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ABSTRACT

With climate change increasingly driving extreme weather events and heightened natural hazard risks,
landscape architects must enhance their ability to identify site vulnerabilities effectively. Currently, a notable
gap exists in resources available to sensitize landscape architects and related design professionals to site-
specific hazards, impeding informed decision-making during early site analysis stages. This paper presents
a comprehensive natural hazard toolkit tailored for landscape architects, specifically designed for evaluating
susceptibility to mass movements such as landslides. Developed and adapted in the Canadian context, the
toolkit utilizes open-access, geographically adaptable data, ensuring its scalability and fostering trans-
disciplinary collaboration, thereby enhancing climate resiliency. This toolkit combines remote site analysis
techniques (using accessible GIS software and data) with multisensorial, in situ protocols for the evaluation
of the site’s susceptibility to mass movements. This toolkit may assist the landscape architect in the earlier
phases of the design process, allowing for a nuanced and context-sensitive approach when dealing with
landslide-prone environments.

We discuss the pedagogical and educational opportunities and benefits linked to the development of such
tools, while interrogating their place within a pedagogical framework which aims to question or challenge
conventional approaches of providing straightforward, fixed solutions to complex issues. This non-
prescriptive framework, which we refer to as “non-solutionist”, is gaining increasing relevance within the
field of landscape architecture. In addition to the pedagogical value for newly trained designers, we argue
that the presented toolkit encourages a more rigorous and holistic site analysis process and advocates for
improved design interventions in areas susceptible to landslides.
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1 INTRODUCTION

In Canada, terrestrial landslides account for an estimated $200 to 400 million in direct and indirect
costs annually and present significant threats to infrastructures, natural systems/resources, and human
safety (Government of Canada, 2017). Though fatalities related to mass movement events have decreased
in recent decades, the number of landslides in Canada have increased and are expected to become more
frequent from landslide triggering climatic events, such as heavy rainfall, due to climate change (Blais-
Stevens, 2019; Sobie, 2020). This has been made apparent through the series of floods and landslides that
occurred in November, 2021 throughout southeast British Columbia and northeast Washington State
caused by a prolonged atmospheric river. The landslides, occurring in several locations in the region, led
to destruction of highways and railroad tracks, causing massive supply chain issues, and the fatalities of
five people (Parfitt, 2022). While the atmospheric event was unprecedented in British Columbia, it is likely
that similar events will occur as precipitation frequency and intensity increases due to climate change
(Sobie, 2020). The increasing risk of mass movements must be accounted in more rigorous ways and
engage more professions to provide novel methods for mitigation.

Within the discipline of landscape architecture, where the shaping of landforms is intrinsic to the
profession, there exists a notable scarcity of resources tailored specifically to sensitize landscape architects
to the complexities of mass movements. A comprehensive review of 43 peer-reviewed articles, books
chapter, and government documents revealed that only two among them explicitly addressed the role of
landscape architects in managing landslide risk (Melsom, Girot & Hurkxkens, 2015; Claghorn & Werthman,
2015). Beyond these, the majority of available resources pertaining to landslides are characterized by their
technical depth and extensive length, rendering them less accessible to the average landscape architect.

In light of this deficiency, the profession necessitates more accessible resources and tools to
advance its capacity to spearhead climate-resilient projects. Such resources would not only enhance the
effectiveness of design solutions but also empower landscape architects to critically assess relevant
projects and identify potential landscape instabilities within their work, fostering collaboration with engineers
and geologists.

To address this critical gap, the authors have conceived an open-access, user-friendly, and
geographically adaptable toolkit hosted on the University of British Columbia's blog platform. In pursuit of a
comprehensive approach that melds digital tools for large-scale analysis with immersive site assessments,
two distinct tools have been developed the comprise the final toolkit. The first tool entails an ArchGIS
workflow facilitating the creation of interactive susceptibility maps for preliminary site analysis. These maps
draw upon publicly available data that can be readily customized based on the geographic context of the
designer. The second tool is a multisensory, in-situ field questionnaire engineered to evaluate a site's
susceptibility to mass movements.

