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To the Rhone glacier and its many sediments 

À la mémoire du glacier du Rhône, et de ses innombrables sédiments 

In Erinnerung an den Rhonegletscher und seine unzähligen Sedimente 

In memoria del ghiacciaio del Rodano e dei suoi molteplici sedimenti 
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Abstract: Motivated by ever-increasing soil degradation and artificialization due to past and 
present urban growth dynamics, the current trend of spatial planning policies at the European 
and Swiss levels is promoting increased soil protection, by avoiding new developments on 
agricultural and natural land, and by reorienting development towards existing urban areas 
that must be densified and restructured. This objective, which is formulated as ‘inward 
urbanization’, not only puts pressure on the soils situated within urban areas, which are cast 
as priority development targets, but also gives a strategic role to this significant component of 
anthropogenic ecosystems, the multifunctionality of which must be considered as a crucial 
driver facing cities’ forthcoming social-ecological transition. 

However, urban soils are insufficiently studied as a long-term record of environmental 
history and heavy anthropization. In this context, the originality of this research is to consider 
urbanization not only as consuming and degrading, but also as transforming and producing 
soils, and to provide a methodology for the study of anthropedogenesis as a coevolution 
process of urban forms and soil functionalities, in both retrospective (history) and prospective 
(project) perspectives. Thus spatial development and urbanization do not only appear as a 
threat to soil capital but also as a key lever on which it is possible to act in order to valorize 
this resource. 

Based on a case study in fast-growing West Lausanne mixed-use district (Switzerland), 
this PhD thesis investigates the extreme qualitative variability of urban soils by presenting a 
conceptual model, a set of cartographic layers and profile descriptions. These research 
operations highlight soil evolution processes as a value which co-variates with Swiss Plateau 
city-territory urbanization. The various layers and map series of an ‘Atlas of Urban Soils’ 
underscore the applicability of different types of information for documenting the combined 
influence of native geomorphology, anthrosediments and land cover changes, through various 
spatial and quantitative analyses. Complemented by empirical ‘Urban Soils Portraits’, such a 
consolidated concept map defines a template on which to apply the state factor and process-
response approaches. Instead of using a simple spatial transect or time gradient, contrasting 
urban soil development pathways and their resilience are explained, mapped and quantified 
in the form of a complex spatiotemporal anthroposequence, and as a coherent bundle of 
historical trajectories and systematic patterns. 

Such a narrative reflects various facets of land use, integrating one-off construction 
techniques and recurring maintenance practices, planning tools, and morphologies, into a 
specific ‘project for the ground’ which brought forth the mixed-use mesh of the Swiss Plateau 
‘city-territory.’ Ultimately, in light of the ongoing planning policies, the dynamic vision conveyed 
by these intertwined soil–urbanization coevolution trajectories outlines opportunities and 
strategies for the regeneration of the resource deposit made up of both West Lausanne’s urban 
fabric and its soils. Such opportunities and strategies, which aim at a sustainable 
implementation of the inward urbanization principle, rest on the understanding of both the city-
territory and its urban soils as ‘palimpsests’ forming a dynamic system. 

Keywords: anthropogenic factors; anthroposequence; anthrosediments; city-territory; 
conceptual model of anthropedogenesis; chronotoposequence; ecosystem history; land cover 
change; land use change; pedogenetic processes; prospective patterns; spatial development; 
spatial planning policies; systematic patterns; urban history; urban planning and design; urban 
regeneration; urban soils biogeochemical properties; urban soil changes; urban soils functions; 
urban soils historical/prospective trajectories; urban soils management; urban soil mapping; 
urban soil profile description; urban soil regeneration; urban soils resilience; urban soils 
system. 
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Résumé : La dégradation et l’artificialisation croissantes des sols dues aux dynamiques de 
croissance urbaine passées et contemporaines a motivé une évolution des politiques 
d’aménagement du territoire aux niveaux européen et suisse. Cette tendance promeut une 
protection accrue des sols, en limitant les nouveaux développements sur les terres agricoles 
et naturelles, et en réorientant le développement vers les zones urbaines existantes qui 
doivent être densifiées et restructurées. Cet objectif d’« urbanisation vers l’intérieur » exerce 
une pression sur les sols situés dans les zones urbaines, considérés comme des objectifs de 
développement prioritaires. Il donne également un rôle stratégique à cette composante 
importante des écosystèmes anthropiques, dont la multifonctionnalité doit être considérée 
comme un déterminant essentiel de la future transition socio-écologique des villes. 

Cependant, les sols urbains sont insuffisamment étudiés en tant que témoignage de 
l’histoire environnementale et d’une forte anthropisation sur le long terme. Dans ce contexte, 
l’originalité de la présente recherche est de considérer l’urbanisation non seulement sous 
l’angle de la consommation et de la dégradation, mais aussi en tant que transformation et 
production de sols. Cette recherche fournit ainsi une méthodologie pour l’étude de 
l’anthropogénèse en tant que processus de coévolution des formes urbaines et des 
fonctionnalités des sols, à la fois de manière rétrospective (histoire) et prospective (projet). Le 
développement spatial et l’urbanisation apparaissent donc non seulement comme une 
menace pour le capital sol, mais aussi comme un levier essentiel sur lequel il est possible 
d’agir pour valoriser cette ressource. 

Sur la base de l’étude de cas du secteur mixte et en forte croissance de l’Ouest lausannois 
(Suisse), cette thèse de doctorat étudie l’extrême variabilité qualitative des sols urbains en 
élaborant un modèle conceptuel, ainsi qu’un ensemble de cartes et de profils de sols. Ces 
opérations de recherche mettent en évidence les processus d’évolution des sols, dont la valeur 
co-varie avec l’urbanisation de la ville-territoire du Plateau suisse. Les différentes couches et 
séries de cartes d’un ‘Atlas des sols urbains’ soulignent l’applicabilité de différents types 
d’informations pour documenter l’influence combinée de la géomorphologie naturelle, des 
sédiments urbains et des changements de la couverture du sol, par le biais de différentes 
analyses spatiales et quantitatives. Complétée par des ‘Portraits des sols urbains’ empiriques, 
cette cartographie supervisée définit un modèle sur lequel appliquer une approche factorielle 
et processuelle. Plutôt que par un simple transect spatial ou gradient temporel, les 
développements contrastés des sols urbains et leur résilience sont expliquées, cartographiées 
et quantifiées sous la forme plus complexe d’une anthroposéquence ou chronotoposéquence, 
constituant un ensemble cohérent de trajectoires historiques et de configurations systémiques. 

Un tel récit intègre diverses facettes de l’usage des sols, des techniques de construction 
ponctuelles aux pratiques d’entretien récurrentes, et des outils de planification aux 
morphologies urbaines. Il révèle dès lors le ‘projet de sol’ spécifique qui a généré la trame 
mixte de la ville-territoire du Plateau suisse. En définitive, à la lumière des politiques 
d’aménagement en cours, la vision dynamique véhiculée par ces trajectoires de coévolution 
entre sol et urbanisation dessine des opportunités et des stratégies pour la régénération du 
gisement de ressources constitué à la fois par le tissu urbain de l’Ouest lausannois et par ses 
sols. Ces opportunités et stratégies, qui visent à une mise en œuvre durable du principe 
d’urbanisation vers l’intérieur, reposent sur la compréhension de la ville-territoire et de ses sols 
urbains comme autant de ‘palimpsestes’ formant un système dynamique. 

Mots-clés : anthroposéquence ; cartographie des sols ; changement de l’usage du sol ; 
changement de la couverture du sol ; changement du sol urbain ; chronotoposéquence ; 
développement territorial ; facteurs anthropiques ; fonctions des sols urbains ; gestion des sols 
urbains ; histoire de l’écosystème ; histoire urbaine ; modélisation théorique de 
l’anthropogénèse ; planification urbaine ; processus pédogénétiques ; profil de sol ; projet 
urbain ; propriétés biogéochimiques des sols urbains ; prospective ; régénération des sols ; 
régénération urbaine ; résilience des sols urbains ; sédiments urbains ; système des sols 
urbains ; trajectoires historiques/prospectives des sols urbains ; ville-territoire. 
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Sources: (Weidmann, 1987) 

Plate 20: Geomorphology sections 
Sources: (Weidmann, 1987) 

Plate 21: Geomorphology sections 
Sources: (Weidmann, 1987) 

Plate 22: Layer II Land cover 
Sources: Archives Cantonales Vaudoises, Section Gc; Federal Office of Topography swisstopo; 

Canton of Vaud 

Plate 23: Drawing processes for layer II Land cover 
Sources: Archives Cantonales Vaudoises, Section Gc; Federal Office of Topography swisstopo; 

Canton of Vaud 

Plate 24: Diachronic typological sequencing of land cover change 

Plate 25: Land cover change: Land cover comparisons ca. 1900 vs. ca. 2018 

Plate 26: Distribution of land use: Quantitative and proportional comparison of land cover 

by municipality ca. 1900 
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Plate 27: Distribution of land use: Quantitative and proportional comparison of land cover 

by municipality ca. 2018 

Plate 28: Complete garden historical series 

Plate 29: Synchronic sequencing of the garden historical series 

Plate 30: Layer III Anthrosediments and complete historical series 
Sources: Federal Office of Topography swisstopo; Canton of Vaud 

Plate 31: Drawing processes for the determination of the extent of anthrosediments 

Plate 32: Diachronic typological sequencing of anthrosediments 

Plate 33: Synchronic sequencing of the anthrosediments historical series 

Plate 34: Historical series: 1830–1950 

Plate 35: Sections of the historical series: 1830–1950 
Sources: (Marendaz, 2007, 2007) 

Plate 36: Historical series: 1950–2018 

Plate 37: Sections of the historical series: 1950–2018 
Sources: Federal Office of Topography swisstopo; (Aviolat et al., 2016; Marendaz, 2007) 

Plate 38: The Urbanization time Sequence: Patterns A and B 

Plate 39: The urbanization toposequence: Pattern C 

Plate 40: Soil historical trajectories 

Plate 41: Combination of soil historical trajectories ca. 2018 and geomorphology; A 

‘noisy map 

Plate 42: Incomplete official planning documents 
Sources: City of Renens, City of Prilly, City of Chavannes-près-Renens, City of Ecublens 

Plate 43: Current regulatory planning: Interpretation of the main land uses ca. 2018 
Sources: Canton of Vaud 

Plate 44: Challenges and opportunities of the current regulatory planning as regards 

geomorphology 

Plate 45: Challenges and opportunities of the current regulatory planning as regards land 

cover 

Plate 46: Challenges and opportunities of the current regulatory planning as regards 

ongoing pedogenetic dynamics 

Plate 47: Guiding planning: Intercommunal Master Plan for West Lausanne, valorization 

and densification measures 
Sources: SDOL 

Plate 48: Guiding planning: Intercommunal Master Plan for West Lausanne, landscape 

and public space measures 
Sources: SDOL 

Plate 49: Strategy for the requalification of the West Lausanne city-territory: Prospective 

pattern A, desealing and reactivating urban soils 
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Plate 50: Strategy for the requalification of the West Lausanne city-territory: Prospective 

pattern B, gardening and diversifying urban soils 

Plate 51: Strategy for the requalification of the West Lausanne city-territory: Prospective 

pattern C, contextualizing and re-adaptating urban soils 

Illustration Series 4. Field Survey 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 52: Selection of six soil sampling sites on the basis of soil historical trajectories 

Plate 53: S1: Ley-Outre agricultural field 

Plate 54: S1: Terric Anthrosol 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 55: S2: Malley community garden 

Plate 56: S2: Hortic Anthrosol (Thaptofluvic) 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 57: S3: Valency public park 

Plate 58: S3: Calcaric Terric Cambisol (Escalic, Loamic) 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 59: S4: Bourdonette agricultural field 

Plate 60: S4: Terric Anthrosol (Calcaric, Technic) 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 61: S5: woods of Ecublens 

Plate 62: S5: Dystric Cambisol (Clayic, Transportic) 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 63: S6: Dorigny campus 

Plate 64: S6: Urbic Technosol (Relocatic, Skeletic) 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 65: Soil benchmarking; Space-for-time substitutions and sequencing 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 66: Time gradient: fluctuation of soil properties; Geomorphological transect and 

transversal center/periphery gradient: fluctuation of soil properties 

Plate 67: Anthroposequence: Soil trajectories as a coherent narrative; Pattern A: 

Urbanization as an anthrosedimentation comparable to natural deglaciation 

Plate 68: Pattern B: Urbanization as gardening, an increasing resilience from agriculture 

to urban wilderness; Pattern C: Adherence to geomorphology, concentration of 

impacts and risks 

Plate 69: Anthroposequence of soil functions 
Sources: DESTISOL decision support systems by Dr. Geoffroy Séré (University of Lorraine – INRA, 

LSE) 
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Plate 70: Landscape and public space measures: maintenance of current land uses, 

cultural and technical evolution of soil management practices on public land 

Plate 71: Valorization and densification measures: planned land use change, a necessary 

reinvention of urban morphologies 

Plate 72: Urbanization as a set of active anthropedogenesis strategies: Prospective 

patterns and future urban soil trajectories towards future positive soil changes 
Sources: ASIT-VD; La Fabrique de Malley (City of Renens, City of Prilly) 

Illustration Series 5. In Situ Experiment 
Sources: Non Site Office (Francesco Borghini, Alice Chénais, Mael Feret, Alessandro Frego, Silvia 

Groaz, Antoine Vialle); SPaDom – City of Lausanne 

Plate 73: The five dimensions of the urban soil system and the nested scales of urban 

soils 
Sources: (Odum & Barrett, 2005; Schaetzl & Thompson, 2015) 

Plate 74: A toolbox and compass to guide and activate a set of soil management 

strategies 
Sources: (Bradshaw, 2002; Séré et al., 2008) 

Illustration Series 6. Soil Sampling 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

3. GENERAL CONCLUSION: The Project for the Ground of the City-territory

Illustration Series 7. Microscopy 
Sources: UNIL – UNINE Biogeoscience Master’s Degree 2018-2019 

Plate 75: Urban soils as part of a territorial interior: Various examples of decentralized 

territorial and urban open space structures inspired by the notion of ‘inward 

colonization’ 
Sources: (Cogato Lanza, 2009; Hildebrand, 2006; Léveillé, 2011; Viganò, 2016) 

Plate 76: A polarized vision of the Lausanne-Morges agglomeration 
Sources: ASIT-VD; (Swiss Territory Project. Revised Version, 2012) 

Plate 77: The complex territorial soil structure as a continuum stretching between 

villages and into the interior of the city 
Sources: ASIT-VD 

Illustration Series 8. Urban soils 
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Research Overview: 

Research Needs: Building upon SNSF NRP No. 68 to Consider Urban Soils stock 
and Functional Qualities as a Driver for Spatial Planning 

This PhD thesis is built essentially upon two of the main conclusive statements of the National 

Research Program (NRP) No. 68, which regards soil management and spatial development, 

namely: the inward urbanization principle and the integration of soil quality as a driver for 

spatial development policies. 

Motivated by ever-increasing soil degradation and artificialization due to past and present 

urban growth dynamics, the current trend of spatial planning policies at the European and 

Swiss levels is promoting increased soil protection, by reducing or even avoiding new 

developments on agricultural and natural land, and by reorienting development towards 

existing urban areas that must be densified and restructured. This objective, which was 

formulated as ‘inward urbanization’, puts pressure on the soils situated within urban areas, 

which are meant to be urbanized in priority. In turn, it also gives a strategic role to urban soils, 

as this significant component of anthropogenic ecosystems potentially provides regulating 

services which are crucial for the adaptation of the whole territory to climate change and 

forthcoming social, energy and metabolic transitions. 

However, the scientific validation and sustainable implementation of the ‘inward 

urbanization’ principle according to an approach based on soil qualities and functions are 

hampered by a lack of knowledge regarding urban soils. Besides, partial and incomplete 

assessment of urban soils potential functional qualities is accentuated by various mono-

disciplinary approaches opposing the urban area – to be contained and densified – to the rural 

world – to be protected and valorized. Such a divisive conception of the environment does not 

correspond to the reality of the contemporary metropolitan Swiss Plateau city-territory. 

Working Hypothesis, Research Questions and Objectives of the Thesis: 
Documenting Urban Soils as a Long-term Record of Environmental History and 
Heavy Anthropization 

In this context, this PhD thesis considers the potential ecological and social value of urban 

soils in the city-territory as a main working hypothesis. The originality of this approach is 

therefore to consider urbanization not simply as consuming land and degrading ecosystems, 

but also as transforming and producing soils. It provides a framework and methodology for the 

study of Anthropedogenesis as a coevolution process of urban forms and soil functionalities, 
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both in retrospective–historical and prospective–projective ways. From this perspective, spatial 

development and urban design appear not simply as a threat to the soil capital, but also as a 

key lever on which it is possible to act in order to valorize urban soils as a resource. 

Studied Corpus, General Methodology and Structure of the Thesis: Connecting 
Urban Soils’ Contrasted Development Pathways to Historical Trajectories and 
Systematic Patterns 

In order to fill the epistemological and methodological gaps related to assessment and 

management of urban soils, this PhD thesis focuses on the study of urbanization in the West 

Lausanne city-territory (Switzerland) as a process of anthropogenic soils transformation. 

Combing heterogeneous geodata with various historical source documents, as well as 

samples collected on the field and analyzed in the laboratory, and regulation documents such 

as laws, ordinances and master plans, the case study consists in presenting and discussing a 

conceptual model, a set of cartographic layers and profile descriptions. 

In a retrospective and history perspective, as well as in prospective and project-oriented 

purpose, these research operations highlight soil evolution processes as a value which co-

variates with the urbanization of the Swiss Plateau city-territory. The various layers and map 

series of an ‘Atlas of Urban Soils’ underscore the applicability of different types of information 

for documenting the combined influence of native geomorphology, anthrosediments and land 

cover changes, through various spatial and quantitative analysis. Complemented by empirical 

‘Urban Soils Portraits’, the consolidated concept map defines a template on which to apply the 

state factor and process-response approaches. Instead of using a simple spatial transect or 

time gradient, contrasting urban soil development pathways and their resilience are explained, 

mapped and quantified in the form of a complex spatiotemporal anthroposequence, and as a 

coherent bundle of historical trajectories and systematic patterns. 

The general introduction of this PhD thesis (Part 1) outlines the topicality of urban soils 

and the challenges related to soil management and spatial planning (section 1.1), then 

presents the scientific context in the fields of soils sciences (section 1.2), as well as urban 

planning and design (section 1.3). The core of this PhD thesis is constituted by the case study 

(Part 3). The case study is introduced by a framing of the political and scientific challenges 

related to urban soils in the specific context of the West Lausanne city-territory, a presentation 

of the related state-of-the-art and proposed approach, and a description of the area (section 

2.1). The case study is then decomposed according to three main research operations: first, 

definition of a conceptual model for urban soils pedogenesis (section 2.2), second, elaboration 

of a set of cartographic layers in the form of an ‘Atlas of Urban Soils’ (section 2.3), third, 

description of 6 soil profiles as ‘Urban Soils Portraits’ (section 2.4). In an iterative process, the 
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sections dedicated to the ‘Atlas of Urban Soils’ and ‘Urban Soils Portraits’ have been 

elaborated as symmetrical research operations. Consequently, they follow a similar structure: 

materials and method (2.3.1 and 2.4.1), results and discussion (2.3.2 and 2.4.2), and critical 

analysis of the ongoing planning policies, as well as predictable challenges, opportunities and 

possible strategies for the valorization of urban soils as part of a sustainable implementation 

of the inward urbanization principle (2.3.3 and 2.4.3). The conclusion of the case study 

synthesizes the West Lausanne Urban Soil System and reframes the challenges of urban soil 

management accordingly (section 2.5). Finally, the general conclusion of this PhD thesis (Part 

3) outlines the scalar, spatial and qualitative challenges of a project for the ground of the city-

territory.

Main Outputs of the Research: Foreseeing the Interrelated Regenerations of 
both the Swiss City-Territory and its Urban Soils by Identifying Opportunities 
and Forecasting Future Positive Impacts  

From a retrospective and analytical point of view, reconstituting the historical trajectories of 

soils facilitates empirical surveys, by by providing a more systematic explanation of the 

extreme spatial variability and chronological versatility found in the described urban soil 

profiles. Establishing a causal link between the given physical state of a soil and the 

transformations it has undergone through urbanization therefore helps to assess its current 

quality and potential resilience. In turn, retracing historical trajectories and systematic patterns 

of urban soils allows a better understanding of the current form of the urbanized territory by 

revealing the logics and rationalities that have underlain the evolution of a ‘project for the 

ground’ over time. 

From a prospective and application-oriented point of view, grounding soil management on 

the notions of historical trajectories and systematic patterns makes it easier to anticipate the 

impact of forthcoming land use changes and the future development of urban structures on 

the potential (multi)functionality of soils. Carrying out a supervised mapping and profile 

descriptions of urban soils therefore makes it possible to identify future opportunities for the 

regeneration of the contemporary urban soils mesh, by highlighting urban open spaces as a 

significant resource deposit which can be valorized through planning, design and good 

maintenance practices. Such an approach provides a sounder base for the implementation of 

urban densification, not only on undeveloped lands, but also on requalified urban soils. 
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Applications and Limitations of the Research: Urban Soils as a Strategic Field 
of Scientific Research and Action 

Addressing challenges ranging from soils sciences, urban ecology and pedological 

engineering, as well as advanced remote sensing techniques, environmental history and urban 

studies, to spatial planning and urban landscape design, this PhD thesis aims at outlining some 

of the fundamental transdisciplinary skills which are related to the cultural, scientific, technical 

and political question of urban soil management. 

The limitations of this research relate to the operational implementation of soil 

transformations through urban planning and design, in particular from the economic and legal 

points of view, which are not addressed in this PhD thesis. Forthcoming development on the 

topic should also include a more general assessment of energy and metabolic implications of 

urban soil management, in particular regarding biogeochemical cycles and material flows, as 

well as external impacts of the urban soil system. 

This research however highlights that fundamental research, applications and 

dissemination of knowledges and know-hows on urban soils represent a strategic field, and 

should provide orientations for the elaboration of Swiss strategies on soil management and 

spatial planning, at different spatial scales and time lines. 
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1. GENERAL INTRODUCTION:
Urbanization as Anthropedogenesis,
Soil at the Hinge of Disciplines

“While the narrative is deeply rooted that humanity only disturbs, destroys, or even 

conquers nature, soil scientists are tasked to help humanity become a more 

sustaining soil-forming agent.” (Yaalon & Richter (de), 2011, p. 768) 

“[…] Ce qu’il faut expliciter c’est la connaissance des pratiques et des connaissances 

que l'homme a de cette réalité matérielle qu'est le sol. Ce qui nous intéresse c’est le 

sol en tant qu’objet de relations, en tant que nœud de relations. […] Une éventuelle 

théorie du sol est moins à chercher du côté du sol, en tant qu’il est un objet matériel, 

que du côté des pratiques et des connaissances qu’il déclenche. […] Il ne faut pas 

hypostasier le concept de sol quantitativement ou qualitativement car la fixité du stock 

[…] n'a pas un caractère absolu dans les sociétés mais bien un caractère relatif dont 

la signification est à chercher dans les pratiques et les connaissances du groupe.” 

(Raffestin, 1989, pp. 785–786) 
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The general introduction of this PhD thesis will outline the topicality of urban soils and the 

challenges related to soil management and spatial planning (section 1.1), then it will present 

the scientific context in the fields of the soil sciences (section 1.2), as well as urban planning 

and design (section 1.3). 
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1.1: The Importance and Vulnerability of Soil and its 
Significance in the City-territory 

Around the year 2020, the reappearance of the term soil in the debate on human habitat, which 

is today considered as predominantly urban (United Nations, Department of Economic and 

Social Affairs, Population Division, n.d.), is concomitant with a rising awareness regarding the 

different realities that this polysemic term designates in the different languages (in the sense 

of regional idioms and specialist terminologies) manipulated in this research. This research 

mobilizes the disciplinary languages of ecology and the natural sciences, agronomy and 

pedological engineering, spatial planning policies, and, first and foremost, landscape/urban 

planning and design. In addition, this research mobilizes the official and commonly spoken 

languages in Switzerland: German, French, Italian, and English as an academic language, in 

which the term ‘soil’ is a synonym or paronym of the English terms ‘earth’, ‘land’, ‘ground’ and 

‘floor’. 

More specifically, the reappearance of soil corresponds to the consideration by other 

disciplinary fields of the meaning that this term has for ecology and the natural sciences, and 

to a renewed awareness of the importance of such a definition in view of the diverse and 

sometimes contradictory challenges that are related to the other interdisciplinary meanings of 

this term. Today, the consideration for soil, in the ecological sense of the term, is indeed critical 

for the sustainability of the human habitat, especially when it is urban. It is therefore above all 

according to the ecological definition of soil, and with regard to the contemporary urban 

challenges, that this research will address the topic of urban soils. 

For this purpose, one can rely on the distinction established by anthropologist Philippe 

Descola (2009, p. XIV) between two fields of research: ‘ethnopedology’, the study of the 

cultural representations associated with the soil, and ‘anthropedology’, the branch of soil 

science dedicated to the study of anthropized soils: 

“[on] the one side, we have the soil of pedology, […] that can be defined by its physical 

and chemical properties, on the other side we have the soil of the poet, of the visual 

artist […], of the gardener and, above all, of the multiple of non-Modern peoples, a 

bewildering array of variations, of points of view, of interpretations, dealing in their 

own ways with the solid mass of facts and processes, the mechanisms of which 

pedology has as its goal to elucidate.” 

It can be noted that these two definitions of the human consideration for the soil are not 

mutually exclusive but are, on the contrary, complementary and mutually nourishing. Thus, 

adopting for this introduction an ethnopedological point of view, it will be observed how, on the 

basis of scientific facts related to anthropedology, a part of the soil science community has 
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developed a positive understanding of human impact on soils (section 1.2). In turn, it will be 

observed how, among landscape/urban planners and designers, the re-emergence of a soil 

culture has led them to view their practices and their formal language from a new perspective, 

in particular by integrating the knowledge produced by the emerging science of 

anthropedology. 

1.1.1: Definition, Importance and Vulnerability of Soils and Urban Soils 

What are Soils and Urban Soils?: 
As taken up by soil scientist Richard Pouyat (2010, p. 120), the American Soil Survey Staff 

proposed in 1975 the following general definition of soil for the U.S. soil taxonomy: 

“[…] a collection of natural bodies on the earth’s surface, in places modified or even 

made by man of earthy materials, containing living matter and supporting or capable 

of supporting plants out-of-doors”. 

The various aspects of this definition that are underlined here will be commented on in depth 

later in this PhD thesis (see i.a. sections 1.2, 2.1, 2.2 and 2.5). It can be retained from now on 

that, in pedology, the science studying the genesis and functioning of the soil, the concept of 

soil not only refers to a substrate, to matter, but also to an abstract system defined by both its 

interaction with the surrounding environment and its potential performance. Such a ‘natural 

body’ consequently defines a living volume, usually ranging from a few tens of centimeters to 

less than two meters in depth in the temperate regions of the globe, located at the interface 

between the geological layers of the subsoil and the atmosphere, whose vertical horizon 

structure and composition results from complex biogeochemical processes corresponding to 

the action (additions, removals, translocations and transformations) of climate and local biota 

on flows of matter originating from the geosphere, atmosphere and biosphere (see i.a. Gobat 

et al., 1998; Schaetzl & Thompson, 2015) [see plate 13]. According to various similar 

definitions, numerous national, international and variably application-oriented taxonomies 

have been produced in order to identify, classify and eventually locate in space the wide range 

of existing soil bodies according to their genesis (Gaucher, 1977), understood here in the 

general meaning of evolution, or to their resulting biogeochemical and physical characteristics, 

rather than to their consequential potential performances (see e.g. Baize & Association 

Française pour l’Étude du Sol, 2009; FAO, 2015). 

In the last few decades, various definitions have been proposed for the term ‘urban soil’ 

(see e.g. Craul, 1992), which generally tended to highlight the importance of soils ‘modified or 

even made by man’ and referred to as ‘Anthrosol’ and ‘Technosol’ in the World reference base 

for soil resources (WRB) (FAO, 2015). Following the 1975 Soil Survey Staff’s general definition 

of soil and the pioneering work of soil scientist Dan Yaalon (Yaalon & Richter (de), 2011), this 
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research will consider urban soils according to a definition which is underlined here as being 

as inclusive as possible: all the human-natural soil bodies in urban places. The definition of 

what is ‘urban’ will be commented on in depth later in this PhD thesis (i.a. subsection 1.1.2, 

sections 1.3, 2.1 and 2.2, and part 3). It can be retained from now on that, for spatial planning 

policies, as well as in landscape/urban planning and design, ‘urban’ is a discriminating 

adjective, less defined by genetic or historical processes than by a poly-scalar and 

management-oriented discussion regarding the spatial distribution of humans on the territory, 

usually measured in terms of population density or distance between constructions according 

to variable thresholds (see e.g. Swiss Spatial Planning Act, 2014). 

Why are Soils and Urban Soils Important and Vulnerable?: 
According to such definitions and taxonomies, it can be observed that Switzerland 

encompasses a relatively scarce quantity, but a great diversity, of soils (Gobat & Guenat, 

2019). The importance of soil quantity and diversity (Schindelbeck et al., 2008) is recognized 

as a ‘natural capital’ (Dominati et al., 2010) and a ‘resource’ (e.g. Steiger et al., 2018) which is 

crucial to the maintenance of the human species, especially regarding the habitability of its 

territory and other ‘sustainable development goals’ (Economic and Social Council, 2019) as 

set by the Millennium Ecosystem Assessment (2005) [see plate 1]. Indeed, as one of the 

essential ‘compartments of ecosystems’ (Burghardt, 1993) related to energy and matter fluxes 

[see plate 12], soils perform functions (see i.a. Adhikari & Hartemink, 2016; Dominati et al., 

2010; Louwagie et al., 2016; Morel et al., 2014; C. Walter et al., 2015) that, concerning the 

above mentioned indirect and indirect (i.e. territorial) human needs, are regarded as 

provisioning, regulating and cultural ecosystem services (Costanza et al., 1997). In the face of 

climate change (see e.g. NCCS, 2918) which, along with other rapid shifts in the functioning 

of the global ecosystem (i.e. biodiversity loss, resource depletion, contamination, pandemics, 

etc.), requires an increasingly unavoidable adaptation in the human uses of soils and other 

ecosystem compartments in order to achieve sustainable development (World Commission on 

Environment and Development et al., 1987), the need in soil-based ecosystem services is all 

the more acute. 

Urban soils being, by the definition here-proposed, located close to human settlements, 

they are all the more important as ecosystem services providers and levers in forthcoming 

social and ecological transitions. Indeed, besides food and biomass production, soils have the 

capacity to deliver localized regulating ecosystem services (Dominati et al., 2010) that are 

essential for maintaining the habitability of cities through sustainable governance and 

management (see SDG 11 in Economic and Social Council, 2019; Louwagie et al., 2016), by 

absorbing storm water, mitigating local effects of climate change, containing contaminants, 
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capturing and storing carbon, and supporting biodiversity, among other performed functions 

(Blanchart et al., 2018; Burghardt et al., 2015; Morel et al., 2014). 

Soil is regarded as vulnerable due to increasing, as well as increasingly harmful, human 

activities such as mining, agriculture, urbanization, and infrastructure development, destroying 

or impacting soils directly (i.e. physical, chemical, biological impacts), or indirectly due to 

changes in ecosystems (climate change, biodiversity loss, etc.) modifying the soil forming 

conditions (see e.g. Matteodo, 2018). For instance, the monitoring of soil quality in Switzerland 

(Gregor, 2017, pp. 24–25) observes various direct negative anthropogenic influences: sealing, 

alteration of topography, erosion, compaction, pollution, loss of organic matter, acidification, 

eutrophication, and loss in biodiversity. Accordingly, it has been observed for example that: 

“[there] are about 38’000 polluted sites in Switzerland (industrial sites, final disposal 

of municipal waste and waste from industry and trade, shooting facilities, accident 

sites). They cover an area of about 225 km2 (0.6 % of the Swiss territory). […] 

Atmospheric deposition of plant-available nitrogen in the soil clearly exceeds the 

natural value over almost the entire territory. Soils are acidifying and natural 

ecosystems are being disturbed by this nitrogen input. Some 98 % of high marshes, 

95 % of forests, 76 % of low marshes and 49 % of dry grasslands are affected” 

(Gregor, 2017, p. 25). 

More specifically, a twofold comment can be made with regard to the expansion of urbanization 

and its influence on soils [see plate 13]: on the one hand, expanding urbanization concerns 

more and more soils that are consequently becoming ‘urban’ and, on the other hand, it 

increasingly impacts their quality. Soil scientist Jeffrey Howard (2017, p. 231) observes 

accordingly that: 

“[the] amount of urban land is increasing worldwide at a rapid rate driven by the 

exponential growth in global population, and the progressive shift of populations from 

rural to urban areas. Thus, it is anticipated that the land area covered by 

anthropogenic soils will continue to grow at a dramatic rate, and the need for better 

scientific information regarding anthropogenic soils is expected to increase well into 

the foreseeable future.” 

The intensity of land cover change phenomena and their impacts on soil is commented on by 

environmentalist Ciro Gardi (2017) at the European level. In Switzerland such a trend was 

summarized and commented as follows: 

“[in] 24 years (from 1979/85 to 2004/09), the sealed surface area (covered especially 

by roads and residential, commercial and administrative buildings) has increased by 

almost a third. In 2009, one twentieth of the Swiss territory was permanently covered 

by impervious materials. At the national level, the pace of urbanization has declined 
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since the early 2000s. Sealing has thus slowed down, but is still far from a sustainable 

level” (Gregor, 2017, p. 24). 

The present research was therefore developed in the context of a need and ongoing endeavors 

to model the influence of urbanization on the capacity of soil and other ecosystem 

compartments to deliver ecosystem services (see e.g. Jaligot et al., 2019). 



Fig. 2. Framework for the provision of ecosystem services from soil natural capital. 1863
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data is minimal (Kandziora et al., 2013; Maes et al., 2012), although in-
clusion of soil variables in ecosystem services assessment and mapping
increased model reliability and map precision (Guo et al., 2001;
Schägner et al., 2013). In the spatial context, ecosystem services assess-
ment can benefit from pedometrics research for the dynamic spatio-
temporal modeling of soil properties and processes (Adhikari et al.,
2014; Minasny et al., 2013).

Soil ecosystem services depend on soil properties and their interac-
tion, and are mostly influenced by its use and management. Landslides,
erosion, decline in soil carbon and biodiversity lead to soil degradation
which is a serious global challenge for food security and ecosystem sus-
tainability (Godfray et al., 2010; Montgomery, 2010; Oldeman, 1998).
The contribution of soils to human welfare beyond food production re-
quires appreciation (McBratney et al., 2014) and this can be addressed
by incorporating soils to ecosystem services framework and linking it
to the multitude of functions it provides (Daily et al., 1997; Dominati
et al., 2010, 2014). Here we present a review of the relationship be-
tween soils and ecosystem services. The overall objectives of this review
are (i) to contribute to the scientific understanding on soil and ecosys-
tem services and their interrelations, (ii) to highlight the contribution
of soils for a range of ecosystem services, and (iii) to support a frame-
work for ecosystem research focusing on soils.

2. Materials and methods

2.1. Data compilation

Ecosystem services are defined and classified differently and they
are often context specific (Fisher et al., 2009). In this study, we consid-
ered the three main international classification systems (Table 1) that
are widely used in the literature. In all three systems, four major groups
of services are distinguished: provisional, regulating, cultural, and

supporting services. They were divided into lower level services such
as food, fiber, water supply, and esthetic values. In order to compile
and review literature on the linkages of soils to the ecosystem services,
a search was conducted using the Web of Science (Thomson Reuters),
and Google Scholar. Two approaches were used. Firstly, all the articles
with ‘ecosystem services’ in the titlewere compiled, and later the search
was refined with ‘soil’ in title, abstract or keywords. Keyword specific
search was applied in which the links between ‘soil’ and lower level
‘ecosystem services’ were investigated. The main question was how
lower level services (e.g., food production, moisture retention, and gas
emissions) were linked to soils.

2.2. Data analysis

An analysis on the temporal and geographical dimension of the pub-
lished papers was performed. The papers were plotted against pub-
lished years grouped into four periods: up to 1990, 1991–2000,
2001–2010, and 2010–2015. Papers in each periodwere divided consid-
ering the fourmajor ecosystem services categories. Amapwasmade for
the total number of papers for each continent.

Linkages between soil and ecosystem services were investigated
through a diagram (Fig. 1) that conceptualizes the connection of key
soil attributes to ecosystem services through soil functions. A table
linking given ecosystem services to the specific soil attributes was gen-
erated (Table 2). This table provided insight into the soil properties and
their connection to the defined ecosystem services. Soil properties
governing services were grouped into four major classes: soil carbon,
physico-chemical properties, hydrological properties, and biological
properties. The frequency of journal towhich thepaperswere published
was also analyzed setting a threshold frequency of 5 to give priority to
commonly used journals.

Fig. 1. A conceptual diagram linking key soil properties to ecosystem services through soil functions for the well-being of humans.
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engineering, industry) and landfilled at specific areas. The
sites may be subsequently used for various purposes with or
without restoration, including new housing development, gar-
dening, parks, or left unused (e.g., brownfields). Three exam-
ples of dumping sites SUITMAs, i.e., brownfields, landfills,
and settling ponds, are described in the following section.

1. Soils of brownfields are characterized with a wide range
in composition. In general, brownfield soils are young
containing significant amounts of technic materials
(Technosols) with organic and inorganic pollutants.
Unless action is undertaken to increase soil fertility, the
potential of brownfield soils for biomass production is
rather low. Also, due to the presence of pollutants, brown-
field soils may produce disservices regarding water qual-
ity, and should be treated adequately to eliminate pollu-
tion sources and flows. Their contribution to regulating
services is mostly marginal, e.g., water and air quality. But
their contribution can be high for some aspects, e.g.,
storage of anthropogenic carbon, raw materials, and stra-
tegic metals (e.g., rare earth elements). Regarding biodi-
versity, brownfield soils may harbor a specialized biotic
community adapted to extreme conditions. As they result
from past human activities, brownfield soils also hold
archives of human history and may be of interest for
education and source of inspiration for artists.

2. Former urban waste landfills may consist partially of
Technosols (New York City Soil Survey Staff 2005).

Landfill soils support several regulating ecosystem ser-
vices. Designed initially for receiving waste disposal, they
may support new services to meet the increasing demand
in surface area arising from urban expansion. An example
is New York City landfills. Large surface areas of former
tidal marshes have been filled with wastes (Walsh and
LaFleur 1995) and are now used for airport infrastructures
(e.g., JFK airport). They are also a source of rawmaterials
of various kinds and of energy from anaerobic decompo-
sition of organic wastes. However, similarly to the
leaching of toxic compounds, gas emissions are major
regulating disservices of soils at landfill sites. Other pro-
visioning services are negligible as biomass production is
limited to non-woody plants to avoid the impact of grow-
ing root trees on porosity and leachate infiltration.
Similarly to brownfields, landfill soils are archives of
human history.

3. Former settling ponds of the heavy industry (e.g., steel
production) are characterized by very high concentrations
ofmetals. The ponds were designed to eliminate industrial
effluents and are nowadays considered potential second-
ary sources of elements of interest. When soil metals are
poorly available, settling pond soils are favorable for plant
development (Huot et al. 2013), and a large diversity of
organisms may be develop. Also, metal leaching can be a
low-limiting risk for groundwater quality, provided soil
pedogenesis in the presence of plants does not change soil
chemistry and favor metal release into the soil solution.

Fig. 1 Proposition of groups of SUITMAs according to their potential as vegetation support systems
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group. A composite system taking into account the huge
variety of SUITMAs is therefore required. This approach
supports the idea that soils in the city should be managed
concurrently with the other elements of the urban ecosystem.
In other words, building the city must also include building its
soils, which hold a major part of the potential urban ecosystem
services.

5 Conclusions

The Earth system must be managed more sustainably to meet
increasing human demands. This concept has led to significant
changes in the way the urban environment is managed. Soils
are in the first row of the factors that must be taken into
account for sustainable development, and urban soil use and
management must be considered to create sustainable cities.
Here, we have proposed a simple way to present and rank soils
of urban areas to enhance their consideration with regard to
ecosystem services. As such, independently of their origin or
state (e.g., pollution), urban soils are seen as a resource to
enhance the quality of the urban environment. However,
functions and ecosystem services provided by urban soils
are currently not sufficiently described and quantified.

Our common future relies on the ability of city planners to
design the suitable city ecosystem that provides the highest
level of services (e.g., food, water supply and quality, biodi-
versity, air quality). Questions should be addressed to soil
science regarding the roles and management of soils in the

urban environment. A full chain of knowledge should be
developed based on the cooperation of soil scientists and
urban planners to answer questions such as how to build
sustainable cities suitable for human well-being and preserve
our soil capital, and how to get more ecosystem services from
the same surface area.

A trend is detectable to have multifunctional soils in the
city instead of a mosaic of soils fulfilling a narrow range of
functions. Development of ecosystems based on this idea
requires a thorough basic knowledge of SUITMAs regarding
the needs expressed by the cities and the way soils can be
deliberately designed to enhance ecosystem services. Soil
engineering dedicated to the improvement of the urban envi-
ronment is a promising area. It will help to respond to the
needs of developing ecosystem services based on soil func-
tions in urban areas and minimize disservices based on soil
properties and management practices.
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Table 1 Proposed categorization
of SUITMAs based on the eco-
system services they provide

Symbols used in this table are
scores that express the value of
each ecosystem service provided
each soil group. For a given soil
group, significance of the symbol
is as follows: “o” ecosystem ser-
vice of no value (this symbol re-
fers also to soil groups that pro-
vide a significant number of dis-
services); “+” ecosystem service
of low value; “++” ecosystem
service of medium value; and
“+++” ecosystem service of high
value. Brackets are used to intro-
duce intermediate scores

Ecosystem services Groups of SUITMAs Sealed

Vegetated
pseudo-natural

Vegetated
engineered

Dumping
sites

Provisioning services Food production ++ ++ (+) o

Non-food biomass ++ ++(+) ++ o

Reservoir of minerals + + +++ o

Fresh water supply o + o +++

Regulating services Water storage ++ +++ ++ +

Runoff and flood control +++ ++(+) + +(+)

Pollution attenuation ++ +++ ++ +++

Global climate +++ ++ ++ +

Local climate +++ ++ + o

Biodiversity +++ +++ ++ o

Invasive species o ++ o o

Air purification +++ ++ + o

Noise control ++ +++ ++ +

Cultural services Recreation/tourism +++ ++ o o

Archives of human history + + +++ ++

Landscape ++ +++ + +

Education +++ +++ ++ +
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1.1.2: Quantity and Diversity of Open Spaces in the City-territory 

The Urban and Environmental Disabilities of the City-territory: 
Over the last few decades, in various regions of the Earth and particularly in Europe, the 

territories outside historical urban centers, especially the so-called ‘agglomeration’ and ‘rural’ 

areas, have experienced intense urbanization. This dynamic is measured by an increase in 

the number of inhabitants, as well as by an increase in urbanized (i.e. developed and 

artificialized) areas, as shown by the example of Switzerland between 1985 and 1997: 

“[the] surface area of residential buildings has increased by 25 % within 12 years […]; 

two thirds of these new built areas are located in the agglomerations and one third in 

rural areas […]. Industrial and infrastructural space has increased by 8 % […], also 

disproportionately in rural areas” (Schuler et al., 2004, p. 79). 

This urbanization momentum results in specific morphological, functional, spatial and 

landscape characteristics which contrast with those of city centers [see plates 5-9]. The 

specificities of these new forms of urbanization at the territorial scale, as well as the social and 

economic processes and symbolic representations associated with them, have been described 

by many authors through numerous expressions and neologisms (cf. section 1.3). In the 

context of this research, we will use the term ‘city-territory’ initially coined by architect and 

historian Manfredo Tafuri (1962), then taken up by architect and historian André Corboz 

(Corboz, 1990) in the Swiss context. 

The forms of urbanization similar to the ‘city-territory’ are subjected to abundant long-

established criticism. Indeed, the risks related to the extension of heterogeneous functions 

within an initially rural territory not only involve high land consumption, but also increasing 

dependence on automobile and transportation infrastructures. In Switzerland in particular, the 

negative aspects of such urbanization dynamics have been referred to as ‘urban sprawl’ 

according to the generic English terminology, as illustrated by the research project entitled 

‘Controlling urban sprawl to limit soil consumption’ (Hennig et al., 2015) conducted by Felix 

Kienast (Swiss Federal Institute for Forest, Snow and Landscape Research, Birmensdorf) in 

the frame of the Swiss National Research Program No. 68 entitled ‘Sustainable use of soil as 

a resource’ and completed in 2018 (Steiger et al., 2018). Risks related to ‘urban sprawl, in 

particular concerning the degradation of rural and natural landscapes as an aesthetic capital 

and environmental resource, are synthesized in the report ‘Spatial Planning and Sustainable 

Development: Proposals for Action for Sustainable Spatial Development in Switzerland’ 

(Thierstein, 1998). 
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The Environmental and Urban Potentials of the City-Territory: 
Nevertheless, although involving numerous and undeniable risks, the forms of urbanization 

similar to the ‘city-territory’ also hold a large potential. Indeed, in a more neutral approach than 

the negative criticism conveyed by the notion of ‘urban sprawl’, it can be observed that such 

forms of urbanization are characterized in particular by a greater proportion of open spaces 

(regarding open spaces, c.f. i.a. Banzo, 2009) compared to city centers [see illustration 
series 8. Urban soils]. For example in Switzerland, open spaces represent 85.5 % of the 

territorial surface area classified as agglomerations, compared to 71.6 % in city centers. Such 

a proportional difference is all the more significant as the footprints of highways, railways and 

landfills are not classified as open spaces in this calculation (Aellig & ecos, 2014) [see plate 
9]. 

The high proportion of open spaces not only matters because it is related to the built 

density, but also because it presents a high heterogeneity in land surfaces. According to the 

afore-mentioned Swiss study, open spaces include the surroundings of buildings (27.9 % of 

the territorial surface area classified as urban areas, agricultural plots (25.1 %), forests (12.3 

%), pedestrian paths, roads and parking spaces (9.4 %), green spaces including parks and 

sports facilities, etc., as well as unsealed surfaces in the right-of-way of major roads (7.2 %), 

water surfaces (2.3 %) and brownfields or so-called ‘neglected areas’ (1.2 %) (Aellig & ecos, 

2014). In this context, this research will aim at demonstrating that the afore-mentioned risks 

and disabilities involved by the city-territory and similar forms of urbanization can be addressed 

in terms of several challenges, in the face of which the soils of urban open spaces are an 

actually valuable lever. Tackling the risks induced by the urbanization dynamics resulting in 

the formation of the city-territory with regard to land and soil resources therefore entails 

addressing the following questions: what is the quantity and quality of soils in the open spaces 

in the city-territory? And what is the functionality of these soils, not only in terms of ecosystem 

services, but also with regard to a contemporary definition of urbanity? 
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1.2: Anthropedogenesis: The Emergence of a Scientific 
Ethics 

Pedology, as a modern science studying the physical qualities of soils, their diversified 

distribution in space, their evolution in time, as well as the natural causes of such phenomena, 

is a relatively recent discipline (Durand, 2016). On the one hand, as an applied science, 

agronomy has long acknowledged that human actions related to cultivation practices have, in 

most traditional contexts, a positive influence on the development of soils, referred to as 

pedogenesis. On the other hand, the branch of pedology that studies the influence of human 

actions on soil development as a whole, referred to as anthropedology, only became more 

important in the second half of the 20th century. Therefore, through fundamental and various 

pragmatic action-oriented approaches, an important current of thought progressively defined 

an ethics and a series of analytical instruments regarding the human capacity to transform 

soils positively. 

The emergence of such an ethics can be observed in two texts co-authored by one of the 

most eminent pedologists of the second half of the 20th century (Stahr et al., 2016), who was 

born in Czechoslovakia in 1924 under the name Dan Hardy Berger, and died in Jerusalem in 

2014 under the name Dan Hardy Yaalon. Retracing the constancy and evolution of the 

theoretical apparatus, fields of application and ideological motivations conveyed by these two 

texts will shed light on the scientific context of contemporary anthropedology. 

1.2.1: From ‘New Soil’ to a ‘Human-Natural Body’ 

An Unusual Ethical Stance: 
In 1966, together with his colleague Bruno Yaron from the Hebrew University of Jerusalem, 

Dan Yaalon published an article entitled ‘Framework for man-made soil changes – an outline 

of metapedogenesis’, in which he states that: 

“[the] rate of change of the man-induced processes is relatively rapid, and present-

day technology provides us with the means to modify all the agents of soil formation. 

The fundamental properties of a soil […] are thus changed quantitatively within a short 

time, giving us a new soil with different characteristics” (Yaalon & Yaron, 1966, p. 

272). 

Arguing that, thanks to technology, humans are able to modify all the factors and processes of 

soil evolution, to the point of producing ‘new soils’, according to ‘meta-pedo-genesis’, i.e. a 

meta-process of soil formation, may sound surprising to the contemporary reader. Such a 

strikingly optimistic statement is indeed at odds with the message that is nowadays repeatedly, 

for the sake of precaution, disseminated by the soil science community. As will be commented 
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in depth in subsection 2.5.2, within the scientific community, there is a widely shared 

consensus according to which soils are not a renewable resource, at least on an anthropic 

timescale (see e.g. Louwagie et al., 2016; Steiger et al., 2018). From this point of view, 

urbanization is necessarily equated with land consumption and soil disturbance. However, 

Yaalon (1966, p. 272) affirms that “[often] the man-made changes can be made reversible, 

provided a suitable input of energy is available to reverse the induced processes.” 

In 2011, Yaalon co-authored with American soil scientist Daniel de Richter another article, 

entitled ‘The Changing Model of Soil” Revisited’, a parallel to the publication of 1966 and in 

which he stated that: 

“[in] the 21st century […] natural soil bodies are disappearing rapidly due to 

humanity’s unprecedented and expansive growth. […] As a result, the concept of soil 

as a human-natural body can be argued to be […] important to pedology […] A critical 

question is whether human-altered soils and their anthropedogenic processes can 

remain connected with those of the past” (Yaalon & Richter (de), 2011, pp. 767, 773). 

Conceptualized as a “human–natural body” (2011, p. 767), and in terms of a “mutual co-

genesis, with soil and humanity developing jointly and interactively” (2011, p. 775), anthropized 

soils were considered here in an obviously more prudent way. However, this second text did 

not totally break with the hope of land reclamation and virtuous soil management when stating 

that “with humanity today being Earth’s primary geomorphic agent […] an objective for the 

human-natural model is to improve land management and sustainability” (Yaalon & Richter 

(de), 2011, pp. 767, 773). 

