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Preface

The cover of the sixth issue of the Journal of Digital Landscape Architecture JODLA 6-2021
shows the Corona dashboard of Salzlandkreis. The county Salzlandkreis, including our cam-
pus in Bernburg — located in central Germany with an area of 1440 square kilometers and
having a population of 190,000 — has developed its own Corona dashboard to show citizens
the current local situation. Special thanks go to our graduates Dirk Helbig and Matthias
Grothe for this year’s JODLA cover image. The objective is to show the local situation of the
pandemic to the public with the same instrument used on state, national and international
levels. Between its introduction on October 16, 2020 and March 23, 2021 (5 months) this
dashboard had already received 1,461,124 clicks. The development and implementation of
this dashboard shows the strength of visualization of digital spatial data.

The network of engaged individuals teaching new information technologies at the Interna-
tional Master of Landscape Architecture program MLA at Anhalt University established the
annual Conference on Digital Landscape Architecture DLA at our school in 1999. The DLA
has to date been held in Istanbul, Malta, Zurich, Munich, Aschersleben, and frequently in
Bernburg and Dessau. In 2020, the DLA was hosted by Harvard University. Harvard was
able to organize the DLA 2020 as a virtual conference when the Pandemic did not allow for
personal contact. The Journal Digital Landscape Architecture JODLA which we have devel-
oped for the conference is now listed in the international citation database Scopus. This pub-
lication is supported academically by eighty reviewers and board members. Here, we wish to
thank them for their long-term support.

The 22nd international conference on digital landscape architecture was originally organized
as an in-person conference at the conference facilities of the Umweltbundesamt UBA — the
German Federal Environmental Protection Agency. The headquarter of the UBA in Dessau
in the German State of Saxony Anhalt is located next to our Anhalt University Dessau Cam-
pus. Now being confronted with the next wave of infections, most countries of the partici-
pating speakers have been affected. Anhalt University therefore invites all to attend virtually.

This year’s main theme “Resilient Digital Landscape and Global Change” is represented by
selected images on the homepage of the conference: severe large-scale dead forest stands
caused by global warning in the Harz Mountains of Saxony Anhalt, intensive agricultural for
energy production, as well as drones that help monitor the environment: http://2021.dla-con-
ference.com/. Our keynote speakers from Thailand and India will widen our view of the chal-
lenges environmental design faces to cope with global change.

As we are able to work with a digital twin of our globe, we can focus on how to use the tools
of digital landscape architecture in order to meet the challenge of global warming.

This year we look forward to seeing even more participants virtually than those who would
have been able to travel. At the same time, we are also looking forward to welcoming you
again in person in the coming years.

March 31, 2021
Prof. Dr. Jorg Bagdahn, President Hochschule Anhalt/Anhalt University, Kothen
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GruBBwort!

Gerne hitte ich Sie personlich in Sachsen-Anhalt begriiit. Der aktuellen Situation geschuldet
ist in diesem Jahr nur ein digitales Treffen mdglich. Der personliche Kontakt und Austausch
sowie die fachliche Kommunikation — Herzstiick einer jeden Konferenz — miissen ins Netz
verlagert werden. Sie haben sich der Situation angepasst und damit Ihre Resilienz in diesem
Bereich nachgewiesen.

Womit wir bei einem spannenden Thema dieser Konferenz wéren. Fragen zur Resilienz, also
die Fahigkeit, schwierige Lebenssituationen ohne anhaltende Beeintrachtigung zu iiberste-
hen, sind im Hinblick auf den fortschreitenden Klimawandel aktueller denn je.

Es gilt, unser Land, unsere Natur, unsere Gesellschaft an die groen Herausforderungen in
Folge des Klimawandels anzupassen. Als Landwirtschafts- und Umweltministerin habe ich
dabei besonders die Land- und Forstwirtschaft im Blick.

Erst vor Kurzem konnte ich den Monitoringbericht 2020 zum Klimawandel in Sachsen-An-
halt vorstellen. In diesem Bericht werden die Ergebnisse des Klimawandel-Monitorings an-
hand ausgewéhlter Indikatoren bewertet und beschrieben. Die Daten zeigen statistisch objek-
tiv die Anderungen des Klimas an.

Die Klimakrise ist in Sachsen-Anhalt angekommen. Wir kénnen die Verdnderungen spiiren
und messen. Eindeutige Ergebnisse sehen wir bei der Temperatur: Das Jahresmittel ist seit
1880 um 1,5 Grad Celsius angestiegen. Die Anzahl der heilen Tage mit iiber 30 Grad Celsius
hat gegeniiber der Referenzperiode 1961 — 1990 zugenommen, in den Tieflandregionen sogar
auf durchschnittlich bis zu 14,7 Tage verdoppelt. Die Vegetationsperiode hat sich schon um
13 Tage verldngert und die Apfelbliite setzt tendenziell immer friiher ein.

Gleichzeitig fehlen Niederschldge: Die Bodenfeuchte — wichtig fiir die Landwirtschaft — geht
in den meisten Regionen zuriick. Besonders im Tiefland verschlechtert sich die Standorts-
wasserbilanz und beeinflusst damit unsere Wélder. Die auBergewdhnlich lang anhaltende
Trockenheit seit April 2018 schldgt nun auch in héheren Lagen zu.

Wir wissen, was das bedeutet: Die Baume konnen sich gegen Schédlinge immer weniger
wehren. Im Zusammenspiel mit Stiirmen sind in manchen Gebieten Sachsen-Anhalts ganze
Wailder gefahrdet.

Wir kénnen diese Klimakrise authalten, wenn wir konsequent handeln. Jeder ist gefordert,
zur Verringerung der Treibhausgasemissionen beizutragen. Deshalb hat die Landesregierung
von Sachsen-Anhalt im Februar 2019 ein Klima- und Energickonzept (KEK) verabschiedet.
In den Erarbeitungsprozess und auch in die Umsetzung des KEK wurden und werden zahl-
reiche gesellschaftliche Akteure einbezogen. So ist sichergestellt, dass das Konzept in einem
gesellschaftlichen Konsens umgesetzt wird.

Gleichzeitig passen wir uns an die unvermeidlichen Folgen der Klimakrise an. In Sachsen-
Anbhalt gibt es seit 2010 eine Landesanpassungsstrategie an den Klimawandel, die regelmaBig
fortgeschrieben und in die die neuesten Entwicklungen und Erkenntnisse einflieBen. Auch

! This greeting is only available in German. See the English version at https:/www.dla-conference.com/.
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hier gilt: Die Umsetzung der darin beschriebenen Mallnahmen ist im Zusammenwirken aller
Beteiligten und Betroffenen notwendig.

Das KEK und die Anpassungsstrategie an den Klimawandel stellen zwei wesentliche Bau-
steine auf dem Weg zu mehr Nachhaltigkeit in unserer Gesellschaft dar.

Nachhaltigkeit ist in allen Bereichen des gesellschaftlichen Lebens erforderlich, um kiinfti-
gen Generationen eine lebenswerte Zukunft zu ermoglichen. Das Thema ,,Nachhaltige Ent-
wicklung* wird in Sachsen-Anhalt deshalb als ganzheitliche Aufgabe aller staatlichen Orga-
nisationen gesehen.

2019 beschloss das Kabinett fiir Sachsen-Anhalt eine Landesnachhaltigkeitsstrategie. Dabei
erfolgte eine Anpassung an die Agenda 2030 der Vereinten Nationen sowie an die Deutsche
Nachhaltigkeitsstrategie. Bestandteil der Landesstrategie ist ein Indikatorenbericht mit an-
spruchsvollen Zielvorgaben, die das Land bis 2030 erreichen will.

Fiir Landschaftsarchitekten erdffnen sich hierbei eine Vielzahl an Méglichkeiten, sich aktiv
mit ihren Ideen einzubringen, um die Resilienz vieler Systeme zu stdrken. Ich werde mir die
Ergebnisse Threr Konferenz berichten lassen.

Eine gesunde und vitale Natur ist eine elementare Grundlage, um die vor uns liegenden Her-
ausforderungen zu bewiéltigen. In diesem Sinne wiinsche ich Thnen eine inspirierende und
erfolgreiche Konferenz.

22. April 2021

Prof. Dr. Claudia Dalbert, Ministerin fiir Umwelt, Landwirtschaft und Energie des
Landes Sachsen-Anhalt



Editorial

A New Normal — Three Reflections on JoDLA 2021

Landscape Architecture as a discipline was already in upheaval at the beginning of this cen-
tury; “digital landscape architecture” was already a community, and a conference, a body of
work, and a fertile ground for innovation. At the beginning of last year, DLA2020 was in-
tended as one more physical gathering of the tribe, with JODLA 5-2020 slated to have the
largest page-count yet. Then came the tidal wave of novel CoronaVirus complications and
pandemic lockdowns. DLA2020 went virtual overnight, and ushered in a year of Zoom,
Zoom, Zoom, videoconferences and virtual presence, all the time, everywhere ... Now as we
approach the anniversary of that time, with ‘re-entry’ plans and promises of a return to ‘near-
normalcy’, landscape architecture as a discipline, and DLA as a community, face an uncertain
future with only one certainty — the usual one: change.

One such change that we have already benefited from, starting with DLA2020, is the inclu-
sion of a larger and more diverse international audience for DLA than ever before, and with
a lower carbon footprint for their participation than ever. In particular, more students from
more parts of the world than ever before have been welcomed into, and contributed to, the
community and the conference.

We — especially in educated /academic /affluent societies — have learned that many things
analog and physical, such as telephone handsets and in-person meetings, printed pages and
paper currency (though not good food, forest walks, or close human companionship) can be
replaced with virtual equivalents, along with a balance sheet that tallies both advantages and
disadvantages of all of these (perhaps false, but nonetheless functional) equivalencies. Less
commuting, less air travel, potentially lower carbon footprint; more tools for online collabo-
ration, more development of Mixed Reality software, more global outreach and participation.
In education as well as practice, and in research and academic conferences, the results are
mixed, and unevenly distributed, but there are many indicators that the ‘new normal for the
third decade of the 21st century will entail a number of dramatic changes, as well as more
gradual ones; in economics, employment, entertainment, computation and communication,
real-estate, environmental design, and construction, the irreversible imprint of COVID-19
will surely be visible.

In a 2021 Pew report (https://www.pewresearch.org/internet/wp-content/uploads/sites/9/
2021/02/P1_2021.02.18 New-Normal-2025 FINAL.pdf) an impressive array of researchers,
futurists and observers predict a vast panorama of post-pandemic changes — some good, some
bad, some ugly — from better tele-medicine to worse proliferation of misinformation ... Doc-
umenting how these changes reverberate in landscape architecture is the work of the DLA.

What are the essential tools of landscape architecture? Mixed Reality, drone-mediated site-
visits, and machine-learning-from-big-data approaches to geospatial analysis have all been
accelerated to launch velocity, as reported in this JODLA 6-2021. What are the dimensions
of ‘landscape’? Beyond those I have called ‘Olmstedian’ (topography, vegetation, water and
structures) we now must anticipate dealing with virtual and intangible equivalents, including
digital signals and sensations, sensors and actuators, virtual and collaborative experiences
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delivered through new- and social-media. Can a video-game environment be considered a
work of landscape architecture? Is a virtual forest a forest at all? Is a responsive landscape
alive? What kinds of virus lurk in the cyber-wilderness? How do bio-informatics, autono-
mous vehicles (air-, land-, and sea-), high-tech urban farming and ‘tele-everything’ affect the
lives and work of landscape architects, and planetary citizens? These questions are grist for
the JoDLA mill. Read on!

EE

In Digital Landscape Architecture circles the term virtual reality has been used for decades.

It was always associated with representing the real environments via a digital replacement.
While these replacements of reality were rather crude in the beginning, they have now be-
come convincingly real in a sense that it is hard to distinguish nowadays whether something
is real or simulated and virtual.

Similarly, conferences such as the Digital Landscape Architecture conference were always
held in real environments where we could meet real people. Nowadays, the term virtual also
stands for meeting real people via online communication platforms thus introducing some
sort of a virtuality as we do not meet other people in person, we only meet them virtually.

This is somewhat similar to a representation of a virtual reality which is always some sort of
an abstraction of the real world. In a virtual conference environment interaction with other
participants is less spontaneous, less interactive, less sensory, less everything, but it allows
to interact with other people in the Digital Landscape Architecture forum and it allows to
exchange ideas without the need of travelling. At least, this also helps somewhat to mitigate
the climate change effects of conference travel.

From a more disciplinary perspective, the advantages of representing our environments vir-
tually, also frees up time and opens opportunities for exploring distant locations when for
some, in these times, travelling is either not permitted or when it has become rather difficult
due to quarantine or other regulations.

In this sense, virtual reality, is a real bonus and suddenly the old claim that we can save time
and money through virtual reality becomes somewhat real. E.g., estate agents have learned
quickly and for prospective buyers instead of visiting property in person, they have adapted
quickly to the new situation and offer panoramic explorations of property or even stereo-
scopic walkthroughs by using a mobile phone in a stereo device thus saving time and money
on the side of everyone involved in the process of buying or selling property.

As in previous years, conference presentations at the Digital Landscape Architecture confer-
ence will make use of virtual reality and will let us all explore remote places around the globe,
sharing ideas, new insights and providing inspiration for future research.

* % %

After a year of virtual work, we are conducting our second virtual DLA conference. Early
reports indicated that many really appreciated this opportunity for working virtually; I have
not been one of them. As an introvert I am fine not chatting with people, but I prefer “parallel
play” — I enjoy the feeling of being around people who are also working. I suspect that it has
also been a difficult year for everyone else. However, I can think of two quite positive things
that may have resulted from being forced into virtual lives.
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First is that a lot more people have been exposed to the DLA Conference. I hope that we
continue to have inexpensive virtual attendance and that we explore more ways to integrate
it with in-person attendance. I am also excited about the increased exposure for the Journal
of Digital Landscape Architecture as an open-source journal about developments in the field.
I hope many more people consider it as a way to share their research and practice experience.

Second is the search for ways to make the virtual experience more palatable; to reduce “Zoom
fatigue.” It looks like some of the techniques that have been discussed at the DLA for a dec-
ade and more are about to go mainstream. For instance, Microsoft intends to bring Mesh, the
mixed-reality platform that works with its Hololens, to Teams. While we have been experi-
menting with VR, AR and MR for some time, this will give us an opportunity to actually use
it for teaching and collaborative design.

Ben Franklin is supposed to have said, “Out of adversity comes opportunity.” We have been
shown the adversity, now we need to seize the opportunity.

March 31, 2021

Erich Buhmann, Stephen Ervin, Sigrid Hehl-Lange, James Palmer, and Matthias Pietsch
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Introducing JoDLA and DLLA2021

The core of the contributions in your hands are driven by a double-blind review process.
Forty-two papers were selected from the original sixty-three submitted extended abstracts
during the two-phase process. We also invited two current reports to give you a wider view
on the many issues on BIM.

We are very proud to also be able to publish the two outstanding keynote lectures that were
given by Prof. Dr. Carl Steinitz at the Digital Landscape Architecture Conference in 2019 in
Dessau and in 2020 in Boston. The text on “From (Before) Analog to (After) Digital: A
Personal Perspective” gives an introduction to the analog history of the systematics in land-
scape architecture which was waiting to meet the first computer at the Graduate Design
School in Harvard in 1964. This perspective of Carl Steinitz also tells a great deal about the
story of American Landscape Architecture. Carl Steinitz then describes the transformation
from “analog to digital methods”, which he sees mainly as transformation of older ideas to
digital tools.

The second keynote of Carl Steinitz, which Brian Orland co-authors, focuses on the future of
landscape architecture education and practice. As digital landscape architecture enables more
varied and appropriate design methods for these challenges, Carl Steinitz urges that the chal-
lenge of more collaborative engagement in design for larger, more serious global challenges
should be taken. In his final statement, he gives four clear possibilities for the future of digital
landscape architecture, within the profession and as an academic field, and not all are digital!

After these essays on defining Digital Landscape Architecture, the Journal offers you a wide
range of current research and practice in digital landscape architecture. Please find the re-
viewed essays on

Resilient Landscape, Global Change and Hazard Response
Visualization, Animation and Mixed Reality Landscapes (VR, AR)
UAYV Imagery and Remote Sensing in Landscape Architecture
Geodesign Approaches, Technologies, and Case Studies
Landscape and Building Information Modeling (LIM + BIM)
Digital Landscape Architecture in Practice

Algorithmic Design and Analysis Landscapes

Teaching Digital Landscape Architecture

As already mentioned, we have invited two contributions on BIM to this issue. You will find
the thank you to the reviewers and more details on this year’s review process in the closing
chapter Acknowledgements.

Besides publishing in this peer-reviewed publication, the exchange with many others work-
ing in the same area is essential to the idea of DLA. All authors who manage to master the
strict review process for JODLA are invited to present their papers at the DLA Conference.
The outreach to the first all virtual DLA 2020 in Boston with 1000 registrations and up to
400 signed in at any given time was clearly much larger than the years before.
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Fig. 1:  The virtual DLA Family 2020 — screen dump by Stephen Ervin

We have learned that future DLA Conferences will include a virtual component in order to
reach out to colleagues and students not able or willing to travel long distances. The partici-
pants of DLA 2020 came from 56 countries. Dark red indicates regular participation in pre-
vious years, bright red first-time participation. While the virtual conference surely contrib-
uted to the relatively high number of 17 new countries because visa restrictions and travel
costs were not factors, due to current circumstances five earlier participants (indicated in
yellow) were not able to participate this year: Belarus, Russia, Malta, Argentina, Israel. The
DLA has now reached out to 61 countries, or to about a third of the world’s nations.

The virtual communication tools will help us to continue to reach out to all who are working
in the industry, in universities and in practice to further develop our digital tools. How can
we use the digital twin in order to manage our resource landscape in a resilient matter?

After the outstanding first all-virtual DLA Conference in Harvard in June 2020, we had been
preparing a hybrid version of the DLA at the spacious conference facilities of the UBA head-
quarter, the German Environmental Agency in Dessau to be held in May 2021. In March of
2021, we had to chance our plans as hardly any of our 80 speakers had been vaccinated at the
time. Because the current infection rate in Germany is critical, we reduced the “hybrid” to
around ten colleagues moderating live in order to have the best possible communication be-
tween speakers and participants.
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W Fsii, HERE Ganimin, [s) OpenSieeiilap
Australia Dominican Rep. Italy Saudi Arabia
Austria Ecuador Jordan Serbia
Bahrain Egypt Latvia Singapore
Bangladesh Estonia Lebanon Slovenia
Belgium Finland Mexico South Africa
Bosnia and Herzegovina France New Zealand South Korea
Brazil Germany Nigeria Spain
Bulgaria Greece Norway Sweden
Canada Hong Kong Pakistan Switzerland
China Hungary Philippines The Netherlands
Croatia India Poland Turkey
Cuba Indonesia Portugal United Arab Emirates
Czech Republic Iran Republic of Korea United Kingdom
Denmark Ireland Romania USA

Fig. 2: World map of DLA 2020 registrant’s countries in red, first time participants in bright
red and previous participants who did not attend in 2020 in yellow (graphic by Nas-
taran Tebyanian)

We would like to thank all who are contributing to our attempt to strengthen the impact of
landscape architecture in order to strengthen the use of digital methods and tools. You are
invited to reach out to all colleagues worldwide to network on the benefits of digital land-
scape architecture to a more resilient future.

The documentation of the past and future DLA conferences is found at
http://dla-conference.com.
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From (Before) Analog to (After) Digital:
A Personal Perspective

Carl Steinitz'

"Harvard University, Cambridge/USA - csteinitz@gsd.harvard.edu
Keynote at DLA 2019 on May 23 at the Bauhaus Aula, Dessau

Abstract: Where did the ideas that shape the methods that we have been talking about in this conference
for the past 20 years come from? And what was the development process? The transformation from
analog to digital is only a small part of that development process. My presentation has examples that
span 5,000 years. In this presentation, I speculate about the history of the development of the ways in
which we look at the landscape and propose to intentionally change it... by design. And I will also offer
some speculations about the next years.

Note: This presentation is based on the transcription and images of my unscripted keynote lecture at
DLA 2019, which have been lightly edited and added to for this 2020 version. My somewhat informal
style has been retained.

Keywords: Design methods, design tools, analog methods, digital methods, history and development

1 Introduction

I have the advantage of having been among the senior colleagues and friends for the twenty
years that Erich Buhmann has organized the Digital Landscape Conference and so I get ad-
vance notice as one of the people who gets asked about what the next year’s theme should
be. And when Stephen Ervin developed the 2019 topic there was a subtopic called “Analog
to Digital”. I immediately said to Eric and Stephen “That’s the story of my life. I’'m going to
give that lecture.”

