacini 1993: 24). The intensity of growth is determined 
by the availability and quality of rooting substrate, the 
exposure, moisture availability and the frequency of 
disturbances from use (trampling) and/or maintenance 
(Darlington, 1981: 5; Lundholm, 2014: 94; Lisci & Pacini 
1993: 16, 23). Spontaneous growth is therefore particularly 
intensive in the less disturbed niches, corners, joints and 
cracks of the built environment that possess the ideal 
climatic, moisture and soil conditions for the specific 
species (Colwill, 2017a: 319). The continued growth 
of spontaneous urban vegetation over a considerable 
period of time leads to a process of succession in the 
plant communities that develop. If succession is allowed 

to proceed the successive stages of vegetation develop 
deeper and more extensive root systems (Antos & Halpern, 
1997: 97). These more resilient plant communities (e.g. 
improved drought resistance) can gradually have an impact 
on the effectiveness and performance of the surface. 
Growth on hard landscape elements is often maintained 
in a perpetually early-successional state due to usage 
(trampling, contact with hands etc.) and limited amounts 
of soil (Lundholm, 2014: 99). This is also dependant on 
maintenance regimes such as cleaning, brushing or the 
salting or pavements. 

Jointing materials are especially prone to spontaneous 
growth [see Fig. 6(a)]. Seeds, dirt and detritus that 
land on the surface can be washed or blown into these 
recessed surfaces. The organic material improves growing 
conditions, thus allowing for the seeds to germinate. 
Research at Ghent University highlights the following 
factors in order to reduce spontaneous urban growth in 
paving joints:
• Bedding layers should have a high permeability 
• Joints should be narrow to reduce the surface of attack
• Narrow joints should be filled with fine-grained 

jointing sand (grain size <2mm). Wide joints should be 
filled with coarse-grained materials in order to reduce 
the amount of water available for vegetation growth 
(grain size <6,3mm)

• Reduce the level of organic pollution from surrounding 
area through regular sweeping

        (De Cauwer et al. 2014: 157-161)

- Subsurface damage [see Fig. 2(c)]
The fine roots of spontaneous urban vegetation and 
encroaching vegetation can penetrate into the joints, 
crevices and niches of horizontal or vertical surfaces of the 
built landscape in search of water, air and nutrients which 
can lead to root wedging. Continued root growth over time 
leads to an increase in root girth thus exerting pressure 
on the surrounding material and forcing materials apart. 
This in turn can lead to increased moisture penetration, 
increased growth and sustained damage through both 
root and frost wedging. Many spontaneous plants also 
develop taproots or extensive fibrous root systems below 
the surface which, in time, can also exert subsurface 
upward or outward pressure. This ‘root heave’ can lead 

Spontaneous urban growth. a) Growth in jointing material of paving, 3 years after completion. b) Vegetation in open joint between surface and wall, year 
7. c) Growth in joints of steps, year 7. d) Spontaneous growth in gravel joint at the foot of an inclined wall, year 6 after completion. 

Figure 6
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to extensive damage by causing the displacement and 
fracture of pavements, leading to uneven surfaces and 
safety issues such as slip and trip hazards. Subsurface 
roots are protected from the harsh surface climate and 
disturbance through trampling and maintenance and 
are therefore particularly difficult, if not impossible to 
remove when established. Plants with deep-rooting tap 
roots have a greater drought tolerance by absorbing and 
storing more water and nutrients from deeper layers, and 
are particularly difficult to remove permanently. Many of 
these plants can regenerate from the root base even after 
dieback or removal of the vegetation above ground. Seeds 
of spontaneous vegetation can also regenerate after many 
years of dormancy. This makes maintenance measures 
for the permanent removal of spontaneous growth and 
the repair of root damage to hard landscape elements 
especially laborious. Fig. 7(a-d) shows the development 
of spontaneous urban vegetation which was eventually 
removed in year 7, however one year later this vegetation 
had significantly regrown from its subsurface root system. 
Spontaneous urban plants and encroaching vegetation 
with potentially damaging root systems therefore need 
to be removed before the subsurface root systems can 
establish. Management of spontaneous urban vegetation 
(weed control) by mechanical means achieves immediate 
results in terms of removing the vegetation, however 
‘cannot eliminate the basal portion of the vegetation, so that 
the weeds soon re-grow, resulting in the need to repeat the 
operations at considerable expense several times during 
the year’ (Benvenuti, 2004: p 349). Hence, established 
subsurface root systems are often treated with chemical 
herbicide sprays that kill the root systems. This can 
however involve a toxicity risk for people, pets and wild 
animals as well as having adverse effects on soils, ground 

or surface water (Marble et al. 2015b: 857-860; Benvenuti, 
2004: 349). Therefore non-chemical weed control measures 
are of primary importance. This can be achieved through 
regular maintenance involving the manual removal of 
spontaneous growth with their root systems at a young 
age, thus avoiding the establishment of root systems. 
The most effective method of non-chemical weed control 
depends on the spontaneous plant species present, level of 
weed control (maintenance standard), cost, effectiveness 
(Marble et al. 2015a: 854), and the extent of spontaneous 
plant cover and establishment. The best results are 
achieved when employing a variety of methods such as 
mowing, brushing, hand-pulling, hoeing and thermal 
control techniques (Rask & Kristoffersen, 2007: 374-377). 
Knowledge of the flowering periods of the predominant 
spontaneous species allows for maintenance to take 
place before the seeds become viable and are dispersed 
in the surrounding built landscape thus optimising the 
effectiveness of weed control measures (Benvenuti, 2004: 
349, 351). Environmental (exposure to light, intensity of 
use), technical (paving type, joint width and material), 
and construction design (design, finishing) factors affect 
spontaneous plant growth on hardscapes (Boonen at al. 
2012: 4-12). Therefore, preventative weed control strategies 
can be commenced in the design and detailing phase by 
selecting appropriate materials (e.g. jointing materials) 
and construction techniques (Boonen at al. 2012: 2-12; 
Rask & Kristoffersen, 2007: 371, 378) that are tailored to the 
requirements of the specific site conditions. 

- Horizontal and vertical surfaces 
In comparison to vertical surfaces, horizontal surfaces offer 
less hostile growing conditions and therefore generally 
lead to an increased vulnerability to spontaneous growth 

Conflicts around fixtures. a) Spontaneous growth around bench supports, 8 years after completion. b) Spontaneous growth around bollards, year 8. c) 
Growth around street lamp, year 4. d) Vertical ‘run-down’ staining at the top of the wall, year 6.

Spontaneous growth between short walls over 8 years. a) 3 Years after completion. b) Year 6. c) Removal of growth in year 7. d) Rapid regrowth of vegeta-
tion in year 8.

Figure 8

Figure 7



103

(Lisci & Pacini 1993: 20). Airborne particles accumulate 
more readily on horizontal surface due to air currents, 
gravity, precipitation, surface erosion and transportation 
by animals (e.g. birds and ants). The main difference to 
vertical surfaces is the presence of disturbance through 
trampling or handling which leads to the relocation 
of substrate, direct damage to plants and substrate 
compaction (Lundholm, 2014: 94-96; Segal, 1969: 239-240). 

Vertical elements such as walls, facades or lamp posts 
are generally more difficult for plants to colonise due to 
gravity, wind currents and runoff. As a result, spontaneous 
urban vegetation growth is predominantly found at the 
interface between the vertical and horizontal surfaces. This 
is due to the increased levels of substrate and moisture, 
low evaporation levels due to shading, and the increased 
availability of rooting substrate (Darlington, 1981: 5; Lisci & 
Pacini, 1993: 20). As Darlington (1981: 17) observed, vertical 
elements lead to an interruption of horizontal air currents 
and therefore to increased deposition of sediments and 
propagules compared to horizontal spaces. Increased 
levels of substrate also accumulate at the base of vertical 
elements through being washed from the vertical surface 
by precipitation. This niche is seldom disturbed by human 
trampling and is particularly difficult to maintain, which 
often leads to an increased rate of growth.

The upper areas of vertical surfaces are often influenced 
by the runoff of sediments that collect on the horizontal 
top surface, which can cause vertical ‘run-down’ biological 
staining (e.g. cyanobacteria, algae, mould) (Rindi, 2007: 
625). Surface soiling on smooth and light coloured surfaces 
(e.g. smooth exposed concrete) becomes especially 
visible. This process leads to a highlighting of the surface 
structure together with an accentuation of possible 
surface irregularities. For example, the honeycombing 
of concrete (rough surface with air voids), due to poor 

consolidation during the production process, also becomes 
more visible through surface soiling. Wall copings are a 
form of constructive protection that reduces staining by 
shedding precipitation away from the face of the wall. 
The field research results show that copings are often 
not implemented, leading to many cases of vertical run-
down staining on surfaces at the top of the wall [Fig. 8d]. 
Vertical surfaces with a higher level of surface moisture are 
colonised more readily due to sediments and propagules 
adhering to the surface (Jim 1998: 31, 33; Rindi, 2007: 
633, Lundholm, 2014: 95). The bottom 20-30cm of vertical 
elements is strongly influenced by rising damp and the 
splashback of rainwater which often leads to soiling, 
staining and eventually to biological growth (Rindi, 2007: 
629). A drip edge (eg. a gravel filled trench) installed along 
the foot of walls and facades prevents splashback and 
staining of the wall face.

- Shaded locations
Hardscapes in the shade of buildings, trees and 
overhanging vegetation are especially vulnerable to 
spontaneous plant growth and encroachment. Shading 
protects hardscapes against evaporation and sun exposure 
which increases the level of humidity and reduces 
wind velocity (Lisci & Pacini 1993: 24, Wittig, 1991: 154). 
Therefore, if undisturbed by trampling or maintenance, 
this leads to an increased rate of spontaneous plant 
growth or encroachment of existing plantings onto hard 
landscape elements. The increased presence of organic 
matter, adjacent to or below vegetation, results in an 
especially high rate of soil formation. Figure 9 shows a 
thermographic analysis from a student assisted summer 
field study on the impact of climate on the built landscape. 
This study revealed that maximum hardscape surface 
temperature rose to over 45°C on exposed surfaces; tree 
shade reduced surface temperatures by up to 19°C. Surface 
humidity was measured to be constantly higher in shade 

Thermographic analysis showing the effect of tree shade on the surface temperature of limestone setts. In this study tree shade reduced maximum surface 
temperatures in summer by up to 19 C, surface humidity was constantly higher in shade during daylight hours [Diagram: F. Zwangsleitner/S. Colwill]

Figure 9 Recorded on 08th June 2016, 15:05, air temperature: 26°C.
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than on exposed surfaces during daylight hours. The study 
concluded that shaded hardscape surfaces are significantly 
less hostile growing environments and therefore provide 
better conditions for spontaneous vegetation growth than 
exposed surfaces. This growth is especially intense below 
or adjacent to vegetation due to the increased abundance 
of organic matter [Fig. 10]. 

Damage from trees and shrubs [see Fig. 2(c), Fig. 11]
The root systems of the plant species are most damaging 
to the built environment through undermining, penetrating 
and heaving surfaces besides sending up root suckers. This 
damage becomes visible through the deformation of the 
surface paving material, cracks running across surfaces, 
the settling of the surface, the displacement of structures 
or direct damage to underground utilities. Damage due 
to these conflicts, identified through the field research, 
results mainly from the growth of trees and large shrubs 
over time. 

Trees and shrubs typically develop lateral shallow root 
systems with 80–90% of roots growing within the top 60 
cm of the soil and seldom penetrating to more than 2 m 
deep (Dobson and Moffat, 1993; Dobson, 1995). The lateral 
root systems can extend well beyond the crown spread 
(Dobson, 1995: 2,3; Day et al. 2010: 150) in the search 
of necessary oxygen, water, and nutrients and in order 
to provide stability. (Dobson, 1995: 2,3; Day et al. 2010: 
150). Fast growing large trees generally cause more root 
damage (Randrup et al. 2001: 214). There are many aspects 
that influence rooting distribution such as the specific 
location, species, soil factors and the presence of barriers 
and obstacles in the built environment (Dobson, 1995: 
2-4). The sub-grade of built landscapes is often too highly 
compacted to allow for root growth. This compaction 
results in a reduced soil volume, reduced porosity and 
permeability. The roots of plants adjacent to hardscapes 
therefore often penetrate directly beneath the surface of 
adjoining pavings attracted by the comparatively high 
levels of air and moisture (Randrup et al. 2001: 215). 
These roots may also penetrate into built elements such 
as subsurface utilities (cables, pipes etc.) causing direct 
damage. Progressive root growth over many years leads 

to an increase in the diameter of the roots which leads 
to an upward pressure causing a heaving or displacing 
of the surface, cracks, breakage or foundation failure 
(Darlington, 1981: 10 et seq.; Randrup et al. 2001: 215). 
This root heave from adjacent plantings can therefore lead 
to the development of trip or slip hazards forming on the 
surface or structural failure. As a result, trees within the 
built landscape pose a particularly high threat of causing 
damage over time. The surrounding built environment 
needs to accommodate the root growth of vegetation over 
time to maturity.

Conflicts concerning trees and shrubs in the built 
landscape have been intensively researched; numerous 
research publications, standards and guidelines are 
available that specifically address optimisation measures 
(TDAG, 2014; Randrup et al. 2001; Barker,1983; Wong et al., 
1988; Kopinga, 1994). These conflicts are therefore not the 
focus of this paper and the solutions will only be briefly 
described. 

In order to avoid or minimise both overground and 
underground conflicts planners need to consider the 
mature height and spread of trees and shrubs together 
with the spread and depth of their root systems in order 
to ensure a suitable vertical and horizontal clearance 
to the surrounding built structures (Appleton et al. 
2002: 2). Species selection has been identified as a key 
factor in reducing conflicts with the surrounding built 
environment (Fini et al. 2017: 452-453; McPherson, 2000: 
294-296; Randrup et al. 2001: 221; TDAG, 2014: 136-152). 
Species selection for the severe urban environment may 
however lead to the ‘… globalization of few species and 
genera’ (Fini et al. 2017: 453). In narrow areas for example, 
or areas adjacent to street lamps, tree cultivars with a 
columnar growth habit may be required (TDAG, 2014: 31, 
58). Conflicts due to secretions from trees such as sap or 
honey dew, disease, or basal trunk suckers can be avoided 
through selecting appropriate cultivars. (TDAG, 2014: 56, 
65). Areas of planting, especially those containing trees or 
large shrubs need sufficient volumes of uncompacted soil 
for healthy root growth until maturity. Where sufficient 
volumes are not possible, root barriers, compactable 
rooting substrates or other engineered solutions should 

Increased vulnerability to spontaneous growth in shade, especially below or adjacent to vegetation due to increased abundance of organic matter. a) 
Limestone setts in full sun/full shade of a building, 2 years after completion. b) Spontaneous growth due to overhanging tree, year 3, c) Spontaneous 
vegetation adjacent to hedge, year 3. d) Spontaneous growth on compacted gravel surface below tree, 3 years after completion

Figure 10
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be implemented to avoid conflicts with surrounding built 
surfaces and structures. Restrictive soil volumes may also 
require the selection of smaller tree species or cultivars, 
or those that have a greater heat and drought tolerance 
(Appleton et al. 2002: 2; TDAG, 2014: 90). The potential for 
conflicts between trees and built structures is higher when 
the trees are over 15-20 years old (Randrup et al. 2001: 
213, 221). Research suggest that the greater the distance 
between the tree and the built structure the lower the 
probability of conflicts (North et al., 2015: 66), distances of 
less than 2.0–3.0 m are particularly problematic (Randrup 
et al. 2001: 213, 221). Generally speaking, paving over the 
rooting zones of large shrubs and trees should be avoided 
wherever possible. Where necessary, the implementation 
of loose aggregates, permeable paving (e.g. interlocking 
pavers with highly permeable crushed aggregate joints) 
and particularly porous paving materials (which allow 
water to percolate directly through the materials surface) 
within the rooting zone can mitigate conflicts associated 
with sealed surfaces such as soil-atmosphere gas exchange 
and water infiltration (Fini et al. 2017: 453). The proposed 
solutions for root growth control point towards species 
selection, the implementation of root barriers to divert 
root growth and engineered soils (compactable rooting 
substrates) in order to accommodate the healthy, mature 
growth of root systems beneath the built landscape 
over time (Appleton et al. 2002: 1-3). Root barriers made 
of either rigid plastic or polypropylene fabric can be 
implemented to guide roots away from paved surfaces, 
utilities and other constructions. These barriers deflect 
lateral growing roots downward sufficiently to protect 
from subsurface rooting and provide a root free corridor 
for underground utilities. Compactable rooting substrates 
(structural soil) and below-ground engineered systems 
such as structural soil modules, rafts or similar enable root 

growth whilst providing a high load-bearing capacity. 

- Direct contact damage [see Fig. 2(d)]
Vegetation can also influence the built environment 
through the direct contact of branches or stems causing 
mechanical surface abrasion. Conflicts with overhead 
utility lines, building facades, mast lights, signage, 
vehicular traffic or other structures are commonly found 
which are strongly influenced by the wind. Damage to 
adjacent surfaces and facilities through direct contact can 
also result from trunk flare [Fig. 2(e)] which is the widening 
at the base of the trunk due to the growth of lateral roots 
over time (Costello and Jones, 2003). This increase in 
trunk diameter is often not adequately catered for in the 
built landscape leading to contact damage to both the 
construction and the tree as depicted in Fig. 11(b). The 
predicted girth of the mature trunk including root flare at 
the base needs to be adequately considered in the design 
and detailing. Previous research has shown that a minimal 
distance of ca. 1.2m is necessary between hardscape 
infrastructure (i.e. sidewalks) and the base of the tree trunk 
to reduce conflicts (Hauer et al., 1994:95, 96). 

Organic deposits
The deposition of fruit, sap, insect honeydew (excreted 
by aphids) and other organic substances by plants onto 
the surfaces of built elements can also lead to surface 
staining of materials [Fig. 12d]. Factors that contribute to 
soiling and staining include the degree of exposure, surface 
structure and roughness, surface wetness, and the specific 
material properties such as chemical composition, water 
absorptivity and porosity (Rindi, 2007: p 623). 

Conflicts caused by organic matter on built works. a) Blossom accumulating in joints. b) Fruits decaying on compacted gravel surface. c) Leaf accumula-
tions. d) Organic staining below a lime tree, 5 years after completion.

Damage due to trees. a) Paving displacement through root heave, 8 years after completion. b) Insufficient space for trunk growth, year 10. c) Poplar seed-
ling, year 12. d) Direct storm damage, year 7. 

Figure 12

Figure 11
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Drainage conflicts [see Fig. 2(f)]
Organic matter shed by plants such as leaves, fruit, flowers, 
seeds or sap together with other debris such as dirt, litter 
and mulch is transported to the lowest points of built 
works through the surface runoff of natural precipitation 
and erosion (Colwill, 2017b: 296) This debris therefore 
accumulates where drainage inlets (gullies, linear drains 
etc.) are ideally located which often leads to blockages. 
This is especially problematic on unbound surfaces 
where, during heavy rainfall, surface runoff can wash out 
surface or jointing materials thus causing the increased 
sedimentation of drainage elements. Gullies with a low 
intake capacity or narrow inlet (slot channel drains) are 
especially susceptible to blockages [Fig 13]. Cases of 
surface sedimentation and spontaneous growth due to 
insufficient surface gradients were also identified in the 
field research, for example see Figure 13(d). Low surface 
gradients reduce the flow rate of surface precipitation and 
therefore lead to the increased deposition of sediments 
and retention of moisture, therefore providing ideal 
conditions for spontaneous growth [Fig 13(d)].