What is the message conveyed by these two texts, which are so different and yet 

consciously written symmetrically by Yaalon? At an interval of forty-five years, an ethics has 

emerged that considers humankind not only as consuming and degrading, but also as 

transforming and producing soils (Vialle & Verrecchia, 2018). Understanding what justified the 

formulation of such an ethics requires considering not only two, but three texts, since, as 

Yaalon and Richter state, their article does not only propose a mirror game between two 

epochs of pedology, but a trialogue, with the aim of updating their respective arguments by 

‘revisiting’ that of a third character, American soil scientist Marlin Cline, whose statement is 

quite similar to Yaalon’s in 1966. Yaalon and Richter thus take up the title of an article 

published by Cline in 1961, ‘Framework for man-made soil changes’, quoting a particularly 

eloquent passage: 

“[the changing] model of soil with which we deal […] magnifies man and his activities 

as factor of soil formation and demands recognition of his work in our model and in 

our system of classification” (Cline, 1961, p. 445). 
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The Times of Soils: the Methodology of an Ethics: 
One of the main common features of these three texts is that they all convey a ‘Principle of 

Hope’ (Bloch, 1986) that has grown in academic circles through the elaboration of 

methodological principles in the first place [see plate 2]. In the course of the 20th century, a 

new field of application, anthropedology, was established as one of the new frontiers of 

pedology, a discipline which at the time was young and pioneering: 

“[we] are moved to write this paper to encourage more explicit attention to these 

issues across all disciplines of soil science, to further the science of anthropedology, 

and to help recruit the best young scientists to our venerable profession” (Yaalon & 

Richter (de), 2011, p. 767). 

This field recognizes a new object of study: the anthropogenic soils (i.e. transformed by 

humans). In the absence of an appropriate theoretical framework – which is still partially the 

case today – anthropogenic soils are generally considered as chaotic environments. They are 

interpreted as the sole product of the destruction of natural soils: 

“[the] vast activities of man as a soil modifier have not been as yet fully incorporated 

into the body of pedological investigations or into its general conceptual framework. 

[…] More often than not the genetic processes altered by man’s intervention are 

looked upon merely as deviations from the normal or genetical soil type, which do not 

concern the pedologist desirous of producing a soil map” (Yaalon & Yaron, 1966, p. 

272). 

The three soil scientists therefore attribute a major importance to modeling the factors and 

processes relating to the formation of anthropized soils, with the objective of forecasting the 

future impacts of human action: 

“[the] present exposition aims to show how man-induced changes in soil properties 

can be treated in a systematic way by utilizing the process-response model. […] As 

man’s activities extend over an ever larger part of the landscape and the effects of 

these activities become more drastic, it becomes more and more important to predict 

with a small margin of error the changes brought about by this technological impact 

on the soil” (Yaalon & Yaron, 1966, pp. 272–273). 

Their approach is essentially transdisciplinary, as it integrates in a holistic vision the sciences 

of ecology and ecosystems as well as the study of cultural representations associated with 

soils: 

“[human] impacts on soil are well studied in archeology, geoarchaeology, 

anthropology, and environmental science. A major challenge for contemporary soil 

scientists is to grow an anthropedology that extends pedology’s inherent 

interdisciplinarity [… which requires] new interactions not only with the social sciences 

and the humanities but with the public at large […] success will be much more likely 
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with joint efforts with natural and social scientists, engineers, humanities’ scholars, 

and policy analysis as well” (Yaalon & Richter (de), 2011, pp. 767–768). 

For the three authors, searching for transdisciplinarity, as well as using theoretical models, 

underlines the need to develop a method which must have a quantitative purpose, but which 

is above all a qualitative approach with a large theoretical scope. This ‘mental picture’, 

according to Cline's (Cline, 1961, p. 442) expression taken up by Yaalon and Richter, conveys 

in itself, if not a project, a positive vision of human influence on soils. 

Polygenesis: Soils as Palimpsests: 
For instance, the model developed by Yaalon and his co-authors conveys a specific 

theoretical, and even philosophical, consideration of time. In 1966, Yallon conceptualized 

‘metapedogenesis’, or ‘anthropedogenesis’, as a series of processes the factors of which are 

defined and controlled by man, with unusually rapid and intense effects. In 2011, beyond 

linearity and irreversibility, Yaalon and Richter include anthropedogenesis in the more 

multicyclic notion of ‘polygenesis’: 

“[… the] archival products of pedogenic processes […] range widely over time. [… 

The] ongoing acceleration of human forcings of soils represent a global wave of soil 

polygenesis altering fluxes of matter and energy and transforming the 

thermodynamics of soils as potentially very deep systems […More] contemporary 

ideas are that soil and ecosystem change [have] an underlying nonlinear and 

sometimes even an unpredictable character […]” (Yaalon & Richter (de), 2011, pp. 

767, 771). 

Yaalon and Richter’s conception of soil evolution considers soils as an archive on the 

geological and anthropic timescales, and as a support of ‘memory’ [see plate 2]: 
“[in] the late 19th century, Dokuchaev stated as ‘a slogan’ […] that ‘soil is the mirror 

of the landscape.’ As polygenesis and paleosolic features have become more fully 

appreciated, the analogy of mirror has been carefully but emphatically replaced by 

‘memory.’ […] The task for pedologists is to learn to read and interpret soil profiles as 

archival record” (Yaalon & Richter (de), 2011, p. 771). 

Soils’ parent material is not only stratified according to a linear succession of periods, but also 

permanently and entirely reprocessed and recycled into what is referred to as a ‘palimpsest’ 

by Yaalon and Richter (2011, p. 771), among others (e.g. Schaetzl & Thompson, 2015): 

“[as] a result of soil polygenesis, paleosolic features accumulate over the life of a soil, 

and while some features are erased, others persist. […] As features in soils owe much 

to both past and present process interactions, the metaphor of palimpsest […] is 

actively used in architecture, archeology, and the humanities, and can be directly 

applied to soil formation.” 
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When endorsing the palimpsest analogy, Yaalon and Richter’s reference not only to linguistics 

and literature but also explicitly to architecture is of utmost importance here as it attests to the 

fact that these authors were aware of the transdisciplinary hypotheses which will be considered 

in this research concerning the regeneration of both the city-territory and its urban soils. For 

instance, such an approach advances the understanding of the soil, and by extension of the 

territory, as resulting from a stratification over medium and long timescales in a way that is 

strikingly similar to the palimpsest analogy as endorsed by Swiss urban historian André Corboz 

(1983). 

Soil is understood as a dynamic and comprehensive system whose entire depth, and not 

just the most superficial and recent layer, is continually reprocessed. Each stage of life means 

reformulating one’s origins for soils as well as for humans. Is this not how one can interpret 

the portrait of Yaalon who, at the end of his life, was holding out before him a photograph of 

himself as a child? [see plate 2] The photograph was taken at an age when he had not yet 

made the choice of changing the name he had inherited – Berger – to the one he invented for 

himself when he arrived in Palestine in 1948 – Yaalon –, a play on words between the Hebrew 

transcriptions of his father’s and mother’s surnames, hybridized with the term Aliyah, which in 

Hebrew refers both to soils and a spiritualized societal project – ‘the ascent to the promised 

land’ – (c.f. Yaalon, 2012). Beyond the photographic metaphor, it should be noted that, from 

reversibility to human memory, from transformation and creation to polygenetics, the evolution 

of the ethics and related theoretical model proposed by Yaalon and his co-authors today leads 

to considering human action on soils and, by extension, on all the elements of urban 

landscapes and territories, as a project of recycling or regeneration (see i.a. subsection 2.5.2). 



From left to right and top to bottom: Dan Yaalon teaching at the Hebrew University of Jerusalem;
Dan Yaalon describing a paleo-soil; Dan Hardy Berger, as seen by Dan Hardy Yaalon

The times of soils: the methodology of an ethics
by soil scientist Dan Yaalon 
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1.2.2: Building a Society by Transforming Soils 

From Colonization to Coevolution: 
The elaboration of Yaalon’s ethics must be put in perspective with the evolution of the 

environmental and societal contexts in which it has been formulated. 

“Promoting humanity as a fully-fledged soil-forming agent has become our science’s 

ultimate challenge, and depends on nothing less than encouraging humanity to use 

the ax, the shovel, and the plow ‘for the good of the land’ (Leopold, 1949)” (Yaalon & 

Richter (de), 2011, p. 768). 

The here-underlined reference to American philosopher and environmentalist Aldo Leopold 

(1887-1949) underscores the fact that the act of transforming soil is always related to the 

elaboration of a societal (i.e. ideological, political, social, cultural) project (Mantziaras & Viganò, 

2016). Beyond the agricultural and agronomic matters that motivated the first developments of 

Russian then American pedology, Cline is aware that the multiple practices through which man 

exploits and shapes soils are related to economic and demographic challenges: 

“[the] major impact has come through a change in attitude toward soil use and 

management. This involves not only agriculture but also many other uses of the soil. 

[… It] implies that man remakes the soil to suit his needs within certain economic 

limitations. […] The greatly increased application of the model of soil to engineering 

purposes has only begun to have its influence on our work” (Cline, 1961, p. 445). 
In 2011, the context in which Yaalon and Richter’s article was published is significantly different 

from the one in which Yaalon wrote his first text, strongly inspired by the importance given to 

the archaeological, reclaimed and cultivated soils in the ideological and societal project of 

Zionism. This evolution is essentially characterized by an increasing awareness regarding 

three soils-related issues. First, guided by the notion of Anthropocene, the approach to 

anthropogenesis must be articulated on a global scale, and no longer only regional or local: 

“[… we] are motivated by our colleagues who refer to our geologic epoch as the 

Anthropocene […] and by those who have recently developed the highly integrative 

concept of the Earth’s Critical Zone […]. More than anything, these ideas underline 

obligations and opportunities for soil science in this important period of Earth and 

human history” (Yaalon & Richter (de), 2011, p. 767). 

Second, the functions of soils as a resource must be included in an integrative and transcalar 

vision of sustainability: 

“[whether] soils are capable of sustaining a near-doubling of food production, all while 

managing adverse effects on the atmosphere, water, and biodiversity, is one of 

society’s most important unanswered questions. […The] science of soil as a human-
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natural body informs us about the sustainability of managed ecosystems” (Yaalon & 

Richter (de), 2011, p. 772). 

Third, the considerable increase in urbanized territories broadens the range of human 

influence on soils and its often negative consequences on the delivered ecosystem services. 

The as yet poorly known influence of urbanization on soils is therefore to be regarded as one 

of the main focuses of contemporary soil science: 

“[in] the immediate vicinity of most human beings, soils are altered by residential, 

transportation, and industrial activities; deeply compacted and drained; sealed with 

impervious surfaces; mined for a variety of products; and chemically contaminated, 

liquefied, scalped, and physically mixed. An unvarnished fact is that the model of soil 

as a natural body has stimulated little attention to soil’s hydrologic, physical, and 

ecological services in urban and residential landscapes” (Yaalon & Richter (de), 2011, 

p. 772).

A last quotation from Yaalon and Richter on the applications of contemporary pedology 

underlines that the act of transforming soil still has a cultural and societal significance: 

“Changes in soil directly influence the evolution of human societies and cultures. This 

is a mutual co-genesis, with soil and humanity developing jointly and interactively. If 

in the coming decades, expanding demands for food and related products overwhelm 

soil’s capabilities, the future co-genesis of soils and humanity will involve painful 

societal adjustments and environmental degradation. If however in these decades, 

we are able to feed the world and improve soil’s management, the future co-genesis 

will benefit not only human well-being, soils, and the wider environment, but perhaps 

even the character of humanity as well” (Yaalon & Richter (de), 2011, p. 775). 

From a colonial context to the notion of cogenesis, anthropedology has however moved from 

an ethics based on human power and harnessing, to a second ethical register based on the 

co-evolution of humans and their environment (Vialle & Verrecchia, 2018). 

Contemporary Developments of Anthropedology: 
Today’s pedology (Capra et al., 2015), which is the most active in Central Europe and North 

America, as well as more recently in China, is elaborating new classifications for the soils 

transformed by man, integrating the various degrees, modalities and logics of their 

anthropization. The French ‘Pedological reference System’ defines ‘anthroposols’ as follows: 

“[…] soils that have been heavily modified or manufactured by man, often in urban 

areas but also, under particular conditions, in rural areas. […] Anthroposols in urban 

environments have long been ignored by soil scientists because they did not meet the 

criteria relating the pedogenesis of natural and cultivated soils” (Baize & Association 

Française pour l’Étude du Sol, 2009, p. 88). 
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With regard to the anthropogenic practices from which they originate, this reference system 

distinguishes between ‘transformed anthroposols’, ‘artificial anthroposols’, ‘reconstituted 

anthroposols’, ‘constructed anthroposols’ and ‘archaeological anthroposols’. The ‘World 

reference base for soil resources’ defines ‘Technosols’ as follows: 

“[…] soils whose properties and pedogenesis are dominated by their technical origin. 

They contain a significant amount of artifacts […], or are sealed by technic hard rock 

[…]. They include soils from wastes (landfills, sludge, cinders, mine spoils and ashes), 

pavements with their underlying unconsolidated materials, soils with geomembranes 

and constructed soils in human-made materials. Technosols are often referred to as 

urban or mine soils. […] Technosols are found throughout the world where human 

activity has led to the construction of artificial soil, sealing of natural soil, or extraction 

of material normally not affected by surface processes. Thus, cities, roads, mines, 

refuse dumps, oil spills, coal fly ash deposits and the like are included in Technosols” 

(IUSS Working Group WRB, 2006, pp. 95–96). 

Finally, quoting from a 1974 text by Bockheim, Phillip J. Craul defines ‘urban soils’ as follows: 

“[a] soil material having a non-agricultural, manmade surface layer more than 50 cm 

thick, that has been produced by mixing, filling, or by contamination of land surfaces 

in urban and suburban areas” (Craul, 1992, p. 86). 
These various terms refer to human interventions on soils or to their geographical situation in 

densely populated areas. However, they do not directly address the question of the use that is 

made of the soil. On the other hand, within the International Union of Soil Sciences (IUSS), the 

SUITMAs (‘soils of urban, industrial, traffic, military and mining areas’) working group 

approaches anthropized soils primarily on the basis of specific land uses, then secondly 

according to their contrasting degree of artificialization ranging from ‘pseudo-natural soils’ and 

‘vegetated engineered soils’ to ‘dumping site soils’ and ‘sealed soils’ (Morel et al., 2014). The 

consideration for the functionality of soils in urban environments leads the SUITMAs group to 

underlining the need for an original and transdisciplinary analytical framework, which should 

be developed in close connection with evolving development and urban planning practices: 

“[the] approach [of soil science applied to urban soils] supports the idea that soils in 

the city should be managed concurrently with the other elements of the urban 

ecosystem. In other words, building the city must also include building its soils, which 

hold a major part of the potential urban ecosystem services. […] Our common future 

relies on the ability of city planners to design the suitable city ecosystem that provides 

the highest level of services. […] A full chain of knowledge should be developed based 

on the cooperation of soil scientists and urban planners to answer questions such as 

how to build sustainable cities suitable for human well-being and preserve our soil 
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capital, and how to get more ecosystem services from the same surface area” (Morel 

et al., 2014, p. 7). 

The ideological and societal scope of this statement is less clearly phrased but its ethical 

ambition is just as strong as Yaalon’s and is particularly important for this research. Indeed, 

the SUITMAs group argues that urbanization does not necessarily represent a threat to the 

ecosystems, stressing, on the one hand, that conceiving soils as a resource is not incompatible 

with the urban environment and, on the other hand, that the management of urban functions 

and soil management are, at least in part, assimilable to each other. 
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1.3: City-territory Urbanization: The Reemergence of the 
Ground 

During the last two centuries, the disciplines of urban planning and design focused mainly on 

the land property status of the soil (see in particular Bernoulli, 1949). However, two articles 

written in the late 1980s, ‘Progetto di Suolo’, the ‘Project for the ground’ (Secchi, 1986), and 

‘Eléments pour une théorie du sol’, ‘Elements for a soil theory’ (Raffestin, 1989), opened a new 

chapter in the long intellectual tradition associating the transformation of soil with the 

elaboration of a cultural, societal, political and territorial project (Mantziaras & Viganò, 2016). 

These two texts attempt to problematize the consideration for soils in relation to urbanization, 

in terms of a project. In this respect, it should be noted that, when writing these texts, the two 

authors were both teaching in Geneva, among other places: architect and urbanist Bernardo 

Secchi was professor at the School of Architecture (EAUG) and geographer Claude Raffestin, 

a specialist in human ecology, in the Department of Geography at the University of Geneva. 

At the time, the city-canton-republic was the subject of an intense debate regarding the 

management of its limited territory; but above all, it was the locus of a fruitful reflection on the 

form of the contemporary ‘city-territory’ and its Swiss and European specificities (Corboz, 

1990). 

In this respect, by referring respectively, to the spatial dimension of the soil for Secchi and 

to its ecological and systematic dimension for Raffestin, both manifestos criticize, each in its 

own way, the short-sighted accounting approach to which urban planning is generally limited. 

These texts set the ground for new ways of conceiving projects within the contemporary urban 

planning, landscape and urban design disciplines, and pointed toward a full integration of soils 

as part of the city-territory ecosystems and their necessary regeneration. 

1.3.1: Spatial Value of Urban Soils: The ‘Project for the Ground’ and ‘the Space in 
Between Things’ 

Soil as a Renewed Paradigm: 
In ‘Project for the ground’, written in response to the Franco-Italian postmodernist debate on 

the form and meaning of the contemporary city (Bianchettin Del Grano, 2016), Secchi criticized 

that, during the 20th century, urban soils were insufficiently conceptualized, represented and 

projected through the graphic productions and designs of the discipline. He explained this trend 

by the fact that, in search for ‘universality’, ‘modern urbanism’ had weakened the role and value 

traditionally associated with soil in the city, by assimilating it to the built object (the building-

city), by assigning to it a purely technical function (the traffic diagram), and/or by reducing it to 

simple metrics (the hatch patch on the plan). Secchi then affirmed that soil’s spatial and 
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functional dimensions are essential to the understanding of contemporary cities and suggests 

that they should be considered as a new paradigm for the urban project. Secchi (Secchi, 1993) 

then recalled the importance of urban soils and open spaces, ‘the space between things’ 

(Secchi, in order to construct what he would describe a few years later as “a horizon of meaning 

for a city that is inevitably dispersed, fragmented and heterogeneous” (Secchi, 2006, pp. 127–

128). In this extensive city, where the proportions between built-up and unbuilt spaces have 

changed radically, giving the ground an importance that architect and urbanist Paola Viganò 

(1999) will later underline as a ‘Reverse City’, Secchi (1988, p. 14) witnessed: 

“the emergence of new and different ‘ecologies’, new relationships with the 

environment, new uses of the territory, regarding which the soil […acquires] for the 

different social groups […] a meaning profoundly different from the one it had in the 

past […]”. 

Soil as a Renewed Language: 
The design of the ground is therefore meant to insure a better articulation of the ‘parts of city’ 

(Secchi, 1986), which implies to reformulate the vocabulary and composition rules of the urban 

project  [see plate 3]. For Viganò (1999), the analysis of these materials, which are ordinary 

and rarely deemed as worthy of study, of their aggregative logics and evolution over time, 

allows for a better understanding of spatiality, but also of the cultural dimension of 

contemporary urbanization patterns. If it finds its inspiration in linguistics, the artistic practices 

of serial music, as well as in the pictorial avant-gardes, the relational method proposed by 

Viganò  (1999) is also explicitly related to ecological models. As an approach to decomposition, 

‘elementarism’ therefore became the corner stone of any recycling process: “[without] 

disassembly, without questioning the role (function, performance) and position (syntax) of each 

element, there is no recycling” (Viganò, 2014a). “To understand this hiatus we started by 

naming” Viganò said (2008b, p. 35) about the study she conducted with Secchi on the diffused 

urbanized territory of the Veneto region and its long-term ‘water and asphalt’ rationalities. Once 

named, the different elements of the city-territory are grouped into typologies, as various layers 

that the analysis can combine in order to observe recurrences from simple to complex 

materials, according to a syntagmatic axis – dealing with the functional relationships between 

the elements – and a paradigmatic axis – dealing with the formal variation of an element within 

the whole. Beyond simple enumeration, such a syntax and vocabulary define a set of design 

rules which finds its materialization in a series of abacuses and compositional matrices 

(Viganò, 1999). These subtle reliefs, enhance the qualities of voids and the possibility of an 

architecture of the ground almost without thickness: 

“[such] urban materials […] are among the most widespread and the least 

investigated: […] meeting places in conditions of rarefied building, soil that contains 
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parts of the city. Within this thickness, which is even formed in by very slight 

differences in height (as often happens in the contemporary city, which is basically a 

plain city, but not a flat city), projecting entails a reflection on the void and on the soil 

endowed with its own volume in which the height tends to zero. […] How can we 

define an architecture contained within a limited thickness, an architecture of the line, 

of the surface, relief and engraving? […] I will take into consideration […] the surface 

that coincides with the ground, which incorporates its movements, the trends, its 

roughness” (Viganò, 1999, pp. 381–382). 



From top to bottom: Bernardo Secchi, 
Paola Viganò, Studio Prato PRG, Florence 

Un progetto per Prato, Florence, 1993-
1999;  Bernardo Secchi, Progetto di suolo, 

Casabella, no 520, 1986

plate 3



Charles Waldheim and Marili Santos-Munné’s Decamping Detroit in 
Stalking Detroit, 2001

The reemergence of the ground in the planning and design 
disciplines

plate 3
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1.3.2: Ecological Value of Urban Soils: A ‘Time Pocket’ and ‘Anti-hazard 
Mechanism’ 

A Relational Approach to soils in the City-territory: 
Raffestin (1989) also criticized the fact that soil is limited to ‘a question of surface’ by 

introducing soils’ ecological dimension in the Swiss debate on the management of the building 

zone. By applying to soils the topic of resource depletion and other potential aspects of the 

environmental crisis, he placed time at the core of his theory and defined soil as a ‘time pocket’ 

and ‘anti-hazard mechanism’: 

“[…] a multi-functional reserve that is indispensable for coping with unavoidable 

changes in the environment. […] We know that events of human or natural origin can 

create situations in which multifunctional soil reserves would make it possible to avoid 

the most damaging effects” (Raffestin, 1989, p. 186). 

Raffestin gave an important role to knowledge production by calling for a ‘human history of 

soil’, which would “lay the foundations of a soil theory, the explanation of which could be the 

topic of interdisciplinary research with a strong historical, ecological and ethological 

component” (Raffestin, 1989, p. 189). In a way that is also an appropriate definition of the here-

proposed approach, he thus underlined that: 

“[one] should conduct a twofold diachronic and synchronic analysis of the technical 

and social relations that societies maintain with soil” (Raffestin, 1989, p. 186). 

Contesting a uniquely quantitative vison of soil in terms of 'stock' or capital, Raffestin (1989, p. 

185) proposed an alternative approached integrating all the social, legal, technical relations

that societies establish with soil beyond its economic value: “[soil], as an inorganic element of

the ecosystem and in the same way as water and air, only takes on its full meaning in

interrelation with the eco-, bio- and socio-logics.” This notion of ‘relations to soil’ (‘rapports au

sol’) allows for the ‘periodic renegotiation’ of a community’s ‘project’, which is defined in terms

of the proportions of land that it allocates to different uses, playing on population densities (or

the ratio of surface area per inhabitant), as well as their distribution over the territory (i.e. the

urban morphology). Raffestin also underlined that this project must be established in the long

term, in order to follow the demographic evolution and the population’s needs over several

generations. Raffestin (1989, p. 188) explained that:

“[in order to] make the stock last, we must therefore play on the relation to soil […] 

and on population growth […Then reminded that it] is easier to act on [the relation to 

soil] than on [population growth].” 

Thus, as the demographic question was considered to be outside the prerogatives of spatial 

development, Raffestin placed the ‘relations to soil’ at the core of the urban and territorial 

project. However, it can be noted that Raffestin’s criticism of the Swiss detached housing areas 
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(i.e. ‘la zone villa’) as an inefficient and overly soil-consuming urban morphology limited the 

‘relations to soil’ to a single variable: the density of built areas. This research will attempt to 

demonstrate that the ‘relations to soil’ involve several other variables (see i.a. subsection 

2.5.2). 

Soils as an Asset of Non-dense Urban Settlements: 
As opposed to an unequivocal relation to soil in terms of density, many scholars focused on 

the environmental and social functions of open spaces and soils in non-dense urban 

settlements. This current of thought therefore stands against the positions that reduce the 

debate on soil management to an unquestionable condemnation of the contemporary forms of 

urbanization (see e.g. Magnaghi, 2014). Rather, such a tradition of research is specifically 

dedicated to the reading and interpretation of situations of diffuse urbanity, whose precursors 

include Jean Gottmann, Thomas Sieverts, Francesco Indovina, Bernardo Secchi, Terry 

McGee and Marcel Smets among others (Barcelloni Corte & Viganò, 2021). Such authors 

provided detailed analyses of the concrete conditions in which non-dense urban settlements 

are developed, without denying their inherent contradictions – the unsustainable management 

of the soil resource, for example –, but also by revealing the potentialities of such forms of 

urbanization – in particular a positive appreciation by the population, or the direct relationship 

between non-dense habitats and local ecosystem services (Léger & Mariolle, 2018). 

Viganò (2014a) stated accordingly that the environmental and urban potential of the city-

territory is to be considered as a ‘spatial, social and economic capital’, akin to ‘embodied 

energy’:  

[more] and more frequently, the outskirts of cities are seen as deposits of ideas, of 

embodied energy: a spatial, social and economic capital. It is only through the 

recycling [of such a resource deposit] that the services delivered by cities can be 

drastically improved.” 

In the Veneto ‘diffuse city’, the ‘città diffusa’ (Indovina, 1990), the recycling of various kinds of 

soils thus leads to a reformulation of the concept of ‘public space’: 

“[flooding] areas, former gravel-pits, new forests, irrigation devices, canals and public 

transport nodes are materials and places with and in which to reformulate the concept 

of public and the concept of public space. They are dispersed elements that could 

support today’s different activities connected to an extended use of the territory, to 

new forms of collective representation and free time. They are not related to an idea 

of centre and periphery, but to the construction of a field of horizontal conditions for 

contemporary practices and ecology” (Viganò, 2008b, p. 39). 
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‘Programming the Urban Surface’ as a ‘Landscape of Social Instruments’: 
In order to consider the environmental value of dispersed urbanization, landscape designer 

Pierre Bélanger (2014, p. 240) therefore draws a parallel with ecological systems: 

“Odum’s alternative (the ‘open systems ecologies’) could help redefine urbanization 

as an open and fluid system – more complex, more nuanced, and more flexible – in 

which decentralization operates as a response to the predominant challenges of our 

time: migration, climate change, energy economies, and resource flows.” 

Such a hybridization of knowledge relating to ecology and urban morphology is characteristic 

of the long-lasting North American tradition of the ecological planning and urban ecology (c.f. 

McHarg, 1969; Spirn, 1984). The ‘landscape urbanism’ (Waldheim, 2006) theorists and 

practitioners have thus shifted the focus of urban planning towards the categories usually 

relating to landscape design, by mobilizing a series of concepts initially developed for the study 

of natural environments: 

“[we] have to understand cultural, social, political, and economic environments as 

embedded in and symmetrical with the ‘natural’ world. The promise of landscape 

urbanism is the development of a space-time ecology that treats all forces and agents 

working in the urban field and considers them as continuous networks of inter-

relationships” (Corner, 2006, p. 30). 

In the approach proposed by ‘landscape urbanism’, the consideration for soil leads to 

developing various design strategies relying on the notion of ‘surface’ as a structuring element 

of the territory [see plate 3]: 
“the structuring of the horizontal surface becomes a predominant concern for 

landscape urbanism, for the surface is the organizational substrate that collects, 

distributes and condenses all the forces operating upon it. […Various] surface 

strategies permit the creation of more or less coherent fields that allow an almost 

infinite range of varied and flexible arrangements. As vast organizing fields that 

establish new conditions for future development, these horizontal matrices function 

as infrastructures” (Corner, 2003, p. 60). 

Territorial and urban development is thus equated to a series of soil reclamation, maintenance 

and gardening practices, the banality of which is transcended in order to shift the usual 

distinctions between urban planning, infrastructure development and landscape design: 

“[… in] traditional landscape terms, such infrastructures might include earthwork 

grading, drainage, soil cultivation, vegetation establishment techniques, land 

management and so on […]. In traditional urban planning terms, infrastructures might 

include roads, utilities, bridges, subways and airports […]. Codes, regulations and 

policies may also form part of the infrastructural milieu, as may many of the hidden 
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forces, directions and regimes that work to shape development over time” (Corner, 

2003, p. 60). 

The recurring reference to the living world also induces to shift the focus from forms to 

processes : “[concerned] with a working surface over time, this is a kind of urbanism that 

anticipates change, open-endedness, and negotiation” (Corner, 2006, p. 31). For landscape 

architect Alex Wall (1999, p. 233), author of a text entitled ‘Programming the Urban Surface’, 

the reference to agricultural management, as a productive practice related to a specific spatial 

order, leads to considering soil as: 

“[a] multilayered […] landscape of social instruments’ able to support a flexible and 

evolutionary programming: “the extensive and inclusive ground-plane of the city, […] 

the ‘field’ that accommodates buildings, roads, utilities, open spaces, neighborhoods, 

and natural habitats. […The] the urban surface is similar to a dynamic agricultural 

field, assuming different functions, geometries, distributive arrangements, and 

appearances as changing circumstances demand.” 

Here again, the influence of urbanization on soil is not only considered with regard to the risks 

induced by the Anthropocene, but also in terms of the particular poetic that emerges from it: 

“[the] emphasis is on the extensive reworking of the surface of the earth as a smooth, 

continuous matrix that effectively binds the increasingly disparate elements of our 

environment together” (Wall, 1999, p. 246). 

More recently, landscape architect Rob Holmes (Dredge Research Collaborative, n.d.; 

Mammoth, n.d.) has conducted various research and development projects exploring how the 

large-scale management of sediments can lead to the nature-based design of original urban 

and logistic landscapes. 
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2. CASE STUDY:
West Lausanne Urban Soils, a
System

“Soil landscapes and their spatial variation are exciting and complex. But to 

understand soils fully, they must be studied in space and time. Indeed, we embrace 

Daniels and Hammer’s (1992) statement that soils are four-dimensional systems, not 

simply the one-dimensional profile.” (Schaetzl & Thompson, 2015, p. 7) 

“We believe one of the most critical natural resource management needs of the 21st 

century is information about the dynamic nature of soil, or simply, soil change.” (Tugel 

et al., 2005, p. 738) 

“Determination of history can […] improve understanding of systems not usually 

considered to have a significant time dimension.” (Pickett, 1989, p. 110) 
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The case study will be introduced by a framing of the political and scientific challenges related 

to urban soils in the specific context of West Lausanne city-territory, a presentation of the 

related state-of-the-art and proposed approach, and a description of the area (section 2.1). 

The case study will then be decomposed according to three main research operations. First, 

a conceptual model will be exposed (section 2.2). Second, a set of cartographic layers will be 

elaborated in the form of an ‘Atlas of Urban Soils’ (section 2.3). Third, 6 soil profiles will be 

described as ‘Urban Soils Portraits’ (section 2.4). The sections dedicated to the ‘Atlas of Urban 

Soils’ and ‘Urban Soils Portraits’ will follow the same structure: materials and method (2.3.1 

and 2.4.1), results and discussion (2.3.2 and 2.4.2), and critical analysis of the ongoing 

planning policies, as well as foreseen challenges, opportunities and strategies for the 

valorization of urban soils as part of a sustainable implementation of the inward urbanization 

principle (2.3.3 and 2.4.3). The conclusion of the case study will synthesize the West Lausanne 

Urban Soil System and reframe the challenges of urban soil management accordingly (section 

2.5). 
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2.1: Introduction to the Case Study 

2.1.1: Soil Management and Urbanization in Europe and Switzerland: Towards a 
Functional Approach 

At the global scale, the articulation of spatial and territorial development with soil management 

is related to contrasting challenges depending on various preexisting ecological milieus, 

various sociopolitical and economic contexts, ranging from shrinking cities to rapid urban 

growth, as well as on various anthropedological backgrounds, from heavily contaminated and 

disturbed soils to pseudo-natural soils. The present research will focus on the European 

situation and on the subalpine context of Switzerland in particular. 

2.1.1.1 The Current Trend in Spatial Planning Policies at the European, Swiss and local 
levels: 
Motivated by ever-increasing soil degradation due to past and present urban growth dynamics 

(Gardi, 2017), the current trend in spatial planning policies at the European level is to promote 

increased soil protection (Science for Environment Policy, 2016). At the federal-national level 

of Switzerland in particular, this trend takes place in a context of rapid demographic and urban 

growth, illustrated by the fact that the Confederation is expecting an increase of one to three 

million additional inhabitants in its population in the next thirty years, generating significant 

pressure on the land (Office fédéral de la statistique (OFS), 2015). In this country, if soil quality 

has been protected in a general way by the Swiss Environmental Protection Act since 1983 

(Swiss Environmental Protection Act, 2015) and by the Ordinance relating to Impacts on the 

Soil since 1998 (Ordinance Relating to Impacts on the Soil, 2016), soil consumption is 

regulated by the Swiss Spatial Planning Act. In a precautionary principle, the modification of 

this federal law in 2014 recommends a ‘moderate use of the land’, through the implementation 

of a ‘compact built environment’ (Swiss Spatial Planning Act, 2014). It aims accordingly at a 

restrictive management of the building area at the municipal level, which is meant to increase 

parsimoniously or, most often, to be frozen, or even reduced according to a calculation of future 

local population growth in the coming decades. Such policies intend to avoid new 

developments on agricultural and natural land, and to reorient urban growth towards existing 

urban areas which must be restructured and densified. The lands considered as high quality 

ones from an agronomic point of view are also protected by the Spatial Planning Ordinance 

(Spatial Planning Ordinance, 2016) and by the Sectoral Plan for Crop Surfaces (Sectoral Plan 

for Crop Surfaces, 1992). 



58 

Inspired by the first National Research Program (NRP) No. 22 on ‘Land Use’ completed in 

the early 1990s (Häberli et al., 1991), as well as by other strategic objectives in the 

transportation sector, this objective was formulated as ‘intra-urban redistribution’ or ‘inward 

urbanization’. Such a principle of action shifts the emphasis onto soils situated within urban 

areas, which are cast as priority development opportunities. The strategic role that is currently 

given to urban soil management as a key determiner in spatial planning decisions is illustrated 

by the cantonal application of the federal law. 

At the regional level of the canton of Vaud, the cantonal regulation and related master plan 

provided guidelines for the development of the Lausanne-Morges Agglomeration Project 

(PALM, 2016) and, at a more local scale, the Intercommunal Master Plan for West Lausanne 

(SDOL, 2019) [see plate 4]. These policies are based on the forecast of an increase in the 

cantonal population of 185’000 extra inhabitants by 2030. They intend that circa. 75'800 of 

these new inhabitants, i.e. 40 % of the expected cantonal population growth, will be housed in 

the PALM agglomeration area. For its part, the West Lausanne district is supposed to absorb 

respectively a fifth and a half of the expected cantonal and agglomeration population growth, 

i.e. 36'735 extra inhabitants.

According to the urban planners and stakeholders interviewed for this study, the political 

decision to concentrate a large part of the regional urban growth in the West Lausanne district 

in particular is not ‘ideological’. On the contrary, it would have been justified, in a bottom-up 

approach, by the urban growth potential identified for this area. It can be noted however that 

the methods used to calculate this potential not only consider the opportunities linked to the 

demolition-reconstruction or the raising of buildings, but also consider two other criteria: the 

presence of undeveloped plots in the urban fabric and the garden backyards or other 

undeveloped portions of plots. For instance, the Guideline Sheet – Planning Principles: Sizing 

of residential and mixed-use building zones provided by the Cantonal Department of Territory 

and Environment considers three ‘types of reserve’: ‘unbuilt lots’, ‘partially built lots’ and ‘built 

lots’ (Guideline Sheet to be downloaded at Sizing of residential and mixed-use building zones, 

n.d.). According to this strategic policy, the high proportion of open spaces and unbuilt soils

that characterizes West Lausanne is therefore regarded as one of the main opportunities for

development related to urban growth. If not consciously ‘ideological’, the way urban open

spaces and unbuilt soils are considered in the political sphere reflects nevertheless a cultural

vision of urban soils that is not neutral. On the contrary, it is based on the idea that the future

of these soils is compromised and that they are doomed to disappear.
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2.1.1.2 The Current Trend of Scientific Research on Spatial Planning and Soil 
Management at the European and Swiss levels: 
In turn, recent research initiatives have highlighted the various functions that soils could 

potentially provide for and within urban areas, and the role they will have to play in the future 

of cities, as protections against increasing environmental risks and as a potential resource for 

forthcoming social and ecological transitions. 

In Europe the Urban SMS research project recently aimed at developing comprehensive 

soil management strategies for Central European municipalities in order to help urban planners 

to consider the value of soils and their different functions within the planning process. This 

research involved several case studies, including one carried out by the municipality of 

Stuttgart which aimed in particular at soil quality mapping and modeling for land use decision 

support (City of Stuttgart, 2012). 

In France, the UqualiSol-ZU project (Robert, 2012), conducted by the Science institute of 

Luminy, Marseille, as part of the GESSOL program (environmental functions of soil – GEStion 

du patrimoine SOL), and more recently the MUSE project (MUSE Project, n.d.), conducted by 

the Center for studies and expertise on risks, environment, mobility and development 

(CEREMA), both focused on taking into account the multifunctional qualities of soil in urban 

planning. Yannick Poyat (2018) and Anne Blanchart (2021) also recently conducted PhD 

theses on this topic. 

In Switzerland, about 30 years after NRP No. 22, a second National Research Program, 

NRP No. 68 entitled ‘Sustainable use of soil as a resource’ and completed in 2018 (Steiger et 

al., 2018), aimed to go beyond an approach uniquely based on the surface area and perimeter 

of urbanization, in favor of a more refined approach which effectively considers, through the 

introduction of new indicators, the quality and therefore the multifunctionality of soils as a 

decision platform for spatial and urban planning (Drobnik et al., 2017; Grêt-Regamey et al., 

2018). Such an applied scientific approach is currently followed up by the Soil Quality Index 

(IQS) project conducted by the Sanu Durabilitas Fondation (Sanu Durabilitas, Soil Quality 

Index (IQS), n.d.). 

Requiring a considerable effort in soil modelling and mapping, the implementation of a 

multi-criteria soil quality index oriented towards the notion of ecosystem services would thus 

allow for the assessment of the loss of soil functionality related to a given planning decision, 

in order to weigh up the socio-economic and environmental interests, and possibly consider 

compensation mechanisms. Moreover, although the consideration of the soil quality index in 

planning decisions does not necessarily justify a form of compact and continuous urbanization 

– the existing city being most often located on, or in close proximity to, very fertile soils, while

the ‘less good’ soils tend to be more randomly distributed – the results of NRP No. 68
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recommend maintaining the principle of ‘inward urbanization’, by coupling the soil quality index 

with a sprawl index (Grêt-Regamey et al., 2018). 

2.1.1.3 The Paradox of the ‘Inward Urbanization’ Principle: A Divisive Vision: 
The two main conclusive statements of the NRP No. 68’s regarding soil management and 

spatial development, i.e. the maintenance of the ‘inward urbanization’ principle and the 

integration of soil quality as a driver for spatial development policies, deserve a more in-depth 

comment. 

Indeed, it seems that the logical link between the two objectives recommended by the NRP 

No. 68 has not been fully demonstrated. So far, NRP No. 68 focused on demonstrating that 

urban ‘sprawl’ is the worst option given the land grabbing and artificialization it entails (Hennig 

et al., 2015). Nevertheless, in order to demonstrate that ‘inward urbanization’ is the best option 

from a soil functionality point of view, it would be necessary to verify that the loss of functions 

related to the development of soils located within the building zone has a lesser impact than 

the loss related to ‘urban sprawl’ which is meant to be avoided. This demonstration is a matter 

of common sense if one considers only the agronomic function related to soil fertility; however, 

it may appear much less obvious if one takes into account the multifunctionality of soils 

corresponding to the broad range of ecosystem services required by urban ecosystems, a 

fortiori in the perspective of climate change – e.g. absorbing storm water, mitigating local 

effects of heat islands, containing contaminants, capturing and storing carbon, and supplying 

local food, among other functions (Millennium Ecosystem Assessment, 2005). A conflict of 

interests then arises: as a conservative measure, the ‘inward urbanization’ principle aims to 

preserve agricultural land and so-called ‘natural’ landscapes, but, in doing so, it tends to 

neglect the soils of cities and the precious ecosystem services they provide to inhabitants 

(Neuman, 2016). The challenge today is therefore not to question the validity of this 

precautionary principle, but rather to better define its contours and methods of implementation, 

grounding alternative strategies on a consideration for ALL the soils that make up the urban 

habitat. 

For instance, the bias on which the main current scientific and political initiatives are based 

raises a paradox: urbanization is rightly identified as one of the main causes of soil 

consumption, but it is almost never considered as a lever for action and as part of the solution. 

Indeed, many of the operational and/or academic initiatives aiming at soil conservation and 

valorization focus on the rural world and agricultural practices (see e.g. The"4 per 1000" 

Initiative, n.d.), while an improvement of soil quality through the practices and forms of 

urbanization is hardly mentioned in the debate on soil management, with the notable exception 

of local initiatives related to urban agriculture. Similarly, the consideration for potential soil 
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functions in urban areas is only briefly mentioned in the objectives related to the development 

of a Swiss soil mapping and a quality index (Keller et al., 2018). 

In the first place, the paradox of the ‘Inward Urbanization’ Principle can be explained by a 

general lack of knowledge regarding soils in the urban area: 

“[for] a long time cities have been regarded as non-soil areas. Under the viewpoint of 

occurrence of natural soils or soils similar to soils of rural areas this assumption does 

not meet the reality at least for the suburbs and many of the backyards and parks of 

the cities” (Burghardt, 2001, Chapter Introduction). 

In the field of urban planning, soil is generally considered as a neutral surface, a mere support 

for human activities, considered only as an object of ‘assignment’: 

“[evoking] the views of the urban planner and developer on soil is a challenge, so 

timid and furtive are they: for this category of technicians, soil is above all a surface 

intended to receive an assignment or another, at best it is a support for infrastructure 

schematized by the tool of urban intervention: the plan” (Barles et al., 1999, p. 45). 

Besides, the disregard for soil in urban areas reflects two opposing or even contradictory 

conceptions of soil depending on its location: in urban areas, soil as a support for human 

activities is reduced to the status of a commodity or merchandise (the land property) whose 

value depends on its location, more than on its material quality; whereas in rural areas, it is 

rather considered as natural capital and a resource for agricultural production, mining and 

ecosystem functioning (Lévy & Lussault, 2013). 

The paradox on which current Swiss scientific and political trends are based can therefore 

also be explained by the persistence of a topological, symbolic and semantic antagonism 

between the city and the countryside (see i.a. Debarbieux, 2008). On the one hand, the city is 

perceived as a threat to the environment, which should be limited by containment and 

densification measures; on the other hand, soil, as a resource, is in fact essentially associated 

with the rural world. Such a divisive and polarizing conception is reinforced by the prevalence 

of a generic vision of contemporary urbanization. It ignores the specific forms urbanization has 

taken in recent decades, the ‘city-territory’: a hybrid fabric, characterized by a strong 

interpenetration between urban and rural areas, as well as by a strong prevalence of open 

spaces (Viganò et al., 2018). 

2.1.1.4 Working Hypothesis: The Value of Urban Soils in the City-territory: 
What strategies could be developed if, in the spheres of public policy and scientific research, 

soils and urbanization ceased to be considered as two antagonistic notions on topological, 

semantic and functional levels? Could recognizing that, in contemporary forms of urbanization, 

soil and city are two realities which, in fact, overlap and intermingle, lead to the development 

of a more sustainable vision of our habitat? 
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When interviewed in the frame of this research, Jean-Philippe Poletti, an architect whose 

experience in a family-owned real estate development company is a valuable testimony about 

the modern history of West Lausanne urbanization, used the expression “terrains de réserve” 

(i.e. “reserve land”) to express the vision that the stakeholders of the time had concerning the 

functional value of the undeveloped plots of land remaining in the urban fabric being gradually 

densified. The phrase “reserve land” is in itself a very specific project of the ground that is 

consubstantial with the city-territory and which deserves to be re-examined today. If one 

recognizes the relevance of an approach to soil management that is not only surface-based, 

but genuinely functional and soil quality-based, is it really wise to consume in priority this 

reserve of soil present in the built environment? Conversely, could the plots of land as yet 

unbuilt in the building zone, which are systematically considered in terms of land hoarding, be 

considered as an ecosystem asset, in terms of ecological benefits? Would it be possible to 

complement public policies, which are currently focused on the protection of agricultural land, 

by setting objectives relating to the protection of soil functions in cities? Could the necessary 

densification of the built environment be associated to the pursuit of a ‘green density’ (as the 

City of Zurich put it during the Climathon 2019 idea competition, see e.g. Climathon 2019, 

n.d.)?

The working hypothesis motivating this PhD thesis can therefore be stated as follows: in 

the city-territory, due to the large amount and diversity of open spaces, urban soils are an asset 

and can potentially provide concomitantly both urban services and ecosystem services. 

The working hypothesis that urban soils have a value which should be preserved, or even 

increased, calls for the production of new knowledge and, conversely, contains in itself the 

foundations for an alternative project. On the one hand, from a knowledge point of view, 

acknowledging that the contemporary city is largely made up of soils implies better 

documentation of the physical condition, spatial distribution and potential functions of soils in 

urban areas. The symbolic and functional value accorded to soil in modern urbanism can no 

longer be reduced to an idealized or neutralized surface. It must thus be updated in the light 

of its physical reality, as it can now be documented by soil science. On the other hand, from 

the point of view of project opportunities, recognizing that the city-territory is made up of soils, 

the significant quantity and diversity of which allows for the provision of a broad range of 

ecosystem and societal services, implies redefining the rules of the ‘project for the ground’, 

and of the urban project in general. Urban morphologies, more or less compact or diffuse, as 

well as more or less intensive soil maintenance and land use practices, must therefore be 

rethought in terms of a relational, integrated and dynamic conception of soil quality and 

functionality. Research in land use planning and urban development can then provide a more 

in depth understanding of the uses and forms of urbanization as a major actor in soil 

transformation. Ultimately, the historical study of anthropedogenesis as a covariation of urban 
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forms and soils emphasizes that requalification, or regeneration, of both the city and its soils, 

is the specific meaning that must be given today to the notion of coevolution of human beings 

and their environment. 



From left to right and top to bottom: Canton of Vaud, Lausanne-Morges Agglomeration Project, 
Lausanne, 2016; Feddersen & Klostermann, Zurich Geneva, Schéma Directeur pour L’Ouest Lausannois, 

2001; Sdol, Renens, Intercommunal Master Plan for West Lausanne, 2019

Guiding Planning in the Lausanne-Morges Agglomeration 
and the West Lausanne District

plate 4



plate 4
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2.1.2: State of the Art: Acknowledging Urban Soils Changes and their Resilience, 
An Important Driver for Spatial Planning 

2.1.2.1 Research Needs: Urban Soils as Long-Term Record of Environmental History 
and Anthropization: 
The strategic role that is currently given to soil management as a key determiner of spatial 

planning decisions is hampered by the fact that it is “difficult to define or describe a typical 

‘urban’ soil or soil community” (Pouyat et al., 2010, p. 119). As urban soils are spread all over 

the world, they are indeed rarely studied in relation to their environment, in the light of the 

‘natural’ pedological processes corresponding to local preexisting landscapes. They are rarely 

studied either according to the anthropogenic influence of specific urban morphologies, land 

uses and soil maintenance practices, which are potentially as much diverse as ‘native’ or 

preexisting geography [13]. Rather, they are usually considered only from the angle of their 

physical degradation. 

As illustrated by the ‘Anthrosols’ and ‘Technosols’ described in the World reference base 

for soil resources (WRB) (FAO, 2015), the taxonomic classification proposed by soil science 

for anthropogenic soils is usually limited to a description of soils’ physical characteristics 

related to land uses and management practiced through the notion of impacts (Blanchart et 

al., 2018). Land-use-modified topography and parent material typically take the precedence 

over native geomorphology when considering the influence on soils’ material regime (Effland 

& Pouyat, 1997; Pickett & Cadenasso, 2009). Quoting Craul’s (1992) and Bockheim (1974), 

Pouyat (2010, p. 120) therefore observes that common definitions of ‘urban soils’ usually refer 

to very impacted anthropogenic soils: 

“a soil material having a non-agricultural, man-made surface layer more than 50 cm 

thick that has been produced by mixing, filling, or by contamination of land surface in 

urban and suburban areas.” 

This approach remains largely influenced by a partial vision of soil quality as a static capital 

that would be progressively consumed and degraded by the growth of the city. Nevertheless, 

contemporary urban settlements are characterized by extended metropolitan area 

interweaving mixed uses, such as forest and agricultural land to wastelands, logistic areas with 

older or more recent urban cores: 

“it is important to emphasize that by urban, we mean the broad array of habitat types 

that might be encountered in a metropolitan area, ranging from the central city, 

through suburbs, to exurbs, and finally to the connected hinterlands of the city. […] 

This complexity makes for many kinds of interactions with soil. Each specific empirical 
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or modeling study of an urban system is obliged to define the scope of ‘urban’ it 

employs […]” (Pickett & Cadenasso, 2009, p. 24). 

Understood here as all the soils situated within the contemporary urban areas, ‘urban soils’ 

therefore include a broad range of not only man-influenced, man-changed and man-made 

soils, but also remnants of natural or pseudo-natural soils (Greinert, 2017; Lehmann & Stahr, 

2007). The management of urban soils thus requires better acknowledgement of their 

qualitative spatial diversity, as well as of the temporal dynamics of their development. The 

presupposed dominance of anthropogenic factors over preexisting landscape conditions must 

therefore be approached with caution, in light of comparable ‘natural soil reference’ (Amossé 

et al., 2015). 

Such a blurring of the boundaries between preexisting landscape and anthropogenic 

influences applies in particular to urban soil development pathways, which associate very 

specific genetic characteristics to more or less deviated natural processes (Dudal, 2005). As 

products and agents of environmental and human history, urban soils represent a highly 

complex three-dimensional material that developed as a long-lasting legacy of anthropization 

(Barles et al., 1999), with both positive and negative consequences (Howard, 2017; Pickett & 

Cadenasso, 2009). Soil scientist Arlene Tugel (2005, pp. 738–740) consequently suggests 

addressing the natural and anthropogenic influences on soils in the less restrictive terms of 

‘soil change’, defined as “temporal variation in soil properties at a specific location”. This notion 

is meant to highlight the ‘dynamic soil properties’ that change over the human timescale and 

are oftentimes ‘land use-dependent’. In that sense, soil changes are not limited to factors and 

pedogenic processes related to past management, but also include soil behavioral reaction in 

the future, which is defined as ‘process-response’ (Yaalon & Yaron, 1966). Such soil temporal 

dynamics were synthetized by Tugel (2005) and Leguédois (2016) as ‘resilience’ to natural 

(e.g. drought, floods, etc.) and human (e.g. fertilization, irrigation, etc.) disturbances. This 

concept has a twofold definition articulating two timescales: (a) the lower or higher ‘resistance’ 

of a given variable to cyclical or periodic change, with the continuation of a steady functioning 

regime or genetic trend; or (b) its more or less good functional ‘recovery’ following a pedogenic 

threshold, due to modification of some environmental or anthropogenic variables and/or soil 

intrinsic properties, with the establishment of a new functioning trend [see plate 14]. In 

particular, many authors acknowledge the significant occurrence of anthropized substrates in 

urban contexts, which generates relatively ‘young’ transitioning soils. On anthropized soils, 

pedogenic processes may, in some cases, rebound actively and rapidly towards a pseudo-

natural state over the course of a few decades (Amossé et al., 2014; Burghardt, 2001; 

Burghardt et al., 2015; Howard, 2017; Leguédois et al., 2016; Scalenghe & Ferraris, 2009; 

Tugel et al., 2005). 
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Due to the coevolution of the urban environment and its soils (Lehmann & Stahr, 2007; 

Yaalon & Richter (de), 2011), urban soils must be documented in light of the processes which 

they support and are supported by, both in a retrospective and prospective way. Consideration 

for urban soils should then not only account for the time dynamic nature of their various 

historical trajectories [see plate 11]. It should also include their future developmental stages, 

by articulating the centurial and decadal timescales, which correspond to the factors and 

processes of anthropedogenesis (Burghardt, 2001; Leguédois et al., 2016; Tugel et al., 2005). 