I have been thinking about issues related to this theme for a very long time. I’m interested in
the genesis of the ideas that shape the methods that we have been talking about in this con-
ference for the past 20 years (STEINITZ 2009). Where did these ideas come from? And what
was the development process? The transformation from analog to digital is only a small part
of that development process. My presentation has examples that span 5,000 years. I am going
to speculate about the history of the development of the ways in which we look at the land-
scape and propose to intentionally change it... by design. And I’ll also offer some specula-
tions about the next years. It’s risky. In my work I like to think two generations ahead, but
technically it’s not so obvious what will happen in the future. Nonetheless, I’m going to make
some speculations in the end of this presentation about the next years and where I think the
most important questions for research and development are. And it is a personal perspective.
I am not an historian. I’'m a collector and an adapter and I sometimes get an idea that may
make sense.

Journal of Digital Landscape Architecture, 6-2021, pp. 2-52. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705001.
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2 Before Analog

This first image is a settlement in a remote part of the Philippines. It’s a settlement that could
be a thousand years old. Nobody knows. It’s an old photo. It was taken and given to me by
Charles Harris who hired me at Harvard in 1964. I have often used this slide in my theories
and methods course in my very first lecture. I always asked my students to write down the
rules to explain this place. And they think about it for a little while and then we discuss it...
and it turns out that there are about five or six rules... and these are the rules more or less,
not necessarily in priority... but maybe they are in priority.

Luzon,

The Philippines
Charles Harris
1956

Fig. 1: A settlement in the Philippines

The first one is: don’t build in the flood plain... it’s hazardous. The second is: protect your
agricultural land. The third one is: build where it’s sunny. The fourth is: don’t build where
it’s erosion prone. The fifth is: keep some forests for materials to build, for tools, maybe for
food and for fire... and maybe that’s enough. The resulting pattern is the pattern of life. It’s
probably family life, and it might be a very traditional process of agriculture... And while
you can explain it in greater depth, those five or six basic rules are the important ones. So
please remember this image, as I will show it again. It’s based on rules. There is nothing
special about the rules. They make sense. They produce an aesthetic. But they’re basically
for day to day life for normal people in their environment. There is nothing special about
them.

Another rule might be: protect yourself. Be prepared to defend yourself against enemies. It
could also be to stay cool in a hot landscape. This is Mesa Verde, a very old Native American
settlement in America.
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Mesa Verde, USA

Fig. 2: Mesa Verde, USA

Another rule is if you have cattle and are polygamous and you have a Chief, then design your
settlement in its landscape to protect your economy and organize your society. This is a po-
lygamous, Chieftain-based society in which cattle are wealth and sustenance.

Bernard Rudofsky, Architecture Without Architects, 1964

Fig. 3: A polygamous, Chieftain-based society
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And if the climate changes, change the way you live. Some of these images come from a
wonderful book by Bernard Rudofsky called Architecture without Architects, which was a
book that I read in 1964. It was very influential on a generation of architects of which I was
one. It had an implicit basic message: People aren’t stupid. They learn how to adapt, design
and survive.

Bernard Rudofsky, Architecture Without Architects, 1964

Fig. 4: Adaptation to climate

3  Analog

Analog... Most of us use this word wrongly. We use it as representing a set of technologies
that aren’t digital. But analog really means that it is analogous — something that is comparable
to another — an analog of the exterior world. In other worlds, there is an analogy... a larger
idea... a construct that determines how we design things.

This is Upper and Lower Ogol, a Dogon settlement in Mali. It is very complicated. It’s a
highly symbolic pattern of organization. The roof is the family. Each family has to make the
roof of its house, and then carry and place it on the tall and small building. And there are lots
of them.

And the question is: What explains this pattern of settlement? And the answer is: the human
body. This is a French priest’s interpretation, having lived there (GRIAULE 1965). The altars
are at the feet. The altars are masculine. The oil stone is feminine. The women’s houses are
on the sides, and outside when menstruating. The family houses are the chest and the assem-
bly place is the head. And the council meets in the northern building near the forge, the source
of fire, which is the community’s enabling power. That is the organization of this place...
And you either know it or you don’t... and this knowledge is transmitted by oral tradition.
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Fig. 6: Upper and Lower Ogol settlement pattern

There are Chinese books in the Harvard Yenching library about Feng Shui from three thou-
sand five hundred BC (XU 1990, 2016). The ideal site in Chinese Feng Shui is for a grave.
The grave takes precedence over the house. The house takes precedence over the city. The
ideal form to locate a site is surrounded by the tiger and the dragon and has three layers of
mountains behind. And there are thousand year old books that interpret these landscapes.
There are two schools of interpretation. There is the form school that basically analyzes the
physical landform for auspiciousness; you build or can make an site. Or there is the compass
school which deals with orientation as the basis for assessment. These are competing schools.
They are not compatible... Either you use one or the other.
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So the ideal site is this, with running water not aiming at you but going away from you. And
those are the graves on the right in the best location and that’s the house on the left. The
graves — the more important ones. And that’s a village in an ideal location.
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Fig. 8: Feng Shui form school ideal sites
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And that is the location of Beijing with the dragon and the tiger and Japan in the distance,
and the water follows that principle. The location of the country’s Capital city and the seat
of the Emperor and a simple farmer’s grave... they follow the same analog worldview. Feng
Shui was considered superstition and outlawed in recent times... but it is still present.

¥u Ping

Fig. 9: Beijing, an ideal location from Feng Shui form school

The Manasara [1] is a sixth century Hindu document which identifies the conditions of the
ground for a temple or for a town plan. There are instructions and tools. The conditions in-
clude smell and taste. You are supposed to taste the ground for acidity, and you are supposed
to hit the ground with a hammer and if it’s rocky it will make one sound and if it’s sandy it
will make another sound and if it’s wet it will make a third sound. The organization of the
community is based on the caste system and the roles they play in society, and the auspicious
areas are for the higher castes and the less auspicious are for the lower castes, not unlike
social class analyses of modern cities.
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Fig. 10: Manasara, ideal settlement organization
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The social organization must be designed in one of eight canonical town plans... and any-
thing else is evil. The concept of evil is a site plan criterion. And this also applies to the house,
where different functions are in different locations. There is a best location orientation and
there is a worst... auspicious and evil... a worldview analog.

) S y
[‘.\* :’. .&"i\"\&\: |
AARTRTRY

Manasara, Hindu text 6 C.

Fig. 11: Manasara, ideal organization of 8 town plans, temples and houses

Bernard Rudofsky, Architecture Without Architects, 1964

Fig. 12: The zodiac and Japanese farm houses
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The zodiac is what determines the shape of rural farm houses in some parts of Japan
(RUDOFSKY 1964). There is a reason they all look similar. That’s because they’re based on
the calendar of the zodiac and where the winds come in different directions and where the
sun comes in different directions at different periods, and the different seasonal activities of
being a farmer. And you see them in Japan today.

Fig. 13: The zodiac and Japanese farm houses

So these are analogs: The central idea is that there are super-ideas that govern what we do
technically with our methods and our technologies. And you can fairly ask... it is legitimate
to ask the question of us today: “What is your super-idea? What is the analog?”

The most basic tool is really simple. It’s a string and a rock. And the characteristic of applying
a string and rock to the design for dividing land for tax purposes and ownership leads to a
particular kind of orthogonal design with straight lines. It leads to simple geometries because
they are easier to measure. Curves are hard to measure. Straight lines are easy to measure.

Fig. 14: Surveying in ancient Egypt to divide land for taxation and for building,
3000 BC +-
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You need to make maps to record the landscape. Maps are also old tools. On the left is the
earliest scale map according to Wikipedia, and this map is 3500 years old. It’s Nippur, in
Sumeria, now mainly Iraq. It’s a carved clay tablet with a map of central Nippur. And on the
right is a map of China that is a thousand years ago. China's coastline and river systems are
clearly defined and precisely shown on the map. You measure and somehow record the lines
in each grid cell, then you put a grid on a large flat stone and redraw your lines on the stone
and carve them... and you have a scale map of a huge area.

Fig. 15: Map of central Nippur, 1500 BC +-, Map of China, 1137

This is the region of Angkor Wat in Cambodia. Its development is a thousand years old. It is
huge, and it is orthogonal in a jungle. That’s it on Google Earth. That’s the city of Seam Riep.
This temple complex is about 30 kilometers by 20 kilometers. And it is fully orthogonal. It
was designed and constructed without Google Earth, without satellites, without drones. It
was done on the ground, with bamboo sticks, string and stones. In a sense, surveying precedes
landscape architecture by a long time. .. by about 5000 years... and the technologies of terrain
analysis precede us by about 4000 years...
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(1) \
"Angkeor Wat

Fig. 16: Angkor Wat region, Cambodia, 12th C

Surveying eventually reshapes the land. That’s Thomas Jefferson (1743-1826), third Presi-
dent of the United States of America. When he decided in 1785 to divide what is now the
middle of the United States, he sent his surveyors and they changed the landscape. At the
time, that one project was one third of the United States of America.
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the Northwest Ordinance stipulated that states would
ultimately be created in the region
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Fig. 17: Thomas Jefferson and the Northwest Ordinance

You can still see those patterns if you fly across the country. They are very powerful and
lasting changes based on surveying techniques which are based on very simple measure-
ments. But you have to do them, and now you can do them digitally from satellite-based
measurements.
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Fig. 18: Current land in the Northwest Ordinance

So the ideas of mapping are old and basic. We tend to consider tangible drawn maps on clay,
stone or paper to be an analog representations, because they are symbolic representations of
the real world. But we can map the same analogical representation digitally and we would
call it a digital representation... how confusing. Surely it is the data which are the analog,
and not the representation medium. So when we are working digitally, we’re not so different
from these earlier people. We’re also making spatial analogs and using them. And some of
us use them more cleverly than others... but the tool is to organize data as an analog of the
real world... and then to represent the study-area.

Before and After

Humphrey Reptan (1752 - 1818)
Wentwarth, UK, 1730

Fig. 19: Before and After
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One of the really important innovations was by Humphrey Repton (1752-1818), the idea that
you can make a visualization of a design but that you need two of them, before and after...
so I can know what was there before and what the designer changed. I have rarely seen a
design presented in two drawings in this conference over the past 20 years, and in 50 years
by students that aren’t mine. How many of us tell our students it takes two drawings or maps
to show a design? Repton was absolutely right! We’re usually wrong.

The idea that maps were public as opposed to private is probably 17" century. The English
Ordnance survey began in 1801. The Ordnance Survey in England had as its task to produce
maps at the level of a house and at the level of at least a group of trees and with roads, streams
and terrain, at a national scale. The equivalent still doesn’t exist in many parts of the world.

Fig. 20: Ordinance Survey, England, 1801 and map of the Battle of Waterloo

When Peter Joseph Lenné (1789-1866) designed the expansion of Berlin in 1833, you see a
drawing made on a map that has every road and every building, and you have to ask where
did that map come from? How did that happen? And it’s clear that somebody decided... years
before... to start making maps of every building in Berlin, and so, when Lenné makes his
drawing, it is on a base map and in scale.

pertieren durch unzeckmdfig
ihiran Wert,

Fig. 21: Peter Joseph Lenné, Expansion of Berlin, 1833



C. Steinitz: From (Before) Analog to (After) Digital 15

And that’s his drawing of his remaking of the Tiergarten. It is also a changed drawing based
on a drawing.

Groflor Thgarnien. eany TEh-Cerury engrning

Fig. 22: Lenné, Tiergarten in central Berlin

And that’s what the Tiergarten is today.

T T TPy f R s S

Fig. 23: Tiergarten, Berlin
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But consider the time of Lenné. He had no air views. The surveys and assessments in the
base map and his design were all from the ground; which is important because that’s how the
area could be perceived. Basically, Lenné was working in the way most landscape architects
still work professionally most of the time. Today, we also have survey-based maps, and we
change them by design into other maps. And we draw perspectives (probably only after-
views), and we say: “This will be a great place... let’s build this place...” In other words we
haven’t learned so much since the times of Repton and Lenné.

The next example is a methodological breakthrough. Warren Manning (1860-1938) was a
landscape architect in America. He was a very important landscape architect. He initially
worked for Olmstead and the Olmstead office had its technology at the right time. They had
electricity and Charles Elliot wrote that there was a light table in that office. They also had
materials to draw on that were translucent. They were not transparent but they let light
through. So you could make a drawing, put it on a light table and put another drawing on it,
and as long as those drawings were at the same scale and in the same geo-referencing system
you could basically make overlays. So Manning made separate maps of different influential
data for the town of Billerica Massachusetts... not one analogy-based map for the site anal-
ysis like the Chinese would do but separate maps. .. one of soils, one of roads, one of slopes...
not too many, maybe five or six... and he put them all together and he evaluated where the
houses should be. The method was published in Landscape Architecture in 1913. This is the
first published use of overlay techniques from separate data maps that I’'m aware of. I've
written a paper on the history of overlay methods (STEINITZ 1976)... Manning’s was the
earliest published example.

LAMDSCAPE ARCIITRCTUILE '\._. i
il

Warren Manning (1860-1938)

Fig. 24: Warren Manning, Billerica, 2013
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The most important early example of overlays is this next one, also Manning’s. The early
part of the 20" century in America is when the country started producing national maps of
its assets. It’s a big country and the government wanted to know what we have. About 400
maps were made, and Manning redrew them to one scale in ink on a translucent material.
Manning could then overlay these maps on a light table.

Fig. 25: USA data maps, redrawn by Manning, early 1920s

Manning then made the first design for the whole United States of America. This is one of
the most important projects in the history of the profession. It was published in Landscape
Architecture in July 1923 and to my knowledge, to this day it’s the only physical plan for the
United States of America as a whole that was ever made. And what does it have? It has the
Interstate Highway Network. It has the national trails along the Atlantic and the Pacific. It
has major reserves of National Parks, particularly in the West and the Southeast. It has future
urban areas along the coasts and the South, on the West Coast, the Great Lakes region and
the Northeast. It was designed with overlays of national data on a light table with pencil and
ink and a lot of thought. It’s very impressive.
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Fig. 26: Manning, Design for the USA, 1923

Patrick Geddes (1854—1932) was a philosopher, a biologist, and a planner... a polymath. As
an evolutionist and a global thinker, he was interested in the interrelationships between peo-
ple, their activities, and their environment. The Valley Section diagram expressed those re-
lationships. The Section begins in the mountains and falls to the coast. At the highest eleva-
tions in the mountains, it is natural and usual to find miners; in less high areas to find forests
and woodmen; lower to find hunters and shepherds; still lower, peasant farmers and garden-
ers; and finally, along the shore, fishermen. Failure to respect these human-landscape inter-
relationships either doesn’t work or requires too much energy and too high a risk.

R

MINER WOODMAN HUMTER SHEPHERD % PEASANT GARDEMER FISHER

Fig. 27: Patrick Geddes, The Valley Section
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This is the earliest diagram of systems interaction that I’ve ever seen, although there may
well be others. It is from Fagg and Hutchings’ 1930 book An Introduction to Regional Sur-
veying. Fagg and Hutchings were influenced by Patrick Geddes. Human life and Civilization
are based on vegetation and animal life which are based on drainage hydrology and the terrain
and these are based on the earth’s geology and climate. What else do you want to know? And
each of these interacting processes implies a model. And when one process changes, that
changes the others. That’s what Fagg and Hutchings wrote in 1930 and that’s exactly the kind
of systems thinking that many of us are working in today.

An Introduction to

Regional Surveying
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Fig. 28: C. C. Fagg and G. E. Hutchings, 1930, and The Branches of Regional Study

During the Second World War, the British had known that they had a huge rebuilding to
make. This was also true in Germany, France, Italy and other countries, but the British were
organized about this. “Regional Planning”, by L.B. Escritt and published in 1943, is less than
one centimeter thick. If my beginning students would read this book, they would know much
of what I teach. For example, they would learn how to make overlays, and how to use them
to analyze the landscape for particular purposes. The techniques are simple and effective. 1
want you to look really carefully at this drawn figure based on Boolean logic. There are five
data categories, and there could be more. It doesn’t matter what their contents are. But each
of them is produced as a line drawing in a different orientation (or none). They happen to
have different symbols but that’s not the important part. It’s the varied orientation which is
important. Each combination of these is different and each different combination is used for
a potential different purpose or constrained for different reasons. The advantage of making



20 Journal of Digital Landscape Architecture - 6-2021

overlays in different orientations is that you know what the elements are, not just that there
are more of them in any location.

An autline of the schentific dam relating
to planniag in Grest Dritois

' REGIONAL PLANNING

Fig. 29: L. B. Escritt, 1943, and overlays in Boolean Logic

The British produced very good correspondence courses for the military on the theory that
the people who were then in the military managing the war would come back and manage
the country. The textbook proposed that every place needing physical redesign needed twelve
data-based assessment maps... and from those twelve maps they could make a town or/and
country plan. They didn’t need big data, they needed twelve. And these are how they should
be drawn.

Fig. 30: Syllabus of a course on town planning, UK, and 12 data based assessments, 1945
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Look at the postwar application to Exeter, which is the only example that I have found. Exeter
was heavily bombed. Black means leave it alone, it’s still functioning. White means it’s un-
constrained, you can expand the city there. And each of these overlain combinations can be
read by their orientations as to what’s going on there, and the more there are the darker it is
and therefore it’s more constrained. Almost no current GIS software produces as sophisti-
cated an analysis as these examples then made by hand. These are more easily understood
analyses than what we’re producing today.

Exeter, United Kingdam

Fig. 31: Boolean logic overlays, and sieve map for the Plan of Exeter, UK, 1945
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Fig. 32: City of Manchester Plan, UK, 1945

And not only that. Today, almost all digital software uses colors. However, when overlain
and combined the summary map normally has changed all the initial colors and nobody can
tell what the original elements were. If you were working in the Britain in the postwar period
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and making a colored plan drawing, these are the national colors that you would have to use,
so that the sum of local plans could all be read and coordinated for larger regions. The colors
of Windsor and Newton became the official colors of the planners who were educated around
that time. After electing a socialist government, in 1947 the British nationalized planning
control of all land. They were able to implement a very good planning system very quickly
because they had the books to teach the planners and national conventions for analysis and
representation. Who has a set of standard colors today? Who even makes a legend on every
digital PowerPoint slide?

In 1964, Christopher Alexander and Marvin Mannheim were at MIT. Both were interested
in design methods. Earlier, they had started a study of road location. They decided that there
were twenty six factors that would influence the location of a highway.
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Fig. 33: Christoher Alexander and Marvin Mannheim, 26 highway criteria, 1964

These could be drawn as factor maps in black and white, and overlain and then redrawn in a
hierarchical structure. These are the partial analyses and that is the final combined set of
criteria. And those are the main choices, and that’s a better choice than that, so this highway
should probably go there. A similar experiment appears eight years later in [an McHarg’s
very influential book Design with Nature.
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Fig. 34: Alexander and Mannheim, combining 26 highway criteria for the best location,
1964

Buckminster “Bucky” Fuller (1895-1983) was an American architect, systems theorist, au-
thor, designer, inventor, and futurist. He believed that the whole world was a design problem.
He created the World Game in 1961 to be a comprehensive database and educational simu-
lation tool to create solutions to overpopulation and the uneven distribution of global re-
sources. He wanted to create solutions that shared resources globally in the most equitable
fashion possible for what he called the real enemies of humanity: hunger, illiteracy, lack of
health care, environmental degradation and selfish national thinking. Participants In the game
were required to cooperatively solve global scale solutions to hypothetical scenarios, thus
generating a more holistic global perspective. The game remained largely speculative
throughout Fuller’s life and he claimed that he had been playing it “longhand” since 1927.
“Bucky” Fuller was prescient and right: the entire globe now reflects the most important
problems requiring design.
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Fig. 35: Buckminster Fuller and the World Game

4  The Transition to Digital

The transformation from what we consider analog to digital methods is mainly a transfor-
mation of older ideas to digital tools. The basic aims are also very old. We now have digital
tools which can enhance our understanding far beyond our personal view, smell, taste and
touch, but our ways of applying these digital tools to design today are also not really new
ideas.

. Kevin Lynch

Fig. 36: Kevin Lynch, Image of the City, and the image of Central Boston

For me, 1964 was the transition year to some things being digital. I was then the first doctoral
student of Kevin Lynch at the Massachusetts Institute of Technology. Kevin Lynch (1918-
1984) considered the region to be a design problem. He was famous for having published the
book Image of the City in 1961. That book is now in about fifty languages. It was based on
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interviews, and described how people spatially organized and understood the cities in which
they lived. Lynch had studied Jersey City, Los Angeles and Boston. I was in his 1961 seminar
in which he gave a lecture about how he did this work and I said to myself “This is a very
important study”, and it is. But while the book describes, it doesn’t explain. It describes and
interprets the results of the surveys, but it doesn’t explain why some parts of the “image”
map of Boston are included and dark, while some parts are excluded and white.