These conflicts between drainage elements and organic 
matter can be reduced through the regular removal of 
debris from the surfaces of built landscapes (e.g. by 
brushing), together with frequent sediment removal 
from the inlets, channels and sediment filters of drainage 
elements. Furthermore, drainage inlets need to be located 
away from the niches and corners of the built landscape 
where large amounts of organic sediments collect such 
as at the foot of steps or at the base of walls. Locations 
immediately below trees or adjacent to areas of abundant 
vegetation, should also be avoided. 

The colonisation of materials [Fig 14]
The colonisation of materials relies on the presence of 
rooting substrate, light and moisture. Rougher surface 
materials retain and trap particles of debris more 
readily allowing for increased staining and spontaneous 
growth. Porous materials are more easily colonised than 
impermeable materials due to their water retaining 
capacity and the facilitation of substrate formation (Lisci 
& Pacini, 1993: 22). The presence of surface moisture, for 
example in shaded areas, enables airborne deposits to 
adhere to surfaces more readily further increasing the 
deposition of sediments and organic debris and thus 
promoting the processes of biodeterioration. As a result, 
materials that are prone to moisture-related defects such 
as rot or rust require surface protection in these locations. 
Water-resistant materials such as granite or concrete which 
remain permanently moist are susceptible to biological 
surface growth (algae, moss, fungi, and lichens). This 
biological growth retains moisture for a long period of 
time after rainfalls which results in reduce traction and 
an increased risk of slipping. Therefore surfaces prone 
to moisture, such as areas in deep shade, need to be 
implemented with slip resistant surfaces.

Unbound materials such as self-binding gravel (hoggin) 
and surfaces with a high proportion of unbound joints 
(e.g. permeable pavements with aggregate joints) are 
particularly prone to spontaneous growth, especially in 
shaded areas and those that are highly polluted by organic 
debris [Fig 15(a-d)]. Sediments and seeds can readily settle 
onto the irregular granular surface layer. This leads to a 
rapid accumulation of sediments and enhanced conditions 
for spontaneous vegetation growth into the unbound 
material. The distribution of spontaneous growth reflects 

Primary succession of materials. a) Concrete steps, 7 years after completion. b) Natural stone, year 8. c) Aluminium alloy, year 11. d) Wood, year 7.

Conflicts with drainage elements. a) Encroachment of vegetation from neighbouring embankment, years 2 after completion. b) Growth within gully in 
compacted gravel surface, year 8. c) Blockage of slit drain due to organic debris and spontaneous growth, year 3. d) Minimal gradient leading to sedimen-
tation and growth on surface, 10 years after completion. 

Figure 14

Figure 13
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patterns of disturbance through maintenance and usage. 
Materials and their surface treatments therefore need to 
be selected by taking not only the form and function into 
consideration but also the specific microclimatic factors of 
the location. The predicted intensity of use, the foreseen 
level of maintenance and the presence of organic matter 
also need to be duly considered. 

Discussion
‘From a horticultural perspective, a truly sustainable 
landscape design is one that is in balance with the 
financial resources available to maintain it’ 
Del Tredici (2006: 52) 

Design intentions for built landscapes range from creating 
a formal, representative space (well maintained, pristine 
condition) to a more naturalistic, processual site character 
(allowing for patination, more ‘wild’ and uncontrolled 
appearance). In order to achieve this character, the 
design intention needs to sufficiently match the level 
of maintenance available. It is therefore essential that 
landscape architects are aware of the assigned level of 
maintenance, type of equipment available, and skills of 
the maintenance staff in the planning phase so that the 
design, detailing and material selection can be adjusted 
accordingly.

Maintenance plays a major role in all the conflicts 
discussed as case studies in this paper. Care and repair 
activities have a huge impact on the way that a project will 
change, develop and eventually degenerate throughout 
the project lifecycle. The frequency and quality of 
maintenance operations together with the quality of 
design, materials and construction influence the service 
life of the project. Many authorities are however under 
financial constraints that limit the ability to maintain 
public space sufficiently. Furthermore, authorities may 
be found liable for injuries that occur as a result of trip 
and slip hazards in public space (Appleton et al. 2002: 1; 
McPherson, 2000: 289). It is therefore crucial that designers 
consider the maintainability of their works in the planning 
stages of the project. ‘Maintainability’ in this paper is 
defined as the ease with which maintenance activities can 
retain a structure to perform its required functions during 

service life. Conflicts between hardscape and softscape 
are more intensive in areas which are poorly maintained or 
neglected. Poor maintenance, however, often results from 
reduced maintainability due to poor design and detailing. 
It is therefore essential to optimise maintainability in the 
planning process by addressing the key points of weakness 
identified through this research. Identifying the weak 
points of the construction is also crucial in understanding 
how the object may fail, thus allowing for easy repair or 
replacement in the planning process. The following critical 
points of weakness concerning issues of maintainability 
have been identified: 
• areas with insufficient access or workspace to inspect, 

clean, maintain and repair efficiently e.g. areas behind 
railings, below bike stands, covered surfaces (under 
benches, decks etc.), see Figure 16(a-c)

• unbound surfaces, e.g. see Figure 15(a-c)
• joints: 
         - joints between pavers, e.g. see Figure 6(a) 
         - joints at the periphery of surfaces
• corners, cavities, recesses and niches, especially at 

the junction between horizontal surfaces and vertical 
elements, e.g. see Figure 6(b,c,d)

• paved surfaces surrounding trees, which often leads to 
trunk damage, e.g. see Figure 16(d)

• areas surrounding fixtures/obstacles in paved surfaces 
e.g. lamp posts, under bike racks, e.g. see Figure 8 (a-c)

• complex assemblies that hinder effective maintenance
• the edge zones of surfaces adjacent to areas of 

vegetation, e.g. see Figure 3 and 4
• areas in the shade of buildings or vegetation, e.g. see 

Figure 10
• drainage inlets and areas where the surface drainage 

gradient is insufficient, e.g. see Figure 13
• unused, neglected areas where spontaneous growth 

can develop undisturbed by usage or trampling 
• areas where coatings or surface treatments are 

defective
• areas where special equipment and/or skills are 

required for effective maintenance

Many of these areas are particularly difficult to maintain 
and require meticulous attention to detail, which is often 
not possible due to financial constraints. Many of the above 
mentioned points of weakness can however be optimised 

Patterns of spontaneous growth. a) Tree in self-binding gravel surface, 2 years after completion. b) Self-binding gravel surface in full shade of trees, year 5. 
c) Tree in self-binding gravel surface, year 7. d) Increased growth beneath tree in aggregate joints, year 8..

Figure 15



108

by selecting the right materials, finishes and construction 
for the specific location and function as discussed in this 
paper.

Spontaneous growth was repeatedly found at the 
periphery of paved areas, surrounding trees, manhole 
covers, lighting fixtures and other obstructions. More 
precise construction work is often required in these more 
sensitive areas. This is often performed using smaller hand 
held equipment which may result in lower compaction 
levels and consequently to an increased vulnerability 
to spontaneous growth. Conflicts can be reduced by 
implementing fixtures with as few supports punctuating 
the surface as possible. A permanently elastic grouting 
material needs to be used for the joints immediately 
surrounding each support in order to allow for structural 
movement whilst sealing the joint in order to reduce the 
potential for spontaneous growth. 

Materials or components with a lower service life need 
to be replaced more often over the project lifecycle and 
therefore need to be easier to maintain, repair and renew. 
Covered surfaces that are inaccessible for maintenance 
equipment should be avoided wherever possible [Fig 16]. 
Where necessary, these surfaces need to be implemented 
with joint-free poured surfaces or paving units with 
sealed joints (e.g. polymer resin or cement based) in 
order to minimise spontaneous growth and the need for 
maintenance.

Poor maintenance can also results from the lack of 
skills of maintenance staff or supervisors, the quality of 
workmanship and the available of suitable equipment. 
In the interests of optimising maintainability and 
constructability, essential information on the availability of 
skills and equipment for the construction and maintenance 
of the project needs to be considered in the design and 
detailing process. 

Traditional maintenance concepts aim to completely 
remove of all spontaneous growth at regular intervals thus 
halting the processes of succession. It is however possible 
to create aesthetical and ecological performative spaces by 
allowing for the growth of spontaneous vegetation (Seiter, 
2016: 30). According to the ‘inhibition’ model of ecological 

succession from Connell & Slatyer (1977: 1120-1124, 
1138-1140) the initial plant species on a site can modify 
the environment so that it becomes less favourable for 
subsequent competitors. As long as these colonists persist 
and regenerate vegetatively, they can continue to suppress 
or exclude subsequent invasive colonists (ibid). Following 
this principal, a new possible strategy would be to plant 
areas of the built landscape that are particularly vulnerable 
to spontaneous growth (areas surrounding trees in 
unbound surfaces, pavings with aggregate joints etc.) with 
‘enhanced’ spontaneous plant communities. ‘Enhanced 
spontaneous plantings’ would consist of location-specific 
pioneer species combined with ornamental species in 
order to increase aesthetic value and public acceptance 
(Kühn, 2006; 48-51). This plant community would be 
selected in order to form low-growing dense mats of leaves 
and flowers that have a tidy appearance and are resistant 
to trampling thus inhibiting the growth of more damaging 
spontaneous vegetation. ‘Enhanced spontaneous 
plantings’ would need to be accompanied by a selective 
maintenance strategy aimed at retaining a perpetually 
non-damaging early state of succession by preventing the 
establishment of invasive or potentially damaging species. 
This would also involve the training of maintenance 
staff in the selective management of spontaneous urban 
vegetation. More research is however necessary in order to 
generate a thorough understanding of planting design and 
maintenance strategies involving spontaneous vegetation.

Maintainability conflicts. a) Inaccessible spontaneous growth. b) Impeded maintenance access when in use; c) Hindered maintenance of covered surface. 
d) Mechanical damage to trunk due to maintenance of surface, 6 years after completion..

Figure 16
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Conclusions
‘Feedback into the growth or decay of a landscape 
allows the landscape architect to have a positive, 
creative role in its development, rather than a 
negative, mitigating view of change, which is 
encompassed in the notion of ‘maintenance’’. 
Raxworthy (2013: 193). 

The results of our field research depict evolving conflicts 
between hardscape and softscape over time thus 
highlighting many frequently occurring points of weakness 
and vulnerability. The most common conflicts involve the 
growth of spontaneous urban vegetation directly onto 
hardscapes and the encroachment of existing plantings 
onto surrounding structures. Root heave resulting from 
conflicts between structures and existing trees or large 

shrubs was also identified. Furthermore, surface soiling/
staining and the clogging of drains due to the deposition 
of organic matter (leaves, blossom etc.) and other airborne 
sediments were also repeatedly found. The case studies 
resulting from this research depict weak points as they 
develop through time. These can be used in order to 
forecast change in future projects and therefore take 
appropriate measures to avoid negative change. 

Insufficient maintenance leads to the development 
of successive stages of spontaneous vegetation which 
establishes by itself, and thrives without requiring care. 
This growth can become damaging over time as more 
aggressive, woody plants establish which have more 
extensive root and shoot systems. The subsurface growth 
of root systems is, once established, particularly laborious 

Overview of the conflicts between Hardscape and Softscape and optimisation strategeies

Figure 17
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to remove. When only surficial growth is removed, many 
species can regrow from these subsurface root systems at 
a rapid rate. Therefore effective maintenance relies on the 
regular removal of potentially damaging, or particularly 
resilient root systems at regular intervals before they 
can establish. Integrated weed control strategies should 
focus on preventive measures in the design and detailing 
phase as well as remedial maintenance measures such as 
brushing (Boonen at al. 2012: 12). The necessary budget 
should be secured in advance both for the initial project 
development and long-term maintenance phase of the 
project.

The reduced budgets available for maintenance 
operations force landscape architects to focus more on 
the maintainability of their projects in the design and 
detailing phase of the project. It is therefore essential 
that the design, detailing and material selection reflects 
the frequency and quality of maintenance available. 
Considerations also need to be made for how the project 
will develop throughout the project lifecycle and how the 
desired ‘standard of maintenance’ can be achieved with 
the maintenance skills, equipment and budget available. 
Therefore the designer needs to consider site specific 
factors such as climatic factors, the type and intensity of 
usage, the potential for surface soiling, the accumulation 
of organic and inorganic debris, and the development of 
spontaneous growth. This process should aim to predict 
weak points of the construction with regards to durability 
and maintenance, and focus on optimising or resolving 
these in the design and detailing phase of the project. This 
offers landscape architects the potential to balance the 
needs of both hardscape and softscape and thus develop 
projects that age gracefully through time.

The field research forming the basis for this study 
demonstrates how the monitoring of the development 
of built works over time allows for continuous learning 
through an improved understanding of design, detailing, 
and material performance through time. Observation 
and analysis of project development allows for increased 
opportunities to carry out alterations before damage or 
more significant failure can arise. These findings need to be 
published in order to provide feedback to the profession, 
thus improving the durability, sustainability and lifespan 
of landscape architecture projects and avoiding repeated 
failure.
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‘ENHANCED SPONTANEOUS 
VEGETATION’:
THE STRATEGIC IMPLEMENTATION OF ‘ENHANCED 
SPONTANEOUS VEGETATION’ AT POINTS OF HIGH 
VULNERABILITY IN THE BUILT LANDSCAPE.

H

INTRODUCTION

Problems caused by weeds in the public realm
The reduction of financial resources in many countries 
throughout central Europe since the 1980s, has resulted 
in many public spaces no longer being adequately 
maintained and therefore losing their intrinsic qualities 
(Hitchmough & Dunnett 2004, Schmidt H. 1998, 2005, 
Kühn 2006, 2018). This also results in an increase in the 
development of spontaneous vegetation growth and a 
general increase in the rate of deterioration. Insufficient 
maintenance budgets therefore lead to a need for new 
design and maintenance strategies that achieve a balance 
between aesthetic, ecological and economical aspects over 
a projects lifecycle (Kühn 2003c, Köppler et al. 2014).

In comparison to cultivated plants spontaneous plants 
are seen as ‘weeds’ with a ‘messy’, ‘unkempt’ appearance. 
They are also seen as an indication of neglect that provides 
habitat for vermin (Tredici, 2010b: 3). The term ‘weed’ 
is generally used by the public to describe unwanted, 
unappealing, uncultivated, ugly, and troublesome plants 
that invade the controlled urban landscape. Some ‘weeds’ 
have particularly negative attributes, such as being 
particularly invasive and crowding out native species, 

by causing damage to structures, by being phototoxic 
or poisonous, or by causing allergic reactions in people. 
A ‘weed’ is defined as ‘A wild plant growing where it is 
not wanted and in competition with cultivated plants’ 
(oxford dictionary, online, 2017). The negative image 
associated with weeds in public space can also give its 
visitors a feeling of insecurity. Tessin claims that `The more 
intensively designed, maintained, and more elaborate, 
for example the park, the more civilised the behaviour 
of users´ (2011: p46). On the other hand, the principle of 
the `Broken Windows Theory´ dictates that areas that 
appear untidy, damaged, or neglected lead to increased 
occurrences of wilful damage and neglect in the future 
thus leading to a downward spiral of deterioration (Kelling 
& Wilson, 1982). Kelling and Wilson (1982), the founders 
of this theory, found through empirical studies that 
vandalism and other kinds of damage to property increase 
and accelerate in areas where signs of disuse, vandalism 
or neglect are already present. Tessin states that this `… 
is best reduced by immediate repair and a generally high 
maintenance standard …´ (2011: 16).

The main problems associated with urban weeds 
(spontaneous urban vegetation) in urban hardscapes are 
shown in Figure 1. 

Principal Author: BA(Hons) Dip(Hons) Simon Colwill
Second Author: Prof. Norbert Kühn
Third Author:   Prof. Cordula Loidl-Resich

The problems associated with spontaneous vegetation

Figure 1
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Weeds and spontaneous vegetation: a story of growing 
acceptance

‘And what is a weed? A plant whose virtues have yet 
to be discovered … Time will yet bring an inventor to 
every plant’  
(Ralph Waldo Emerson, 1879: 3) 

Weeds seem to be a needless add-on to antagonise 
people. It is therefore not surprising that weeds have had a 
negative image. However, the above mentioned description 
of ‘weeds’ is somewhat prophetic. Now we know that 
‘weeds’ play a significantly positive role in the urban 
ecosystem by lowering the impacts of the urban heat island 
effect, retaining stormwater, having medicinal properties, 
creating wildlife habitats, enhancing biodiversity and in 
preventing erosion (Seiter, 2016: 17). ‘Weeds’ can also 
take an essential role in the phytoremediation (capacity to 
extract, restrain, contain or degrade pollutants) of organic 
and inorganic pollutants present in urban soils, water 
or air (Seiter, 2016: 17; Gerhardt et al. 2017: 171; Rainer 
& West, 2015: 180; Kennan & Kirkwood, 2015: 42, 123). 
Nassauer however states ‘[e]cological quality tends to look 
messy, and this poses problems to those who imagine and 
construct new landscapes to enhance ecological quality’ 
(1995: 161).
Since the 1980s, vegetation in urban areas has been 
mapped and investigated intensely. As a result, 
it is suggested that urban vegetation is not only a 
consequence of the surrounding landscape but an 
independent phenomenon. A form of coevolution 
leading to a ‘4th kind of nature’ – so called by Kowarik 
(1992). This brings together plants from very different 
initial situations – natives from outside urban areas, 
unintentionally introduced alien species mainly arriving 
along infrastructure corridors, plants from agricultural 
and horticultural cultivated areas together with plants 
from gardens, parks and balconies. These species meet 
for the first time in the urban landscape, initially there 
is a process of competition and coexistence and finally 
new communities are formed. This also occurs due to the 
special site conditions of the urban landscape. The urban 

metabolism, infrastructure situations, heat island effects 
and human vegetation management form a new urban 
environment. In the meantime we call the vegetation that 
has developed there ‘Novel Ecosystems’; defined as an 
ecosystem ‘… that has been heavily influenced by humans 
but is not under human management’ (Marris 2009: 450).
People have now become used to this vegetation. Debates 
on biological diversity, the living conditions of insect fauna 
and the loss of species and have obviously led to a greater 
acceptance of spontaneous vegetation – especially in urban 
areas. People are becoming more open to ecological, social 
and cultural arguments for spontaneous vegetation, see 
Figure 2.

These positive ecological and cultural services together 
with the ability to colonise and thrive in otherwise 
barren, anthropogenic habitats without intentional 
horticultural input provides substantial benefits for the 
urban environment. According to Del Tredici (2010b: 
1), ‘Given that cities are human creations and that the 
original vegetation that once grew there has long since 
disappeared, one could argue that spontaneous plants 
have become the de facto native vegetation of the city’. 
He also states (2010a p311) that it is imperative for 
practitioners to ‘get beyond the divisive arguments over 
the relative value of native versus exotic species and focus 
on the ecological functionality of spontaneous urban 
vegetation. The task we face is not how to eliminate these 
plants, but rather how to manage them to increase their 
ecological, social, and aesthetic values.’