It is therefore important to transition the state factors framework of soil genesis (Jenny, 1941) 

to the urban ecosystem (Pickett & Cadenasso, 2009), by acknowledging the past and future 

history of urbanization as an agent of soil changes (Burghardt, 1994; Effland & Pouyat, 1997; 

Pouyat et al., 2010) [see plate 13]. The various ongoing interdisciplinary initiatives that aim to 

integrate soils’ multifunctionality as a driver for spatial planning (City of Stuttgart, 2012; Grêt-

Regamey et al., 2018; Robert, 2012) could then be advanced in order to plan and design the 

city of tomorrow based on a foresight of the soils of tomorrow, rather than only on an 

assessment of their current quality (Burghardt, 1994; Leguédois et al., 2016). 

Ultimately, it is necessary to clarify the planning and design rules by which a ‘project for 

the ground’ could today reactivate the qualities and functions of the urban soils that we have 

inherited, according to a coherent and sustainable vision articulated at different scales. Among 

other natural resource management processes, the successive processes of soil 

transformation through deforestation, cultivation, mining, infrastructure development and 

urban settlement have ensured the habitability of the territory over time (Viganò et al., 2016). 

These land reclamation efforts successively correspond to coherent cultural, social and 

technical projects throughout history (Mantziaras & Viganò, 2016). The evolution of these 

“geocultural settings” (Howard, 2017, p. 11) have generated complex territorial and spatial 

patterns which partially overlap as a “palimpsest” (Corboz, 1983, pp. 14–35). Facing the 

heterogeneity of contemporary urban territory, ongoing zoning policies, which are formulated 

in terms of stock, surface and perimeter, struggle to overcome a solely conservative approach 

based on an oversimplified and divisive urban – rural dichotomy. In turn, ecological planner 

Ian McHarg defines, in his seminal book Design with Nature (McHarg, 1969, p. 103), the notion 

of “process as value” as a fundamental paradigm of the ecological planning discipline. Such a 

statement, which equates the evolutionary processes of landscapes and functional qualities of 

territories with social, if not economic, values, has not yet been applied to soil formation in 

anthropogenic ecosystems. The implementation of more innovative strategies playing on both 

the evolution of urban forms and soil functionalities over time (see i.a. A. Berger, 2006; Corner, 

2006; Kennen & Kirkwood, 2015; Orff, 2016; Spirn, 1984) is consequently needed. 
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2.1.2.2 Knowledge Gaps: Modeling, Mapping, Taxonomy and Soil Comparison 
In the purpose of implementing such an evolutionary and multifunctional approach to the 

‘project for the ground,’ several knowledge gaps must be addressed. In the first place, accurate 

methodology is needed so that researchers, stakeholders and designers can properly survey 

urban soils’ quantitative and qualitative diversity, based on rapidly evolving general knowledge 

about human impacted soils and their specific features (i.a. Craul, 1992; Howard, 2017; Lal & 

Stewart, 2017; Levin et al., 2017). The anthropogenic influence on soils in the urban 

environment is conditioned by agronomic, architectural, infrastructural and landscaping 

interventions stratified over many historical periods [see plate 13]. This anthropic space and 

timescale generates extreme spatial and chronological variability, which cannot be entirely 

explained by the landscape-soils models traditionally used in soil science and originally 

developed to study natural ecosystems (Burghardt, 1994). Likewise, archeological approaches 

based on the analysis of former settlements traced in two-dimensional urban layout (Pinon, 

2016) or layered in three-dimensional soil profiles (Galinié, 1999) provide only a partial 

understanding of urban soils’ evolution. The lack of a supervised conceptual model that fully 

integrates spatial development and urbanism as agents of natural pedogenetic processes and 

soil development (Leguédois et al., 2016) reduces urban soils to static objects. Leguédois 

(2016) then points out the need to articulate the phenomenal and empirical approach of factor-

based models, to a mechanistic approach of process-based models. 

Secondly, mapping soils on the basis of an empirical survey is a particularly difficult and 

expensive process, especially in urban areas. At the national level of Switzerland, this manner 

of surveying and mapping soils is estimated to take two decades to achieve providing the 

necessary investment (Keller et al., 2018). In the last three decades, mostly for North American 

and Central European cities, soil scientists have therefore produced so-called ‘concept maps’ 

in order to facilitate the very difficult task of empirically surveying urban soils (Burghardt et al., 

2015; Levin, 2013) [see plate 12]. This kind of map serves to overcome several technical and 

organizational difficulties in urban soil mapping, to determine deductively the boundary of 

individual soil units and potential associated properties, and provide a digital platform for 

further operational uses (Schneider, 2000). However, as the conceptual frame of urban soil 

concept maps remains rudimentary, such maps are usually limited to roughly superimposed 

past land uses and contemporary evidence of the evolution of landforms (see i.a. Howard, 

2017; Lal & Stewart, 2017; Levin et al., 2017). 

Thirdly, taxonomic descriptions are insufficient to fully describe the interactions of urban 

soils with their anthropogenic ecosystem and preexisting landscape conditions, to characterize 

their specific development pathways, and ultimately to consider their resilience over decades 

(Tugel et al., 2005). For instance, few authors have described the coherent succession, rate 

and intensity of anthropedogenic processes from a known time origin (i.e. Time0) (Scalenghe 
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& Ferraris, 2009). Beyond soil taxonomy and mapping, the implementation of long-term soil-

ecosystem experiments (Yaalon & Richter (de), 2011), of which the Baltimore Ecosystem 

Study is a rare example (Pouyat et al., 2010), represents an alternative approach which would 

be more suitable for the management of urban soils (Tugel et al., 2005). However, the 

acquisition of quantitative data over time within a process-based framework, such as state and 

transition models, is not consolidated yet and “soil resilience […] may be quantifiable in the 

future but currently should be viewed as interpretations […and expressed as a] relative term” 

according to Tugel (2005, pp. 741–742). 

Finally, the comparison of different soils comes then as an option to make up for the lack 

of long-term study available data on soil changes and evolution (Pickett, 1989). For example, 

Amossé (2015) applied a synchronic approach to urban soils in Neuchâtel (Switzerland) by 

substituting the various evolution stages of one hypothetical soil in time, for the succession of 

different soils in space, which are meant to characterize different degrees of pedogenic 

maturity. Such a disturbance gradient was typically used by Craul (1992) in order to study the 

variations in soils’ development and perturbation in space, according to a center–periphery 

gradient. In that case, the degree of soil disturbance is assimilated to a time gradient 

corresponding to soils’ age from an estimated anthropogenic Time0. Nevertheless, ecologist 

Steward Pickett (1989, p. 126) points out that “time is only a surrogate variable for the series 

of operational environments that have influenced a system through the past”. Indeed, even if 

coupled with a land use and/or topological gradient, such as center–periphery or rural–urban, 

age does not fully reflect in itself the possible evolution of other environmental and 

anthropogenic factors through time and space (Pickett, 1989). In other words, the meaning 

and interpretation of a temporal gradient can be difficult: does it reflect only the ageing of the 

soil, or the evolution of human practices and techniques over time, or, more generally, the 

fluctuation of all the parameters influencing pedogenic processes? Such non-linear time and 

space interactions between disturbance, inheritance and in situ evolution may produce 

discrepancies between presupposed landscape conditions and actual pedogenic processes, 

such as inherited ex situ pedological developments (Amossé et al., 2015). Consequently, the 

accurate classification variables of urban soil change cannot be reduced to time, and must 

include a more complex “linkage of ecology, social, and political factors” (Pickett, 1989, p. 118). 

In order to highlight such ‘systematic patterns’ (Pouyat et al., 2010) as typical configurations 

of environmental and anthropogenic factors, as well as related processes, the space-for-time 

substitution strategy proves to be particularly relevant, provided it is based on a sound agential 

framework (Pickett, 1989). Amossé (2015) adopted this approach to establish a natural soil 

reference to urban soils, namely soils of river valleys. It also seems to offer many potential 

applications for the comparison of changes between urban soils themselves (Tugel et al., 

2005), in order to evaluate the resilience of different ‘systematic patterns’. For instance, Pickett 
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(1989, p. 110) points out that “improved determination of the history of sites constituting a 

chronosequence can help assess the validity of space-for-time substitution.” 

2.1.2.3 Proposed Approach: A Section through the Spaces and Times of Urban Soils: 
In order to fill these epistemological and methodological gaps, this PhD thesis will make a 

section through the spaces and times of urban soils. Drawing a spatial section through the 

vertical depth of a soil as a human-influenced living material, and a transect through the 

horizontal variations of soils as a support for human habitat, leads to the construction of a 

retrospective and prospective time sequence. Such a temporal section spans the parallel 

histories of both the graphic documentation and the physical transformation of soils as an often 

unformulated but at times explicitly intentional design-project. 

Three main research operations will be conducted: a conceptual model, a set of 

cartographic layers and profile descriptions. These descriptive and critical operations rely on 

the three main graphic representation and analytic tools conventionally used by soil scientists: 

the theoretical model, the soil map, and the soil profile [see plate 12]. These three tools were 

adapted to the spatial entities and temporal sequences that are specific to urban environments 

[see plates 14]. In doing so, the approach and documentary materials usually employed by 

historians and urban planners have also been integrated. 

Conceptual Model: 
The first research operation will highlight the human history of urban soils by synthetizing 

a causal chain model of urbanization and its related project as a crucial factor of pedogenetic 

processes. The originality of this framework is to be based on urban soils historical trajectories 

[see plate 11] and to define a specific research workflow [see plate 12]. Soil scientist Gilbert 

Gaucher (Gaucher, 1977) underlines that the elaboration of a ‘natural principle’ must provide 

a logical structure for any rigorous taxonomy. As opposed to a nomenclature produced 

according to a bottom-up analytical approach and based on a morphological inventory 

observed empirically, a scientific classification must follow a synthetic top-down logic, by 

applying deductive reasoning to the objects it classifies according to a hierarchy of cause and 

effect. In the light of the various natural and anthropogenic factors, the study of the 

biogeochemical processes involved in pedogenesis has therefore been recognized as the best 

way to distinguish soils. Quoting Indorante and Jansen (1984), Craul (1992, p. 116) states that: 

“[in] man-made soils it is reasonable to study the soil construction process for clues to soil 

characteristics and geographic patterns”. The proposed conceptual model will follow this 

recommendation, articulating construction processes with other human practices related to 

different land uses. The different causal chains will then by presented in the form of various 

historical trajectories. 
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Such a conceptual model will ultimately provide a sound theoretical framework for the 

definition of a research workflow combining a set of cartographic layers and profile 

descriptions. 

Atlas of Urban Soils: 
The second research operation will explore the evolution of urban soils forming factors by (I) 

retracing and quantifying preexisting landscape conditions, urban developments and land 

cover changes in various cartographic layers and map series constructed from various source 

documents, then by (II) reconstructing a chronotoposequence and identifying various 

spatiotemporal patterns from this cartographic narrative, and ultimately by (III) mapping and 

quantifying urban soils’ specific historical trajectories [see plate 12]. This multifactorial 

approach will be illustrated here through the creation of an ‘atlas’ based on the case study of 

West Lausanne mixed-use district in the canton of Vaud, Switzerland. 

This transdisciplinary approach aims at extending the concept map used by soil scientists 

to the framework of advanced urbanism (Allen et al., 2016), by merging spatial planning with 

the fields of historical ecology (Amossé et al., 2014; Beller et al., 2017; Sanderson, 2009) and 

layered spatial analysis (McHarg, 1969), based on innovative remote sensing and four-

dimensional data management techniques. In the purpose of applying the proposed theoretical 

model on the case study, various methodological issues related to the implementation of the 

atlas will be exposed. What types of data are available through time, as an indicator of the 

variable practical and cultural consideration of soil? How can the urban factors of soil 

transformation be structured in different cartographic layers and separated into historical map 

series according to a specific semiology—the map legend—and chronology—the map time-

line? From synchronic readings as a composite image of the whole territory at a given time to 

diachronic readings as a motion picture rendering the evolution of a given factor through time, 

how can various spatiotemporal patterns be retraced and quantified in terms of disruption or 

incremental continuity? 

Such consolidated concept mapping underscores the usefulness and applicability of 

different types of information and analytic operations for documenting various human-induced 

soil evolution processes. It also reveals the extreme spatial variability and chronological 

versatility found in soils by linking them to both the distribution of urban morphologies and the 

evolution of urbanization practices. This makes it possible to provide a more systematic view 

of the combined influence of preexisting site conditions and anthropogenic disturbances on 

soils’ evolution. In turn, retracing urban soils’ historical trajectories reveals the logics that have 

informed the evolution of a ‘project for the ground’ and also contributes to the definition of soil 

quality as a dynamic and co-variable value of urban morphologies and uses. Spatial planning 
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and urbanization can therefore be considered not simply as a threat to soil capital, but also as 

a means through which it is possible to act intentionally in order to valorize this resource. 

Ultimately, the consolidated concept mapping provides a framework for a critical analysis 

of the ongoing planning policies in West Lausanne and leads to foreseeing opportunities and 

strategies for the future regenerations of both West Lausanne city-territory and its urban soils 

according to various prospective patterns. 

Urban Soils Portraits: 
The third research operation will investigate soil changes and resilience in urban ecosystems 

by (I) coupling profile descriptions with urban history to document specific urban soils 

development pathways and to characterize typical historical trajectories, as combinations of 

anthropogenic factors through time, then by [see plate 13] (II) defining an anthroposequence 

[see plate 14] in order to compare the relative influence of various land uses and soil 

management practices, as well as nature-based processes, on urban soils’ resilience and to 

define specific ‘systematic patterns’, and by (III) linking urban soils’ physical biogeochemical 

properties to their variable functions. This time dynamic and systemic approach will be 

illustrated here by the depiction of six urban soils ‘portraits’ in the West Lausanne district. 

A transdisciplinary method will be applied to complementary sources and datasets: on-site 

observations and laboratory analyses will document soils current biogeochemical properties 

as a snapshot in time, while mapping series, archival documents and oral interviews will 

account for an historical reconstitution of the evolution of pedogenetic factors. The 

comprehensive urban soil portraits thus obtained will exemplify the various historical 

trajectories derived from an expert-based conceptual model of anthropedogenesis and 

localized in a cartographic atlas, both elaborated during the previous stages of this research. 

As representative of historical trajectories and landscape conditions, the biogeochemical 

properties of the studied soils will be benchmarked according to a space-for-time 

anthroposequence, defined by Pouyat (1997, p. 218) as “a conceptual analog to 

‘toposequence and chronosequence models’ [which] may be applied for studying soil 

systems”. Ultimately, the anthroposequence will therefore characterize a high or moderate 

resilience according to the main trends defining various systematic patterns. 

The grouping of soils according to historical trajectories and systematic patterns, rather 

than according to a single age and/or land use disturbance gradient, does not attempt to test 

the hypothesis of a linearity in soil maturity, according to a coherent succession of soil 

formation stages. Rather, it aims to highlight a differentiated expression of soil resilience 

according to various typical configurations of contemporary urbanization. For instance, 

mapping operations, which link the spatial and temporal variations of factors documented in 

different layers with soils heterogeneity, are in line with Pickett and Cadenasso’s approach of 



72 

heterogeneity and complexity in patch dynamics (Pickett et al., 2005). The two ecologists 

(2009, p. 37) indeed argue that: 

“the patchiness in soils and their function is affected by patchiness in other features 

of the city, and as the patchiness of state factors changes, the soils pattern and 

processes are expected to change as well, though perhaps involving a time lag”. 

The proposed approach therefore aims to link urban soils' pedological dynamics with their 

landscape, and with other analogous natural contexts. It also intends to stress that, even if 

they have distinct logics, the anthropogenic and non-anthropogenic factors of soil evolution 

are associated to political, cultural and technical choices. Such ‘geocultural settings’ (Howard, 

2017) define a specific ‘project for the ground’ (Secchi, 1986). As an agent of soil change, such 

a ‘project for the ground’ can be compared to major non-anthropogenic phenomena such as 

those that occurred after deglaciation. In sum, multifactorial and transdisciplinary tools, such 

as urban soil trajectories, anthroposequences and systematic patterns, will be introduced here 

as more operational drivers than single gradients for urban planning [see plates 11-14]. 
Ultimately, the anthroposequence and systematic patterns provide a framework for a 

critical analysis of various forthcoming development projects in West Lausanne and lead to 

anticipating opportunities for the establishment of future positive soil maintenance according 

to various prospective soil trajectories and patterns [see plates 49-51; 72]. 

Expected Outputs of the Proposed Approach: 
Pickett and Cadenasso (2009, p. 38) explain that the factorial approach makes it possible to 

link “social and biophysical drivers” and provides “a common framework for urban and non-

urban soils”, in the perspective of general and historical (Beller et al., 2017) ecology. This PhD 

thesis thus sheds light on the functioning of the urban ecosystem as a whole: 

“[the] understanding of urban soils can contribute to general ecological theory by 

testing the generality of important ecosystem drivers and their linkage with social 

processes in an under investigated ecosystem type that is increasing in extent and 

impact worldwide” (Pickett & Cadenasso, 2009, p. 23). 

Various applied outputs can therefore be expected from the proposed multi-factorial approach 

to urban soil resilience. First, associating quantitative soil description with graphic operations 

allows feedback on mapping, as Pouyat (2010, p. 142) suggests that observing “differences in 

surface soil properties among land use and cover types could help determine mapping 

concepts in soil surveys of urban landscapes”. Second, Riddle and Levin (2017, p. 27) 

underline that “understanding the relationship between human-transported materials and the 

land use history will help any soil scientist evaluate the thickness of the modification, the impact 

on soil suitability and the prediction of soil behavior”. For instance, focusing on urban soils’ 

change and resilience highlights their self-maintenance capacity (Dominati et al., 2010; C. 
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Walter et al., 2015). Such a soil function, which is considered as a primary ‘supporting’ 

ecosystem service (Millennium Ecosystem Assessment, 2005), is crucial to urban soils 

management, as it conditions soils’ ability to deliver other ‘regulating’ and ‘provisioning’ 

services (Dominati et al., 2010). Finally, Tugel (2005, p. 741) foresees that: 

“with knowledge of cause and effect relationships regarding detrimental soil change 

[…and] improved understanding of soil resistance and resilience […] land managers 

can choose practices and policymakers can establish programs that promote positive 

changes in the soil resource.” 

More specifically, an anthroposequence distinguishing the distinctive importance and 

interactions of technogenic influences, inherited remnant soil properties from transported 

parent material, and native landscape conditions provide useful guidance for the sustainable 

regeneration, or future construction, of urban soils. 

2.1.3: Presentation of West Lausanne in the Swiss Plateau City-territory 

In terms of political and administrative geography, West Lausanne is located in Switzerland, a 

federal country made up of 26 cantons [see plate 5]. It is part of the Canton of Vaud, created 

in 1803, made up of 10 districts and whose administrative center is the city of Lausanne [see 
plate 6]. Formerly straddling the districts of Morges and Lausanne, West Lausanne became a 

new district in itself in 2008, whose coherent governance was deemed necessary following a 

moratorium on large traffic generators initiated in 2000 (Coen & Lambelet, 2010). This portion 

of the city-territory is also one of five sectors of the Lausanne-Morges Agglomeration Project 

(PALM, 2016) [see plate 4]. It is the geographical center of this bicephalous metropolitan area 

that has been benefiting in successive stages since 2007 from federal investments steered by 

the Canton of Vaud, initially aiming at infrastructure developments, then at a more 

comprehensive territorial development. The 25.81 km2 West Lausanne district is composed of 

eight municipalities: Bussigny, Chavannes-près-Renens, Crissier, Ecublens, Prilly, Renens, 

Saint-Sulpice and Villars-Sainte-Croix (SDOL, 2019) [see plate 15]. 
In terms of physical geography, the West Lausanne territory is made up of the various 

characteristic geomorphological features [see plate 6]. In different topological configurations, 

such typical geomorphological features can be found all over the Swiss Plateau stretching 

between the Jura mountain range in the north-west and the Alps chain in the south-east, or 

even over the entire molassic basin extending over more than 800 km north of the Alps, from 

Chambery in France to Vienna in Austria (Weidmann, 1987) [see plate 5]. The West Lausanne 

landscape is at the junction of several heterogeneous ecological milieus that would be easier 

to match with the urban centers of Lausanne and Morges. However, as denoted by the 

aforementioned transport moratorium, this intermediate territory finds its coherence in a 
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process of urbanization whose chronological sequence stretches from the 19th century to the 

present day, and whose characteristic morphological elements can also be found, in different 

topological configurations, all over the Swiss Plateau, or even over the entire molassic basin.  

The spatial framing of the case study does not correspond exactly to the perimeters of the 

political entities, nor to the contours of the geographical entities previously described. It follows 

the divisions of the tiles making up the national geographic map (National Topographic Map, 

n.d.), which structure most of the available geographic data [see plates 16-17]. As will be

explained in more detail below, this cartographic division reflects a differentiated vision

corresponding to two opposing environments: on the one hand the rural area, where

information on soil quality is well documented, and on the other hand the urban area, where

information on soil is almost inexistent [see plate 15].
The 9 × 4.5 km extent of the atlas therefore covers a large portion of the West Lausanne 

area. It encompasses the hills of the Swiss Plateau in the north to Lake Geneva in the south, 

at an altitude of 372 m above sea level [see plate 6]. The main yearly climatic averages of 

West Lausanne between 1981 and 2010 ranged from 900 to 1100 mm of precipitation and 

from 9 to 12°C in temperature (Norm Value Charts - MeteoSwiss, n.d.). The erosive and 

sedimentary action of the Rhone Glacier on the north-Alpine molassic basin shaped various 

geomorphological features, such as molassic outcrops interweaved with ground moraines on 

the hillsides, as well as frontal and lateral moraines intermingled with glaciolacustrine and 

fluvio-glacial superficial deposits in the sunken reliefs [see plates 18-21]. These particular 

landforms and lithologic formations are associated with various forest and pastoral ecological 

milieus along a Northeast to Southwest longitudinal geomorphological transect [see plate 16]. 
Urbanization has developed along a Southeast to Northwest transversal gradient, 

following a bundle of transport infrastructures which stretches towards the edge of Lausanne’s 

historical center on the Eastern side and towards the periphery of its metropolitan area on the 

Western side. The gradual densification of the mesh formed by former equidistant villages 

started with industrialization in the 19th century and included tertiarization, periodic high-rate 

population growth, as well as the implementation of large-scale transport and sanitation 

infrastructures. This urbanization process was driven by a two-fold logic: on the one hand, the 

adaptation to uneven topography and its significant transformation through major earthworks 

have generated, in places, meters-thick anthropogenic superficial deposits. As illustrated by 

the Flon area in the historical center of Lausanne, the modification of topography was often 

related to the burying of rivers, sometimes associated with landfills and with the implementation 

of logistic platforms on top of it. At least until the first half of the 20th century, the adaptation to 

an uneven relief and its transformation also entailed an urbanization process which was mostly 

determined and driven by the creation of local roadways and tramways, as well as by larger 

communication corridors such as railways and highways [see plates 7; 39]. On the other hand, 
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the opening of clay and gravel pits and the development of former agricultural land holdings 

have gradually dismantled the rural landscape and affected the soils in this area through 

various land cover modifications. From the second half of the 20th century, the introduction of 

special planning tools (e.g. ‘neighborhood plan’) made it possible for such land use changes 

to take place on the larger scale of the former bourgeois land holdings called the ‘campagnes 

lausannoises’, with the implementation of modernist urban morphologies such as large 

housing developments, industrial platforms and a campus [see plates 8; 25]. However, the 

West Lausanne city-territory still retains a large amount of cultivated and/or undeveloped land, 

the future of which is the subject of a planning policy currently in development according to the 

‘inward urbanization’ principle (SDOL, 2019) [see plate 9]. 
During this process, the population of West Lausanne was multiplied by 22, which 

corresponds to the highest population growth of all Swiss districts. In terms of number of 

inhabitants, West Lausanne has thus become the second spatial entity of the Canton of Vaud 

(Coen & Lambelet, 2010). Today, this mixed-use district has 57’000 jobs and 75’500 residents, 

with a residential density of 2,925 inhabitants per square kilometer. 
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The West Lausanne district at 
the hinge of the Swiss Plateau 
and Lake Geneva
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Urbanization 
in Lausanne, 
transformation of the 
uneven topography 
through major 
earthworks

Right: Letter from J. Peitrequin, Director 
of Construction Works of the City of 
Lausanne, to Mr. Von der AA, Editor-in-
Chief of the Droit du Peuple journal, about 
the delay in the construction of the Valency 
public park, August 3, 1938. Underlined: 
“Must it be repeated that the earth ... so 
much has been stirred up in Lausanne ... 
has become quite scarce?”

Left: The example of the burying of the 
Flon river. From top to bottom: Dumping 
of various earth material, construction 
and domestic waste, ca. 1880; progressive 
filling in of the valley and establishment 
of a leveled platform, 1913 (Photo: Fédéric 
Mayor); canalization of the river, 1893
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Urbanization in 
Lausanne, the creation 
of local roadways, 
tramways, and larger 
communication 
corridors as main driver

Right: New roadways projected for the 
‘Extension plan’ for Lausanne, 1905

Left: An urbanization driven in the first 
place by transportation routes and its 
adaptation to topography. From top to 
bottom: The railway in Renens triggered 
the industrial and residential development 
in West Lausanne, ca. 1910; one of the 
many tramways which used to serve the 
Lausanne region in Chalet-À-Gobet, 1951; 
the construction of the first Swiss highway 
A1, ca. 1960
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Urbanization in 
Lausanne, the 
emergence of a mixed-
use territory on the 
rural landscape

Right: The clay pit “Creux de terre” 
operated by the Barraud company

Left: An urbanization mingling agriculture, 
housing, industry and other productive 
activities in the first half of the 20th 
century. From top to bottom: The mix 
of horticulture, industry and houses in 
Bussigny; the Censuy gravel pit in Renens; 
the Renens-Croisée neighborhood
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Urbanization in 
Lausanne, special 
planning specific 
tools enabling larger 
developments on 
former agricultural land 
holdings

Right: Historical evolution of the 
‘campagnes lausannoises’: 1809, 1914, 
1970

Left: Examples of special planning and 
related green spaces. From top to bottom: 
Neighborhood plan P 1A ‘Sous-L’Église’, 
Renens, 1990-91; Mont-Goulin housing 
development in Prilly, 1959
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Drone aerial views taken during a field trip from Vufflens-
la-Ville to Ecublens, with the students of the EPFL, ENAC, 
IA, BA6 2017 ‘ALPS. Prototypes for the Alpine City-
territory’, 20/03/2017

The mixed-use West Lausanne 
city-territory and its urban soils

plate 9
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2.2: Theoretical Framework and General Methodology for 
the Study of Urban Anthropedogenesis 

Reminder of the proposed approach: 
The first research operation will highlight the human history of urban soils by synthetizing a 

causal chain model of urbanization, and its related project, as a crucial factor of pedogenetic 

processes. The originality of this framework is to be based on urban soils historical trajectories 

[see plate 11] and to define a specific research workflow [see plate 12]. 

2.2.1: The Factorial Approach to Soil Change 

Yaalon and Richter define soil changes according to three coexisting and “overlapping 

timescales” [see plate 10]: 
“[…] The multi-millennial natural soil system […]; the historic soil system, affected by 

both natural processes and legacies of human impact usually lasting up to several 

thousands of years […]; and the contemporary human-affected system, affected by 

natural and historic processes and ongoing management typically for less than 100 

years.” (Yaalon & Richter (de), 2011, pp. 768–769) 

The case study will focus on the emergence of the contemporary anthropized soils system, 

corresponding to the urbanization of West Lausanne over the last century. It is therefore 

necessary to transition the conceptual model of natural pedogenesis in order to integrate the 

logics of urbanization to this framework: 

“we find that the state factor approach from classical soil science is an adequate 

foundation for understanding and framing predictions about urban soils […] The state 

factor approach must, however, be altered to specify uniquely urban combinations of 

factors and structures that can affect soil formation” (Pickett & Cadenasso, 2009, p. 

40). 

The science of pedology (Birkeland, 1984; Schaetzl & Thompson, 2015) comprehends soil 

transformation according to Jenny (1941)’s model defining five state factors of pedogenesis—

climate, biology, topography, lithology or parent material (PM), and time—the influence of 

which can be studied in the form of a sequence [see plate 14]. Due to the small temperature 

variation at the scale of the case study, the climate factor will not be directly considered in this 

research. These factors trigger different pedogenetic processes, or ‘process-response’ 

(Yaalon & Yaron, 1966), which are modeled by Simonson (1959), among others, as additions, 

removals, translocations and transformations of materials and/or chemicals. According to 

Johnson and Watson–Stegner’s model (1987), these processes lead to various soil evolution 

or development pathways (DP) [see plate 13]. The combinations of external factors then 
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pedogenetic processes into specific DP produce particular soils, with specific biogeochemical 

characteristics and associated functional properties which can be interpreted as ecosystem 

services (Dominati et al., 2010). 

Following Yaalon and Yaron (1966), numerous authors (i.a. Blume, 1989; Burghardt, 1994, 

2001; Burghardt et al., 2015; Dudal, 2005; Effland & Pouyat, 1997; Huot et al., 2017; Leguédois 

et al., 2016) discussed the human influence on soils in relation to Jenny’s state factor model 

[see plate 11]. The different versions of the proposed conceptual model revealed that the 

impact on PM through anthroturbation is of primary importance. The three-dimensional and 

time-changing boundaries of the archaeosphere (Edgeworth et al., 2015) composing the 

Anthropocene strata of the geosphere at the Earth’s surface is indeed straddling between 

constructional and destructional landforms (Riddle & Levin, 2017). In the first case, superficial 

anthropogenic deposits, or anthrosediments, are moved horizontally, while in the second case, 

human-altered soils are modified only vertically in place. This distinction between the 

geological and pedological levels in the delineation of the anthropogenic footprint against the 

natural background determines whether human influence is to be considered as an 

independent and additional lithogenetic factor, or as an interdependent biological factor. In the 

first case, neopedogenesis is defined as a short-term anthropogenic intervention, such as cut 

and fill, that “resets the pedological clock” (e.g. Schaetzl & Thompson, 2015, p. 299) by 

external disruption of the preexisting soil profile which becomes new PM. Natural pedogenetic 

processes may resume on new PM in pseudo-natural or human-altered combinations. In the 

second case, metapedogenesis is defined as a longer lasting intervention, such as ploughing, 

that does not interrupt the internal soil development happening on a constant PM, but modifies 

the resulting profile by chronically or cyclically changing the intensity and combination of 

pedogenetic processes. In addition to the primary influence of changes in the soil material 

regime linked to topography and lithology factors, urbanization induces other impacts on soils, 

such as sealing or modification of the vegetal cover. These impacts lead to changes in the 

water, and fauna–flora regimes (Burghardt, 2017a; Leguédois et al., 2016) respectively linked 

to the climate and biology factors. Although they have been relatively little studied so far, it is 

now acknowledged that such disturbances also modify the intensity and combination of 

pedogenetic processes (Burghardt, 2017b). 

The above-mentioned authors (i.a. Blume, 1989; Burghardt, 1994, 2001; Burghardt et al., 

2015; Dudal, 2005; Effland & Pouyat, 1997; Huot et al., 2017; Leguédois et al., 2016) agree 

that urban soils are byproducts of combined natural and anthropogenic factors interacting on 

different timescales and modifying the intensity and extent of pedogenetic processes which, 

nevertheless, remain natural [see plate 13]. The results of the case study will show that soil 

management practices and urban morphologies adapt to the different components of the 

landscape and, in turn, transform them. However, urbanization-induced factors also evolve 
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over time, according to technical and socio-cultural logics. This evolution explains why, in soil 

evolution, anthropic land uses gradually establish logics that partially diverge from those of 

natural factors  and how they define new functional links and flows between soils (Burghardt, 

2017a). 

2.2.2: Urban Soil Historical Trajectories 

A flow chart diagram is proposed in order to synthesize the diverging combinations of this 

causal chain in the form of various representative trajectories, which depend on urban history. 

Among the different urbanization-related changes in soil conditions documented in the atlas, 

at least seven main urban soil historical trajectories can be identified [see plate 11]. The 

various biogeochemical impacts on soils in the course of these trajectories generate specific 

pedogenetic processes, which trigger or deviate various soil DP. Trajectory A is characterized 

by permanence of natural landscape conditions as predominant factors. In this case, 

pedogenesis occurs on original PM without disturbance, and the soil follows a natural DP. 

Trajectory B is characterized by the establishment of agricultural or horticultural use, then by 

other possible landscaping maintenance practices, which chronically modifies natural factors. 

Metapedogenetic processes occur on original soil, following a deviated DP determined by both 

natural and anthropogenic metafactors. Trajectory C is characterized by punctual alteration 

and/or displacement of soil material, or even complete destructuration of the original soil profile 

as in the case of the construction of an urban structure and/or related earth disposal. 

Neopedogenetic processes resume on anthrosediments as modified or new PM, following a 

pseudo-natural but deviated DP which is determined by both natural factors and anthropic 

lithogenesis, with less influence of preexisting geomorphological conditions. Trajectory D is 

similar to trajectory C, but with drastic PM alteration, such as strong compaction or change in 

soil geochemical composition. Neopedogenesis resets at a much lower rate, or in different 

combination, following a deviated DP mostly determined by anthropic lithogenesis as external 

factor. Trajectory E is a combination of trajectories B and C characterized by both punctual alteration of 

PM due to construction, then chronic modification of natural factors due to cultivation. Metapedogenetic 

processes occur on modified or new PM, following a deviated DP determined by both anthropic 

lithogenesis and metafactors, with less influence of preexisting geomorphological conditions. Trajectory 

F is characterized by sealing, causing both punctual alteration of PM and drastic chronical modification 

of natural factors. Pedogenesis resumes at a very low rate on new PM, following a slow or nearly inert 

DP which is mostly determined by anthropic lithogenesis and the quality of the sealed layer. Finally, 

trajectory G is characterized by soil stripping following the establishment of building foundations on 

bedrock. Destruction of PM and maintenance of the built structures temporarily annihilate the necessary 

conditions for pedogenesis by precluding the formation of new PM by aerial deposition. 



Various versions of a schematic diagram for an anthropedogenetic factor-process-
response model, from left to right and top to bottom: Yaalon and Yaron 1966;

Yaalon and Richter 2011; Effland and Pouyat 1997
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The factorial approach to soil change, a diagram of human–nature 
pedogenesis: from top to bottom, coexisting and superimposing 
timescales, processes of polygenesis, soil systems and 
corresponding factors, interactions with natural–anthropic 
environments
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Cultivation

Landscape influenceTrajectory A, natural soil development: Snat = f (cl, o, pm, r, t1)

Trajectory B, modified soil development: Smeta = f (a, cl, o, pm, r, t2)

Trajectory C, pseudo-natural new soil development: SPseudo-nat = f (cl, o, pma, r, t3)

Trajectory D, deviated new soil development: Sneo = f (cl, o, pma+, r, t3)

Trajectory E, modified (deviated) new soil development: Sneo-meta = f (a, cl, o, pma(+), r, t3)

Trajectory F, slow new soil development: Ss = f (pma+, pmsealed layer, t3)

Trajectory G, temporary annihilation of necessary conditions for pedogenesis

Cut-and-fill

Cultivation and
Cut-and-fill 

Sealing

Soil stripping,
building up
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The model of urban soil historical trajectories: causal chain 
conceptual model of anthropedogenesis indicating the respective 
influence of the original landscape, the meta- and neopedogenetic 
factors in continuous, dashed and dotted lines.
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Various examples of survey 
workflow diagrams and 

cartographic outputs, from 
top to bottom and right to 

left: workflow procedure of 
soil surveying in Germany, 

modified from Arbeitgruppe 
Boden 2005; flow chart 
concept soil map from 

Schneider 2000; schematic 
map of Moscow at a 

1:200’000 scale

The soil in Burghardt’s 
ecosystem compartment 

model (1993)

plate 12



Research workflow and methodology: diagram of the 
PhD workflow including source documents and outcome layers 
informing each other according to various mapping operations

Three main graphic 
representation and 
analytic tools for the 
transdisciplinary observation 
of anthropopedogenesis: 
atlas, soil portraits and 
anthroposequenceetc...

etc...
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analyse morphologique
et quantitative des tissus
proportion des sols ouverts

Sources : État de Vaud, géodonnées ; Swisstopo ; Spot Image.

usages anthropiques
land cover

(utilisation simplifiée du sol)
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NDVI (Spot image)

lithographie
cadastre géologique

usages anthropiques
infrastructures

temps
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(carte Dufour, etc.)

carte des sols estimés

lithographie
carte des géotypes

usages anthropiques
land cover

(points classifiés Lidar)

pédologie
carte des sols

(surtout agricoles)

hydrographie
cours d’eau

usages anthropiques
sites pollués

temps
vues aériennes

(fond Perrochet, etc.)

Le « triangle de Bussigny »
Vues aériennes du chantier de l’Autoroute A1 et état actuel.

Sources : EPFL ACM, Fond Perrochet, VD0223 et VD0224_C20_Renens-Lausanne_1962.08 ; Points classifiés LIDAR, Cloudcompare.

Le Parc de Valency, un remblai artificiel
Lettre de J. Peitrequin, Directeur des travaux, à M. Von der 
AA, Rédacteur en chef du Droit du Peuple, 3 août 1938 ; 
Sondages pédologiques, décembre 2017.

Sources : Archives de la Ville de Lausanne, 5300.33, dossier n°2 ; 
Photographie : Antoine Vialle.

2    Portraits d’anthroposols infrastructurels : acteurs et processus de l’anthropopédogénèse Identifiée grâce à la classification obtenue avec l’atlas des anthroposols, une série d’anthroposols typiques, liés à la présence des 
infrastructures de l’Ouest lausannois, fera l’objet d’une étude plus approfondie. Leurs caractéristiques physiques seront observées à partir d’une 
série de relevés pédologiques in situ (sondages, puis fosses). Les perturbations ou, au contraire, les qualités fonctionnelles mesurables à travers 
différents groupes d’indicateurs seront alors interprétées grâce à l’histoire de leurs transformations par l’homme, reconstruite à partir des archives 
des projets d’aménagements et des vues aériennes historiques.
Ces comparaisons permettront de brosser des « portraits » de sols singuliers (profils), à l’égard desquels on s’efforcera d’identifier un certain 
nombre de processus anthropopédogénétiques caractéristiques, correspondant à autant d’enjeux de projets.

Sources : Sources : Croquis : Antoine Vialle ; Geofabrik, OpenStreetMap.

L’Ouest lausannois, un seuil 
géographique, géologique et climatique ?

Au cœur d’une ville en pleine 
croissance, quels devenir pour les sols 
infrastructurels à l’heure de la transition 
énergétique ?
Esquisses préliminaires à la définition des 
chronotoposéquences.

Percolation : mobilité, accessibilité, perméabilité, etc. ? Filtrage : stockage des pollutions, refuge de biodiversité, etc. ? Respiration : régulation climatique locale et globale ?

3   Chronotoposéquences  ur-baines : approche fonction-
nelle  pour  un  projet  de  sols 
dans la ville-territoire
Sous la forme d’une série de chronotoposé-
quences, on tentera de restituer les relations sys-
témiques et structurelles d’interdépendances liant 
l’évolution de la ville à celle de ses sols. L’établis-
sement de ces transects permettra d’articuler les 
variables des cycles pédologiques et des usages 
urbains habituellement envisagés séparément, afin 
de révéler une topologie éco-urbaine, au-delà du 
simple géodéterminisme.
Faire émerger les principes de solidarités et de 
synergies (catena) qui régissent les fonctionnali-
tés des sols le long de ces séquences spatiales 
et temporelles permettra de dégager des théma-
tiques environnementales et urbaines à partir des-
quelles on pourra élaborer les différents scénarios 
d’un projet de territoire.
Préférentiellement longitudinalement orientées du 
nord au sud, les chronotoposéquences permet-
tront d’intégrer l’importance de la topographie, de 
l’hydrographie, du climat et de la pédologie pour la 
ville du XXIe siècle, en contrepoint à la vision indus-
trielle transversale qui a guidé le développement 
urbain d’est en ouest depuis le XIXe siècle.

Le projet de doctorat « Our Common Soils : L’écosystème des 
sols infrastructurels dans la ville-territoire alpino-lémanique » 
envisage de nouvelles formes de (co)habitabilité des aires 
métropolitaines contemporaines au regard de l’évolution des 
sols fortement transformés par l’homme, notamment autour de 
l’aménagement des infrastructures dans le district post-industriel 
de l’Ouest lausannois.

Le recyclage, une opportunité de reformuler 
l’habitabilité d’un territoire en cours de densification
Un nouvel épisode de forte croissance démographique et urbaine accroit 
actuellement la consommation de sols et bouleverse les grands équilibres sociaux 
et environnementaux d’une région traditionnellement habitée de façon diffuse sur 
l’ensemble de son territoire. Ce besoin de densification spatiale offre une opportunité 
de questionner la capacité des hommes et des acteurs non humains à coexister, 
voire coévoluer, sur un capital sol limité.
Trois arguments sous-tendent l’hypothèse d’une ville-territoire comme ressource 
renouvelable, matière première d’un recyclage permanent, à travers lequel 
l’ensemble des composantes naturelles et artificielles du paysage s’inscrit dans le 
temps long des cycles environnementaux et anthropiques.

CYCLES DE VIE DES SOLS DE L’OUEST LAUSANNOIS
Facteurs et acteurs de l’anthropopédogénèse

1# La ville-territoire comme propriété émergente, un 
gisement de ressources écosystémiques et urbaines
Au-delà d’une vision radioconcentrique opposant centres, périphéries et campagnes, 
interroger la part des sols fonctionnels dans la ville contemporaine permet d’identifier 
des types de tissus et d’espaces urbains spécifiques. La ville-territoire est en effet 
caractérisée par de forts contrastes entre différentes entités fonctionnelles étroitement 
imbriquées (vastes emprises agricoles, industrielles, infrastructurelles, naturelles, etc.).
Issue d’un processus de stratification et de rationalisation sur le long terme, les propriétés 
émergentes de ce système éco-urbain représentent un gisement de ressources aptes 
à répondre aux enjeux territoriaux et environnementaux actuels. Pointant les limites 
du principe d’« urbanisation vers l’intérieur », la quantité et la diversité des espaces 
non bâtis et des sols ouverts existants permettent dès lors d’envisager de nouvelles 
synergies, afin d’assurer conjointement des services urbains et écosystémiques.

2# L’homme comme producteur de nouveaux sols, 
l’anthropopédogénèse comme recyclage
À l’heure de l’Anthropocène, par opposition à la vision communément admise de 
l’urbanisation consommatrice, voire destructrice, des sols sur laquelle elle s’étend, 
l’homme, en « bâtissant » une société, produit volontairement et involontairement 
de nouveaux sols : les anthroposols. Souvent méconnus, bien que parfois âgés 

de plusieurs siècles, ces sols anthropisés ou artificiels peuvent être considérés 
comme fonctionnels, car de nouveaux cycles biogéochimiques y reprennent leurs 
cours.
De la destruction à la reconstruction, en passant par la perturbation et la 
transformation, l’ensemble des pratiques de l’aménagement, de l’entretien et des 
usages urbains peut ainsi être assimilé à un processus d’anthropopédogénèse, 
rééditant et recyclant en permanence les sols dont elles héritent. S’interroger 
sur ces pratiques et sur ce qu’elles produisent permet dès lors de considérer 
l’urbanisation comme un levier de la valorisation des sols.

3# Renégocier l’empreinte urbaine, une approche 
fonctionnelle de l’affectation des sols
Dans la perspective d’une nécessaire transition écologique des pratiques urbaines, 
les grands équilibres surfaciques, volumiques et énergétiques de l’occupation du 
sol seront bouleversés et leur rôle central que pourront jouer les sols dans la ville 
sera amené à se renouveler en profondeur.
Dès lors, les dynamiques de recherche contemporaines sur les sols offrent une 
opportunité pour repenser les paradigmes de l’affectation des sols (land use) et 
pour renégocier les équilibres de l’empreinte urbaine. Il ne s’agit pas seulement 
d’intégrer de nouveaux paramètres à la méthode du zoning, mais au contraire de 
reformuler l’approche de l’affectation des sols, au profit d’un « projet de sol » original 

et innovant, formulé en termes de propriétés/qualités (multi)fonctionnelles, voire de 
prestations écosystémiques et urbaines.

Méthode : anthropogéomorphologie, anthropo-
pédogénése et taxonomie des sols urbains
L’enjeu épistémologique et méthodologique de cette recherche est donc d’établir 
un vocabulaire commun aux sciences du sol, à l’aménagement du territoire et à 
l’urbanisme, ainsi qu’une série d’outils transdisciplinaires permettant de définir 
(modélisation), d’analyser (observation) et de projeter (vision prospective) l’évolution 
des sols dans la ville-territoire, à différentes échelles spatiales.
A grande échelle, une étude synchronique, visant à qualifier, à quantifier, puis à 
corréler les différents facteurs de l’anthropopédogénèse selon différentes variables, 
permettra d’identifier de nouveaux types de sols, correspondant à de nouvelles 
morphologies urbaines.
A une échelle plus fine, une étude diachronique, visant à caractériser et mettre 
en relation les capacités fonctionnelles des sols contemporains avec, d’une part, 
la reconstitution historique de leur transformation par l’homme et, d’autre part, la 
projection vers de potentiels enjeux de projet, permettra d’interpréter comment 
les processus d’évolution naturelle et de transformation humaine du sol sont 
consubstantiels des processus de fabrication de la ville et du territoire.

Sols et infrastructures du district de l’Ouest 
lausannois

Sources : Points classifiés LIDAR, État de Vaud, géodonnées ; 

Geofabrik, OpenStreetMap.
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1 Atlas  des  anthroposols  dans  la  ville-territoire  :  contexte  et  facteurs  de l’anthropopédogénèse
De par leur extrême variabilité et en l’absence d’une taxonomie existante, il est difficile de réaliser une cartographie des sols dans la 
ville-territoire par observation directe. L’atlas des anthroposols constitue alors un SIG permettant de géolocaliser différentes couches 
d’informations sur l’état morphogénétique des sols d’origine, sur les facteurs de pédogénèse naturels, ainsi que sur les usages 
anthropiques modifiant ces sols.
Cet ensemble de cartes, non supervisé et non hiérarchisé a priori, proposera une lecture dynamique, dans le temps et dans 
l’espace, du palimpseste constituant les sols de la ville-territoire. Chacune des couches isolées donnera lieu à une analyse spécifique 
permettant de décrire un aspect morphologique ou quantitatif de la ville-territoire – p.ex. la proportion des sols ouverts, l’importance 
des déblais/remblais –, ou une comparaison dans le temps – p.ex. l’évolution du land cover ou les modifications de la topographie, 
etc.
L’ensemble des couches fera également l’objet d’une analyse multivariée permettant d’obtenir une classification de paysages 
urbains, sur la base de laquelle on pourra définir une classification des sols estimés à l’échelle de l’aire urbaine.

plate 12



Johnson and Watson-Stegner (1987) soil evolution model (horizonation vs. haploidization, 
retardant vs. developmental upbuilding, profile deepening vs. thinning); Simonson (1959) 
process model (additions, removals, translocations and transformations); Suitma’s (2017) 

model of the human influence on soil (change in the soil forming factors and specific 
assemblage of pedogenetic processes)
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Diagram of soil change: the soil profile as a snapshot in time 
containing reprocessed material evidence (biogeochemical 
properties) of the historical trajectories, the evolution of 
cultural representations and techniques, and the influence 
of the preexisting landscape; the soil development pathway 
as a combination of past and future pedogenetic processes 
determining soil resilience
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Various examples of 
chronosequencing 

presenting various stages 
of a soil’s development, or 

various soils at different 
stages of development, 

expressing soil temporal 
dynamics as a disturbance 
or resilience gradient, from 
top to bottom: Arlene Tugel 

(2005) examines the lower 
or higher ‘resistance’ of a 
given variable to cyclical 
or periodic change, with 

the continuation of a 
steady functioning regime 

or genetic trend; Sophie 
Leguédois (2016) examines 

the variable functional 
‘recovery’ of a soil following 

a pedogenic threshold, 
due to modification of 

some environmental or 
anthropogenic variables 

and/or soil intrinsic 
properties, with the 

establishment of a new 
functioning trend

Various examples of soil chrono-
toposequences as a series or transect of soils 

from the top to the base of a hill explaining 
the evolution of a soil in both time and space, 

from top to bottom: schematic of a ‘catena’ 
perpendicular to a valley; Éric Verrecchia, 

Étude d’une caténa en forêt de l’Isle-Adam, 
articulating two scales (the geological layers 

at 1:2000 and the pedological horizons at 
1:20) on the same section.
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Various examples of 
transects and chrono-, 
toposequencing

Various examples of 
the thematic readings 
correlating qualitative 
information (e.g. land use) 
on a topographic transect 
or quantitative data (e.g. 
population density) on a 
center/periphery gradient, 
from top to bottom: 
Bernardo Secchi and Paola 
Viganò, La ville poreuse, Un 
projet pour le Grand Paris 
et la métropole de l’après-
Kyoto, 2001; Alan Berger, 
Drosscape: Wasting Land 
in Urban America, 2006

plate 14
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2.2.3: Research Workflow and General Remarks on the Methodology 

The conceptual model and trajectories elaborated above define the various links of a soil 

ecosystem compartment model (Burghardt, 1994) [see plate 12]: spatial planning decisions 

distributed in time and space; natural and anthropogenic factors of pedogenesis; pedogenetic 

processes and soil DP; and the resulting soil profile and associated properties. This causal 

chain defines the research workflow of the case study as follows [see plate 12]: 
On the one hand, as a spatial , chronological and quantitative application of this model, 

the ‘Atlas of urban soils’ is a consolidated cartographic device composed of various layers 

(Schneider, 2000). The relations by which the layers inform each other determines mapping 

operations consisting of various graphic/analogical spatial analyses and 

comparative/quantitative analyses (Makowsky & Schneider, 2017). These operations consist 

of the following steps [see plate 12]. Various soil-related information sources were compiled 

into three basic layers corresponding to the interacting natural and anthropogenic factors. 

Layer I Geomorphology represents the geological formations and their specific reliefs [see 
plate 18], the geotypes (Parriaux & Turberg, 2007), which correspond to lithology, topography 

and major hydrological systems, as a synthesis of preexisting landscape conditions. In the 

absence of a proper soil map for the area, it gives an idea of the pedological background and 

preexisting natural soils. This layer also represents major anthropogenic superficial deposits 

which partially reflect the changes in the soil material and water regimes. When draped over 

the Digital Elevation Model (DEM), it also gives an idea of the natural and anthropogenic 

landforms. Layer II Land cover [see plate 22] represents spontaneous and man-managed 

vegetation, which corresponds to the biological factor strongly modified by cyclical soil 

maintenance practices as an overarching metafactor, as well as sealed and built surfaces, 

which correspond to changes in material and water regime. Layer III Anthrosediments [see 
plate 30] focuses on the various urban structures implemented in the area, the construction of 

which corresponds to changes in material regime through anthropic punctual lithogenesis as 

neofactor. These basic layers are separated into historical map series [see plates 28; 30] in 

order to trace and quantify the evolution of factors across a chronotoposequence and various 

spatiotemporal patterns [see plates 38-39]. Such intermediary outcomes explain the influence 

of the ‘project for the ground’ as an agent of soils’ evolution in terms of spatial planning 

decisions. The various combinations of natural and anthropogenic factors are finally 

synthesized into a concept map to spatialize and quantify the main soil historical trajectories, 

effectively distilling the mapping operations. 