These complementary tools not only hold value for the profession as a whole but also possess
significant pedagogical utility for novice designers. They provide a robust yet accessible resource for
comprehending the intricacies of landforms, thus augmenting the knowledge base of newly trained
designers.

This project inscribes itself within a larger discussion on the teaching of site analysis and planning
in landscape architecture curricula. The analysis, planning and representation of a site is a fundamental
component of the design process, particularly within the discipline of Landscape Architecture, which lends
itself to self-criticism, reflection, and deconstruction.

In this paper, the research objectives guiding the development of the toolkit are initially outlined.
The creation process of both the blog and the toolkit is explained, highlighting the significance of each
component and their collective contribution to a comprehensive approach to site analysis. Subsequently,
the discussion pivots to situating this project within the broader landscape of site analysis and planning
instruction within landscape architecture curricula. The utility of the toolkit is emphasized, alongside the
acknowledgment of its inherent limitations as a pedagogical instrument.

We argue for the necessity of additional tools dedicated to the investigation and comprehension of
natural hazards, despite their limitations. Finally, consideration is given to the project's future trajectory,
indicating ongoing efforts to enhance and expand the toolkit beyond the scope of this paper.

2 RESEARCH OBJECTIVES

The toolkit summarized in this paper has several objectives. The overarching goal of the project
has been to provide design professionals with an intuitive, accessible, and easy-to-use site analysis toolkit
that delivers a basic understanding of earth and soil science in the context of the prevention and mitigation
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of mass movements. The tools must be accessible in order for them to be available for anyone to use,
regardless of profession or background, allowing them to be adaptable and replicable in different
geographical contexts. They need to be intuitive and easy to use since they are targeted at design
professionals who may not have a basic knowledge and formal training in soil science, which is fundamental
to address slope instability.

Second, we aim to provide design professionals and the general public with an online educational
platform that hosts a series of resources for learning about mass movements. Through this extensive online
resource, we present information and resources through the form of a bibliography matrix, a literature
review, external resources, and our toolkit. As an educational platform, we seek to deliver information
through a variety of media to engage different learning styles. This includes diagrams, sketches, and a
video tutorial that supplement written explanations.

Third, we hope to bridge the existing gap between specialized, specific, and technical knowledge
on mass movements phenomena, typically directed toward engineers, geologists and geophysicists, and
elementary information directed toward the general public. In other words, the goal for these landslide
analysis tools is to reach a middle ground by targeting a group between these extremes, such as design
professionals, who might need more in-depth knowledge on mass movements than what is currently
available for the general public, but who would not possess the necessary in-depth knowledge to
understand the more technically oriented material.

3 METHODS

The development of the toolkit occurred in multiple phases. The first phase involved an extensive
review of existing scientific literature on landslide prevention, initially within the field of landscape
architecture, and subsequently expanding into other domains such as soil science. This literature review
was subsequently transformed into a blog, addressing the broader topic of landslide prevention in
landscape architecture. The blog encompassed sections covering the classification of mass movements,
the geomorphology of landslides, and related subjects.

The literature review underscored the imperative need to create assessment tools tailored for
landscape architects and other designers. Initially, we devised a cartographic tool for site susceptibility
assessment to landslides. This tool employs an intuitive protocol and utilizes readily accessible geospatial
data. The cartographic assessment tool was seamlessly integrated into the blog and accompanied by a
usage tutorial.

Furthermore, the literature review shed light on the relative absence of in-situ prevention tools that
could facilitate a more intimate and multisensory analysis during on-site visits, a need especially pertinent
for landscape architects. Consequently, a second tool was developed: a multi-sensorial, in-situ field
questionnaire to assess the site's susceptibility to mass movements. These complementary tools, in
addition to their pedagogical value for newly trained designers, allows for a more rigorous and holistic site
analysis process that utilizes digital tools along with site immersion assessments. In doing so, the
pedagogical aspects of the toolkit should lead to more adequate design interventions in susceptible areas
through a deeper understanding of mass movement risk.