Therefore in this paper the ‘negative’ term ‘weeds’ 
is replaced by the neutral term spontaneous urban 
vegetation, which describes growth habit and is otherwise 
free of judgement. The word ‘spontaneous’ is described as 
‘growing naturally and without being tended or cultivated’ 
(oxford dictionary, online, 2017). This paper uses the 
following definition of spontaneous urban vegetation 
from Norbert Kühn (2006: 47): ‘Spontaneous vegetation, 
defined as all plants that develop without intentional 
horticultural input, is a characteristic element of the urban 

The benefits of spontaneous vegetation

Figure 2
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environment. It grows at no financial cost, is authentic 
and is always appropriate to site conditions’. The term 
‘encroachment’ is defined by the oxford dictionary online 
(2017) as ‘a gradual advance beyond usual or acceptable 
limits’. In this paper, the word encroachment is used to 
describe the spreading of existing ornamental plantings 
beyond planned boundaries or the gradual expansion of 
existing spontaneous growth over hardscapes through 
seed dispersion and vegetative reproduction. 

A new design approach
It is ‘… necessary to advance design and maintenance 
practices in order to enhance the ecological, social, 
and aesthetic values of spontaneous urban vegetation’  
(Del Tredici, 2010a. 311).

In order to change negative attitudes towards spontaneous 
urban vegetation it is necessary to educate professionals 
and the public on the diverse ecological and cultural 
functionality of this vegetation together with the economic 
benefits. Therefore, there is also need for a new design 
and management approach. Nassauer (1995) advocates 
giving ‘messy ecosystems’ an ‘orderly frame’. In recent 
times, such disorderly situations seem to be widespread 
- especially in larger European and some American cities 
(Özgüner & Kendle 2006). Wilderness is not only tolerated, 
but also consciously staged (Kowarik 2018). Moreover, the 
weedy situations in street landscapes can be interpreted as 
biological diversity - and are better appreciated by citizens 
than empty spaces without vegetation. (Fischer et al. 2018).

The proposed strategy aims to improve the quality and 
performance of built landscapes by planting areas that 
are particularly vulnerable to ‘weeds’ (spontaneous urban 
vegetation) with selected species of spontaneous urban 
vegetation in combination with ornamental plants; we 
have named this new planting mix ‘enhanced spontaneous 
vegetation’. This planting strategy aims to increase the 
aesthetic value of landscape works whilst reducing 
maintenance costs over the entire project lifecycle. The 
planting of ‘enhanced spontaneous vegetation’ also aims 
to suppress the further succession of urban weeds, thus 
hindering the establishment of more aggressive, deep 
rooting species that can damage the built environment.

This paper explores new ways of designing with ‘enhanced 
spontaneous vegetation’ within the built urban landscape 
(parks, squares etc.) that reflect local character, provide 
ecological and social value, are aesthetically pleasing and 
reduce running costs over time. 

METHODOLOGY

Recent research at the TU-Berlin was based on the 
hypothesis that it is possible to optimise design, detailing, 

construction and maintenance techniques by monitoring 
and evaluating project development at regular intervals 
after completion. The processes of patination and 
subsequent deterioration of built landscapes highlight 
the weak points of the design as well as deficiencies in 
detailing, construction and maintenance. A low-threshold 
and non-destructive monitoring method to ‘read’ and 
decipher these traces of time was developed in order 
to pinpoint the agents of landscape transformation 
and identify points of weakness and vulnerability in 
built landscapes. A wide range of case study projects 
in Berlin were recorded at regular intervals over a 5-8 
year period from the time of project completion. Many 
frequently occurring points of weakness and vulnerability 
resulting from conflicts between the built landscape and 
spontaneous urban vegetation were identified through 
this field research. This paper will focus on developing 
strategies for these particularly vulnerable areas that 
enhance the aesthetics and reduce the damaging effects of 
spontaneous growth.

DEALING WITH WEEDS IN GARDEN HISTORY

Where order in variety we see,
And where, tho’ all things differ, all agree.
(Alexander Pope 1704 from Windsor Forest)

The struggle between nature and culture is one of the 
fundamental inspirations of modern society. Wilderness 
in particular is a well-known topos, as an object of desire 
(Loidl-Reisch 1986) and also to contrast or separate 
architecturally designed locations (e.g. the baroque 
garden) from naturally inspired design works (e.g. 
the landscape garden) (Carr 1998; Siegmund 2009). In 
landscape design we often find the idea of architectural, 
formal forms, contrasted with overgrown, informal and 
chaotic vegetation. Wall crowns lose their straight edges, 
horizontal lines of steps begin to ‘flow’ and even vertical 
lines are softened (Loidl-Reisch, 1986, p 60 et seq.). The 
emerging qualities are based on the fact that things 
run their course. The resulting atmosphere comes from 
the picturesque beauty resulting from the decay of the 
tectonic form: ‘And when the edges become restless and 
the geometric lines and order disappear, the building can 
unite in a picturesque whole with the freely moving forms 
of nature, with trees and hills, which is impossible for non-
ruinous architecture’ (Wölfflin, 1932: 24). Diversity, mystery 
and surprise are essential components that lead to intense 
sensual qualities.
One reaction to the French style at the beginning of the 
17th century was the introduction of wilderness areas as 
part of early landscape gardens (Hunt 1994). Overgrown 
Italian renaissance gardens formed a model for 18th 
century ruin architecture. Ruderal vegetation has always 
been part of artificial ruins and architectural follies to 
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strengthen their picturesque appearance (Bellin-Hader 
2011). Today, conservationists emphasise the importance 
of the emerging and growing patina on objects of cultural 
interest (Kowarik 1998).  The affection for areas that have 
become overgrown in different epochs and the joy of 
perceiving plants that overgrow artefacts was described 
by Loidl-Reisch in 1986. Their attraction and significance in 
the illusionary staging of open spaces is based on changes 
in values, an interest in the unique, a contrast to sterile 
design solutions, sometimes on mythical fantasy and ruin 
romanticism, but always on sensual qualities.

The Arts-and-Crafts-Movement led to a special type of 
garden, which is often called a cottage garden. Old farmer’s 
cottages or houses normally formed the starting point for 
the layout of the landscape design. Therefore the quality of 
old houses and their patina are intentional components of 
the design (Hitchmough 1997). Particularly in the garden, 
plants from pots and flower beds can sow their way into 
walls, steps and pavements and contribute immensely 
to the concept of patina. Gertrude Jekyll enjoyed such 
unpredictable and playful details and decided to let them 
grow. ‘During the last year or two some pretty incidents 
have occurred about these same steps; not important 
enough to call garden pictures, but charming and 
interesting and easily enjoyable because they are close 
to the open garden door of the sitting-room and because 
they teach me to look out for the desirable things that 
come of themselves’ (Jekyll 1908: 125). As early as 1901, 
in her book on ‘Wall and Water Gardens’, she paid close 
attention to plants that would grow well in artificial walls. 
She also recognized the charm of something unexpected, 
unintended coming up in such situations, even if they were 
native. ‘When a wall-garden has been established for some 
years one may expect all kinds of delightful surprises, for 
wind-blown seeds will settle in the joints and there will 
spring up thriving tufts of many a garden plant, perhaps 
of the most unlikely kind. […] It sometimes happens also 
that some common native plant comes up in the wall so 
strongly and flowers so charmingly that one lets it be and 
is thankful’ (Jekyll 1901: 36). In her book ‘Native Plants 
in Rock Wall’, Jekyll mentioned a large number of these 

plants, although some of them are not native to the British 
Isles. It appears that she meant common plants in gardens 
that naturalize freely in artificial walls (Figure 3).
In order to reinforce this impression in new architectural 
design elements, artificial holes and crevices were built 
to provide space for the naturalization of plants. ‘It was 
domestic examples such as these which persuaded 
Edwin Lutyens to do what would have been anathema to 
Victorian architects, as they defended their pristine walls 
of elaborate diaper brickwork against the merest wisp 
of vegetation. He deliberately perforated his handsome 
retaining walls and left spaces in the joints of paving and 
steps in order to create homes for miss Jekyll’s planting’ 
(Bisgrove 1992: 137). As an exceptional example of such 
a well-planned overgrowth of steps, Bisgrove cited a 
situation in Rignalls Wood, where a large variety of plants 
were planted in the joints. 
Nowadays these floral steps, walls or colonised sidewalks 
appear very striking to us. They are an intrinsic part of 
many famous English gardens and were regarded as one 
of the most important design elements of this period. The 
selected plants were often abundant in flowers and give 
the English gardens a Mediterranean atmosphere. The 
main plants existing today are Centrathus ruber, Erigeron 
kavinskianus, Cerastium tomentosum and Erysimum x 
cheiri .

New gardening styles in the tradition of Gertrude Jekyll, 
Natural Gardening and Dutch Wave implement plants 
that can sow by themselves and spread through seedlings 
throughout the site. They need to be weeded where 
they are too dense and cause problems, otherwise they 
can be left where they have settled (so called ‘Black Box 
Gardening’ see Reif et al. 2014).
 

ECOLOGICAL BACKGROUND

Ecology of weeds: establishment, spread and dispersal
Urban vegetation is mainly influenced by human 
use, trampling, maintenance or other intentional or 
unintentional damage. Spontaneous plants are however 

Native Plants in Rock Wall (Jekyll 1901: 36ff)
Figure 3
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highly adapted to this harsh urban environment and 
colonise the built landscape in many ways (Del Tredici, 
2014: 206). These plants need to be disturbance-tolerant, 
so-called r-strategists according to Grime (1979), which can 
regenerate after loss of parts of their biomass. R stands for 
ruderal, the ruderals strategy means that they live in ‘highly 
disturbed areas’. ‘It is not surprising therefore, to find that 
a characteristic of many ruderals is the capacity for rapid 
seedling establishment and growth. A related feature is the 
tendency for a high proportion of the photosynthate to be 
directed into seeds and, under conditions of stress, for seed 
production to be maintained at the expense of vegetative 
growth’ (Grime 1974: 29). Colonisation takes place 
through seed dispersal using the wind, gravity, water, or 
animals. Weeds can also be dispersed through trampling, 
maintenance operations or by being transported by 
vehicles (Darlington 1981) and can germinate after long 
periods of dormancy (Del Tredici, 2010b: 10). Some weeds 
also have the possibility of spreading above and below 
the ground with tillers, rhizomes or stolons. Some have 
special dispersal mechanisms such as negative phototropy 
(Hedera helix, Cymbalaria muralis) or distribution by ants 
(Parietaria judaica, Pseudofumaria lutea, Chelidonium 
majus) (Wittig 1991).

The weeds we are considering here grow in walls, in the 
niches and joints of pavements or in the open surfaces of 
paths. In contrast to the natural environment hard surfaces 
are considered harsh environments for vegetation due to:
• the general lack of rooting space
• climatic stress / urban heat island effect
• low moisture and nutrient availability, susceptibility to 

drought
• minimal soil volumes
• soil compaction 
• reduced competition from other plants
• regular disturbance from human activities and 

interventions such as trampling and maintenance
(Lundholm, 2014: 93; Kowarik, 2003: 293-308). 

In general, almost all types of plants are able to germinate 
in such a situation if they are driven by water or wind into 
a niche and find enough water and the right substrate to 
germinate. After germination, these niches form a safe 
location for a small seedling as it is protected from human 
use and competition (similar to alpine situations see 
Urbanska 1992). Whether the seedling grows depends on 
its ability to develop a deeply penetrating root system and 
thus connect to an adequate water supply (Davis et. al. 
1998) (Figure 4). Normally, the plants remain ephemeral 

Main factors for the establishment of plants in Walls or Pavements (based on Brandes 1992, supplemented)
Figure 4
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and die after a short time (typical r-strategy), not without 
leaving back sufficient offspring in the form of seeds or 
tillers. If pioneer plants succeed in penetrating deeper into 
the soil, they can remain permanently, and if they are not 
controlled by weeding or trampling, succession can begin. 
Whether or not a plant can establish in a niche or gap 
depends on particular environmental factors (see Figure 
4). Following the colonisation of the area by these pioneer 

plants, new plant layers may emerge, a process at the end 
of which, if undisturbed, a forest emerges. (Loidl-Reisch, 
1986:.26 ff.). 

Types of habitats for spontaneous vegetation
Phytosociology describes the following plant communities 
that may occur in paving and wall situations (see Figure 5).

Plant communities in urban pavements, niches and walls (based on Wittig 1991)

Figure 5



121

Brandes (1992) describes a plant community for sun-
exposed, dry walls, called Erigeronetum karvinskiani 
Oberd. In addition to Erigeron karvinskianus species such 
as Antirrhinum majus, Asarina procumbens, Erysimum 
cheiri, Centranthus ruber, Pseudofumaria lutea and 
Cymbalaria muralis, natural Parietaria-Communities 
from the Mediterranean region can also be found. This 
composition is surprisingly similar to the wall vegetation 
initiated by designers of the Arts and Crafts movement (see 
Figure 3).

PROBLEMS OF SPONTANEOUS GROWTH IN THE 
BUILT URBAN LANDSCAPE

The built urban landscape is under relentless attack both 
by spontaneously growing vegetation and the gradual 
encroachment of existing plantings. Our field research 
results show that both spontaneous urban vegetation 
(plants that colonise naturally without cultivation) and 
ornamental plantings (cultivated plants for decorative 
purposes) are responsible for damage to the built 
landscape mainly due to root actions and increased levels 
of organic matter. The most common conflicts involve the 
sporadic growth of spontaneous urban vegetation directly 
onto the built landscape and the gradual encroachment 
of ornamental plantings over planned boundaries onto 
neighbouring surfaces. The location, spread and intensity 
of this growth is highly influenced by the: 
• material and surface properties of the built object
• quantity of propagules (seeds, spores etc.) and method 

of dispersal 
• intensity of vegetative spreading by means of tillers, 

rhizomes etc.
• species dependant edaphic preferences: 
• soil volume, type, availability of nutrients
• degree of exposure
• level of moisture
• species specific microclimate
• type, frequency and intensity of disturbance through:
 - maintenance
 - use e.g. trampling
 - microclimatic influences 
 - other sources 
(Darlington, 1981: 5; Lundholm, 2014: 94; Lisci & Pacini, 
1993: 16, 23; Del Tredici, 2010b: 4)

Surface colonisation begins with the formation of rooting 
substrate. Climatic factors (mainly wind currents and 
precipitation) together with patterns of use and the level 
of disturbance from maintenance regimes determine the 
deposition of parent material (dust, dirt, and seed) for 
soil development. The deposition of airborne sediments 
such as dust, dirt, organic matter (falling leaves, blossom, 
etc.) and other atmospheric contaminants is therefore 
increased on the lower-velocity lee of vertical elements 

such as walls, edgings, plantings and at the base of street 
furniture as well as on structured surfaces and in the 
corners, joints and gaps of built works that possess the 
ideal climatic, moisture and soil conditions for the specific 
species (Colwill, 2017: 319). This accumulation of parent 
material together with actions of climatic factors and 
biota (bacteria, fungi, worms etc.) slowly breaks down and 
decays over time leading to increased moisture retention 
and soil formation (Bot & Benites 2005: 13;Loidl-Reisch 
1986: 63-80). In turn this provides the perfect physical and 
hydric conditions for spontaneous plant growth in the 
niches of the built environment (Bot & Benites 2005: 13). 
The rate of spontaneous growth on hardscape surfaces is 
enhanced by:
• low maintenance levels 
• low levels of usage (Bellin-Harder (2011: 229) uses the 

term ‘tread shadow’ for these areas)
• increased soil volumes
• high levels of organic matter
• constant moisture availability 
• porous materials
• permeable surfaces or jointing aggregates (e.g. gravels, 

self-binding gravel, hoggin)
• shaded surfaces, especially those below or adjacent to 

vegetation due to the high rate of organic debris and 
soil formation

• irregular, rough or structured surfaces of materials
(Darlington, 1981: 5; Lundholm, 2014: 94; Lisci & Pacini 
1993: 16, 23)

Initial spontaneous urban growth leads to the 
establishment of further microclimatic niches which in 
turn support further soil formation, retain moisture and 
support the development of further spontaneous growth. 
The continued growth of spontaneous urban vegetation 
over a considerable period of time leads to a process 
of succession in the plant communities that develop. If 
succession is allowed to proceed the successive stages 
of vegetation develop deeper and more extensive root 
systems (Antos & Halpern, 1997: 97). These pre-existing 
species provide the basis for more resilient species of 
vegetation to take hold such as woody plants that may 
damage the construction through physical penetration 
of roots, acids produced by the roots and direct contact 
(Lisci & Pacini 1993: 25; Lundholm, 2014: 101). In general, 
more aggressive woody plants and trees that can severely 
damage a construction require higher levels of substrate 
(Jim, 2008: 359-366; Lisci & Pacini 1993: 24). 

Plant encroachment
Growth on hard landscape elements is often maintained 
in a perpetually earlysuccessional state due to usage 
(trampling, contact with hands etc.) and limited amounts 
of soil (Lundholm, 2014: 99). This is also dependant 
on the level of disturbance from maintenance regimes 
such as cleaning, brushing or the salting or pavements. 
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Plant encroachment from existing planting areas onto 
surrounding surfaces often occurs due to the insufficient 
removal of organic debris and rooting substrate from the 
border area between soft and hard landscape through 
regular maintenance (e.g. brushing). Creeping and 
groundcover plants with a lateral growth habit that spread 
from tillers, rhizomes or stolons are particularly prone to 
rapid encroachment (Niemiera, 2012: 2) as depicted in the 
image sequence Figure 6.

Root wedging 
The fine roots of spontaneous urban plants and 
encroaching vegetation penetrate into the joints, crevices 
and niches of horizontal or vertical surfaces of the built 
landscape in search of water, air and nutrients which can 
lead to root wedging. Continued root growth over time 
leads to an increase in root girth thus exerting pressure 
on the surrounding material and forcing materials apart. 
This in turn can lead to increased moisture penetration, 
increased growth and sustained damage through both 
root and frost wedging. Many spontaneous plants develop 
taproots or extensive fibrous root systems below the 
surface which, in time, can also exert subsurface upward or 
outward pressure. This ‘root heave’ can lead to extensive 
damage by causing the displacement and fracture of 
pavements, leading to uneven surfaces and safety issues 
such as slip and trip hazards. Subsurface roots are 
protected from the harsh surface climate and disturbance 
through trampling and maintenance and are therefore 
particularly difficult, if not impossible to remove when 
established. Many of these plants can regenerate from the 

root base even after dieback or removal of the vegetation 
above ground. Figure 7 shows the development of 
spontaneous urban vegetation adjacent to walls which was 
eventually removed in year 7, however one year later this 
vegetation had significantly regrown from its subsurface 
root system.