On the other hand, as a snapshot in time containing reprocessed material evidence of 

various historical trajectories, the ‘Urban Soils Portraits’ complement the mapping operations 

in order to explain the influence of preexisting landscape conditions and anthropogenic factors 



81 

on pedogenetic processes and soil biogeochemical properties [see plate 13]. The 

establishment of an urban anthroposequence of pedogenesis comparing various described 

soil profiles then allows for the evaluation of their relative resilience according to different 

systematic patterns. Such an urban anthroposequence also provides a framework to 

hypothesize about the different functions of the studied soils by applying the Destisol decision 

support tool (University of Lorraine – INRA, LSE) and to foresee future research developments 

in terms of an interpreted map of soil functions. Thus, through the functional approach to soil 

it will be possible to assess the relevance of current zoning principles in relation to the 

estimated future needs for ecosystem services [see plate 12]. 
Ultimately, both the ‘Atlas of urban soils’ and the ‘Urban Soils Portraits’ provide a time 

dynamic and factorial framework to foresee and critically analyze the influence of ongoing and 

future planning decisions on urban soils’ evolution. As such, current land use planning 

documents and master plan are integrated to the cartographic ‘atlas’ as additional layers and 

local special planning documents complement the soil ‘portraits’. The prospective and project-

oriented developments of this research make it possible to identify challenges, opportunities 

and strategies for a sustainable implementation of the inward urbanization principle, and to 

formulate them in the form of various prospective soil trajectories and patterns. 

General Remarks on the Methodology: 
In a general way, the quantitative values presented in sections 2.3 and 2.4 must be taken with 

caution and used as indicative rather than absolute values [see plate 65]. This remark applies 

in particular to the quantitative values that are derived from the interpretation of heterogeneous 

and non-exhaustive historical maps, the source of a high margin of errors. It also applies in 

particular to the quantitative values that are derived from soil empirical description, as the very 

limited number of samples and a high margin of errors related to sampling conditions preclude 

any statistical validation. Beyond their validity as absolute values, these quantitative values 

are therefore less meant to document a specific case than to illustrate the logic of a 

phenomenon in a theoretical way. 

From a semantic point of view, the use of straight lines connecting points in the graphs 

presented in sections 2.3 and 2.4 can be interpreted in three ways. If the abscissa- or X- axis 

corresponds to time, then the line represents the evolution of a quantity (e.g., the evolution of 

the total surface area covered by gardens during the 20th century) [e.g. plates 28; 30], which 

is however not necessarily linear. If the X- axis corresponds to a typological variation (e.g., 

different types of land use zones), then the line should be interpreted only as a means of 

graphical comparison (e.g., ‘greater than’ if the line rises, ‘less than’ if it falls) between 

proportions (e.g., the variable proportion of gardens according to the total surface area of the 

different land use zones) [e.g. plate 45], according to a similar symbology as in a radar 
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diagram. Finally, if the abscissa- or X- axis corresponds to a sequential variation (e.g. the 

different soils of a chronosequence or anthroposquence), then the line must be interpreted at 

the same time as a means of graphical comparison, as the expression of a link corresponding 

to the logic of a phenomenon or process (a pattern) and as the evolution of a quantity (e.g. the 

variation of soils’ pH according to soils’ age) which is however by no means linear or gradual 

[e.g. plates 67-69]. 

2.2.4: Definition of Soil Physical and Spatial Entities 

The spatial and physical entities defined by natural soil science and ecology are only partially 

relevant for the study of urban soils [see plate 73]. In the urban ecosystem, water following 

the relief does not act as the only ‘organizing vector’ (Runge, 1973). Thus, the variation of one 

isolated factor, or more covariant factors, on pedogenic processes contributing to produce a 

particular series of soils, cannot be exclusively studied as a ‘catena’ or toposequence 

(Bushnell, 1942) [see plate 14] in the form of a transect typically perpendicular to a valley. 

Various spatiotemporal and systematic patterns synthesized as an urban anthroposequence 

explaining soils’ distribution on the large scale of West Lausanne rather reflect the structure of 

an urban fabric, which is specific to the Swiss Plateau ‘city-territory’ in the way it reacts to 

topography [see plates 5-6], as well as to the chronological evolution of land uses, 

construction and maintenance techniques, urban forms and planning tools [see plates 7-8]. 
Likewise, urban soil bodies are not only determined by geomorphology either. Physical 

entities, also corresponding to coherent mapping units, should also include the spatial logics 

of anthropic intervention on the land. Among others, Shaw and Isleib (2017, p. 111) report 

about an urban soils survey conducted in New York (USA) that “soil map unit boundaries reflect 

natural landforms, human-altered landforms, current land use or land cover patterns, or some 

combination of these”. In the case study, the anthropogenic influence on soils was initially 

framed by forest and agricultural units, the delimitation of which was still relatively adherent to 

geomorphology, then by the more independent metrics of urban and infrastructural 

developments [see plates 28; 30]. The definition of such physical and spatial entities is crucial 

to the proposed research questions, since Pouyat (Pouyat et al., 2010, p. 135) observes that 

“at this scale, soil responses can be related to individual patches with specific site histories 

and activities of individual land managers.” 

Pedons or polypedons, as soil volumes characterized by a specific profile [see plate 73], 
are therefore determined here by the combination of the various natural and anthropogenic 

factors, the prevalence of which varies from case to case according to historical trajectories 

and systematic patterns [see plate 13]. The spatial extent of anthropogenic influences thus 

corresponds to the effective footprint of an urban structure, the diffusion of its impact around it 
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according to a specific buffer, or based on the right-of-way of a functional entity or landholding, 

such as a parcel [see plates 23; 31]. Finally, at the infra-profile scales, horizons, aggregates 

and soil particles may be in some cases more homogenous than in natural soils, but they 

remain relevant to describe the structural organization of the profile. 
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2.3: Atlas of Urban Soils 

Reminder of the proposed approach: 
The second research operation will explore the evolution of urban soils forming factors by (I) 

retracing and quantifying preexisting landscape conditions, urban developments and land 

cover changes in various cartographic layers and map series constructed from various source 

documents, then by (II) reconstructing a chronotoposequence and identifying various 

spatiotemporal patterns from this cartographic narrative, and ultimately by (III) mapping and 

quantifying urban soils’ specific historical trajectories. This multifactorial approach will be 

illustrated here through the creation of an ‘atlas’ based on the case study of the West Lausanne 

mixed-use district in the canton of Vaud, Switzerland. Ultimately, the consolidated concept 

mapping provides a framework for a critical analysis of the ongoing planning policies in West 

Lausanne and leads to foreseeing opportunities and strategies for the future regenerations of 

both the West Lausanne city-territory and its urban soils according to various prospective 

patterns. 

2.3.1: Material and Method: Mapping Time for an Historical Reconstruction of 
Urban Developments and Land Cover Changes 

2.3.1.1 A Journey through Soil Representations: Aggregating Heterogeneous Datasets 
into a Four-dimensional Platform: 
On the soil map of the canton of Vaud (Canton of Vaud, Soil Map, n.d.), as well as on those 

produced at the national level by the Federal Office for Agriculture (Digital Soil Suitability Map 

of Switzerland, n.d.), urban areas appear as white spots (Vasset, 2007), illustrating a fairly 

common epistemological gap (e.g. Hernandez et al., 2017; Makowsky & Schneider, 2017; Van 

De Vijver et al., 2020) [see plate 15]. Documents collected from various private collections 

and government sources (i.e. federal, cantonal and municipal archives, as well as various 

geodata repositories managed at different levels of territorial governance) are therefore 

required to overcome the dearth of available soil data for this case study [see illustration 
series 1. Archive Materials]. 

Such documents revealed a fluctuating practical and cultural consideration for soil. Beyond 

an opportunistic logic linked to the availability of data of varying scale and quality, compiling 

these heterogeneous datasets marked a crucial milestone in the elaboration of the atlas. It 

allowed to observe how the consideration for soils in an urban context fluctuates over time. As 

it is related to the evolution of both territorial representation and spatial development 
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challenges in theoretical and practical ways, the fluctuating documentation on soils highlights 

certain logics of urbanization and their impact on soils [see plates 17]. 

Municipal Topographic Maps: 
Two sets of hand-drawn topographic maps produced at the municipal scale and respectively 

dated ca. 1830 and ca. 1880–1900 (further mentioned here as ca. 1900) at a circa. 1:10,000 

to 1:5,000 were found in the Archives Cantonales Vaudoises (Canton of Vaud, Archives, n.d.). 

Although they are anonymous or signed by various authors, the different documents 

composing each set of maps have a very similar graphic language. It is therefore likely that 

they are respectively resulting from the same cartographic campaign, probably instigated by 

public authorities in the process of being structured as a modern state. Only few of these 

watercolor and ink hand-drawn maps have a legend [see plate 23]. However, the presence of 

the same graphic elements, significantly more figurative and detailed in the set of documents 

dated from 1830, allows a similar interpretation for all the maps. One can make out the relief, 

represented in the form of contour lines or hatching perpendicular to the slope, rivers, drainage 

and irrigation canals, woods and isolated trees, as well as pastures, wetlands and vineyards, 

croplands and gardens, buildings, roads and paths. In 1830, each parcel of cropland seems to 

be distinguished by hatchings of different colors, while in the 1900 series, uniform color tints 

represent agricultural land holdings of larger sizes, each designated by a specific toponym. 

These maps cover the entire surface of the land and depict in detail the texture of the ground. 

Such a type of representation does not establish any hierarchical distinction between the 

elements belonging to the natural, agricultural and urban realms. The different uses appear 

therefore as a central feature of landscape and territorial management. Ultimately, each village 

is depicted as a coherent spatial entity, among which wilderness, human habitat and 

agronomic productivity are of equal importance. 

National Topographic Maps: 
Sometime later in the course of 19th century, a Swiss topographic map gradually emerged at 

the national level. The first version, named after its renowned author, General Guillaume Henri 

Dufour, was produced from the 1840s at a 1:100000 scale (Dufour Map, n.d.). Drawn in black 

ink, it represents the relief, woods, watercourses and wetlands, as well as major roads and 

schematic groups of buildings, with villages toponyms. The following version, also named after 

its main author, Herman Siegfried, was produced from the 1870s and periodically updated 

(Siegfried Map, n.d.). Drawn using a trichromatic lithography technique partially at a 1:25000 

scale, it provides a more detailed survey of the territory, including specific features such as 

orchards and vineyards, as well as cemeteries and quarries. In the middle of the 20th century, 

the Siegfried map became the Swiss National Map, which nowadays is updated on a yearly 
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basis at a 1:10000 scale as a polychromic and digitalized map (National Topographic Map, 

n.d.). Although they have the advantage of representing the whole territory using a

homogeneous symbology, national topographic maps have a lower degree of precision than

previous municipal maps. With the exception of specific land uses and main natural elements,

the soil is no longer represented per se, as a continuous element with a varying texture. Focus

is instead on urban developments and infrastructures that stand out against an abstract

background.

Photographic Campaigns: 
In the first quarter of the 20th century, photography appears as a new medium of territorial 

representation. Since 1933, the case study area has been covered by several sets of 

orthophotographs and is today distributed by the Federal Office of Topography Swisstopo (A 

Journey through Time – Swisstopo Aerial Images, n.d.). Produced in black and white silver 

prints, then in color from the 1980s, these photographic campaigns were initially carried out 

every 5 to 10 years at a precision equivalent to a scale varying from 1:50000 to 1:10000, and 

reaching today a degree of detail corresponding to 25 cm, or even 10 cm. Aerial photographic 

campaigns also include various bird’s eye views, such as those of the Perrochet collection 

documenting the Lake Geneva region for commercial purposes from the 1920s to the 1960s 

and now kept in the Archives de la construction moderne at EPFL (Funds and Collections – 

EPFL, ENAC, n.d.). Various collections of picturesque postcard-type views, such as those 

collected by the historiographer Jean-Claude Marendaz for West Lausanne (Bonzon et al., 

1987; Marendaz, 2007) complement aerial views. This kind of document switches to a 

completely different semantic regime. Unlike the topographic map, the orthogonal projection 

does not correspond to a drawing made on the basis of descriptive geometry which allows the 

viewer to isolate and identify singular objects. In turn, it consists in an indistinctive imprint of 

the whole surface of the territory at a given instant, including atmospheric effects. The 

photographic medium is intrinsically anecdotal. Thus, it mechanically records a quantity of 

valuable, yet unintentional and otherwise undocumented, information about the anthropogenic 

impact on soils, such as the spatial coexistence of rural, industrial and urban activities, or the 

actual footprint of large construction sites. 

LiDAR and Other Remote Sensing Techniques: 
Finally, today, the most recent developments in remote sensing techniques provide new 

datasets with specific characteristics. The light imaging, detection, and ranging (LiDAR) 

technique allows airborne tridimensional laser scanning of the territory rendered as a point 

cloud of unprecedented centimetric resolution. The current use of airborne LiDAR is generally 

limited to the representation of topography in the form of a bare earth Digital Elevation Model 
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(DEM), including the bare earth surface and possibly the vegetation and built objects. 

However, by combining airborne LiDAR with orthophotography, it is now possible to obtain a 

more refined classification of the point cloud, allowing in particular to identify the different 

vegetation layers, as well as to distinguish sealed soils from open ones (Gachet, 2013). Among 

other remote sensing techniques such as satellite imagery, airborne LiDAR, which was initially 

developed mostly in the frame of environmental sciences for risk management purposes, 

conveys a holistic vision of the territory. Although it represents only the ground surface and 

does not document the material thickness of soil and subsoil, it provides a detailed and 

continuous land cover which is comparable to the aforementioned municipal maps. 

GIS Four-dimensional Aggregating Platform: 
Compiled in their digitalized form, these documents were rasterized on a cell grid, 

georeferenced, and classified in a geographic information system (GIS) according to a 

consistent classification system at a 1:10,000 scale. Such a unique platform aggregating 

heterogeneous reference materials allowed to associate to the aforementioned documents 

other spatial data, such as parcel division, land use (zoning) or information related to 

agricultural subsidies. This process allowed for comparison between categorical layers and 

across temporal grouping. Following the evolution of knowledge on soil and its representation 

through various mediums, such a chronological approach then produced an original 

cartography integrating history as a fourth dimension of the map, tracing urban development 

and land cover transformation within the study area. Ultimately, this GIS platform allowed to 

georeference punctual empirical data collected on site and to put them into a cartographic 

perspective through multiple spatial analysis operations [see illustration series 3. Mapping 
Operations]. 
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2.3.1.2 Drawing Map Layers, Sequencing and Quantifying Map Series in terms of 
Disruption or Incremental Continuity: 
While the information in Layer I Geomorphology [see plate 18] comes from a single source 

(Canton of Vaud, Geotype Map, n.d.), layers II and III were elaborated from a combination of 

the various aforementioned source documents. 

Drawing of Layer II Land cover: 
Layer II Land cover contains two maps corresponding to the end of the 19th century (ca. 1900) 

and to the contemporary period (ca. 2018) [see plate 22]. The layer map for ca. 1900 is 

partially drawn since it is based on a combination of local municipal topographic maps, which 

does not cover the full extent of the case study, and early national topographic maps, which 

does not exhaustively document the land cover; whereas the layer map for ca. 2018 is based 

on a point cloud which fully covers the extent of the case study. For these two maps, a unique 

classification was established based on the rudimentary legend accompanying the communal 

maps [see plate 23]. This classification includes: woods, fields, meadows, vineyards (including 

by extension other horticultural perennial crops), gardens (i.e. all the non-agricultural open 

soils surfaces in the immediate vicinity of homes, without any distinction between ornamental 

public/private green spaces, non-subsidized food-producing uses, or any kind of unpaved 

vacant lots), squares (i.e. non-building paved surfaces), buildings, and water [see plate 24]. 
For the 19th century map, the ArcGIS Image Classification package was used to collect color 

samples from the patches of the various communal maps, then iteratively classify the color 

tints of these maps according to the supervised classification. Since it is based on the feature 

recognition of color patches, this method is not suitable to classify properly the non-surface or 

linear items of the map, such as toponyms, boundaries of agricultural land holdings, 

topographic contour lines or various types of hatches. On the ca. 1900 map these elements 

are therefore represented in black, whereas the white portions of the map correspond to the 

areas whose land cover is not described in the source documents. These black and white 

surfaces represent a margin of error in the quantitative interpretation of the ca. 1900 map. 

However, being distributed all over the map, they were regarded as not modifying significantly 

the orders of proportional magnitude of the different land cover classes [see plate 23]. 
For the map of the contemporary period, the corresponding LiDAR classes of points were 

used to identify bodies of water, buildings, squares and railways, which were distinguished on 

the basis of the sealed surfaces class of point. Introduced as a new land cover type, railways 

are represented by the color black, which was assigned to non-surface or linear items in the 

ca. 1900 map. Woods were identified on the basis of high vegetation LiDAR class. Fields, 

meadows and vineyards (including by extension other horticultural perennial crops) were 

distinguished on the basis of open soils and low vegetation LiDAR classes, combined with a 



91 

contemporary dataset related to agricultural subsidies: the Coordinated Census of Agricultural 

Data. The ‘garden’ class corresponds to the portions of open soils and low vegetation LiDAR 

classes which are not dedicated to subsidized agriculture [see plate 23]. 

Drawing of Layer III Anthrosediments: 
Layer III Anthrosediments contains 11 non-exhaustive types of urban structures which have 

generated anthrosediments and therefore potentially impacted urban soil PM [see plate 30]. 
This classification includes: stone-clay-pits, buildings, roads (i.e. all the surfaces dedicated to 

transportation, including parking lots), railways, buried rivers, reclaimed land, cemeteries, 

landfill or dump sites, levees or banks, special planning (i.e. implementation of larger urban 

developments in single operations according to specific planning tools) and sports fields. An 

exhaustive classification would also consider additional subterranean structures, such as 

buried sanitation, telecommunication and energy infrastructures, as well as basements that do 

not match the footprint of overhead buildings. The LiDAR classified point cloud was used to 

identify buildings, as well as roads and railways which were manually distinguished on the 

basis of the sealed surfaces class of points. Levee or banks and sports or leisure fields were 

not classified in the LiDAR point cloud and therefore had to be identified using the current 

vector topographic landscape model of Switzerland (SwissTLM3D). Landfill or dump site had 

to be imported from the current cantonal map of contaminated sites. Special planning 

operations had to be imported from a cantonal zoning dataset. Stone-clay-pits, buried rivers, 

reclaimed land on the lake and cemeteries could not be identified either from the LiDAR point 

cloud, nor from other contemporary source documents, and therefore had to be manually 

redrawn from historical source documents. Ultimately, the actual extent of anthrosediments, 

represented in grey, was determined by the effective footprint of the urban structures, or by 

the diffusion of their impacts around it according to various specific buffers estimated from 

historical orthophotographs [see plate 31]. 

Sequencing of Geomorphological and Historical Series: 
Layer I remains relatively stable over the study time period, with the notable exception of major 

anthropogenic changes in the topography related to urbanization further documented in layer 

III. Therefore, this layer was set in a separated proper historical series. However, its

classification into five main geotype series does give a sense of the multi-million-year timescale

of geomorphological processes. In this case study, sedimentary (molassic) processes span

between 36 and 10 million years ago; glacial (morainic), glaciolacustrine (terraces) and fluvio-

glacial (rivers) processes correspond to the last glacial episode, the Würm, spanning

approximately from 100,000 to 15’000 years ago; finally major anthropogenic superficial

deposits (earthworks) appear during the last century (Weidmann, 1987). In this research, the
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sedimentary (molassic outcrops) and glacial (bottom moraines) geotype series are equated to 

hillsides, as opposed to the glacial (frontal and lateral moraines), glacio-lacustrine (terraces) 

and fluvio-glacial (rivers) geotype series which are referred to as sunken reliefs, while the 

anthropogenic geotype series designates the main large-scale earthworks which are mostly 

due to river burying, implementation of landfills or land reclamation on the lake [see plates 18-
21]. In turn, the historical series that comprise layers II and III are sequenced according to a 

unique timeline, the definition of which is based on the aforementioned source documents [see 
plate 17]. The sequence starts in 1830, which corresponds to the earliest available municipal 

maps, at which point West Lausanne was still a rural landscape, and terminates in 2018, which 

corresponds to the current state of urbanization. Intermediate stages on the timeline were 

determined based on when national topographic maps were updated, in order to properly cover 

the main waves of urban growth and infrastructure development. The seven following intervals 

are thus obtained: before 1830; 1830–1900; 1900–1935; 1935–1950; 1950–1975; 1975–1990; 

1990–2018. The intervals of the time-line were transposed in seven shades of grey defining a 

color-scale, with the lighter shade corresponding to the earliest interval of the time sequence 

and the darker one to the most recent [see plate 17]. These shades take inspiration from the 

more or less long exposure of photographic paper to light in order to graphically represent a 

chronological gradient. This sequencing was applied partially to layer II [see plate 28] and 

exhaustively to layer III [see plate 28], according to the following operations. 

Historical sequencing of Layer III Anthrosediments: 
The urban structures represented in layer III were dated according to their first emergence on 

the historical source documents [see illustration series 3. Mapping Operations]. The 

methodology implemented for the historical sequencing of this layer is consequently hybrid. 

On the one hand, the various elements which could be identified from LiDAR and other 

contemporary sources were subjected to a retrospective dating process, consisting in 

assigning to a contemporary object a date of origin back in the past PM [see plate 30]. On the 

other hand, the various elements which had to be redrawn directly from historical source 

documents were subjected to a historical reconstruction process, consisting in retracing the 

emergence of an object starting in the past and following the chronology of its evolution up to 

the present time. As opposed to historical reconstruction, the reverse process of dating 

contemporary objects presents various methodological biases. It can result in approximations 

and anachronism as it only considers the contemporary footprints of urban structures, even if 

they may have expanded over time. The currently large footprints of some major roads for 

example may be dated early in the past, since a former and narrower road following the same 

alignment already existed at the same place before. Besides, this operation does not consider 

the elements that may have disappeared over time. However, the comparison of the historical 
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source documents shows that a very limited number of urban structures have entirely 

disappeared, such as a few isolated buildings which are deemed to be negligible at the scale 

of the case study. Whereas one can note that most of the elements which have disappeared 

have been replaced by others having a similar or greater impact on soils, such as the former 

embankments along the railway which, for the most part, were afterwards erased and 

reprocessed by new constructions. On the contrary, historical reconstruction seems essential 

to the study of urban structures whose actual footprint varies considerably over time. For 

example, it has been necessary to redraw the actual extents of stone-clay-pits over time as 

they are highly variable by definition and have been subsequently reclaimed for the most part, 

without leaving any visible traces on the contemporary map. 

A color-code was assigned to each of the 11 elements. Taking inspiration from the more 

or less long exposure of photographic paper to light in order to graphically represent a 

chronological gradient, the intervals of the timeline were transposed in seven shades of grey, 

with the lighter shade corresponding to the earliest interval of the time sequence and the darker 

one to the most recent one. Such a typological and chronological sequencing created a 

bivariate choropleth map, allowing to read in two different ways the development of the urban 

fabric in terms of dynamic morphologies. On the one hand, by isolating a specific color, one 

can perform a diachronic typological reading of the emergence of a given urban structure over 

the all-time sequence (e.g. the shades of red render the gradual emergence of buildings over 

time) [see plate 32]. On the other hand, isolating a specific shade of colors allows for a 

synchronic reading of the state of urbanization at each temporal interval (e.g. the darkest 

shades of each color correspond to urban elements that emerged between 1990 and 2018) 

[see plate 33]. 

Historical sequencing of Layer II Land cover: 
The historical sequencing of layer II Land cover proved to be more complicated to achieve. 

Despite the quality of data contained in the communal maps designed around 1830 and 1900, 

as well as in contemporary source documents, the lack of information regarding soil in the 

intermediate topographic maps precludes carrying out a complete study of the evolution of 

land cover [see plate 17]. Achieving such a historical reconstruction through automated 

feature detection of black and white orthophotographs was deemed to require extensive post-

processing. Given the lack of sufficient complementary information to verify results, such an 

operation was deemed outside the scope of this research. As such, the historical sequencing 

of layer II was limited to a comparative analysis of land cover between the end of the 19th 

century and the contemporary period [see plate 24]. 
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Quantitative and Proportional Comparison of Land Cover through Time in terms of 
Disruption: 
Each cell of the two raster maps were then compared using the Map Algebra (Tomlin, 1994) 

tool in ArcGIS in order to determine the permanence, disappearance and expansion of each 

land cover type between the two periods. It can be observed that, during the 20th century, the 

agricultural landscape was almost completely removed in favor of a considerable growth of the 

gardens, squares and buildings land cover types, while woods have been highly protected by 

law [see plate 25]. The comparative analysis of the orders of proportional magnitude of the 

different land cover classes in ca. 1900 and in ca. 2018 therefore induces an interpretation of 

land cover change in terms of disruption. 

Until the end of the 19th century, the West Lausanne region was characterized by a ‘project 

for the ground’ in the form of a mesh of villages, which is clearly depicted in the historical 

municipal maps. These small urban entities were distributed equidistantly, located in the center 

of the municipal territory and surrounded by successive belts of gardens, vineyards, meadows 

and fields, taking advantage of the geomorphological characteristics of each site (Biaudet, 

1982). Given the availability of data for this period, the orders of proportional magnitude of the 

different land cover classes were analyzed only for three municipalities: Crissier, Renens and 

Chavannes-Près-Renens. The total margin of error concerning these proportions in ca. 1900 

is significant since more than 13.5 % of the surface of the three municipalities correspond to 

non-surface or linear items of the map and are therefore undocumented in terms of land-cover. 

At that time, the agricultural vocation of the West Lausanne territory was largely dominated by 

food production and in particular by cereal crops, which covered half of the land. With the 

exception of the undocumented areas represented in black and white, the surface of the three 

communes in ca. 1900 was in fact less than 1 % covered by buildings, against a highly 

underestimated 84 % of unbuilt land (1.5 % of the remaining surface being covered by water). 

4 % of this unbuilt land was dedicated to transportation as paved surfaces (squares), which is 

probably highly overestimated due to some anachronism in the dating of road footprints, 

compared to 80 % of permeable soil. These open soils were distributed between 11 % of 

woods (alignments and isolated trees not included for this period), 2 % of gardens and 67 % 

of soils dedicated to agricultural production (50 % of fields, 13 % of pastures and 4 % of 

vineyards and other perennial crops) [see plates 22; 26]. 
For the contemporary period, the data regarding the different land cover classes are 

available for the entire studied area. The orders of proportional magnitude were therefore 

analyzed for the total extent of the case study [quantities for the three municipalities are also 

given in brackets for the purpose of comparison with ca. 1900]. In 2018, 10 % [13.5] of the 

studied area is covered by buildings, against 85 % [86] of unbuilt land (5 % [0.5] of the 

remaining surface being covered by water). 18 % [24] of this unbuilt land is dedicated to 
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transportation: 17 % [22] of asphalted surface (squares) and 1 % [2] of railways. However, 67 

% [49] of permeable soil remains. These open soils are distributed between 18.5 % [20] of 

woods (alignments and isolated trees included for this period), 27 % [29] of gardens and 21.5 

% [13] of soils dedicated to agricultural production (15 % [9.5] of fields, 6 % [2.5] of pastures 

and 0.5 % [1] of vineyards and other perennial crops) [see plates 22; 27]. The order of 

proportional magnitude of the different land cover classes contradicts simplistic and divisive 

visions that oppose the city and the soil or equate the latter only with agriculture. In turn, one 

half of the soils of the contemporary West Lausanne city-territory is unsealed and permeable 

[two thirds for the three municipalities], but only one fifth of them is dedicated to subsidized 

agriculture [one tenth]. In the three municipalities, between ca. 1900 and ca. 2018, the built-

up areas were multiplied by more than 13, the transport areas by 6 (which is probably 

underestimated as explained above) and the garden areas by 15, while the agricultural areas 

were divided by 5. 

Map series as Incremental Continuity: 
As opposed to land use comparison between the two maps of layer II in terms of disruption 

[see plate 25], the historical reconstruction and dating operations performed on layer III 

allowed for an incremental reading of urbanization as a gradual process of anthroturbation and 

soil sealing [see plate 33]. However, crops and pastures were not only replaced by 

transportation surfaces and buildings but also by a new type of urban vegetal cover: the 

gardens. It was therefore necessary to go beyond this first interpretation of layer II by trying to 

better understand the evolutionary process that resulted in the disaggregation of the initial 

agricultural landscape. For each interval of the time sequence, the former agricultural land 

holdings represented in the municipal maps were superimposed with the contemporary plot 

division, which was dated according to the time on which each plot was gradually urbanized 

and turned into a ‘garden’. Using the same process as for the sequencing of layer III, this 

operation provides us with a second historical map series retracing the diachronical 

emergence of the ‘garden’ as an ambiguous typology of land cover, in relation to the 

dismantling and reconversion of former agricultural land holdings [see plates 28-29]. 
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2.3.2: Results and Discussion: Connecting the Evolution of Anthropogenic 
Factors in Time and Space to Urban Soil Historical Trajectories: 
Chronotoposequence and Spatiotemporal Patterns 

2.3.2.1 The Urbanization Chronotoposequence: 
If placed side by side, the ‘anthrosediments’ and ‘garden’ map series [see plates 28; 30] can 

also be read synchronically, in order to correlate the specificities of both land cover changes 

and urbanization processes for each time period. Such a reading provides an integrated vision 

on the chronological evolution of the anthropogenic factors influencing the development of 

urban soils. Along with quantitative measures, the two historical map series therefore define a 

chronotoposequence [see plate 14], which was used to exemplify and to locate in space and 

time the gradual replacement of the soil landscape through anthropic lithogenesis and 

metapedognenesis. Besides, the quantification of such factors in hectares for each interval of 

the time sequence highlighted two major waves of territorial densification, interrelated to the 

cultural and technical evolution of soil management practices, and accompanied by the 

evolution of urban morphologies [see graphs in plates 28; 30]. 

1900 – 1950: 
During the first half of the 20th century, a diffuse and mixed urbanization logic was established, 

in particular during a first major wave of urban growth around 1935, which corresponded to the 

beginning of industrialization following the construction of the first railway line, and then slowed 

down during the pre-World War II period. Agriculture, industry and housing were gradually 

closely intertwined throughout the entire southern part of West Lausanne (see i.a. Coen & 

Lambelet, 2010; Radeff & Francillon, 1991) [see plates 29, 33, 34]. This emerging urban 

continuum settled on the morainic and molassic hillsides between Prilly and Renens was 

crossed on its central axis by the new railway line set in the sunken reliefs of the 

glaciolacustrine terraces [see plate 35]. Between 1900 and 1950, the extent of 

anthrosediments increased by about 300 hectares and the paved surfaces dedicated to 

transportation (squares) expanded by about 100 hectares; while the gardens surfaces 

expanded by about 150 hectares. 

This urbanization process was essentially structured by the creation of roads and 

developed according to land opportunities plot by plot. It also included the establishment of the 

first main open space public facilities, such as modern cemeteries and parks. Such close-scale 

and scattered operations tended to preserve the productive role of open spaces often 

dedicated to domestic food production in the immediate vicinity of new dwellings. 
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1950 – 2018: 
During the second half of the 20th century, the characteristic fabric of West Lausanne was 

then restructured through fast-growing housing developments and tertiarization, in particular 

during a second major wave of urban growth until 1975, the intensity of which was twice as 

high as the first wave. This second wave then significantly slowed down after the thirty-year 

post-war boom (the ‘Trente glorieuses’), giving way to the gradual filling of the remaining urban 

voids which constitute the last reserves of open soils and to a loss of adherence to 

geomorphologies, except for the major infrastructures and public facilities which were mostly 

implemented on glaciolacustrine terraces and anthropogenic landfills [see plates 29, 33, 36]. 
Between 1950 and 2018, the intensity of the anthropogenic factors influencing the 

development of urban soils doubled or even quadrupled in some cases: the extent of 

anthrosediments increased by about 650 hectares and the sealed surfaces dedicated to 

transportation (squares) expanded by about 400 hectares; while the gardens surfaces 

expanded by about 600 hectares [see plate 37]. 
This period of scaling up and acceleration in urban development was marked by the 

construction of major infrastructures with extensive right-of-ways, such as the first Swiss 

highway, and larger sectorized operations accompanied by large scale urban parks (i.e., large 

housing or office complexes, a university campus, logistics or recreational platforms, or the 

esplanades and sport fields along the lake initially established for the Swiss national EXPO 

64). Such an evolution was made possible by the introduction of special planning tools (Aviolat 

et al., 2016), which facilitated the gradual dismantlement of agricultural land holdings, starting 

with larger ‘bourgeois’ estates (Rickli, 1978), and then smaller horticultural units. This 

modernist urban planning project for the ground conferred to the open soils of large landscaped 

green spaces a highly ornamental, recreational, and hygienic value, albeit at the expense of 

their former productive functions. Therefore, as shown in historical orthophotographs, it is not 

surprising that more invasive building techniques, affecting the whole surface of each 

development site by a global management of cut and fill material, had a much greater impact 

on soil. 
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2.3.2.2 Spatiotemporal Patterns: 
In terms of urban history and geography, the influence of urbanization on soil can be 

examined in different ways, according to three main spatiotemporal patterns. 

Time Gradient as Chronosequence: 
The historical sequencing of layer II and III has defined a chronosequence [see plate 14] and 

highlighted two spatiotemporal patterns A and B [see plate 38]. Firstly, as a neofactor of 

lithogenesis, West Lausanne urbanization is characterized by a vast phenomenon of gradual 

anthroturbation and soil sealing leading to the expansion of anthrosediments, as illustrated by 

pattern A. The two 1935 and 1975 urban growth waves correspond to spikes in intensity, 

accompanied by cultural and technical changes in soil maintenance practices, and explain the 

divarication between trajectories C and D, and the significant increase in importance of 

trajectories F and G [see plates 11; 30; 38]. 
Secondly, as a metafactor of pedogenesis, West Lausanne urbanization is characterized 

by the gradual emergence of the ‘garden’ as an ambiguous typology of land cover, as 

illustrated by pattern B. A similar trend in the development of gardens, buildings and roads 

surfaces underlines the fact that the city-territory of the 20th century was not only made of 

buildings and sealed surfaces, but has also produced a significant amount of specific open 

soils, which are not used for agricultural purposes. The various morphological changes 

accompanying the two urban growth waves, also corresponding to cultural and technical 

changes in soil maintenance practices, explain the dwindling of trajectory B, in favor of 

trajectories C, D and E [see plates 11; 29; 38]. Both A and B pattern explain the significant 

decrease of trajectory A. 

Geomorphological Transect and Center–Periphery Gradient as Toposequences: 
Thirdly, as another potential metafactor of pedogenesis, West Lausanne urbanization is 

characterized by a partial adherence of certain types of urban structures and related land cover 

to the various local geomorphologies and associated topography, as illustrated by pattern C 

[see plate 39]. Until the end of the 19th century, for example, villages and vineyards were 

generally established on hillsides, while woods were preserved mainly on the steepest slopes 

along rivers. Since the end of the 19th century and during the 20th century, major 

transportation infrastructure, industrial platforms and campuses were mainly located in lower 

sunken reliefs, corresponding to a glaciolacustrine geomorphology. However, these 

correlations tend to diminish with more major anthropogenic modification of the original 

landscape, such as river burying, as well as with successive urban growth waves which are 

progressively densifying and saturating the urban fabric. 
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Besides, the changes in the orders of proportional magnitude of different land cover 

classes analyzed for three municipalities (Crissier, Renens and Chavannes-Près-Renens) 

defines a toposequence along the Northeast to Southwest geomorphological transect [see 
plates 26-7]. In comparison with Crissier and Chavannes-Près-Renens, the proportion of built-

up and sealed surfaces is higher in Renens. Such an inflection in the orders of proportional 

magnitude of the different land cover classes in Renens reflects a more advanced stage of 

urbanization than in the other two municipalities. The permanence of such a trend over the 

whole time sequence can be explained by the location of Renens on the bundle of transport 

infrastructures and consequently in the sunken reliefs of a glaciolacustrine terrace [see plates 
19-20]. This correlation illustrates the punctual influence of the Southeast to Northwest

transversal center/periphery gradient, which is transversal to the toposequence [see plates
16; 26-27]. The partial relevance of the spatial transect and gradient and related toposequence

consequently suggest a persistence in the direct or indirect influence of preexisting landscape

conditions on urban soil DPs, which have to be to be further explained and combined with

historical trajectories.

The Mesh of Urban Soils as a Mosaic Figure: 
Framing the anthropogenic influence on soils in terms of a geomorphological transect or 

center/periphery gradient may be fully relevant in macro-perspectives. Yet, when applied to 

close territorial reading, it should be reconsidered in favor of more sophisticated spatiotemporal 

patterns defined, in this case study, by a diffuse and mix-use urbanization, interweaving 

villages, agriculture, industry and sectorized developments within a mesh which was gradually 

densified. This interpretation is shared by Pickett and Cadenasso (2009, p. 24) who affirm that: 

“[the] multinucleate nature of contemporary conurbations is unlikely to exhibit literal 

gradients from a center to a periphery. Rather, the contemporary ‘city’ has many cores 

and edges […].” 

Rather than by a simple spatial transect or gradient, the influence of urbanization on West 

Lausanne soils was mainly explained by a section through time. Such an historical narrative 

integrates various facets of land use, including construction and maintenance techniques, 

planning tools, and urban morphologies, into a specific ‘project for the ground’ which urban 

historian André Corboz designates as the Swiss Plateau “city-territory” (Corboz, 1990, pp. 

631–635) [see plates 5-6]. The atlas therefore offers a template, in the form of a complex figure 

(understood in this PhD thesis as a structural scheme) evolving both in time and space, on which to apply 

the factor approach in order to explain the variation of contrasted soil DPs as a coherent bundle of 

historical trajectories. The spatiotemporal patterns and figure defined by the mesh of urban soils 

correspond to Pouyat’s (2010, p. 130) interpretation when he states that: “[the] overlapping of the direct 

and indirect effects of anthropogenic factors on the native soil results in the ‘urban soil mosaic’.” 
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2.3.2.3 Mapping Urban Soil Historical Trajectories: 
At this stage of the research, it seems therefore possible to extrapolate a concept map based 

on a supervised classification of soil historical trajectories [see plate 11], which acknowledge 

a priori potential urban soils at the territorial scale of West Lausanne. The originality of this 

new type of map is that it is neither a map of soil types nor of soil quality, but to present and 

spatialize in an unprecedented graphic semiology the natural and anthropedogenetic 

dynamics that are currently in process on a territory. This new layer is obtained by combining 

in various ways the information about anthropogenic meta- and neo- factors of pedogenesis 

contained in layers II and III. The historical sequencing of the two layers therefore allows for 

the sequencing of two maps of soil historical trajectories at the end of the 19th century (ca. 

1900) and during the contemporary period (ca. 2018). 

Localizing Soil historical trajectories at the end of the 19th century: 
The wood and meadow classes of layers II determine the map units corresponding to a type 

A trajectory which is characterized by the permanence of a non-anthropized vegetal cover. 

The field, vineyard and garden classes of layer II determine the map units corresponding to a 

type B trajectory which is impacted by cultivation practices as metapedogenesis. The historical 

sequencing of layer III historical series provides important information about anthrosediments 

and urban structures, which help in estimating qualitatively various alterations of anthropogenic 

soil PM. If properly documented, such alterations of soil PM would determine the map units 

corresponding to a type C or D trajectory which are affected by anthropic lithogenesis, 

respectively followed by pseudo-natural or deviated DP. However, at this stage of the research, 

it is not possible to map the more or less drastic alteration of soil PM. For the ca. 1900 map, 

PM is deemed not to be drastically affected, given the soil maintenance practices in use at the 

time. The map units corresponding to trajectory D are therefore assimilated to those of 

trajectory C. Both trajectories C and D are determined by the extent of the anthrosediment 

class of layer III and are represented in a unique turquoise color corresponding to the type C 

trajectory. The map units corresponding to trajectories E, which are impacted by both 

cultivation practices and anthropic lithogenesis, are determined by the combination of the field 

and vineyard classes of layer II with the anthrosediment class of layer III. The squares classes 

of layer III distinguish the map units corresponding to a type F trajectory. Finally, the building 

class of layer III distinguishs the map units corresponding to a type G trajectory [see plate 40]. 

Localizing and Quantifying Soil historical trajectories during the contemporary period: 
The comparison of the two stages of layer II makes it possible to distinguish the map units 

corresponding to a type A trajectory characterized by the permanence of a non-anthropized 

vegetal cover, from the map units that are impacted by cultivation and anthropic lithogenesis. 
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In turn, the comparison of layers II and III makes it possible to distinguish the map units that 

correspond to a type B or E trajectory and are affected by cultivation, from those that are 

currently only affected by anthropic lithogenesis. As explained above, the map units 

corresponding to trajectories C and D remain undifferentiated at this stage of the research. For 

the ca. 2018 map, PM is deemed to be drastically affected in many cases given the soil 

maintenance practices currently in use at the time. Unlike for the ca. 1900 map, the map units 

corresponding to trajectory C are therefore assimilated to those of trajectory D. Both 

trajectories C and D are determined by the extent of the anthrosediment class of layer III and 

are represented in a in a unique blue color corresponding to the type D trajectory. Finally, the 

map units corresponding to types F and G trajectories are determined in the same way as for 

the ca. 1900 map [see plate 40]. 
Such a map allows for a quantification of the total soil surface currently influenced by a 

given historical trajectory in the case study. The comparison of such orders of proportional 

magnitude complement the depiction of the West Lausanne city-territory soil mesh. In 

particular, it gives an idea of the anthropedogenetic dynamics that are currently in process, the 

spatialization of which is explained by the abovementioned spatiotemporal patterns. In 2018, 

trajectory A is in process on about 8 % of the studied area, illustrating the drastic diminution of 

soils following a natural DP. Trajectory B is in process on about 28 % of the studied area, 

corresponding to almost one third of the West Lausanne city-territory being under subsidized 

agricultural, horticultural or landscaping soil maintenance practices. Trajectories C and D cover 

27.5 % of the studied area, also corresponding to almost one third of the West Lausanne city-

territory being affected by anthrosediments, whereas only 1.5 % of these soils follow trajectory 

E combining the influence of cultivation practices and the presence of anthrosediments. The 

latter order of proportional magnitude is probably underestimated due to approximations in the 

determination of both the extent of anthrosediments and effective formal or informal cultivation 

practices. Ultimately, it can be pointed out that trajectories F and G respectively affect 17 % 

and 10 % of the area, also corresponding to almost one third of the West Lausanne city-territory 

in which pedogenetic processes are drastically slowed down, nearly inert or even temporarily 

annihilated [see plate 40]. 

Forthcoming Developments of Mapping Urban Soil Historical Trajectories: 
In sum, as a combination of layers II and III, the current version of the map of urban soil 

historical trajectories synthesizes the mapping operation presented above. It reflects the 

influence of urbanization in terms of both neo-lithogenetic and metapedogenetic factors 

according to spatiotemporal patterns A and B. In the next section of this PhD thesis (2.4), the 

empirical description of various urban soil profiles will lead to connect these spatiotemporal 

patterns with equivalent systematic patterns that integrate not only the factors of pedogenesis 
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but also the related pedogenetic process-response. In this respect, the case study will 

demonstrate the theoretical validity of an urban anthroposequence of pedogenesis (Effland & 

Pouyat, 1997). The next PhD section will acknowledge not only the influence of patterns A and 

B, but also of pattern C, and therefore reflect the combined influences of both urbanization and 

preexisting landscape conditions. The mapping of potential urban soils at the territorial scale 

of West Lausanne could then synthesize a combination of not only layers II and III, but also of 

layer I. As such, the current version of the map of urban soil historical trajectories can be 

complemented by a draft map as a first attempt to combine the preexisting landscape 

conditions synthesized as geomorphology in layer I [see plate 18] with the historical 

trajectories [see plate 41]. This was elaborated on the basis of the following hypothesis: in the 

area corresponding to a type A trajectory, preexisting landscape conditions will be predominant 

in the determination of soil DPs. In turn, in the areas impacted by cultivation and/or anthropic 

lithogenesis and corresponding to trajectories B to E, quantitative alterations of soil PM are 

related to natural or anthropogenic superficial deposits (layer I), metapedogenesis (layer II) 

and anthrosediments (layer III). In order to combine properly the three layers in the future 

mapping operations, it would therefore be necessary to better understand whether preexisting 

landscape conditions are more or less predominant in the determination of soil DPs. 

The validity of concept maps has been statistically substantiated in previous case studies 

(Schneider, 2000). However, beyond the scope of this PhD thesis, the validity of urban soil 

historical trajectories mapping should be demonstrated through the collection and 

classification of a much greater number of soil samples and profile descriptions. Such a large-

scale empirical survey would ensure iterative improvement of the conceptual model and its 

application to the concept map through historical trajectories. In particular, beyond concept 

mapping a priori, empirical survey a posteriori is necessary to properly determine the actual 

quality of altered soil PM and to verify the location of potential informal cultivation practices, in 

order to determine with more accuracy whether a soil is subjected to a type C, D or E trajectory. 

Indeed, as noted during a discussion with peer experts in the frame of the Soil Quality Index 

(IQS) research project conducted by the Sanu Durabilitas Fondation (Sanu Durabilitas, Soil 

Quality Index (IQS), n.d.), the quantitative and qualitative evaluation of the extent of 

anthrosediments through various mapping operations still represents a crucial knowledge gap 

[see plate 31]. Iterative feedback based on empirical surveys would ultimately result in a 

proper urban soil map, by associating specific soil properties to the map units and therefore 

by defining soil volume characterized by a coherent profile, designated as pedons or 

polypedons [see plate 12]. 
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2.3.3: Future #1 

The methodology exposed so far has been developed in order to fill the knowledge gap on 

urban soils by documenting them as the outcome of a continued coevolution of the city and its 

soils. Such a time dynamic and factorial approach now provides a framework to explain the 

influence of ongoing planning policies on future soil changes, and to consider the working 

hypothesis on urban soils value in a prospective and project-oriented way. Firstly, the 

forthcoming evolution of both neo-lithogenetic and metapedogenetic factors will be evaluated 

based on a spatial transcription of current regulation documents. Secondly, this ‘baseline 

scenario’ will be critically analyzed in order to foresee opportunities and alternative strategies 

for the interrelated requalification of the West Lausanne city-territory and regeneration of its 

soils. 

Burghardt (1993, p. 87) defines the influence of spatial planning and urbanism on soil 

development as follows: “[…] planning land-use is the most effective instrument for soil quality 

conservation and development.” It is important to point out that spatial development and 

urbanism are not just about planning, but are also embodied in design projects at various 

scales and are expressed through a sum of formal and informal practices. Based on the 

historical study of West Lausanne urbanization, it can be assumed that the decisions on urban 

planning and design currently made by public authorities will result in land use changes, 

corresponding to the establishment of new land covers and related maintenance practices, as 

well as new urban structures and related anthrosediments. Such decisions will therefore entail 

future urban soil trajectories leading to the expression of new soil DPs, with potential negative 

or positive anthropogenic influence on soil quality and functionality. Consequently, if guided by 

a comprehensive project for the regeneration of the ground, it can be assumed that these 

future trajectories could lead to the expression of alternative soil DPs which could potentially 

improve the quality and multifunctionality of inherited urban soils, according to specific 

prospective patterns. 

2.3.3.1 Opportunities and Challenges of Ongoing Planning Policies: Land Use Plan and 
Intercommunal Master Plan for West Lausanne: 
The influence of planning policies on future soil changes leads to integrating an additional 

thematic layer to the atlas: the legal land use assigned by urban planning documents. On this 

point, it proved to be difficult to retrace the history of the regulations and plans which applied 

to the case study. It seems indeed that much of the former official land use plans have not 

been properly conserved by stakeholders. As shown on the two incomplete maps geolocalizing 

the former official land use plans respectively until ca. 1950 and until ca. 1990 [see plate 42], 
investigations in urban planning services and municipal archives only allowed to find a few old 
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plans and regulations. Contrary to the urban center of Lausanne, where the first planning 

documents appear at the turn of the 19th and 20th centuries, planning in the future West 

Lausanne district is quite recent and generally only begins in the second half of the 20th 

century. Besides, it can be noted that these initial planning documents reflect a rather simplistic 

conception of planning, which was limited, especially in the case of Ecublens, to a few large 

and schematic development zones, widely spread over a territory still almost exclusively 

dedicated to agriculture. The design of these residential or productive zones, which was only 

partially implemented afterwards, followed a logic that was radically different from the actually 

gradual and mix-use spontaneous development that previously took place in West Lausanne, 

especially in the first half of the twentieth century. 

However, it was possible to gather a comprehensive and standardized documentation on 

current planning policies. Ongoing planning, which contains in itself the future of soils as 

envisioned today by public authorities, is materialized by two types of plans. On the one hand, 

the regulatory planning (‘planification réglementaire’ in French), referred to in the canton of 

Vaud as ‘Land use plan and reserved areas’ (Canton of Vaud, Land Use Plan and Reserved 

Areas, n.d.) [see plate 43], defines the land uses currently authorized in a given area, 

independently of its actual land covers. This general zoning principle is complemented by 

special planning specific tools (e.g. ‘neighborhood plan’) that allow the implementation of larger 

urban developments in single operations according to specific rules. Initially considered as a 

derogatory regime, special planning has now become a common practice, or even a new 

standard, as will be explained in more detail below. On the other hand, the guiding planning 

(‘planification directrice’ in french), referred to in West Lausanne as ‘Intercommunal Master 

Plan’ (SDOL, 2019) [see plate 4], defines the urban evolution of the district by 2030-2040. In 

the years to come, this master plan will be gradually incorporated into the regulatory planning. 

As the Intercommunal Master Plan is still in process (its elaboration started in 2016; the plan 

was presented and discussed in 2019; it still needs to be validated by the communal and 

cantonal authorities and by the citizens), the version presented here is not necessarily up to 

date. However, this document does provide a significant basis for critical reflection. 

The Land Use Plan: 
As an additional layer of the atlas, the ongoing regulatory planning in West Lausanne was 

considered in this research in terms of eight land use classes [see plate 43] which were 

determined based on the 29 zones of the Land use plan and reserved areas. Such a 

simplification follows various hierarchical levels. Firstly, it reflects the main areas on which the 

zoning logic is based and it defines: the building zone that respects the ‘compact perimeter’ 

established at the PALM level [see plate 4]; the protected area, very small in the case of West 

Lausanne; the agricultural area, the management of which is the topic of a future revision of 
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the Swiss Spatial Planning Act currently in discussion; and the other areas, in particular the 

public domain, including the forest areas and the areas related to the main transportation 

infrastructures. Secondly, the eight land use classes of the additional layer interpret the official 

zoning by defining eight types of zones: transportation; nature; agriculture and forest; parks, 

sport, leisure and campus; activities; residential; historical centers; and finally, the zones that 

remain ‘in question’ in the ongoing regulatory planning, the future land use of which is 

undetermined yet. During the process of this research, some of the zone types, the residential 

and activities ones in particular, have been divided into sub-categories according to the various 

levels of building density defined in the official zoning. However, such subcategorization was 

not deemed worth presenting and commenting here, as it seems more relevant to focus on the 

variations in density envisaged by the Intercommunal Master Plan. 