3.1 Blog

The blog originated as an online repository for a comprehensive review of literature focused on the
intersection of mass movement hazards and architectural remediation strategies. In pursuit of this objective,
a bibliographic matrix was constructed, encompassing 43 peer-reviewed articles, books, and government
documents. This matrix facilitated the assignment of technicality and relevance indices to each entry,
thereby providing a concise overview of influential works within the realm of mass movements.

A comprehensive bibliography matrix—a table cataloging articles and assigning them technicality
and relevance indices—was constructed to provide landscape architecture students with an overview of
influential works in the field of mass movements. This matrix encompasses articles of varying technical
complexity and audience focus, comprising predominantly peer-reviewed journal articles but also
encompassing book chapters, conference proceedings, and government publications.

In addition to the bibliography matrix, an annotated bibliography was compiled, featuring concise
summaries of each article's content and editorial notes on their applicability to landscape architecture. This
supplementary resource offers succinct summaries of each article's content and incorporates editorial notes
assessing their applicability in the field of landscape architecture. Notably, this exhaustive literature review
yielded a limited number of resources (two in total) addressing the convergence of landslides and landscape
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architecture. Of these two, only one delineated a specific workflow tailored for landscape architects,
outlining a method for developing a Rapid Mass Movement Simulation utilizing GIS and Rhinoceros 3D
(Claghorn & Werthman, 2015).

Following this literature review, a dedicated section centered on mass movement mitigation was
incorporated into the blog. This section was informed by an exploration of architectural precedents featuring
components designed for mass movement prevention. Additionally, it encompassed a comprehensive
listing of engineering and architectural techniques that could be integrated into broader design frameworks.
Each of these illustrated methods and technologies was categorized according to its applicability in
preventing specific types of mass movements, thereby facilitating quick reference and accessibility.

An educational section on the basic concepts associated with mass movement was also added.
This includes three main sections: landslide morphology, mass movement classification (based on the
original method of Varnes, 1978 and adapted by Hungr, 2014), and the different mechanisms involved in
the initiation of different mass movements, including geological, biological, and hydrological causes. Added
to these concepts is an individual review of each major type of mass movement, including the prevalence
and specific triggering mechanisms, as well as mitigation measures adapted for each of them. Schematics
by the authors populate the entire section and allow for a more visual learning process for the users of the
site (see Figure 1). This aids in establishing an engaging educational interface, helping to foster different
learning styles through an array of communication methods. Much of the illustrated portion of the blog is
composed of diagrams, drawings, and photographs that supplement the written information. With the more
technical sections, as with the GIS tool discussed in the subsequent section, learning-by-doing is highly
encouraged through resources, such as an audio-visual tutorial in the case of the GIS tool.
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Figure 1. Diagram explaining the forces acting on a vegetated slope that cause landslides, from
What Causes Landslides section under 'Basic Concepts'.

3.2 GIS tool

The GIS susceptibility analysis tool was created using ArcGIS to provide a quantitative analysis of
slope stability for a given site and its surroundings, using the openly accessible data shown in Table 1. The
tutorial featured on the blog used a case study site based in British Columbia, Canada, thus allowing for
the use of publicly available data through government databases. Multispectral satellite imagery used to
calculate the Normalized Difference Vegetation Index (NDVI) was downloaded through ESA’s Copernicus
Open Data HUB, LiDAR imagery was obtained from LiDAR BC, and stream network information was
obtained from BC Data Catalogue (see Table 1).
Table 1. List of data used for the GIS tool exemplified through a site in British Columbia.

Data Source Format Date
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Level-2 Sentinel 2 Multispectral Satellite Imagery Copernicus Access Open Hub Raster - .tiff 2022

Study Area LiDAR LiDAR BC laz 2017

Fresh Atlas Stream Network BC Data Catalogue Vector - .shp 2011

In order to evaluate slope stability, a multi-Criteria Evaluation was conducted using the Suitability
Modeler in ArcGIS Pro. In this method, each layer is assigned a weight (in percentage) representing the
parameter’s influence on slope stability, with all weights combining to a total of 100%. The four layers used
for the analysis were (1) Elevation, (2) Slope, (3) Vegetation density and (4) Proximity to streams. The final
output can be seen on Figure 2.