Other vulnerable hardscapes
Hardscapes in the shade of buildings, trees and 
overhanging vegetation are especially vulnerable to 
spontaneous plant growth and encroachment. Shading 
protects hardscapes against evaporation and sun exposure 
which increases the level of humidity and provides cooler 
temperatures (Lisci & Pacini 1993: 24, Wittig, 1991: 154). 
Therefore, if undisturbed by trampling or maintenance, this 
can lead to an increased rate of spontaneous plant growth 
or encroachment of existing plantings onto hard landscape 
elements. This growth is especially intense below or 
adjacent to vegetation due to the high rate of soil formation 
from the increased abundance of organic matter (Figure 8). 

 
TYPOLOGIES: AREAS OF PRONOUNCED 
SPONTANEOUS GROWTH

Figure 9 shows the main typologies of pronounced surface 
colonisation by spontaneous urban vegetation identified 
through our field research: 
a) Cracks, fissures or chips on horizontal or vertical surfaces
b) Joints, seams or recesses between surfaces, individual 
pavers or walling units

Increased vulnerability to spontaneous growth in shade. a) Limestone setts in full sun/full shade of a building, year 3. b) Spontaneous growth due to 
overhanging tree, year 3. c) Spontaneous vegetation adjacent to hedge, year 3. d) Spontaneous growth on compacted gravel surface below tree, year 4.

Spontaneous growth between short walls over 8 years, a) 3 Years after completion, b) Year 6, c) Removal of growth in year 7, d) Rapid regrowth of vegeta-
tion in year 8.

Encroachment of planting from embankment onto paving surface over 8 years. a) Year after completion. b) Year 2. c) Year 6. d) 8 years after completion.

Figure 8

Figure 7

Figure 6
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c) Junctions or corners between horizontal and vertical 
surfaces
d) Peripheral encroachment over surfaces, especially on 
surfaces adjacent to areas of vegetation
e) Areas surrounding fixtures in horizontal or vertical 
surfaces e.g. lamp posts, signs. Paved surfaces below 
vegetation (trees, overhanging vegetation) are especially at 
risk due to the increased presence of organic matter.
f) Surface area growth (especially on irregular or unbound 
horizontal materials that retain surface moisture)
g) Undisturbed surfaces due to inadequate access for 
effective maintenance (e.g. inaccessible areas behind 
railings), or as a result of insufficient usage (e.g. surfaces 
under benches)
The increased frequency of spontaneous growth in these 
areas indicates points of high vulnerability.

The main consequences of spontaneous urban growth on 
the built landscape over time are depicted in Figure 10 and 
described below: 
a) Filling of joints, cracks, fissures and recesses, resulting 
in increased soil formation which leads to further 
spontaneous growth
b) Encroachment and spreading of plantings over surfaces 
and boundaries, the veiling of structures and loss of precise 
edges and contours
c) Leverage effects through root heave and root wedging 
leading to further weathering (frost heave, erosion etc.)
d) Reduced functionality, usability, stability or safety of 
built objects.
(based on Loidl-Reisch, 2016)

The main spontaneous urban growth typologies.

The main spontaneous urban growth typologies identified through field research.
Figure 9

The effects of spontaneous urban growth on the built landscape
Figure 10
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STRATEGIES AND SOLUTIONS: SO WHAT CAN 
LANDSCAPE ARCHITECTS DO?

CONTEMPORARY PLANNING AND DEVELOPMENT
Spontaneous urban vegetation is ‘… generally 
considered to be ‘weeds’ and is seen by many 
people as the indicator of a site that has been left 
to fall into decay or is poorly cared for. In order to 
use spontaneous vegetation properly, it needs to be 
‘improved’, to be ‘put on display’ – but how may this 
be achieved?’ (Kühn, 2006: 47)

There are essentially two project phases in which 
optimisation measures to manage the growth of 
spontaneous urban vegetation can be made: 

1) Preventative measures in the design and detailing 
phase

Preventative weed control strategies can be 
commenced in the design and detailing phase by 
selecting appropriate materials (e.g. jointing materials) 
and construction techniques (Boonen at al. 2012: 2-12; 
Rask & Kristoffersen, 2007: 371, 378) that are tailored 
to the requirements of the specific site conditions. 
Some prerequisites for long-term maintenance and the 
minimisation of vulnerabilities may also be addressed 
in the design phase. For example:

• Provide optimal accessibility for maintenance of 
surface growth

• Increase maintainability by selecting suitable materials 
and surface treatments

• Allow for the efficient repair or replacement of parts
• Enhance the design and construction in order to avoid 

spontaneous growth, for example:
 - reduce the amount of fixtures in each surface
 - reduce the amount of niches available for soil  
   formation 
 - seal joints at the foot of walls and around fixtures
 - avoid plant species that have a lateral growth  
   habit or spread from tillers, rhizomes or stolons  
   in areas adjacent to built landscape elements.

2) Maintenance measures in the occupation/use phase 
 ‘From a horticultural perspective, a truly sustainable 
landscape design is one that is in balance with the 
financial resources available to maintain it’  
(Del Tredici, 2006: 52) 

Maintenance measures allow for specific aesthetic 
goals to be achieved. However, sites that require 
intense and regular maintenance regimes in order 
to achieve these goals lead to high running costs. 
Budget restrictions often do not allow for an optimal 
maintenance level to be performed which may lead to 
an aesthetic decline. 

It is therefore essential that landscape architects perform 
design, construction and maintenance optimisation 
measures in the planning phase in order to reduce 
maintenance costs throughout the project lifecycle and 
avoid premature deterioration.

Design intentions for built landscapes range from creating 
a formal, representative space (well maintained, pristine 
condition) to a more naturalistic, processual site character 
(allowing for patination and a more ‘wild’ and uncontrolled 
appearance). In order to achieve the desired site character, 
the design intention needs to sufficiently match the budget 
available for maintenance. It is therefore essential that 
landscape architects are aware of the assigned level of 
maintenance, type of equipment available, and skills of 
the maintenance staff in the planning phase so that the 
design, detailing and material selection can be adjusted 
accordingly.

Traditional maintenance concepts aim to completely 
remove spontaneous growth at regular intervals thus 
reducing or halting the processes of succession. It is 
however possible to create aesthetical and ecological 
performative spaces by allowing for the growth of 
spontaneous vegetation (Seiter, 2016: 30). Essentially, there 
are five strategies for dealing with spontaneous vegetation 
in order to achieve the desired aesthetic character of 
landscape projects, see Figure 11. 

The first two approaches influence the vegetation structure 
without changing the species composition directly and 
lead to patination and succession. Strategy 3 entails a 
selection strategy involving the continual management 
of the processes of succession over time. This involves 
the recognition and retention of ornamental plants and 
the removal of potentially damaging species. Therefore, 
maintenance staff require a thorough knowledge of the 
individual species. The fifth, high maintenance strategy 
relies on regular and intensive preventative maintenance 
for the removal all unwanted growth with the intention of 
hindering succession and the development of damaging 
root systems. 

This paper focusses on strategy 4 which involves the 
conscious planting of species compositions from a design 
perspective using plants that can build a stable community 
under the given conditions of a specific location. The 
authors are thus dealing with planting design and 
management using mixes of both spontaneously occurring 
and ornamental plants. (Kühn 2003a,b). 



125

Management Strategies for Dealing with Spontaneous Vegetation (based on Kühn 2006, HANSEN et al. 2004)
Figure 11
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INTRODUCING THE ‘ENHANCED SPONTANEOUS 
VEGETATION’ PLANTING STRATEGY

Planting the built urban landscape
According to the ‘inhibition’ model of ecological succession 
from Connell & Slatyer (1977: 1120-1124, 1138-1140) the 
initial plant species on a site can modify the environment 
so that it becomes less favourable for subsequent 
competitors. As long as these colonists persist and 
regenerate vegetatively, they can continue to suppress or 
exclude subsequent invasive colonists (ibid). Following 
this principal, we propose a new strategy involving the 
controlled use of ‘enhanced spontaneous plantings’ 
especially in vulnerable areas of the built urban landscape 
where spontaneous growth is inevitable (Figure 9) such 
as jointing materials and for unbound surfaces below 
trees. This plant community should form low-growing 
dense mats of leaves with noticeable flowers that have an 
attractive, tidy appearance, and are resistant to trampling 
thus inhibiting the growth of more resilient and damaging 
woody species. These ‘enhanced spontaneous plantings’ 
would consist of location-specific pioneer species 
combined with ornamental species in order to increase 
aesthetic value and public acceptance (Kühn, 2006; 48-51). 
Plants are selected that will not endanger the functionality, 
safety, stability, durability or the maintainability of the built 
landscape over time (e.g. plants that develop penetrating 
roots, impede surface runoff or that may become invasive). 
‘Enhanced spontaneous vegetation’ would develop self-
sustaining communities of highly resilient species that 
reproduced without intervention by man and can serve 
to enrich the planting community (Kühn 2006). In order to 
fulfil the diverse aesthetic, ecological, social and economic 
criteria previously discussed in this paper we have defined 
the following species selection parameters: 

Aesthetic value:
• Low-growing dense mats of leaves and flowers 
• Location-specific pioneer species (adapted to the 

prevailing site conditions e.g. level of exposure, 
soil etc.) combined with ornamental species thus 
improving aesthetic value and enhancing regional 
identity

• Tidy appearance, ornamental characteristics
Economic value:
• Reduced maintenance intensity leading to cost savings
• Suppression of the rate of succession: therefore 

avoiding the establishment of potentially more 
damaging species (e.g. plants with more extensive root 
systems, tap roots)

• The use of non-invasive species that do not spread 
aggressively into surrounding areas (creeping and 
groundcover plants with a lateral growth habit that 
spread from tillers, rhizomes or stolons are particularly 
aggressive) leading to a reduction of maintenance 

• Tolerant of drought, soil compaction or contamination 

(air, soil or water pollution)
• Tolerant of disturbance through usage (trampling) and 

maintenance
Ecological value: 
• Increased biological diversity
• Provision of wildlife habitat: attractive to pollinating 

insects and herbivorous wildlife
Social value: 
• Non- toxic, non-allergenic or hypo-allergenic species
Other possible services
• Provision of cultural value, edible plants or 

fruits, medicinal plants, stormwater retention, 
phytoremediation or carbon sequestration (Seiter, 
2016: 17, Kennan & Kirkwood, 2015: 42, 123).

‘Enhanced spontaneous vegetation’ communities for the 
built urban landscape would therefore consist of a mix of 
common species of spontaneous plants, plant species from 
garden history, new plant species that have not previously 
been used in this way and cultivars from plants occurring 
naturally. Since a large number of these plants exist, only a 
selection can are shown in Figure 12.
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List of plants for enhanced spontaneous vegetation of urban built areas under Middle European conditions (1 referring to Wittig 1991; 2 referring to Jekyll 
1901. 1908, Bisgrove 1992, Kühn 2011, Gerritsen & Oudolf 2000, Reif et al. 2014)

Figure 12
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CASE STUDIES 

The following four case studies provide examples of how 
the ‘Enhanced spontaneous plantings’ strategy may be 
applied. The case studies have been selected according 
to the typologies of pronounced spontaneous growth 
depicted in Figure 9. These are areas of the built landscape 
which are particularly vulnerable to spontaneous growth 
where we suggest the implementation of this new planting 
strategy to combat weed growth and reduce running costs. 
Plant communities for each case study will be suggested 
together with maintenance and management needs 
according to the specific site requirements.

CASE STUDY 1: TYPOLOGY B
Case study description
The first case study concerns the unbound granular 
jointing materials of paved surfaces in areas that are 
seldom disturbed by human trampling and maintenance 
operations. This is especially pronounced in areas adjacent 
to or below vegetation due to the increased level of organic 
matter and moisture retention.

Planting strategy
The strategy aims to plant the jointing material with low 
growing, compact, tread resistant and drought tolerant 
‘enhanced spontaneous vegetation’ in order to reduce 
long-term maintenance, aesthetic decline and damage. 
Many plants can grow well in the joints of paved surfaces. 
Although there is little substrate, water and waste particles 
are collected in the crevices and guarantee vigorous 
growth. The plants are mostly tread resistant with low 
growth habits, some with a leaf rosette. Therefore they 
are able to build small green stripes between the paving 
elements, which have a formal appearance. Flowering 
plants are an additional option, but are not obligatory.

Suggested plants
Bellis perennis, Campanula rapunculoides, Daucus carota, 
Dianthus carthusianorum, Matricaria discoidea, Echium 
vulgare, Plantago major ‘Rosularis’, P. m. ‘Rubrifolia’, 
Saxifraga tridactylites, Sagina procumbens, S. ciliate, 
Spergularia rubra. These plants live together with common 
tread resistant species such as: Lolium perenne,Matricaria 
discoidea, Plantago major, Poa annua, Polygonum 
aviculare, Trifolium repens, and can form long living plant 
communities.

Management strategy
• Selective removal of invasive species 
• Selective removal of species with damaging root 

systems (woody plants)
• Human use through trampling and handling is an 

important part of the maintenance strategy. More 
frequently used areas require less maintenance.

•  Mowing is necessary, when plants grow too high, to 
retain a more formal look 

• Addition of new plants to replace plant loss

CASE STUDY 2: TYPOLOGY C 
Case study description
This case study concerns the junction between a horizontal 
paved surface and a vertical surface (walls etc.).

Planting strategy
The strategy aims to provide attractive, compact, drought 
tolerant and non-damaging ‘enhanced spontaneous 
vegetation’ at the base of the vertical surface. The selection 
of suitable species depends on the availability of water, the 
depth of the crevice and the exposition to the sun. Many 
plants are suitable for these conditions, these are mainly 
related to edge situations in the natural landscape.

Examples for case study 2 - Spontaneous growth: c) At the base of short walls, Year 6. b) In an open joint between a concrete surface and wall, year 7. c) In 
joint at the base of a seating element, year 7. d) In gravel joint at the foot of an inclined wall, year 

Examples for case study 1 - Spontaneous urban growth in joints of paved surfaces, a) Year 8, b) Year 8, c) Year 4, d) Year 2.

Figure 14

Figure 13
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Suggested plants 
For sunny and dry conditions: Agrimonia eupatoria, 
Anthemis tinctoria, Betonica officinalis, Eryngium 
giganteum, Epilobium dodonai, Gaillardia aristata, Gaura 
lindheimeri, Knautia macedonica, Kochia scoparia, Linaria 
purpurea, Lychnis coronaria, Melica ciliata, Origanum 
vulgare, Potentilla recta, Salvia verticillata a. o., Sedum 
maximum, S. telephium, Silene vulgaris, Smyrnium 
perfoliatum
For shady and moist conditions: Alchemilla mollis a.o., 
Aquilegia div. spec., Brunnera macrophylla, Campanula 
trachelium, Chelidonium majus ‘Flore Plena’, Hesperis 
matronalis, Pulmonaria saccarata a. o., Silene dioica, 
Tradescantia virginica

Management strategy
• Selective removal of invasive species 
• Selective removal of species with damaging root 

systems (woody plants)
• Removal of dead shoots in spring
• Addition of new plants to replace plant loss and 

maintain the required design character

CASE STUDY 3: TYPOLOGY D
Case study description
The peripheral encroachment of lawns onto self-binding 
gravel surfaces is often found in the urban landscape. 
Surfaces adjacent to lawns are especially at risk to 
encroachment due to the accumulation of clippings at 
the periphery which degrade rapidly to become rooting 
substrate (Colwill 2018: 267). This build-up of substrate 
allows the grasses to creep over edgings and encroach 
onto the paved surface by sending out shoots, rhizomes or 
seeds as shown in Figure 15(ibid) 

Planting strategy
The aim is to reduce the lateral growth habit of the lawn 

onto built surfaces by implementing a buffer zone planting 
of low growing and compact ‘enhanced spontaneous 
vegetation’ adjacent to the path. The buffer zone is realised 
using a special substrate with different soil properties 
to the surrounding lawn (e.g. a crushed stone enriched 
soil mix) (Figure 16). The different soil properties of the 
buffer zone aims to support the growth of the ‘enhanced 
spontaneous vegetation’ community listed below and at 
the same time suppress lawn encroachment

Suggested plants
For dry situations: Achillea tomentosa, Hieracium 
pilosella, H. piloselloides, Plantago major ‘Rosularis’, 
Potentilla neumanniana, Sedum ewerssii, S. reflexum 
S. spurium, Saxifraga tridactylites, Scleranthus annuus, 
S. perennis, Spergularia rubra, Thymus serpyllum a.o., 
Tripleurospermum caucasicum
For more moist situations: Ajuga reptans Cultivars, 
Chamaemelum nobile 'Treneague',Herniearia, glabra, 
Matricaria discoidea, Mentha requienii a.o., Plantago 
major ‘Rosularis’, P. m. ‘Rubrifolia’, Prunella vulgaris, P. 
grandiflora, Portulaca grandiflora, Veronica filiformis

Management strategy
• Mowing of lawn and buffer zone planting
• Manual removal of plant growth from self-binding 

gravel surface 
• Selective removal of invasive species 
• Selective removal of species with damaging root 

systems (woody plants)
• Addition of new buffer zone plants to replace plant loss

CASE STUDY 4: TYPOLOGY E 
 Case study description
The final case study focusses on self-binding gravel 
surfaces immediately surrounding trees which are 
particularly susceptible to weed growth. 

Examples for case study 4 - Spontaneous growth on self-binding gravel surface below trees. a) Year 2, b) Year 12, c) Year 6, d) Year 7.

Example for case study 3 - Encroachment of lawn onto self-binding gravel surface over 10 years, a) year after completion, b) Year 3, c) Year 5, d) 10 years 
after completion.

Figure 16

Figure 15
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Planting strategy
These areas surrounding trees can be planted with a tread 
resistant mix of ‘enhanced spontaneous vegetation’ with a 
high aesthetic quality. The aim is to achieve a particularly 
aesthetic composition of vegetation in an area that is 
highly susceptible to spontaneous growth and particularly 
difficult to maintain. Many plants can grow on such a 
surface. The main problem for the plants is establishment 
in compacted soil conditions with regular trampling.

Suggested plant community
Achillea tomentosa, Hieracium pilosella, H. piloselloides, 
Plantago major ‘Rosularis’, Potentilla neumanniana, Sedum 
ewerssii, S. reflexum S. spurium, Saxifraga tridactylites, 
Scleranthus annuus, S. perennis, Spergularia rubra, 
Thymus serpyllum a.o., Tripleurospermum caucasicum

Management strategy
• Maintenance through usage; the level of usage through 

trampling determines the spread of the planting area
• Selective removal of invasive species 
• Addition of new plants to replace plant loss and 

maintain the required design character 

STRATEGIES FOR MANAGING ‘ENHANCED SPONTANEOUS 
VEGETATION’

The active management of ‘enhanced spontaneous 
vegetation’ would involve a process of plant addition 
and removal throughout the project lifespan (Figure 17). 
Over time, these sensitive interventions can achieve the 
desired image. The process of maintenance is considered 
a dynamic process and is not limited to maintaining a 
rigid image. The originally defined planting design forms 
a framework in which various compositions are allowed 
to mature. Successional species that fulfil the ‘enhanced 
spontaneous vegetation’ selection criteria and design 
character of the planting should be accepted as a positive 
addition to the planting and therefore retained. However, 
species with aggressive or deep rooting systems that may 
in time lead to structural damage, or species that reduce 
the aesthetic composition need to be removed. This 
strategy may also involve the addition of new plants during 
the project lifecycle in order to replace plant loss and 
restore the desired aesthetic of the plant community.