Why is something in or not in the /mage of the City? 1 decided that was going to be the
question driving my doctoral thesis. Graduate students often take an idea of their professor,
thinking maybe that it is not the full answer... and this also was my attitude. So I decided
that I would study and try to explain this area of Boston. I made three explanatory hypothe-
ses... that the “image” could be explained by one or more of three different congruence-
relationships between urban form and its activity patterns: type, intensity and significance.

I divided the same central part of Boston into hundred meter squares... metric, in 1964. And
I walked every square of that part of Boston and took the most public photograph in each
from where the most people were looking. In other words I would go to a place and I would
say to myself that there are X people and most are looking in that direction... take that photo
and make notes. So this is a map... of photographs. There are about a thousand of them in
the full version.

ﬁﬁgmﬁEAQ
111 e R 0 P =2

s F il
e WEZ=N
i i e =
WO S8k

Ee Bl
__a_j r!m;ﬂ e wiay

= 0 _g =l
sapmge  EE
TEEE

Fig. 37: Map of photos, form zones and words, activity zones and words CS
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I then interviewed a lot of people in a stratified sample of three variables: young people — old
people, black people — white people, northeast people — southeast people — west people —
residents. I asked each of them in two randomly ordered sets of questions about the physical
shape of the city and its activity patterns... for example, on a base map of central Boston, to
map the areas that are of similar physical character, and to write the words that they would
use to describe those zones? And I redrew their maps on a single map of zones and words. |
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also asked them about the activity patterns. Where do things happen in the city and what are
the adjectives and nouns that they would use to describe the activities? And I had a huge
amount of data.

And it happened that one day in 1964 that I was at weekly lunch at the Harvard-MIT Joint
Center for Urban Studies where I was a Fellow. I sat next to Howard Fisher (1903—1979),
who I had never met... a total accident of life, one of many that governs one’s life... believe
me. He turns to me and says “Who are you?” and I say “I’m Carl Steinitz” and he says “What
do you do?” And I said “I’m Kevin Lynch’s doctoral student.” And I said “Who are you?”
and he said “I’'m Howard Fisher. I’'m here because I’'m about to join Harvard, the Design
school” And I said “Oh, that’s very interesting. I’'m going to be teaching at the Design
school... What are you there for?” And he said, “Well... I’ve invented a computer program
that can draw a map, and I will start the Harvard Laboratory for Computer Graphics.” And I
said “Well... I’ve got a lot of data. Maybe that’s something I should do.” And he said, “Tell
me about your data?” And I told him about photographs and that I was going to encode as-
pects of the photographs. And he said “Oh yes, we could make a map of that.” Now please
understand that there was only one computer at Harvard at that time. And it was the size of
this room. And it was controlled by three people who worked around the clock. And, if you
were a faculty member, you had one access every day with a box of Hollerith cards and they
would run it for you eventually and you would come the next day and collect your cards and
your paper output.

-

Fig. 38: Howard Fisher, and the Harvard University computer, 1964 +-

Howard Fisher had figured out that the IBM computer made its printing with the same typing
ball that was in the IBM electric typewriter. It’s a ball that moves and it twists and it prints.
He had figured out that you could stop that ball via Fortran program and it would overprint
0O, X, I, =, and that combination would turn that rectangular letter-position black. And he
could make a map from black to white simply by stopping the printer ball and making it
overprint. Fisher and his programmer Betty Barnes had made some algorithms that allowed
one type of map to be transformed into another type. And I said “I need that thing... will you
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teach me?” And he did. I spent four weeks learning Fortran and learning how to use this
program, SYMAP.

Howard Fisher and the Laboratoryfor Computer Graphics, Harvard GSD, 1964

Fig. 39: IBM Selectric Typewriter and SYMAP

I then encoded the form and activity characteristics in the photos that I thought people looked
at and noticed, and field notes including noise and smell. And I made maps of those charac-
teristics and I made what may be the first urban digital GIS.

I then took the interviews and I encoded them in the same format. I then had to write a pro-
gram to assess my hypotheses and that showed graphs of the results of my hypotheses. So in
the figure from the top row, type congruence was a powerful explanatory hypothesis, inten-
sity congruence was not a powerful hypothesis, and importance congruence was a contrib-
uting partial relationship. And I could finish my thesis in 1965 (STEINITZ 1968).



28 Journal of Digital Landscape Architecture - 6-2021

-}

L MHER AL E

T EERTEEN Y

"
[

Fig. 40: A visual and GIS assessment of Boston, MA, USA
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In 1965 I taught my first collaborative studio (STEINITZ 2014). That handsome young man is
me. This base map is of the entire state of Delaware and parts of Virginia and Maryland,
USA. The studio was funded by The Conservation Foundation and the central problem for
design was the conservation strategy for this peninsula just south of Washington DC which
was under pressures of rapid suburbanization and a growing chicken industry. This was a
joint studio between the Landscape Architecture and the Planning departments. The visiting
critics included Ian McHarg (1920-2001) and Phil Lewis (1925-2017), who were very im-
portant landscape architecture professors.

I told the faculty that I wanted to do this study with students who were prepared to do it by
computer... and the faculty in Planning said “No”. Chuck Harris, who was my chairman and
co-teacher said “Yes”. And so I took the four landscape architecture students who volun-
teered to work with me and this is what we did.

It took a month to make the base map. This base map took thirty tries and thirty days to make,
and the grid of the data is one square kilometer. It took a month to organize data, much by
air photo interpretation by eye and hand guided by Don Belcher who was expert in this.

Meanwhile, students guided by Ian McHarg and Phil Lewis in the first few weeks had filled
the walls full of colored data maps made on paper with magic marker. Huge maps... but not
overlaying them... just making them.

DELMARVA " 4

Fig. 42: Carl Steinitz, 1966 and the DELMARVA base map

The students then learned Fortran, and wrote algorithms to do spatial analysis operations that
geographers like Waldo Tobler (1930-2018) were already thinking about. And in the second
month we could run a Gaussian plume. We could make a linear traffic map. We could make
a gravity model.
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Fig. 43: DELMARVA: time to Washington DC as a Gaussian plume, daytime traffic and
population gravity model

We then made... and remade... our three main synthesis analyses, all of which are weighted
indices: Capability for Agriculture, a weighted index for conserving the most economically
productive land, Capability for Forestry and Capability for Conservation of Biodiversity. So
we had our analyses and we had three weeks to the final review.
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Fig. 44: DELMARVA: Capability for Agriculture, Forestry and Conservation of Biodiver-
sity

And it took us two weeks to make two designs. One design mainly protects the agricultural
interests and the other mainly protects the ecological interests. The students presented the
two designs in our black and white maps, in a large jury room otherwise filled with colored
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maps. At the end, my students said: ““...since no one told us who public clients are and what
they want we can’t tell you what the final design should be”. And the reviewing-faculty and
visiting critics refused to discuss my students’ work, probably in part because our maps were
made “by computer” and weren’t colorful. That’s a true story, and a common “computer”
response in the early digital years. Chuck Harris came to me immediately afterwards and said
“That was very interesting.”

DELMARYA — &

e - T

Fig. 45: DELMARVA: agricultural interests and ecological interests

Soon after that experience I made this diagram. This represents what may be the most im-
portant set of ideas I’ve ever had in my life. | made this diagram of how I thought landscape
change works, in 1965-6. It is not inevitably directed by ecology, as lan McHarg thought it
was... or should be. I thought that it’s a war between development and environment. And
what I thought we needed (and still do) are: systems thinking, data, models, designs, impact
models, decision models... and to apply design in linked systems-based simulation models.
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A = -

Fig. 46: Carl Steinitz, Diagram for a linked systems-based simulation model, 1965

And in 1997-8, Peter Rogers and I decided to do exactly that in our joint landscape architec-
ture and planning studio, Urbanization and Change. Peter Rogers, who died last year, was an
engineer, economist, and planner. I learned a lot from Peter, who was my close friend for
very many years. And this is what we decided to do. We would grow and change about half
of Boston by design within about ten linked systems models. We would have a population
increase that drives growth and change, and the need for new industry, housing, recreation
and commercial centers. This would require better transportation. The resulting urban pattern
would impact local politics, local finances, visual quality and pollution. We would study
these impacts and, if the design didn’t work well, change the design, and if it did work well,
add five years... and we would run it ahead for twenty-five years.
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Fig. 47: Ten linked systems models for southwestern Boston

Each student selected the task of making and programming one of the digital models. For
example, Jack Dangermond made the housing model and his design role would then be to
find and acquire the land for housing. Jack now runs Esri, and his company makes the soft-
ware that makes about half of the world’s maps.

et e;re i

Fig. 48: The housing model, Jack Dangermond
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Peter and I then took the students’ models and we put them together into a chain of computer
programs which would produce about twenty needed maps during each simulation period.

Fig. 49: Peter Rogers and Carl Steinitz

And then we ran a sequential land grabbing game where each square had a land use in a
standard color and if you changed the land use you put a piece of colored paper in it with a
pin and that represents changing that land use... and we remove one cell from our require-
ments. Today, this would be considered a human “agent-based model”.

Fig. 50: Allocating new uses
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We then ran each stage through the digital impact models that the students had made, had
discussions and revisions as needed, and moved to the next stage in the design. This time, at
the studio’s final review we had a fully supportive faculty, by a different set of reviewers.

Fig. 51: Assessing impacts
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Fig. 52: The 1958 Mississippi flood, Peter Rogers
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This early period of transition to digital methods from 1964 to about 1968 was an exciting
and inventive one, but it was not always a happy period... except for the early adopters and
those students who worked with us, all of who have had very substantial careers. It was an
exceptionally creative period for digital innovation.

A lot was happening at the Harvard Laboratory for Computer Graphics and Spatial Analysis.
There had been an enormous flood on the Mississippi in 1958 and Peter Rogers made the
first digital time series maps, tracing the flows of rain and flood water through the Mississippi
River.

Howard Fisher was really interested in three dimensional mapping. He devised many tech-
niques for making maps in three dimensions based on blocks covered with maps of compa-
rable slices... like a Rubiks cube... and take them apart and see them in different ways. Eve-
rybody understood that this three-dimensional mapping could be four-dimensional with time
added.

Fig. 54: Moving and Rotating 3-D forms in SYMVU, Frank Rens



C. Steinitz: From (Before) Analog to (After) Digital 37

Frank Wrens had designed a plotter program by 1966. He could take a set of lines and rotate
them, like for the building, or the globe. We could move or rotate the line-based shapes and
make any view or location the central point... the middle of the globe instead of whatever is
the middle of the globe when you see it.

Bill Warntz (1922-1988) was a geographer who was interested in analyzing and representing
surface topology and geometry. There are four kinds of geometry in terrain: pits, passes,
peaks and pales, and they have different characteristics.

Fig. 55: Surface analyses, William Warntz

Fig. 56: Computer-generated allocation and varied views, CS
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By 1966 I was algorithmically populating different kinds of trees and buildings into flat land-
scapes and seeing them in perspectives generated by Frank Wrens” SYMVU program. The
U. S. Forest Service was also experimenting with these techniques.

And this is the same landscape with houses and an industrial building. My computer instruc-
tion placed a factory and houses in it. Look loosely... the houses don’t hit the ground. So
what? The next time we did hit the ground. So I knew we could animate viewing sequences
in an automated landscape.

Fig. 57: Perspectives for animation, CS

Then Eric Teicholz and I decided to see if we could write the rules so that a more complex
housing design could be automated. We wanted to be able to rapidly test the design implica-
tions of varying the requirements among different amounts of different housing types. Eric
did all the computing. I said, “Eric we need 200 houses. They have to be orthogonally orga-
nized. They can’t go in the water. They have to protect every tree and they have to be parallel
to the street. There are four kinds of houses and they should connect in small groups. We will
decide different numbers of each type of house for each variation of the design... you have
to set the program up.” And Eric wrote a program that would take about half an hour of
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computer time. If we changed the distribution of housing it would change the layout of the
design but none would go in the water and none would cut down the trees.

MAIN STREET

SOUTH STREET

PROGRAM GRASP T e Fitn
SRR | 9659

ERIC TEICHOLZ D
SCALE | INCH = 32 FEET Q m

Fig. 58: Rule based design, Eric Teicholz with CS
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Fig. 59: Computer-allocation on 3-D terrain, CS
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About two months later I figured out how to do that on 3-D terrain. We were automating the
houses and the trees, and they fit on the 3-D terrain. This one computer-generated drawing
in 1966 cost thirty-five dollars, the equivalent of about three hundred fifty to four hundred
euros today. I didn’t have that money. My salary was thirteen thousand dollars a year. So this
is the only one ever made... but [ knew we could do it... and also that we could move through
it in an animation.

I’m now going to show you one other important project of this time. In 1956, there was a
huge flood on the Connecticut River, which flows from Canada, separates Vermont from
New Hampshire, and then flows through Massachusetts and Connecticut, The U. S. Army
Corps of Engineers then made a plan to make about forty dams and lakes as part of a flood
mitigation strategy, and in 1968 they funded us to study the Honey Hill project, one of these
forty places where they wanted to temporarily store water.

Pt

Connecticut River 1956 flood

o
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Connecticut River mitigation plan S T it

Fig. 60: The 1956 Connecticut River flood, and the mitigation plan

This is Honey Hill. The Corps of Engineers proposed to make a dam at this location and sell
the surrounding impacted land to the State of New Hampshire for use as a state park. This
area would occasionally be purposely flooded, but most of the time it will be a state park with
different winter and summer activities, and in this case it also has to make money for the
State of New Hampshire.
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Fig. 61: Honey Hill, New Hampshire, USA

By that time we could make viewshed assessments in 3-D terrain. I could tell you what you
can see from any spot and we could have viewpoints moving along any path. That is the
visibility pattern from points along the proposed reservoir edge when full, and does take into
account the pattern of surrounding trees.

Fig. 62: Honey Hill, single and multiple points of inter-visibility assessment in 3-D terrain,
CS

Four of us... Doug Way, Tim Murray, Dick Toth (who also died last year) and I... all capable
designers... decided to have a competition and see what might happen with the future park’s
design and management. We made a shared set of digital capability and impact models. Then
each of us assumed a quantitative program of requirements from a standard list, and we each
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made a design for winter and summer in a standard set of colors. We then gridded the designs
for digital mapping and impact assessment.
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Doug Way Tim Murray Carl Steinitz

Fig. 63: Four designs for Honey Hill State Park

The designs were then assessed for the following: Attractiveness of the Locations, their Im-
pacts, The Number of People Crowded, The Number of People Turned Away, Local Income,
Regional Income, Capital Cost and Capital Cost with the Reservoir. And in several simula-
tions for each design we had five hundred people at a time coming to the entrance and decid-
ing where they go for their activities... and based on assumed crowding factors, at some point
these facilities get too crowded and people have to go away... so income drops. So the ques-
tion at the core of the design problem was: Should we put in more facilities and have more
people and make more money but worsen the environment? Or should we have fewer people
and keep the environment better... and what will they pay for it? And this is Tim Murray’s
design in the winter and in the summer.
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Initial + Impact | + Attractiveness|+ simulation
Plan Evaluations Evaluations Evaluati
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T Attractiveness (mean mean) 36.13 32.22 42.65 44.97

) Impact (mean mean) 1.314 1.373 1.298 1.261

| No. of people crowded 234 o 0 [
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Fig. 64: Honey Hill State Park, Winter and Summer, Tim Murray

Meanwhile, Peter Rogers had made a linear programming model for assessment of an optimal
profit strategy among the required program elements, and made a fifth design based on the
resulting mix of activity facilities in the same shared analyses. An economic model was driv-
ing his design...

2 of the reservolr devaloment,

Benefit, . Bamefit, Bewfity  Bemefity

? i =
l.:.!nlijlela:l. + Program "B" + EW
Peter Rogers e} SURKER SE LA £

Attneﬂ(vﬂmu (nm mean) 3;.730 41.65 45.41

i 1 i Impact (mean mean) -0 0.706 0.699

Design guided by a linear program ot i) ea 2 5
No. of people turned away 0 0 0
$ local income 97,349 143,661 143,661
$ regional income 266,117 370,744 370,744
$§ capital cost 1,657,027 20,013,002 20,084,037
§ capital cost w/o residence 1,657,027 1,413,002 484,
2. WINTER PLAN

Attractiveness (mean mean) 42.05 62.19 63.34
Impact (mean mean) 1.090 0. 706 0.699
No. of people crowd: o ) 0
No. of people’ !umcd away o 0. 0
§ local income 207,249 2137162 213,162
$ regional income 559,220 570,926 570,926
$ capital cost 1,635,017 19,935,017 20,182,017
$ capital cost w/o residence 1,635,017 1,335,017 1,582,017

Fig. 65: Honey Hill State Park, Winter and Summer, Peter Rogers
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When we compared Peter’s design to those by Tim Murray, Doug Way, Dick Toth and me,
we all agreed that his was the best design. That experience taught me two things that I’ve
never forgotten. First, that projects which are different in type, size or complexity may require
different methods of design. And second, that regardless of type, size or complexity, you will
need to organize the design process. And from that day on I always organized my Theories
and Methods lecture course and my studios based on step-by-step methodology.

This early period of digital innovation at Harvard has been written about in a 2006 book by
Nick Crisman, and a 1998 book on the history of GIS by Tim Foresman, of which the purple
ones in his figure 1.1 are studies in which I participated.

Pathways of Progress 7

Chartin
the Unfenown

How COMPUTER MAPFING AT HARVARD BECAME GIS

Bk i

Hlstoryof
Geographic
Information
Systems

Esped I;'gimm the Pioneers

Figure 1.1 Diagram of historic pathways and connections for the genesis of modern GIS
“Timothy W. Foresman, Editor

Fig. 66: Nick Crisman, and Tim Foresman, Fig.1.1
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Fig. 67: 2014 Venice Biennale of Architecture, “Radical Pedagogies”, COLOMINA et al.
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I want to now say one more thing about the transition period in the 1960s. In 2014, Tess and
I were at the Venice Biennale of Architecture. The Italian pavilion had an exhibition called
“Radical Pedagogies” which showed the fifty people who had the greatest impact on Italian
design education in the postwar period from 1945 to 2000 (COLOMINA et al. 2014). I was
walking there... and Tess stopped me and pointed... because there we were: H. Fischer, W.
Warntz, C. Steinitz, E. Teicholz... I was very surprised and very happy.

S5  The Digital Future

We are now almost fully digital... and now what? Here is what I think and hope will be most
important and influential developments for digital landscape architecture in the next years.