The determination of relative weights assigned to each layer was achieved through the utilization
of the Analytical Hierarchy Process (AHP), a widely employed method in the domain of Landslide
susceptibility mapping (Leonardi et al., 2022). In this method, the weights are ascribed based on a
hierarchical order of importance. While a general hierarchy of importance regarding landslide-controlling
factors does exist, practical considerations, such as data availability and the tool's desire for simplicity and
accuracy, necessitate users to discern the most pertinent factors specific to their site, contingent upon its
location. Consequently, the calculated weights may vary in response to the relative importance of these
variables.

Since higher elevations often receive increased rainfall due to increased condensation through
adiabatic cooling, elevation is used as a proxy for rainfall (Song, 2019; Smith, 2008). With additional shear
stress, along with other factors, areas with steeper slopes are more likely to fail (Bobrowsky & Highland,
2013). Vegetation density also affects slope stability since root systems act as anchors that stabilize soill,
as well as absorb water limiting additional shear stress. This can be calculated within ArcGIS Pro using the
NDVI, which uses spectral bands to evaluate vegetation density and health (Angers & Caron, 1998; Ford,
2016). Proximity to streams is also important to include as streams erode and reshape the landscape,
increasing slope angle and potentially undercutting hillsides making them likely to fail (Fox, 2010;
Bobrowsky & Highland, 2013).

Within each individual layer, values are assigned different weights, amounting to 100%, using
Transformation Functions in the suitability modeler. Weights were assigned using the Analytical Hierarchy
Process (AHP) that has been used by previous researchers to assign weights to different variables (Jazouli,
2019; Leonardi, 2022). AHP is a mathematical decision-making matrix that assigns weights based on the
order of importance. In the case of landslide susceptibility mapping, this process is useful as different
variables should be assigned different weights based on the area of study where, as shown in the tutorial,
slope carries the highest value and distance to streams carries the lowest weight (Cleveland, 2004).
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Figure 2: Final output of the GIS-based tutorial on determining slope stability through a
cartographic quantitative analysis.

The study site used for the simulation is situated in the Deep Cove Area of North Vancouver, British
Columbia, a region profoundly influenced by glaciation processes. Consequently, the area features steep
slopes characterized by a substratum of bedrock overlaid with glacial sediments (BGC, 2009). The
variability in the permeability of these sediments assumes a pivotal role in soil stability. This geological
configuration is a prevalent characteristic of North Vancouver.

Climatically, North Vancouver experiences substantial annual precipitation, often exceeding the
quantities observed in the neighboring Vancouver area by a considerable margin, primarily attributable to
the orographic effect. Consequently, soils in this region are subjected to higher volumes of water, a factor
that can significantly impact their cohesion.

Historically, North Vancouver, including Deep Cove, was covered by dense temperate rainforests,
which underwent extensive clear-cutting, subsequently elevating the susceptibility to landslides (Saito et
al., 2017). While reforestation efforts have been undertaken in many areas, certain regions have
transitioned into residential neighborhoods, devoid of the intricate soil stabilization mechanisms offered by
forests. North Vancouver exhibits a history of smaller-scale mass movements, characteristic of its
topographically complex terrain. However, given the escalating intensity of rainfall events, an increase in
the frequency of mass movements is anticipated (Jakob & Owen, 2021).