For these management measures well trained and 
aesthetically educated maintenance personal are needed. 
They should know about the aims, but also about the 
limits of this planting approach. Therefore, an initial 
introduction and guidance by the project landscape 
architects is unavoidable. In addition, we need to inform 
the general public about the aesthetic, ecological, social, 
and economic benefits that these plantings offer, in order 
to gain acceptance for the proposed new planting strategy.

Management strategy for ‘enhanced spontaneous vegetation’
Figure 17
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CONCLUSION

This paper focusses on generating new strategies for 
dealing with spontaneous urban vegetation in the built 
landscape. The proposed strategy aims to enhance these 
areas of the built landscape by exploiting the ecological, 
economic, and aesthetical potential of ‘spontaneous urban 
vegetation’. The main idea is to plant areas of the built 
hardscape that are particularly vulnerable to spontaneous 
growth with an enhanced mix of ‘spontaneous urban 
vegetation’. This planting mix, that we call ‘enhanced 
spontaneous vegetation’, consists of spontaneous 
species together with ornamental plants. This planting 
aims to suppress further succession, thus hindering the 
establishment of more aggressive species that can damage 
the built environment. The main objectives of the species 
selection are to increase the aesthetic value and public 
acceptance of spontaneous species, reduce maintenance 
costs, improve performance and extend project lifespan. 
‘Enhanced spontaneous plantings’ therefore provide a low-
maintenance sustainable solution for specific locations 
in the built landscape that are otherwise physically and 
economically difficult to manage. For these situations, we 
predict that these plantings would become almost self-
sustaining communities of highly resilient species that can 
be managed with minimal human intervention. 

The strategies developed in this paper enable the design 
of more aesthetical, ecological, and sustainable urban 
hardscapes with improved performance throughout the 
project lifecycle. More research and field trials are however 
needed in order to gain a thorough understanding of this 
new planting design strategy, particularly in the long term 
management of ‘enhanced spontaneous plantings’.
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This synthesis summarises the results of the individual 
manuscripts and discusses them comprehensively. The 
papers as a whole are also analysed with regard to the 
initial research question. In addition, the resulting research 
methodology is presented, discussed and conclusions 
derived. Diagrams and tables provide a detailed visual 
representation and explanation of the research outcomes. 
 
The main aim of this research is to optimise design, 
detailing and maintenance practices, thus enhancing 
the quality of built landscapes and extend service life. 
By reducing the impact of points of weak points and 
vulnerabilities in the design, detailing, construction and 
maintenance of projects, deterioration processes can be 
avoided, inhibited or delayed, thus enhancing resilience, 
durability and service life. 

The methodology developed in this research project 
enables a formalised monitoring of built works and a tool 
for continuous optimisation. This enables an iterative 
learning process from previous projects, innovations 
and conflicts in order to optimise the performance of 

future projects in the design, detailing and maintenance 
phases. The resuts can be used during the occupancy 
phase to compare the evolving state with a catalogue of 
case studies, appropriate measures can then be taken to 
counteract negative change. 

The results of the case study evaluations are presented 
in Part 2 of this thesis. These show a large variety of 
weak points and vulnerabilities in public space in Berlin 
and provide a broad spectrum of detailed knowledge 
on project development. The repetitive nature of these 
weaknesses underlines a clear lack of knowledge within 
the landscape architecture profession about the processes 
and mechanisms that influence change to built landscapes 
over time (Colwill: 2019). 
 
The agents of landscape transformation are interrelated 
and complex, these are discussed in Paper B) Time, 
Patination and Decay: The Agents of Landscape 
Transformation. A list of main cause criteria that influence 
change to built landscapes was developed as a basis for 
the subsequent evaluation of the case studies (Fig. 1). 

SYNTHESIS4

The agents of landscape transformation. [Kirkwood, 1999: 166-177; Colwill, S. (2016): 398].
Figure 1
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These categories were defined for this specific subject 
matter through literature research and an initial analysis 
of 400 selected case studies. The categories and criteria 
were further developed throughout the research period 
and verified through expert interviews and evaluations. 
The cause criteria are ordered according to the Project 
Phase and subdivided into those relating to the Context, 
Component Quality, and Operating Conditions (Fig. 1). 
Due to the complex nature of these processes, some of 
the criteria inevitably overlap with one another (Colwill, 
2016: 398; Colwill, 2017b: 295). This categorisation of cause 
criteria establishes a basis for the monitoring and analysis 
of weak points and vulnerabilities in all built landscape 
architecture works.

FROM PATINATION TO DECAY

The project development lifecycle of landscape works 
is depicted in Figure 2 from the initial planning phase 
through to the end phase. The processes of patination and 
change begin in the realisation phase of the project. Initial 
processes of patination commence as soon as materials are 
produced due to many parameters such as microclimate 
and anthropogenic factors. The service life of built 
elements begins with project completion and develops 
throughout maturity phase and ends at the end of the 
senior phase. In the end phase the useful service life is no 
longer given and the construction needs to be removed or 
reconstructed.

The financial implications of the maintenance measures 
are also depicted in figure 2. In the initial patination 
phases the costs of maintenance remain relatively low. The 
processes of decay and deterioration need to be avoided 
due to the significant increase in the rate of change and the 
costs for renovation, restoration or even reconstruction.

The project solution is developed from the initial idea to 

Project development over the five phases of the project lifecycle (based on Schrader, 2003: 25)
Figure 2
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the final design and execution planing in the planning 
phase. This also includes the preparing of specifications in 
which the quality of components, materials and surfaces 
and are defined. The construction takes place during the 
realisation phase according to the execution planning. 
These works are mainly supervised and inspected by the 
landscape architect. The service life of the project begins 
with the completion phase, a short phase in which initial 
use takes place, however no visible traces of patination are 
present. This develops into a highly dynamic youth phase, 
in which initial traces of use and environmental influences 
become visible on the surface. This phase then enters a 
prolonged maturity phase. This is the longest phase in 
which visible signs of wear are present without loss of 
durability, stability or functionality. In this phase regular 
maintenance and first repairs are necessary.

During the first three service life phases a natural 
process of surface patination takes place. Patination 
is a process of addition to a surface due to the level of 

microclimatic exposure, intensity of use and level of 
maintenance (Fig 3). This surface grime, wear, biological 
growth etc. is however, in the short term, not detrimental 
to the materials themselves. Optimal design, detailing, 
maintenance and repair can extend the maturity phase 
over a much longer period of time. However, during the 
maturity phase the process of patination may develop 
into a detrimental process deterioration which involves 
the subtraction from a surface (e.g. corrosion, breakage) 
(Fig. 3). The transformation between these two processes 
can be accelerated due to unfavourable design, detailing, 
construction, weathering, usage and/or maintenance. If the 
process of decay continues, unhindered by maintenance 
and repair measures, the project may then progresses 
to the senior phase in which the function, stability and/
or durability are partially impaired (Fig. 2). In this phase 
maintenance and repair measures are no longer sufficient 
and more extensive renovation and restoration measures 
are necessary. This phase provides the last opportunity to 
renovate or restore the structure. Continued deterioration 

Representation of patina and decay

Decay = process of subtraction, decomposition, breaking down of materi-
als, reduced functionality, stability and/or durability, leads to destruction

Patina = process of addition non-destructive, atmospheric, cosmetic decay

Figure 3

Year 17    

Year 11    
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may ultimate lead to the end phase, in which the 
functionality, stability and/or durability are no longer 
given. This condition is then irrepairable and leads to 
deterioration or collapse. In this phase the construction 
needs to be removed and/or a complete replanning and 
reconstruction is necessary. 

The speed of these processes differs greatly depending 
on the influencing factors of natural patina, intensity of 
weathering, use and the regulating factors of maintenance 
and repair throughout project service life. Furthermore, the 
results of this research show that design and detailing can 
play an important role in extending the maturity phase of 
project development to a maximum, therefore enhancing 
the project performance and lifespan. 

The financial implications of project patination and 
deterioration rise exponentially with each phase of 
the project service life (Figure 2). Initially, during the 
completion and youth phases regular maintenance 
measures suffice. In these phases simple maintenance 
measures need to be carried out, for example, by removing 
organic debris from surfaces through brushing. During 
maturity first repairs become necessary in addition to the 
regular maintenance measures. The senior phase is the 

phase in which more extensive remedial measures such as 
renovation or restoration are necessary in order to avoid 
continued deterioration. The financial implications of the 
end phase are significantly higher due to the measures 
required for demolition and removal as well as possible 
redesign and reconstruction measures. Running costs 
can therefore be reduced over the project lifecycle by 
optimising the performance of built landscapes through 
enhanced design, detailing and maintenance.

The ‘bathtub’ curve depicted in Figure 4 reflects the failure 
rate over the project lifecycle, the resulting financial 
implications are also shown (CEES 2009: 2). The curve 
describes product reliability over 3 main segments 
throughout the project lifecycle: early failures, inherent 
failures (or random failures) and wearout (Klutke et al. 
2003: 125 -126). In the early failure phase initial problems 
become visible which are mainly due to manufacturing or 
design defects. A rapid decline in failure rate is therefore 
expected. The early failure in this phase is often referred 
to as ‘infant mortality’ and can be remediated through 
adaptation of the construction or redesign (Ibid: 126). 
During the maturity phase the failure rate remains 
relatively constant. In the wear out period the failure rate 
increases sharply until the end phase in which the structure 

Graph showing failure rate throughout the 5 phases of the project lifecycle (schematic diagram based on CEES publication No 9, 2009: 2)

Figure 4
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needs to be removed and reconstructed. 

The optimisation of design and maintenance measures 
should therefore aim to minimise early failures and 
maximise the period of inherent failures (Gosling et al. 
2008: 120). Wearout can be retarded through renovation 
and restoration measures. Similarly to Figure 2, the 
financial implications at each of these stages are also 
depicted. 

The development of the lifecycle costs and the ability 
to influence those costs is depicted in Figure 5 (Niesel 
2006). The ability to control cost development is highest 
in the conception and design phases and reduces towards 
the implementation phase. In these phases the quality 
and integrity of the project are determined. In the post-
completion phase the deterioration of built landscapes 
leads not only to an increase in expenditure but also 
to a reduced ability to influence cost development. 
Optimisation strategies therefore aim to prolong the 
maturity period of the project lifecycle to a maximum. 
This diagram also clearly shows the importance of the 
conception and design phases of the project cycle in 
controlling expenditure over the project lifecycle.

By reducing the impact of weak points and vulnerabilities 
in the design and detailing, construction and maintenance 
of landscape architecture projects, deterioration processes 
can be avoided, inhibited or delayed. The process of 
optimisation through monitoring performance enables 
operating costs to be reduced and the quality, durability 
and service life of built landscapes to be enhanced.

The following subchapter explains the methodology 
developed and tested during this PhD research for the 
documentation, analysis and evaluation of weak points 
and vulnerabilities in built landscapes. These methods 
and techniques are also presented in detailed explanatory 
diagrams.

Lifecycle costs and the possibility to influence costs (schematic diagram based on Niesel, 2006)

Figure 5
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Field research equipment

• Camera: with GPS tagging function, digital memory 
card

• Pen, pencil, paper 
• Paperwork: data collection reports, project data sheets
• Selection of images from previous surveys
• Tape measure
• Compass
• Crack width gauge
• Temperature gauge 
• Hammer
• Hand brush (to remove debris)
• Sample bags (for substances)
• Pocket knife for scratching, poking surfaces
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FIELD RESEARCH METHODS 
AND THE FORMATION OF CASE STUDIES 
(see Figure 6) 

The documentation of the process of deterioration over 
the 5 phases of the project lifecycle is possible through 
targeted site surveys. In order to carry out the field 
research and collect data for the case studies, the following 
methods are applied.

Annually repeated photographic surveys of changes to built 
landscape elements in three zoom factors - context, object, 
and detail images, – form the basis for the subsequent 
analysis and evaluation. Points of weakness and 
vulnerability are identified through searching for indicators 
such as signs of weathering, use and maintenance. 
These recordings are then screened and sorted into 
photographic sequences depicting evolving weak points 
and vulnerabilities. Individual sequences are then grouped 
to form case studies. An overview of this process is shown 
in Figure 6 and described in detail in the following text.

Field research / Site survey
Photographic recordings of each individual site are taken 
using a camera with GPS (Global Positioning System). 
The GPS enables geotagging, which adds geographical 
identification metadata to a digital image and provides 
added data security. Each photograph therefore 
contains precise information on the location where it 
was captured and can be accurately located on a digital 
map. Data collection reports and project data sheets are 
used to record observations from the field studies as 
well as background data concerning the site itself such 
as construction periods, location, date of completion, 
maintenance level, etc. Background data for case studies 
was obtained from local planning authorities, publications, 
planning offices and web based resources. 

The photographic recordings are taken at three zoom 
factors representing 3 scales for precise scientific 
documentation:
Context images: represent the total site as well as 
contextual and spatial interrelationships. 
Object images: show the individual landscape elements 
as well as the transitions to adjacent surfaces and objects. 
Interactions with users are also documented.
Detail images: provide detailed information on the 
interactions between the agents of change and the 
materials, surface finishes, construction and fixings.

The photographic site surveys are repeated annually. 
For the initial recordings in the year of completion, the 
field researcher needs to anticipate points of weakness, 
vulnerability. The subsequent annual recordings focus on 
the weaknesses identified in previous years together with 
new signs of possible weaknesses. 

The formation of case studies

Figure 6

Field research

    
    Photographic recordings 

         Assignment of metadata

              Photographic sequences 

                    Case Studies
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Overview of metadata structure for the case study analysis, 
and the allocation of sub-dat sets 1-5

Figure 7

Selection of images 
A screening process is used to critically review and sort 
the most indicative recorded material for each specific 
element. Both the quality and content of the images is 
reviewed.

Assignment of metadata 
The selected recordings are then stored in the database 
and step by step detailed metadata (information on the 
project type, completion date, materials etc.) is added. 
The database is organised by the structure of the assigned 
metadata. This enables the optimal identification, storage 
and retrieval of information about the individual case 
studies. The complex metadata structure provides a 
matrix for case study assignment. Information can be 
found by sorting, filtering and searching through the data 

using different constellations of the diverse parameters. 
Figure 7 provides an overview of the database structure. 
Sub-data sets for factors 1-5 are shown on the following 
pages (Figures 8-10) and  provide a detailed view of the 
substructure of the metadata information.

Furthermore, the database software enables the geotagged 
photos to be displayed on a map thus pinpointing the 
exact location and context of each individual photographic 
recording (this research implemented a Adobe Photoshop 
Lightroom database). 
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Detailed metadata sub-structure for subdata set 1 - Site Context, 
2 - Case Study Analysis and 5 - Case study Reference Code

1

2

3

4

5

Figure 8
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1

2

3

Detailed metadata substructure for 
sub-data set 3 - Detail/Object Description

Figure 9
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4

5

Detailed metadata substructure for 
sub-data set 4 - Weak Point Analysis

Figure 10
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Photographic sequences of weaknesses  (see Fig. 11)
The individual photos are then grouped to form 
photographic sequences displaying the development of 
an individual weakness from the time of completion to 
the end of useful service life. The sequence is subdivided 
into five stages; I Very good condition, II Good condition, 
III Satisfactory condition, IV Poor - potentially unsafe, V 
Critical condition - unsafe. Figure 11 shows an example of a 
photographic sequence depicting the loosening of screws 
on a wooden deck over time. 

The formation of case studies
Photographic sequences that depict the same individual 
weakness in different locations, sites and contexts are 
grouped to form case studies. Each case study consists 
of 1-6 individual photographic sequences which provides 
a comprehensive quantity and range of data for the 
subsequent analysis.

CASE STUDY REFERENCE CODE

In the interest of quality assurance and data security the 
individual case study images are labelled with a Case 
Study Reference Code, see Figure 12. This code identifies 
each image individually  and contains references to the 
site location, object type, materials, date of completion, 
the date of recording and an individual sequential number 
code. The case study code enables the efficient storage 
and retrieval of the extensive recordings. This is carried out 
according to the following  criteria:

1) Case study reference code 
Case study codes begin with the prefix CS and are 
numbered according to a numerical scale from 0001-9999.

2) Project description
Each project receives an individual project identification 
code consisting of two characters for the location and a two 
digit reference number. This is followed by a description 

of the project investigation period: core, extended or 
reference project period (two characters CO, EX or RE).

3) Classification
Each case study sequence is then classified as a weakness 
relating to detail, combination of details and/or a material 
(one character D, C or M).

4) Primary object / element
Here the detail Type and Material of the primary affected 
element is described. Each case study is initially signed 
to one primary built element/object. If two or more built 
elements are equally affected then the case study is 
duplicated and assigned to both elements. The list of detail 
types and materials are as follows:

5) Secondary and tertiary objects / elements
If necessary, the secondary and tertiary objects affected by 
the weakness can be described.

A few examples of the case study reference codes are given 
in Figure 12.

Example of case study sequence in five stages; I Very good condition (year of completion), II Good condition (year 1), 
III Satisfactory condition (year 5), IV Poor - potentially unsafe (year 6), V Critical condition - unsafe (year 7).

Figure 11

Detail types:
 
T01 - Bridge 
T02 - Deck, platform,  
           boardwalk
T03 - Drainage element
T04 - Services, manholes
T05 - Fence, railing, barrier
T06 - Furniture
T07 - Green facade, trellis
T08 - Pavilion, building 
T09 - Paving, edging (flooring)
T10 - Pergola
T11 - Ramps
T12 - Steps
T13 - Tree grate, guard
T14 - Wall
T15 - Planting detail
T16 - Facade connection details
T17 - Irrigation system
T18 - Other detail

Materials: 
 
M01 - Asphalt, bitumen
M02 - Brick masonry, pavers  
M03 - Concrete   
M04 - Granular materials,    
            crushed stone 
M05 - Metals 
M06 - Mortar, cement 
M07 - Resin bound surface
M08 - Soils, earth, clay, adobe
M09 - Stone
M10 - Synthetic materials 
M11 - Vegetation
M12 - Wood 
M13 - Composites, laminates
M14 - Gabion
M15 - Various materials
M16 - Ceramics 
M17 - Other materials
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Case Study Reference Codes

Figure 12
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Overview of the monitoring method
Figure 13
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MONITORING METHOD 

The monitoring method developed throughout this 
research is presented in Figure 13. This methodology 
is based on an empirical research using the case study 
methodology, which includes both qualitative and 
quantitative evidence (Yin 2014: 109; Colwill: 2018a). Weak 
points and vulnerabilities are initially identified on site 
and recorded through multitemporal field research. This is 
accompanied by a documentary process and the storage 
of data in a database. The assignment of metadata enables 
a targeted selection and compilation of case studies. Case 
studies are then evaluated by the cause analysis team. The 
results are compiled and documented in order to be fed 
back to practice via teaching, research and publications. 
This method is explained in detail in the following sub-
chapters and diagrams.