Designing will increasingly be collaborative. If a professionally oriented school isn’t teach-
ing at least one studio course that’s collaborative across the professions the students will
continue to be employees but they will unlikely be employers and leaders. The processes of
negotiation and collaboration among the sciences and the arts are going to be paramount in
their future practices. If they’re not doing it in school, they likely won’t do it successfully in
the real world. Collaboration is central to larger projects and will also increase in smaller
projects because they are getting more complicated.

o 5

Al PUBLIC UNDERSTANDING SCIENTIFIC COMPLEXITY
DECENTRALIZED DECISIONS CENTRALIZED DECISIONS
DEMAND -BASED SUPPLY-BASED
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Fig. 68: Collaboration is central to larger projects

Design for increasingly large and complex areas will need a framework for organization,
whether it’s mine or somebody else’s doesn’t matter (STEINITZ 1990, 2012; HOLLSTEIN,
2019). If you don’t organize it, it won’t happen well. I’'m not talking about somebody’s pri-
vate garden. I’m talking about anything bigger. You’re going to have to teach design under
uncertainty, and maybe only knowing the rules and not knowing where and how the design
is going to develop (STEINITZ 2014).
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Fig. 69: Design will need a framework for organization

CHANGE MODEL STRATEGIES: shared languages

-

] 1\ /

SERIAL “SKETCHING” . SYSTEMS-BASED DIAGRAMS RULE AND MATHEMATICAL MODELS
| P2 AT

2
A
Fd@s A~ H-

ANTICIPATORY CONSTRAINING RULE-BASED
PARTICIPATORY COMBINATORIAL OPTIMIZING
SEQUENTIAL (MIXED) AGENT-BASED

C. Steinitz, 2012, A Framework for Geodesign, Esri Press,

Fig. 70: Different project sizes and complexities will need different design methods

We need software that supports design workflows (STEINITZ 2016) and there already are all
kinds of software that support synchronous collaboration over distance, and they will increas-
ingly be adaptable and updateable as you (or your computers) design. They will need to sup-
port collaboration and negotiation towards agreement. They should also be easy to learn, set
up, use and (most importantly) easy to understand (BALLAL & STEINITZ 2015).
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Fig. 71: A design workflow, CS

We are going to be designing in digital twins. The data will be ready for us. The problem will
be making the design, and figuring out what to do and how to do it. We now are using inter-
nationally available data from anywhere in the world. Data are not the problem. We have too
much data, and we need less. If you want to know to the centimeter where the flood is going
to be, then you need lots of highly detailed data... but to decide whether to build in or con-
serve some place or not, you don’t need that.

g

Fig. 72: Digital twin of Helsinki, Finland
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Design projects will become increasingly larger and more complex. This size-complexity
emphasis has had historic ebbs and flows, and I have lived through three such shifts. But
global change and regional issues will increasingly dominate local ones. Design and its con-
sequent change is going to be hierarchically and globally linked, and assessed by global to
local objectives. Design assessment by the United Nations Sustainable Development Goals
(SDGs) will become common (UNITED NATIONS 2015).
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Fig. 73: The United Nations Sustainable Development Goals (SDGs)
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Fig. 74: IGC: 150 participating university teams in 50 countries

The International Geodesign Collaboration (IGC) was organized in 2018 (ORLAND &
STEINITZ 2019) as a means to compare the approaches and experiences of different geodesign
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teams in tackling the larger projects they would do normally, but using a common framework
of guiding assumptions, project sizes, scenarios, analytical systems, workflows, assessments
via the UN SDGs and presentation formats. By doing so they enable direct comparison
among projects revealing insights into the different priorities and constraints of design teams
working in contrasting governmental, climatic and demographic settings (FISHER, ORLAND
& STEINITZ, eds. 2020). At this time of writing, IGC has 150 participating university teams
in 43 countries, and 96 completed studies (INTERNATIONAL GEODESIGN COLLABORATION
2020).
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SCENARIO A: "EARLY ADOPTER"
Adopts innovations early, resulting
in changes in 2035 and 2050

SCENARIO B: "LATE ADOPTER”
Waits until 2035, then adopts innov-
ations leading to change in 2050

SCENARIO C: "NON-ADOPTER"
IMPACT MODELS Fails to adopt any innovations,
DECIsioN MoDEL famtpe 3 allowing unplanned change to 2050

Fig. 75: IGC conventions: Systems, study area sizes, workflow and scenarios

A final thought about future digital technologies: The left figure shows the final design for
the year 2050 for the CAMKOX zone outside London, England which includes Cambridge
and Oxford. It was made under IGC conventions and assumptions of innovation in a two day
workshop which I organized. On the right is one of Joseph Claghorn’s algorithmic designs
for informal housing in Medellin, Columbia (CLAGHORN 2018). The CAMKOX project is
based on GIS technologies, while Joseph’s project is easily capable of being moved into BIM.
Both BIM AND GIS are data management technologies, and these technologies are increas-
ingly merging. However, they are not design-support technologies. They require a design to
be most useful and the question that’s important is: Where is the design coming from? It’s
the design-support technologies and the design workflows that are the missing link. I don’t
want to have to go to a different technology. I want one linked technology. I want to be able
to teach and design in a design support technology that goes either way: to the larger or
smaller scales. And that’s still missing. How should the design technologies be specified?
How will we make the designs in those future technical environments? That’s what we should
be talking about and researching and testing. The digital technologies are what industry is
going to develop. They’re not going to be making the designs. We and our colleagues are the
designers!
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Fig. 76: CAMKOX Corridor, UK Medellin, Columbia

My opening image in the Philippines represented the pre-analog, while Joseph’s Columbia
study represents the digital future. Don’t they seem similar? And this is the real message of
my presentation: The most important things are not the methods or the technologies, but ra-
ther the “Why?” questions which initially define the context and objectives of design, and
the rules which guide it. The methods and technologies change over time, often rapidly; the
“Why” questions reflect basic human needs and rules that guide all of nature’s systems, and
these change very slowly. If we are to be part of significant designed change, we need to pay
much more attention to these.

Fig. 77: “The most important things are not the technologies or the methods, but the “Why”
questions and the rules.” Carl Steinitz
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At the 21 annual Digital Landscape Architecture (DLA) 2020 conference I was asked to
present a keynote ending-talk about the future of digital landscape architecture. The follow-
ing is a personal and editorial selection from that presentation. It follows-on the keynote lec-
ture that I presented in 2019, “(BEFORE) ANALOG TO a DIGITAL (FUTURE): a per-
sonal perspective”. The last image and text of the 2019 presentation follows.

The left photograph was taken by Charles Harris in the 1950s in Luzon in the Philippines. It
represents the pre-analog, and this landscape has evolved over hundreds of years by local
decisions and trial-and-error change. On the right is one of Joseph Claghorn’s algorithmic
designs for informal housing in Medellin, Columbia (CLAGHORN 2018). The Medellin study
represents one version of the digital future. Yet, these two images are very similar.

They follow very similar rules. And this is the real message of my (2019) presentation:

Charles Harris 7 Josepﬁaaﬁdfn :

“ The most important things are not the technologies or the methods,
but rather the “Why” questions and the rules.”

Carl Steinitz, "(BEFORE) ANALOG TOa DIGITAL (FUTURE)", DLA2018

Fig. 1: Old (analog) housing in the Philippines, proposed (digital) housing in Columbia

Journal of Digital Landscape Architecture, 6-2021, pp. 53-63. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705002.
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The most important things are not the methods or the technologies, but rather the “Why?”
questions which initially define the context and objectives of design, and the rules which
guide it. The “Why” questions reflect basic human needs, and the rules guide all of Nature’s
systems, and this changes very slowly. The methods and technologies change over time, often
rapidly. If we are to be part of significant designed change, we need to pay much more atten-
tion to the former.

The “Why” questions are the purposes of design (as a verb), and the rules shape the design
(as a noun). The methods and the technologies are the enabling means.

If the above is true, then we need to ask:

1) What are the most important “Why?”” questions?

2) From where and from whom will the rules come from?
3) What are the appropriate methods and technologies?

4) And how should these influence the future of education and practice in landscape archi-
tecture?

Consider some of the founders of the profession of landscape architecture: John Claudius
Loudon, Peter Joseph Lenne, Frederick Law Olmsted, Patrick Geddes and Warren Manning.
They had an important thing in common. They all designed private gardens for the leaders of
society of their times, and they all designed very large proposals for the general population
of their times. Loudon made a design for the entire region of London. Lenne designed the
expansion of Berlin. Olmsted made a management plan for one of the largest private proper-
ties in the United States and this was the beginning of multiuse forestry in America. Geddes
designed the plan for the expansion of Tel Aviv, and Manning made the first design for what
was then the entire United States of America.

&
John Claudius Loudon Peter Joseph Lenne Frederick Law Olmsted Patrick Geddes (1854- Warren H. Manning
(1783-1843) (1789-1866), (1822-1903), 1932) (1860-1938)

Fig. 2: Five founders of landscape architecture. The city plans in the upper row are Loudon,
Berlin, the Biltmore estate, Jerusalem and USA.
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These larger projects were accomplishments for which they were very proud and should be
highly respected. With the exception of Manning, we don’t really know how they made their
designs but it is extremely likely that they did not design the same way at the garden scale
and at the urban — regional scale. We can be sure that they were not digital.

Today, we are substantially digital and we would likely apply digital tools, certainly at the
urban — regional scale and probably in some aspects at the garden scale.

In my opinion the real benefit of digital technology is the ability to broaden the design pro-
cesses which are applicable to landscape architecture and to many other design professions.
Too much of the technological innovation presented at DLA has been in support of design
processes, either in their technical organization related to data or in their presentation and
visualization. But they apply digital technical innovation in design methods which have been
the core of pre-digital professional activity. We are still sketching serially in the digital world
rather than applying iterative diagrammatic methods or rule-based experimental methods,
and these are far more appropriate as projects and studies get larger in size, more long-term
and necessarily uncertain. When you are trying to build a smaller project and need precise
working drawings, designing individually it is not the same as when you are collaboratively
designing a long-term landscape and development strategy in which the outcome “will be
something like this”.

SERIAL “SKETCHING"” SYSTEMS-BASED DIAGRAMS RULE AND MATHEMATICAL MODELS

SEQUENTIAL ITERATIVE EXPERIMENTAL

http://video.esri.com/watch/4162/experiments-in-geodesign-synthesis

2014 Steinitz, C “Which Way of Designing?”. in Lee, Danbi. Dias. Eduardo, Scholten Henk, (Eds.), Geodesign by Integrating
Design and Geospatial Sciences, Springer, pp 11 - 43

Fig. 3: Different ways of designing
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The overarching theme of the DLA 2020 conference was the relationship between (digital)
landscape architecture and climate change. I think that this is the single most important
“Why?”” question and that it will be the pervasive theme facing our academic and professional
activity in the coming generations.

The two most relevant, interesting, and significant readings which I have encountered in the
last months, when combined, present a sharp perspective on what I consider single most im-
portant “Why?” response. The human climate niche is an index which combines comfort for
living and agricultural productivity at lower energy cost (XU et al. 2020). The figure below
shows the suitability of the human climate niche in 2020 and a forecast for 2070, and it asks
what the influence of change this might be on the global redistribution of population.

A HUMAN CLIMATE NICHE SUITABILITY: 2020-2070
A Hypothetical Redistribution. As conditions will deteriorate in
B some regions, but improve in other parts (Fig. 4C and SI Ap-
) % pendix, Figs. S9 and S10), a logical way of characterizing the
W potential tension arising from projected climate change is to
&, compute how the future population would in theory have to be

\Q-N redistributed geographically if we are to keep the same distri-
bution relative to temperature
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Fig. 4: The human climate niche, 2020 and 2070 (XU et al. 2020)

The figure below shows the difference in human climate niche suitability and it forecasts that
people will therefore leave the areas in darkest red. What is striking is the number of people
projected to migrate to more suitable human climate niches, basically migrating to the north
and south. In a business-as-usual climate scenario and accounting for expected demographic
developments, approximately 3.5 billion people, roughly 30% of projected global population,
would move. Even with strong climate mitigation policies and projects approximately 1.5
billion people, around 13% of projected global population, would migrate. This will have the
most profound impacts on absolutely everything in the world and everything that we do as
professionals. If even a substantial portion of this projection occurred, it would generate enor-
mous change on the environment and society.
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HUMAN CLIMATE NICHE SUITABILITY: 2020-2070

A Hypothetical Redistribution.

Such a calculation suggests that for
the RCP8.5 business-as-usual climate scenario, and accounting
for expected demographic developments (the SSP3 scenario
[15]). ~3.5 billion people (roughly 30% of the projected global
population; ST Appendix, Fig. $12) would have to move to other
areas if the global population were to stay distributed relative to
temperature the same way it has been for the past millennia (S7
Appendix, Fig. S13). Strong climate mitigation following the
RCP2.6 scenario would substantially reduce the geographical

.;‘0

= shift in the niche of humans and would reduce the theoretically
Difference s needed movement to ~1.5 billion people (~13% of the projected

=3 ] X global population;
HUMAN CLIMATE NICHE SUITABILITY CHANGE: 2020-2070

Fig. 5: Human climate niche suitability change: 2020 — 2070 (XU et al. 2020)

The second study is an assessment of forest landscape restoration opportunities which spa-
tially indicates a significant opportunity to help fight climate change and to restore biodiver-
sity (World Resources Institute 2020). The figure below shows existing human pressure glob-
ally, in an index defined by land-use intensity mainly caused by agriculture and population
density.

. WORLD
Q/I:f:) RESOURCES
AT INSTITUTE

3 Eé Atlas of Forest Landscape Restoration Opportunities
https://www.wri.org/applications/maps/flr-atlas/#&init=y

BdE:

Human Pressure (Land Use
Intensity and Population Density)

W High human pressure
[T Moderate human pressure

[[] Low human pressure

Fig. 6: Human pressure (land-use intensity and population density) (WRI 2014)

The global potential extent of forests is shown in the next figure and these are being lost to
urbanization, industry and agriculture at an alarming rate. These forests need immediate en-
forced protection.
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. Potential Extent of Forests and Woodlands
M Closed forests (canopy cover >45%)

[ Open forests (canopy cover 25-45%)
[] Woodlands (canopy cover <25%)

Fig. 7: Potential extent of forests and woodlands (WRI 2014)

The opportunities for several kinds of restoration are shown in the following figure. The
World Economic Forum (WEF 2020) has launched a global initiative to grow, restore and
conserve 1 trillion trees around the world by 2030.

transparency

Restoration Opportunity Areas
B wide-scale restoration

[ Mosaic restoration

. Remote restoration

Other Areas

B urban areas

[ Forest

The World EconomicForum
has launched a global
initiative to grow, restore and
conserve 1 trilliontrees
around the world by 2030 - in
a bid to restore bhiodiversity
and help fight climate change.

Fig. 8: Forest landscape restoration opportunity areas (WRI 2014)

Taken together, the implications of these two studies indicate a profoundly threatening set of
projected changes to the environment and society and also an aspect of potential mitigation
that we as landscape architects cannot ignore to consider in our teaching and practice. They
require responses which range from the very local to the global in size and scale. The Inter-
national Geodesign Collaboration may be part of such a mitigating strategy.
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Fig. 9: What are the relationships among the prior figures? The International Geodesign
Collaboration

In 2018, at the instigation of Carl Steinitz, Brian Orland and Tom Fisher, ninety global uni-
versity teams agreed to collaborate to create scenario-driven designs for local-to-regional
scale study areas to address future changes https://www.igc-geodesign.org/igc-overview.
There are now 150-member university teams, in 50 countries, in the IGC.

2018-2020:
150 UNIVERSITY-BASED TEAMS
Srid ; IN 50 COUNTRIES
g WITH 96 COMPLETED STUDIES

> _. ol About 1/3 of the teams are led
z : by landscape architects, and
i - — e i about 2/3 of the teams have
. ® landscape architect participants.

Fig. 10: Membership in the International Geodesign Collaboration (2020)

The IGC strategy requires adherence to common scenario and time frames, nomenclatures
and processes, and which

a) Follow a consistent and transparent workflow.

b) Address global change assumptions based on international governmental and NGO pro-
jections.

¢) Adopt standard resource systems as the basis for design (e. g. water, green infrastructure,
transportation, energy infrastructure, housing etc.) and innovative adaptations to those
systems. Apply these on square study areas.
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d) Examine scenarios for early-, late-, and non-adopters of design innovations, and assess
the impacts by the UN Sustainability Development Goals (SDGs) at three time-steps,
2020 (existing), 2035, and 2050.

IGC SYSTEMS: ok Wiy ﬁ a7 s ::::-n— e
EIGHT ARE REQUIRED L PT A
TWO ARE FLEXIBLE i W’ C D E ﬁ
= o
&P

Squares of 0.5, 1, 2, 5, 10, 20, 40, 80, 160km etc.

17 GOALS TO TRANSFORM OUR WORLD

SCENARIO A: “EARLY ADOPTER” 1 B (=

Adopts innovations early, resulting 2 xs

in changes in 2035 and 2050 et J\'J\'
8

SCENARIO B: “LATE ADOPTER"
Wiaits until 2035, then adopts innov-
ations leading to change in 2050

SCENARIO C: “NON-ADOPTER” =
Fails to adopt any innovations, 9
allowing unplanned change to 2050

Fig. 11: Agreed conventions in the International Geodesign Collaboration
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In 2020 the International Geodesign Collaboration published the book based on the 50 pro-
jects which were completed in 2019 (FISHER, ORLAND & STEINITZ 2020). These are also
available in poster format on the IGC website, along with the projects completed in 2020.

2019 Projects 2020 Projects

The International Geodesign Collak |
Changing Geography by Design

Al-Ain, Abu Dhabi

PRSPPI p————

T

Sao Paulo, Brazil

Fig. 12: The publication of the first 50 IGC projects

The 2019 projects were comparatively assessed and two of the conclusions are especially
important. First, there was considerable variation in the significance of the systems included
in the studies. Green Infrastructure, water infrastructure and mixed higher density housing
with commerce and institutions were dominant... and these are core interests of landscape
architecture. Second, the systems were considered differently as functions of climate, macro-
geography and level of economic development.
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Fig. 13: Comparing the first 50 IGC projects

The implication is clear: One global design or one global set of policies and projects is not
the answer to the mitigation of climate change. There must be local geodesign adaptations to
systems-based policies and projects which can cumulate by negotiation into a global geode-
sign strategy. I think that the founders of the profession, if living today, would be important
participants in the International Geodesign Collaboration and working with us in these local-
to-global studies. They would likely focus on the larger studies and their work would be
collaborative and fully digital.

I think that there are four reasonably clear possibilities for the future of digital landscape
architecture, within a profession and an academic field only some of which is digital (and
appropriately so).

The first possibility is simply a continuation of where I think we are today, in which most
landscape architecture faculty, students and professionals are oriented towards immediate
client-oriented projects, and working non-digitally much as the founders did.

The second possibility follows the first and assumes increasing competition for what has
become “hot property”— the landscape. External competition at all scales will likely produce
a narrower landscape architecture profession, far different from that imagined over 100 years
ago by the founders of the profession of landscape architecture.

The third possibility is that the wrongheaded and artificial division between “planning” and
“designing” (as verbs) will be continued and even reinforced, and that landscape architecture
will itself choose to focus on the design of smaller projects. It will result mainly from two
factors — the unfortunate caricature of landscape architecture as gardening, and the land-
scape architecture profession’s own accredited priorities towards private project practice.
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Fig. 14: Would the founders adopt digital landscape architecture? Would they participate
in the International Geodesign Collaboration?
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Fig. 15: A view toward the future of digital landscape architecture
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The fourth possibility relies on recognizing the wisdom of the founders of the profession.
First, we must know and do something that other professions do not. In our case this must be
rooted in the landscape itself and at all sizes and scales: climate, geology, hydrology, ecology,
perception etc... and all can be considered when designing with digital support. The digital
technologies are the means... they are not the ends. Second, we must understand that almost
everything we do to change the landscape requires collaboration in designing, whether with
architects at the smaller size, urban designers and planners at the middle sizes, geographers
at the larger sizes, with engineers at all scales, and with lawyers and bankers and government
officials, and especially with many diverse stakeholders... yet with no one losing his/her
personal or professional identity. This was the dominant vision at Harvard when I joined the
Harvard faculty in 1965 and it is a perspective which I hold to this day.
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Abstract: The increased prevalence of storm surge events that cause extreme erosion in coastal envi-
ronments points to the delicate balance that exists in the perpetual formation processes of dunes. While
coastal defence structures and traditional beach nourishment strategies can alleviate some of the dam-
aging force of ongoing wave action, they don't provide a lasting solution and often produce undesirable
side-effects. Design authority in this contested area of landscape transformation is often limited to en-
gineers and shaped by reductionist economic or risk management factors. Through investigations in
digital landscape fabrication techniques, this paper reconsiders the role of design in these evolving
systems while demonstrating the potential for on-site, adaptive, and dynamic construction processes.
By creating resilience through adaptive topographies of natural granular material, this paper proposes
to establish a new equilibrium between natural processes and robotic earth-moving strategies. By com-
bining a wave tank with natural beach sand, computational modelling and robotic beach sand manipu-
lations, emergent topologies and open-ended design proposals are enabled under the continuous influ-
ence of water movements. The experiments were conducted in a two-week international masterclass at
the School of Architecture, University of Technology, Sydney, where adaptive feedback systems for
coastal remediation were studied in relation to the Northern Beaches of Sydney. As such, this paper
presents a novel coastal design approach towards autonomous construction in dynamic environments,
combining various technologies to generate new paths of research and design investigation.

Keywords: Coastal erosion, robotic processes, granular resilience, digital landscape fabrication, soft
engineering

1 Introduction

In the summer season of 2020, up to 25 meters of the Collaroy and Narrabeen beaches in
northern Sydney, Australia, were swept away by multiple storm surges. Existing rigid de-
fence structures from wood, stone, and concrete suffered severe damage, sinking slowly into
the loose granular dune area as their foundations were eroded away. While comprehensive
maintenance strategies are developed to replenish the beaches with sand, Australia doesn’t
have the equipment, the policies, nor enough locally available sand to conduct them (SIDDEEK
2020). Instead of using conventional engineering methods, this design experiment applies
robotic processes and natural processes towards continuous maintenance strategies for dy-
namic coastal defence structures, focusing on local material shifts and bathymetry manipu-
lation.