3.3 Field questionnaire and companion document

The GIS tool involves a quantitative preliminary site analysis through a cartographic-based
approach, providing a better understanding of mass movement risk near a given study site. While this is a
useful starting point for landslide assessments, there are limitations due to the availability and resolution of
data. For example, contrary to elevation, slope or proximity to streams, data related to soil composition is
either incomplete or unavailable in high-resolution, requiring an alternate approach to evaluate this
component. In order to circumvent these limitations, an in-situ questionnaire was developed to supplement
the GIS tool, along with a “companion document” which provides the theoretical explanations behind the
criteria found in the questionnaire. The questionnaire (divided into 2 forms) was adapted from A Guide for
Management of Landslide-Prone Terrain in the Pacific Northwest (Chatwin et al., 1994), a document
published by the Ministry of Forest of British Columbia, providing an updated and simplified version that is
specifically created for landscape architects.
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Five assessment groups were defined according to their degree of influence on the susceptibility
of a site to mass movement: (1) landform, (2) overburden, (3) geological processes, (4) hydrological
characteristics, and (5) vegetation. For each theme group, a series of observable factors and items were
listed according to their ease of interpretation by design professionals, their multisensorial aspect, as well
as their relevance for a qualitative assessment of a site's sensitivity to mass movements. In addition to the
methodological approach adapted from Chatwin et al. (1994), concepts and procedures related to soil
analysis and pedology were integrated into the document following the standards of the Canadian Soil
Classification 3rd edition (Soil Classification Working Group, 1998) and using the British Columbia Soil
Information Finder Tool (SIFT) (Provincial Soils Working Group, 2018).

Landslide Field Evaluation

Site name: Client Reference #: Date:

ST T Client: site name: Client Reference #: Date:

Surveyor Name: Client:
Overburden characteristics

Landform
on site: If

1. If a soil profile is available, complete the information below for each soil profile present on Topography formed by glaciers? Tyes Mno Slope Gradient: (degrees/percentage)
the site - .

(copy as wany tines as necessary) Slope Shape: Clconcave [lconvex Cistraight Slope Configuration: Duniform/smooth 0irregular/benchy
Death (cn} Soil profile di Horizons descriptic t
i oil profile diagram orizons description/conments S —

Geolagical Process

oo

Evidence of past landslides: Dlandslide scars Ofans or burried deposits
Dtree throw/hale Otension fractures [raad or path cuts
Past landslide topography characteristics (if observed)

Slope Gradient: (degrees/percentage) Land use: Dclear cut Dnatural Croad
Slope Shape: [concave [lconvex [lstraight Slope Configuration: Duniform/smooth [ irregular/benchy

Drainage: Oradid/well drained Omoderately well drained Dpoorly drained Devidence of seepage

I

Vegetation

Movement indicators: Cleaning trees Osplit trees Ccurved trees Otrees tipped downslope

TN

108 Evidence of windthrown trees? Cyes COno
Root restrictions;

Deminant soil limitations for plant growth:

Hydrological characteristics

LI FH T

Presence of inpermeable layer? Ciyes depth below surface (m):

Surface ‘wet! indicators Dsprings O seepage/damp sites
2. Using the Ribbon Test, complete the information below. Osag Ponds Oshallow/1inear depressions
Texture Estimate: % Gravel/rubble Subsurface ‘wet’ indicators: Mmettles in upper meter of soil
& sand Dgleyed soils
Overall drainage assessment: OVery Rapid- Rapid- Well ClPoor- Very Foor
OModerately Well- Imperfect

% silt

% Clay Presence of water tolerant vegetation? [lyes [ino Species identified:

ki hape: CIR:
Coarse fragment shape: CRounded C1Angular Additional observations / comments:

2 1

Figure 3: In-situ questionnaire developed by authors.

A companion document was written to complement the questionnaire and to guide the designer in
filling the forms that comprise it (see Figure 3). It contains the required theoretical notions to complete both
forms and serves both as an instructional document, explaining the importance of each factor and outlining
specific steps to complete in-situ tests indicated in the forms. This component can additionally act as an
educational resource on the topic of soil science and classification, pedology, plant identification and
topography. Similar to the blog, the companion document is thoroughly populated with tables, diagrams,
schemas, and illustrations to assist the learning and visualization processes.

4 RESULTS

The GIS susceptibility assessment tool, site questionnaire, and companion document are
accessible online at https://blogs.ubc.cal/landslides/. Hosted by the University of British Columbia, this
platform provides open access to the tools for a diverse audience, encompassing students, professionals,
and other interested individuals. The blog functions as an extensive online resource, offering essential
knowledge concerning mass movements, adaptable and replicable to suit various geographic contexts.