Challenges and Opportunities of the Current Regulatory Planning, Various 
Characteristics of the Different Main Land Use Zones: 

It can be noted that the various land uses localized in the official ‘Land use plan’ have 

sometimes been established or changed recently; consequently, they do not necessarily 

correspond to the history of the land uses, which is better reflected by the layer II [see plate 
22] Land cover and by the map of soil historical trajectories [see plate 40]. For example, a plot

may still be used for agriculture, but already classified in the residential zone. Likewise, the

current residential zone includes a large part of the former Malley industrial area, which is

currently under redevelopment. However, the complex history of land use defines the

characteristics and the main orders of proportional magnitude of the current main land use

zones. The analysis of the spatial distribution of geotypes, as well as the quantitative

proportions of land cover types and soil historical trajectories, allow therefore to highlight the

challenges and opportunities related to each of the main land use zones [see plates 44-46].
As a specific zone of land use, historical centers are characterized by a high density in 

terms of built-up surfaces, with a relatively moderate proportion of sealed surfaces and a large 

proportion of surfaces classified as ‘gardens’. The opportunities and challenges related to this 

type of land use zone are therefore deemed of little direct relevance as regards the topic 

considered in this research, which is related to the regeneration of West Lausanne urban fabric 

and soils. 

The land use zones corresponding to the protected natural area are not only characterized 

by a large proportion of woods, but also unexpectedly by a relatively large proportion of sealed 

surfaces and surfaces classified as gardens. Consequently, the soils of these zones are little 

affected by a type A trajectory corresponding to a natural DP, which is not coherent with the 

definition of this type of zone. As mentioned before, in our case study, the extent of the 
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protected natural areas is however very limited and its related opportunities and challenges 

are therefore deemed of little direct relevance here. 

The larger portions of transportation zones are mostly distributed on the sunken reliefs of 

the glaciolacustrine terraces and are logically characterized by the highest proportion of sealed 

surface in the case study, but also by a significant proportion of surfaces classified as gardens. 

The opportunities and challenges related to the transportation zones therefore correspond to 

potential soil contaminations in the glaciolacustrine terraces due to polluting uses, as well as 

to an open question regarding the future of the open soils in the right-of-ways of infrastructures, 

both in terms of uses and maintenance practices related to an improvement in the influence of 

metapedogenectic factors. 

Zones corresponding to agriculture and forest uses are now distributed along the fluvio-

glacial steep slopes that follow the revers for the woods and essentially on the morainic and 

molassic hillsides for the fields. These zones are characterized by an almost complete absence 

of built-up and sealed surfaces, as well as by an equal proportion of surfaces dedicated to 

forest and agriculture uses. Consequently, the soils of these zones are affected by types A 

and mostly B trajectories, with a major influence of metapedogenetic factors. The challenges 

related to the agriculture and forest zones therefore essentially correspond to an improvement 

in cultivation practices. In these zones, there is also an opportunity for an increase in built-up 

surfaces, but this option would be in contradiction with the strategy so far promoted by the 

Swiss Spatial Planning Act. 

With the exception of some zones in the North of the case study, most of the zones 

corresponding to industrial, artisanal and tertiary activities, are distributed in the sunken reliefs 

of the glaciolacustrine terraces. They are characterized by a high density in terms of built-up 

surfaces, but this time with a relatively high proportion of sealed surfaces corresponding to 

27 % of the total extent of these zones, which is exceeding the average of the case study 

(previously indicated as 17 %). Consequently, the surfaces classified as gardens correspond 

to 22 %, which is under the average (previously indicated as 27 %). The soils of these zones 

are consequently mostly affected by trajectories C or D, with a major influence of anthropic 

lithogenesis, as well as F and G, with a very slow or nearly inert soil DP. The challenges related 

to these zones therefore correspond to potential soil contaminations in the glaciolacustrine 

terraces due to polluting uses. In these zones, there is a first opportunity for an increase in the 

efficiency of the built-up surfaces, not only in terms of surface proportions but also as a higher 

density of uses in the potentially increased built volume. A second opportunity corresponds to 

an increase in the social and environmental efficiency of the unbuilt surfaces. Such an 

opportunity rests in particular on the implementation of more efficient means of transportation, 

which would result in a higher density of uses on the sealed surfaces and therefore allow for a 

partial desealing. This desealing strategy would also result in a higher proportion of gardens, 
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corresponding therefore in terms of soil dynamics to a reactivation of previously slow or nearly 

inert DPs, as well as to an increased influence of anthropic lithogenesis. 

Historically, zones corresponding to residential land uses are mostly distributed on the 

morainic and molassic hillsides. However, they now also include former industrial zones under 

redevelopment on the glaciolacustrine terraces. These zones are characterized by a lower 

density in terms of built-up surfaces than those dedicated to production, with 18 % of sealed 

surfaces in the average of the case study. Residential zones are also characterized by 41 % 

of surfaces classified as gardens, which is higher than the average of the case study. These 

characteristics vary according to the residential sub-categories, expressing a variation in 

density of built volumes, which is related to the evolution of urban morphologies in time and 

space. The soils of these zones are consequently mostly affected by trajectories C or D, as 

well as F and G. The challenges related to these zones therefore correspond to potential soil 

contaminations in the glaciolacustrine terraces due to former polluting uses, which could 

hamper residential uses, as well as to an open question regarding the future of the open soils, 

in terms of both uses and maintenance practices related to an improvement in the influence of 

metapedogenectic factors. In these zones, there is an opportunity for an increase in built-up 

surfaces, with a negative influence on current soil dynamics. As for the productive zones, there 

is also an opportunity for a decrease in sealed surfaces, but to a lesser extent. This desealing 

strategy would correspond, in terms of soil dynamics, to a reactivation of previously slow or 

nearly inert DPs, as well as to an increased influence of anthropic lithogenesis. 

The larger zones dedicated to parks, campuses, sports, leisure activities are distributed 

on the lower glaciolacustrine terraces by the lake, while smaller ones are disseminated on the 

morainic and molassic hillsides. Some zones are also located on anthropogenic superficial 

deposits. In terms of built-up surfaces, they are characterized by a lower density than the zones 

dedicated to residential and productive uses, however, with 20 % of sealed surfaces, in a 

slightly higher proportion than in residential zones. 47 % of the surfaces are classified as 

gardens, in the highest proportion of the case study. The soils of these zones are consequently 

mostly affected by trajectories C or D, as well as F and G. The opportunities and challenges 

related to these zones therefore correspond to a decrease in sealed surfaces, corresponding 

therefore in terms of soil dynamics to a reactivation of previously slow or nearly inert DPs, as 

well as to an increased influence of anthropic lithogenesis. There is also an open question 

regarding the future of the open soils, in terms of both uses and maintenance practices related 

to an improvement in the influence of metapedogenectic factors. 

Finally, zones remaining ‘in question’ are distributed on the lower glaciolacustrine terraces, 

as well as on the morainic and molassic hillsides. In terms of land cover and soil dynamics, 

they have characteristics which are relatively similar to the agriculture and forest zones. 

Depending on their possible future integration to the building area, the opportunities and 
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challenges related to these zones therefore correspond to an improvement in maintained 

cultivation practices, in the same way as for the agriculture and forest zones, or to an increase 

in the built-up surfaces, with a negative influence on current soil dynamics. In the second 

option, there is also an open question regarding the future of the open soils, corresponding in 

terms of maintenance practices to the influence of both metapedogenectic factors and 

increased anthropic lithogenesis. 

Intercommunal Master Plan: 
The prospective planning policies for West Lausanne are conceived in the ‘Intercommunal 

Master Plan’ not as zones, but in the form of mixed-use “sectors”, in which various strategies 

are combined. Such a comprehensive territorial project defines 13 ‘challenges and objectives’, 

which are then synthesized into seven ‘strategic orientations’ maps. This plan shows how the 

use of soil is intended to change, either according to various measures: rare changes of land 

use are considered, but without any extension of the building area until 2030; in some cases, 

change in the authorized building density leads to morphological modifications of the urban 

fabric; on the contrary, in other cases, a reinforcement and valorization of current 

morphological and land use characteristics are promoted. In addition, it can be noted that this 

guiding planning has to cope with a relative inertia due to the real estate property and legal 

status of land: the notion of compact perimeter promoted by the Swiss Spatial Planning Act 

implies to consider in priority the sectors already included in the building area; moreover, it is 

difficult to reconsider a development project which is already planned in an attractive sector. 

The Intercommunal Master Plan (SDOL, 2019, p. 112) promotes a “densification [which] is 

however done in a differentiated way”, that is in a specific and diversified manner according to 

different targeted situations [see plate 4]. 
One can therefore wonder about the interpretation of the inward urbanization principle 

given by this local guiding policy, as well as about the consideration for the urban soil that 

emerges from it. In comparison with the strategy defined at the PALM level (see subsection 

2.1.1.1) [see plate 4], it can be noted that the West Lausanne Master Plan does not consider 

open soils only as an opportunity for development related to urban growth. Indeed, if 

redevelopment of the built volume is targeted as the main means of implementing inward 

urbanization, open soils associated to low-density urban morphologies, such as detached 

house backyards, are intended to be preserved and valued in their social, landscape and 

environmental role. The master plan also confirms a decrease in the agricultural vocation of 

West Lausanne, as some of the undeveloped plots that are still in cultivation are intended to 

be urbanized and others to become public parks. In addition, new developments and 

redevelopments are intended to be complemented by a network of public and green spaces, 

involving desealing or changes in the soil maintenance practices. In regard to its influence on 
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soils, such a baseline scenario was considered in this research in the form of two thematic 

maps which respectively reinterpret the ‘strategic orientations’ 2 and 3 as a series of 

valorization and densification measures [see plate 47], and ‘strategic orientations’ 4 and 5 as 

a series of landscape and public space measures [see plate 48]. 

Valorization and Densification Measures: 
On the one hand, the valorization and densification measures [see plate 47] aim to reinforce 

and valorize the current morphological and land use characteristics of certain sectors. In this 

respect, it seems that the guiding planning of West Lausanne acknowledges and attempts to 

rehabilitate the sense of the project for the ground which has been carried by the modernist 

architecture and urban planning movement at different periods (Aviolat et al., 2016). Low-

density urban morphologies, detached housing developments in particular, are therefore 

intended to be preserved as ‘quiet neighborhoods’, without any increase in building density. 

More specifically, the definition of so called ‘garden neighborhoods’ aims to recognize and 

preserve the landscape value, as well as the character and morphology of the built fabric in 

specific sectors, with a particular focus on outdoor spaces, transitions to public space and 

arboreal heritage. Finally, ‘inhabited parks’ refer to the sectors where the buildings layout is 

integrated in a ‘permeable’ (i.e. accessible to pedestrians) green space of interest. The aim is 

to enrich their landscape and ecological value, and to encourage their uses. 

On the other hand, the valorization and densification measures intend to requalify and 

densify various sectors at different time horizons. The ‘mixed-use sectors in development’ refer 

to the sectors already covered by a building permit, which are expected to meet the needs for 

housing and business spaces in the short or medium term (i.e. within 15 years). The ‘potential 

mixed-use sectors’ are already integrated to in the building area in regard to the regulatory 

planning, but in an earlier stage of development, whereas the ‘long-term mixed-use sectors’ 

are still in discussion at the guiding planning level as they are included in the Sectoral Plan for 

Crop Surfaces. The determination of the latter sectors is not necessary to meet the needs for 

housing and business surfaces in the short or medium term, but it aims to ensure the 

availability of land in the long term according to the evolution of needs.  

The above mentioned ‘mixed-use sectors in development’ correspond essentially to former 

industrial zones the requalification of which was planned in the last few decades. Such a policy 

has recently been stopped in order to preserve jobs and productive areas in West Lausanne. 

The remaining productive sectors are now maintained in the regulatory planning, but they also 

must be densified and requalified in order to increase their environmental and social value. In 

these sectors, an improvement of the quality and permeability of public spaces is particularly 

targeted. According to different combinations of uses, the guiding planning distinguishes: 
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service sectors’; ‘artisanal-housing sectors’; ‘artisanal-services sectors’; ‘freight-industrial 

sectors’ and ‘artisanal-industrial sectors’. 

Landscape and Public Space Measures: 
Landscape and public space measures [see plate 48] intend to increase the vegetal cover in 

West Lausanne, in particular for the well-being of the population, the strengthening of an 

ecological network ensuring the movement of small fauna and flora, the reduction of urban 

heat island effects and the improvement of storm water management. However, this vision of 

landscape and environmental policies does not come with a specific budget. Its progressive 

implementation is therefore based on an opportunistic logic related to other domains of urban 

development: the necessary renaturation of the buried rivers whose pipes are too narrow, the 

implementation of new public transport routes, the development of new sectors which must 

imperatively include green spaces, and finally the preservation of the large unbuilt sectors 

remaining outside the building area. On the one hand, landscape and public space measures 

therefore aim to consolidate the major landscape elements of West Lausanne and to manage 

the increased use by the public according to different categories: the ‘forest-parks’ are intended 

to improve the recreational and sports uses in forests; the ‘large multifunctional parks’ aim to 

preserve structuring voids on a territorial scale, to ensure the landscape and ecological quality 

of these areas, as well as the diversity and cohabitation of uses; the so called ‘new countryside’ 

sectors, evoking a contemporary version of the large ‘bourgeois’ estates of the 19th century, 

are intended to preserve the agricultural activity at the fringe of West Lausanne and ensure 

the landscape and ecological quality of these areas, while allowing for recreational uses, in the 

perspective of establishing a synergy between city and countryside. 

On the other hand, landscape and public space measures aim to strengthen the network 

of green spaces and local public spaces within the urbanized area, which must be easily 

accessible and appropriable by the inhabitants, according to different categories: ‘local green 

spaces’; ‘local public spaces’ and ‘green ways’ for soft mobility off high-traffic roads. 

Foreseeing Changes in Urban Soil Trajectories: 
In order to assess the influence of the guiding planning presented above on urban soils, a 

prospective mapping of urban soil trajectories in 2030 was considered. Such a mapping 

operation would require to locate, or at least quantify, the footprint of future urban structures. 

However, if the regulatory planning provides coefficients defining the minimum floor area to be 

built as a function of the surface area of the plot (i.e. from 0.625 to 1.25 depending on the 

different zones), the morphologies and densities of the future sectors are not managed 

centrally at the level of the plan, but defined locally in special planning specific tools such as 

neighborhood plans. Examining and transcribing on a map the approximately hundred special 
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plans currently established for West Lausanne was therefore deemed outside the scope of this 

research. The analysis of special planning tools will be carried out in a selection of cases in 

the further sections of this PhD thesis dedicated to ‘Urban Soils Portraits’ (see 2.4.3.1). On the 

one hand it is regrettable that it is not possible to obtain a global and precise vision of the future 

impact of planning on urban soils. On the other hand, this practice can be justified by the fact 

that contemporary planning in West Lausanne no longer takes place in a context of ex nihilo 

developments, but of the requalification of inherited specific situations on a case-by-case 

basis. 

However, it is possible to map in a schematic way the main change trends in urban soil 

trajectories that can be expected according to ongoing planning policies [see plates 47-48]. 
The implementation of ‘forest-parks’ could potentially result in a permanence of trajectory A, 

whereas ‘new countryside’ and the ‘large multifunctional parks’ which are not located on 

anthrosediments could result in a permanence of trajectory B, with a potential improvement in 

the influence of metapedogenectic factors related to cultivation practices. Operations that 

would not generate new constructions, but imply desealing and/or valorization of open soils, 

such as ‘quiet neighborhoods’, ‘garden neighborhoods’ and ‘inhabited parks’, as well as some 

‘large multifunctional parks’, ‘local green spaces’, ‘local public spaces’ and ‘green ways’, could 

result in a change from trajectory D to C, with a potential improvement in the quality of existing 

anthrosediments, or in a change from trajectory F to C, in the case of desealing. Operations 

that would generate at the same time new constructions, desealing and/or valorization of open 

soils, such as ‘mixed-use’ and productive sectors, could result in a change from trajectory B to 

F and C if they are implemented on former cultivated land, or otherwise in a change from 

trajectory D to F and C, with a potential improvement in the quality of existing anthrosediments. 

In both cases the changes towards a trajectory F would correspond to a negative influence of 

soil artificialization. 
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2.3.3.2 Prospective Patterns for the Regenerations of the West Lausanne City-Territory 
and its Urban Soils: 
In sum, if the implementation of the inward urbanization principle is interpreted as a project for 

the regeneration of the ground, the above-mentioned changes in urban soils trajectories, 

foreseen according to a selection of measures envisioned in the Intercommunal Master Plan, 

appear to be rather consistent with the challenges and opportunities that were identified on the 

basis of the West Lausanne Land use plan. The various strategies which aim to densify 

selectively the urban fabric of the West Lausanne city-territory and to valorize its open spaces 

soil can be synthetized in three main prospective patterns: desealing, gardening, 

contextualizing. As they reflect the combined influence of urbanization and native landscape 

on urban soils, these prospective patterns echo the three spatiotemporal patterns previously 

examined in a retrospective analysis [see plates 38-39]. However, these prospective patterns 

imply a cultural and technical shift in terms of soil management practices and urban 

morphologies, which is made necessary not only by the ongoing wave of urban growth, but 

also by the forthcoming social-ecological transition. Therefore, they mark a turning point, or 

threshold, in the gradual replacement of the soil landscape through anthroturbation and 

change of land cover that characterized West Lausanne urbanization during the 20th century. 

In this respect, the ‘desealing’, ‘gardening’ and ‘contextualizing’ patterns outline the mesh 

of urban soils in the West Lausanne city-territory as a resource deposit. Firstly, these various 

resource deposits are defined by a quantitative questioning about the distribution of soil 

between the different ecosystem and urban functions [see percentages in plate 22]. Such 

orders of magnitude call for a renegotiation of the metabolic balance of the West Lausanne 

city-territory, by formulating different hypotheses on the proportion of soil to be assigned to the 

different urban functions and ecosystem services. In particular, two orders of magnitude call 

for questioning. On the one hand, given the evolution in the use of means of transport, which 

is made particularly necessary by the urgent need to reduce greenhouse gas emissions, is it 

appropriate and sustainable that the proportion of land dedicated to transport in West 

Lausanne (17 %) is today almost twice as high as that dedicated to buildings (10 %, all uses 

included) (see subsection 2.3.1.2)? On the other hand, the fact that, until the end of the 19th 

century, agricultural production covered two thirds of the territory (67 % of the three 

municipalities, fields, meadows and perennial crops included), while it covers only one fifth 

(21.5 %) of the contemporary territory, calls into question the role that is given to the almost 

one third of West Lausanne soils which is classified as gardens (27 %). In the same line, if the 

traditional organization of landscape gave woodlands and pastured meadows (sometimes 

referred to as ‘commons’) a regulating and buffer role, both at the environmental and social 

levels, one can wonder which parts of the territory can assume this role today and in what 

quantitative proportion. 
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Secondly, considering the West Lausanne mesh of urban soils as a dynamic morphology 

[see plates 29; 33] contributes to determining how these different functions can be spatially 

distributed. One can then wonder how the urban soil mosaic could strengthen an urban figure, 

or rather how considering the value of urban soils could inspire a different urban figure. During 

the 20th century, by interweaving various productive and residential functions within a mesh 

which was gradually densified, diffuse urbanization replaced the former villages surrounded 

by successive belts of gardens, vineyards, meadows and fields. At first sight, this could appear 

in contradiction with the compact perimeter enforced by the inward urbanization principle. 

However, if inward urbanization is interpreted as an increase in the density of all soil functions, 

that is, not only support for residential and productive uses, but also recreational uses and the 

wide range of regulating ecosystem services which ensures the well-being of inhabitants, the 

mosaic of functional open soils and the network of open spaces may become a guiding figure 

for the regeneration of West Lausanne. 

Ultimately, a contextual approach is necessary to understand how evolving urban figures 

interact with the native landscape through various adaptations and transformations of the 

preexisting conditions, and, by doing so, generates specific risks and needs. In the form of 

large agricultural domains and industrious valleys, the habitability of the Swiss Plateau has 

always been conditioned by the sunken and prominent reliefs carved by glaciers, as well as 

by the occasionally tumultuous presence of water from rivers and lakes [see plates 5-6]. 
However, modern urbanization and industrialization resulted in a sometimes gigantic effort to 

transform the topography and the hydrographic network [see plates 7; 32]. The patchiness of 

the soil mosaic, with its differentiated exposure to biogeochemical cycles and fluxes, now offers 

the opportunity to reinterpret the topology of the Swiss Plateau as various structuring figures. 

Prospective Pattern A, Desealing: 
The 20th century was marked by a vast phenomenon of gradual anthroturbation and soil 

sealing leading to the expansion of anthrosediments. A greater or lesser proportion of sealed 

surfaces in relation to built-up surfaces reflected a greater or lesser performance of the 

different urban morphologies and land uses. It was observed that large sectorized operations 

in productive areas, as well as in parks, sport, leisure and campus areas, and to a lesser extent 

in residential areas, are characterized by a high relative proportion of sealed areas. In the 

future, these monofunctional platforms, as well as infrastructure right-of-ways and public 

spaces will have to be reconditioned, in particular through close- and large-scale desealing 

operations. The regeneration and densification of productive and residential sectors could lead 

to a moderate increase in built-up areas, but with a decrease in sealed surfaces, and thus an 

increasing influence of anthropic lithogenesis through anthrosedimentation [see plate 49]. 
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Prospective Pattern B, Gardening: 
The city of the last century was also marked by the gradual emergence of the ‘garden’ as an 

ambiguous typology of land cover. A greater or lesser proportion of gardens in relation to built-

up surfaces implies a greater or lesser social and ecological performance of the different urban 

morphologies. It has been observed that this network of non-agricultural open soils crosses 

and permeates the entire urban space, particularly in the residential and recreational sectors, 

but also in right-of-ways of infrastructures and productive areas. The granularity of the garden, 

evolving according to the evolution of urban morphologies over time, reflects the more or less 

productive, sanitary or ornamental role assigned to soil. In the future, the undeveloped plots 

remaining in the diffuse urbanization, which, according to the actors interviewed for this study, 

constituted a ‘reserve’ during the process of gradual infill of the urban mesh, could be 

envisioned as an environmental resource and territorial green infrastructure. Such permeable 

soils could be reworked as a fine grain local network, by varying the rhythm and size, and 

therefore the accessibility, as well as the uses and atmospheres of public and private open 

spaces. Accompanied by such a network of open spaces, the valorization of the morphological 

characteristics of some residential sectors could lead to the implementation of regenerative 

agricultural, horticultural, and ornamental open soil maintenance practices, accompanied by 

an improvement in the influence of metapedogenectic factors [see plate 50]. 

Prospective Pattern C, Contextualizing: 
Finally, contemporary urbanization is marked by a partial adherence of certain types of urban 

structures and related land cover to the various local geomorphologies and associated 

topography. From villages to logistics platforms, the adjustment of the city to specific 

geomorphologies has facilitated the settlement of certain urban morphologies. But the 

transformation of these geomorphologies, particularly by the burial of rivers, as well as the 

concentration of certain polluting land uses, have generated strong impacts which today entail 

risks and correspond to new needs. On the one hand, the cantonal map of environmental 

hazards (Canton of Vaud, Map of Environmental Hazards, n.d.) and the cantonal map of 

potential contaminated sites (Canton of Vaud, Map of Contaminated Sites, n.d.) show in 

particular the flooding and potential pollution risks that are associated to the sunken reliefs. On 

the other hand, the cantonal map of ecological network (Canton of Vaud, Map of Ecological 

Network (REC-VD), n.d.) shows in particular the habitats for biodiversity that are located in the 

forest and humid areas situated on the hillsides and along the lack, as well as a need for 

connections between those biodiversity pools along the rivers that were buried in the process 

of urbanization. In the future, the regeneration of the open soil mesh covering West Lausanne 

will have to be implemented in a differentiated way, not only in terms of building density, but 

also in regard to soil functionality, in order to readapt the diversity of urban ecosystems to the 
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variety of ecological milieus [see plate 51]. Urban reconversion and the improvement of urban 

soils’ functionality will therefore imply innovative one-off (i.e. construction techniques) and 

recurring (i.e. cyclical maintenance) practices based on reclaiming soil trajectories (see 

subsection 2.4.3.2). 
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2.4: Urban Soil Portraits and Anthroposequence 

Reminder of the proposed approach: 
The third research operation will investigate soil changes and resilience in urban ecosystems 

by (I) coupling profile descriptions with urban history in order to document specific urban soils 

development pathways and to characterize typical historical trajectories, as combinations of 

anthropogenic factors through time, then by (II) defining an anthroposequence in order to 

compare the relative influence of various land uses and soil management practices, as well as 

nature-based processes, on urban soils’ resilience and to define specific ‘systematic patterns’, 

and by (III) linking urban soils’ physical biogeochemical properties to their variable functions. 

This time dynamic and systemic approach will be illustrated here by the depiction of six urban 

soils ‘portraits’ in the West Lausanne district. Finally, the anthroposequence and systematic 

patterns provide a framework for a critical analysis of ongoing local planning policies in West 

Lausanne and make it possible to foresee opportunities for the establishment of future positive 

soil maintenance practices according to various prospective soil trajectories and patterns. 

2.4.1: Material and Method: Coupling Profile Descriptions with Urban History to 
Highlight Urban Soil Trajectories and Systematic Patterns 

2.4.1.1 Historical trajectories as Site Selection Criteria: 
The six sampling sites [see plates 16; 52] were primarily selected on the basis of a causal 

chain conceptual model of anthropedogenesis previously elaborated in this research. 

Following numerous authors (i.a. Burghardt, 1994, 2001; Burghardt et al., 2015; Effland & 

Pouyat, 1997; Huot et al., 2017; Leguédois et al., 2016), this framework examines human 

influence on Jenny’s (1941) five soil forming factors according to two main modes of 

anthropogenic disturbance of soil parent material (PM). In the first case, neopedogenesis is 

defined as a short-term anthropic intervention, such as cut and fill, that “resets the pedological 

clock” (e.g. Schaetzl & Thompson, 2015, p. 299) due to the external disruption of the 

preexisting soil profile, which becomes new PM. Natural pedogenetic processes may resume 

on new PM in pseudo-natural or human-altered combinations. In the second case, 

metapedogenesis is defined as a longer lasting intervention, such as ploughing, that does not 

interrupt the internal soil development happening on a constant PM, but modifies the resulting 

profile by chronically or cyclically changing the intensity and combination of pedogenic 

processes. In addition to the primary influence of changes in the soil material regime linked to 

topography and lithology state factors, urbanization induces other impacts on soils, such as 

sealing or modification of the vegetal cover. The diverging combinations of this causal chain 
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are here synthesized in the form of a flow chart diagram presenting various representative 

trajectories, which depend on urban history [see plates 11; 65]. Among the different 

urbanization-related changes in soil conditions documented in the previous stage of this 

research, at least seven main urban soil historical trajectories can be identified. 

Soils corresponding to trajectory A, which is characterized by the permanence of natural 

landscape conditions as predominant state factors, with soils following a natural development 

pathway (DP), have been widely studied in West Lausanne (SWISSOIL, n.d.). These soils, 

which are predominantly forested, are also well documented in the general urban soil literature 

(see e.g. the work of Pouyat and his coauthors synthetized in Pouyat et al., 2007). Conversely, 

soils corresponding to trajectories F and G, respectively characterized by soil sealing and soil 

stripping followed by building, are considered here to be of lesser interest, as their 

functionalities have little to do with their very low or interrupted pedogenetic dynamics (Morel 

et al., 2014). The field campaign focused therefore on soils corresponding to trajectories B, C, 

D and E, which are characterized by potentially intense pedogenic processes and strong 

anthropogenic influence. Trajectory B is characterized by the establishment of agricultural or 

horticultural use, then in some cases other landscaping maintenance practices, which 

chronically modifies natural pedogenesis. Metapedogenetic processes occur on original soil, 

following a deviated DP determined by both natural and anthropic metafactors. Trajectory C is 

characterized by punctual alteration and/or displacement of soil material, or even complete 

destruction of the original soil profile, as in the case of the construction of an urban structure 

and/or related earth disposal with potential compaction. Neopedogenetic processes resume 

on anthrosediments as modified or new PM, following a pseudo-natural but deviated DP which 

is determined by both natural factors and anthropic lithogenesis, with hypothetically less 

influence of preexisting geomorphological conditions. Trajectory D is similar to trajectory C, but 

with drastic PM alteration, such as strong compaction or change in soil geochemical 

composition. Neopedogenesis restarts at a much lower rate, or with a different combination of 

processes, following a deviated DP mostly determined by anthropic lithogenesis as external 

factor. Trajectory E is a combination of trajectories B and C characterized by both punctual 

alteration of PM due to construction, followed by a chronic modification of natural factors due 

to cultivation. Metapedogenetic processes occur on modified or new PM, following a deviated 

DP determined by both anthropic lithogenesis and metafactors, with less influence of 

preexisting geomorphological conditions. While trajectory B can be easily interpreted on the 

basis of traditional agronomic knowledge, trajectory D and, to a lesser extent, trajectory E have 

been the main object of urban anthropedology so far. Conversely, trajectory C is less frequently 

studied but seems particularly interesting when taking into account the point of resilience. 

The criteria for the selection of sampling sites were then refined in order to test the 

prevalence of the different factors of urban soils’ genesis by considering the following 
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variables, which can be regarded as variously linear individual gradients: (1) preexisting 

geotypes, including morainic and glaciolacustrine or fluvio-glacial superficial deposit; (2) land 

cover types, including woods, agricultural fields, horticultural gardens and park meadows; (3) 

influence of anthrosediments linked to urbanization, including closer or looser integration into 

the built fabric, proximity to an infrastructure and presence of a landscaped open space; (4) 

period of the major anthropogenic impact, namely: before the twentieth century, during the first 

or second half of the twentieth century [see plates 52; 65]. 
A pre-sampling campaign conducted using an auger allowed us to gauge, in particular, the 

extent of the cut and fill in the vicinity of buildings and infrastructures. Soils that were too 

compacted were then excluded from this study as they did not allow the description of a 

sufficiently deep and varied profile. Similarly, other constraints of a non-scientific nature limited 

the site selection, such as access restrictions by site owners, supposedly due to inconvenience 

for local residents or concern about the potential discovery of soil contamination. The 

combination of these different variables and constraints has led to the selection of six sampling 

sites, which were assumed a priori to be representative of trajectories B, C, D and E: (S1) a 

cultivated field surrounded by logistic, industrial and residential zones; (S2) a community 

garden in an industrial zone; (S3) a park landscaped as a meadow in a residential 

neighborhood; (S4) a cultivated field on a highway embankment; (S5) a replanted forest in an 

infrastructure bundle; (S6) a park landscaped as a meadow on a university campus [see 
plates 16; 52]. 

The selected sites are distributed along an ideal section which is representative of the 

longitudinal Northeast to Southwest geomorphological transect of the case study [see plate 
16]. This ideal section also crosses almost perpendicularly the Southeast to Northwest 

transversal center-periphery gradient and therefore reflects the impact of the latter on soils. 

Sites S2, 3, 4 and 6 are about 1 km or less apart on average, whereas sites S1 and 5 are 

about 2 km or slightly more apart from the others. The total altitude range among all sites is 

approximately 120m. All the sites have an average slope that is non-existent or less than 5 %, 

with the exception of site S3, where the slope is higher than 20 %. Finally, all the sites face 

south, with the exception of site S1, which faces slightly west, and site S2, which faces very 

slightly north. Given their location, the selected sites therefore present relatively similar climatic 

conditions. 

In sum, the selected sites are therefore representative, yet not exhaustively, of the West 

Lausanne soil conditions and history. Indeed, as already stated, the soil mapping operation 

presented in section 2.3 [see plate 40] allowed to estimate that cultivated soils corresponding 

to trajectory B cover about 28 % of the West Lausanne city-territory, whereas tipped soils 

affected by cut and fill corresponding to trajectories C and D represent 27.5 % of this surface. 

The importance of the soils that are impacted by both cultivation and cut and fill (trajectory E), 
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estimated at 1.5 %, is probably undervalued. It can finally be noted that the above-mentioned 

site selection criteria did not lead to the selection of particularly impacted soils, with e.g. a 

specific water regime such as irrigation, unusual technogenic materials or a high level of 

contamination. The sampling strategy was rather focused on ‘ordinary’ or ‘commonplace’ soils 

of the city-territory, in order to observe very general and mainstream trends, which are the 

most representative and useful in application to urban planning. 

2.4.1.2 Urban Soil Study Protocol: 
(NB. Subsection 2.4.1.2 was written in collaboration with Dr. Mike Rowley – UNIL, IDYST) 
An identical transdisciplinary protocol was applied at each of the six studied sites in order to 

analyze soil changes. 

Documentation on Soils’ History: 
The time dynamic cartography previously elaborated in this research, which will be presented 

here in the form of detailed close-ups, provides a basis for a further study of soil evolution at 

the scale of the selected sites. Prior to the field campaign, information was systematically 

collected regarding parcel division, owners, operators of the land and the possible presence 

of buried networks or infrastructures [see illustration series 1. Archive Materials]. Despite 

numerous shortcomings due to the lack of reliable information, the history of maintenance 

practices and urban developments of each site was reconstituted in order to document in time 

and space the anthropogenic factors of urban soil changes. Logging and afforestation, 

agricultural and horticultural practices, as well as implementation of construction work and 

establishment of industrial or residential uses, were documented based on various sources. 

Oral interviews and working documents were gathered from land owners and operators: 

farmers, hobby gardeners, the cantonal forestry service, the municipal parks service, the 

campus maintenance service, as well as planners and designers [see illustration series 4. 
Field Survey]. Textual and visual documents supplementing primary sources were then 

collected from several public and private archival sources, such as monographic publications 

(e.g. Bonzon et al., 1987; Marendaz, 2007) or federal, cantonal, municipal and university 

collections (e.g. Canton of Vaud, Archives, n.d.). 

Field Characterization and Sampling: 
A field campaign was completed in October 2018, with climate conditions affected by a severe 

summer drought [see illustration series 4. Field Survey]. After a reconnaissance of each 

selected plot with an auger in order to obtain a preliminary localization of the anthropogenic 

influence on the area, profiles at each sampling site were manually dug down to continuous 

bedrock or 1.6 m in depth. Soils were characterized according to the World Reference Base 
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(WRB) for Soil Resources (FAO, 2015), while also recording local vegetation and slope angle. 

Soil pH was recorded in the field (Hellige kit) and the presence of carbonates was assessed 

using 10 % HCl. Profiles were sampled and labelled with increasing depth intervals (e.g. 1.1 – 

1.6) and sent back to the University of Lausanne for analysis [see illustration series 6. Soil 
Sampling]. 

Sample Preparation for Laboratory Analysis: 
Prior to analysis soils were oven-dried at 40°C and sieved to 2mm. All subsequent contents 

were corrected for residual humidity at 105°C. A subsample of each sample was ground to 

approximately 20 μm. Quality control procedures included the analysis of an internal standard, 

process blanks and quality checks throughout all analyses. 

Soil physical and mineralogical properties: 
Soil texture (< 2 mm) was measured using laser diffraction (Beckman Coulter LS13320 Particle 

Sizing Analyzer). Soil samples were pre-treated (Pansu & Gautheyrou, 2006), removing soil 

organic matter with H2O2 digestion of increasing concentration (10--35 %). During the 

digestion, solution pH was maintained around neutral with NaOH to prevent the destruction of 

carbonates or phyllosilicates. To disperse the samples prior to analysis, an aliquot of 1 mL 

0.07 M Na(PO3)6 was added to the sample solution and then agitated on a rotary table for 16 

h at 100 rpm. Measurement was made using the standard Fraunhofer (rF780d) optical model 

in auto-dilution mode, taking measurements when an obscuration of 12 % was attained. 

Machine pump speed was set at 80 % (158 mL s-1), while samples were sonicated prior to 

analysis and during analysis (2 J mL-1). 

Bulk soil mineralogy was ascertained on pressed samples using X-ray diffraction (XRD; 

Thermo ARL X’TRA Powder Diffractometer) according to Adatte et al. (1996). 800 mg of 

ground sample was pressed (20 bar) in a powder holder covered with blotting paper. Pressed 

samples were analysed using Cu Kα radiation at 45 kV / 40 mA with a 13 s counting time per 

0.02° for 2 θ in the 1-65° range. A spectral counter (Thermo ARL Water-cooled Silicon 

Detector) was used to eliminate Cu Kβ and Fe parasitic emissions. The bulk mineralogy of 

samples was then quantified using external standards according to Adatte et al. (1996). The 

total content of carbonates was quantified using a Bernard Calcimeter (Pansu & Gautheyrou, 

2006). Depending on the field effervescence reaction during testing with 10 % HCl, between 

0.3 - 5 g of ground soil sample (high to low carbonates content, respectively) were combined 

with deionised water, prior to gently adding 10 mL 6 M HCl. The volume of CO2 generated 

during the reaction was then used to calculate total carbonates content, hereafter reported as 

CaCO3 due the absence of other carbonates in the XRD analysis. 



124 

Soil chemical properties: 
Soil pH was measured potentiometrically (SI analytique, blueline 13 PH) using oven-dried 

samples in distilled water (Pansu & Gautheyrou, 2006). Elemental analysis: major elemental 

compositions of the different samples were quantified using X-ray fluorescence (XRF; 

PANalytical PW2400 WDXRF Spectrometer) following lithium tetra borate fusion (PANalytical 

Perl X3 Fuser). Results were corrected for loss-on-ignition (1050°C). Trace elemental 

compositions were quantified on pressed ground samples using XRF. Total carbon and total 

nitrogen were quantified on non-fumigated samples using dry combustion in a Carlo Erba 1108 

Elemental Analyzer. To calculate organic carbon contents of samples, separate samples were 

fumigated with HCl to remove carbonates and measured on the same elemental analyzer. 

Extractable elements: exchangeable cations were measured in cobalt hexamine extracts (Aran 

et al., 2008) using an inductively coupled plasma-optical emission spectrometer (ICP-OES; 

Perkin Elmer Optima 8300). Bioavailable phosphorus content was extracted using the Olsen 

method (Olsen et al., 1954) and quantified using a spectrophotometer (Biochrom, Libra S11 

or S12). 

Soil biological properties: 
The fluorescein diacetate (FDA) hydrolysis method (Schnürer & Rosswall, 1982) was used to 

estimate the total microbial activity in the soil samples and thus, assumed to represent 

biological activity of the different soil samples. 20 mg FDA was dissolved in 10 mL of acetone 

to create 2 g L-1 FDA solution. Briefly, 1 g of sieved soil was combined with 50 mL Na2HPO 

buffer (pH 7.6) and 0.5 mL 2 g L-1 FDA solution in 125 mL Erlenmeyer flasks. Samples were 

then heated at 37°C for 3 h in a water bath. 2 mL acetone were added to the sample and 

agitated by hand, prior to subsampling 30 mL of the solution and placing it into a 50 mL Falcon 

tube. The solutions were then centrifuged at 7359 rpm for 5 mins and filtered (Whatman No 

2). The filtered solutions were reposed for 30 mins prior to analysis with a spectrophotometer 

(Biochrom, Libra S11 or S12) at 490 nm, using different batch diluted standards of Fluorescein 

to calculate hydrolysis activity. 

2.4.1.3 Qualitative Analysis: 
Considering the coarse resolution (with some high margins of errors due to sampling 

conditions) of the available data, i.e. constructed with only few representative soils determined 

following an expert based method, numerical analysis only aims at identifying the main 

qualitative trends rather than aiming at a statistical validation. Nevertheless, these trends can 

be consolidated by generalization based on literature and used as an illustration for the 

theoretical exploration of our hypothesis regarding the multifactorial influence on soils’ 

resilience. 
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In section 3.1, on site observations of soils’ physical state, supplemented by sample 

laboratory analysis of biological activity and chemical compositions, are used to establish 

causal relations between soils’ urban history and the biogeochemical alterations they have 

been subjected to. Each of the six studied soils will therefore be presented according to a 

similar narrative: firstly, reconstitution of the site’s preexisting landscape conditions and 

agricultural background; secondly, identification of the soils’ historical trajectories according to 

the urbanization processes they underwent, then discussion of land uses, construction and 

soil maintenance practices’ influence on soils according to its physical and biogeochemical 

status; finally, classification of soils according to the World Reference Base (WRB) for soil 

resources (IUSS Working Group WRB, 2006), as well as characterization of soils’ development 

pathway and self-maintenance capacity. The soil profile description will ultimately be 

complemented by a comparison with general observations in literature. 

In section 3.2, previously described profiles will provide a base for the examination of 

various spatiotemporal gradients. Soils’ resilience will therefore be benchmarked according to 

various chemical and biological proxies along an anthroposequence determined by historical 

trajectories and combining various sub-variables [see plates 14; 65]. Such sequences will 

then allow for a discussion on the influence of the various factors related to urbanization or 

preexisting landscape conditions on soils’ resilience. Ultimately, different systematic patterns 

(i.e. specific combinations of factors) will be outlined according to specific interactions of 

historical trajectories and geomorphological background. Such systematic patterns will 

synthesize recurring combinations of (I) geomorphology, reflecting a set of preexisting 

landscape conditions, (II) land cover and related chronical or cyclical soil maintenance 

practices, (III) anthrosediments as punctual alteration and/or displacement of parent material, 

and (IV) time periods defining consistent episodes in urbanization over the last century. 
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2.4.2: Results and Discussion: Space-for-time Anthroposequences in the West 
Lausanne District: Documenting Urban Soil Resilience 

2.4.2.1 From Agricultural Landscape to Urban Soils: Six Historical Trajectories and Soil 
Development Pathways: 

The biogeochemical properties of the six studied soils are described in light of the five usual 

state factors and three ‘anthropogenic filters’, which are synthesized by Pickett and Cadenasso 

(2009) as (I) altered resources and stress factors, (II) negative or positive disturbances, and 

(III) spatial and temporal heterogeneity.

Soil 1 (S1): 
The first site (WGS 84: 46,5477N 6,5859E) is located in the municipality of Crissier, at an 

altitude of approximately 460 m. The eastern limit of the area lies on an outcrop of molasse 

with a slope of about 20 %, while the western two-thirds of the area lie on a sandy bottom 

moraine reworked by fluvio-glacial deposits with a slope of less than 5 %. In the 19th century, 

the site was part of a group of agricultural fields called A-la-Fin-de-Ley-Outre, surrounded by 

pastures on the molassic ridge and along the Mèbre River to the west. The site retained its 

agricultural vocation until nowadays and is still farmed by the same family. During the first half 

of the 20th century, only a few isolated buildings, accompanied by feeder roads, were built in 

the vicinity of the site, while from 1975 onwards, several factories, industrial zones and 

residential developments were gradually established on all the neighboring agricultural land 

holdings [see plate 53]. 
S1’s anthropic history therefore corresponds to a type B trajectory, according to what can 

be described as common intensive agricultural management. S1 is used for cereal crops in 

barley, wheat and sunflower rotations. It is ploughed annually to a depth of about 25 cm. This 

cultivation practice results in an absence of litter, as well as in the presence of barley shoots 

with a shallow rooting depth in Ap/Bu and Bu horizons. Similarly, the transition from a loose to 

a massive one, then a granular structure between Ap/Bu (2–20 cm), Bu (20–40 cm) and B 

(40–54 cm) horizons is due to compaction forming a plough sole. The presence of artifacts 

such as pieces of bricks, ceramics or slag in Bu horizon and a layered massive stones skeleton 

in B horizon indicate an anthropogenic reworking reaching a significant depth. Possibly dating 

back to ancient times and gradually implemented, this earthwork was potentially motivated by 

the addition of siltier material, which is favorable to agricultural use, compared to the underlying 

transitioned CI and CII horizons, which are more clayey and sandier, with a granular then 

subangular-blocky to blocky structure, up to a depth of circa. 110 cm. Intensive tillage, as well 

as mowing and export of biomass, result in a relatively low organic matter content in the upper 
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horizons, as well as a low nitrogen level and high C/N ratio. For the same reason, as well as 

due to low soil moisture, there is a very low microbial activity in the whole profile. The recent 

cessation of the addition of potassium and phosphorus fertilizers also explains the decreasing 

presence of the two elements in the surface horizons, which is particularly low as regard to 

bioavailable phosphorus. Finally, this soil, like all the other soils studied, has an abnormally 

high concentration of chromium, according to the guideline value of the Swiss legislation 

(Ordinance Relating to Impacts on the Soil, 2016), with a peak in CI horizon. As it is present 

in many sites and distributed over the entire profile, particularly in native layers, this slight 

contamination can have many different origins and may be geogenic, rather than 

anthropogenic [see plate 54]. 
S1 was consequently classified as Terric Anthrosol. Its DP is characterized by the 

maintenance of the original landscape conditions linked to a morainic geomorphology with 

glacial fluvial deposits, yet modified by an ancient anthropogenic horizon and by current 

agricultural practices. Horizonation processes are interrupted in the early horizons by 

ploughing. The self-maintenance capacity of this soil can therefore be estimated as being very 

low and slowed down in the current conditions of use. 

Soil 2 (S2): 
The second site (WGS 84: 46,5269N 6,5959E) is located in the municipality of Renens, at an 

altitude of approximately 428 m. It is situated at the boundary between a lateral moraine and 

a glaciolacustrine flat terrace reworked by fluvio-glacial deposits. In the 19th century, the site 

was covered by a field called Au-Mottey, stretching between streams bordered by pastures to 

the north and east, and by vineyards on the morainic ridge to the south. The construction of a 

national railway line at the end of the 19th century triggered the establishment of an industrial 

zone which became denser during the first half of the 20th century, causing the filling in of 

streams. During the first half of the 20th century, the railway, industrial and logistic platform 

extended over the entire glaciolacustrine terrace, while the molassic and morainic reliefs 

hosted dense housing developments. Presumably in the 1910s, the site was transformed into 

a community garden, adjacent to workers’ houses built by that time for the new Malley gas 

plant, which was operating until the 1970s [see plate 55]. 
The anthropic history of S2 therefore corresponds to a two-stage trajectory B, with 

traditional cropping until the 19th century, then the establishment of horticultural practices. S2 

is currently used for diversified nonprofessional cultivation in vegetable garden patches and 

orchards (aromatic herbs, Solanum lycopersicum L., Ficus carica L., Vitis vinifera, etc.). In the 

Ap1 horizon, a regular supply of compost and an annual ploughing down to a depth of about 

20 cm, but lighter than in the previous case, explain the maintenance of a granular structure 

with worm casts, which is typical of the action of living organisms. In the underlying Ap2 
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horizon, the loose structure, as well as the presence of pieces of non-endogenous limestone 

rock, and artifacts, such as pieces of porcelain, as well as larger roots, are evidence of a 

second, older ploughing horizon reaching a 45 cm depth, presumably related to the agricultural 

practices that preceded the establishment of the industrial zone. The two ploughing horizons, 

as well as the underlying C1 to 6 natural horizons deposited by fluvio-glacial sedimentation up 

to a significant depth of minimum circa. 140 cm, are variable in texture, with a predominance 

of silt and a loose structure. The relative moisture of the first horizons could be explained by 

watering practices, as well as by the topographical configuration of the site. An abnormally 

high level of copper, but with low leaching, in the surface horizons indicate the past use of 

fungicides, such as Bordeaux mixture, related to the cultivation of fruit trees. Abnormally high 

level of cadmium, lead and zinc may also be related to the increased addition of organic matter, 

as well as to the surrounding polluting industries or, more surprisingly, to the influence of car 

traffic, which is less important than in some of the other studied cases [see plate 56].  
S2 was consequently classified as Hortic Anthrosol (Thaptofluvic). The DP of this 

particularly deep soil is characterized by the maintenance of the original landscape conditions, 

linked to glaciolacustrine terrace with significant fluvio-glacial deposits, yet modified by recent 

and ancient anthropogenic horizons. Upper horizonation processes are dominated by past and 

current horticultural practices. The self-maintenance capacity of this soil can therefore be 

estimated as being significantly deviated by the current conditions of use. 

Soil 3 (S3): 
The third site (WGS 84: 46,5288N 6, 6133E) is located in the municipality of Lausanne, at an 

altitude of approximately 495 m. It is located on the side of a lateral moraine with a slope higher 

than 20 %. The site was formerly located on an agricultural land holding named Campagne de 

Valency dedicated to vineyards and mixed farming. It was bordered by a wood to the north 

and a mansion to the south which were both preserved, as well as a dwelling building to the 

east which was demolished, and two streams to the east and west which are now channeled 

and filled in. The construction of residential developments, first along the existing roads and a 

new regional railway line, then in subdivisions around new service roads, was pursued 

throughout all the 20th century. This urbanization processes motivated the creation of a public 

park on the Valency estate in the 1940s. The site was then raised by a levee supporting an 

esplanade planted with lime trees. The levee was subsequently landscaped into a meadow 

subjected to evolving more or less disturbing maintenance practices, with currently rare 

mowing after grass maturation, without the use of pesticides or chemical fertilizers [see plate 
57]. 

The anthropic history of S3 therefore corresponds to a two-stage trajectory B to C, with 

the establishment of horticultural management until the 1940s, then change of soil PM followed 
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by a pseudo-natural development. S3 is covered with a relatively thin litter. Although S3 could 

not be subjected to a full profile description, a relative structure development could be 

observed around grass roots. In the first meter of the profile, the texture becomes ever so 

slightly finer with depth, from loamy to clay loam, with lighter color. S3 is weakly carbonated, 

with small fragments of CaCO3 throughout. With depth, the relatively neutral pH tends to 

become more alkaline and effervescence to HCl increases. Such a weakly developed profile, 

containing very few artifacts, mostly brick fragments, is evidence of the earth material tipped 

during landscaping of the park. However, aforementioned changes in depth can diagnose the 

early formation of a cambic horizon. Although the lack of additional information on former 

maintenance practices prevents from stating this with certainty, the absence of more or less 

clear-cut break in the profile suggests that this soil has not undergone any subsequent 

ploughing that would have impacted its development. On the other hand, the little accumulation 

of organic matter in the upper part of the profile indicates that the meadow was maintained 

more intensively in the past than it is at present, with regular mowing and biomass export. 

Finally, up to a depth of about 140 cm, no trace could be observed of the horticultural horizon, 

which should logically be buried under the tipped earth material [see plate 58]. 
S3 was consequently classified as Calcaric Terric Cambisol (Escalic, Loamic). Its DP is 

characterized by an early resumption of natural horizonation and weathering processes on a 

human-transported PM, which nevertheless corresponds to the native underlying morainic 

context. The moderate intensity of pedogenic processes and current self-maintenance 

capacity can be explained by erosion due to the accentuated of the anthropogenic landform, 

as well as by the export of biomass when mowing the limited vegetal cover. 