This work builds upon a growing body of research into similar robotically enacted dynamic
landscape tending processes (GRAMAZIO et al. 2014), (ESTRADA 2018), (BAR-SINAI et al.
2019), (HURKXKENS 2020). It also relates to work in sensor-enabled adaptive robotic fabri-
cation in architecture (VASEY et al. 2014). The key contribution of the research described in
this paper emerges from the change in context. Focusing on coastal environments provides a

Journal of Digital Landscape Architecture, 6-2021, pp. 66-74. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705003.
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constant energy-source (the waves) that necessitates repeated action and provides the oppor-
tunity to collaborate with and productively harness an otherwise destructive process.

Here, the ultimate goal is to find topographies and intelligent adaptive maintenance processes
that use the formative potential of erosion and sedimentation to minimize the mechanical
manipulation required to achieve coastal remediation goals. These goals typically prioritize
the protection of adjacent structures but also include a reduction of erosion and therefore the
requirement to import supplementary material, the increased stability of the coastline and
increased safety. The methods here described have the potential to allow for the greater ful-
filment of ecological and habitat preservation goals along with the support of recreational
activity, embodied energy minimization and improved aesthetics together with a reduction in
the scale and consequences of unexpected side-effects.

The first step towards that goal is to establish whether sand topographies can be produced
and dynamically maintained in interaction with wave motion and to assess the design poten-
tials revealed. The second step is to begin to produce landscape formations that demonstrate
positive interactions with wave and sand motion. Rather than a restrictive experimentation
environment, the combination of technologies aims to reveal unexpected synergies or poten-
tials for further investigation.

™

<
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Fig. 1: Robotic Setup with wave tanks, wave actuators, beach sand and robotic manipulator

2  Robotic Wave Tank

The design experiments consisted of two phases. The first phase uncovered the object of
study through five separate lenses: site, natural processes, granular material, environmental
perception and robotic processes. This phase divided the tasks and methods among the par-
ticipants of the masterclass and focussed simultaneously on digital craft and incremental in-
vestigation. These parallel investigations provided the groundwork for the second phase of
the research, which synthesized these findings and techniques in comprehensive experiments.

To explore erosion and sedimentation processes on sloped beaches, two wave tanks were
constructed (see Figure 1 and 3). Beach sand was then put into the tank to construct the berm,
swash zone and surf zone (see Figure 2). The wave machines were controlled by time-interval
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scripts, which enabled the creation of precise wave patterns perpendicular to the beach profile
to simulate storm surges. The robotic setup consisted of a six-axis robot arm, tool holder, and
a 3D scanner to enable a computational response to changes in the topography by wave ac-
tion. Starting from initial robotic movements designed to shift the granular material in the
wave tank, the topography further informed their dimensional parameters like depth, length,
and orientation. In this way, a dynamic response was created to either counter, accelerate or
steer erosion and sedimentation processes depending on evolving insights during the experi-
ments. This process was further monitored by high-res 3D scans using photogrammetry. This
enabled a precise understanding of volume loss, particle transportation, and slope angles.
Through an iterative feedback loop between scanning, designing and fabrication, experi-
mental formal outcomes in continuous transformation arose (see Fig. 4). This allowed com-
putational processes to be fine-tuned to come to resilient structures capable of withstanding
multiple storm surges.

Fig. 2: Experimenting with the robotic feedback loop. Visible in the top-right is the tool
holder on the robotic arm and perpendicularly attached to it the 3D scanner.

While the experiments were conducted as precisely as possible, physical processes are hard
to control due to the scale of the wave tank and the mismatched scales of the 1:1 sand granules
and the reduced scale of the waves and beach topography (LEMOS 2009). The difficulties and
limitations facing attempts to understand complex water systems with scale models have been
extensively and eloquently described in Martin Reuss’ famous essay “The Art of Scientific
Precision: River Research in the United States Army Corps of Engineers to 1945” (REUSS
1999). The outcomes should therefore not be seen as directly scalable and deployable tech-
niques but rather as a first proof-of-concept of the methods and creative explorations of ma-
terial and robotic processes to extract initial insights to be extended through future research.
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The most obvious need is a set of experiments to establish and verify the appropriate scale-
factors and coefficients necessary to extrapolation of results from scale models to the real
world, along with an understanding of the limits of such extrapolation. But more importantly,
the experiments change the way designers interact with the object of study: from conceiving
static and final images to defining feedback systems that continuously change over time
(MCGEE AND PIGRAM 2011). Here, robotic processes form a natural fit to continuously evolv-
ing granular material systems under the influence of waves.
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Fig. 3: Documenting a storm surge on the side of the water tank. From left to right the surf
zone, swash zone, berm, and dune region in relation to the average water levels.

3  Experiments

A beach site's natural dynamic equilibrium of erosion and nourishment can maintain a safe,
though continuously evolving sand dune without intervention. However, the existence of ar-
tificial constructions place limits on this possibility. The status quo requirement for current
buildings and roads to stay in their current position on the beaches of Collaroy and Narrabeen,
makes human intervention unavoidable. For this experiment, the natural process of wave
action was calibrated to mimic the average wave height, length and frequency as well as
waves during high tide combined with stormy weather found at Collaroy and Narrabeen
beaches. This knowledge was combined with the material system of natural granules. Here,
well rounded and sorted sand particles have only a limited formal design space, as the maxi-
mum slope angle is roughly 33 degrees. While this is true in large scale landscapes, the wet
sand in the wave tank did achieve higher slope angles due to the small scale of the testing
setup. Through the use of large- and small-scale photogrammetry, an understanding of the
site's existing and newly proposed beach profile became possible. The robotic processes fol-
lowed a clear procedure starting with a 3D scan of the sand in the wave tank, topographic
analysis, the mapping of topographic transformation onto robotic movements to encode a
dynamic response and finally, the execution of the robotic movements. This iterative robotic
intervention adapts its patterned response based on the scan data, balancing the legibility of
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the original terrain geometry with an approach to an equilibrium in the system, often requir-
ing smaller, targeted robotic interventions.

As referred to earlier, the two sequential yet complementary research phases of individual
technique research and synthesis allowed for calibration of each method; the translation of
these separate techniques into the synthesized experiments of phase two was a key aspect of
the didactic process, requiring strategic debate.

Fig. 4: Three iterations of the robotic feedback loop between scanning, computational mod-
elling, and robotic response. Clearly visible is the change in motion from step 1, 2
and 3 which is solely due to the evolving topography of the sand in the wave tank.

Survey Technique

The scans were completed using an Intel RealSense Depth Camera and with photogramme-
try. The challenge here was not resolution or frequency as in similar experiments
(HURKXKENS et al. 2019), but scanning underwater topographies. During these experiments,
the wave tanks were successively filled and emptied in order to scan the model's representa-
tion of the oceans floor. This is obviously not possible in the field, though other technologies
are capable of scanning subaquatic landscapes (CASTILLON 2019).

Tool Shape

The manipulations deployed in this experiment are most closely associated with grader-style
manipulations in that sand was relocated relatively close to its original location rather than
deposited from elsewhere. A number of sand-manipulating tools were tried, initially by hand
and then as robot end-effectors. A spatula manipulator had the characteristic of being highly
directional: producing dramatically different results depending on the manipulator's angle
relative to that of the motion. With its thin edge pointing in the direction of travel, the card
slides effortlessly through the sand with minimal consequence. It had the benefit of being
able to be used like a grader (being pushed at an angle to the direction of motion) with sand
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being deposited on the trailing side. A 20 mm x 20 mm square-section timber was the ma-
nipulator ultimately chosen for the final, longer robotic experiments. The primary benefit that
this tool offered over others was the ability to press directly down into the sand, compressing
it, and producing a stable imprint. These compressed depressions survived longer in the surf
zone, or even below the water surface, then uncompressed depressions. Additionally, as the
variable width markings enabled by the other tools proved to be of marginal benefit, the
relatively constant width of the tool simplified the generation of robotic motion paths.

Adaptive Robotic Motion

The prevailing natural tendency during storm surges is for sand move downward on the beach
and out to the sea. This is conventionally addressed through beach nourishment. We re-
sponded to this with robotic motions that begin by plunging to the low side of the beach slope
and then move upwards, bringing sand back to the berm. After each scan, a map was created
that identified the change in height of all areas. As mentioned above, the general tendency
was for high areas to subside and for low areas to rise by being filled in, and this was accom-
panied by the more general tendency for all areas to subside gradually. Both of these tenden-
cies were amplified by the increased presence of water as well as by the increased presence
of wave energy. Various responses to the height deltas were tested. The first was to attempt
compensation by moving sand towards the areas where height decreased and away from the
areas where height increased. We expect that many of these findings regarding general
tendencies would remain true for larger-scale implementations of these experiments with
specific adjustments depending on the beach profile. As such, the parameters underlying the
adaptive response would need to be re-discovered for each site's wave, coastline and sand
characteristics, but these experiments provide a place to start.

Fig. 5: High-resolution scan of two iterations between wave action and robotic manipula-
tion. The wide dune structure does erode but keeps the sand in place, creating a large
sandbank reducing wave action on the berm.

Landscape Formations

The general tendency was revealed by before and after wave-action scans: sand formations
regress to the mean where high points became lower and low points became higher. This was
particularly true when the sand became saturated. In order to achieve results that outper-
formed this general condition, specific conditions needed to be studied. In all cases, multi-
layered formations were more successful than single-layered formations. Here, the first layer
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reduced the wave energy, which can be seen largely as a reservoir of sand that will be relo-
cated via wave action to the lower edge of the surf zone. Formations at an angle between
approximately 30 and 50 degrees to the wave motion proved successful at capturing sand.
Secondary benefits such as the dissipation of wave energy through redirection could be wit-
nessed there as well. It became apparent that while a single breakwater can withstand a storm
surge for a certain time-frame, its failure would immediately create a large natural disaster.
Instead, strategies that modulated a larger surface and a lower maximum height performed
much better. While the wave-action started to erode the front of the defence structure, it took
much longer to reach its point of failure. This was made possible by trapping sedimentation
within the structure itself, creating a larger sandbank between the swash zone and the berm
(see Fig. 5).

4 Conclusion

Notwithstanding the aforementioned issues around scale, the conducted experiments were
able to reveal a series of behavioural tendencies and insights in the key areas of landscape
formations, tool shape, adaptive robotic motion and surveying techniques. Desired perfor-
mance outcomes included increased formation longevity, the wave-powered accumulation of
material in desired areas typically higher up the beach; the creation or preservation of land-
scape structures that diminished peak wave energy; and reduced storm penetration beyond
the normal shoreline. While wave tanks are often referred to as more of an art than a science
(OUMERACI 1999), the value of the physical representation and the scalable accuracy of many
key fluid phenomena is clear. The Collaroy beach was chosen for its specific absence of
ocean phenomena such as cross-shore drift, which is difficult to simulation in a small-scale
linear wave tank. Despite clear shortcomings, the many strengths of physical wave tanks are
well documented (OUMERACI 1999), including observability, measurability, repeatability, in-
put control and process control, as well as the clear didactic strengths of a physical represen-
tation of the phenomena observed; the students were able to draw resulting phenomena di-
rectly onto the sides of the tank.

The experimental setup of the wave tank and the robotic arm enabled a dynamic response to
a dynamic environment. It showed how digital landscape fabrication changes the design pro-
cess from envisioning a single final form to defining the parameters of a potentially continu-
ous feedback loop between robotic manipulation and natural erosion and deposition pro-
cesses. Within the iterations of the experiments, it was possible to either reach apparent equi-
librium or even build-up shoreline through well-defined iterations; however, these differed
from the Collaroy Beach context. The masterclass participants demonstrated sophisticated
interaction with elementary material and fluid properties and of the individual techniques and
their synergy by designing and implementing the final strategies in detail.

The experiments demonstrate the integration of formal, environmental, material, and topo-
logical aspects of a landscape with computational tools to come to site-specific interventions
with on-site autonomous machines, opening up new coastal management strategies that lev-
erage natural processes. At the same time, working solely with locally found materials creates
potential for a resilient and sustainable construction approach. With the recent advent of au-
tonomous earth-moving machines (VASEY AND MENGES 2020), emergent and open-ended
design strategies for specific dynamic coastal environments become a possibility. While this
paper uncovers some of the potentials that a dynamic model of beach maintenance may offer,
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further work remains to be undertaken before this model could be put into practice. Having
said this, the continuous adaptive nature and the scale of intervention of the processes pro-
posed inherently lends itself to real-world experimentation.

Fig. 6: Robotic sand formation after one manipulation cycle and a single simulated storm
surge
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Abstract: Understanding how cities respond to stress can inform possible planning, design, and man-
agement changes to advance health, safety, and welfare. This paper considers antifragility, which is a
property of some systems to improve when exposed to volatility, as a means to understand dynamics
of dense urban areas. It presents a computational framework to assess if urban systems are becoming
fragile or antifragile by tracking changes in service capacities following disruption. The Political, Mil-
itary, Economic, Social, Infrastructure, and Information (PMESII) categorization is adapted to refer-
ence capabilities and extended to pose and test hypotheses about system orders for urban areas.
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1 Introduction

This paper presents a framework for a computational model of antifragility (TALEB 2012),
which is a property of some systems in which they improve when exposed to volatility, for
dense urban areas. The work is motivated by the increasing size and density of contemporary
cities, by the vulnerability of cities to natural and anthropogenic disasters, and by the expand-
ing roles of large cities in national and international economic, environmental, and security
matters. It is done on the premise that tracking the ways urban populations develop or lose
capabilities and capacities to overcome disruptions of various types, magnitudes, frequencies,
and durations can provide a basis for improved planning, design, and management.

Nicholas N. Taleb coined the term antifragile based on the behavior of open financial mar-
kets, but he argues for its general applicability. He distinguishes antifragile systems from
fragile and robust systems based on the potential effects of uncertainty including volatility,
disturbance, and stress, and he uses characters from Greek mythology as introductory exam-
ples. Fragile systems, like Damocles under the sword, have great exposure to loss due to
uncertainty and do not benefit from exposure to it. Robust systems, like the Phoenix that rises
after death, resist harm from uncertainty, but have limited gains from it. Antifragile systems,
like the Hydra, are systems that grow or otherwise benefit from exposure to damage. A non-
mythic example of an antifragile system is a person who exercises regularly: the body
undergoes a temporary metabolic shift as it moves faster or lifts weight. As a result, the
person becomes able to run farther and lift heavier objects. Significantly, as an outcome of
the temporary stress, the body becomes more generally fit and able to do some things that
were not explicitly prescribed in the training regime nor necessarily anticipated, such as hav-
ing improved stamina to assist in an unforeseen emergency. System qualities that contribute
to antifragility include being emergent rather than resultant, risk allowing rather than risk
averse, enabling small-scale rather than system-wide experiments, even rather than uneven
distribution of resources, redundancy rather than efficiency, loosely rather than tightly cou-
pled components, and variety and variability rather than uniformity.
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2 Sustainability, Resilience, and Antifragility

Urban areas can be understood as systems that are: (1) purposeful, because they are created
to satisfy societal goals; (2) emergent, because the behaviour of the whole cannot be reduced
to the behaviour of individual elements; (3) complex, because individual elements have many
relationships with other elements; (4) open, because they exchange energy, materials, and
information with their context; and, (5), self~organizing, because, they can modify their in-
ternal structures or functions in response to external change. Across these qualities, patterns
of resource distribution and flows of people, water, food, energy, goods, waste and informa-
tion emerge from processes and can be observed and measured. (BARTHELEMY 2017, BATTY
2013).

Urban systems can exhibit nonlinear dynamics, reciprocal feedback loops, time lags, hetero-
geneity, and surprises (JIANGUO et al. 2007). These qualities combine to create uncertainty
and volatility that can allow for the emergence of both positive outcomes, such as economic
growth through innovation (CHRISTIAANSE 2009), and negative outcomes, such as the dis-
ruption and degradation of basic services that could contribute to the formation of so-called
“feral cities” (NORTON 2003).

It is argued here that a consideration of antifragility expands the management of uncertainty
in environmental planning, design, and management through the paradigms of sustainability
and resilience by foregrounding ontological uncertainty. Figure 1 provides an illustration
noting the dominant consideration of uncertainty in each paradigm. Relative foci of attention
are indicated on lines connecting the three terms.
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Fig. 1: Normative objectives of urban planning, design, and management and the associated
predominant sources of uncertainty (Source: Authors)
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The concept of sustainability can be understood as a focus on the long-term conservation of
resources needed to support a system. The premise was common in texts on agriculture, for-
estry, and other natural resources fields since, at least, the 16th century (DIXON & FALLON
1989, WARDE 2011), but the term, itself, gained widespread attention in the late 1980s
through Our Common Future (WORLD COMMISSION ON ENVIRONMENTAL DEVELOPMENT
1987). There is general consensus that sustainability is organized around the “triple bottom
line” of environment, equity, and economics with the aim of not reducing resources or limit
decisions of future generations. Determining how to define what is “right” or “just” or “best”
in any one of these goals (or of any societal goal) presents moral or ethical uncertainty
(HACKING & GUTHRIE 2008, MOELLENDORF 2011, VEENMAN & LEROY 2016).

The concept of resilience concerns a focus on abilities to withstand, recover, and adapt from
external shocks. Consideration of it becomes increasingly important as a system's internal
organization becomes more complex and as its exchanges with the system's environment
become uncertain or volatile (HOLLING 1973, PICKETT et al 2004). With resilience, the moral
questions emphasized under the paradigm of sustainability about which and how societal
goals are prioritized are replaced by epistemological questions related to the difficult task of
knowledge production about vulnerabilities and threats for purposes of governance (ARADAU
2014, CHANDLER 2014, WELSH 2014).

As noted, the concept of antifragility concerns the possibility that a system cannot only re-
cover from disturbance, it can benefit from exposure to uncertainty and volatility by devel-
oping capabilities and capacities to manage stress, including stress that had previously not
been experienced or that even imagined. This quality distinguishes antifragility from resili-
ence and warrants emphasis. It is widely acknowledged that some understandings of resili-
ence include the possibility of adaptation that enables the system to better withstand future
shocks. The improvement, though, is an improvement to address epistemological uncertainty
related to the ability to anticipate, guard against, and recover from the same kind of disrup-
tion. Medical vaccination is an example. The introduction of a harmful, but weakened or
neutralized pathogen into a body allows a person to develop antigens that enable resistance
to stronger doses of the same pathogen in the future. In these instances, the potential cause
of harm (the specific virus) and the possible effect of harm (the specific infection) are nar-
rowly defined. A flu shot in the autumn helps prevent contracting flu in the winter, but the
same shot does not protect against measles. With antifragility, attention shifts from resili-
ence's epistemological uncertainty to questions of ontological uncertainty related to the en-
vironment and its interaction with the composition, organization, and behavior of the system.
Succinctly, becoming more antifragile is not adapting to handle the same sort of crisis better,
but to better handle crises in general.

3  Application to Urban Planning and Design

Since its introduction, antifragility has been discussed within domains of knowledge and
practice ranging from genetics (DACHIN et al. 2011) to athletic performance (HILL et al. 2020)
to business operations (JAARON & BACKHOUSE 2014) to computer science (HOLE 2016) to
homeland security (EGAN 2013). In urban and landscape planning and design literature, em-
phasis has been given to the adding options to respond to disruption as a way to increase
antifragility (BLECIC & CECCHINI 2017, BLECIC & CECCHINI 2020, ROGGEMA 2019). Follow-
ing from this premise, the initial task of moving from an aspirational model to an operational
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model of antifragility for urban areas becomes developing a framework to collect and relate
data that indicate the gain or loss of optionality.

Figure 2 provides a diagram of the basic needs for tracking the development of a system
becoming more antifragile by gaining options or, conversely, more fragile by losing options.
At the top of the diagram are indicators of societal capacities, on the right hand side are kinds
of change, at the bottom of the diagram are the system's responses to change, which are qual-
ified on the left hand side. Issues related to each of these data types are discussed below. Data
sources would include remotely sensed data, aggregated news resources, objects connected
to the Internet-of-Things (IoT), routing options for flows, observational surveys, and inter-
views of personal perception. The volume of data is expected to be large. Growth of IoT
sources offers the promise of increased objective measurements, but initial operational tests
of the framework might focus on surveys of perceptions across an urban area to understand
what how disruptions are locally recognized and managed.
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Fig. 2: Framework to observe system response to disruption (Source: Authors)

Defining classes of indicators throughout the framework can be done only provisionally for
two reasons. First, epistemological uncertainty, a concern shared with efforts to improve re-
silience, limits ability to accurately identify and parameterize cause and effect relationships
within complex urban areas. Second, ontological uncertainty limits ability to anticipate all
forms of future volatility and how resources might be used to manage disruptions.