In conjunction with the other sections within the blog, the toolkit equips design professionals with
intuitive, accessible, and user-friendly site analysis resources. It encourages professionals to consider the
risk factors associated with mass movements comprehensively. Notably, the blog and toolkit are designed
to be accessible to a broad audience, bridging the gap between specialized technical knowledge and its
practical application by landscape architects and related professionals.
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To enhance the toolkit's effectiveness and ease of use, ongoing evaluations are being conducted
by master-level landscape architecture students at the University of British Columbia. These assessments
seek to refine the tools and optimize their utility.

5 DISCUSSION

We are confident that the toolkit developed holds substantial potential for adoption by landscape
architects, offering a tangible method for assessing the susceptibility of a given site to mass movements.
However, it is essential to acknowledge the limitations inherent in the workflow. The dynamic nature of
technology and information means that even minor updates to software or websites can lead to issues such
as broken links, missing data, or the relocation of tools within software platforms. While some individuals
may possess the expertise to address these challenges, navigating software can prove daunting for others,
compounded by uncertainties surrounding the selection of relevant data. While the possibility of regular
updates to the workflow may help mitigate some of these limitations, it may not present a fully practical
solution in the long run.

To simplify the use of the site questionnaire, we have opted not to assign parametric values to each
of the risk factors considered in the questionnaire. A parametric analysis would guide the users toward a
quantitative and tangible risk index for site assessment. However, we believe that the questionnaire should
be part of a human-scale, multisensory site observation process, with the precise quantification of mass
movement risk conducted collaboratively with relevant professionals. The toolkit's role is to provide
landscape architects with a preliminary understanding of various site-scale mass movement risk factors,
rather than replacing the work of qualified professionals in the field of geology.

This project inscribes itself within a larger discussion on the teaching of site analysis and planning
in landscape architecture curricula. The analysis, planning and representation of a site is a fundamental
component of the design process, particularly within the discipline of Landscape Architecture, which lends
itself to self-criticism, reflection, and deconstruction. There is a trending effort to teach architecture students,
especially at the graduate level, to uncover underlying ideologies and biases of common tools and
methodologies used in site analysis in order to understand their limitations. Among the objectives of this
approach is to consider site analysis as a recursive process that does not endeavor to produce objectivity,
but instead to develop a deeper understanding of the complexities of site and aid in development of design
interventions that are more socially and environmentally just (Karim, 2021). ‘McHargian’ approaches to site
analysis using traditional cartography and mapping have been rightly criticized in academia (See, among
others, Treib, 1999; Herrington, 2010) and are taught to students with the preamble that they are inadequate
when used alone for site analysis. “Solutionist" approaches, a term raised and eloquently described in The
Problem with Solutions by Rob Holmes (2020), are presented to students as ultimately the source of further
problems with landscapes, and are often touted to exclude processes like globalization, rapid urbanization,
climate change, systemic racism, increasing wealth disparities, and systematized inequities in site planning
and analysis.

In developing a set of tools whose framework is rather prescriptive, such as the one presented
here, we are thus faced with a dilemma. Are we contributing to the reinforcement of a solutionist method of
site analysis that continues to be problematic in the field of landscape architecture today? Are we reducing
an eminently complex phenomenon - that of mass movements - to a simple technical problem requiring
pragmatic and technocratic approaches to be "solved"? Are we transposing, through the tools we have
designed, any cognitive biases that may ultimately be more damaging than useful in addressing the
phenomena of mass movements?

We must weigh these arguments with the fact that this project, despite the critique it may raise, has
proven to be highly formative and relevant to our learning experience. First, notwithstanding the theoretical
limitations of the “solutionist” dynamic in design, it is reasonable to assert that the phenomenon of mass
movement is, in itself, a real problem in populated areas: it damages infrastructure and takes lives. It is also
a phenomenon that is being exacerbated by climate change, and one that design professionals are currently
ill-equipped to understand and address. To lead to greater resilience in the face of these changes, there is
therefore clear value in developing accessible, freely available, intuitive, and practical diagnostic tools
(Roehr, 2023).