Monitoring enables patterns in a stream of data to be 
identified enabling the user to forecast what will happen in 

the future. The monitoring method developed through this 
research provides a low threshold non-destructive and low-
cost tool for evaluating the performance of built landscape 
elements. The goal is to gain knowledge on project 
development in order to optimise future performance. 

The causal analysis method developed in this research 
project is based on similar systems for the visual inspection 
of engineering works and is reliant on the judgement of 
experts (e.g. RI-EBW-PRÜF: 2017, DIN 1076:1999, ISO 15686-
8:2008(E), Suda et al: 2007) (Figure 13). This method can 
be effectively implemented by one person with sufficient 
knowledge; however a minimum of 3 team members with 
differing expertise provides more reliable and unbiased 
results. The cause analysis team may include a range 
of researchers and practitioners; each brings individual 
expertise into the team in order to cover the technical 
spectrum of the works. The monitoring method consists of 
a four-step evaluation process, firstly defining the problem, 
secondly assessing the current condition of each landscape 
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element, thirdly carrying out a root cause analysis and 
finally developing optimisation, prevention and protection 
strategies. 

1) DEFINITION OF THE PROBLEM
The weak points or vulnerabilities initially needs to 
be identified and precisely defined. Data is gathered 
concerning the sequence of events leading to the 
weakness, the time it has taken to develop and the 
specific conditions for its occurrence. Supplementary 
data is collected concerning the specific location, usage, 
exposition, material, construction periods etc. 

2) CONDITION CLASSIFICATION
The condition assessment grades have been developed 
to explicitly characterise the current condition of the 
structure. Change is classified into those which are 
purely cosmetic and those that lead to a reduction in 
functionality, stability, and/or durability (Figure 14a). 
Aesthetic change can also be evaluated in projects where 
the design intent is known over the project duration 
(Figure 14b). The evaluation is carried out through 
qualitative assessment of the above mentioned factors, the 
descriptions are based on standards for the inspection of 

engineering works  (RI-EBW-PRÜF: 2017: 11,12). For each 
factor different evaluation criteria apply:

Functionality. Does the structure fulfil the require-
ments for use,  function and safety?  
Functionality is a measure of the usability and functional-
ity of the structure together with requirements for safety. 
Functionality and safety is given if the structure shows no 
or only minor defects which do not influence the function-
ality, usability or safety and can be remedied within the 
framework of scheduled maintenance. Functionality and 
safety is not given if the structure shows defects, which 
lead to diminished functionality, usability or to a danger in 
the planned use of the structure.

Stability. Is the stability of the structure given? 
Stability characterises the ability of a structure or individ-
ual parts, to withstand loading (including its own weight), 
whilst resisting breakage, bending or collapse.
Structural integrity is given when the structural condition, 
material quality, component dimensions and stresses 
from the planned use of the structure, correspond to the 
assumptions of load-bearing capacity. Stability is not given 
if the state of the structure, material quality, component 

Condition classification method: functionality, stability and durability (based on RI-EBW-PRÜF: 2017, DIN 1076:1999, ISO 15686-8:2008(E))

Additional aesthetic category for the condition classification diagram in Figure 14a

Figure 14a

Figure 14b
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Derivation of remediation measures (based on RI-EBW-PRÜF: 2017, DIN 1076:1999, ISO 15686-8:2008(E))

Figure 15

dimensions or the stresses resulting from the planned 
use do not correspond to the load-bearing capacity of the 
structure.

Durability. Is the resistance of the structure against 
damaging influences given? 
Durability characterises the ability of a structure to perform 
its required function over its expected service life under 
scheduled use and maintenance while maintaining stabili-
ty, functionality and safety. Durability needs to be evaluat-
ed in relation to the service life expectancy of the materials, 
components and structure. The durability is given if it is 
to be expected that the structure will reach its service life 
expectancy without any restrictions on use. The durability 
is not given if it is to be expected that the structure will only 
reach its expected service life with limiting use, compre-
hensive repair measures or premature renewal.  

Classification including aesthetic evaluation
For projects where the design intention over the project 
lifespan is clear, the aesthetic change can be evaluated in 
addition to the functionality, stability, and durability. 
The acceptable level of aesthetic degradation varies greatly 
between projects and therefore aesthetic change needs 
to be evaluated in direct relation to the design intention. 
In order to ensure objectivity, the evaluation of aesthetic 
change is only recommended for the assessment of ones 
own projects, where the aesthetic intention and devel-
opment can be judged over time. Figure 14b shows the 
classification criteria for the aesthetic evaluation. This 
table row is added to the main table in Figure 14a when the 
parameter aesthetic change is required.

Aesthetic. Does the structure fulfil the specific require-
ments for appearance?
The aesthetic condition describes change processes from 
the initial cosmetic patination that occurs in the early 
phase of project development, to the processes of aesthet-
ic degradation later on in the project lifecycle. The aesthet-

ic is given if the surface patination only affects appearance 
and has no impact on durability, functionality, safety or 
stability. This process if often known as cosmetic change 
and includes, for example, the accumulation of dirt or soil 
on surfaces, efflorescence, rust stains, greying of wood, or 
a gradual loss of gloss. Cosmetic change is often an integral 
part of the design intention, from a technical point of view, 
maintenance or remediation measures are not required. 
The aesthetic is not given when the processes of change 
affect not only the appearance but also potentially have 
an impact on durability, functionality and/or stability. For 
example, rust on a steel surface is an aesthetic change that 
also has an impact on durability and stability. The evalua-
tion of aesthetic change is based on assessing the impact 
of patination (I-III) and visual degradation (III-V). This 
impact is classified as either purely cosmetic with no long 
term impairment of structural integrity (I) or as an aesthetic 
impairment that leads to reduced functionality, stability, 
and/or durability (II-V). 

Classification
The case study is valued and interpreted by the 
cause analysis team to correspond to the in-use 
condition grades from I (very good) to V (not given, 
failure) through qualitative assessment of the 
factors depicted in Figure 14a. The overall condition 
classification is equal to the highest individual 
condition grade. This allows for the images to be 
sorted into sequences depicting the development 
of individual weak points and vulnerabilities from 
condition grades I to V (see Figure 11). Image 
sequences depicting the some weakness in 
different locations are then grouped to form case 
studies. The case studies can be used in forecasting 
change in similar situations in future projects or 
for constructional inspections. From the condition 
classification, direct remediation measures and 
their urgency can be derived as shown in Figure 15. 
This evaluation also allows conclusions to be drawn 
about the effectiveness of maintenance and repair.
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Cause-and-effect diagram for the root cause analysis

Figure 16
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List of sub-criteria for case study analysis

Figure 17
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3) ROOT CAUSE ANALYSIS
A root cause analysis was conducted in order to 
differentiate and specify the causes and effects of weak 
points and vulnerabilities in built landscapes. The 
developed method is based on the European Standard 
for root cause analysis EN 62740:2015. The causes are 
identified by expert judgement of the monitoring team 
based on the cause-and-effect diagram depicted in Figure 
16 (also called the ‘Ishikawa’ or ‘fishbone’ diagram). The 
weak points and vulnerabilities (effect) are depicted at 
the end of the arrow on the right; potential causes can 
be traced back to the left, branching off for each cause 
criterion, with sub-branches for secondary and root-causes 
(see Figure 16 overleaf). The main categories are based on 
standard categories for the manufacturing industry, the 
six M’s; Methods, Machines, Manpower (People), Materials, 
Measurement and Mother-nature (environmental factors) 
(Dale 2003: 327). These categories were modified for this 
specific subject matter through literature research and an 
initial analysis of 400 selected case studies. The diagram 
allows for visual brainstorming and provides an overview 
of all possible causes. The diagram is viewed as work in 
progress and is regularly extended and revised during 
further analysis processes.

Figure 17 provides a checklist of the individual cause 
criteria and subcriteria for carrying out the cause analysis 
for each weak point case study. Ageing processes do not 
act independently of one another but are interrelated 
and complex, therefore some of the criteria inevitably 
overlap with one another. The list of subcriteria is not 
exhaustive and can be added to or adapted as necessary. 
The interpretation of causes needs to be unambiguous. 

The results of the analysis are entered into the tables 
by checking the appropriate box for each individual 
subcriteria. If a criteria or subcriteria is not applicable, it is 
not checked. 

The selected cause criteria from Figure 17 are then 
weighted by the expert judgements of the  analysis team 
according to Figure 18. Weighting of the individual cause 
criteria allows for a quantitative evaluation of the root 
cause analysis results. The rating ‘High’ denotes a factor 
that has a major and/or critical impact on the weak 
point, ‘Low’ denotes a factor that has a minor impact, 
‘Insignificant’ is used to describe factors that have little 
or no impact. The weighting of the individual causes is 
coded to the following ordinal scale; insignificant=0, low=1, 
medium=2, high=3 points. 

Criteria weighting diagram for the quantitative analysis of cause criteria

Figure 18
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Annotated example of a cause criteria profile diagram from a root cause 
analysis team consisting of 9 persons from 3 stakeholder groups.

Figure 19

Impact weighting
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Key stakeholders for the implementation of optimisation strategies.

Figure 20

Weighting of the cause analysis criteria enables a 
quantitative evaluation of the results. The weighting results 
of the root cause analysis team are added together and 
presented in a cause criteria profile diagram (Fig. 19). This 
diagram also shows the impact of each cause measured 
in % of the maximal possible evaluation value. Factors 
that have an insignificant impact are depicted without a 
bar (Fig. 19). This diagram provides a simple visualisation 
of the essential characteristics of each weak point and 
the impact of each cause criteria on the structure. This is 
especially important when presenting the results of the 
root cause analysis to other stakeholders such as user 
groups or public authorities.

The results of the root cause analysis enable the key 
stakeholders responsible for the implementation of 
optimisation strategies to be determined, see Figure 20. 

4) OPTIMISATION, PREVENTION AND PROTECTION 
STRATEGIES
Based on the data available, the cause analysis team 
develop solutions which can be implemented during the 
design, construction and maintenance phases of future 
projects. 
Root causes are those that, once resolved, prevent the 
undesirable effect from recurring; by dealing with the 
symptoms or secondary-causes the problems will merely 
be optimised. The analysis team produce a variety of 
recommendations including texts and detail sketches to 
present their results. 



158
Annotated case study presentation from the catalogue of weaknesses and vulnerabilities (see part 2)

Figure 21

Columns relating to condition classifications 
from I (very good) to V (critical condition)Context icons,  

see legend below

Legend for context icons 

Individual sequence
identification code and 
short description

Descriptions of optimisation, prevention and 
protection strategies

Case study title
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5) CATALOGUE OF WEAK POINTS AND VULNERABILITIES
The analysis team then prepare the final case study 
evaluation documents which are then added to the 
catalogue. An annotated example of a completed 
case study entry in the catalogue of weak points and 
vulnerabilities is shown in Figure 21. The complete 
catalogue of weak points and vulnerabilities, currently 
containing 159 case studies, is presented in part 2 of this 
thesis.

Case study
identification code

Case study title

Sketch recommendations

Individual photographic images are ordered as sequences in 
columns relating to condition classifications from I (very good) to V 
(critical condition). 

The root cause analysis diagram gives an overview of the 
essential characteristics of the weak point. The subcriteria impact 
rating (low to high) is the cumulative result of expert evaluations 
by researchers, landscape architects and landscape contractors. Landscape contractors

Landscape architects
Researchers

Expert evaluations
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QUANTITATIVE ANALYSIS OF THE CASE STUDY 
EVALUATIONS 
(measured in % of the maximal evaluation value)

The monitoring methodology described in the previous 
sub-chapter was verified through multidisciplinary 
expert evaluations of 159 identified weak points and 
vulnerabilities. The key quantitative results of these expert 
evaluations are presented and discussed in the following 
sub-chapter.

Within the research period many case study evaluations 
took place in order to develop and qualify the 
methodology. A quantitative analysis of the 159 case study 
evaluation results from nine experts (159 individual case 
studies by 9 experts, a total of 1431 individual evaluations) 
revealed the key causes of weak points and vulnerabilities 
in the selected case studies. In order to avoid bias in 
assessment the nine experts were selected from three 
stakeholder groups: landscape architects, landscape 
contractors and researchers. This also enables the differing 
viewpoints of each stakeholder to be considered.

The experts evaluated the individual case studies according 
to the cause analysis method previously described. Figure 
22 shows a filled in example of a checklist - checked in 
red - for carrying out a quantitative cause analysis of an 
individual case study. The impact of the causes for each 
specific weak point were individually weighted by the 
experts from insignificant to high. This weighting was 
coded to the following ordinal scale; insignificant=0, 
low=1, medium=2, high=3 points. The rating High denotes 
a factor that has a major and/or critical impact on the 
weak point, Low denotes a factor that has a minor impact, 
Insignificant is used to describe factors that have little 
or no impact. In the example (Fig. 22) most causes are 
rated as insignificant=0, Material Specific Factors and 
User Actions as low=1, and Design and Detailing factors as 
high=3 points. The impact scoring for each factor and each 
individual stakeholder group is then added together and 
represented in a cause analysis diagram. The minimum 
impact value in points is therefore 0 points or 0% (0 points 
x 9 expert evaluations), the maximal value is 27 points or 
100% (3 points x 9 expert evaluations). The resulting cause 
analysis profile diagrams show the impact of each cause 
measured in % of the maximal possible evaluation value. 

When the total sum of the evaluation results for all built 
landscape elements are considered (159 case study 
evaluations), deficiencies in Design and Detailing (61%) 
were seen to be the main cause of weaknesses followed 
by Maintenance and Repair (53%) and Material Specific 
Factors (45%) (Fig. 23, 24). In contrast, Implementation 
Factors (33%) and Environmental Processes (35%) were 
less frequently regarded as a key cause for deterioration. 
Design and Detailing was rated as the main cause of 
weakness and vulnerability (61%) for the 159 case studies 
(Fig. 23,24). The minimal deviations between the three 
stakeholder groups in evaluating weaknesses due to 
Design and Detailing, show a consensus of opinion in 
evaluating this source of weakness (standard deviation 
from the mean average of researchers +11%, landscape 
contractors -11%, and landscape architects +1%) (Fig. 25). 

Ranking of total cause analysis values involving 159 case studies.

Figure 24

Figure 23

Site and context 

Design and detailing

Material specific factors 

Implementation factors 

Environmental processes 

User actions, usage 

Maintenance and repair 

Force majeure

0% 

1% 

38% 

45% 

25% 

61% 

53% 

50% 75% 100% 

Total cause analysis values involving 159 case studies.
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Comparison between stakeholder group evaluations (measured in+/- % deviation from the mean value)

Example of a completed cause analysis checklist for a case study evaluation (checked in red). 

Figure 25

Figure 22
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Site and context 
Design and detailing 

Material specific factors 
Implementation factors 

Environmental processes 
User actions, usage 

Maintenance and repair 
Force majeure 
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Site and context 
Design and detailing 

Material specific factors 
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Street furniture (46 case studies).

Walls (14 case studies).

Decks, platforms and boardwalks (12 case studies).

Figure 26

Figure 27

Figure 28

Site and context 
Design and detailing 

Material specific factors 
Implementation factors 

Environmental processes 
User actions, usage 

Maintenance and repair 
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0% 
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25% 
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Paving and edgings (32 case studies).

Figure 29

Bound surfaces (13 case studies).

Figure 30

Site and context 
Design and detailing 

Material specific factors 
Implementation factors 

Environmental processes 
User actions, usage 

Maintenance and repair 
Force majeure 
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Landscape architects are responsible for design and 
detailing (in consultation with client), for addressing the 
specific site and context, and also for the appropriate 
selection and specification of materials, and are therefore 
by far the main stakeholder responsible for implementing 
optimisation strategies.

Insufficient Maintenance and Repair is a key factor (53%) 
in a large percentage of the case studies analysed in this 
research. This reflects the financial constraints that limit 
the ability of authorities in Berlin to maintain public space 
sufficiently (BMUB 2015: p.12, 33, 74). 

Further comparisons between the three stakeholder group 
evaluations using Standard Deviation revealed several 
discrepancies (Fig. 25). The significant discrepancy in 
the evaluation of Site and Context factors (landscape 
architects +27%, landscape contractors -25%, researchers 
-2%) is most probably due to the fact that Landscape 
Architects address the site in the planning phase often with 
a degree of uncertainty, contractors however work with the 
specific properties of the site. Substantial differences in the 
rating of Implementation Factors (landscape architects 
+21%, landscape contractors -28%, researchers +7%) most 
likely result from the different roles and accountabilities 
of the individual stakeholders in the planning process. 
Maintenance and repair was regarded as a much more 
significant factor by landscape architects (landscape 
architects +20%, landscape contractors -11%, researchers 
+9%) than by the other two stakeholder groups. This is 
most probably due to the fact that these factors are not 
overseen or monitored by Landscape Architects and 
therefore negative changes are seen to be beyond their 
control. Force Majeure was seldom valued as a significant 
causative factor and consequently provided inconsistent 
evaluation results. As expected, the evaluation results of 
the researchers were unbiased and displayed the lowest 
deviation from the mean value.

Other key results of the quantitative evaluation include:
 
The weaknesses associated with street furniture in 
general (46 case studies - benches, bollards, bike stands 
etc.) were seen to result mainly from three main factors, 
Design and Detailing (61%), Maintenance and Repair (57%), 
and User Actions (53%) (Fig. 26). These results reflect the 
interrelation between design, maintenance and the users 
of street furniture, each factor influences the others. 

Design and detailing (51%) and Maintenance and Repair 
(50%) were evaluated as having the most impact on walls 
(14 case study evaluations) (Fig. 27). The comparably low 
percentages indicate less distinct results, most probably 
resulting from the broad range of factors affecting this type 
of construction. 

Weaknesses associated with decks, platforms and 
boardwalks (12 case study evaluations) were judged 
to result from various factors, the main ones being 
Design and Detailing (76%), Material Specific Factors 
(75%) and Environmental Processes (72%) (Fig. 28). The 
high percentage for Design and Detailing indicates the 
important of attention to detail in creating durable wooden 
constructions e.g. type, location and spacing of screws, size 
and spacing of the substructure. This interaction between 
design, material and microclimate also shows a distinct 
need for optimising teaching methods to include climate 
optimised construction techniques. 

Weaknesses related to paving and edgings in general (32 
case studies) were seen to result mainly from Design and 
Detailing (60%) and Material Specific Factors (58%) (Fig. 
29). Weaknesses on bound surfaces (13 case studies) were 
judged to result mainly from Design and Detailing (66%) 
followed by Implementation Factors (56%) (Fig. 30). On 
unbound surfaces (12 case studies) the results for Design 
and Detailing (80%) and Maintenance and Repair (75%) as 
the main causes were significantly higher (Fig. 31). The high 
percentages for the Design and Detailing of paving and 
edgings, particularly for unbound surfaces point towards 
poor detailing by landscape architects, that can be avoided 
through learning from previous weaknesses. 

Unbound surfaces (12 case studies).