Additionally, the expected qualities of an antifragile system (being emergent, risk allowing,
enabling small-scale experiments, even distribution of resources, redundancy, loosely cou-
pling components, and variety and variability) point to the need to collect the data at multiple
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spatial scales over time. Figure 3 illustrates one approach to do so based on common urban
administrative units: politically recognized neighbourhoods, districts, the city as a whole, and
the metropolitan region around the city. An advantage of this approach is that these units may
be commonly used by municipal service providers. Another approach would be to map
“neighbourhoods” based on activities. An example is offered by an assessment of national
districts in the United Kingdom. The authors of this study used density of telecommunication
contacts and produced a map that was similar to, but not identical with long-established po-
litical jurisdictions (RATTI et al. 2010). The advantage of these units of analysis would be
greater fidelity to social or socio-economic groupings. A third approach would be to use
floating averages of indicators taken at different areal extents, such as 1 hectare, 10 hectares,
and 100 hectares. The advantage with this approach would be to identify or track aggregate
hot- and cold-spots of resource availability and system responses.

Time Step T, T, T, T,
Area Unit

Ewm Ew

: ; ; ;
Region i —A— —_—A— — A Ao
| | | |
4 4 4 4
; ; ; i
PPME PPME PPME pPME
M 20, ™ 0, M 0 ™ 0,
; ; ; ;
City ; —a— —A— A B
| | | |
4 4
: : : :
Em Em Pm Py
e ey e N
E E E E
District H — A — A A B
| | | |
A
; e ; :
Em Em P Py
e ey e N
E E E E
Neighborhood B — A — A A N
' ' ' '

Fig. 3: Spatial scales of urban order (Source: Authors)

Tracking increases or decreases in options to overcome volatility is done through the societal
capacities indicators. Four classes of indicators or proposed. The first class consists of spa-
tially fixed resource capacities that would be recorded by number per area (neighbourhood,
district, etc.) and number per population. Examples include fire and police stations and hos-
pitals. Non-emergency fixed resources include grocery stores and schools. It would be im-
portant to inventory how things are used, not just how they are most often classified on a land
use map. For example, a parking lot might sometimes be used as a market. This class of
indicators also includes people who staff these resources, such as fire-fighters, which might
also be distinguished by time as well as space if, say, night shifts have fewer personnel than
day shifts. The second class of indicators consists of measures of diversity of spatial re-
sources. This class is arguably the most difficult to conceptualize with regard to measures of
fragility or antifragility. For basic services, having access of a variety of service providers,
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such as internet service providers, provides a range of options. Similarly, having a transpor-
tation network that allows more ways to travel from one point to another provides a range of
options. But not all services are equally exchangeable. For example, having multiple places
of worship for the same religion or sect provides a choice of providers for assembly, but does
not offer the same kind of choice across religions. As such, indicators of social diversity need
to be supplemented with indicators of interoperability, integration, and inclusion. The third
class of indicators would be service frequency. Examples include police patrol passes per day
or per week or the number of times streets are cleaned per week or month. The fourth class
of indicators would be perceptions of residents about structural and functional capacities. In
part, this class of indicators serves to assess if those who live in the city note or utilize avail-
able resources. Also in part, it provides a way to assess not only the use of resources, but also
the trust in different service providers. For example, who might be contacted to help resolve
a neighbourhood dispute?

Moving clockwise around figure 2, two kinds of volatility are noted. At the far right are
relatively slowly moving contextual factors. These include trends related to politics, econom-
ics, society, and technology. On the inside are fast moving, acute disturbances or shocks.
Although abrupt events are the topic of Taleb's writing, innovation and reorganization in
urban areas follows from both slow and fast moving endogenous and exogenous change
(BOND-FORTIER 2020, DORAC et al. 2017, TENG-CLLEJA et al. 2017). The selection of indi-
cators for both kinds of disruption need to be connected to loads of the previously identified
service capacities. As with the indicators of social capacity, it would be valuable to under-
stand relationships between fact and perception. For example, what connections do residents
draw between kinds and magnitudes of evolving change and abrupt disruptions?

At the bottom and left of the diagram are the system's responses to the disruption. There are
two classes of indicators. The first is the immediate response — who responds, how quickly,
with what means, etc. The second, qualified on the left hand side of the diagram, are four
possibilities for remediation and recovery: the city can do nothing in response to exogenous
change, it can maintain or restore capacity, it can learn, recombine, or redistribute existing
resources to become more efficient, or it can innovate and fundamentally reorganize. It might
be expected, but would need to be tested, the degrees to which each of these options is pur-
sued given the dynamics of both routine conditions and crises (ROSEN 1988). Any changes
made to the urban system will be reflected in revised social capacity indicators.

While it can be said that from a planning, design, and management perspective, becoming
more antifragility by increasing options to respond to disruptions is beneficial, it must be
recognized that antifragility is achieved by allowing failures to occur through small scale
experimentation, so progress might be uneven. Further, improving antifragility of a system
involves allowing some components to be fragile. That is, the survival of the whole is
achieved by transferring vulnerability to some parts (see chapter 4 in TALEB 2012). This as-
pect of antifragility has been viewed by some as controversial (KOLERS 2016).

4 Hypotheses of Urban Order that Contribute to Antifragility

Towards the ability to move beyond descriptive statistics to a fuller science of cities (BATTY
2013), there is the need to state and test hypotheses about changes to the built environment.
With regard to the framework presented here, if capacities to support societal goals are
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assumed to result from system order, the indicators should be framed within an understanding
of urban systems organization. Such a framework would allow hypotheses for ways capabil-
ities are created or lost through combinations of structural features and behaviours.

As an example, one approach would be to employ a modified version of the Political-Mili-
tary-Economic-Social-Infrastructure-Information (PMESII) framework, which was devel-
oped by the US Army to describe operational environments — places known to be volatile.
PMESII is typically used to provide a structural inventory of factors. To understand the city
as a dynamic coupled human-natural system, two modifications or extensions will need to be
taken. First, the structural descriptions are rewritten as “How...?” questions. For example,
the conventional Military description, “Explores the military and/or paramilitary capabilities
of all relevant actors (enemy, friendly, and neutral) in a given operational environment” (US
ARMY 2013) is reconsidered as, “How are security issues defined, declared, engaged, and
resolved?” (SHEARER 2021). Rephrased questions are given in Table 1.

Table 1: Functional PMESII questions (Source: Authors)

Variable Defining Question

Political (P) How is a member (typically a citizen) identified, what rights pertain to
a member, and how do these rights differ from non-members?

Military (M) How are security issues defined, declared, engaged, and resolved?

[Public Safety Agencies]

Economic (E) How do people exchange goods and services?

Social (S) How do individuals and groups behave and why do they do what they
do?

Infrastructure (Infra) How are flows — of people, food, water, goods, power — coordinated
throughout the city?

Information (Info) How is truth recognized?

In the second modification or extension of the framework, questions related to system func-
tion are asked across the six primary topics. For example, the Political-Social interaction
question is, “How is order legitimized?” In part, these questions provide a basis to deepen
the analysis of the six primary areas and may reveal more nuanced issues of strength or of
vulnerability. They also offer lines of inquiry to consider second- and third-order effects of
change or disruption. Separate from tracking indicators of capacity, a high number of news
stories from a given city related to one of these questions would signal an expectation of
system change.

With respect to urban planning theory, it is offered that three triplets of PMESII interactions
provide a provisional basis to hypothesize and test kinds of system order. These are shown
in figure 4. The first is order established/expanded from above through the Political-Military-
Infrastructure triplet (after ALLEN & COCHRANE 2010, GULDI 2012, SCOTT 1998). The sec-
ond is order established/expanded from below through the Economic-Social-Information tri-
plet (after JACOBS 1961, JACOBS 1969). Third, and in recognition of emerging smart city and
cyber systems, there are two possible ways to establish/expand order from within. Social-
Infrastructure-Information permits platforms such as Facebook to enable capabilities and ca-
pacities (after HELMOND et al. 2019). Political-Infrastructure-Information permits a new form
of centralized (“smart”) governmental influence (after CHEN & SHAN 2019, Qui 2007). While
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these sources of order are supported by the literature, it is possible that more influential rela-
tionships that support capacity change could be identified through longitudinal analysis of
individual cities or through comparative analysis of different urban areas.

Order from Above Order from Below Order from Within

Fig. 4: Sources of urban system order (Source: Authors)

It should be emphasized that the approach outlined here does not pre-identify expected tip-
ping points when an urban areas is considered anti-fragile or fragile. Instead it seeks changes
in health, safety, and welfare capacities over time and draws attention to those changes. Hard
tipping points are not provided because dense urban areas are open, complex, self-organizing,
and emergent systems, so it is unlikely that abilities to manage a disturbance or to fail from
it will look the same in the future as they did in the past. Related, while commonalities can
be found across cities, a variety of factors including localized social expectations, level of
industrial and economic development, and political organization make it seem unlikely that
all urban areas would fail or succeed in the same way.

5 Conclusion and Outlook

This paper advances discussions on antifragility for urban areas by providing a framework
for a computational model, categories of data, and a basis to frame and test hypotheses of
evolving system order. Next steps would be to define arrays optionality indicators more pre-
cisely and begin collecting data. Given the large volume of observations that might be made,
surveys and comparisons of neighborhoods within a given district may offer a step toward
surveys including districts within a city and then a city within its metropolitan area.

In the last two decades of the twentieth century, the paradigm of sustainability foregrounded
issues of moral uncertainty and aided the advancement of theories and practices for long-
term resource management. In the first two decades of this century, the paradigm of resilience
foregrounded epistemological uncertainty aided the advancement of governance for complex
systems in settings with knowable even if not predictable shocks. Given unprecedented ur-
banization in the Anthropocene, it is increasingly necessary to consider ontological uncer-
tainty, to look beyond identifiable threats, and to understand the functional dynamics of how
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cities reorganize and address previously not experienced or unknown stresses. The paradigm
of antifragility can help planners, designers, and managers do so.
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Abstract: The urban underground is increasingly recognized as a multifunctional resource important
for achieving urban resilience. However, it is often neglected in planning processes. Since this can lead
to undesired urban developments, approaches are required to take both the space above and below
ground into account. In particular, there is a lack of visualization instruments (mainly due to available
data) to foster a better understanding of the above and below ground urban system and interacting
effects on urban ecosystem services. In this paper we demonstrate how urban infrastructure above and
below ground can be visualized in a web-based platform using the open-source JavaScript library Ce-
sium. Then, based on the presented prototype we illustrate its possible advancement for supporting a
more comprehensive design and evaluation of possible urban developments in a collaborative planning
setup. Testing and enhancing the visualizations in collaboration with stakeholders and complementing
them by including 3D point clouds and 3D urban ecosystem services, the suggested platform could
effectively help to explore the design of resilient urban systems and to co-develop urban transformation
pathways desired by the stakeholders.

Keywords: Collaborative spatial planning, urban design, online planning platform, 3D DSS,
CesiumJS, 3D underground infrastructure

1 Introduction

Increasing the resiliency of urban systems is a major objective in designing sustainable urban
developments in order to ensure the well-being of the continuously growing urban population
(ELMQVIST et al. 2019; MA et al. 2020). Resilience can be defined as the ability of an urban
system to cope with disturbances, to reorganize itself, maintaining essentially the same func-
tions and responses over time and evolving further along a certain path (ELMQVIST et al.
2019). Whether or not a resilient path is sustainable, however, depends on ensuring a devel-
opment pathway that is also desired by stakeholders (ELMQVIST et al. 2019). The importance
of achieving such desired urban development pathways is stressed in the United Nations’
Sustainable Development Goal 11 (of 17) “Make cities and human settlements inclusive,
safe, resilient and sustainable” (UNITED NATIONS 2015), which requires, inter alia, improving
urban planning by an active management of wanted and unwanted urban resilience
(ELMQVIsT et al. 2019).

One important resource of the urban system for achieving urban resilience is the space below
ground (PARRIAUX et al. 2004; ADMIRAAL & CORNARO 2016, 2020; VOLCHKO et al. 2020). It
is increasingly recognized as a multifunctional resource, which offers physical space, water,
energy, materials, an archive of historical and geological heritage, and several further eco-
system services, such as life-support systems, contributing to human well-being (PARRIAUX
et al. 2004; ADMIRAAL & CORNARO 2020; VOLCHKO et al. 2020). However, the underground
space is often neglected in planning processes or treated without a long-term management
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(VOLCHKO et al. 2020). Furthermore, through the deficiency of cross-sectoral planning, the
underground space is used up for prevalent mono-functional uses in a “first-come-first-
served” manner without taking into account possible other functions and interactions with
the provision of ecosystem services — above and below ground — of the urban system
(PARRIAUX et al. 2014; ADMIRAAL & CARNARO 2016; MA et al. 2020; VOLCHKO et al. 2020).
This can lead to undesired developments, for example, an urban densification above ground
to minimize urban sprawl can lead to an increase in the urban heat island effect, shortage of
recreational area for the urban population, deteriorated storm water runoff resulting in flood-
ing, and decreased quality of other ecosystem services due to diminishing urban green spaces
(CORTINOVIS & GENELETTI 2020). Taking into account the underground space for creating
built-up space, e. g., by building underground car parks combined with water retention ba-
sins, can help maintaining multiple services in a more resilient way (ADMIRAAL & CORNARO
2020). Yet, there is a lack of systematic approaches on how the underground can be integrated
into spatial planning processes (VOLCHKO et al. 2020). To overcome this shortcoming, an
active management of resilience in the respective urban contexts above and below ground
and across scales is required, which should include experimenting with alternative solutions
and knowledge co-production by involving multiple actors (ADMIRAAL & CARNARO 2016;
ELMQVIST et al. 2019). Thereby, crucial issues are (1) to make the urban underground space
visible, and, hence, to bring it into the decision-makers mind, and (2) to identify synergies
and conflicts between urban developments above and below ground (VOLCHKO et al. 2020).

In order to facilitate a better understanding of the above and below ground urban system, 3D
visualizations are regarded essential tools, which can provide a common language for heter-
ogeneous stakeholders (MA et al. 2020; SCHOKKER et al. 2017). Yet, the 3D visualization of
the urban underground space is not very common in practice and poses several challenges
(SHOJAEI et al. 2013; SCHOKKER et al. 2017; MA et al. 2020). For example, required essential
characteristics of the 3D model are inter alia the handling of massive data, interactivity,
providing underground and cross-section views, and allowing usability and accessibility also
for non-expert users (SHOJAEI et al. 2013). In addition, the 3D model needs to be able to
integrate further data relevant in different urban planning contexts (SHOJAEI et al. 2013;
SCHOKKER et al. 2017). In this regard, web-based 3D decision support systems offer access
for multiple users without requiring special software on the user’s computer (SHOJAEI et al.
2013). They can facilitate collaborative creation and analysis of spatial scenarios, whereby
multiple objectives are taken into account and traded off against each other (GRET-REGAMEY
et al. 2017; SCHITO et al. 2020).

The objective of this paper is to visualize urban infrastructure above and below ground level
in a web-based 3D decision support system (3D DSS) for supporting the planning of elec-
tricity transmission lines on regional scale in central Switzerland and on local scale in the
city of Zurich. The 3D DSS uses the open-source JavaScript library Cesium (CESIUM 2020a)
to load diverse data sets as well as spatial modelling results on a 3D digital globe. We present
the general setup of the 3D DSS for the area of Switzerland and focus then on the urban study
site Zurich for details on the urban infrastructure visualization. Furthermore, we want to il-
lustrate how such 3D DSS prototype could provide a platform for iterative loops between
urban design development and evaluation. Based on recent examples from literature, we ad-
dress compatible functionalities for the 3D DSS and explain how they could contribute to
this end. We discuss the suggested platform concerning its current quality and provide an
outlook on possible further enhancements of the visualization.
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2 Method and Results: Visualizing Urban Infrastructure Above
and Below Ground in a Web-based 3D DSS

2.1 Web-based 3D DSS Prototype

A recent example of a web-based 3D DSS is a platform developed for supporting the planning
of electricity transmission lines in Switzerland (SCHITO et al. 2020). Users of the platform
can weight relevant spatial criteria of the dimensions “nature and environment”, “spatial
planning and people”, and “technical feasibility”, which are input in form of raster data (1 ha
cell size) for a Multi-Criteria Decision Analysis (MCDA) that runs in Python [1]. By collab-
oratively discussing the weighting of the criteria and providing different settings of the
weights, heterogeneous stakeholders can together create and visualize alternative scenarios
of transmission line paths in short time (SCHITO et al. 2020). In the remainder, the focus is on
the visualization part of this platform.

The web-interface of the 3D DSS includes a viewer for 3D visualization of data based on the
digital open-source 3D globe Cesium (CESIUM 2020a). The terrain and the orthophotos of the
area of Switzerland are retrieved directly from a server of the Federal Office of Topography
swisstopo as Tile Map Service (TMS) [2] by applying a JavaScript code (Fig. 4). Swisstopo
also offers the buildings and vegetation of Switzerland as 3D tiles via its web access service.
Thus, in the 3D DSS, this above ground infrastructure is streamed directly from the swisstopo
server. The modelling results of the MCDA (resistance maps, least cost path surfaces) are
automatically saved on a geo-server as image files (png), which are displayed on the Cesium
globe as 2D maps, and the resulting path is saved as points (csv) providing the location of
3D-objects of pylons with overhead lines in between, transition buildings, and earth cables.
The latter are visualized as polyline volumes calculated directly in Cesium (CESIUM 2020b;
see Fig. 1, blue tubes).

Fig. 1: 3D visualization of the modelling results in the interface of the 3D DSS: Transition
building (grey) where the overhead lines change to earth cables (blue tubes)
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2.2 Processing of the Urban Underground Infrastructure Data

For a perimeter with a size of 757 ha in the city of Zurich, where paths for new earth cables
of electric power lines should be identified in the urban area on local scale, the transmission
line planners required also the visualization of the existing infrastructure below ground. Fur-
thermore, information on the building use, and indicators on possible conflicts with high-
voltage transmission lines should be displayed. In the following, the approach for visualizing
the relevant information is presented for this urban study area.

The available data of existing underground infrastructure belong to a cadastre of the city of
Zurich (STADT ZURICH 2020). They comprise digital information on gas, water, district heat-
ing, telecommunication, and existing electric transmission lines. This data had to be pro-
cessed for 3D visualization below ground in the 3D DSS. First, the width and depth of the
different underground infrastructure types was identified. Therefore, the data was inspected
regarding their attribute values. Most of the data contained information on the tube diameter.
However, the depth of the tubes below ground and the width and depth of the pipe trenches
were not provided. In an internet search, values for the dimensions of the pipe trenches com-
monly used in practice were determined. Thereby, inter alia, the standards for the construc-
tion of drainage systems and roads of the civil engineering and waste disposal department
provided helpful information.

Although it is possible to display tubular 3D volumes in Cesium below ground (CHOW 2020),
due to the size of the case study data (up to 250 MB for individual data sets) and CPU and
GPU memory constraints of many potential users’ computers, we decided to provide simpler
representations in form of 2D polygons and 3D boxes. Therefore, the vector data (lines) was
converted (e. g. from DXF /DWG or Interlis), and imported into Esri’s ArcMap 10.5 for fur-
ther processing (Fig. 2).

Pl Processing in Esri’s Arc]V ) Sy, -

Extrude
Between
Raster to
TIN
Interpolate
Shape

h ]
CesiumJS Call from Geo-server | {
- 3D Visualization ! i
i
I\

Vector lines of
underground
infrastructure

Vector
polygons of
trenches

Vector line
Shapefiles
(projected)

\
Vector AN

polygons
of tubes

Import as
Shapefile

Raster to
TIN

Raster
calculator:
subtract
cover
depth

Multipatch
Shapefile
of trenches

DTM on
bottom of
trenches

DTM on
upper edge
of tubes

Multipatch/ Polygon Z
Shapefiles
geographic)

Polygon Z
Shapefile
of tubes

Convert to
Cesium
3D tiles

N Processing in FME Workbench

Visualization in CesiumJS

Fig. 2: Flowchart of the underground data processing for visualization in CesiumlJS

First, by buffering the lines according to the attribute values of the tube diameter and the
general trench width, polygons with the width of the tubes and the trenches of the respective
infrastructure types were generated. In order to assign the depth of the polygon for the tubes
below ground, the tool «Interpolate Shape» (ESR12017a) was used. «Interpolate Shape» adds
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a z-value from a Digital Terrain Model (DTM) to the polygon. With the tool «Raster calcu-
lator», using the DTM with the actual height of the terrain as input and subtracting the re-
spective depth, we created surfaces, which are on the assumed depths of the upper edges of
the tubes. These surfaces provided the input for interpolating the shape of the polygons of
the tubes, resulting in Polygon Z-Shapefiles. For generating 3D box models of the trenches,
two surfaces had to be created in the described way. Additionally, the resulting surfaces were
converted to TIN Layers (tool «Raster to TIN»), the required input format for the tool «Ex-
trude Between» (ESRI 2017b). These two TINs provided the surfaces for extruding the re-
spective polygons between, resulting in MultiPatch-Shapefiles.