Soil 4 (S4): 
The fourth site (WGS 84: 46,5252N 6,5846E) is located in the municipality of Chavannes-près-

Renens, at an altitude of approximately 390 m. It lies on a glaciolacustrine terrace, the 

topography of which was completely altered by urbanization, with almost no slope now. The 

site was part of a cluster of agricultural fields called A-la-Mulinaz and A-la-Bourdonette, 

bounded to the north by a morainic relief covered with vineyards and woods, and to the south 

by the Dorigny farm and pastures in the Chamberonne small valley. Throughout the first half 

of the 20th century, the agricultural landscape was maintained, except for the construction of 

a few farm buildings, housing developments and an important road to Lausanne. At the 

beginning of the 1960s, the area was disrupted by the construction of Switzerland’s first 

highway, accompanied by a petrol station to the north and by an exit ramp near the new 

Bourdonette large social housing complex to the south. The site was then completely levelled 

by an earthwork, with a variable thickness up to several meters, supporting the highway. After 

this construction work, the site was put back into intensive agricultural use [see plate 59]. 
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The anthropic history of S4 therefore corresponds to a two-stage trajectory B to E, with 

drastic change of soil PM followed by reestablishment of agricultural management. S4 is used 

for monospecific barley cereal crop, with an intercropping monospecific plant cover of Phacelia 

tanacetifolia. This agricultural practice, involving an annual ploughing up to circa. 28 cm and a 

later stubble ploughing up to 7–8 cm, results in the absence of litter and weed flora. It explains 

the formation of a respectively granular and subangular blocky structure in the Ap and BAp 

ploughing horizons, and the compaction in the two lower Bu horizons, with an angular blocky 

structure up to a depth of circa. 60 cm. It also contributes to the low organic matter content 

and nitrogen level, and therefore low C/N ratio in the whole profile, as well as low microbial 

activity and moisture in the surface horizon. The addition of potassium and phosphorus 

fertilizer explains the high and decreasing presence of these two elements in the surface 

horizons. S4 has an abnormally homogeneous profile in terms of color, silty and sandy texture, 

and basic Ph, as well as a quantity of artifacts such as coal, brick, bitumen, ceramic, scrap 

metal, glass higher than 10 %. A very compact Bm deep horizon (60–70 cm) consists of 80 % 

of a limestone skeleton and has a massive structure, over a B horizon (70–circa.80 cm) with 

platy structure. These characteristics are evidence of a significant backfill of calcareous 

material, of low quality from an agronomic point of view, linked to the construction of the 

highway. The human-transported material has a high level of calcium carbonates which 

increases with depth, except for the lower horizon. The weathering of calcareous artifacts and 

skeleton generates a progressive decarbonation of the upper horizons and explains the high 

pH. Finally, the immediate proximity of the highway results in abnormally high levels of copper, 

but with low leaching, and lead in the surface horizons [see plate 60]. 
S4 was consequently classified as Terric Anthrosol (Calcaric, Technic). Its DP is 

characterized by a complete destruction of the native landscape conditions and burying of the 

underlying geological subtract of the glaciolacustrine terrace and Chamberonne small valley, 

with drastic change in water and material regime. As evidenced by the low agricultural yield of 

this field, ploughing and subsequent compaction strongly dominate horizonation. Moreover, 

the pedogenic processes, such as decarbonation, and self-maintenance capacity occurring in 

this soil are deviated by the subtract of this relatively shallow profile, heavily impacted by 

numerous artifacts. 

Soil 5 (S5): 
The fifth site (WGS 84: 46,5423N 6,5641E) is located in the municipality of Ecublens, at an 

altitude of approximately 409 m. It lies on a glaciolacustrine terrace with a slope of less than 5 

%. The site is covered by the woods of Ecublens. The contours of this afforestation are almost 

identical today. Although it is bordered to the east by the Sorge River and to the south by a 

morainic hill, most of the wood falls in the catchment area of the Venoge, which flows further 
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west. In the second half of the 19th century, the arrival of a national railway line partially 

supported by levees and passing through the woods led, at the beginning of the 20th century, 

to the construction of the first factories to the north. A small quarry was also exploited at the 

foot of the moraine hill. In the 1960s, an interchange of Switzerland’s first highway with 

embankments, bridges and logistical facilities was built on the wood footprint, partially filling in 

the Sorge River. To the north and west of this highway and railway junction, which is of national 

importance and located in the middle of the forest, a vast industrial zone gradually became 

denser, while housing operations developed on the fields east of the Sorge. The site underwent 

several cuts of wood, deposits of earth or earthworks and subsequent replanting [see plate 
61].  

The anthropic history of S5 therefore corresponds to trajectory C, with change of soil PM 

followed by a pseudo-natural development. As evidenced by aerial photographs, the site was 

not deforested during the construction of the highway. However, the current state of the forest, 

planted equidistantly with deciduous and coniferous trees of the same age, with brambles and 

sedges on the ground, and a recent litter in the thin Oi horizon, leaves no doubt that it was 

logged and replanted later, probably in the 1970s. Moreover, S5 has a deep skeletal Cu 

horizon (45–circa. 70 cm) that is clearly anthropogenic in origin, with an angular blocky 

structure. The soil also contains no artifacts, but a large amount of clay throughout the profile, 

and is compacted, particularly below the skeletal horizon, in a buried Bb horizon (70–90 cm) 

with an angular blocky structure. Although the site does not appear to have been directly 

impacted by the highway construction site, the above characteristics therefore indicate that an 

earth fill was established. Given it state of pedogenic development, this earth fill is also deemed 

to be too young to be due to the construction of the railway in the 19th century. Consequently, 

it is probably due to an earth deposit related to neighboring constructions, such as the ones in 

the industrial zone, most probably at the time of logging in the 1970s. In spite of this major 

anthropogenic reworking, the forest cover allowed the development of intense biological 

activity, as evidenced by a good decomposition of the organic matter in the surface horizons. 

One can also observe the presence of roots, worm cast and a visible macrofauna, such as 

earthworms, sow bugs and spiders, in the granular structure with worm cast of the particularly 

moist A horizon (0–circa.5 cm), then in the blocky-platy to angular-blocky structure of the two 

B horizons (circa. 5–25 and 25–35 cm). The logical sequence of biogeochemical gradation in 

the depth of the profile, such as a lightening of the color, a high and decreasing C/N ratio, or 

decreasing acidity, is also comparable to that of a natural cambic soil. Finally, the location of 

this soil in a buffer zone in the middle of several major transportation routes explains an 

abnormally high level of nitrogen [see plate 62]. 
S5 was consequently classified as Dystric Cambisol (Clayic, Transportic). Its DP is 

characterized by a resumption of natural horizonation and weathering processes on a human-
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transported parent material, which nevertheless corresponds to the native glaciolacustrine 

context. The relatively high intensity of pedogenic processes and self-maintenance capacity 

can be explained by the inherited remnant properties of the human-transported parent 

material, as well as by the forest vegetal cover and favorable microclimate related to native 

geomorphological conditions. 

Soil 6 (S6): 
The sixth site (WGS 84: 46,5221N 6,5796E) is located in the municipality of Ecublens, at an 

altitude of approximately 387 m. It is located at the boundary between a buried frontal moraine 

and a glaciolacustrine terrace with a slope of less than 5 %. The site was on the En-Dorigny 

fields. This agricultural unit was crossed by the cantonal road and staked out by a preserved 

wooded morainic hill to the north, the Chamberonne pastures to the East, and by the marshy 

shores of Lake Geneva to the south. Throughout the first half of the 20th century, the 

agricultural landscape was maintained, except for a small quarry exploited in the north of the 

cantonal road and single housing developments on the morainic slope down to the lake in the 

southwest. During the 1970s, first roads and buildings were built on the newly established 

university campus, while land was reclaimed on the lake for recreational purpose and sports 

fields were created to the northwest and southeast. The campus then became relatively denser 

until today, in the form of roads and isolated buildings scattered in a landscaped park. During 

the construction of the university library in the 1980s, the site was partially remodeled and 

landscaped as a meadow overlooked by the new building (Stauffer, 2016) [see plate 63]. 
The anthropic history of S6 therefore corresponds to a two-stage trajectory B to D, with 

establishment of agricultural management until the 1980s, then change of soil PM followed by 

a deviated and disturbed development. Today, the soil is covered with a permanent lean 

meadow grazed bi-annually by sheep at the beginning and at the end of summer. It has been 

free of pesticides since 2011. Despite the rather moderate current maintenance of this green 

space, S6 was heavily impacted by the construction of the university library. It has a very thin 

litter over a shallow and granular O horizon (0–5 cm). This soil presents silty and sandy textural 

characteristics that are consistent with the original substrate of the glaciolacustrine terrace, but 

it is severely compacted. The soil’s PM, probably originating from the site, was presumably 

entirely stripped at the beginning of the construction work, then put back in place in the form 

of two superimposed A horizons, with a respectively granular and blocky structure (5–15 and 

15–30 cm). This technical process indicates a low concern for soil quality as evidenced by the 

proportion of coarse elements and hard technogenic materials higher than 40 % in the first 

meter of soil. In particular, the earth fill has been preceded by the burial of the construction’s 

waste in an underlying Ub horizon, with an angular blocky structure up to a depth of 75 cm and 

a proportion of various artifacts, such as rubble, pieces of tile, concrete, wood and charcoal, 
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wire, nails, solder balls and bottle shards, higher than 35 %. Such human-altered material 

contains calcium carbonates which increase with depth, particularly in the lowest horizon. S6 

has a moderate organic matter content, and therefore moderate nitrogen content and C/N ratio, 

as well as very low bioavailable phosphorus and exchangeable potassium content. Besides, 

due to compaction and low bioturbation, provided only by an anthill, the root depth is very 

limited; as is the quantity of biopores limiting water infiltration throughout the soil profile. S6 

has therefore a low moisture, which can also be explained by the important skeleton and sandy 

material reducing its water holding capacity [see plate 64]. 
S6 was consequently classified as Urbic Technosol (Relocatic, Skeletic). Its DP is 

characterized by a human-altered PM, the origin of which seems nevertheless rather similar 

to the native morainic context. In spite of rather soft current soil maintenance practices, 

compaction strongly slows down pedogenic processes and the self-maintenance capacity of 

this relatively shallow profile. 

Main Characteristics of Studied Soils and their Development: 
Among others, Lehmann and Stahr (2007) synthetized the main biogeochemical 

characteristics of anthropogenic urban soils. The soils that were studied in West Lausanne 

partially reflect this generic portrait. The most frequently observed typical characteristic is 

young soil age: except for S1, all the soils’ Time0 are to be found in the 20st century. Likewise, 

except for S5 and, to a lesser extent, S2 and 4, all the soils have a neutral to alkaline pH, with 

a rather low moisture, particularly in the lower horizons. In turn, as a common characteristic, 

compaction was partially observed: S1 has a plough sole and S4, 5 and 6 are compacted due 

to earthwork, whereas S2 and 3 are not. Significant artifacts and skeleton were found in S1, 2, 

4 and 6, but not in S3 and 5. Contrary to the others, S4 and, to a lesser extent, S3 and 6 have 

calcium carbonate, whether from natural (e.g. limestone fragments) or artificial (e.g. concrete 

fragments) origin. Finally, there was no evidence of some usual characteristics or hardly any. 

High organic carbon and nutrient content is not a characteristic feature of the studied soils. In 

particular, with the exception of S5, and to a small extent S2 and 6, there is no accumulation 

of organic matter in the upper horizons. This characteristic is contradictory to Howard’s 

description (2017, p. 229) when he states that “the presence of an abnormally thick, black, 

organic carbon-rich A horizon is perhaps the most universal characteristic that distinguishes 

anthropogenic soils from those of natural origin”. However, it does match Craul’s (1992) 

general observation. With the exception of soils in agricultural use and especially S2, the level 

of bioavailable phosphorus is also very low. Ultimately, although significant levels of copper, 

cadmium, lead and zinc were measured in the S4 and mostly in S2, and given that the 

chromium content is assumed to be geogenic, it can be noted that the soils studied are not 

characterized by significant heavy metal pollution, at least with regard to the Swiss regulation. 
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The aforementioned main characteristics, incompletely matching the usual description of 

urban soils, also partially reflect the typical influence of urbanization on pedogenic processes, 

which Howard (2017) summarizes in the two broad categories of weathering and horizonation. 

Howard indicates that irrigation generally speeds up weathering, while compaction slows it 

down. In the present case, there is no irrigation, while compaction actually slows down the 

weathering processes, with the exception of decarbonation which seems to happen in several 

soils. Howard also mentions that horizonation is influenced by the addition of natural or 

anthropogenic elements, transformation of soil material and translocation by anthroturbation. 

Here, horizonation is actually influenced by addition of PM and artifacts. Likewise, soil material 

is actually transformed by compaction and translocated by ploughing or cut and fill. On the 

contrary, the actual agricultural or landscaping practices do not favor the accumulation of 

organic matter through the addition of material. 

To a certain extent, such development pathways are more or less in line with 

anthropogenic development rates estimated by many authors. As an 80-year-old proto-cambic 

or low developed Cambisol, S3 has characteristics comparable to that of an anthropogenic 

Regosol, which typically forms in 10 to 25 years according to Burghardt (2001). An A-C profile, 

which Howard (2017) considers to be characteristic of most soils formed on recently 

anthropogenic landforms, is only observed in the partially anthropogenic and ploughed S2. 

According to this author, a few centimeter thick anthropogenic A horizon can typically appear 

in less than 25 years, which is the case of the circa. 50-year-old S5, and can develop up to 

25–30 cm thick in a century, with favorable moisture and vegetation. However, in spite of rather 

unfavorable conditions, S6 has developed O and A horizons up to about 30cm deep in less 

than 40 years, at a pace slightly slower than the 1.1 cm per year formation rate empirically 

observed by Scalenghe (2009). Such comments are not relevant for the S1, 2, 4 Ap horizons, 

since their thickness is mechanically related to the depth of ploughing, rather than to age and 

formation rate. In a slower and more irregular way, Howard (2017) also specifies that a cambic-

like or proto-cambic B horizons – i.e. subsoil horizon with only slight physical and chemical 

alterations – may form in several decades and reach a 25–30 cm thickness in a century. This 

observation applies to aforementioned S3. It is also relatively coherent with the Bu and B 

horizons of S1, which reached a depth of 54 cm over several centuries of agricultural use and 

soil improvement, and with the heavily impacted Bu, Bm and B horizons of S4, as well as Ub 

horizon of S6, which developed up to a depth of circa. 80 cm depth in about half a century. 

Finally, although Howard argues it usually takes more than a century and up to 500–2000 

years to form, a well-developed anthropogenic cambic horizon can be observed in S5 after 

less than 50 years. 

In sum, as highlighted by their classification according to the WRB taxonomy (IUSS 

Working Group WRB, 2006) and despite their relatively similar ages on the geological and 
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pedological timescales, the six studied soils show contrasting developments, both in terms of 

quality and pace. Half of the profiles were characterized as Anthrosols (S1, 2 and 4), which 

indicates that agricultural and horticultural (Hortic) activities still play a significant role in the 

study area. The Terric and Technic qualifiers of S4 testify, however, that the influence of the 

agricultural uses can combine with that of the urbanization. In two cases (S2 and 4), and in a 

way that may be surprising for agronomic uses, the respectively Thaptofluvic (i.e. buried 

truncated former fluvio-glacial soil) and Calcaric qualifiers show an obliteration and even a 

lithological conflict with the native geomorphological contexts, fluvio-glacial on the one hand, 

and glaciolacustrine on the other hand. In turn, it can also be noted that only one soil (S6) is 

considered to be of a genuinely artificial type, according to the Technosol taxon. The Relocatic 

and Skeletic qualifiers then indicate an influence related to the construction of infrastructure 

and buildings, which is typical of the urban environment, as underlined by the Urbic main 

qualifier. Even more surprisingly, two soils (S3 and S5) are characterized according to a class 

belonging to the domain of natural soils: Cambisols. Moreover, although the qualifiers, Terric, 

Escalic and Transportic leave no doubt about their anthropogenic origin, these pseudo-natural 

soils are relatively consistent with their respective native contexts, recalled by the qualifiers 

Calcaric, Loamic on the one hand, and Dystric, Clayic on the other hand. 
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plate 55



1975 - 19901950 - 1975

S2: Malley community garden
altitude: ca. +428 m 

Time0: ca. 1910
Traj. B 

0500 m1 km

0500 m1 km

N

1950 - 20181950 - 2018

20181990 - 2018

Historical trajectories ca. 2018

plate 55



C1 to 6 (45–140 or 145 or more cm): loose structure, few fine roots, few gravels

loose structure, ancient ploughing, coarse to fine roots, gravel, pieces of porcelain

granular structure with worm cast, fine roots, stones to gravels

light annual ploughing
watering and supply of compost

ancient use of fungicides

polluting industries or car traffic harvesting and export of biomass

geogenic chromium

vegetable garden and orchard (aromatic herbs, Solanum lycopersicum L., Ficus carica L., Vitis vinifera, etc.)

no litter

0500 m1 km

N

metapedogenetic
factors

natural factors pedogenetic
processes

neolithogenetic
factor

plate 56



watering and supply of compost

S2: Hortic 
Anthrosol 

(Thaptofluvic)

Malley gas plant, 
housing allotment and 

community garden built 
in the 1910s

Ap1 (2–20 cm)

Ap2 (20–45 cm)

C1 to 6 (45–140 cm)

plate 56



Geotypes

1935 - 19501830 - 1900 1900 - 19351830

1830 - 19501830 - 1950

Historical trajectories ca. 1900Slope < 5 % Slope > 20 %

plate 57



1975 - 19901950 - 1975

S3: Valency public park 
altitude: ca. +495 m 

Time0: ca. 1940
Traj.C

0500 m1 km

0500 m1 km

N

1950 - 20181950 - 2018

20181990 - 2018

Historical trajectories ca. 2018

plate 57



mowed meadow

thin litter

weakly developed profile, early structure development, no clear-cut break, few artefacts

Design-project section showing the remodeled topography and related earthworks
of the Valency public park in the 1940s

past intensive maintenancemowing and export of biomass

earthwork
erosion due to slope?

decarbonation?

0500 m1 km

N
no ploughing

metapedogenetic
factors

natural factors pedogenetic
processes

neolithogenetic
factor

plate 58



S3: Calcaric 
Terric 

Cambisol 
(Escalic, 
Loamic)

Valency public park 
esplanade supported by 
a levee, landscaped as a 

meadow in the 1940s

plate 58



Geotypes

1935 - 19501830 - 1900 1900 - 19351830

1830 - 19501830 - 1950

Historical trajectories ca. 1900Slope < 5 % Slope > 20 %

plate 59



1975 - 19901950 - 1975

S4: Bourdonette agricultural field
altitude: ca. +390 m 

Time0: ca. 1960
Traj. E 

0500 m1 km

0500 m1 km

N

1950 - 20181950 - 2018

20181990 - 2018

Historical trajectories ca. 2018

plate 59



monospecific cereal crop (barley), with an intercropping monospecific plant cover (Phacelia tanacetifolia)

no litter

granular structure, fine roots, stones to gravel

subangular blocky structure, fine roots, stones to gravel

angular blocky structure,
 compacted, few fine roots, stones to gravel, fragments of brick, concrete, ceramics, glass, and scrap metal

angular blocky structure,
compacted, very few fine roots, stones to gravel, fragments of brick, concrete, ceramics, glass, and scrap metal

massive cemented structure, highly compacted,
high proportion of calcareous massive stones to gravel, fragments of brick, concrete, ceramics, glass, and scrap metal

platy structure, compacted, few stones to gravel

annual ploughing and stubble ploughing

mowing and export of biomass

earthworkgeogenic chromium

decarbonation

polluting car traffic

potassium and phosphorus fertilizer

0500 m1 km

N

metapedogenetic
factors

natural factors pedogenetic
processes

neolithogenetic
factor

plate 60



S4: Terric 
Anthrosol 
(Calcaric, 
Technic)

A-la-Bourdonette fields 
disrupted by the 

construction site and 
earthwork of highway A1 

in the 1960s

Ap (2–7-8 cm)

Bap (7-8–28 cm)

Bu (28–34 cm)

Bu (34–60 cm)

Bm (60–70 cm)

B (70–80 cm)

plate 60



Geotypes

1935 - 19501830 - 1900 1900 - 19351830

1830 - 19501830 - 1950

Historical trajectories ca. 1900Slope < 5 % Slope > 20 %

plate 61



1975 - 19901950 - 1975

S5: woods of Ecublens
altitude: ca. +409 m 

Time0: ca. 1970
Traj. C 

0500 m1 km

0500 m1 km

N

1950 - 20181950 - 2018

20181990 - 2018

Historical trajectories ca. 2018

plate 61



granular structure with worm cast, coarse to fine roots

blocky platy structure, compacted, few coarse to fine roots

angular blocky structure, compacted, few coarse to fine roots

angular blocky structure, compacted, very few coarse to fine roots, high proportion of massive stones to gravel

angular blocky structure, very compacted

logging and replanting

no ploughing and export of biomass

intense biological activity

earth depositgeogenic chromium

replanted forest with deciduous and coniferous trees, brambles and sedges on the ground

Oi: thin litter

0500 m1 km

N

metapedogenetic
factors

natural factors pedogenetic
processes

neolithogenetic
factor

plate 62



S5: Dystric 
Cambisol 

(Clayic, 
Transportic)

Successions of earthworks, 
earth deposits, forest 

logging and replanting, 
around highway A1 

construction site

19331933

19621962

19571957

19631963

19621962

19731973

A (0–5 cm)

B (5–25 cm)

B (25–45 cm)

Cu (45–70 cm)

Bb (70–90 cm)

plate 62



Geotypes

1935 - 19501830 - 1900 1900 - 19351830

1830 - 19501830 - 1950

Historical trajectories ca. 1900Slope < 5 % Slope > 20 %

plate 63



1975 - 19901950 - 1975

S6: Dorigny campus
altitude: ca. +387 m 

Time0: ca. 1980
Traj. D

0500 m1 km

0500 m1 km

N

1950 - 20181950 - 2018

20181990 - 2018

Historical trajectories ca. 2018

plate 63



litter, granular structure, few coarse to fine roots, gravel
grazed lean meadow

granular structure, compacted, fine roots, stones

blocky structure, compacted, few fine roots, stones

angular blocky structure,very compacted,
 high proportion of stones to gravel, pieces of tile, concrete, wood and charcoal, wire, nails, solder balls and bottle shards

bi-annually grazing by sheep

recent cessation pesticides, no ploughing

earthwork has been and burial of the 
construction waste

(less) geogenic chromium

decarbonation

0500 m1 km

N

metapedogenetic
factors

natural factors pedogenetic
processes

neolithogenetic
factor

plate 64



S6: Urbic 
Technosol 
(Relocatic, 

Skeletic)

Construction site of the 
university library in the 

1980s, with earthwork in 
the adjacent meadow

O (0–5 cm)

A (5 –15 cm)

A (15 –30 cm)

Ub (30 –75 cm)

plate 64
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2.4.2.2 Urban Soil Resilience in Light of Native and Anthropogenic Factors: 
Anthroposequence and Systematic Patterns: 
Consistent with the initial intention to focus the sampling strategy on soils with a history 

corresponding to trajectories B, C, D and E [see plates 11; 52], this range of soils can 

therefore be seen from the perspective of a systemic approach. What do they reveal about the 

West Lausanne city-territory and about its landscape? But above all, how do these two notions 

interact in the form of an urban ecosystem? 

In order to compare different gradients and build an anthroposequence, soils were 

compared according to nine proxies [see plate 65]: pH (H2O), loss on ignition (LOI), organic 

carbon, total nitrogen, bioavailable phosphorus, microbial activity (FDA), lead level (XRF) and 

moisture. The value corresponding to organic matter content and microbial activity are only 

given for the upper horizons, as they are normally supposed to drastically decrease in the 

lower profile. Moreover, these values must be taken with caution and used as indicative rather 

than absolute values. In order to consider a relatively constant depth, these values are given 

for the two shallow O, A and/or B horizons in S4, 5 and 6, whereas they are only given for the 

first deeper Ap horizon in S1 and 2. In turn, the other values are calculated as an average of 

the values for all the horizons of a profile. In order to correct the bias introduced by the many 

C horizons in S2, the deeper horizons C4 to C6 were excluded from the calculation of averages 

for this profile. While averages were used within this study, future analyses conducted with 

research partners will possibly use linear mixed models in order to create a covariance 

structure that would account for the lack of independence between the observations and the 

auto-spatial correlation in the study design. This would enable to statistically evaluate all of the 

observations and prevent the violation of the assumption of independence. 

In order to establish meaningful comparisons, the values corresponding to each proxy 

were relatively benchmarked according to the highest value found among the six studied soils, 

which was recalibrated to a value of 100. Ultimately, since the values of S3 are not available, 

they have been replaced by hypothetical values arbitrarily defined on the basis of the values 

of S5, following a similar C trajectory, and S6, of the same morainic geomorphology, as 

indicated by the area marked in red in the graphs [see plate 52]. 

Discussion on various Chronosequences as Disturbance Gradients: 
As outlined in the introduction (Pickett, 1989), the profiles and related soil trajectories studied 

in the previous section lead to the same conclusions as those drawn by Amossé (2014, p. 161) 

about urban soils in Neuchâtel when he states that: 

“[contrary] to what we had initially thought, the disturbance gradient of urban soils only 

partially follows the time gradient. Indeed, while older soils are often more mature 

because they have been stabilized for longer, some recent human interventions allow 
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young soils to acquire some of the characteristics of older soils relatively quickly. […] 

Urban soils of the same age can therefore show different degrees of evolution 

depending on the nature of the inherited deposits, influencing at the same time the 

speed of the processes.” 

Also mentioning the influence of land uses on contrasting soil processes, Amossé (2015) 

consequently finds that the correlation between the age gradient and the biogeochemical 

properties of urban soils in Neuchâtel is lower and more partial than the correlation between a 

gradient characterizing the distance from the watercourse and the characteristics of the 

Allondon river soils, used as a natural reference. Similarly, in the case of West Lausanne, the 

soils’ biogeochemical properties express a fluctuating relation to the time gradient and do not 

characterize any consistent trend [see plate 66]. When the time gradient is interpreted in terms 

of soil age, it is therefore not relevant to explain the stage of development of West Lausanne 

soils, all the more so as they are generally younger than the soils studied by Amossé. For 

example, S3 and 5 underwent a rather similar C trajectory, characterized by an earth deposit 

that is coherent with the respective native lithological contexts, without compaction for S3 and 

a moderate compaction in lower horizons for S5, and presumably without further 

anthroturbation in both cases. These two soils consequently followed a cambic development 

pathway. However, S3, with a Time0 in the 1940s, shows a lower stage of horizonation than 

the younger S5, which has a Time0 approximately in the 1970s. With a duration almost twice 

as long in S3 as in S5, such different development paces, resulting in contrasting degrees of 

maturity that are in contradiction with the soil age gradient, must therefore be explained by 

other factors. Hypothetically, these variables are linked as much to differences in the pre-

existing geomorphological context, corresponding to different topographic configurations and 

related water regime, as to the anthropized vegetal cover, whether or not including the export 

of organic matter. In particular, the steeper slope, lower water input, thinner litter, lower root 

penetration and organic activity, as well as variations in carbonate or clay content, may explain 

the lower accumulation of organic matter and the less advanced stage of horizonation in S3 

than in S5. 

Besides, according to the studied soils, the time gradient is not fully relevant either when 

it reflects the evolution of the socio-cultural and technical soil construction and maintenance 

practices, related to the evolution of planning tools and urban morphologies. In the previous 

stages of this research it has been observed that soil management practices, as well as urban 

morphologies, evolved on the cultural and technical levels according to the main waves of 

territorial densification [see plate 38]. As stated previously (subsection 2.3.2), soil construction 

and maintenance practices implemented in the first half of the 20th century showed greater 

respect for soil quality, which was still associated to food production purposes at the time, than 

those implemented in the second half of the 20th century, which affected larger areas, with 
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more invasive machinery. However, although this trend is clearly illustrated by the fact that S4 

and 6 show a greater degree of compaction and a greater quantity of calcareous skeleton and 

artifacts than S2 and 3 [see plate 67], once again, a lower anthropogenic impact is observable 

with S5. Such a higher stage of development in a soil which was nevertheless recently 

remodeled indicates that socio-cultural and technical evolutions of soil construction and 

maintenance practices are not entirely linear but fluctuating, and cannot be considered as a 

single logic explaining all soil changes. 

Discussion on various Toposequences as Disturbance Gradients: 
Amossé (2014) further argues that any links between the ‘above’ and ‘below’ landscapes must 

be established with caution. The author’s attempt to synthesize the characteristics of the soils 

of Neuchâtel into three main categories, corresponding to a specific spatial and temporal 

distribution, proves to be only partially transposable to the soils of West Lausanne. While the 

first category, assimilating natural urban soils to forest cover, matches in some cases (c.f. 

SWISSOIL, n.d.), it is invalidated by the example of S5, which is clearly of anthropogenic origin, 

even if following a pseudo-natural development pathway. The second category, assimilating 

modified but near-natural urban soils to the soils of vineyards and pastures, also seems difficult 

to apply to the case of West Lausanne, which rather demonstrates significant impacts 

associated with agricultural and horticultural uses in S1, 2 and 4. Likewise, even if they are 

both covered with meadow and currently maintained through extensive practices, S3 and 6 

show relatively contrasting characteristics. Finally, the third category, assimilating urban soils 

entirely formed by man to the historic center of the city, does not apply to the case of West 

Lausanne, which corresponds to a peri-urban area, but which nevertheless demonstrates that 

strong impacts can also be observed in eccentric areas of recent urbanization. Despite the fact 

that they are both located close to a campus and a highway outside the city center, S4 and 6 

present a strong anthropogenic impact linked to urbanization, combined in the second case 

with agricultural use. These empirical observations are in line with the idea currently accepted 

within the field that, contrary to historic city centers characterized by homogeneity of highly 

impacted anthropogenic substrate, more dispersed and/or contemporary forms of settlements, 

such as West Lausanne, display more heterogeneous soil conditions when examined at a 

close scale (Burghardt, 1994; Hernandez et al., 2017; Howard, 2017; Huot et al., 2017; 

Prokof’eva & Martynenko, 2017). If considered as a simple function of a land cover, longitudinal 

geomorphological transect or transversal center-periphery gradient [see plate 65], soil 

characteristics appear as being also fluctuating [see plate 66]. Therefore, basing a simple 

linear reasoning on the ‘above’ landscape is not more relevant than on soil age. Indeed 

urbanization in West Lausanne does not correspond to a radio-concentric growth but rather to 
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the more diffuse, polycentric and gradual mixed-use densification of the mesh formed by 

former villages. 

Definition of a Spatiotemporal Anthroposequence: 
In turn, the approach developed by Pouyat (2010, p. 134) can be used as a reference to 

characterize and interpret more complex influences on soils according to multiple and 

combined sequences, by “comparing the spatial relationship of various soil variables with land 

use, cover, and the natural soil forming factors (pm) at the scale of a city, neighborhood, or 

subdivision”. In the case of the metropolitan area of Baltimore, the author noted that soil 

maintenance practices related to different land uses have a much greater effect on soil nitrogen 

cycling than the variation of nitrogen deposition along urban–rural gradients. Conversely, the 

amount of potassium, phosphorus and some heavy metals was less characterized by land 

uses and cover than by some morphological and historical urban features, such as the 

presence of a transportation corridor, or the age of houses. Interestingly, Pouyat finally 

observes a continued influence of native PM according to physiographic regions, thus 

underlining the persistent role of the geomorphological factor in regard to human disturbances. 

In order to obtain a more complete view of the influence of all the factors involved in soil 

changes, it is then necessary to establish a chrono-topo-sequence, or anthroposquence, on 

the basis of soil historical trajectories [see plate 65]. Such a space-for-time substitution and 

sequencing combines in a logical and systematic way the respective influence of (I) native 

geomorphologies, (II) land cover and uses, (III) anthrosediments changing over time. Even if 

they do not reproduce pre-existing landscape conditions and do not entirely discriminate 

between the different vegetal covers, the historical trajectories mentioned so far essentially 

reflect anthropogenic practices related to cultivation and earthwork. Comparing different 

historical trajectories along an anthroposequence therefore provides a sound platform for 

highlighting the dynamic logics of soil changes. On the one hand, space-for-time substitutions 

allow for retracing the typical course, or multiple lives, of the soils of West Lausanne, which 

are most often subjected to agricultural or horticultural uses at first, then disturbed by a cut and 

fill, then left to their natural development or subjected to landscaping maintenance in the 

context of a green space. On the other hand, space-for-time substitutions articulate time and 

space gradients in the form of a chronotoposequence which reflects the establishment of the 

Swiss Plateau city-territory as a complex figure and gradually densified urban mesh and soil 

mosaic. The main variable of the anthroposequence is consequently defined by a sucession 

of historical trajectories B, E, D and C. The first sub-variable is the geomorphological native 

context: morainic or glaciolacustrine. The second sub-variable is the Time0, corresponding to 

the establishment of the main anthropogenic disturbance. The third sub-variable is the possible 

addition of anthropogenic PM, and its coherence or discrepancy with the native 
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geomorphological context. The fourth sub-variable is the vegetal cover and related 

maintenance practices [see plate 67]. 

Comparison of Soils’ Resilience in the Anthroposequence: 
The resulting property examined in such an anthroposequence is decadal soil changes. The 

first question is then: does the variable influence of these trajectories follow a logical gradation? 

The second question is: what actually favors a more or less high or a more or less rapid 

resumption of a pseudo-natural development? The pseudo-natural characteristic of 

anthropogenic soils, which can be interpreted as the highest degree of resilience among the 

studied soils, is indeed of high interest from the point of view of sustainable urbanization. 

The variation of each proxy’s values along the anthroposequence can be interpreted on 

the basis of the method proposed by Tugel (2005, p. 742), when she states that: 

“[resistance] is expressed as the SOC ratio of cultivated systems to virgin grassland. 

The recovery of SOC can be used to interpret the soil’s resilience. […] Qualitative soil 

survey interpretations for resilience would be developed from space-for-time sample 

data […]. A relative term (e.g., high or moderate resilience) would be assigned to 

these soils.” 

In the present case, the anthroposequence can thus give an idea of the slowing down, or 

resumption, in the intensity of several processes: carbonation and decarbonation according to 

pH, accumulation of organic matter according to organic matter content and organic carbon 

level, nutrients cycle according to total nitrogen and bioavailable phosphorus, biological activity 

according to microbial activity, and finally the potential contamination according to Pb level. 

Firstly, as shown by the curves represented by a continuous line in the anthroposequence 

[see plate 67], it is clear that organic matter, organic carbon and nitrogen levels, as well as 

microbial activity, increase relatively steadily, in a linear trend, ranging from agricultural and 

horticultural uses (trajectory B), to soils derived from highly impacted earthworks (trajectories 

D and E), then to soils derived from less impacted soil deposits and following pseudo-natural 

development (trajectory C). In a singular way, it appears that, according to these parameters, 

soils that have undergone a greater degree of urbanization by cut-and-fill (S3, 5, 6) prove to 

be more resilient than those under agricultural influence (S1 and 2), especially when they 

support a forest vegetal cover without any export of organic matter (S5). Secondly, represented 

by dashes, the bell-shaped pH curve indicates a significant impact on the soils derived from 

earthworks (trajectories D and E). Also represented by dashes, the CEC curve follows a U-

shaped trend in a reversed way, such an anti-correlation expressing the ‘normal’ chemical 

influence of pH on CEC. Thirdly, the dotted curves for bioavailable phosphorus and lead both 

show a sharp spike, indicating respectively the punctual influence of fertilization practices in 

the first case, and of a pollution whose origin is not immediately clear in the second case. Such 
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spikes do not allow for distinguishing the influence of a specific historical trajectory. The 

moisture curve follows a similar trend, except that it rises again for S5. 

Discussion on the Prevalence of Native and Anthropogenic Factors on Soil Changes: 
The three above-mentioned trends in soil resilience lead to considering, in the first place, the 

respective influence of natural or anthropogenic meta- and neofactors on soil changes, then 

to synthesizing the combined action of all these factors according to three main systematic 

patterns. 

About soils in urban and industrial environments, Burghardt (1994, p. 207) states that the 

“variability of soil is not based on any relationships which are due to genesis. The information 

content of individual soils concerns the history of uses of the lot only.” This assertion of a 

predominance of anthropogenic factors over pre-existing landscape conditions deserves to be 

discussed in the light of the observations previously made. In particular, the comparison of the 

information contained in West Lausanne soils helps to distinguish and assess the contribution 

of humans and landscape to recent and future soil formation. It is thus possible to review the 

influence of each of the five factors of pedogenesis and related process-response, to observe 

whether it is still prevalent or not, and to determine whether human influence acts with or 

against natural trends. 

Concerning the time factor, it has been observed that anthropic practices lead to a reset 

of the pedological clock in almost all cases. Nevertheless, the following contrasting 

development paces are not only explained by the evolution of socio-cultural and technical 

practices, but are also influenced by other factors such as topography, including slope and 

water supply. 

The lithological factor is also modified by man in all cases by soil amendment or cut and 

fill, with a tendency to homogenize soil texture. However, it has been observed that the human-

transported and tipped material is generally coherent with the pre-existing PM, most probably 

because, in relatively diffuse urban settlements, the earth from the fills is taken from, or in the 

immediate vicinity of, the work sites. In West Lausanne it therefore seems that the origin of PM 

is less disturbed and more local than in urban centers. Likewise, contrary to more pronounced 

industrial contexts, this PM is generally not affected by a significant pollution. The humid 

climatic conditions present in West Lausanne should favor the expression of more acidic soils, 

as a function of time. The frequent presence of CaCO3, due to the calcareous skeleton and 

anthropogenic artifacts in the fill material, can be considered as being in a state of 

disequilibrium with the climate. This intrinsic property can then be compared to the 

phenomenon of pedogenic inertia (Bryan & Teakle, 1949) that is observed in some natural 

mountainous soils characterized by reserves of calcareous PM (Rowley et al., 2020). It could 

be caused by the fresh inputs of CaCO3 or just by the fact that the soils have not had enough 



142 

time to pass the threshold of CaCO3 removal. In this case, this soil characteristic is all the less 

antinomic with the native landscape as West Lausanne is situated in a pre-alpine context. The 

observed decarbonation process-response is also characteristic of natural soils and can 

therefore be considered as ‘normal’. Lastly, although the addition of PM generally results in a 

compaction which slows down the natural weathering processes, it has been observed that 

the horizonation process usually tends to the expression of a complete A-B-C profile type. 

It was observed that the topography factor was disturbed in only one case, by a drastic 

modification of the original slope of the terrain. Similarly, in the absence of irrigation, which is 

a common practice in the green spaces of urban centers, the climate factor is not directly and 

significantly disturbed. It was therefore observed that the moister soils are logically located in 

glaciolacustrine geomorphological contexts, corresponding to a sunken relief at the bottom of 

the slope and a more hydrophilic PM, while the drier soils are located in morainic contexts, 

corresponding to a steeper relief and a more draining PM. However, it can be assumed that 

the erasure of micro-topography and the generally increased dryness of the soil do not favor 

natural weathering processes or even slow them down. 

Lastly, a very clear human dominance over the biological factor was observed in all cases, 

due to an anthropization of the vegetal cover. The maintenance practices related to such 

anthropogenic land cover and uses also generate compaction, while the export of biomass 

prevents the formation of a thick litter. The natural turbation due to roots and the activity of soil 

organisms is therefore reduced, or frequently very much disturbed by ploughing. Likewise, the 

supply of organic matter and nutrients is greatly reduced. However, it was observed, in the 

form of a clear and linear gradation, that the impact of agroforestry practices and, to a lesser 

extent, landscape maintenance practices that are less intensive than in urban centers, are less 

impacting than agricultural uses. 

In sum, Burghardt’s hypothesis of a predominance of human history over natural 

pedogenetic processes is only partially verified here. Instead the diverging chain reactions of 

human-nature processes can be synthesized as three major systematic patterns 

characterizing the effect of the urbanization of West Lausanne on its soils. Following on from 

historical trajectories, such systematic patterns characterize the specificity of West Lausanne 

urbanization, and more generally of the Swiss Plateau city-territory, with regard to 

sedimentation, or anthroturbation, and gardening as the two fundamental acts of soil 

transformation. Systematic patterns also suggest that this city-territory interacts with the 

landscape on which it is established more than it dominates it. Moving away from time and 

center-periphery gradients, systematic patterns also show that the influence of this particular 

form of urbanization is very different from that which has taken place in historic urban centers, 

or in industrial centers, and which has so far been the focus of attention, at least in Europe. 
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Pattern A: 
Firstly, as a neofactor of lithogenesis, the urbanization of West Lausanne is characterized by 

a vast phenomenon of anthrosedimentation through cut and fill, which modifies in the first place 

the soil’s mineral composition, as illustrated by pattern A [see plate 67]. This pattern is 

characterized by a highest impact on S4, the pH of which reaches 8.17 as the highest value of 

the anthroposequence. Despite the compaction it often generates due to the technical 

evolution of construction practices, with the highest impact corresponding to the second urban 

growth wave in the 20th century, this disruption of the time, topography and lithology factors 

does not seem intrinsically problematic in that it resets, rather than dominates, pedogenetic 

processes. The greatest influence of the lower quality earthworks, which contains calcareous 

materials and artifacts and has undergone the strongest compaction, results in a slower yet 

active decarbonation process, and related influence on soil pH and CEC, which, as mentioned 

before, can be compared to natural pedogenic inertia. From that perspective, such changes in 

the soil material regime, and indirect changes in the soil water regime, redefine the soil system 

of West Lausanne with a magnitude comparable to that of the main natural geological and 

lithological processes [see plate 10]. Thus, the comparison proposed by Amossé (2015) 

between urban soils and river soils, which are derived from fluvio-glacial deposits, is also taken 

up by Burghardt (2017a, p. 19) in the following description: 

“Most urban areas are young. They have some similarities to natural alluvial plains 

which exhibit a juvenile landscape stage. Both have dynamic periodic change of cover 

and new deposits on existing soils.” 

In his turn, Pouyat (2010, pp. 128–129) compares the impact of urbanization on soils with a 

geogenic reprocessing from glaciation-deglaciation: 

“Much in the same way that the till remaining from a retreating glacier is considered 

parent material, in an urban example transported material used to fill in a low-lying 

area is considered parent material […].” 

Ultimately, urban soils are compared to mountainous soils for their calcareous properties 

(Burghardt et al., 2015) and to subalpine soils for their sandy texture (Burghardt, 1994). 

Pattern B: 
Secondly, as a metafactor of pedogenesis, the urbanization of West Lausanne is characterized 

by a vast gardening campaign, which modifies in the first place the action of life in soils through 

a pervasive replacement of the vegetal cover and export of the biomass, as illustrated by 

pattern B [see plate 68]. This pattern is characterized by the highest resilience of S5, featuring 

the highest values of the anthroposequence for organic carbon (1.84 %) and nitrogen (0.15 %) 

rates, as well as for biological activity measured with FDA (158.16 ug/g/h). Surprisingly 

enough, this disruption of the biological factor appears to be more problematic than 
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anthrosedimentation, in that it partly interrupts the short biogeochemical cycles and reduces 

bioturbation. As regards the influence of urbanization on soils, the positive side of this pattern 

is that intensive agriculture expresses the highest perturbation of life in soils, whereas 

landscaped meadows of urban green spaces and more diversified vegetation and habitat 

strata of ‘urban wilderness’ (Kowarik, 2013, 2018), such as forests, show a higher and 

increasing degree of resilience, even if they have undergone a stronger PM disruption. For 

some proxies, the only exception to this upward trend is S4, which combines the influence of 

cut-and-fill and agricultural use (trajectory E), and thus confirms the general principle of a 

gradation in resilience according to these two influences. The “rapid succession of vegetation 

and fauna” put forward by Burghardt (2017a, p. 19), which again evoke a major natural 

phenomenon, seems less meaningful here, as it is only applicable to the forest covering S5. 

Pattern C: 
Thirdly, as another potential metafactor of pedogenesis, the urbanization of West Lausanne is 

not characterized by vast and high chemical inputs, but only by punctual signs of fertilization 

or heavy metal contamination, as illustrated by pattern C [see plate 68]. This pattern is 

characterized by the highest impact on S2, the bioavailable phosphorus content of which 

reaches 64.37 mg.kg-1, and on S4, the lead content of which reaches 42.12 ppm measured by 

XRF, both as the highest values of the anthroposequence. Although heavy metal 

contamination can be potentially harmful to human and animal health, these contained 

disruptions of the biogeochemical cycles do not appear to be excessively problematic as they 

do not directly influence the natural pedogenetic processes. On the contrary, this third 

systematic pattern could reveal a reverse influence of the natural factors on urbanization, 

which would fit the preexisting landscape context or adapt to it. Indeed, in an equally 

unexpected way, the lead and phosphorus levels tend to follow the same trend as soil moisture. 

As previously observed in section 2.4, soil moisture distinguishes the glaciolacustrine from the 

morainic geomorphological context, as a specific combination of the topography, lithology and 

climate factors. As illustrated by mapping operations performed in section 2.3, urbanization-

related chemical disturbance therefore seems to somehow adhere to preexisting landscape. 

At this stage of the research, there are two hypotheses that could explain this phenomenon. 

On the one hand, the slope and water flow could directly concentrate the pollution in the sunken 

reliefs of the glaciolacustrine geomorphology, though colluvialization. On the other hand, the 

sunken glaciolacustrine reliefs could indirectly favor the establishment of polluting activities, 

such as highway and railway transportation corridors, or industrial zones, often surrounded by 

community gardens, while old village centers and large residential complexes are more likely 

to be located on the morainic hillsides. According to these explanatory hypotheses, the 

absence of significant traces of contamination in the values of S5, the moistest soil which is 
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also situated in a glaciolacustrine context and in the immediate vicinity of a potentially very 

polluting transportation corridor, could therefore be explained by the fact that the gentler slopes 

of the sunken topography in which it is located might drain less contamination to this site. 

2.4.2.3 Hypotheses and Foreseen Research Developments on West Lausanne’s Urban 
Soil Functions according to the DESTISOL Modeling Tool: 
At this stage of the research, it seems therefore necessary to hypothesize about the functions 

provided by the studied soils, on the basis of the above-mentioned soil characteristics and 

pedogenetic processes, which are expressed in response to various anthropogenic and native 

factors. The functions of the studied soils were estimated here by the Laboratoire Sols et 

Environement (LES) at the University of Lorraine in Nancy (France) using DESTISOL decision 

support systems (DSS). This modeling tool is currently under development. It is meant to 

assess semi quantitatively, at the scale of a site, various soil functions on the basis of an 

integrative approach applied to a selection of the soil’s physical and biogeochemical 

properties, and to cover characteristics (Blanchart et al., 2018). In a further step, the ranking 

system also combines various evaluated soil functions to assess the capacity of a soil to 

provide a range of ecosystem services. Besides, this DSS is conceived “for urban planning 

projects upstream of the planning decisions […and] dedicated to the redevelopment of urban 

brownfields” (Blanchart et al., 2018, pp. 1, 5). As outputs of this theoretical model, the scores 

(ranging from 0 to 3) assigned to the different soil functions reflects an interpretation that gives 

more or less weight to the considered proxies. Such parametrization of the model corresponds 

to the purpose on which the Destisol tool is currently being designed, i.e. the revalorization of 

bare soils or the creation of new soils on brownfields, and therefore may not be fully suitable 

to assess the actual current functions of soils empirically documented in West Lausanne. 

Consequently, the semi-quantitative values obtained with Destisol, on the basis of empirical 

data with a very high margin of errors, must be taken with caution. 

These semi-quantitative values are therefore presented here as being indicative and 

hypothetical, in order to illustrate the theoretical logic of a phenomenon. For instance, the 

various estimated soil functions were compared according to the anthroposequence previously 

defined [see plate 69]. Soil functions were grouped here in three main categories: firstly, the 

physical and chemical fertility as expected for grass and vegetable growth; secondly, the 

regulating functions, related to biogeochemical cycles in general, including recycling of organic 

matter and nutrients, carbon storage, and water retention; finally, the regulating functions, 

related to various environmental risks in particular, including protection against erosion, 

circulation and infiltration of water (i.e. protection against flooding and release of contaminants 

into ground water), and physical retention of contaminants. At this stage of the research, the 

obtained hypothetical results are not deemed sufficiently reliable to allow a detailed 
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commentary on the respective functions of each soil. Nevertheless, in a general way, as 

functions scores gravitate for the most part around 2, it can be pointed out that the studied 

soils present a relatively effective level of functionality, as regard fertility and regulation of 

biogeochemical cycles and environmental risks. Indeed, some physical impacts, such as the 

compaction of deep horizons, do not necessarily diminish a soil’s ability to perform regulating 

or provisioning functions. Such a finding is in line with Pouyat’s (2010, p. 142) general 

statement on urban soils: 

“urban soils have exhibited a surprising capacity to support plant growth and soil 

fauna; as a result they may have relatively high rates of biological activity and richness 

of species relative to the native systems they have replaced. With this capacity, urban 

soils have the potential to provide various ecosystem services to inhabitants of urban 

areas and settlements.” 

Although it deserves to be supported by more reliable and exhaustive empirical results, this 

observation is crucial as it validates the main working hypothesis of this research concerning 

the environmental value of urban soils in the city-territory. 

Besides, it has been demonstrated in the previous section that soils’ historical trajectories 

[see plate 11] contribute to explain soils’ physical and biogeochemical characteristics 

according to the various patterns of the anthroposequence previously defined. The 

assessment of soil functions by Destisol also being based on soil physical and biogeochemical 

characteristics, one can therefore hypothesize that it would reflect the same patterns. 

However, at this stage of the research, the obtained results do not allow yet to verify this 

hypothesis. In the forthcoming developments of the research, a verification of the empirical 

data collected during the field campaign and of the parametrization of the Destisol model, may 

lead to the verification or the reframing of this hypothesis. If it is established that the here-

proposed anthroposequence provides a relevant systematic framework to relate urban soils’ 

historical trajectories not only to their characteristics but also to their functions, it will therefore 

be conceivable to extrapolate an interpreted map of soil functions based on a map of soil 

historical trajectories at the territorial scale of West Lausanne. According to the above-

mentioned hypothesis on the studied soil functions, such an additional layer could be obtained 

by assigning to each urban soil trajectory a qualitative score (i.e. poor, moderate, good) 

regarding each function. 

Ultimately, as an ‘interpreted map’ (Makowsky & Schneider, 2017), this additional layer 

would therefore allow the assessment of the relevance of ongoing planning policies and to 

foresee various opportunities and challenges in relation to the estimated future need for 

ecosystem services [see plate 12]. According to pattern C mentioned above [see plate 51], 
one could wonder in particular if the soils that are potentially the most exposed to flooding risks 

or contamination, as well as those which are concerned by a specific need for support of 



147 

macro- and micro-biodiversity, are actually suitable for such requirements. According to 

patterns A and B [see plates 49-50], one could also wonder if desealing strategies and related 

anthrosedimentation, as well as diversification and improvement of gardening practices could 

result in an improvement of soil functions, in order to make up for any discrepancy between 

current soil quality and needs in terms of functionality. An efficient parametrization of DSS 

tools, which would relate soil functions to soil quality and ultimately to anthropogenic neo- and 

meta-factors of soil change, would provide stakeholders, planner and designers with a set of 

variables on which they could act in order to develop a more sustainable project for the ground. 

As envisioned by several authors (i.a. Blanchart et al., 2018; City of Stuttgart, 2012; Drobnik 

et al., 2017; Grêt-Regamey et al., 2018; Lal & Stewart, 2017; Morel et al., 2014; Poyat, 2018; 

Robert, 2012), the purpose of such an interpreted map and its current limitations in terms of 

valid and applicable outputs reflect today’s state of the art in soil science and sustainable 

planning. 
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2.4.3: Future #2 

The influence of ongoing planning policies on future soil changes exposed in subsection 2.3.3 

not only affects the meta- and neo-factors of pedogenesis, but also influences pedogenic 

process-responses, as well as soil quality and functions. Besides, as mentioned in subsection 

2.3.3.1, contemporary planning practices, which aim at the requalification of inherited specific 

situations, rather than at ex nihilo developments, do not provide in themselves a global and 

precise vision of the future impact of planning on urban soils, as the morphologies and 

densities of the future sectors are not managed centrally at the level of the plan, but defined 

locally by resorting to special planning specific tools such as neighborhood plans. It is therefore 

necessary to extend the prospective analysis to a closer scale, in order to relate the challenges 

and opportunities outlined in subsection 2.3.3 to ongoing local policies. 