Figure 31
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Drainage (10 case studies).
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Ornamental plantings (15 case studies)

Figure 33

Figure 35

Figure 34

Figure 36
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Maintenance and repair (62%) and Design and Detailing 
(61%) were evaluated as having the most impact on steps 
(10 case studies) (Fig. 32). These complex constructions 
with many corners, joints and surfaces are particularly 
susceptible to the accumulation of dirt, staining and 
spontaneous growth. Edges and corners are also 
susceptible to the significant forces of usage. Planning 
optimisations need to consider surface runoff, drainage, 
spontaneous growth and the protection of edges and 
corners. 

Drainage weaknesses (10 case study evaluations) were 
judged to result mainly from Design and Detailing 
(81%) and Maintenance and Repair (65%) (Fig. 33). The 
significantly high rating for Design and Detailing shows a 
clear deficit in the planning of drainage systems.

Surprisingly, Design and Detailing (68%) together with User 
Actions (67%) were considered to be the major causes for 
mechanical damage (13 case studies) (Fig. 34). Design 
and detailing guides and regulates the usage of public 
spaces and was therefore considered an important factor in 
combating mechanical damage, which is otherwise mainly 
attributed to users (malicious damage, vehicular damage 
etc.). 

Maintenance and repair (92%) was evaluated as the main 
factor influencing spontaneous vegetation growth (26 
case studies) followed by Design and Detailing (52%) 
(Fig. 35). In contrast, by far the most influential factor for 
weaknesses associated with ornamental planting details 
(15 case study evaluations) was Design and Detailing (70%) 
(Fig. 36). Weaknesses related to ornamental plantings 
and lawn areas was often seen to result from a lack of 
consideration by the designers for the lateral growth 
habits of the selected species. The insufficient removal of 
rooting substrate from hard landscape through regular 
maintenance (e.g. brushing) was judged to be a major 
factor in spontaneous vegetation growth. Design and 
detailing also plays an important role in avoiding or 
reducing the impact of spontaneous growth. Special 
attention needs to be paid, for example, to joints and 
niches, weathering aspects and maintainability factors in 
the design phase in order to enhance project performance.
 

In the 10 case studies which were evaluated as resulting 
from poor maintainability (e.g. due to inaccessibility for 
maintenance), Design and Detailing was also considered 
to be a major cause (76%) (10 case studies) (Fig. 37). This 
again shows the lack of understanding for the provision of 
maintainable design solutions, with adequate accessibility 
for maintenance and repair, by landscape architects. 

Quantitative analysis of the case study evaluations 
provides a tool for generating a breadth of detailed 
knowledge on the deterioration of built landscape 
elements over time. This method also allows for the 
quantitative analysis of cross-cutting issues which become 
evident during  monitoring (e.g. poor maintainability) to be 
analysed. 

The key findings and optimisation proposals from the 
expert evaluations are documented in the Catalogue 
of Weak Points and Vulnerabilities (see Part 2). This 
catalogue depicting and analysing change processes 
can be used by all project stakeholders in each phase of 
the project cycle to identify processes of patination and 
deterioration through time. 

Maintainability (10 case studies)

Figure 37
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RELIABILITY ANALYSIS OF THE RESEARCH RESULTS

The following constraints of the methodology were 
considered in the evaluation of the research results:

•  Time factor - The pictures taken on site are temporal 
images; the time factor, i.e. the aging process itself, is not 
recorded. Recording methods using film or time-lapse 
photography would be necessary to make the entire 
process visible in detail. 

•  Relevance - The site researcher only records what he/
she sees and evaluates as being relevant. In order to 
counteract the problem of relevance, the entire site 
research was carried out by one person. This enabled 
continuous learning and training of the eye in the 
search for relevant weaknesses, and thus facilitated the 
comparability of the results.

•  Completeness - Due to the nature of the on-site data 
collection and the vast amount of recordings, it is not 
possible to rule out that some weaknesses may have 
been overseen. 

•  Accessibility - Objects and surfaces must be accessible 
and visible to the site researcher. Only surface evident 
defects are detectable using this method.

•  Hidden weaknesses - Concealed defects or weaknesses 
are the biggest drawback of this visual evaluation 
method, for example manufacturing defects with 
no visible traces on the surface. Large parts of many 
structures are not visible (e.g. wall foundations) and 
can therefore only be assumed. This visual evaluation 
method is therefore not recommended for components 
of high integrity.

•  Period of investigation - In comparison to the service life 
of the investigated projects, the period of site research 
is relatively short - a longer investigation period is 
however advantageous for more conclusive results. An 
extended period of investigation was made possible 
through a research grant of the DFG (German Research 
Foundation) therefore extending the site research over 
a 9 year period. This research period was however too 
short to cover the entire development process of many 
case studies. Missing recordings for certain case studies 
were compensated through specific site surveys of older 
reference projects in similar situations. 

•  Non-destructive research methods - The changes were 
interpreted by experts on the basis of photographic case 
studies resulting from non-destructive field research. 
The objects of investigation were not exposed to physical 
material testing in a building material laboratory 
situation. 

•  Expert evaluation methods - These methods are reliant 
on the experience and level of training of the individual 
experts. Expert evaluations need to be carried out by 
differing stakeholder groups in order to avoid bias in 
assessment.

•  Field research methods - The evaluation of field study 
photos of the objects and not the original objects on site 
can lead to inaccuracies. 

•  Poor quality of images - Poor weather or lighting 
conditions (daily or seasonal fluctuations) often lead to a 
poor quality of images or uneven colour representation. 
Poor images were largely avoided by carrying out the 
field research on days with ideal lighting conditions in 
the summer months (may to September). 

•  Building phase - Due to the vast number of case studies 
it was not possible to obtain the technical drawings for 
each individual construction. The construction detailing 
and materials are therefore analysed through techniques 
of reverse engineering. The lack of knowledge about 
the construction phase in general and how the objects 
themselves were built may lead to misinterpretations. 

•  Maintenance phase - The intensity and schedule of 
maintenance and repair works is largely unknown. 
Considerable differences may arise when field research is 
carried out shortly before or after maintenance or repair 
work has taken place.

•  Diversity - This refers to the diversity of the objects of 
investigation - materiality, construction techniques and 
quality. The number of variables involved (structural, 
climatic, social, construction and maintenance etc.) 
make it particularly difficult to precisely estimate the 
causes of deterioration.

•  Limited resources - The capability to process and 
evaluate the vast amount of data and carry out the in-
depth expert evaluations was limited by time restraints 
and other resources. The available resources enabled 
for 159 individual case studies to be analysed by nine 
experts from three stakeholder groups; Landscape 
Architects, Landscape Contractors and Researchers. More 
conclusive results would require an increased number 
of experts from a broader range of stakeholder groups 
(clients, user groups etc.). 

•  Date of completion - The data analysis and evaluation is 
reliant on the accuracy of the date of completion. Larger 
projects have longer construction periods, these projects 
are often subdivided into individual smaller areas and 
multiple phases in order to be better managed. Many 
construction elements are therefore completed well in 
advance of the official completion date. This study is 
based on the process of change from the official date of 
completion for the entire project, and not the individual 
completion date of each individual object.  
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DISCUSSION OF THE RELIABILITY ANALYSIS

In order to reduce or eliminate many of these error 
considerations, a larger sample size (number of evaluated 
case studies) is required; a target sample size is however 
not quantifiable. For this research a total of over 90,000 
images were taken and added to the data base during 
the research period. Over 600 case studies were compiled 
from this vast database and assigned meta-data. The most 
significant case studies, 159 in total, were then evaluated 
by the experts. 

The research aims to bring together the cumulative 
knowledge, varying expectations and perspectives 
of various stakeholder groups. In order to avoid bias 
and achieve balanced results, expert interviews were 
conducted with experts from diverse stakeholder groups. 
This also enables the cumulative expert knowledge, 
varying expectations and perspectives of various 
stakeholder groups to flow into the results. 

This non-destructive research method allows for rapid, 
non-destructive evaluations with limited technical 
equipment at low cost. The method enables the 
localisation of weak points and vulnerabilities through 
the identification of characteristic features such as colour 
changes, cracks or surface structure. The development 
of the respective problems over time can be derived by a 
comparable analysis of the corresponding images from 
different time periods (multi-temporal analysis). The 
original condition is represented by reference pictures 
at the time of completion, the development over time 
is determined by comparative analysis. However, non-
destructive research methods can only detect surface 
evident defects. Technical measuring instruments or 
laboratory tests would be necessary to detect hidden or 
subsurface defects.

Difficulties were encountered in verifying background 
data for the case studies (completion dates and other 
background information); repeated requests to local 
authorities often remained unanswered. Therefore 
alternative approaches were also pursued, such as 
contacting planning offices, searching through publications 
of project results or by using web based archives.

APPLICATION OF THE RESEARCH RESULTS 

The research acknowledges the diversity of microclimate 
and society within the city. No two locations are exactly 
alike and therefore the results are not directly comparable. 
The relative comparability of social and microclimatic 
characteristics for this research was ensured by carrying 
out the complete field research within the city of Berlin. 
Since climatic conditions and human behaviour vary from 
location to location, the results of this research can only be 
transferred to other locations in a similar context. In order 
to improve the application and international transferability 
of the research results, basic climatic and social data from 
Berlin, Beijing (Peking), London, Sydney and New York 
are included in the catalogue of case studies (see Part 2). 
This makes it possible to improve comparability of these 
research results with similar situations in other social and 
climatic contexts worldwide.
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DISCUSSION
TIME AND CHANGE
Images of landscape architecture projects in contemporary 
architectural journals, websites and books often portray 
‘perfect’ images of the finished landscape, taken at the 
time of completion, without any sign of usage or the user. 
This is the time when the materials of the built landscape 
are at their newest: stainless steel shines, gravel joints 
are free from vegetation, wood is brown in colour, edges 
are perfectly sharp and the site is free from litter. These 
images however, raise the expectancy of clients and the 
general public to a level of perfection that can seldom 
be maintained over time. Visiting these projects soon 
after completion, one soon realises that these images are 
misleading. This incredibly short lived period of perfection 
at the time of completion is closely followed by the 
development of patina on the surfaces of the materials. 
This process changes the surface characteristics of the 
materials and the site in general. 

Built landscape architecture projects evolve through time 
and are therefore never complete. Time-bound weathering 
processes and interactions with other damaging agents 
enrich the surfaces of built elements in the form of patina. 
This aesthetic impact bears witness to the history of the 
structure through time. Patina is a natural, unavoidable 
process of change to the surface of objects caused by 
oxidization, sunlight, humidity, wear and grime, that builds 
up over time. The process of patination is however not 
even over the surfaces of materials but strongly influenced 
by weathering, usage and maintenance over time. Patina is 
therefore concentrated in specific areas, emphasising the 
shape of the object, the properties and surface structure 
of the materials, as well as the joints and niches of the 
construction. The developing patterns and textures of 
patina also highlight developing design, construction, 
functional and maintenance conflicts. ‘Reading’ patina can 
therefore provide information on the specific properties 
and surface structure of the materials, patterns of usage, 
and the type and intensity of maintenance. The analysis 
of patina can also reveal weak points and vulnerabilities 
in the design and construction of built elements over 
time. This can also be used to monitor and evaluate the 
effectivity of maintenance throughout the project service 
life. 

The project site itself provides an invaluable source of 
information at all stages of the project cycle. This research 
is based on extensive field study investigations searching 
for indicators of weathering, use and maintenance in 
order to trace points of weakness and vulnerability. The 
multi-temporal field research and evaluation methods 
developed through this research show how monitoring 
the evolution of structures over time enables continuous 
learning through an improved understanding of design, 

detailing and material performance. Patination is a process 
of addition to a surface and is largely harmless to the 
materials or elements themselves. However, if this process 
is unhindered by maintenance, it is then followed by 
deterioration, a damaging process of subtraction from a 
materials surface. The transformation between these two 
processes can be quickly exceeded by unfavourable design, 
detailing, construction, weathering, usage or maintenance. 
Monitoring and analysis of project development provides 
increased opportunities to identify negative change and 
therefore make changes before damage or major failures 
can occur. 

The accompanying catalogue of weak points and 
vulnerabilities (see Part 2) contains the main results of 
this research depicting and evaluating 159 case studies of 
weak points and vulnerabilities over time. This catalogue 
is a tool that can be used to forecast possible weak points 
and vulnerabilities in all phases of the project cycle. The 
catalogue can be used in the design and detailing phase 
for analysing the design and construction drawings for 
similar situations, thus detecting points of weakness and 
vulnerability by analogy. Optimisation strategies can 
therefore be implemented prior to implementation. The 
catalogue can also be used in the post occupancy phase 
to support constructional inspections. The resulting 
solutions also need to be monitored as part of research 
and development and then fed back to the profession. A 
confidential online database for presenting this research 
on weakness and vulnerability would make it possible 
to exchange the acquired knowledge between all 
practitioners (Colwill, 2017b: 308) (Fig. 39).

The results of the expert interviews and evaluations point 
towards deficits in design and detailing (61%) as the main 
cause for many weaknesses and vulnerabilities in built 
landscapes (Fig 24). Material specific problems (45%) were 
also highlighted as one of the major sources. This leads 
to the conclusion that deficiencies in design, detailing 
and the inappropriate implementation of materials 
and surface finishes by landscape architects often lead 
to reduced performance, premature deterioration and 
shortened service life. This alarming result of the research 
indicates that landscape architects need to increase their 
understanding of the individual factors responsible for 
change and take measures to minimise or prevent their 
impact in the future. 

The practices of design and detailing are major factors 
in the subsequent patination and eventual deterioration 
of built landscapes. By adapting the design, materials, 
surface treatments, detailing and maintenance strategy, 
the landscape architect can create built elements that 
either aim to resist the passage of time or use the dynamics 
of time bound processes to develop and change over 
the project lifespan. In order to impede the processes of 
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time bound change, intensive and regular maintenance 
measures are necessary. Process orientated design 
relies on maintenance measures that allow for the 
development of patination, however hinder the processes 
of deterioration. Certain materials and surface treatments 
change particularly dynamically over time without losing 
their structural integrity or optical charm. Weathering 
steel, for example, develops a rust surface thus providing 
protecting from further decay. Wood is subject to the 
process of greying, a natural dynamic process that results 
in a silver grey patina and is technically harmless for the 
wood itself. Many other materials can also be used by 
designers in a similar way to generate a processual site 
character and display the passage of time. 

Design, management and maintenance strategies need to 
take into account the long-term vision of the design. Design 
intentions for built landscapes range from the creation of 
formal, representative landscapes to a more naturalistic, 
processual site character. Each of these have implications 
on the design and construction together with the 
frequency, quality and cost of maintenance. Management 
strategies therefore require considerations for dealing with 
the development of patination and decay —for example, 
spontaneous vegetation, misuse (vandalism, graffiti, 
littering etc.), weathering and many other factors over the 
project lifecycle. Lifecycle cost management ensures that 
the quality of design and construction matches the level of 
maintenance over the entire lifecycle of the project. Ideally, 
an adequate level of funding needs to be secured in order 
to maintain the project at an appropriate quality level over 
the entire lifecycle. 
 
The repeated nature of the weaknesses identified in this 
research also suggests broader deficits in the education 
and training of landscape architects. Paper F) On-site 
learning: Teaching Landscape Construction, addresses 
this subject in detail and compares teaching methods 
at Harvard GSD and the Technische Universität Berlin. 
This paper discusses how teaching methods focusing 
on field research, analysis, reverse engineering and 
monitoring techniques aim to improve teaching landscape 
construction as a dynamic time based process. These 
methods aim to improve the education of landscape 
architects with regards to forecasting change to materials 
and objects over time. Learning methods of critical 
analysis, performance monitoring and the development 
of optimisation strategies, enables lifelong learning 
throughout ones professional career. 

FORECASTING WEAKNESS AND VULNERABILITY 
Forecasting weakness and vulnerability is reliant on an 
understanding of the materials, surface treatments, design 
and construction as well as the external factors such as 
usage and weathering over time. These factors occur 

simultaneously which makes the analysis and evaluation 
of individual factors particularly difficult. The main topics 
resulting from this research are:
• Weak point identification 
• Weak point optimisation 
• Context specific design and construction 
• Design and detailing for maintainability
• Microclimatic optimisation
• Use optimisation
• Optimisation of material usage
• Monitoring of built works

Weak point identification 
This research shows that weak points and vulnerabilities 
become visible through the processes of patination and 
deterioration over time. Patterns of visible change provide 
evidence of deficiencies in the design and detailing of the 
construction. Weaknesses can therefore be identified on-
site by searching for specific indicators, this includes traces 
of:
• Patination and deterioration: the identification of 

patterns of patination and deterioration over time e.g. 
areas of biological growth on surfaces often resulting 
from surface humidity

• Intensity of use: for example, signs of intense 
trampling or surface wear indicate intensive use, 
spontaneous growth on central areas of a surface 
indicate reduced levels of use.

• Design conflicts: areas of pronounced damage, 
deterioration or spontaneous growth

• User conflicts: indicators include traces of malicious 
damage or neglect

• Microclimatic impacts: the condition of surrounding 
vegetation is a good indicator together with the 
changing surface characteristics of materials

• Maintenance conflicts: indicators include visual signs 
of brushing and cleaning, the level of spontaneous 
growth and the overall appearance of the site

Weak point optimisation 
The main zones of conflict identified through this 
research are presented in the catalogue of weak points 
and vulnerabilities - see Part 2. Conflict zones need to 
be especially considered in the designing, detailing and 
maintaining of built landscapes. These areas, for example, 
are particularly prone to sedimentation, spontaneous 
growth, breakage, blockage or surface discolouration. The 
optimisation of these zones can reduce maintenance and 
repair costs and prolong service life:
• Zones of intensive or minimal use 
• Highly exposed objects or surfaces 
• Joints 
• Fixings (e.g. bolts, screws) 
• Niches, recesses, corners, edges of built elements. 
• Acute angles and sharp edges of built elements
• Junctions between surfaces (especially between 
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horizontal and vertical surfaces and junctions between 
surfaces and edgings)

• Zones with ground contact or close ground proximity
• Covered elements, surfaces beneath others (under 

benches, decks etc.)
• Zones of high humidity
• Shaded objects or surfaces
• Areas surrounding fixtures in surfaces 
• Objects or surfaces beneath trees or adjacent to 

vegetation
• Areas surrounding drainage elements
• Unbound surfaces in areas where minimal 

maintenance resources are available

Context specific design and construction
Contextual factors such as the degree of exposure, 
intensity of use and maintenance factors all have a 
significant impact on the performance of built landscape 
elements over time. This specific local context influences 
the functionality, durability, stability and aesthetics of 
these elements over time. The specific context for each 
individual object therefore needs to be considered at 
the design and detailing phase of the project cycle. This 
includes the precise location, its surroundings and the 
social context in which it is situated. So-called ‘standard 
details’ or ‘standard drawings’ for landscape works are 
therefore not appropriate for the distinct individuality and 
dynamics of the built environment. Each design and detail 
element must be adapted to the specific context in which it 
is built and address the predominant agents of landscape 
transformation in order to achieve optimal performance. 
The most significant factors for evaluating the specific 
context are:
• Accessibility
• Specific microclimate, intensity and frequency of 

climatic cycles
• Level of exposure
• Social and socio-cultural context 
• Surrounding elements

Design and detailing for maintainability
Performing maintenance and repair work involves 
repetitive cycles of routine actions aimed at keeping 
the project in order, avoiding conflicts and restoring 
dysfunctional elements. The frequency, quality and 
intensity of these operations strongly influence the rate 
of patination and deterioration over time. Effective and 
efficient maintenance depends on many factors including 
the design and detailing of the objects to be maintained 
and the specific context in which they are situated. 
However, many conflicts due to the poor maintainability 
of built elements were identified through this research. 
Optimal design, detailing and material specification can 
significantly ease maintenance and repair operations 
and therefore reduce running costs over the project 
lifespan. The reduced budgets for maintenance of 

public open space (Kühn 2006: 58) also force landscape 
architects to focus more on the maintainability of their 
projects. Maintainability is defined as the ease with which 
maintenance activities can retain a structure to perform 
its required functions during service life. The process of 
optimising maintainability should aim to predict weak 
points and vulnerabilities and focus on their optimisation 
or resolution. The following considerations need to be 
made in the design and detailing of elements to ensure 
maintainability:
Context 
• Consider the level of exposure and specific 

microclimate (precipitation, temperature, relative 
humidity, shade, direct sunlight, cycles of freeze-thaw 
etc.)