We also believe that there is a tangible added value in more prescriptive and ‘technical’ site analysis
tools in an educational context. Presenting mass movements as an unambiguously problematic
phenomenon that needs to be addressed professionally greatly simplified our task at the beginning of this
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project. It gave us an intuitive starting point and a logical goal to pursue; how we pursue and achieve that
goal could subsequently be as complex and abstract as we wished.

Building the toolkit also led us to understand scientific concepts related to site analysis that we felt
were fundamental yet had not been taught in our courses: concepts related to soil science, hydrology,
pedology, mapping methods, recognition, and identification of water sensitive plants, among others. In this
sense, the "prescriptive" and "solutionist" side of our project framework - mass movements are a problem,
and it needs to be fixed as soon as possible - was a precursor to holistic thinking and appreciation of site
complexity rather than a detriment.

The primary objective of our toolkit is pedagogical: it aims to provide design professionals interested
in intervening in mass movement issues with a set of basic knowledge that they acquire through
multisensory site analysis (Roehr, 2022). It thus encourages trans-disciplinarity, as it allows design
professionals to communicate more effectively with other professionals involved in land use, such as
geoscience specialists. Although our questionnaire has directed questions and relies on rather
"prescriptive" observation criteria (e.g., description of the soil profile according to recognized classification
standards), our hope is that it will encourage the designer to engage more deeply with the site beyond the
confines of the questionnaire. The simplified and prescriptive purpose of the in-situ questionnaire is a
pretext, a precursor to deeper site exploration, providing a more accessible starting point for students who
are unfamiliar with such immersions. Through soil profile analysis and the ribbon test, the designer learns
to touch the soil; to smell it, to feel it, to perceive its textural qualities. Identifying the characteristics of slopes
present on the site can lead to an appreciation of their formal qualities. Assessing the drainage of the site
can reveal its latent characteristics and provide inspiration for future design interventions.

How do we ensure, then, that such tools do not lead to the same problems associated with so-
called "prescriptive" solutions as those raised by Holmes and others in the design field? We believe that
part of the answer lies in the pedagogical approach surrounding the development of this tool, along with
other similar tools, and its use. For this learning process to "work," that is, for the rigid and prescriptive
framework of problem solving to lead to an analysis of a depth expected of today's designers, mentorship
and adequate retrospection are required. Following the prescriptive and directed site analysis protocol,
students should be advised, as we were, to analyze their analysis or, as Holmes puts it, “frame the problem
before attempting to solve it” (2020, p.12).

6 CONCLUSION

Despite the substantial advancements in technical and theoretical knowledge concerning mass
movement prevention and mitigation, landscape architects and other design professionals currently lack
comprehensive tools to propose design interventions that adequately address these hazards. The
development of accessible, user-friendly, and geographically adaptable tools, as proposed in this paper,
including accessible mapping methods and in-situ analysis protocols, holds the potential to enhance
resilience against climate change. We recommend the integration of these tools within a multi-sensory field
immersion approach that extends beyond the confines of the questionnaires outlined in this study.

It is our contention that the development of such tools carries tangible educational value, affording
students involved in their creation the opportunity to cultivate trans-disciplinary awareness. The
compatibility of protocol-based and prescriptive analysis tools within a "non-solutionist” approach to site
analysis warrants discussion and consideration, given the pedagogical research opportunities inherent in
these tools. Similar methodologies, akin to the one employed in this project, can be replicated to investigate
various natural hazards (e.g., avalanches, forest fires, floods) or to broaden design professionals’
awareness of mass movements.

To enhance the toolkit's assessment, master-level landscape architecture students at the University
of British Columbia are presently conducting a case study to gauge the effectiveness of these tools. Their
insights and feedback will be instrumental in refining the toolkit, making it better suited for educational
environments. Subsequently, based on their final report, we intend to further enhance the toolkit and
collaborate with them on a research paper elucidating their findings.
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