Finally, the 3D polygons processed in the described way had to be converted to Cesium 3D
Tiles, the format to load data efficiently in the Cesium globe. As the Cesium globe uses the
World Geodetic System WGS84 (EPSG:4326), the Polygon Z-Shapefiles and the Mul-
tiPatch-Shapefiles were projected in ArcMap into geographic coordinates (tool «Project»).
Then, the shapefiles were converted with FME Workbench (Version 2020.0) [3] to the format
Cesium 3D Tiles with the respective writer, whereby the coordinate system was set to “Same
as the source”. The resulting Cesium 3D tilesets were stored on a geo-server, from where it
is called with a JavaScript code (Fig. 4) and displayed in the viewer of the 3D DSS.

In order to get an impression of the varying depth of the different tubes and trenches, the
functions to display the terrain in a transparent mode (Fig. 4) and a «Clipping plane» tool for
creating sections were programmed [4] When clicking on the button «Clipping plane», the
tool is activated. The terrain should be displayed in the opaque mode. Then, with a first click
on the ground, the beginning, and with a second click to the left side, the direction of the
clipping plane is defined. As result, all features in front of this virtual clipping plane are
hidden. Now, the terrain transparency can be activated to provide a view on the underground
infrastructure (Fig. 3.1 and 3.2).

Fig. 3: (1) Section view of the urban scene with opaque terrain and (2) with transparent
terrain, where the underground infrastructure is visible. (3) Information layer NISV-
Buffer. (4) Colouring by attribute: green = empty pipe blocks.
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2.3 Information to Support Analysis

Further information layer were added in different ways. For example, the zoning plan of the
cadastre of public-law restrictions on ownership is available as web feature service (WFS)
layer from the geographic information system of the Canton of Zurich. In the 3D DSS, the
data including the legend is directly called from the cantonal geo-server with the function
«Cesium.WebMapServicelmageryProvider». Accessing the data in this way also ensures that
the data layer is always up to date.

For analysing whether there might be conflicts with the Swiss regulation on the protection
against non-ionizing radiation (NISV), three different buffers (3 m, 5 m, 10 m) around the
buildings were calculated and then converted to GeoJSON files using Esri’s ArcMap. The
polygons are loaded in the 3D DSS with the function «Cesium.GeoJsonDataSource.load».
As a side effect, in areas overlapping with these polygons, 3D objects of the buildings or
trenches get automatically the polygons’ colour (Fig. 3.3).

Further data contained detailed information on the occupancy of the pipe blocks, e. g.,
whether they are empty or not. Hence, we used the function «Cesium.3DTileStyle» to col-
ourize the respective 3D data according to these attributes (Fig. 3.4, Fig. 4) [5].

// Code tested in Cesium Sandcastle with Cesium 1.76.
//Sandcastle_Begin
var viewer = new Cesium.Viewer("cesiumContainer", {

// Complete the swisstopo web access inscription form for accessing the image and terrain tiles.
// Load Swisstopo Images (swissimage-product)
imageryProvider : new Cesium.UrlTemplateImageryProvider({
url : "//<ServerName>/<Version>/ch.swisstopo.swissimage-product/<StyleName>/<Time>/
<TileMatrixSet>/<TileSetId>/<TileRow>/<TileCol>.<FormatExtension>",
subdomains: ‘0123456789,
availablelevels: [8, 10, 12, 14, 15, 16, 17, 18],
minimumRetrievingLevel: 8,
maximumLevel: 17,
tilingScheme: new Cesium.GeographicTilingScheme({
numberOfLevelZeroTilesX: 2,
numberOfLevelZeroTilesY: 1

1),
defaultAlpha: 0.5,
H}

)s

// Load Swisstopo Terrain (terrain.3d)
viewer.terrainProvider = new Cesium.CesiumTerrainProvider({

url : "https://<ServerName>/<Version>/ch.swisstopo.terrain.3d/<StyleName>/<Time>/
<TileMatrixSetID>/',

s

// Globe Translucency. Set front face translucency to 0.3 when the camera is 3500 meters from the surface and 1
as the camera distance approaches 15000 meters

viewer.scene.globe.translucency.frontFaceAlphaByDistance = new Cesium.NearFarScalar(3.5e2, 0.3, 15.0e2, 1);
viewer.scene.globe.translucency.enabled = true;

//Load the tileset "PipeBlock" and colour it FUCHSIA
var tileset = viewer.scene.primitives.add(
new Cesium.Cesium3DTileset({
url: 'http://localhost:8080/Specs/Data/Cesium3DTiles/Tilesets/PipeBlocks/tileset.json" ,
)

var defaultStyle = new Cesium.Cesium3DTileStyle({
color : "color('#FF@OFF')", //FUCHSIA
show : true

1)

tileset.style = defaultStyle;

// Load and colour a Cesium 3D tileset “PipeBlocksEMPTY” by the attribute “EMPTY”.
var tileset2 = viewer.scene.primitives.add(
new Cesium.Cesium3DTileset({
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url: 'http://localhost:8080/Specs/Data/Cesium3DTiles/Tilesets/PipeBlocksEMPTY/tileset.json"' ,
1)
function colorByEMPTY () {
tileset2.style = new Cesium.Cesium3DTileStyle({
color: {

conditions: [
["${EMPTY} === 1", "rgb(e, 245, @)"1,
["${EMPTY} === @", "rgb(245, @, 0)"],
[“true", “"rgb(245, 0, 0)"],

1,
18
s
}

tileset2.style = tileset2.style;
colorByEMPTY();
//Sandcastle_End
Fig. 4: Generic code example for loading the swisstopo terrain and orthophotos, enabling
globe translucency, loading and colouring a Cesium 3D tileset, and colouring a tile-
set by an attribute

3  Aspects for Advancing the Visualization Prototype

The presented approach is suitable for 3D visualization of infrastructure above and below
ground in a web-based platform on regional and local scale, including interfaces for interac-
tive spatial development modelling. However, we did not yet evaluate how well stakeholders
understand and can use this information in a planning process. Whereas transmission line
planning experts rated the visualization of underground infrastructure based on a demonstra-
tion as rather to very helpful (SCHITO et al. 2020), testing these visualizations also with other
stakeholders such as the general public is still required to analyse whether they are able to
use this information meaningfully. Furthermore, few experts found the visualization rather
not helpful or were undecided (SCHITO et al. 2020). In order to understand the further require-
ments regarding the visualization of underground infrastructure, hence, continued collabora-
tion with different stakeholders is necessary. Thereby, the focus must be kept on the main
purpose of the visualization platform. For fostering urban resilience, macro-level information
across different spatial scales supporting strategic planning and policy decision making is
required. Therefore, supporting the integration of the data above- and below ground and
providing meaningful indicators to understand the relationship between 3D urban patterns
and ecosystem services (ALAVIPANAH et al. 2016) is then more important, than visualizing
the accurate position and diameter of the tubes. In contrast, for facilitating design on the
micro-level, i.e., the building scale, a level of detail and accuracy is necessary that is “as-
built”, which is provided by building information models (BIM, WANG et al. 2019).

4  Discussion and Conclusion

Including the urban underground space into design and evaluation of urban development sce-
narios is crucial facing current trends of urban densification. The presented 3D web-platform
is feasible to visualize urban infrastructures above and below ground using CesiumlJS. With
the suggested advancements, namely, testing the visualization platform with different stake-
holders as well as complementing it with 3D urban ecosystem indicators for supporting iter-
ative processes of designing and evaluating urban development scenarios across scales, it
could become an effective digital tool, which can help to explore the design of resilient urban
systems. To further improve collaborative design and evaluation in three dimensions above
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and below ground, new approaches using 3D point clouds are promising (URECH 2020). As
recent developments already enable web-based visualization and exploration of massive 3D
point clouds in CesiumJS (DISCHER et al. 2019), their integration into the visualization plat-
form should be envisaged.
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Abstract: While there is a growing interest in employing planning and design tactics to improve air
quality issues, landscape architects often rely on coarse data that may not reflect hyperlocal conditions.
This paper explores how landscape architects might assemble their own sensor network to collect data
on hyperlocal air quality patterns, how this data might vary spatially and temporally across a site, and
how findings from this exercise might inform the site analysis process. To explore these issues, we
prototyped an affordable and mobile sensor network that could be publicly deployed to capture air
quality variation at the block scale. We tested the system by building units and collecting data across
the University of California, Davis campus for 30 days. By analyzing the resulting data, the sensor
system is capable of identifying spatial and temporal hotspots. More generally, when deployed at a
larger scale, such a system could be used to improve our understanding of hyperlocal air quality patterns
for planning and design.

Keywords: Sensors, landscape architecture, air quality, environmental monitoring, particulate matter

1 Introduction

The field of landscape architecture has a long history of using environmental data to help
make informed decisions about planning and design. Oftentimes, though, due to the time and
resource intensive nature of site-level data collection, this information tends to be secondary,
coarse, and abstract with limited ties to the landscape itself. As a result, assumptions are often
made about hyperlocal variations in environmental conditions. Recently, though, there has
been a growing desire in the field to find new ways of understanding hyperlocal site condi-
tions through the development and deployment of environmental sensors (CANTRELL &
HOLZMAN 2015, LOKMAN 2017, CANTRELL & MEKIES 2018).

In this paper, we explore how landscape architects might assemble their own units to collect
data on hyperlocal air quality patterns, how this data might vary spatially and temporally, and
how findings might inform the site analysis process. To do this, the paper begins by address-
ing why landscape architects are increasingly interested in gathering site-level air quality
data. The paper then explores how some academics and practitioners are currently experi-
menting with air quality monitoring in their work. The paper continues by unpacking the
methodology of a recent hyperlocal air quality monitoring project with details about the site
and general study design. The paper concludes with results from the study, a discussion of
preliminary observations as well as potential avenues for future research.

To begin, there are a number of reasons why landscape architects are increasingly interested
in gathering site-level air quality data. In a broad sense, the field of landscape architecture
has experienced a shift towards evidence-based design and landscape performance metrics
(DEMING & SWAFFIELD 2011). Secondly, air pollution is considered a major risk factor for
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adverse health effects and with climate change, air pollution is becoming an increasingly
problematic issue (TIBBETTS 2015). Furthermore, in many parts of the world, air pollution is
not equally distributed across populations, leading to environmental justice concerns. In ad-
dition, recent evidence suggests that tactics employed by landscape architects can improve
air quality issues; this can happen at a master-planning scale with the careful siting of pro-
grams and site elements to minimize risk and this can also happen at a design scale with the
development and incorporation of green infrastructure (BARWISE & KUMAR 2020, HEWITT,
ASHWORTH & MACKENZIE 2020). Furthermore, air quality sensors are becoming more af-
fordable and user-friendly due to a changing paradigm in environmental monitoring that is
increasing the diversity of available sensor technology (SNYDER et al. 2013). Lastly, these
new systems for gathering site-level air quality data are helping to fill gaps in existing
knowledge, both spatially and temporally, as landscape architects have traditionally used
generalized and averaged air quality information at the local or regional scale.

The potential for employing sensor-based technology in landscape architecture has become
a growing topic of discussion in the field (CANTRELL & HOLZMAN 2015, LOKMAN 2017,
CANTRELL & MEKIES 2018). At the same time, while some academics and practitioners in
the field have experimented with hyperlocal air quality monitoring, the work has been pri-
marily speculative or limited (CHADDERTON 2020, ERVIN 2018). On the speculative end,
there are academic projects like Metabolic Forest (COX & DARDEN 2013) and The Digital &
The Wild (DUKE 2016), both of which explore the role of air quality sensing in creating
responsive feedback loops for design. On the implemented but limited end, there are projects
like Atmosphere InFormed (SPERANZA et al. 2016) and Greenscapes to Brownscapes: A
Study on Impacts to Contaminant Levels in Landscapes Adjacent to Highways (HARVEY &
ADAMS 2020), both of which are real-world air quality monitoring pilot studies but are not
yet scalable.

Additionally, there are a number of air quality monitoring precedents outside the field of
landscape architecture that might be of use for designers interested in collecting site-level
data. Two precedents of particular interest for this project come from PurpleAir and Aclima.
To start, PurpleAir is a widely used air quality sensor network platform that provides real-
time data on an online map. The sensors that are available for purchase through the company
are relatively small and affordable — $250 at the low end — and use laser particle counters to
detect PM2.5 levels in the air (PURPLEAIR 2020). Due to their stationary design, this network
is dependent on a dense and geographically-dispersed series of sensors to provide a holistic
overview of hyperlocal conditions. Aclima, on the other hand, has developed an air pollution
monitoring platform that pulls data from both stationary and roving sensors. For one project,
Aclima affixed air quality sensors onto Google Street View cars and collected data in West
Oakland, California. The data from this study showed small-scale variability in air quality,
even within individual city blocks, highlighting the potential benefits of a roving sensor sys-
tem over the interpolation of stationary sensors (APTE et al. 2017). The lab-grade sensors
used in this project were expensive and large; thus, the data collection platform cannot be
easily configured into a distributed system.

The study outlined in this paper sought to merge principles from both precedent projects
outlined above to prototype an affordable and roving sensor network that could be deployed
to the public to capture air quality variation at the block scale. The research team was driven
by three primary questions: 1) How can we design an air quality unit assembly process to be
open and accessible? 2) What general conclusions can be drawn from the spatial and temporal
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variability in the data? And 3) How might these findings impact the site analysis portion of
the design process?

2  Methods

To address these questions, an interdisciplinary team of researchers formed with expertise in
landscape architecture, urban design, computer science and electrical engineering. Addition-
ally, experts in atmospheric pollutants and climate science were consulted. Our site for the
study was the main campus of the University of California, Davis, located in the Central
Valley of California, roughly 24 kilometers west of Sacramento. This region of California —
due to its topography, proximity to wildlands and wildfire, and agricultural land use — is a
unique landscape for studying particulate matter (PM2.5) levels. Furthermore, the city of
Davis has only one regulatory air quality monitor and 21 citizen science monitors; all of these
are stationary and only one is located on the main campus of the university.

To study the hyperlocal PM2.5 conditions of campus and to help augment existing air quality
data, the team aimed to create a mobile low-cost sensor network called “Aggie Air” to gather
hyperlocal and real-time data on PM 2.5 air pollution. The first step towards developing this
network was to design hardware for individual units using an Arduino platform. For the sen-
sor itself, the team selected the PMS5003 model by Plantower which “uses laser scattering
to radiate suspending particles in the air, then collects scattering light to obtain the curve of
scattering light change with time. The microprocessor calculates equivalent particle diameter
and the number of particles with different diameter per unit volume” (ADAFRUIT 2020). This
specific model was selected because recent studies indicate that it is suitable for studying
short-term spatially localized particulate matter concentrations (BULOT et al. 2019).

The alpha version of the unit featured the particulate matter concentration sensor, a GPS module
for logging locations, and an SD card module for saving data. After initial testing, the team
refined the prototype with a stripped-down beta version; the GPS module and SD card module
were removed and replaced with a Bluetooth-enabled mobile app to log locations and transfer
data to a cloud-based database (Fig. 1). This shift simplified the construction of the unit while
reducing the overall cost to under $100 per unit. Ultimately, a small fleet of twenty units were
built that could be affixed onto bikes and used across campus to collect data.
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Fig. 1: Components of the final Beta unit
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While the research team initially intended to recruit twenty undergraduates to collect data,
health and safety concerns associated with COVID-19 precluded this from happening. Thus,
one research member from the team collected data for the study. Over the course of 30 days,
this research member traced the same route across campus each day following four north-to-
south transects, logged air quality data, and mapped surface adjacencies along the route to
better understand context (Fig. 2). For the adjacency mapping, the researcher documented
the primary surface conditions twenty feet from the route on both sides of the bike. Further-
more, to better understand temporal patterns, the research member alternated the time of day
data was collected — 10 days focused on morning hours from 8-11am, 10 days focused on
afternoon hours from 1-4pm and 10 days focused on evening hours from 6-9pm.
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Fig. 2: The data collection route and the surface adjacency mapping

During the rides, real-time PM2.5 data was expressed through a color-changing LED attached
to the unit, which functioned as an actuator, and was displayed on an app displaying a digital
map of campus that was searchable by date and time. Both the real-time and batched data
used the standard air quality index color code ranging from green (good) to maroon (hazard-
ous).

Lastly, for context, over the course of the 30-day data collection period, the prevailing wind
primarily came from the north at an average speed of 8kph, the average temperature was 14
degrees Celsius. Furthermore, while detailed traffic data for the city blocks around campus
and along State Route 113 and I-80 was unavailable for the data collection period, it is gen-
erally known that weekday mornings and Friday afternoons tend to have higher rates of traf-
fic congestion than other times of the week.

3  Findings

The first question that drove this study focused on how the air quality unit assembly and data
collection process might be designed to be open and accessible. To do this, the research team
developed a step-by-step instruction manual to lead people through the process in a straight-
forward manner. While the research team intended to recruit a number of undergraduate stu-
dents to test the manual, this was not possible due to health and safety concerns associated
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with COVID-19. That being said, three members of the interdisciplinary team tested the in-
structions for the Beta design, successfully built fully-functional units, and were able to col-
lect data across campus using the platform.

The second question that drove this study focused on what general conclusions could be
drawn from the spatial and temporal variability in the collected data. To unpack the spatial
variability in the study, the research team mapped the 90" percentile of PM2.5 levels at each
spatial location along the bike route for each of the thirty rides, created a color gradient from
purple (fewer instances) to yellow (more instances), and visually analyzed the resulting map.
Ultimately, 14 geographically-dispersed hotspots were identified based on areas that con-
tained yellow pixels. Of those 14, three hotspots with the most yellow pixels were selected
for further analysis (Fig. 3). These three areas appeared to share four general characteristics.
Each areas was located on the edge of campus, close to a vehicular intersection, on a dedi-
cated bike lane along an active road, and were adjacent to surface conditions comprised of
hardscape or built-up areas. To unpack the temporal variability in the study, the research team
grouped the morning, afternoon, and evening rides and plotted the PM2.5 levels (Fig. 4). The
resulting data showed elevated PM2.5 levels in the evening hours followed by elevated levels
in the morning hours. Rides done in the afternoon hours showed the lowest PM2.5 levels of
the three sets.
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Fig. 3: Heat map showing 90th percentile PM2.5 areas for the 30 rides and the 14 hotspots
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Fig. 4: PM2.5 levels grouped by morning, afternoon, and evening rides
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The final question that drove this study considered how the spatial and temporal patterns
observed in the data might inform the site analysis process. For this, the research team spec-
ulated about how design and planning professionals might use this data in their work and
how the general conclusions from the study might raise questions about potential site inter-
ventions in the future. Based on the spatial findings from the study, two questions were de-
veloped for potential development sites located on the edge of campus, near active roads and
intersections, and next to significant hardscape or built-up zones: 1) Should areas like these
be reserved for certain types of campus programming to reduce long-term exposure to ele-
vated PM2.5 levels? And 2) Might these areas benefit from increased green infrastructural
interventions to reduce hyperlocal air quality issues? Based on the temporal findings from
the study, one question for future research was developed: Could responsive landscape sys-
tems be designed to offer sites more protection in the evening hours?

4 Discussion and Conclusion

The potential for using an affordable and mobile sensor network, like the one outlined in this
study, to better understand hyperlocal air quality patterns for planning and design is signifi-
cant. This kind of system could be employed by landscape architects for site analysis to un-
derstand hyperlocal environmental risks and could also be helpful post-construction for de-
signers to monitor the impact of built work on air quality levels in an effort to guide future
management protocols and site design. The individual units developed for the project are
significantly more affordable than off-the-shelf units and are easy enough to assemble with
the step-by-step manual. Furthermore, the research team was able to draw general spatial and
temporal conclusions from the pilot project data that might be helpful for designers.