Firstly, beyond the general orientations set out in the guiding planning, the analysis of 

ongoing local policies (Canton of Vaud, Land Use Plan and Reserved Areas, n.d.) makes it 

possible to observe how the inward urbanization principle is to be actually implemented in 

West Lausanne and to foresee the effective influence it could have on soil changes [see plate 
43]. Secondly, based on the desealing, gardening and contextualizing strategies previously 

highlighted as prospective patterns [see plates 49-51], the interrelated requalification of West 

Lausanne city-territory and regeneration of its soils will be envisaged in terms of a positive 

evolution of the proposed anthroposequence. Prospective trajectories will outline the potential 

quality urban soils of tomorrow. 

2.4.3.1 Ongoing Local Planning Policies and their Actual Impact on Urban Soils: Soil 
Maintenance Practices and Project Development in West Lausanne: 
When the same land use is maintained, local policies are expressed in the form of the written 

regulation that comes with the definition of the different zones in the Land Use Plan. In that 

case, the regulatory planning frames a range of more or less formalized soil maintenance 

practices. In turn, when a land use change is planned, local policies are usually formulated in 

the form of a local master plan through the use of a special planning tool. Guiding planning is 

then developed as an urban design and architectural project. These ongoing local planning 

policies therefore determine whether an urban soil is actually to be preserved, valorized or 

degraded in the future. 

Landscape and Public Space Measures: 
Three of the studied sites are not currently concerned by development projects and their land 

use in consequently maintained [see plate 70]. As established by a ‘plan partiel d’extension 

n°627’ dating from 1986, soil 3 is classified as ‘green zone’ and is to be maintained as a public 
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park. Soil 6 is under the regulation of the ‘plan d’affectation cantonal n°229’ dating initially from 

1968 and defining the land uses for the university campus (Canton of Vaud, Land Use Plan 

and Reserved Areas, n.d.). As opposed to some other open spaces on the campus which are 

meant to be built-up, no additional buildings are planned in this sector, which is to be 

maintained as a landscaped meadow. In these two cases, the soils are respectively managed 

by the municipal and university maintenance services, which occasionally call on farmers. 

During the field campaign, informal interviews with these operators of soil maintenance 

reported recent improvements in cultivation and maintenance practices, such as stopping the 

use of chemical fertilizers and pesticides and using livestock (sheep or goats) to mow the 

meadows, which tends to optimize biogeochemical cycles and soil biological activity, or late 

mowing and re-seeding with hay from the site, which tends to improve biodiversity. In a general 

way, these recent developments in the maintenance of open spaces by public authorities are 

evidence of a possible redefinition of the relationship between agriculture and urban spaces. 

Such new synergies must consider, on the one hand, the unsuitability of intensive agricultural 

practices for scattered urban spaces, of modest size and located in close proximity to living 

areas, and, on the other hand, the potential participation of different kinds of users. Soil 5 is 

classified as “forest area” in the Land use plan (Canton of Vaud, Land Use Plan and Reserved 

Areas, n.d.) and, as such, is protected by federal law. Nevertheless, in line with the set of 

landscape and public space measures foreseen by West Lausanne Intercommunal Master 

Plan, which outline this area as potential ‘forest-park’, an increase in the anthropogenic impact 

can be expected from recreational and sports uses, with a higher number of visitors in 

particular. 

Valorization and Densification Measures: 
In line with foreseen valorization and densification measures, a land use change is planned for 

the three other studied sites, as they are all classified as mixed-use sectors according to the 

Intercommunal Master Plan [see plate 71]. These evolutions prescribed by the guiding 

planning reflect a certain inertia due to regulatory planning: The future of site 1, still in 

agricultural use, is conditioned by a 50-year-old decision classifying it as a productive zone, 

while site 4 is one of the last agricultural plots classified as a building area for at least the next 

20 years. In addition, as the foreseen productive use of site 1 was subsequently abandoned 

in favor of mixed uses, site 2 is subjected to a reconversion policy for former industrial zones. 

Site 1 is consequently under the regulation of the ‘Plan d’affectation Ley Outre Est’ established 

in 2020 after a the former ‘Plan d’extension partiel A-la-Fin-de-Ley-Outre’, dating from 1972 

and never implemented, was rendered obsolete by the guiding planning. Site 4 is under the 

regulation of the ‘Plan de quartier En Dorigny’ established in 2017. Relatively similar in their 

textual and graphical formulation, these two recent special planning documents do not 
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explicitly express any surface area or proportion (i.e. coefficient) of soil that should remain 

open. Rather, they focus on the built volumes expressed as a set of maximum floor and built-

up surfaces. Some qualitative measures, which are more or less precisely located in the plan, 

only stipulate that some surfaces must be unbuilt, landscaped and vegetated. However, it can 

be noted that the very large majority of the land is intended to be sealed or built on. In the Ley 

Outre case, it is also stipulated that, if possible, earth cut and fill should not exceed 1.5 meter 

in thickness as regard to preexisting topography. Besides, in both cases, a green area 

designated as “zone de verdure” is established in a marginal position, with the objective of 

creating a public park or safeguarding a wooded strip. Finally, site 2 will fall under the regulation 

of a forthcoming special plan which is currently under development. It can be observed that 

the few images documenting the under-development project (The making of Malley, A strategic 

site, n.d.) express an intention to establish a very high built density on the sector, but also to 

create a public park along a preserved wooded strip including various recreational uses and 

open soil surfaces. The site of the community garden itself is classified as a building area for 

housing, with no relocation measures planned to date. According to the stakeholders informally 

interviewed for this research, the significant contamination of certain soils in the sector was 

investigated in depth, as it could potentially conflict with certain planned uses and have an 

economic impact on the project. In turn, the good fertility of the soils of the community garden 

does not seem to have been the subject of any particular consideration. In this case of former 

industrial zone reconversion, the project intentions expressed so far suggest, however, that 

the considerable increase in the built volume could potentially be accompanied by a reduction 

of the existing sealed surfaces, and thus correspond to an increase in the open soils surface 

area. 

A Necessary Reinvention of Urban Morphologies and Soil Maintenance Practices: 
In sum, ongoing local policies appear as being partially in line with the challenges, 

opportunities and strategies outlined at the level of West Lausanne regulatory and guiding 

planning [see plates 43-48]. On the one hand, an open question has been raised regarding 

the future of West Lausanne open soils, in particular with regard to a potential improvement in 

cultivation or maintenance practices and related influence of the metapedogenectic factors. 

The study of sites 3, 5 and 6 seems to indicate that such an objective is achievable, as a 

cultural and technical evolution of soil management practices has already been observed, at 

least when the soil is maintained by public stakeholders. However, it is questionable whether 

this cultural and technical evolution is occurring as quickly among private stakeholders and 

individual owners in particular. On the other hand, as it is implemented on a local case-by-case 

basis, the inward urbanization principle enforced by the regulatory and guiding planning is 

supposed to enable ad hoc strategies in order to respond specifically to land availability 
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problems, and to find a balance, or local compromise, between densification and 

environmental enhancement. As such, urban requalification projects appear to demonstrate a 

potential to reach a positive balance between the negative influence of soil artificialization due 

to an increase in built-up surfaces and the reactivation of previously slow or nearly inert soil 

DP due to desealing. In a more advanced stage of development than the studied former 

industrial site of Malley, the “Ley Outre Ouest” mixed-use sector and adjoining “Mèbre” public 

park in Crissier illustrates how a former industrial and logistic platform entirely leveled and 

sealed can be requalified into a dense urban district, including common and private open soil 

gardens, as well as a public park replacing a former parking area along the river. Likewise, the 

“Lentillières Nord” mixed-use sector also in Crissier consists in establishing a dense urban 

district with an open soil public park on the entirely artificialized platform of the former Coop 

supermarket distribution center (Urban development in Crissier, Interactive map of urban 

planning projects in Crissier, n.d.). In the last two examples, a more in-depth study of the 

pedological engineering practices that will be implemented to design and build the new soils 

that are to replace asphalt will determine whether the increased influence of anthropic 

lithogenesis actually leads to an improvement of soil quality and functions. On the contrary, as 

illustrated by sites 1 and 4, the objective of an increase in built volumes generating as few 

impervious surfaces as possible has clearly not been achieved in the new developments on 

former agricultural plots. These counter-examples, the logic of which can be considered as 

anachronistic or outdated, testify to the fact that the necessary reinvention of urban 

morphologies has not been fully assimilated yet by the disciplines of urbanism and 

architecture. 



Geotypes

Geotypes

Geotypes

N

Land cover 2018

Land cover 2018

Land cover 2018

Anthrosediments 2018

Anthrosediments 2018

Anthrosediments 2018

Historical trajectory 2018

Historical trajectory 2018

Historical trajectory 2018

S6: Dorigny campus

S5: woods of Ecublens

S3: Valency public park

0500 m1 km

plate 70



Landscape and public space measures: 
maintenance of current land uses,

the cultural and technical evolution of
soil management practices on public land

Land uses 2018

Recent improvements in maintenance 
practices (late mowing and re-seeding 
with hay from the site), improvement of 
biodiversity

Potential increase in the anthropogenic 
due in particular to higher number of 
visitors

Recent improvements in maintenance 
practices (stopping the use of synthetic 
fertilizers and pesticides and using live-
stock to mow the meadow), optimization 
in biogeochemical cycles and soil 
biological activity

Land uses 2018

Land uses 2018

January 2018

October 2018

October 2018

plate 70



Geotypes

Geotypes

Geotypes

S4: Bourdonette 

S2: Malley

S1: Ley-Outre

N

Land cover 2018

Land cover 2018

Land cover 2018

Anthrosediments 2018

Anthrosediments 2018

Anthrosediments 2018

Historical trajectory 2018

Historical trajectory 2018

Historical trajectory 2018

0500 m1 km

plate 71



Valorization and densification measures: 
planned land use change, 

a necessary reinvention of urban morphologies 

Intercommunal master plan

Intercommunal master plan

Intercommunal master plan

Extract from the
‘Plan d’extension partiel 

A-la-Fin-de-Ley-Outre’

Project view of
‘Malley-Centre’ 

development

Extract from the 
‘Plan de quartier 

En Dorigny’

Large majority of the former agricultural 
land intended to be sealed or built on

Green area designated as “zone de 
verdure” established in a marginal 
position

An increase in built volumes generating 
as few impervious surfaces as possible?

Potential to reach a positive balance 
between the negative influence of soil 
artificialization due to building and 
the creation of new soils due to the 
desealing of the industrial platform and 
establishment of an open soil public park

Focus on soil contamination rather than 
on soil fertility

Large majority of the former agricultural 
land intended to be sealed or built on

Green area designated as “zone de 
verdure” established in a marginal 
position

plate 71



Prospective 
pattern A:

desealing and
reconstructing 

soil profiles 
from recycled 

materials to 
re-activate 

urban soils

Prospective 
pattern B:

gardening and 
diversifying 

vegetal covers 
to reactivate 
life, organic 
matter and 

nutrients 
cycles 

in urban soils

plate 72



Prospective 
pattern C:

re-adaptating 
urban soils

to the
contextual 

risks, needs 
and potentials 

of geomorphol-
ogies

Urbanization as a set of active anthropedogenesis strategies: 
Prospective patterns and future urban soil trajectories towards 

future positive soil changes

plate 72



152 

2.4.3.2 Towards Future Positive Soil Changes: Prospective Urban Soil Trajectories: 
As it involves a complex combination of factors and natural pedogenetic processes (e.g. the 

potential decarbonation and acidification of soils in the coming decades and centuries, or the 

potential availability and migration of contaminants), it seems difficult to predict the evolution 

of urban soils in West Lausanne as a whole. Nevertheless, it is possible to foresee the 

influence of human actions on future soil changes. In this regard, Howard (2017, p. 229) 

observes that “[the] natural resilience of anthropogenic soils is […] encouraging from the 

standpoint of urban and mined land reclamation and revitalization” and Pouyat (2010, p. 142) 

underlines “the importance of developing sustainable management practices that enhance 

ecosystem services of urban soils”. 

In addition to the quantitative, morphological and contextual resource deposits previously 

identified for the regenerations of the West Lausanne city-territory and its urban soils 

(subsection 2.4.3.2), innovative one-off (i.e. construction techniques) and recurring (i.e. 

cyclical maintenance) practices based on reclaiming soil trajectories can be envisioned. The 

study of various ‘urban soil portraits’ has shown that the impacts of urbanization on soils can 

vary greatly in quality depending on the methods used for soil transformation or maintenance. 

In the future, it can therefore be argued that the considerable energy deployed so far to equip 

the territory could now also be dedicated to the improvement of urban soils and the production 

of new quality soils able to meet the functional needs of the city-territory in transition. 

On the basis of space-for-time substitutions, the anthroposequence previously defined 

provided a framework to retrace the typical course, or multiple lives, of West Lausanne urban 

soils, which are most often subjected to cultivation at first, then disturbed by a cut and fill, then 

left to their natural development or subjected to landscaping maintenance in the context of a 

green space. Ultimately, one can therefore wonder about the future of such a typical urban soil 

evolution, or poly-genesis. The future of the anthroposequence is foreseen here in terms of 

prospective urban soil trajectories, by reinterpreting the diagram that Leguédois (2016, p. 206) 

proposed to graphically represent the succession of periodic and trend changes occurring in a 

typical soil. In the here-proposed diagrams [see plate 72], trends with a steady functioning 

regime are equated to soil historical trajectories, and resilience thresholds mark changes in 

trajectories, with the abscissa- or X- axis corresponding to time and space, and the ordinate- 

or Y- axis corresponding to the degree of resilience. In the same way that changes in soil 

historical trajectories and resilience thresholds correspond to human intervention and reflect 

the three above-mentioned systematic patterns, the envisioned prospective urban soil 

trajectories correspond to potential future urban soils and outline a necessary cultural, 

technical and morphological evolution in soil management according to three prospective 

patterns [see plates 49-51]. 
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Prospective Pattern A, Desealing: 
In the future, the requalification of productive, infrastructural and residential platforms, and 

related potential desealing operations, will generate anthrosedimentation. This endeavor to 

reopen sealed soils is an opportunity to reconstruct new soils from recycled materials through 

pedological engineering, avoiding the severe impacts observed in the past due to invasive 

building techniques. If decompaction of existing soils proves difficult to carry out (Craul, 1992), 

the quality of the added materials and their implementation must be adapted to the 

characteristics of the urban ecosystem as a whole, with a concern for energy saving. For 

instance, Burghardt (1994) was one of the first to underline the importance of the circular 

economy for a sustainable evolution of urban soils: if building materials cannot be recycled in 

new constructions, they must be designed and processed to become a good soil substrate. He 

therefore foresees that the “future urban soils will be dominated by construction material” 

(Burghardt, 2017a, p. 23). Moreover, since it is not sustainable to strip natural soils in rural 

areas to transfer them to the city, the new soils made with materials from different recycling 

channels will have to achieve a sufficient level of fertility and perform various regulating 

functions (Damas & Coulon, 2016). Amossé (2015) pointed out the importance of remnant soil 

properties in existing tipped urban soils; in the future, it can be assumed that such inherited 

soil characteristics will be of lesser importance, but that the pedological dynamics related to 

technogenic materials will be more active on the other hand. 

Prospective Pattern B, Gardening: 
Howard (2017, p. 194) observes that urban soils are “possibly more fertile than natural soils, 

especially after artificial additions of organic matter”. The requalification and revaluation of the 

mesh of open spaces that characterizes the West Lausanne city-territory could lead to the 

diversification of vegetal covers and to taking care of new productive and recreational gardens. 

Already observed with the establishment of urban wilderness such as forest areas, the 

progressive rehabilitation of urban soils could be extended to other cultivation practices 

(Dehaene, 2013), which could be rooted in new collective and individual habits regarding 

socialization, physical exercise, relaxation, nutrition, etc. Appropriate gardening and waste 

recycling methods, or simply withdrawal of anthropogenic activities letting natural processes 

take their course, could then result in an improvement and intensification of biogeochemical 

cycles. Depending essentially on the quantity of biomass and on soil texture, a better 

integration of organic matter and nutrients in the litter and surface horizons could therefore be 

expected. 
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Prospective Pattern C, re-adaptation of urban soils: 
Finally, it has been observed that some areas, such as the sunken reliefs of the glaciolacustrine 

terraces, tend to concentrate multiple risks and challenges related to the containment of 

contaminants and storm water management in particular. The combination of such multiple 

risks and needs is not necessarily problematic, as the ability of a soil to filter contaminants 

depends essentially on the presence of a robust organomineral complex, favored by organic 

matter content and biological activity, which is not in contradiction with its water retention and 

infiltration capacity. In turn, it seems that the aforementioned improvements in the influence of 

anthropic lithogenesis through anthrosedimentation and of metapedogenectic factors through 

diversified cultivation and maintenance practices could also greatly contribute to the re-

adaptation of urban soils to specific environmental risks and challenges. Such a view of 

‘landscape as infrastructure’ (i.a. Bélanger, 2009) could take the form of new soils acting as 

water and contaminant filters or support for biodiversity. For instance, Pickett and Cadenasso 

(2009) underline that social insitutions (i.e. the various kinds of public and private stakeholders) 

most often apply similar and standardized maintenance practices despite the diversity of native 

landscapes, which tends to homogenize urban soils process-responses and related 

biogeochemical characteristics, according to what Pouyat (2010, p. 138) refers to as “the urban 

ecosystem convergence hypothesis”. If the current improved soil maintenance practices 

actually reported in this case study seem to minimize this general assumption, it can be pointed 

out that the necessary reinvention of urban morphologies should be accompanied by an 

increased dissemination of knowledge and knowhow in site-specific soil design, in order to 

ensure a sustainable implementation of the inward urbanization principle. 
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2.5: Conclusion of the Case Study: The West Lausanne 
Urban Soil System 
While sections 2.1 and 2.2 provided a theoretical framework based on the current state of the 

art, the following section aims at (I) synthetizing and generalizing the tools of representation 

and analysis that were produced in the case study [see plate 12], and (II) explaining how such 

transdisciplinary tools and related knowledge can be mobilized in order to reframe the question 

of soil management from the perspective of urban development and regeneration. 

2.5.1: A Five-Dimension System 

2.5.1.1 Measuring and Explaining Multiple Variables: Surface, Volume, Scale and Time: 
Tugel (2005, p. 739) observes that: 

“In any discussion of change over time, the immediate question is ‘what is the relevant 

temporal scale’? Timescales important for studying management effects on soil are 

decadal and centurial […]”  

Throughout the case study, soil has been mapped, sectioned and sequenced in surfaces as 

well as three-dimensional volumes, evolving according to scalar and temporal variations, and 

defining a system in at least five dimensions [see plate 73]. 

Lateral, Vertical and Time Variations in the Soil Volume: 
As a volume, soil is defined through a tri-dimensional profile, the vertical and lateral variations 

of which can be observed in centimeters, or in smaller spatial units. At this material to 

microscopic scales, qualitative and quantitative values can be measured and proportions can 

be compared regarding soil biogeochemical and physical characteristics and the intensity of 

pedogenic processes. The soil volume and related pedogenic processes also evolve over time, 

at a millennial to centennial scales for pedogenetic processes and centennial to decennial 

scales for anthropedogenetic processes. 

Lateral, Horizontal and Time Variations in Surface Factors: 
In terms of surface, soil forming factors are defined through a tri-dimensional set of topographic 

maps and landscape sections or transects [see plate 16], the horizontal and lateral variations 

of which can be observed in meters, or in larger spatial units. At this spatial and territorial to 

regional scales, qualitative and quantitative values can be measured and proportions can be 

compared regarding landscape-based soil forming factors and anthropogenic neo- and meta-

factors. These soil forming factors evolve over time, at a multi-millennial to centennial scales 
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for geomorphological, climatic and biological factors and millennial, and mostly centennial to 

decennial scales for cultivation, urbanization and other land use changes. 

Sequencing, Comparing and Explaining Urban Soils: 
In the case of urban soils, when the influences of the whole range of landscape-based and 

anthropogenic factors are represented at the same time, the resulting map expresses such a 

high level of heterogeneity that it appears as ‘noisy’ or random [see plate 41]. It is often the 

same when confronted with the high vertical and lateral heterogeneity of an urban soil profile. 

Similarly, when time is considered only in a linear chronology, or when space is considered 

only in the form of a topological transect or a radio-concentric gradient, the resulting sequence 

expresses such a high level of variation that it appears as randomly fluctuating [see plate 66]. 
In contrast, when factors and processes are investigated at the appropriate scale, according 

to a more complex chronotoposequence or anthroposequence [see plates 14; 65] on the 

basis of historical trajectories [see plate 11], different logics appear, which have been 

expressed here as spatiotemporal [see plates 38-39] and systematic patterns [see plates 67-
68]. 

Therefore, map series and soil sequences characterize typological, quantitative and 

proportional variations. As such, they reflect the evolving intensity of various phenomena such 

as urbanization (anthrosedimentation) and gardening (land cover change), or related 

anthropedogenetic processes (e.g. alteration in PM, accumulation of organic matter and 

nutrients, fertilization and contamination). Maximum values in the intensity of such phenomena 

and processes correspond to cultural, technical and morphological changes in the 

consideration for soil, and relate to specific episodes in human history and demography. 

2.5.1.2 Water and Urbanization as Actors of Soil Changes: 
With regards to the landscape-based or natural soil system [see plate 10], Runge (1973) 

refers to water as being the ‘organizing vector’. In the case of the Swiss Plateau soil system 

[see plate 6], such an organizing vector corresponds to the multiple forms of the hydrological 

system and its many sediments, which have forged the climate, geography, landscape and 

soils of West Lausanne: the sea from which the molassic basin derived [see plate 5], the 

Rhone glacier and its moraines, lake Geneva and its terraces, the erosive rivers and their 

sedimentary materials, and finally the rain that percolates in the soils towards groundwater 

tables, weathers soil horizons and is absorbed by plant roots. Yet in the case of the West 

Lausanne urban soil system, the gravitational logics of water, expressing multiple lateral, 

horizontal, vertical and chronological organizing vectors, is perturbed and complexified by the 

‘geocultural settings’ (Howard, 2017) or anthropologics of urbanization, including mining, 

burying, cultivating, sealing and building in particular as non-entirely gravitational vectors. The 



159 

twofold logics of the urban soil system appear at the two main scales at which the case study 

was conducted: maps and landscape sections show the causes (i.e. soil forming factors), while 

soil profiles and sequences show the effects (i.e. soil characteristics and pedogenetic 

processes). In the atlas, temporal and spatial variations reflect the superimposed action of 

water and the evolving human project for the ground. The soil portraits reflect the pluri-decadal 

processes that result from the coevolution of humans and landscape; and the sequences 

explain the positive or negative influence of the latter on soil resilience in function of various 

thresholds. 

In sum, such a complexity in the logics of the West Lausanne urban ecosystem explains 

the highly spatial heterogeneity and temporal variability of urban soils and requires specific 

tools of representation and analysis [see plates 11-14]. In particular, the complexity of the 

urban soil system requires a transcalar and closer focus, and therefore leads to redefining 

accordingly spatial categories such as region, network, topography or surface, in order to 

include fractal, ‘patchy’ and microscopic dimensions. The non-fluid or viscous character of soil 

also requires to consider the course of time not only in terms of fluxes, but also as deposition 

and archive, implying material reprocessing or polygenesis. 

Finally, the spatial and temporal specificities of such a system determine the capacity of 

urban soils to provide the global and local ecosystem services which are made necessary by 

the forthcoming urban growth and transition. On this matter, it is important to recall that the 

environmental and social value of West Lausanne urban soils has been considered as the 

working hypothesis motivating this research with regards to the large amount and diversity of 

open spaces that characterize the Swiss plateau city-territory (2.1.1.4) [see plates 7-8]. 
Consequently, the unbuilt or open spaces in West Lausanne have been considered and 

discussed here as being the negative, or counter-form, of territorial representations and 

planning policies since at least the emergence of the national topographic maps in the mid-

19th century [see plate 17]. Such an elusive urban space, which Secchi (1993) referred to as 

‘the space in between things’ and equated to soil in his seminal essay ‘Progetto di Suolo’, the 

‘project for the ground’ (Secchi, 1986), may find a more precise and positive definition within 

the large spectrum of spatial and temporal scales that frame soil as both surface and volume. 

Even more importantly, the definition of an analytical framework and related factual knowledge 

on urban soils entails significant consequences regarding the design and management of 

urban space. Considering the urban soil system implies that the planning and design of urban 

space must cope and interact with the logics of water and biota (i.e. in the case of West 

Lausanne, with the primary logics of forests and meadows). In turn, the urban soil system 

defines the project of urban spaces not only according to the logics of asphalt and concrete, 

but also turns anthrosediments and gardening into planning and design challenges [see plates 
49-51; 72].
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2.5.2: Framing the Management of Urban Soil as a Regenerable Resource 

The Significance of an Interdisciplinary Approach: 
Ian McHarg (1969) introduces the notion of ‘process as value’ as a fundamental paradigm of 

the ecological planning discipline. This statement refers to the landscape morphogenetic 

processes which explain the contemporary configuration of a territory and its functional 

qualities in terms of environmental and social, and not only economic, value. In Design With 

Nature, McHarg therefore presents a series of case studies at different scales, which are 

repeatedly introduced by the same phrase: “this place is because […]” (e.g. 1969, p. 185, see 

also 144, 176, 184) yet “[…] this is not a plan…” (e.g. 1969, pp. 93, 127, 161). In our case, the 

first quote refers to how factors and development pathways explain the current physical state 

of urban soils and can therefore be related to their capacity to deliver specific ecosystem 

services. Such a retrospective understanding is “an indispensable ingredient” (1969, p. 127) 

which provides a factual basis for political decision-making on future urban development. 

However, the latter quote underlines the fact that this explanatory framework has to be 

confronted to, and coupled with, a prospective assessment of environmental and social needs, 

in order to provide the material on which to elaborate an actual plan and design. 

McHarg’s twofold leitmotiv reminds the reader that analysis and project are two operations 

that complement and inform each other, but cannot be equated to each other, or fully 

determined one by the other. In the same way, the meaning of an interdisciplinary approach, 

which here brings together the soil sciences and the urban planning and design disciplines, is 

not to be pursued as a binding element of determination or legitimization. Fundamental 

sciences therefore provide factual data which must be regarded as a sound and necessary 

platform to support decision-making, but urban planning cannot be reduced to the mere pursuit 

of scientific objectivity. As far as the soil is concerned, scientific validation necessarily involves 

long term environmental studies which do not correspond to the temporality of action, and 

sometimes to the urge of taking a stand in the face of critical situations. Tugel (2005, p. 742) 

thus admits that “currently, both open-ended and direct questions posed to users will likely 

prompt responses of limited value because the use of soil change data is a new paradigm.” 

Rather, the applied discipline of urbanism can rely on the fundamental sciences essentially for 

the elaboration of an ethic, i.e. a principle of action based on an understanding of human 

influence on its environment, considering in this case urbanization as an actor in soil 

transformation. 

Hence, the approach proposed here is less about closing the debate, by formulating 

definitive answers, than opening up the field of possibilities, by allowing the formulation of 

working hypotheses such as the one that has guided this research. Pickett and Cadenasso 
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(2009, p. 39) also relate interdisciplinary prospectives on urban soils to a prospective 

approach, which is grounded in: 

“[…] the translation of the state factor approach to urban systems. […] Many of the 

mechanisms and scenarios we have presented are in fact hypotheses. However, 

presenting what is possible as a stimulus for testing hypotheses and promoting model 

building is a key role of causal frameworks of the sort we present.” 

Finally, in a more general way, sociologist, anthropologist and philosopher Bruno Latour (2020) 

states that the applied and prospective disciplines should establish transdisciplinary 

interactions with the scientific disciplines on the ethical and political level of a search for 

principles of action. Latour then reiterates the necessity for a factual re-description, associating 

in an original way social and demographic questions such as, here, the density and forms of 

human habitats, with data related to the evolving surface of the Earth, the ‘critical zone’. In 

particular, Latour’s term “landing” calls for a renewed confrontation with the question of soil. 

2.5.2.1: Urbanization as an Active Anthropedogenesis Strategy: 
From land and ground to soils as a five-dimension system, the consolidation of theoretical and 

practical knowledge regarding landscape and urbanization as actors of soil development points 

toward a potential positive human influence on the urban soil capital and towards its better use 

as a regenerable resource. 

Unlocking the Inward Urbanization Paradox: 
As currently framed by the scientific community and implemented in regulations by politics, the 

urban soil question and the related inward urbanization principle lead to a paradox (subsection 

2.1.1.3) that tends to close in on itself. The environmental value of soil as provider of crucial 

ecosystem services has been rightly recognized (Steiger et al., 2018). It was therefore decided 

to preserve the native soils still present in the rural landscape by stopping urban expansion 

and reorienting urban growth towards existing urban areas which must be restructured and 

densified (Swiss Spatial Planning Act, 2014; Science for Environment Policy, 2016). Today, 

the awareness of soil functions is extending to urban soils, and the scientific question is 

extending to the “valuation, in the broadest sense of ‘recognising the importance of’, […] 

serving human needs at specific sites” (Louwagie et al., 2016, p. 5). Rising social and 

environmental demands in relation to the quantity and quality of urban soils mechanically 

generate competition or conflicts of interest, especially in the inhabited territories which are not 

yet saturated, such as the Swiss Plateau city-territory [see plates 5-6]. The paradox inherent 

to the compact city (Neuman, 2016) is essentially addressed through ‘cost–benefit analysis’ 

when economically assessed (Louwagie et al., 2016), and as a trade-off when implemented in 

decision-making (Grêt-Regamey et al., 2018). 
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From the point of view of planning and design disciplines, such approaches may appear 

as insufficient because the urban space and soil of tomorrow deserve more and better than to 

be traded-off. More importantly, if not only economic but also energy cost–benefit analysis is 

a necessary and sound manner to quantitatively monitor the impact of human action, it does 

not provide in itself any sustainable solution to soil management. Indeed, if urban soil is 

considered as a fixed capital and urbanization is only equated to soil degradation (see e.g. 

Louwagie et al., 2016, p. 5), then the inward urbanization paradox appears as unresolvable or 

as a zero-sum game. As soon as the contemporary soil-urbanization debate emerged in 

Geneva, Raffestin (1989) explained that, framed as such, the sustainable-soil-management 

equation has only one variable: demography. There are then only two options: ever-increasing 

population density in cities or reducing population growth. In Switzerland, despite the recent 

modification of the Swiss Spatial Planning Act (Swiss Spatial Planning Act, 2014), the first 

option is repeatedly rejected by local democracy (see e.g. No to the Taoua Tower! Referendum 

Committee Website, n.d.). There is every reason to believe that the sanitary crisis that began 

in 2020 and the increasing impact of climate change will contribute to reinforcing the reluctance 

towards increased urban density. The second option is not a matter of planning and design, 

and it has always come with huge suffering at the global scale. 

However, it seems that the vicious circle to which the inward urbanization paradox is likely 

to lead is based on an inaccuracy in the current scientific discourse concerning urban soil 

pedogenesis. In turn, it seems that a potential sustainable solution to the soil–urbanization 

problem lies in the scientific evidence recently provided by the soil science community itself. 

Urban Soils as a Regenerable Resource: 
As taken up by Pouyat (2010, p. 120), the general definition of soil proposed for the U.S. soil 

taxonomy by the Soil Survey Staff as early as 1975 contradicts the widely shared consensus 

that soils are not a renewable resource (see e.g. Louwagie et al., 2016; Steiger et al., 2018): 

“[…] a collection of natural bodies on the earth’s surface, in places modified or even 

made by man of earthy materials, containing living matter and supporting or capable 

of supporting plants out-of-doors”. 

As opposed to a static natural capital, this definition implies that some ‘natural bodies’ can be 

‘made by man’ and therefore become functional within the anthropic time. 

At the global scale, this distinction is marginal since most of the native soils are not 

renewable on the historical and anthropogenic timescale and have actually been consumed at 

an unprecedently high and unsustainable pace during the 20th century. Nevertheless, the few 

situations in which the definition of soil as a non-renewable resource appears as being 

inaccurate, i.e. the few situations in which the pace of pedogenesis is sufficiently rapid to 

produce functional soils within decades, correspond precisely to the urban areas that are 
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characterized by a high amount of unsealed soils or reclaimed land, rather than in the areas 

dedicated to intensive agriculture. The margin of error in the definition of soil as a non-

renewable resource is thus likely to become less and less negligible. Accordingly, this case 

study has documented the fact that functional urban soils are a dynamic resource, the stock 

of which does evolve quantitatively and qualitatively over decades, with significant magnitude, 

according to various landscape-based or anthropogenic processes of degradation and 

regeneration. Likewise, the perception of the knowledge gap concerning urban soils is 

currently evolving: 

“[the] knowledge base on urban soils that would allow ecological soil valuation is 

largely missing or, at best, fragmented. […] To date, the focus has been mostly on 

pressures, such as soil contamination and soil sealing, but has more recently shifted 

towards responses, such as land recycling (reuse of brownfields) and the 

development of green infrastructure” (Louwagie et al., 2016, p. 5). 

Urbanization as an Active Anthropedogenesis Strategy: 
This paradigm shift with regard to urban pedogenesis has important consequences on soil 

management. Therefore, the relationship between urbanization and soil is not only framed by 

the problem of the finite resources or ‘limit to growth’ (Donella H. Meadows et al., 1972), which 

implies a strategy of non-urban soil preservation, but can also be opened to the question of 

urban soil regeneration, which implies an active anthropedogenesis strategy, or regenerative 

strategy. In the case of West Lausanne, the urban soils map, and its interpretation in terms of 

functions, still remains to be drawn (c.f. Keller et al., 2018). Acknowledging that man generates 

fast soil changes implies that such an interpreted map should not consist only in a static 

reflection of the urban ecosystem, but should also be meant as a project. Likewise, the existing 

and future soil profiles that this map is meant to document should be taken care of and 

designed in a manner not only consistent with their given quality but also with a comprehensive 

project for the ground. 

In line with the scientific general literature (see e.g. Knop & Turrini, 2015), this case study 

has documented the fact that intensive agricultural practices often have a higher negative 

impact on soil than urban landscaping maintenance practices, with regard to biodiversity as 

well as organic matter and nutrients cycles in particular. Nevertheless, contemporary intensive 

agriculture has never been considered only as a threat to the soil natural capital but was 

established in the name of social and technical progress. In turn, socially and technically 

improved agricultural practices are now regarded as a crucial lever for action in order to 

increase soil carbon storage, for example (see e.g. The"4 per 1000" Initiative, n.d.). As 

documented by this case study, the relatively high resilience of urban soils when they remain 

open and carefully maintained demonstrates the operational relevance of implementing 
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urbanization as an active anthropedogenesis strategy. Foreseeing urban soil prospective 

trajectories on the basis of ongoing and alternative planning scenarios highlights urban soils 

qualitatively and morphologically as a significant resource deposit. This evolving ‘reserve’ can 

be valorized through innovative planning, design and management strategies, such as large-

scale unsealing, soil reconstitution and implementation of green infrastructures on the 

particularly mineralized surfaces of industrial platforms, public spaces and transportation 

areas. Likewise, nature-based regenerative soil maintenance practices of public and private 

gardens can stimulate soil functions and related ecosystem services. 

From “Where to urbanize?” to “How to urbanize?”: 
In Europe and Switzerland in particular, the soil-related question that is today addressed to the 

planning and design disciplines is currently framed by both the recent evolution of policies 

(Swiss Spatial Planning Act, 2014) and the orientation of the scientific debate as follows: what 

to plan/design and where according to the quality of the soils which are left today? (Grêt-

Regamey et al., 2018) Considering urbanization as an active anthropedogenesis strategy 

raises another question that must also be addressed by the planning and design disciplines: 

how to urbanize in a way that valorizes soils’ quantity and quality, in particular by involving 

innovative approaches to urban morphology, soil construction techniques and maintenance 

practices, as well as nature-based solutions? Shifting the focus from ‘where’ to ‘how’ to 

urbanize acknowledges time not only as an external dimension or vector of the urban soil 

system, but also as a genuine soil forming factor, that can be influenced or manipulated by 

humans. The influence of urbanization on the time dimension of soils consists in one-off 

changes in PM or topography and recurring modifications of biota and microclimate, all of 

which affect urban soils’ development rate and resilience. Urban soils should therefore not only 

be managed in function of soil quality as a given preliminary data, but also with a focus on 

soils’ resilience as a variable, considering anthropedogenesis as a means. Mapping and 

assessing soils’ functions as regards to their potential evolution leads to interpreting both soil 

taxonomy and land zoning in a dynamic and systematic perspective: in soil science, taxonomy 

is explained as a soil system through the use of various sequences; similarly, in the planning 

and design disciplines, land zoning must be related to a time-dynamic and integrative vison of 

soil change, i.e. to an explicit and coherent project of soil transformation including 

conservation, degradation and regeneration. 

As previously mentioned in section 2.1, Pickett and Cadenasso (2009, p. 40) underline the 

importance of considering soil in a comprehensive socio-environmental approach to urban 

ecosystems: “[the] important point here is that soils are a part of a complex, coupled natural-

human ecosystem, and that understanding how urban areas affect soils requires 

understanding which of the socio-economic drivers are involved in a particular situation.” Such 
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an approach therefore entails relating the soil question not only to a trade-off between a soil 

stock and a maximum density in population, but also to a more complex influence of the varied 

human practices and morphologies characterizing the West Lausanne city-territory and the 

challenges of its future transformation: 

“[to] build a comprehensive framework for the development and functioning of urban 

soils, we note that the human factor operates in subtle ways that go beyond the 

obvious density of the population, or the classical land cover types that exist in and 

around cities. The human dimension or factor must account for human capital, social 

capital, and built capital. In particular, the role of small and large, formal and informal, 

persistent and transient institutions must be accounted for” (Pickett & Cadenasso, 

2009, p. 40). 

Such a reframing of the inward urbanization paradox underlines the topicality and relevance 

of the ongoing valorization and densification measures provided by the ongoing West 

Lausanne guiding planning, and of the urban requalification projects that have been 

documented in this case study. Likewise, the relevance and added value of soil function 

modeling and assessment tools, such as the DESTISOL decision support systems, is less 

meant to offer a sound base for a trade-off, than to provide planners and designers with 

concrete variables and options for improving urban soils’ functionality through development 

projects at various scales (Blanchart et al., 2018). Conversely, relating urban soil sequences 

and trajectories to the history of urbanization entails overcoming the trade-off approach and 

putting urban soils in the broader perspective of the quality of the urban space as a whole. 

Relating the urban soil system to the historical logics and future challenges of urbanization 

suggests that the objective of planning and designing the city-territory in function of soil quality 

should not only lead to a sectoral approach such as a preservation plan for crop surfaces 

(Sectoral Plan for Crop Surfaces, 1992). If only formulated as an additional layer of constraints, 

such a sectorial approach is likely to lose its importance and relevance in a trade-off with the 

other challenges of urban planning (e.g. transportation, densification, maintenance of local 

productive activities, etc.). Rather, the re-evaluation of the performance of the various land 

covers and uses should be based on the hypothesis of an overall improvement in the functional 

qualities of all the different components of the city-territory. Improvements in the fertility or 

regulation capacity of open soils should therefore be articulated with the energy costs and 

benefits of potential improvements in the traffic or storage capacity per square meter of 

asphalt, or in the number of inhabitants or workers per cubic meter constructed, etc. (Birge et 

al., 2019). Finally, urbanization should not only be determined according to where soil functions 

are spatially distributed as a resource, but also according to where the needs for provisioning 

and regulating ecosystem services are located. A strategic improvement of soil quality through 

planning and design of urban spaces should therefore tend to reduce the discrepancy between 
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existing resources and needs at various scales. Consequently, the question of ‘how’ to 

requalify the city-territory in order regenerate urban soils has to be debated according to 

various approaches to soil functionality. 

2.5.2.2 Pedogenetic Resilience and Land Reclamation, towards a Toolbox and Compass 
for Approaching Soil Functionality: 
In sum, if decision-making on the basis of a conservation principle is relevant to limiting human 

influence on native soils, which is too intense and pervasive today, the case study underlines 

the need for a conceptualization of urban soil management beyond conservation, through a 

theory of regeneration. Paola Viganò (see i.a. Viganò, 2013b, 2013a; Viganò et al., 2012) 

relates the introduction of the topic of regeneration or recycling in the urban project to a 

redefinition of the functionalist approach that guided urbanism during the 20th century: 

“extended to life cycles, the project comes back to the notion of services and systems” (Viganò, 

2014a). Here again, the notion of ‘the Swiss City-territory as a renewable resource’, as phrased 

in the SNSF-supported research project ‘Our Common Soils’ which provided the framework 

for this PhD thesis, is related to a consideration for the city-territory and its urban soils as 

palimpsests or dynamic morphologies [see plates 28-29; 30; 33]: 
“[observing] the city and the territory as a repository of multiple life cycles, as an 

alternation of rhythms, cycles and metamorphoses, could be the starting point of a 

theory about the city as a renewable resource. The recycling strategy of the city, by 

parts, episodes or as a whole, would be at the core of this theory” (Viganò, 2014a). 

The European Report ‘Soil resource efficiency in urbanised areas: Analytical framework and 

implications for governance’ (Louwagie et al., 2016, p. 58) points out the multiplicity of variable 

expectations, knowledges and influences among the many stakeholders concerned by urban 

soil functions. Among these stakeholders, the enhancement of urban soils’ functions is either 

perceived as a goal or as a constraint. In addition, the various urban land uses and related 

needs in soils’ functions are in some cases compatible with existing situations, or on the 

contrary require a change leading to an adaptation or improvement of soils’ functions. In this 

complex situation, inward urbanization as an active anthropedogenesis strategy should include 

a wide range of regeneration strategies [see plate 74]. 
The anthropogenic ecosystem of the city-territory can be defined as an ‘emergent property’ 

of soil and open space management. Urban morphologies and maintenance practices, both 

related to land covers and anthrosediments, therefore constitute an evolving political and 

formal ‘project for the ground’ which essentially plays on two variables: on the one hand, the 

soil stock as a capital which varies according to land scarcity and availability; on the other 

hand, the soil services as a resource which varies according to soil biogeochemical properties 

and functions. Respectively determined by land cover and soil property changes, the soil stock 
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and services are both historically influenced by urban morphologies, soil maintenance 

practices and related pedogenetic processes, as well as by preexisting landscape conditions. 

In turn, they both frame the challenges and opportunities of future developments. One can 

then wonder about the current or future adaptation of both variables to the evolving constraints 

and needs in soils’ function according to environmental and demographic changes, in 

particular facing cities’ forthcoming social, energetic and metabolic transitions. Ultimately, the 

efficiency of the collective ‘relationships to the ground’ (Raffestin, 1989) lies in the way a given 

project for the ground tends to optimize the balances between soil stock and services. 

Such balances are achievable by various means of change in available soil stock (e.g. 

desealing) or soil services (i.e. soil reclamation). In turn, they are determined by possible 

optimizations of the performance of the different land covers (e.g. increase in the efficiency of 

transportation surfaces) and by urban soils’ degree of resilience (i.e. recovery of functional 

capacity following a disturbance of soil properties or functioning regime). Ecologist Anthony 

Bradshaw (2002, p. 5) thus distinguishes between three different options for the improvement 

of a ‘degraded ecosystem’ [see plate 74]. On the one hand, the complete ‘restauration’ of the 

‘original ecosystem’ or its partial ‘rehabilitation’ tends to reestablish ‘natural processes’ or 

primary successions. On the other hand, ‘reclamation’ aims at a ‘replacement’ of the ‘original 

ecosystem’ through technical interventions or anthropogenesis in order to fit specific needs in 

ecosystem services. Finally, ‘mitigation’ tends to make up for the ‘degraded ecosystem’ 

through the ‘rehabilitation of another ecosystem’. Soil scientist Geoffroy Séré (2008; see also 

2018) applies this framework to soil management [see plate 74] by distinguishing between 

‘constructed soil’ as produced by reclamation and ‘original soil’ (here referred to as ‘pseudo-

natural soil’) as produced by restoration and rehabilitation. Bradshaw underlines that whereas 

‘reclamation’ is essentially focused on the desired ecosystem functions (i.e. provision and 

regulation of cycles), ‘restauration’ and ‘rehabilitation’ also tend to a higher complexity in the 

ecosystem structure (i.e. number of species). The natural soil reference induced by 

‘restauration’ and ‘rehabilitation’ approaches may therefore not seem particularly relevant in 

regard to the desired urban soil functions, however, the focus on soil resilience and related 

anthropedogenetic processes seems equally essential to an efficient implementation of the 

‘reclamation’ functional approach through pedological engineering. 

The various urban soil historical trajectories [see plates 11; 40] documented here illustrate 

the fact that a large part of the West Lausanne urban soils have been respectively or 

alternatively influenced by both ‘reclamation’ interventions, and primary successions of natural 

or pseudo-natural processes. Beyond the polarity between reclamation and resilience, 

cultivation, maintenance practices and other land uses must also be considered in the wide 

range of soil regeneration strategies. Besides, the here-explained systematic patterns in urban 

soils’ resilience have pointed out that reclamation interventions do not necessarily run counter 
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to the expression of pseudo-natural pedogenetic processes, but could, on the contrary, 

promote them or enhance their intensity. The here-foreseen prospective patterns suggest that 

the three strategies of reclamation, pseudo-natural development and cultivation are all 

necessary [see plates 49-51; 72]. Consequently, their various combinations make up an 

actual toolbox for the regeneration of the West Lausanne city-territory and its soils. This wide 

range of tools provides solutions for generating a greater diversity in anthrosediments, vegetal 

covers and urban morphologies, by considering soil as both a natural capital and resource for 

the forthcoming social and ecological transition. Involved in the various prospective patterns 

here foreseen, such contrasting means of action define the bearings of a compass meant to 

orient urbanization and choose efficient and adequate trajectories in order to guide a set of 

active soil management strategies. These various possible orientations of the future project for 

the ground also imply that the ‘urban ecosystem convergence hypothesis’ (Pouyat et al., 2010), 

assimilated by Bradshaw (2002) to a lesser complexity in structure, is not a foregone 

conclusion. 

On the contrary, in the same way that agriculture traditionally combines various 

regeneration strategies such as fallowing, liming and rotational cropping, the heterogeneity of 

the West Lausanne urban soils’ mosaic reflects a wide range of approaches to soils’ functions 

and regeneration among the contemporary planning and design practices. A first set of 

strategies can be assimilated to a partial or total withdrawal of the anthropic influence, referred 

to by the ecologist Ingo Kowarik (2013, 2018) as ‘urban wilderness’ or by the landscape 

designer Gilles Clément (2014) as ‘third landscape’ (‘tiers paysage’). According to Clément 

(1999, 2007, 2012), such strategies of coevolution call upon the ‘natural engineering’ (‘génie 

naturel’), the many ‘auxiliaries’ of which are soil living organisms in particular, and place urban 

soils in the perspective of a ‘planetary garden in motion’ as humans’ global habitat. A second 

set of strategies can be assimilated to soil construction or redevelopment. Such recycling 

strategies take advantage of the ‘drosscape’ or ‘waste landscape’ (i.e. obsolete spaces and 

materials) that is inevitably produced by urbanization as a resource deposit for ‘constructing 

fertile soils’ (Damas & Coulon, 2016). Finally, a third set of strategies can be assimilated to 

cultivation as a soil maintenance practice according to various phytoremediation (Kennen & 

Kirkwood, 2015) or agromining (Simonnot et al., 2017) protocols. Such rehabilitation strategies 

call upon productive uses as means of soil healing by assimilating provisioning (e.g. production 

of biomass, extraction of rare metals, etc.) to regulating and mitigating ecosystem services 

(e.g. carbon storage, decontamination, improvement of soil physical properties, etc.) These 

three sets of strategies play respectively on the exclusion, the replacement or the simultaneity 

and polyvalence of soils’ functions. However, they have in common the fact of considering 

urbanization-related land uses over time, as a temporary, transitory and therefore potentially 

reversible state. 
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The adequacy and efficiency of such regeneration strategies can be assessed through a 

series of original soil information and standards that Tugel (2005, p. 744) formulates as: 

“(i) reference values that specify the desired level; (ii) drivers of change that can be 

managed to reach the desired condition; and (iii) information on thresholds of change, 

resistance, resilience, pathways, and rates of change that can be used to estimate 

the probability and time frame for degradation or recovery.” 

Such a “soil information system” (Tugel et al., 2005, p. 744) and related epistemological 

challenges provide an essential framework to implement inward urbanization as a sustainable 

regenerative strategy. 
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3. GENERAL CONCLUSION:
The Project for the Ground of the
City-territory

“Gli abitanti di un territorio cancellano e riscrivono incessantemente il vecchio 

incunabolo del suolo.” (Secchi, 1988, p. 14) 

“Tutto ciò vuole spostare la nostra attenzione: dall’edificio al suolo, alla superficie che 

intercorre tra gli edifici e che non può essere negata o ridotta a puro spazio tecnico. 

[…] Io sostengo che non si tratta di pensare solo a modificare l’uso di ciò che già 

esiste od a sostituirlo con nuove architetture, di riempire le parti di città incompiute, 

ma che si tratta oggi anche, se non soprattutto, di progettare il suolo in modo non 

banale, riduttivo, tecnico ed inarticolato.” (Secchi, 1986, p. 23) 
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The general conclusion of this PhD thesis will outline the scalar, spatial and cultural 

challenges of a project for the ground of the city-territory in light of urban soils’ fine granularity, 

structure (section 3.1) and texture (section 3.2). 
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3.1: Synergies in the Footprint of the City-territory: The 
Scales and Grains of Functional Soils in the Swiss Plateau 
City-territory 

3.1.1: Redefining the City-territory and its Soils as a ‘Functional-spatial Whole’ 

3.1.1.1 New Metabolic Balances among the Extended Urban Footprint: 
In light of recent demographic evolutions and urban developments at the global and European 

scales, environmental and soil scientist Andrzej Greinert (2017, p. 43) emphasizes that: 

“[at] present, of utmost importance are the functional-spatial changes occurring at the 

borderlines of the urban developments, these changes are related to the urban sprawl 

phenomenon.” 

The complex spatiotemporal patterns of urbanization documented in the West Lausanne case 

study do not correspond to the usual notion of ‘urban sprawl’ (i.e. to a simple radio-concentric 

expansion regardless of pre-existing territorial and landscape conditions) [see plates 28-30; 
33], which also seems to be the case for most European urban developments (Barcelloni Corte 

& Viganò, 2021). However, apart from an over-simplistic understanding of dynamic urban 

morphologies in Europe, Greinert’s (2017, p. 43) “perception of both cities and suburbs as a 

functional-spatial whole” illustrates how the soil perspective reflects the specificity and 

challenges of contemporary urban developments such as the city-territory: due to the spatial 

and administrative expansion of urban areas, contemporary urban soils include not only 

Ekranic Technosols (i.e. sealed soils) but also various agricultural and forest lands, as well as 

wastelands, with a wide range of related human impacts beyond the problem of pollution. 

Therefore, acknowledging diversity and ‘mosaicity’ of urban soils leads Greinert to criticize the 

fact that they are usually cast as priority development opportunities and to appreciate the 

recent but rising awareness among urban stakeholders concerning the value of open urban 

soils and the wide range of provisioning, regulating and cultural services they provide (Morel 

et al., 2014). 