• Select appropriate materials and surface finishes 
for specific locations and uses. For example, special 
consideration is necessary for elements under trees or 
adjacent to large plantings due to increased levels of 
organic debris and sap

• Consider surface staining over time through 
anthropogenic or biological deposits 

Design and detailing
• Ensure that the design and detailing as well as 

the materials and surface finishes enable optimal 
maintenance and repair throughout the service life 

• Avoid complex assemblies that hinder effective 
maintenance

• Ensure sufficient access and workspace for humans 
and maintenance equipment to inspect, clean, 
maintain and repair efficiently

• Materials with a lower service life need to be replaced 
more often over the project lifecycle. For example 
wood may need to be replaced 3x over a 20 year period 
and therefore a suitable construction is necessary

• Ensure efficient surface and sub-surface drainage
• Locate drainage inlets away from areas where surface 

debris naturally accumulates (niches, corners etc.)
• Implement durability features, all forms of constructive 

protection including drip edges, copings, and surface 
finishes

• Reduce the amount of niches where airborne 
sediments and moisture can accumulate

• Reduce the amount of fixtures penetrating each 
surface to a minimum

Maintenance 
• Ensure the necessary quality and frequency of 

maintenance including an adequate budget in order to 
achieve the desired character throughout the service 
life of the project 

• Check that the necessary maintenance skills and 
equipment are available

Microclimatic optimisation 
The results of the case study evaluations show that 
microclimatic aspects have a major impact on the 
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development of built objects over time (greying of 
exposed materials, freeze-thaw, thermal-expansion etc.). 
Microclimates vary immensely from deep shade to exposed 
locations or from areas of vegetation to hard surfaces. 
These location-specific microclimatic factors need to 
be considered in the process of design, the selection of 
materials and surface finishes, and in developing the 
maintenance strategy. Surface treatments such as paints 
or polishes can be used to optimise the surface properties 
of materials for certain locations. The design of the entire 
site or individual elements can also be used to create 
more favourable microclimate situations (trees, walls 
etc.). Furthermore, constructive protection measures such 
as drip edges, copings, and surface treatments can be 
implemented to optimise microclimatic performance. This 
topic is discussed in detail in Paper C) Climate and Decay: 
The impact of the urban climate on built landscape (Colwill 
2017a).

Use optimisation
The main optimisation strategies are presented and 
analysed in Paper D) Use and Abuse: Reading the Patina 
of User Actions in Public Space (Colwill 2018b). The type, 
intensity and diversity of use are important factors in 
optimising design, detailing and maintenance of projects. 
Usage leads to wear and tear and is also an indirect form 
of maintenance, for example by suppressing spontaneous 
growth through trampling. Patterns of use, overuse and 
underuse become apparent, for example through visible 
traces of wear, spontaneous growth and signs of trampling 
on the surfaces of built works over time. Overuse results 
in an increased frequency and intensity of loading and a 
higher intensity of wear, which often results in an increased 
rate of deterioration and damage. Underuse often leads 
to an increased susceptibility to surface soiling and 
spontaneous growth. These effects of under and overuse 
can be counterbalanced through increased maintenance 
and repair. The following usage factors are applicable:
• The specific needs of individual user groups 
• The intensity and frequency of use 
• The possible implications of underuse and overuse
• Consider all other possible uses including use 

appropriation and misuse (graffiti, malicious damage 
etc.)

• Consider all possible future events (annually, weekly 
etc.) which may have specific requirements on the site

Optimisation of material usage
The use of materials can be optimised through a better 
understanding of the properties of materials and 
surface finishes, as well as patination and deterioration 
characteristics over time. The following factors form the 
basis for defining the material type, quality and surface 
finish: 
• Microclimatic factors: consider the specific 

microclimate and degree of exposure

• Usage specific factors: consider the type and intensity 
of use together with possible forms of misuse and use 
appropriation

• Maintenance specific factors: ensure sufficient access 
for efficient maintenance

• Quality and type of material: this needs to reflect the 
desired service life, the intensity and frequency of 
maintenance operations, maintenance equipment and 
skills of the maintenance staff.

• Finishing: consider the optimisation of material 
properties through surface finishing for specific 
locations or functions (impregnation, coatings, paints 
etc. )

• Considerations for the change of surface properties 
over time (i.e. surface greying or rust)

Monitoring of built works
The monitoring, analysis and evaluation of built works 
enables preventative, adaptive or remedial measures to be 
carried out during project development. The main aim is 
to enhance the performance of built landscape elements 
and thus prolong service life. The field monitoring methods 
developed in this thesis form the basis for the identification 
of weak points and vulnerabilities, the pinpointing of 
causes and effects, and the development of possible 
solutions. The main factors for monitoring built landscapes 
are:
• Ensure regular monitoring of project development.  

A minimum period of 5 years of post completion 
monitoring of performance is suggested

• Integrate the user into the monitoring system 
throughout the project lifecycle (e.g. user groups)

• Optimise maintenance strategies at regular intervals in 
order to address issues of weakness and conflict

• Consider adapting or redesigning dysfunctional areas 
of projects during the initial development phase in 
order to reduce subsequent costs over the project 
lifecycle

The acquired knowledge from performance monitoring 
needs to be regularly fed back to the profession via 
journals, books, lectures, online databases etc. in order to 
avoid repeated failure.

Accountability
The research results show that most weaknesses and 
conflicts become visible within the initial 2 years after 
completion, some however require longer periods. In 
most cases however, both the design and construction 
firms have no contractual or other obligations to the 
project once built and the construction defects have been 
remedied. This research therefore recommends a post-
completion monitoring system over a minimum period 
of five years. The monitoring and critical reflection of the 
development of built works can be implemented as part 
of Post-Occupancy Evaluation (POE) and Research and 
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Development (R&D) within the profession. The scope 
of architectural services and appropriate fees need to 
be extended to cover these services. This would extend 
the responsibility of landscape architects into the post 
occupancy development phase of the project, thereby 
improving the accountability of landscape architects for 
the positive development of projects over time.

REVIEW OF THE RESEARCH PROGRAMME

The results of the research prove the hypothesis that ‘it is 
possible to optimise design, detailing, construction and 
maintenance techniques by monitoring and evaluating 
the development of projects at regular intervals after 
completion’. A complex monitoring methodology was 
developed throughout this research and tested by experts. 
The monitoring of project development aims to enhance 
the resilience, durability and service life of landscape 
architecture projects and therefore make a major 
contribution to sustainability. The methodology developed 
in this PhD research presents tools and methods for the:
• Identification of weak points and vulnerabilities in 

built landscapes
• Documentation and storage of field research data
• Collation of specific case studies relating to individual 

weak points and vulnerabilities
• Qualitative and quantitative analysis and evaluation of 

the case studies
• Development of practice-oriented optimisation 

strategies and solutions
• Presentation and documentation of the results

The resulting catalogue of weak points and vulnerabilities 
presents many case study evaluations resulting from 
many years of monitoring project development during this 
research. This catalogue provides an analysis of the causes 
and effects of these weaknesses and also information on 
the development of optimisation strategies. 

Within the research period two project specific 
multidisciplinary workshops and symposiums enabled 
a broader discussion of the research topic from differing 
perspectives. They allowed for the exchange of knowledge 
and provided feedback on the research project from a 
wide audience such as researchers, public authorities, 
landscape architects, clients and landscape contractors. 
Through the lectures, workshops and discussions many 
new aspects were brought to the discussion. This led 
to the development of additional outcomes focussing, 
for example, on enhancing teaching methods as one of 
the key approaches for addressing the weakness and 
vulnerabilities identified. 

The expert interviews and evaluations were intended 
to carry out the case study evaluations and develop 

optimisation strategies. However, during these many hours 
with experts, many other topics were discussed. This not 
only broadened the focus and depth of the research but 
also led a rethinking of terminologies and an adjustment 
of the evaluation methods. Furthermore the selection 
and sorting of appropriate case studies was discussed 
and modified. The experts also confirmed the relevance 
of this research and the necessity for enhancing teaching 
practices in these fields.
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To conclude, the design process for landscape architecture 
projects is reflected and research conclusions are drawn. 
This is followed by the outlook in which conceivable follow-
up research projects are presented.

The diagram above presents the optimisation of design 
processes for landscape architecture projects resulting 
from this research (Fig. 38). This diagram presents the 
design parameters - Context, Function, Form, Material 
Properties, Construction and the all-encompassing 
factor Time - as being directly related to the design of 
each individual element. The diagram is based on design 
parameters developed by Bielefeld and Khouli (2017: 9). 
Each parameter may vary in importance depending on the 

specific design intention; for example the Context (e.g. 
the existing pronounced topography) is the dominating 
factor for certain objects, for other objects (e.g. for seating 
elements) the Form may be more significant. This thesis 
shows that these factors all need to be considered over 
the service life of the project in order to ensure optimal 
performance. Therefore, the factor Time has been added 
to the design parameters as a universal parameter in 
landscape architectural design.   
 
The monitoring and evaluation methods developed 
through this research enable the identification of weak 
points and vulnerabilities in built landscape works, 
the pinpointing of causes and the development of 
possible solutions. These methods can also be used to 
monitor new, experimental construction techniques, 
material innovations or surface treatments over time. 

Design Process Optimisation

Design process optimisation (schematic diagram based on Bielefeld & Khouli, 2017: 8)

Figure 38

CONCLUSION
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The study provides detailed insights into the cause and 
effect of changes to built landscapes over time and 
into the optimisation of design, detailing, maintenance 
and management strategies. The results benefit all 
stakeholders in the field of landscape architecture by 
generating a breadth of new knowledge on enhancing 
the design, construction and maintenance of landscape 
architecture works. The developed scientific theories 
and methods can also be used by related academics and 
practitioners.

Design and detailing was evaluated as being the most 
significant cause for the weaknesses and vulnerabilities 
analysed. This is the project phase where feedback from 
former projects is especially necessary. Without learning 
from past problems, and passing this knowledge on 
to others through publications and teaching, they will 
continue to be repeated. This is shown by the repeated 
occurrence of many weaknesses and failures observed 
throughout this research. The methods presented in this 
thesis provide a mechanism for linking pre-design decision 
making with performance feedback from built works. This 
provides a missing link in the project implementation 
process due to the separation of design from construction, 
ownership and use. Teaching practices therefore need to 
be developed to encompass these principles. This includes 
topics such as material patination and deterioration, 
design and detailing for maintainability, microclimatic 
optimisation of constructions, and methods and tools for 
continuous learning from built landscapes over time.

The knowledge acquired needs to be fed back to the 
profession for research and development purposes (Colwill 
2018b: 768). The most important results of this research 
are documented in a catalogue of weak points and 
vulnerabilities (see Part 2). This catalogue can be used as 
a reference handbook by practitioners in all phases of the 
design, construction and use phase of the project cycle. 
In the design phase it can be used to forecast points of 
weakness and vulnerability by analogy, therefore allowing 
for optimisation before implementation. In the occupancy 
phase the catalogue can be used to support structural 
inspections. 

The methods can also be used as a Continuous 
Improvement Process (CIP) by individuals or authorities 
to review performance and efficiency of landscape 
architecture projects and identify common weaknesses. 
Design offices can use the research results to carry out 
performance reviews of their own projects. Public open 
space authorities (park departments) especially can 
conduct their own comprehensive reviews in order to 
optimise the execution of projects, reduce maintenance 
expenditure and for the long-term allocation of financial 
resources.

CONCEIVABLE FOLLOW-UP RESEARCH

The extensive database resulting from this research with 
over 90,000 entries together with 600 case studies forms 
a basis for further diverse research projects and teaching 
activities in this field. The developed monitoring and 
evaluation methods also enable a broad spectrum of 
possible follow up research, this includes:

1) Long-term research 
The results of this study would be enhanced through the 
continuation over a longer period of time. Furthermore, a 
repeated research period every 1-2 years would allow for 
the continuous monitoring of project development over 
time as part of a permanent optimisation program.  

2) Open-source online database of weak points
This involves the development of a confidential open-
source online database for the dissemination of specific 
knowledge related to innovation, weakness and 
deterioration in landscape architecture projects (Fig. 39) 
(Colwill, 2017b: 308). The online database would be set up 
as a catalogue depicting and analysing change processes 
as a reference for designers, construction companies, 
maintenance firms, and clients. This could be used as a 
forecasting instrument for planning future projects or for 
constructional inspections. The platform would need to be 
administered to ensure that quality control requirements 
are met.

3) The performance of plantings over time
A study focussing on the development of vegetation over 
time in public space would generate new information on 
the performance of urban plantings. This could be carried 
out using similar research and analysis methods to those of 
this project.

4) Microclimate mapping / exposition classes
A breadth of research is available on the impact of the 
built environment on microclimate. However, the impact 
of microclimate on built elements is largely unresearched. 
Paper C: Climate and Decay: The impact of the urban climate 
on built landscape, addresses this topic and highlights 
the potential of this research. Further research on this 
topic could aim to develop climate-material mapping 
standards (as part of the initial site survey) as a basis for 
the optimisation of landscape design, construction and 
maintenance. This research may result in the development 
of climatic exposition classes (similar to concrete) or to 
a software add-on generating and displaying zones of 
climatic risk for certain materials.

5) ‘Enhanced Spontaneous plantings’ 
This involves the field testing of  the planting strategy 
proposed in Paper H: The strategic implementation 
of  ‘enhanced spontaneous vegetation’ at points of high 
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vulnerability in the built landscape. The strategy involves 
the planting of ‘enhanced spontaneous vegetation’ at 
points of high vulnerability in the built landscape. 
Maintenance techniques would also need to be developed 
for these plantings over a project lifespan. The field tests 
would be accompanied by  an assessment of financial 
costs and performance over time. Field tests in the public 
realm would be more favourable due to the possibility for 
assessing public acceptance of this new planting strategy.

6) The representation of time
The representation of time in landscape architectural 
design ‘..is still a rare phenomenon’ (Van Dooren: 2017: 
331). Design perspectives and photo-realistic renderings 
seldom show the aspects of surface patination on 
built landscapes over time. Also, design masterplans 
mainly depict an individual target state, without the 
representation of development processes. Due to the 
dynamic nature of both hardscape and softscape in 
combination with the management strategy, many 
landscape architecture projects require more than one 
masterplan. For example, the representation of both 
the initial youth and latter mature, patinated phase of 
project development in a two phase masterplan would 
allow  for the designer to present a short and long term 
vision of project development. Research by Van Dooren 
suggests the use of ‘timelines, animations, comics and 
other comparable drawings’  for representing project 

development over time (Ibid). Augmented reality could 
also be used to allow the before and after situations to be 
superimposed. Storyboard techniques would also enable 
sequences of project development to be presented . This 
proposed research topic focusses on the development 
of new design drawing techniques that allow for the 
representation of project development over time.

7) Process-oriented design teaching 
The aim would be to develop interactive methods of 
teaching landscape architectural design, construction 
and maintenance using the methodology and evaluation 
practices presented in this PhD thesis. The practices 
presented in Paper F) COLWILL, Simon: On-site learning: 
Teaching Landscape Construction and principles depicted 
in Figure 38 form the basis for this research proposal. 

READING PATINA

The methods and techniques presented in this thesis 
for obtaining knowledge from built works over time can 
be used as a basis for ‘lifelong learning’. Reading patina 
should therefore become a fundamental component of 
teaching and practice within the landscape architecture 
profession. 

Overview of the open-source online database.
Figure 39
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Key research results are presented in Part 2 of this doctoral 
thesis in a Catalogue of Weak Points and Vulnerabilities. 
The catalogue can be used in practice to optimise the 
performance of built landscape projects. In the design 
phase the case study evaluations can be used to forecast 
weak points in detail elements or materials. Optimisation 
measures can therefore take place in the planning phase 
of the project before the elements are built. The catalogue 
can also be used on site as a tool to identify patterns of 
change by analogy and to propose remedial actions. This 
catalogue is particularly useful for on-site inspections 
and the management of resources throughout the project 
lifecycle. The catalogue consists of three main parts: 
Basic data, Methodology and the Catalogue of Case Study 
evaluations.

BASIC DATA 
The catalogue contains an overview of the study areas in 
Berlin with a list of the projects and detailed maps for each 
district. In the interest of improving the application and 
international comparability of the research results, basic 
climate and social data from Berlin is provided. Climate 
and social data comparisons for Beijing (Peking), London, 
Sydney and New York are also included in the catalogue of 
case studies. As a result of this international data, similar 
situations in other social and climatic contexts throughout 
the world can be compared more effectively. 

METHODOLOGY 
The research methods are presented in detail in order 
to provide a thorough understanding of the case study 
evaluation process. 

CATALOGUE OF WEAK POINTS AND VULNERABILITIES 
Firstly the legend for the case study presentations is 
illustrated and explained in detail. The individual case 
studies are presented accompanied by a detailed analysis 

and evaluation of the cause criteria. Optimisation 
strategies are presented in the form of texts and drawings. 

The case studies are presented in three categories: 

LANDSCAPE DETAILS / ELEMENTS 
Case studies that occur on a specific type of structure
• Decking, platforms and boardwalks 
• Drainage elements
• Services and manhole covers
• Fences, railings, handrails and barriers
• Benches, seating elements
• Signage
• Waste containers
• Bike stands
• Bollards
• Lighting elements
• Paving and edgings (exterior flooring)
• Ramps
• Steps
• Tree grates and guards
• Walls
• Vegetation and planting details
• Building facades and structures (connections to)
• Irrigation systems

MATERIAL SPECIFIC WEAK POINTS 
Case studies that depict weaknesses of specific materials
• Material: wood
• Material: concrete
• Material: metal
• Material: natural stone

MATERIAL UNSPECIFIC WEAK POINTS 
Case studies that depict weaknesses that occur in all 
materials

Overview: Catalogue of weak points and vulnerabilities

Figure 40

INTRODUCTION TO PART 2 

CATALOGUE OF WEAK POINTS 
AND VULNERABILITIES
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