In face of the forthcoming environmental changes and necessary social, ecological and 

energy transitions of urban ecosystems, the main trends in the surface and volume distribution 

of land uses will have to be renegotiated in order to find new metabolic (Barles, 2014, 2020) 

balances among the extended urban footprint. In this context, the central role that urban soils 

can play will have to be profoundly redefined so that the habituality of urbanized territory can 

be maintained with less dependence on fossil energy and external resources, and with greater 
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use of local, renewable and nature-based resources. For instance, even though at the 

beginning of the 20th century, two thirds of the West Lausanne territory were dedicated to 

agriculture (i.e. fields, vineyards and pastures) and nowadays, one fifth of the same territory is 

dedicated to transportation and logistics (sealed surfaces), what will be tomorrow the 

proportion of the territory dedicated to local food production, cooling of the local climate through 

evapotranspiration, prevention of environmental hazards through local water management and 

retention of contaminants, or cycling of nutrients, organic matter and carbon through local 

management of construction, domestic and other wastes? 

The social role and health benefits of urban soils as open-air living and recreational spaces 

have also made a very strong comeback in the final months of writing this research. This period 

of crisis (COVID 19 pandemic and related socio-spatial containment measures) has thus 

shown that necessary transitions in techniques and lifestyles can occur very quickly, even 

abruptly, in spite of social, legal, technological and land-property related inertia. The temporary 

obsolescence of a significant amount of large-scale urban structures and related urban soils 

reflects a very fast evolution in the distribution of residential, work and leisure uses on the 

territory. In terms of surface and energy budget, such a redistribution, which will, in all 

probabilities, never completely return to the previous situation, entails major renegotiations of 

the metabolic balances among the urban footprint. These new or reappearing constraints 

regarding where and how to live, work, produce, relax and consume energy seem to underline 

a greater need for low-density public and domestic open spaces, outside but also inside the 

city, i.e. on the urban soils in the immediate proximity of living and working places referred 

here as ‘gardens’. As illustrated by the current global sanitary crisis, recombining the theme of 

resource conservation with the one of human and non-human health opens up new 

perspectives on what a ‘moderate use of the land’ and a sustainable ‘compact built 

environment’ (Swiss Spatial Planning Act, 2014) can actually mean, and gives additional 

connotations to the recurring social question of ‘the right distance’ as phrased by Secchi 

(2013). 

From that point on, contemporary research initiatives on urban soils offer a platform to 

renegotiate land use paradigms in order to develop a relational approach to land use zoning. 

Formulated in terms of soil (multi)functionality, or ecosystem and urban services, such a 

functional and metabolic approach to planning and design lays the foundations for an original 

and innovative project for the ground of the city-territory. In particular, taking into account the 

urban soil system has scalar implications which can be framed according to the fine granularity 

of urban soils in the city-territory [see illustration series 7. Microscopy]. 
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3.1.1.2 Downscaling to Urban Soils’ Fine Granularity: 
Defining the range of scales at which one observes the territory implies establishing a threshold 

which discretizes the maximum and minimum dimensions of the spatial, morphological and 

functional entities that are considered. Choosing the resolution of a territorial representation 

therefore determines the functional and spatial levels at which the specific structure and form 

of a territory are understood and manipulated, its granularity. As related to the notion of scalar 

and epistemological discretization (Brès, 2015), such an adjustment of the focal length through 

which the urbanized territory is examined is a fundamental determinant in the act of recording 

and designing the urban imprint. As presented, illustrated and problematized in this research, 

the discretization thresholds currently applied in territorial management and urban planning 

policies must be revised in favor of a downscaling, in order to include the challenges related 

to fine granularity urban soils. 

McHarg (1969) introduced its methodology for the emerging discipline of ecological 

planning though a series of case studies of gradually increasing dimensions, which reflect the 

‘ecological hierarchies’ coined by ecologist Eugene Odum (Odum & Barrett, 2005; Odum & 

Odum, 1959). This notion conceptualizes nested ecosystems as a range of functional and 

spatial levels embedded within each other (rather than in reference to a top-down influence or 

dominance). Similarly, the management of the urban soil system [see plate 10] requires a 

transcalar approach which does not dissociate plot development and territorial planning, and 

which does not consider a single level of territorial structure by discretizing only rural and 

metropolitan areas, but rather considers urban forms and practices at all scales. 

The rescaling of urban soil management to the various levels of anthropogenic 

ecosystems implies various analytical and prospective challenges related to both 

representation and decision-making. On the one hand, innovative remote sensing methods 

and availability of spatial data (e.g. LiDAR point clouds) now make it possible to render and 

study anthropic ecosystems with an unprecedented degree of resolution [see plate 17]. Such 

new territorial representations reveal the functional entities of urban soils (e.g. from tree pits to 

small soil patches) that usually fall under the threshold of coarse landcover mapping, if not 

considered as chaotic noise. For instance, in the present research, mapping urban soils’ 

forming factors at a high resolution corresponding to the scale of architectural interventions 

(i.e. each cell of the atlas’ map corresponding to a 50 by 50 cm square) and to the urban scale 

(i.e. the original size of the atlas’ map corresponding to a 9 × 4.5 km extent at a 1:10,000 scale) 

revealed the spatial and functional significance of small urban soil bodies which are invisible 

with the hectometric resolution usually used to map natural ecosystems. 

On the other hand, long term environmental studies and availability of statistical data now 

make it possible to relate local impacts of urbanization on soils to the global human influence 

currently acknowledged as “Earth’s primary geomorphic agent” (Yaalon & Richter (de), 2011, 
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p. 767) in the Anthropocene era (Edgeworth et al., 2015). Such global perspective allows for

a better logical and causal articulation of soil management by posing problems, establishing

strategies, defining policies and acquiring empirical data at the various levels of research,

governance, planning and design. For instance, the present research essentially rests upon

an international state of the art (i.e. mostly Northern American, European, and increasingly

Chinese), the cornerstone of which is the global ‘Millennium Ecosystem Assessment’ (2005)

commissioned by the United Nations, and upon a set of strategies established at a federal

level (i.e. the national level of the Swiss Confederation and the continental level of the

European Union). Based on empirical data collected at small and intermediate scales, the case

study then analyzes how such problem framing and strategies are interpreted in policies at the

regional scale (i.e. at cantonal and agglomeration levels) and implemented in planning at the

local scale of West Lausanne. Finally, design and maintenance practices are reviewed at the

close scale of development projects (i.e. 1 km2). In sum, the city-territory, on which this

research has focused, is by definition an intermediary or medium-sized morphological and

functional entity through which the repercussions of contemporary forms of urban settlements

on soil management can be observed at the different levels of territorial structures [see plate
73]. Such a low discretization threshold, avoiding a unique polarization of rural/natural

landscapes and urban areas, makes it possible to identify the city-territory as a functional

whole and to consider its diverse urban soils. As mentioned in the general introduction of this

research (Part 1), this particular focus was adopted by many international scholars in order to

document specific forms of contemporary and historical urban settlements, including the

urbanization of the Swiss Plateau as a city-territory [see plate 6]; among the community of

Swiss planners and stakeholders, it also relates to a long-lasting and still ongoing debate

regarding spatial development in Switzerland.

3.1.2: The Urban Soil Reserve as a Territorial ‘Interior’ 

3.1.2.1 ‘Decentralized Concentration’ and ‘Inward Urbanization’ as Contradictory 
Narratives: 
When observed with a low discretization threshold that does not only discriminate cities and 

rural areas, the granularity of the Swiss city-territory can be characterized as diffused urban 

settlements with a low hierarchical dependence to metropolitan centers and as a territory which 

is productive and increasingly inhabited as a whole [see plates 5-6]. Such a vision has guided 

cultural representations and developments strategies of the Swiss territory over the long term 

[see plate 75]. Philosopher Jean-Jacques Rousseau (1763) already described it as follows: 
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“The whole Switzerland resembles a big city divided into […] neighborhoods, some of 

which lie in valleys, others on hillsides, others on mountains. […] There are more or 

less densely populated districts, but all of them are populated enough to show that 

we are still in the city. […] One no longer feels he is crossing deserts when one finds 

bell towers among fir trees, cattle on rocks, factories in ravines, workshops on 

torrents.” 

Historian of urbanism Sonia Hildebrand (Hildebrand, 2006) underlines that, in the early 1930s, 

the aggregative structure of Switzerland, as an alpine territory deeply rooted in federalist 

governance and decentralized distribution of power as well as industrial production and 

residence (F. Walter, 1994), was also assimilated to a city as a whole by urban planner Armin 

Meili, who was the first president of the Swiss Association for National Planning. From a point 

of view explicitly opposed to metropolitan concentration, Meili (1933) formulated the guiding 

principle of Switzerland as a ‘decentralized metropolitan area [Großstadt] of Central Europe 

[which] stretches with abundance from St. Gallen to Geneva’. Meili’s vision oriented the 

‘decentralized concentration’ principle which guided the Confederation’s spatial planning 

strategy for decades until the 1980’s (Hildebrand, 2006). Hildebrand (2006) relates such a non-

divisive perception of the Swiss territory not only to Corboz’s (1990) afore-mentioned 

interpretation of Switzerland as a city-territory, but also to the descriptions of several scholars 

such as, for example, Franz Oswald (Oswald & Schüller, 2003) who defined this ‘mix of city 

and countryside’ with the term ‘new urbanity’ or Angelus Eisinger (2003) and Michel Schneider 

who described the ‘reality of the Swiss habitat’ (Schweizerische Siedlungsrealität) as a ‘new 

spatial and multifunctional entity’ or a ‘collage of urban, suburban and rural elements’ through 

the neologism ‘Swiss City-Countryside’ (‘Stadtland Schweiz’). 

The premises of the notion of ‘decentralized concentration’ defended by Meili can be 

related to the notion of ‘inward colonization’ (Innenkolonisation or colonisation intérieure) 

promoted by agronomist Hans Bernhard in the early 20th century (Historical Dictionary of 

Switzerland: Spatial planning, n.d.). The notion of ‘inward colonization’, in its broadest sense, 

refers to a long tradition of land rationalization and improvement (e.g. deforestation and land 

clearing, then industrial agriculture) which aimed at making the territory habitable and giving 

the anthropized land a supporting role guided by a comprehensive societal project, which in 

the Swiss case referred to the coexistence of an entire growing population on the Swiss soil 

(Historical Dictionary of Switzerland: Land clearing, n.d.). As pointed out by historian of 

urbanism Elena Cogato Lanza (Cogato Lanza, 2009), the goal of national food independence, 

which Friedrich Wahlen grounded particularly in the valorization of all potentially arable land in 

Switzerland, was also inspired by the current of thought promoted by Hans Bernhard. In the 

context of a potential food crisis due to the closure of borders during the Second World War, 

the Wahlen Plan aimed at the cultivation of all open soils, including not only fields and 
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undeveloped plots, but also the ornamental urban soils of parks and roads which were 

considered as a productive reserve or a vast collective garden. In Germany, the notion of 

‘inward colonization’ was also present in the debate on the distribution of settlements over the 

national territory with regard to demographic dynamics. It set the background on which urbanist 

Erich Gloeden proposed in 1933 a ‘Plan of Settlement’ in his essay on ‘The Inflation of large 

cities and their healing possibility’, as commented by Viganò (2016). Finally, it can be noted 

that the hope for a rational growth of the modern city, which Swiss urban planner Hans 

Bernoulli (1949) grounded in the public ownership of land, was also inspired by the theme of 

‘inward colonization’, taking in particular the example of the German and Swiss cities of 

colonial foundation in medieval times. 

From the 1980s, the national vision for a ‘decentralized concentration’ began to fade in 

favor of an increasingly hierarchized interpretation of the Swiss territory (Bassand, 2004; 

Diener et al., 2006; Leresche & Bassand, 1994; Leresche & Institut universitaire Kurt Bösch, 

1995; Schuler & Bassand, 1985) leading Switzerland’s territory towards the reinforcement of 

‘metropolisation’ dynamics especially at the federal level (Swiss Territory Project. Revised 

Version, 2012) [see plate 76]. The ‘inward urbanization’ principle critically analyzed in this 

research was proposed in the context of ‘metropolization’, accompanied by a questioning of 

the sustainability of diffuse urban settlements on both social and environmental levels (NRP 

54 “Sustainable Development of the Built Environment,” 2011). The reconsideration of the 

urban and territorial form was thus accompanied by a change in the appreciation for productive 

and inhabited soils. However, it is important to note that both ‘decentralized concentration’, 

inspired by the notion of ‘inward colonization’, and ‘inward urbanization’ refer to an ‘interior’ 

which considers soil as a resource and which today deserves a critical reinterpretation. There

is an urgent need to give an alternative meaning to the sometimes contradictory or ideologically 

problematic paradigms that have inspired the Swiss social, environmental and territorial 
project, from ‘inward colonization’ to ‘inward urbanization’. Indeed, it cannot be ignored that 

the ‘interior’ topic, as conceptualized in the ongoing metropolization trend, echoes the meaning 

that this notion has had in the past, so much so that it has permeated the imagination of spatial 

planning in Switzerland for several decades, if not centuries (Hildebrand, 2006; Historical 

Dictionary of Switzerland: Spatial planning, n.d.). Besides, addressing the social and ecological 

functions of urban soils in the large and integrative definition of a territorial interior can stimulate 

the contemporary debate on land use planning and urbanism. Therefore, the ‘inward 

urbanization’ principle must also be considered in reference to the whole of Switzerland’s 

territory as being the ‘interior’. The various definitions of what is the ‘interior’ thus contain in 

themselves a critique of the form of the city, a specific project for the ground and a particular 

consideration for urban soils. 
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The interior of the Swiss Plateau city-territory is both made up of the remaining crop soils 

surrounding rural and peri-urban villages, and of the urban soils imbedded in the continuum of 

agglomerations [see plate 6]. In this research, the management of the ‘interior’ as a specific 

territorial and urban project was observed from the point of view of the anthropogenic and 

natural formation of latter urban soils. From a network of equidistant villages surrounded by 

successive belts of gardens, vineyards, meadows and fields to a gradually densified mixed-

use functional mesh, the West Lausanne city-territory has undergone multiple waves of 

densification throughout the 19th and 20th centuries. These densification stages corresponded 

to turning points in the cultural and technical consideration for soil but [see plate 38], in a 

constant way, they also define the interior as a land reserve, which this research has 

acknowledged as being limited but regenerable. Such an evolving project for the ground was 

interpreted as a manipulation of the interior reserve according to different and contradictory 

narratives depending on which levels of territorial structure were considered. Depending on 

whether rurality and urbanity were envisaged as two superimposed and intertwined or spatially 

separated notions, the gradual densification of the West Lausanne mixed-use functional mesh 

appeared as a balanced territorial development or as sprawl [see plate 33]. 

3.1.2.2 Beyond ‘Mitage’ and Urban Compaction, Valuating Voids in the City-territory: 
In the French-speaking semantics of the Swiss debate on spatial planning (NRP 54 

“Sustainable Development of the Built Environment,” 2011), urban sprawl is metaphorically 

referred to as ‘mitage’, the literal meaning of which designates a process of progressive and 

punctual perforation of a woven fabric that is eaten by moths. In opposition to the English 

semantics of sprawl, this metaphor of a punctual degradation fits better the spatial and 

temporal reality of urbanization as documented in West Lausanne. However, like the German 

‘Zer-siedelung’, which in a less pictorial way refers to a ‘dis-sociated’, ‘dis-persed’, ‘dis-located’ 

or even ‘dis-proportioned’ or ‘dis-functional’ development, the term ‘mitage’ has a negative 

connotation referring to the punctual and progressively repeated degradation of a rural 

landscape, perceived as a loss of aesthetics and gradually leading to a loss of functionality. 

Conversely, ‘decentralized concentration’ values the progressive thickening of a large-scale, 

accessible, productive and homogeneously inhabited urban fabric. The oxymoron contained 

in this formulation is explicitly opposed to a concentration of the nuisances and disturbances 

represented by territorial and urban centralization or polarization. According to this point of 

view, and spinning the textile metaphor conveyed by the ‘mitage’, one could therefore 

associate the ‘inward urbanization’ principle with an extensive snip of the scissors in the soil 

fabric. The two contradictory interpretations indicate imbalanced points of view, respectively 

giving importance to or disregard for different territorial granularities (i.e. size and distribution 



180 

of more or less dispersed or compact urban settlements), both relative to the functions of the 

‘inner’ soils and to the nuisances and disturbances of human land-uses. 

As suggested by Viganò’s (2014b, p. 135 Quoting Wolf Von Eckardt) commentary on Jean 

Gottmann’s notion of ‘megalopolis’, what was considered here as the construction of a paradox 

therefore underlines the necessity to extend the conservation approach to urban soils: 

“[the] megalopolis anticipates many of these themes [such as the symbiosis of rural 

and urban] and also the inherent threats, starting with the poor fertility of the soil of 

the megalopolis, as part of the urban resource mix […]: ‘Half a century ago we began 

to conserve our forests and other natural resources. It is high time that we begin to 

conserve our urban resources. They are not unlimited’.” 

Besides, acknowledging that the urban soils targeted by the ‘inward urbanization’ principle are 

actually part of a larger territorial ‘interior’ can be related to Latour’s (2020) stance in favor of 

‘Landing on Earth’ as ‘a revolution in [cosmogonic and] social order’ entailing a reinterpretation 

of what being ‘earthly’ means. This paradigm shift calls for new narratives. It therefore 

underlines the relevance of extending the functional and regenerative approach to urban soils 

as well, which was hypothesized in the present research in terms of a ‘green density’ 

(subsection 2.1.1.4), by measuring the spatial granularity, physical quality and functions of 

urban soils, in complement to the density and efficiency of buildings, as determinants of land 

use distribution and urban planning. 

From this point of view, the importance for the city-territory as a functional whole of what would 

be the equivalent of the bulk density for soils (i.e. the density of voids contained in the soil 

structure, as opposed to its compaction) is recognized by many scholars. In line with the 

tradition of thought mentioned in the introduction of this research (subsection 1.3.2), Viganò 

(2008a, p. 35) distinguishes the two contradictory interpretations of non-dense urban 

settlement by mentioning: 

“[a] development without ‘fractures’ that distributes resources and creates 

opportunities for individual undertakings. […] There are similarities between sprawl 

and the territories of dispersion, but the process of diffusion, the extended use of the 

territory and the mix of functions differ: ancient as opposed to recent; horizontal 

instead of vertical; integrated more than juxtaposed.” 

In a similar way, landscape architect and urban designer Alan Berger (2006, see also 2009) 

grounds his socially and environmentally regenerative approach to ‘drosscape’ in a positive 

and non-divisive interpretation of Northern American non-dense urban settlements: 

“[sprawl] is predominantly a horizontal landscape phenomenon. This thesis deserves 

further articulation because people concerned with landscape, environment, and 

sustainability issues almost never consider sprawl a positive opportunity, even though 

it is largely dominated by landscape development.” 
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In a text entitled ‘Sprawl, a Strategy? From Closed System Dynamics to Open Systems 

Ecologies’ landscape architect Pierre Bélanger (2014, pp. 253, 265) also reverses the usual 

sense of criticism by suggesting that: 

“[we] should explore urban processes through distributed structures, diffuse patterns, 

fluid formats, and flexible morphologies, working with the processes of 

decentralization rather than fighting them. […] From a distance, historically and 

geographically, we begin to see horizontal spread […] as one of the world’s most 

important spatial strategies across all different dimensions of urban life and action, 

from the planetary to the personal.” 
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Urban soils as part of a territorial interior: Various examples of 
decentralized territorial and urban open space structures inspired 
by the notion of ‘inward colonization’
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soils mesh structuring the 
urbanization of the Geneva 
basin in Maurice Braillard’s 
Plan directeur régional, 
1936
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The non-metropolitan territory of the Vaud canton, 
perceived as the rural hinterland of the Swiss Plateau

Non ædificandi surfaces imbedded within the PALM, 
its ‘garden’ as metropolitan green belt or buffer zone 
between the metropolitan and rural realms

Building areas mostly within the ‘compact perimeter’, 
indistinctly perceived as an opportunity of densification 
in the form of a maximum saturation
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The non ædificandi surfaces in and out of the 
agglomeration as a partially sealed urban margin, 
made of woods, fields and orchards, transportation 
corridors and large-scale parks. This counterform 
of the building zone, is not only perceived as an 
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a buffer envelope wrapped around urban settlements, 
but also as a continuum stretching between villages 
and into the interior of the city, as a complex ecological 
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The unbuilt and partially sealed soils in the building 
area, made of the modern legacy of green and public 
spaces, undeveloped plots and brownfields, private 
backyards and parking lots, logistic platforms, etc. This 
garden of the 20th century surrounding homes and 
workplaces, is not only perceived as an opportunity for 
urban densification, a land reserve, but also as a spatial, 
environmental and productive resource which also 
needs to be preserved and regenerated.

The actual built up surfaces as an opportunity for a 
‘differentiated’ requalification and densification of the 
existing building fabric
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3.1.3: The Granularity of Functional Soils in the Swiss Plateau City-territory 

3.1.3.1 Reinterpreting the Territorial and Urban Soil Structure: 
The afore-mentioned contrasting narratives illustrate the fact that the topological, semantic and 

functional oppositions of soil and city have concrete repercussions on the spatial forms of the 

city, the physical qualities of the soil and the land use and maintenance practices. Two maps 

of the Lausanne-Morges agglomeration graphically render the two contrasting visions of the 

city-territory and potentially diverging projects for the ground [see plates 76-77], by taking up 

in a simplified and schematic way the semiology and the color code that were introduced in 

the atlas layer II [see plates 22-23] Land cover. These two contradictory interpretations of 

both the spatial reality and the PALM planning strategy define the alternative frameworks within 

which the ‘inward urbanization’ principle can be implemented in order to achieve the objective 

of supporting 40 % of the expected cantonal population growth in the PALM agglomeration 

area (i.e. circa. 75’800 of new inhabitants by 2030) [see plate 4]. 
In the first map [see plate 76], the spatial governance entity represented by the bright red 

border corresponds to the perimeter of the PALM agglomeration area. Mostly within the 

‘compact perimeter’, the brick-red surfaces represent the building area established by the 

regulatory planning and indistinctly perceived here as an opportunity of densification in the 

form of maximum saturation, while the yellow surfaces represent the non ædificandi surfaces 

imbedded within the PALM agglomeration area, its ‘garden’. Finally, the green surfaces 

represent the non-metropolitan territory of the Vaud canton, which is perceived as the rural 

realm. Evoking a metropolitan green belt or buffer zone, such a polarized and divisive 

interpretation of the metropolitan and rural realms takes up again, but on a much larger scale 

and on a coarser granularity, the radio-concentric functional organization of the former villages 

surrounded by successive belts of recreational and productive soils. 

In the second map [see plate 77], the spatial governance entity represented by the thinner 

bright red border corresponds to the municipal boundaries in the midst of which former 

equidistant villages of relatively homogeneous sizes were nested according to well-known local 

territorial synergies and metabolic balances (Barcelloni Corte & Viganò, 2021). In this case, 

the brick-red surfaces no longer represent the building zone indistinctly but the surfaces that 

are actually built up and perceived here as an opportunity of a ‘differentiated’ requalification 

and densification of the existing building fabric. The yellow surfaces thus represent the unbuilt 

soils in the building area, made of undeveloped plots, green and public spaces, backyards, 

roads and parking lots. This potential garden surrounding homes and workplaces, which is 

partially sealed, is not only perceived here as an opportunity for urban densification, a land 

reserve, but also as a spatial, environmental and productive resource which also needs to be 
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preserved and regenerated. Finally, the green surfaces represent all the non ædificandi 

surfaces which are indistinctively in and out of the agglomeration perimeter, made of woods, 

fields and orchards, transportation corridors and large-scale parks. This counterform of the 

building zone, which is also partially sealed and contains a few scattered buildings, is not only 

perceived here as an environmental background of the city-territory, or as a buffer envelope 

wrapped around urban settlements, but also as a continuum stretching between villages and 

into the interior of the city, according to a more complex conception of the ecological 

infrastructure or territorial soil structure. 

In her re-interpretative analysis and redesign of the ‘Plan of Settlement’ proposed in 1933 

by Erich Gloeden, Viganò (2016) depicts the unusual, programmed, pervasive and permeable 

open space structure designed by Gloeden and which he labeled ‘green belt’. The social and 

ecological role that can be played by such a kind of open soils mesh understood as a territorial 

and urban interior differs radically from the usual definition of the ‘green belt’ in the urban 

planning semantics: open and superimposed instead of closed and juxtaposed in terms of 

structure, inclusive instead of divisive in terms of the status it assigns to soils, connecting 

instead of separating spaces, polyvalent instead of monofunctional in terms of uses, distributed 

and concentrated instead of compact in terms of density, localized instead of dependent in 

terms of services, reinterpreting the forms of the past and the historical dynamics of 

urbanization rather than seeking to counteract them. According to this definition, and among 

many other archetypes and prototypes of agro-urban or park territorial systems (Skjonsberg, 

2018), the ‘green belt’ understood as a territorial and urban interior ideally projected by 

Gloeden has many points in common with the open and cultivated soils mesh planned and 

designed by urbanist Maurice Braillard (Cogato Lanza, 2003; Léveillé, 2011) in order to 

structure urbanization in the Geneva basin, at the south-western extremity of the Swiss 

Plateau, at a time when Meili was elaborating his vision of a decentralized urban Switzerland 

[see plate 75]. 

3.1.3.2 Synergies in the Urban Footprint: 

In light of such references, the conceptual distinction proposed by the two schematic maps of 

the Lausanne-Morges agglomeration suggests that the segregation between city and fertile 

soils, center and periphery or rural and urban areas established at the metropolitan level must 

be broken up, in order to discern synergies in the footprint of the city-territory at the large and 

close scale. Nowadays, acknowledging the pressure on urban soils and their potentials 

therefore leads to redesigning the granulometry and the landscape metrics (i.e. size, 

distribution, accessibility) of the mesh of open soils, to increase the ecological performance of 

the whole urban fabric. Such a requalification of urbanization’s legacy entails the 

reinterpretation of the territorial figures of metropolization as well as dispersion. Berger’s 
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(2017) ‘Wastebelt Vision’, which is meant to become multiple ‘energy-’, wet-’ and ‘dross-belts’, 

advocates the recycling of both the conventional morphological patterns of green belts and 

corridors, resulting from a saturation of the urban fabric, and the patchy mosaics of urban soils, 

resulting from a dispersed accumulation of uses and land covers. 

Just like the granularity of soils [see illustration series 7. Microscopy], which can be 

defined according to the quality of their uncompacted structures favoring water percolation, 

biological activity and nutrient cycling, the territorial granularity of land use can be defined in 

the form of ‘green and blue’, but also brown and grey, ‘wefts’ (‘trames vertes et bleues’ in the 

French vocabulary of environmental planning) (Cormier, 2011; Cormier et al., 2010). Such 

urban soils meshes require a significant amount of voids and active soil surfaces at all scales, 

because the distribution and concentration of soil services is proportional to the distribution 

and concentration of nuisances induced by their artificialization. However, after a reaction to 

the overconsumption of rural and natural landscapes, the necessary reaction to an 

overexploitation of urban voids should avoid a symmetry in short-sighted accounting 

approaches, such as preserving all the urban soils or building them up to the maximum. In the 

two versions of the map of the Lausanne-Morges agglomeration, the yellow surfaces depict 

the contemporary urban land reserve. Representing what should be considered not only as an 

economic and spatial but also environmental capital therefore questions polarizing or 

oversimplified measures that focus only on the scarcely remaining undeveloped plots 

embedded in the city. Such a ‘garden’ appears both as a resource in itself and as a sum of 

development opportunities and thus represents above all a multitude of project challenges 

beyond preservationism and overexploitation. 

For the current century, the objective of (re)building the city on the city, as induced by the 

‘inward urbanization principle’, remains fully relevant. However, this objective must not be 

achieved through an easy solution that would consist in ‘filling in the voids’, sacrificing the last 

reserves of open land in the city-territory that would be deemed worthless because they are 

compromised by the surrounding urbanization. The hypothesis defended here, according to 

which the quantity of diversified open spaces and arable land existing in urban and 

metropolitan areas should be preserved and valorized, shows instead that it is in the project of 

the city itself, understood in the broadest sense of the term, that part of the solution to the 

current paradox lies. Beyond simple preservation, the consideration for soils ultimately 

highlights the constant topicality of the theme of decentralization or balanced territorial 

development, which is redefined in terms of local autonomy or synergies. The motto is then no 

longer just ‘no net land loss’ (Science for Environment Policy, 2016), but should also refer to 

‘land sharing’ as opposed to ‘land sparing’ strategies (Zarrineh et al., 2018), and aim at 

improving the performance of all vegetal and artificial land covers throughout the city-territory 

and not only in the agglomeration. 
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3.2: Regeneration of the City-territory Mosaic: The Spaces 
and Texture of Urban Soils in West Lausanne 

3.2.1: The Quality of Open Spaces in the City-territory 

3.2.1.1 Agrarian Soils, a Once Densely Meaningful Material: 
The present research focused on soil transformation through urbanization. Addressing such a 

topic entails acknowledging, explaining and criticizing urban soils not only as a relational 

system (Raffestin, 1989) but also as a project (Secchi, 1986), in past and future times, and in 

spaces at different scales. Two years after having published the ‘Progetto di Suolo’, Secchi 

(1988) wrote another text in which he discussed with more detail his statement that the city is 

made of soils. This time the topic was evoked in less abstract terms and situated in the 

Northern Italian context, which referred in a more general way to the densely populated 

European regions that have emerged on an agricultural background. He described the 

vocabulary and grammar of the contemporary city and related them to those of soil use, the 

core element of which is open space (public, private or common), materialized by the unbuilt 

surface (earth, land, soil, ground and floor), and materializing a landscape (a polysemic notion 

relating to ecology, experience and scenography, perception and representation). Secchi 

(1988, p. 14) referred to the “great open space of the size of hundreds of hectares [which] is 

agrarian territory and landscape”. The soil and the way it is used define the support of a society: 

its ‘density of meaning’ (‘densità di significati’) refers to a ‘stratified and slowly accumulated 

knowledge’ which is known to have gradually disappeared from maps in the last century [see 
plates 15; 17], as widely commented in this research. Secchi began to list its ‘lexical elements’: 

the ‘tree, ditch, vineyard, orchard, vegetable garden, flower garden, field and farm settlements’; 

its recognizable grammar and syntax: land subdivision and settlement rules; and the 

vernacular knowledges to which they are related: geology, pedology, meteorology, hydrology 

and botany, as well as traditions and techniques of cultivation, construction and nutrition. 

As mentioned in the introduction of this research, beyond the rural exodus and the 

development of intensive agriculture, Secchi (1988, p. 14) then witnessed: 

“the emergence of new and different ‘ecologies’, new relationships with the 

environment, new uses of the territory, regarding which the soil […acquires] for the 

different social groups […] a meaning profoundly different from the one it had in the 

past […]”. 

About thirty years ago, the author noted that the gap between the agrarian environment and 

the suburban uses was resulting in a ‘vague’ demand for conservation and preservation. 



188 

Despite the fact that it had motivated some crucial new analytical insights, according to Secchi, 

the conservationist approach turned into a defensive project, conceptually easy and 

reassuring, but raising unsolvable problems and thus leading to confused and confusing 

solutions. In light of various historical examples of large-scale land reclamation such as the 

Lavaux vineyard Terraces near Lausanne, conservationism was deemed irrelevant by Secchi 

(1988, p. 14) because wanting to interrupt the role of the soil as a palimpsest is to 

misunderstand the present: “[the] inhabitants of a territory incessantly erase and rewrite the 

old incunabulum of the soil.” In any case, conservationism would have required the definition 

of a specific project. 

3.2.1.2 Understanding the Present: 
According to Secchi, understanding the present implies problematizing land use as a system, 

and acknowledging that some problems (e.g. pollution or traffic) call for adaptations (e.g. 

changes in production and transport techniques) which go beyond the scope of urban planning 

and design. In turn, the duty of urbanism is a ‘comprehensive reinterpretation’ and ‘redesign 

of the soil and the landscape’ according to a new ‘project for open space’. The ‘materials’ of 

such a project lie in urban soils of variable nature, which are regarded as artefacts with more 

or less defined technical and formal characteristics: sports facilities, community gardens, urban 

and metropolitan parks, etc. The working hypothesis that inspires Secchi’s position is a 

reinterpretation of the ‘diffuse city’ described by Indovina (1990). The agrarian ‘minor centers’ 

and ‘large silences’ are therefore meant to become a ‘reticular structure’ offering everyone a 

vast possibility of movement and activity throughout the territory, and the access to specific 

civic and cultural facilities, as well as to new ‘ecologies’: the nature reserve, the biological 

refuge, the river, the woods, the beach, the monument, the small historic center, etc. (see i.a. 

Viganò et al., 2016) 

With regard to this research, the program outlined by Secchi seems relevant to describe 

the reality of the West Lausanne transformation processes, from minor agrarian centers to 

suburban areas. However, it does not correspond to the project that the democratic debate 

has chosen to apply to the Swiss territory (Swiss Spatial Planning Act, 2014), and to the 

Lausanne-Morges agglomeration in particular (PALM, 2016) [see plates 4; 77], at least for 

the coming decades. Indeed, since the 1980s, the demand for conservation has been made, 

if not less vague, at least more uncompromising and compelling. To a certain extent, it seems 

that the project of the ‘large open spaces’ has temporarily failed: perceived as the product of 

sprawl and over-consumption of land, European post-agricultural areas are now undergoing 

an acute political, social and cultural crisis. Even in Switzerland, where the situation is less 

critical socially, economically and culturally, policies aiming at promoting a balanced territorial 

development are running out of steam. Urban growth and social welfare are instead to be 
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concentrated in the already tightest portions of the city-territory, and the mesh they constitute 

is meant to become even denser. Therefore, what is the ‘density of meaning’ embodied as 

forms and practices in the urban soils of the contemporary city-territory? In what language and 

imaginary could a ‘comprehensive reinterpretation’ and redesign of the urban soils and open 

spaces be grounded? 

3.2.2: The Soils Matter 

3.2.2.1 The Language and Imaginary of Urban Soils: 
The methodological originality of the present doctoral research is twofold. On the one hand, 

by mirroring retrospective and prospective views, it illustrated how reconstructing alternative 

histories to describe the past according to unusual narratives can simultaneously inform new 
architectural and urban imaginaries for the design of future cities and open spaces. On the 

other hand, by focusing on close scale functional entities such as municipalities within a federal 

state, this research demonstrated how the fragmented and localized nature of the urban soil

system can structure a territorial vision and a spatial project on a larger scale, in a bottom-up 
logic interacting closely with local communities and actors. In response to the socio-

environmental challenges of the contemporary city-territory, the ‘cognitive strategies’ (see 

Laboratorio Prato PRG, 1996) suggested by Secchi remain efficient therefore to tackle the 

necessary renewal of the project for the ground, on the basis of its capacity to generate and, 

reciprocally, to be nourished by new representations of urban soil. Such a methodology, which 

was applied here in the form of several research and representation operations applied at 

different territorial scales, consists in individuating and describing in a systematic approach 

types of open spaces, programs, dimensions, modes of use and dysfunctions, as well as 

possible spatial and functional relations with the other components of the city-territory. 

In this instance, the vocabulary and grammar of the agricultural landscape is no longer 

sufficient. In the contemporary city-territory, intensive cropping practices are marginalized, 

culturally impoverished and impoverishing soils. The few agricultural plots of land remaining 

embedded in the ‘compact perimeter’, last jackpots for a few owners dispersed among the 

local upper- and middle-class families, have become embarrassing remnants for both farmers 

and city officials. In most other cases, the traces of what once characterized the agrarian 

landscape are buried far from sight by the sedimentation practices related to the construction 

of urban structures: in Valency, the Hortic Anthrosol of the former vineyards could not be found 

under the deep earthwork supporting the park esplanade [see plate 58]; in Malley, the former 

ploughing horizon still lies between the dark brown earth of the community garden and the 

layered fluvial sediments [see plate 56], but there is nothing left of the pastoral meadows and 
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streams, and the remnants of the industry are fading away too; in Bourdonette, crops are grown 

on the highway embankment [see plate 60]; in Dorigny, the agricultural layer was mixed with 

construction waste [see plate 64]; finally, there had probably been a wood in Ecublens since 

the end of the glaciations, but the man-made soil that is in place is as young as the replanted 

forest that grows on it [see plate 62]. Whatever the relief, the preexisting native context only 

manifests itself in terms of risks (flooding, concentration of contamination, etc.) [see plates 
51; 68]. The dimension of the voids has shrunk in favor of a more contrasted spatial figure. 

But the soils are still present in significant quantity and quality, and still contain the possibility 

of a territorial depth, ‘an extended, enlarged or wider use of the territory’, “un uso ‘allargato’ 

del territorio”, comparable to that pursued by Secchi (1988, p. 15). 

The two maps of the Lausanne-Morges agglomeration proposed here outline a preliminary 

vocabulary [see plates 76-77]: the green background no longer only corresponds to the 

cantonal rural hinterland of the Swiss Plateau, but also includes forests and urban margins 

made of woods, fields and orchards, transportation corridors and large-scale parks. 

Corresponding to the gardens of the 20th century, the yellow mosaic of urban soils is made of 

the modern legacy of green and public spaces, undeveloped plots and brownfields, meshes of 

private backyards and parking lots, logistic platforms, etc. Such a preliminary inventory of the 

contemporary ‘materials’ for a reinterpreted project for the ground not only testifies to the decay 

of the agricultural landscape, but it also reflects various territorial challenges regarding the 

regeneration of the city-territory of the 20th century: industrial platforms, residential 

developments, infrastructure bundles and campuses. 

Foreseen in this research in terms of various prospective patterns [see plates 49-51], 
these urban pieces contain a large amount of soils which must be repurposed and redesigned 

according to redefined uses and risks: a possible greater efficiency in the transportation of 

people and goods, a reduced need for travel, a redefinition of gathering modes and a greater 

cohabitation of localized domestic, professional and recreational practices, as well as a new 

system of values associated with waste and energy, must respond to the crucial needs in the 

local mitigation of climate change, the re-sinking of carbon, the containment of pollutants, but 

also to the rapid ongoing re-evaluation of the appropriate sanitary distance between 

individuals. Envisaged in this research in terms of various prospective and regenerative urban 

soil trajectories [see plate 72], such a ‘materials’ inventory also reflects a wide range of 

contrasting, and sometimes antagonistic, pedological challenges: polluted and cultivated soils 

in the interstices of infrastructures or backyards, compacted and under-used soils in green 

spaces within residential or tertiary developments, a profusion of asphalted surfaces which is 

to become obsolete, some fertile but now isolated agricultural soils, and a potentially fast 

reemerging wilderness. 
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The necessary reinvention of urban morphologies and maintenance practices can thus be 

nurtured by the important and yet largely unexploited collection of documents regarding Swiss 

urban soils that was gathered in the course of the doctoral project, thanks to various research 

and teaching opportunities. In the forthcoming developments of the research, two potential 

outputs can be envisaged in the manner of a map and its legend. 

A Handbook Catalogue of Swiss Urban Soils: 
First, this collection will define a catalogue, or a handbook, of urban soils. Gathering a 

collection of Swiss urban soils will help to highlight characteristic conditions as regards soils’ 

geomorphological and anthropogenic formation, environmental and social functions, as well 

as urban transition and design potentials. From Lack Geneva to Zurich, urban soils of the 

Swiss Plateau city-territory share common characteristics and correspond to specific future 

challenges because they are the product of both a specific molassic and glacial 

geomorphology, as well as of a particular urban and political history marked by an intense 

process of urban and demographic growth during the 19th and 20th centuries. Rather than a 

linear history, the Swiss urban soils prototypes will then define a deconstructed repertoire of 

forms and practices which can be reassembled in multiple contemporary arrangements 

corresponding to various urban requalification challenges and opportunities. By informing the 

common practices of the actors and stakeholders of the urban soil transformation, this catalog 

will then become a handbook providing design guidelines and expressing a language of the 

soil, i.e. a paradigmatic vocabulary and a syntagmatic grammar for urban planning and design. 

A Map of Swiss Urban Soils as a Territorial Interior: 
Second, when geolocalized the above-mentioned prototypes will draw an original map of Swiss 

Urban Soils. Rather than the static and constraining maps of soil quality usually hypothesized 

by various ongoing research projects, this map will outline specific functional relations and 

metabolic interactions between the urban soils and the ecosystem, able to guide and structure 

a project for the sustainable urban redevelopment of cities in transition. Using the GIS 

technology platform in order to aggregate and combine various geodata, advanced spatial 

analyses and mapping operations will reveal the significance of urban soils’ fine granularity, 

which usually remains undocumented in coarse land cover map. Beyond polarizing categories, 

such as city vs. soils or urban vs. rural, various spatial figures of Swiss urban soils as a 

territorial interior will then emerge from this map. 
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Three promenades: 
As documented in West Lausanne, such potential series of prototypical situations and map 

of soils as a territorial interior can be outlined through three promenades starting from urban 

soils [see illustration series 8. Urban soils]. 
The agricultural parcel of Ley-Outre, which flanks a bottom moraine spreading out halfway 

up the Lausanne hillside, is located between a wooded strip, the large surface area of a car 

dealer department store and a few warehouses, and is like an anachronistic vestige of the 

‘land reserve’, in the sense of land property and development that this notion conveyed in the 

20th century. This future mixed-use sector is desperately awaiting the spatial, functional and 

landscape coherence that could be given to it by a larger-scale structure of open spaces. The 

articulation of the still unbuilt plots of land scattered around could, for example, underline a 

specific cornice relief, by taking advantage of the visual openness and facilitated mobility 

offered by the molassic outcrops, and by continuing the network of biodiversity that unfolds in 

the large and sunny urban voids of the Lausanne hillside. Further to the east of the cornice, 

the Valency park takes better advantage of its geomorphological situation, which is idealized 

as an archetype of the Lake Geneva landscape. This embanked esplanade is part of a fine 

network of soft mobility, stairs, ramps, and alleyways sometimes grassed, here and there 

crossing a schoolyard, a playground, a sports field and the forecourt of a church gathered in 

clusters according to the soil morphological compositions that were typical of Swiss urban 

design in the 19th and 20th centuries. Such a social and spatial resource leads one to wonder 

what could be the neighborhood park for today’s and tomorrow's Swiss working- and middle-

class people? Further along the cornice or higher up on the hillside, would it be located on one 

of the well-exposed remaining agricultural plots, on the site of a former parking lot overhanging 

the meanders of the river, or in the loop of a freeway exit? 

The former industrial zone of Malley is about to become a dense center at the foot of a 

new regional train station, a stone's throw away from the huge regional ice rink that has been 

recently rebuilt without leaving or recovering an inch of pervious and vegetated soil on its 

footprint. The development project of this new neighborhood seems to deal carefully with the 

sometimes polluted soil on which it is settling. Will it also valorize the shade and coolness 

provided by the existing community garden, which provides a profusion of fruits and vegetables 

from origins as diverse as those of the retired workers who still grow them? In the same way, 

will the open-air public park that is planned to be established on the tracks of the old Renens 

freight station, along the new tramway line, help to give back meaning to this fold in the territory, 

between moraine and molasse, which continues the formerly industrial Flon valley and once 

sheltered a glacial lake that is now filled up by an unimaginable thickness of anthropogenic 

sediments, chemical inputs and sealed surfaces? In this sunken relief carved out by a splinter 

of the Rhone glacier, could the enclosed wilderness of Ecublens woods accommodate not only 
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the earth fill material that no one knows what to do with, but also the new sporting activities 

and ancestral marginal practices that this type of ‘emerging public space’ generally absorbs 

(Delbaere, 2015)? 

What could have been done with the tiny Dorigny valley, partially filled in by the backfill of 

the dead-end highway that divides West Lausanne from one side to the other, if it had not been 

maintained in its status as an expressway for budgetary reasons linked to state ownership? 

Such a rationale makes no sense from the point of view of the functionality of urban voids and 

soils and is in total contradiction with the theme of traffic which was at the origin of the creation 

of the new district and the federal agglomeration policy, as well as with all the levels of urban 

policy which designated West Lausanne as a future densely populated portion of the city-

territory. This missed opportunity for a greenway, able to articulate in an original way public 

transport, soft mobility, storm water management and relay of biodiversity, could have 

coherently articulated the numerous surrounding enclaves now separated by anti-noise walls: 

metropolitan park-and-ride facilities, community gardens, housing units, campsite, department 

stores, large collective sports and athletics fields, etc. The right-of-way of this anachronistic 

infrastructure could have become the backbone of the sedimentary terraces gradually sloping 

down towards the Lake Geneva panorama and the support for connections that are today 

missing between the heterogeneous pieces of the urban mosaic. In March 2020, among these 

enclaves, the considerable surface area of the EPFL–UNIL campus was, in the course of a 

few days, completely then partially called into question, for at least several months. This 

ancient pasture, on which an airport was once hypothetically planned and where several tens 

of thousands of people normally work and study, has been almost entirely deserted as a 

program based on large collective gatherings. The fast-growing use of videoconferencing 

makes the vast parking lots distributed on the campus’ edges definitively obsolete. Faced with 

such an unexpected event, at least for non-experts, the variable quality and large quantity of 

these urban soils however show a potentially great adaptability. The green spaces that stretch 

between the scattered modernist pavilions constitute the ‘time pocket’ and the ‘anti-hazard 

mechanism’ evoked by Raffestin (1989). Conversely, nestled between the embankments of 

the highway, the channeled river of the Chambronne, the archaeological remains of the Roman 

vicus of Lousonna and the vast piece of land reclaimed on the lake symbolizing modern Swiss 

society as displayed at national EXPO 64, the small natural reserve, protected for the aquatic 

and aerial biota that it hosts, is also a ‘time pocket’ in that it contains a collection of 

heterogenous Anthrosols worthy of the one that urban ecologist Peter Del Tredici conserves 

in Boston, on the parcel of the Harvard University Arnold Arboretum land now known as Bussey 

Brook Meadow (Arnold Arboretum, 2015). 
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3.2.2.2 The Urban Soil Continuum: 
This research has attempted to describe the ‘space between things’ in a particular way: with 

the language and through the voice of the urban soils. From the soil’s point of view, reflecting 

on urban space should not be limited to conceptualizing a void and a surface, but also a mass: 

the Anthropocene strata of the geosphere and pedosphere. This research has illustrated the 

fact that, in the Alpine and surrounding regions, people live, produce and communicate in the 

three-dimensional space left behind by long-gone glaciers and on soils that are essentially the 

product of their many sediments. Soil is not only a spatial reserve, it is also a matter that moves 

and transforms, that urbanization moves and transforms. Such stirring and mixing determines 

the proportion of fine clay, intermediate loam and coarser sand mineral particles in a soil, its 

texture, from which its various other biogeochemical qualities derive in the first place. On a 

territorial level, it is also related to the distribution, size and proportion of interior voids and 

urban settlements, the granularity of which is usually only referred to in terms of built up surface 

density. 

For Alex Wall (1999, p. 233), the consideration for soil in urban and landscape design 

leads to giving central importance to processes rather than to forms only: 

“a shift of emphasis from the design of enclosed objects to the design and 

manipulation of larger urban surfaces […indicates] a renewed interest in the 

instrumentality of design – its enabling function – as opposed to representation and 

stylization.” 

Urbanist and critic Grahame Shane (2006, p. 59) sees the renewed operativity of planning and 

design, which is based on a consideration of the forms of living, as a path towards the 

implementation of a ‘performative urbanism’ that he illustrates with his commentary on the 

‘landscraping’ project that James Corner proposed for the Detroit brownfields (Daskalakis et 

al., 2001) [see plate 3]: 
“Corner’s project illustrates his concept of a ‘performative’ urbanism based on 

preparing the setting for programmed and unprogrammed activities on common land 

[…] advocating a four-stage decommissioning of land from city’s legal control: 

Dislocation (disconnection of services), then Erasure (demolition and jumpstarting the 

native landscape ecology by dropping appropriate seeds from the air), followed by 

Absorption (ecological reconstruction of part of the Zone as woods, marshes, and 

streams), and finally Infiltration (the recolonization of the landscape with heterotopic 

village like enclaves). As Corner writes in his commentary, these projects ‘prompt you 

to reflect on the reversal of the traditional approach to colonization, from building to 

unbuilding, removal, and erasure’.” 

Neither the vocabulary and grammar relating the agrarian world nor the imaginary of the post-

industrial shrinking cities, which was the locus of the North American ‘landscape urbanism’ 
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movement (Waldheim, 2006), fully encapsulate in themselves the stakes of a project for the 

ground of the Swiss Plateau city-territory. Yet the three spatiotemporal and systematic patterns 

outlined in this research underline the potential ‘density of meaning’ that the influence of 

contemporary urbanization on soils can acquire: adapting and upsetting geomorphology, 

sedimenting and gardening. Provided that ‘inspiration’ is not limited to imitating an aspect, but 

rather to reenacting a chain of processes, Amossé’s (2014, p. 162) commentary on the 

inspiration that the project for the ground can get from the action of water in its various forms 

illustrates how this research attempted to assimilate performative urbanism to the action of a 

glacier, and the soils it generates to primary successions: 

“[one] can also be inspired by the very large mosaic of soils observed in an active 

alluvial zone, at all stages of maturation, if one wishes to reconstruct a harmonious 

and complete ‘pedological landscape’ in an urban environment.” 

Beyond land property, plot divisions, ecological patches and pedological taxa, the most 

important thing that planners and designers can learn for soil scientists may be that soil is a 

continuum. The concept of ‘trajectories’ [see plates 11; 40; 72], which was proposed in this 

research to grasp and embrace urban soils as a space and time continuum, therefore kept 

striving to reconcile polarized notions such as ‘soil’ and ‘city’ and to demonstrate the fact that 

interpretative hypotheses contain in themselves the foundations for alternative projects. 

Focusing on soils as the underside of landscapes and city-territories led to producing maps 

and numbers that did not yet exist [see plates 28; 30; 38-40], an alternative vision revealing 

another density, another functionality or performance [see plates 67-69; 77]. Bridging bodies 

of knowledge currently under development about anthropedogenesis and contemporary urban 

settlements allowed to disclose not only impacts and risks but also a potential sustainability 

[see plate 74]. Soil thus introduces co-evolution as a fundamental theme for the human habitat 

and for urbanism in particular. The present-day meaning of this program of action is 

regeneration and its multiple synonyms: requalification, reclamation, restoration, etc. [see 
plates 49-51; 72; 74]. The sound of water and the breath of air resonate in the present, while 

in its apparent stillness, the soils’ legacy reflects our common future. 
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2012: Residency – Académie d’Architecture; Cité Internationale des Arts, Paris 

2011-2012: Research Grant – École nationale supérieure des Arts Décoratifs, Paris. 

2010-2011: Architect Fellow – French Academy in Rome, Villa Medici 

12. Exhibitions, Art Installations, Other Commissions
2019: “L’Incise” Ephemeral Garden / Land Art Installation with the collective of architects Non

Site Office (Selected and realized project) – Festival Lausanne Jardins 2019 “Terre à terre”, 

Switzerland 

2012: Collective Exhibition – Festival Artsciencefactory Days – S[cube], France 

2011: “Le paysage technologique de l’hôpital” Photographic Survey – Lin architects urbanists, 

Germany 

2010: Solo Exhibition – Teatro delle Esposizioni, French Academy in Rome, Villa Medici 

2010: “FAR Foreign Architects Rome at Foreign Academies and American University 

Programs” Collective Exhibition – Festa dell’Architettura di Roma, Comune di Roma, 

Azienda Promoroma, Camera di Commercio di Roma and Association of American 

University Programs in Italy, Temple of Hadrian, Rome 

13. Architecture and Landscape Architecture
2009: Atelier Jean-Paul Philippon, Paris

2008: Junior Project Manager – AS. Architecture-Studio, Paris

2007: Fractales Architectes Urbanistes Associés, Paris

2005: Freelance Architecte, Lyon

2005: Paysage-et-Lumière, Paris

2003: Metek Architecture, Paris

2002: Paul-Henri Boutin Architecte, Lyon

2001: Benoy, London



 