Currently, though, the data collection process put forth in this study should only serve as a
tool that can be used to generate hypotheses for further testing and exploration. To move the
project forward towards specific design and planning recommendations, a number of study
limitations must be addressed. To begin, more people should be recruited to test the unit
assembly process to better understand the ease of construction. Secondly, more PM2.5 data
should be gathered. Multiple units should collect data simultaneously to cross-validate levels,
the route should be expanded to include more areas of campus, and the data collection process
should extend beyond 30 days to capture multiple seasons and conditions. Furthermore, more
time should be spent on analyzing site conditions to better understand potential correlations.
Lastly, the following technical issues with the system should be addressed. The campus-wide
WiFi network was often too weak and unreliable to use for data collection so the research
team resorted to using mobile phone hotspots. The mobile app had to be physically open for
the data to be logged and the app only functioned on Android devices. The mobile phone and
the unit had to be charged before every ride for a reliable power supply. Lastly, while this
was not an issue for the short-term study outlined in this paper, future longer-term studies
should consider the potential for data drift and should plan for sensor re-calibration.
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Abstract: For over a decade, the increasing effect of climate change patterns has become a global
challenge to be considered and integrated on all levels into the planning of cities. Europe's extreme
climate has continued to shatter heat records in the past ten years and is projected to worsen. The local
heat islands in dense urban environments are affecting buildings' energy consumption and outdoor air
quality, as well as increasingly influencing the health and well-being of the growing urban population,
especially the elderly. Therefore, cities are a challenge when developing and adopting sustainable ac-
tions to mitigate the worsening urban thermal environment in upcoming years. The purpose of this
research conducted under the supervision of Prof. Dr. Pia Fricker, Professorship for Computational
Design in Landscape Architecture and Urbanism at Aalto University Finland, is to provide developed
urban areas with a set of feasible and ecological outdoor thermal comfort mitigation solution strategies
in respect to the changing climatic conditions of the future. The paper takes Helsinki as a pilot site, as
it represents an average dense city with a high representative number of elderly citizens. Special focus
is set on researching the performance of small-scale interventions which support the well-being of peo-
ple living in affected urban areas. The applications fill an existing gap in urban services and infrastruc-
ture found in projected extreme climate change and engages citizens in the urban climate adaptation
process.

Keywords: Heat environment, web-based application, sustainable urban design strategies, outdoor
thermal comfort, dense urban environment

1 Introduction

1.1 General Introduction

Urbanization is a global trend, with 2.5 billion people expected to be residing in cities by
2050 (UN 2014). In the meantime, projected extreme weather events due to climate change
will become more frequent and severe (EEA 2020). Heatwaves are the deadliest type of
weather-related event, accounting for 68% of the 90,325 additional deaths throughout the
whole of Europe during the period 1980 to 2017 (EEA 2020). Even in the Nordic countries,
mortality rates due to heatwaves outstrip mortality rates caused by other extreme weather
events (EEA 2017). Furthermore, the elderly, children, patients with pre-existing chronic ill-
nesses, and groups in asthenic socioeconomic conditions are frequently listed as the most
vulnerable communities among urban residents (KERAMITSOGLOU et al. 2017, SMID et al.
2019). In the urban context, urban structure and landcover contribute to the urban heat island
(KLOK & ZWART 2012), which intensifies heat events locally. Variations in temperature
range from 1 to 10 °C difference between densely urbanised areas and rural backgrounds
(ULPIANT 2021), exacerbating the impact of heatwaves on human health (COFFEL 2018). Sim-
ultaneously, heatwave events increase energy consumption needed for cooling down and in-
creases costs for construction and infrastructure maintenance (COFFEL 2018).

Journal of Digital Landscape Architecture, 6-2021, pp. 101-111. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705007.



102 Journal of Digital Landscape Architecture - 6-2021

Even though Helsinki is commonly regarded as a city with moderate temperature, the in-
creasing effects of heatwaves has had a noticeable impact. According to the FINNISH METE-
OROLOGICAL INSTITUTE (2019), the City of Helsinki counted 25 heatwaves in 2018, with
these resulting in 380 fatal casualties. Even if emissions were controlled (RCP=4.5), the max-
imum and average summer temperature in Helsinki in 2100 will increase by 3 degrees com-
pared to the present (MAKELA 2016). In response to climate change, Helsinki has set up sev-
eral sustainable development goals by locally implementing sustainable development respon-
sibility (CITY OF HELSINKI 2019). However, Helsinki has not carried out relevant research on
how to alleviate the urban thermal environment in the field of urban design or landscape
architecture.

1.2 Outdoor Thermal Comfort Indices and Models

Outdoor thermal comfort research aims to ameliorate the worse effects of a heating urban
environment, while human subjective perception is the direct method to evaluate it. Although
the questionnaire survey method used in the initial stage here can immediately reflect the
human body's subjective sensing, it requires mass human resources and large uncertainties
(TSOKA 2018, ASGHARI 2019, THORSSON 2017). The outdoor thermal comfort approach pro-
poses establishing a relationship between the external space and the human body's thermal
sensation. These indicators assess the outside climate and predict heat perceptions with po-
tential risks (BLAZEJICZYK 2012).

Table 1: The actual thermal perception represented by various thermal comfort indices

values

WGBT HI Humidex SET PMV PET PST COMFA  UTal

Unit € o < C ¢ Lo W/m2 o

Frosty @ <-36 <27
Very cold % <3 <4 3616 T

cold B 6-4 <150  -130

Cool i) <17 3 8-18 414 -150--50 0-9
Comfortable () <18 20-30 17-30 -1 18-23 14-24 50-50 9-26
warm {7 1824 27-32 30-40 3034 12 2335 24-34 50-150 26.32
Hot % 24.28 32-41 4045 3437 23 35-41 34-44 5150 32-48
Veyhot ) 28-30 41-54 4555 >37 >3 341 44.54 3846
Sweltering E >30 >54 >55 >54 >46

Indices in the early stage, such as the WetBulb Globe Temperature (WBGT) and Heat Index
(HI), establish heat sensation judgments grounded on the relationship between meteorologi-
cal parameters, such as air temperature and humidity, without considering the heat transfer
model (BLAZEICZYK 2012). Correcting from indoor thermal indicators, the outdoor indices,
such as the Physiological Equivalent Temperature (PET) and the Standard Effective Tem-
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perature (SET), import the steady heat transfer model into the heat sensation calculation,
which includes the heat exchange between the human body and the environment (CHENG
2012, FANG 2019). Contrary to the steady heat transfer model's assumptions, the human ther-
mal load continually changes in actual outdoor space. It takes a long time to reach a steady
state in daily life while the human body is exposed outside for a short time (HOPPE 2002).
Thus, the current indices, such as the dynamic Physiological Equivalent Temperature (dPET)
and Universal Thermal Climate Index (UTCI), are developed to describe the thermal sensa-
tion based on the dynamic heat transfer model (MAHGOUB 2019, BLAZEICZYK 2013, FANG
2019). Despite the different calculation principles, Table 1 compares the perception interval
of indices established in various stages. The PST and UTCI have a more reliable sensation
calculation principle and comprehensive applicable temperature range. Therefore, PST and
UTCI are adequate for outdoor thermal environment assessment.

A variety of software and platforms are certified to simulate the outdoor thermal comfort in
an urban context effectively, with the most frequently used software listed as follows:

e Based on the grid level, the Envi-met computes the comfort indices through complex
iterative operations of interactions between the urban context and meteorological aspects
(Tsoka 2018, LATINI 2010, KANTOR 2018, ASGHARI 2019). On the one hand, the model
includes the most comprehensive aspects, and the result can illustrate every single value
in three-dimensional grids. On the other hand, it is impractical in the urban design pro-
cess as elements are constructed in pixel units. Moreover, the software needs a high-
capacity carrier where the process takes more than one day with a large-scale area.

e BUENO (2010) published Urban Weather Generator (UWG) on the grasshopper platform
to analyse the UHI effect in urban canyon and its impact on architecture energy perfor-
mance. The plugin is continuously under contribution. The UWG focus on neighbour-
hood-scale simulation of the urban canopy layer heat exchange produced by buildings.
Unfortunately, the plugin lacks some environmental parameters, such as the effect of
water evaporation.

e The Solar Longwave Environment Irradiance Geometry (SOLWEIG) model calculates
radiant fluxes and MRT from Digital Surface Models (LINDBERG 2018, KANTOR 2018,
THORSSON 2017). The model simplifies three-dimensional geometries into raster images
with elevation information, which reduces the workflows and time-consumption. How-
ever, the SOLWEIG model only supports points-based PET and UTCI calculations in
the newest version.

e Rayman software calculates the sunshine duration, shadow space, radiation flux, and
thermal relevant indices assessment by inputting small meteorological data quantities
(MATZARAKIS 2010, KANTOR 2018). Limitations exist due to incompatibility with low
solar angles and the unexplainable shortwave radiation reflection.

For city level simulation, the Envi-met is more comprehensive, requiring a high-capacity
carrier to process extensive information. The Grasshopper concentrates on building perfor-
mance. The SOLWEIG model simplifies the complexity and time-consuming calculations
compared to Envi-met.

1.3 A Survey of Current Urban Mitigating Strategies

Cities adopt diversiform strategies to mitigate the urban heat environment. According to ac-
tion principles, research divides strategies into four categories: changing surface albedo, in-
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tercepting solar radiation, enhancing air circulation, and direct cooling devices. Albedo,
which means the ratio of the reflected solar radiation and the total received radiation by an
object, determines ground surfaces' thermal behaviour (HULLEY 2012). The covering mate-
rials with higher albedos contribute more to UHI. Canoga Park in California has tested that
a dark asphalt road with white paint coverings can lead to the 11 °C temperature difference
on its surface (RIPPE 2017). TAKEBAYASHI (2009) has also proven that different parking pav-
ing can have 40 °C surface temperature differences at maximum. Vegetation has a similar
albedo as brick and stone, whereas the interception of solar energy makes the vegetation play
a prior role in mitigating the thermal environment. The surface covered with vertical green
has a much lower temperature than non-organic materials such as concrete and wood
(SCHROPFER 2020). The City of Phoenix initiated the Cool Urban Space project in 2014,
which compared treeless and tree canopy covered communities. It turned out that tree canopy
environments lead to a 4.3 °F temperature difference, and the grass-covered surfaces led to a
0.5 °F temperature reduction (MIDDEL 2014). Moreover, many cities use wind channels to
mitigate intensified urban heat environments. Currently, cities such as Stuttgart, Tokyo, and
Hong Kong have formulated relevant planning and design guidelines to optimize urban ven-
tilation. Similar to an air conditioner's principle, many cooling devices have been developed
for outdoor human body cooling through heat transferring. For instance, the outdoor cooling
mechanism known as the Angels in Singapore provides an artificial breeze to pedestrians
through the whale tail shape device. A 550 by 50 m2 passive air conditioning system called
Eco-boulevard in Madrid uses evapotranspiration to chill the nearby microclimate when the
temperature is above 27 °C. Another frequently used piece of equipment is the outdoor mist-
ing system, where vents connected with water tanks or pipes spray liquid mist outside to cool
the pedestrians physically. In summary, the strategies that have been implemented so far have
been verified to alleviate the urban heat environment effectively. However, except for cool-
ing devices, most strategies are investigated and targeted at cities rather than people living in
cities themselves. The cooling devices usually need large space occupation to realize neigh-
bourhood-scale air chilling, which is not suitable in the developed dense urban area.

2  Heat Environment in Helsinki

2.1 Simulation and Data Description

This current research aims to provide the developed dense urban area with a set of sustainable
outdoor thermal comfort mitigation solutions directed towards the predicted severe climate
situation of the future. Helsinki, as a good pilot area, represents an average dense city with a
high representative number of elderly citizens. Currently, there is limited thermal environ-
ment research based on the Helsinki context which is also visible in a rather small amount of
innovative data interaction (FRICKER et al. 2015). Therefore, the paper starts with an investi-
gation of Helsinki's thermal environment and finds out the severe space.

From the city level, most of the population, including older adults (over 65 years old), are
found in the city centre, which is also in poor green condition and paved with vast imperme-
able materials. The city centre of approximately 25 km2 was chosen as the pilot area. Con-
sidering the spatial scale and calculation duration, the SOLWEIG model is most suitable.
Overlaying the digital surface models (DSM) in a specific format with input meteorological
data, the model will analyse longwave and shortwave radiation fluxes individually. The sum-
marization of fluxes density will determine the mean radiant temperature (Tmrt) as the output
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through the Stefan-Boltzmann law (LINDBERG 2018). The Tmrt index is the essential param-
eter of UTCI. The UTCI calculation in mathematical terms is as follows:

UTCI = f (Ta; Tmrt; va; vp)
=Ta + Offset (Ta; Tmrt; va; vp) (BLAZEICZYK et al. 2013)

Currently, the latest SOLWEIG can only support the UTCI calculation in specified points. In
order to overcome this, this research composes a script to calculate the UTCI in the whole
region. When the Tmrt is computed, the generated raster images from the SOLWEIG will be
transferred into a numerary array that records the value information. The script will read the
array as a loop and do a mathematical calculation of the UTCI. Then, the calculated results
will be returned as a new array and form a new raster dataset. The UTCI calculation formula
refers to RAMSDEN (2015).

The input data consists of the city lidar dataset and the meteorological parameters. The re-
search takes climate data from the Kaisaniemi weather station on the 15th July to simulate
the outdoor heat environment. The lidar data is a three-dimensional point set scanned at 550m
height in 2018. Dot density in the nadir was 21 points/m2, and side coverage of queues is
50%. Due to the errors, the land use information is overlayed to reclassify the point attribute
and repatch the blank area. The urban geographical information and digital model are derived
from the reclassified lidar dataset.

Fig. 1: The Helsinki LIDAR set in 2018 transformed to Digital Elevation Map and sky view
factor for thermal simulation (Data from Helsinki Map Service 2017)

2.2 A Description of Urban Heat Environment on Specific Date

The simulation studies the outdoor thermal environment in Helsinki on the 15th July 2018.
Simulations describe the Helsinki thermal environment in 2m-by-2m grids at different peri-
ods (Fig. 2). The findings illustrate thermal pressure beginning to appear in the local central
area, mainly during the morning. The thermal pressure continued until 17:00 when most of
the area returned to an acceptable level. At 19:00, the whole area accomplished a thermally
comfortable state. In general, wharves, open arterial roads, and public open spaces, such as
squares and artificial parks, are the most thermally stressed areas due to lack of shelter from
trees or buildings.
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7:00 9:00 11:00

19:00

Fig. 2: Apparent temperature from 7:00 to 19:00 on 15th July 2018

Consistent with the analysis from LATINI (2010) and KANTOR (2018), green and construction
shelters can effectively reduce heat perception. A plot under a tree or building shading can
be 7 or 8 °C lower than the plot on the same landcover without shading. However, compared
with other paving, grassland has an inconspicuous impact on thermal pressure relief with
approximately 1 °C difference, which does not match the simulation results from LATINI
(2010). Architecture is a contradiction to the thermal environment. On the one hand, the
shadow of buildings reduces body temperature effectively. While, on the other hand, the
space near the sunny side of the building will be about half a degree Celsius higher than the
street temperature. In other words, whether the impact of the building on the ambient space
is positive or negative depends on different times of the day.

1. Tree shading, 26.2 - 27.2 °C
2. Building shading, 25.8 - 27.8 °C

3. Sunward facade of building,
34.9-35:5°C

4. Grass paving, 32.5- 33 °C
5. Soil paving, 33.4 - 33.7 °C

6. Hard paving, 33.8 - 34.1 °C

Fig. 3: Apparent temperature in different spaces at 13:00 on 15th July 2018
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3 Urban Cooling Strategies

3.1 Urban Cooling Strategies Based on Existing Context

It is easy to foresee that heatwaves in Finland will become more frequent in the future. Var-
ious outdoor spaces will become hazardous for citizens in these cases. To promote better
outdoor quality and human well-being, multiple urban cooling strategies are conceived.
Three kinds of cooling strategies for Helsinki to pursue a more resilient city were identified:
adding green canopies, intelligent facades, and outdoor cooling mechanisms.

Shading is the most intuitive way to cool down pedestrian level thermal sensation, and trees
have noticeable effects. Previous research and simulations have illustrated that different land
coverings possess limited impacts on outdoor thermal comfort, whereas planting trees is a
more efficient way. In Helsinki, there are many no tree-covered outer spaces. These areas are
at high risk on heatwave occasions. The situation would be significantly improved if trees
shaded these places. According to the different functions of outdoor spaces, experiments are
taken to simulate woody plants' effects. The simulation areas are between 8,000 to 10,000
m2, identified as the hot zone in the previous simulation. The trees are deciduous, with 8
meters in diameters and 15 meters in height (5 meters trunk zone). As a result, a single arbor
with an approximate 50 m2 canopy can produce approximately 84 m2 shaded areas at 1 pm.
For instance, in Kasarmitori, 30 deciduous can shade approximately 3000 m2 squares in sim-
ulation (Fig. 4).
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Fig. 4: Simulating the impact of 15 & 30 more trees in Kasarmitori

Facades, as the complicated interface protecting or regulating the building interior from the
fluctuations of the outside environment, have an underlying impact on the surrounding mi-
croclimate (HOSSEINT 2019). Currently, intelligent facades focus on indoor ventilation and
light volume. Besides enhancing the indoor ventilation, the dynamic fagades can also extend
the architecture's shadow range and reduce the reflected solar radiation to the sidewalk in
summer, providing a delightful walking space for pedestrians.

Although there will be 2 °C temperature increase in the winter of 2050, extreme climate
change means intense snowfall (> 10 cm/day) will be more common in Finland (FINNISH
METEOROLOGICAL INSTITUTE 2019). Therefore, the research proposes a mechanical device
that enables small area cooling in high-temperature weather. The mechanism, on the contrary,
is an ecological response to the scorching climate through releasing the stored winter snow
as cold air during heatwaves. The prototype of the mechanism consists of underground stor-
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age part and the above-ground device part. In the winter, people can put accumulated snow
into steel spaces through coarse filtering. The insulation materials ensure the long period
storage of snow. When the heatwave comes, the sensor activates the pump to release the
snow water outside. The mechanism can be combined with existing urban furniture for saving
space.

3.2 Interactive Platform for Residents and Governors

Climate responses are considered governmental responsibilities in many countries, such as
Australia, the United Kingdom, and India (SARZYNSKI 2015). It is difficult for citizens to
participate effectively because the relevant technical knowledge is hard to understand and it
is difficult to explain how global changes translate into local hazards (SARZYNSKI 2015).
However, expectations of collaboration between authorities and citizens in climate change
adaption are rising, and scholars are pursuing more efficient public engagement (KLEIN
2018). In Helmond, the Brainport Smart District is developed to embed smart technology and
service in daily life, generate knowledge from residents, and enable development simultane-
ously (Hoop 2019). Helsinki’s city council is also committed to using smart technology to
strengthen citizens’ participation and collaboration abilities (HAMALAINEN 2019).

Agperen. Temperature
32EB°C

Strong Heat Siress

Fig. 5: Digital services provide location-based information of heat perception, outdoor ac-
tivity route, and cooling mechanism nearby

Therefore, this paper advocates an interactive platform to provide citizens with substantial
services in the summer, put the responsibility back in the hands of residents, and train aware-
ness of climate change simultaneously. As a carrier of thermal environment simulations and
designs, the designed web-based platform interacts with residents and urban managers in a
more intuitive and visual way. The designed application, as the output of the platform, con-
sists of four primary services: Urban Heat Map, Feedback from Citizens, Outdoor Activity
Guidance, and Integration of Snow House Mechanism in the Application. According to the
GPS positions, the application will send the precise heat stress data of their place and provide
users with a more suitable and site-specific proposal for outdoor activities. Users can also
control the mechanism to cool down nearby areas on this platform (Fig. 5). Furthermore, the
application allows public decision-makers to “listen” to citizens’ voices in a more focused



C. Yao, P. Fricker: How to Cool Down Dense Urban Environments? 109

and site-specific manner, which would prevent authorities from investing in time-intensive
research. Instead, concrete measures, such as planting trees, building intelligent facades, and
installing cooling mechanisms, could be taken. Through this platform, residents can partici-
pate in these actions to ameliorate the worst effects of Helsinki’s thermal environment and
sense the city's improvements. Governors can also selectively intervene in urban space
through feedback from users.

4  Conclusions and Discussion

Using Helsinki as a test case, this paper provides dense urban areas with a set of sustainable
outdoor thermal comfort mitigation solutions (Fig. 8) to address the current severe climate
situation. On the one hand, the design works to fill the existing gap in urban services and
infrastructure embedded within the developing extreme climate situation. On the other hand,
participating in the thermal environment confrontation will popularize sustainable awareness
among urban residents. Unlike the traditional urban thermal environment design or planning,
which emphasizes the planning of new urban districts, this research focuses on mitigating
heat sensation within existing contexts. Therefore, the strategies put particular emphasis on
the performance of small-scale interventions in dense urban areas and supporting the well-
being of people living in affected areas. Strategies are based on the Helsinki context, but
many other countries in similar situation can refer and adapt to their own local conditions.

ﬂban ﬂ \
Form \ < | urban
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Heat .
Meterological | . . vereierieeneop | Environment enissmansaiyasea Severe NN (- ey (I I Cooling
Data Situation Areas \‘/ Strategies
- :

Digital
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Fig. 6: Diagrammatic overview for developed heat environment mitigation model
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Furthermore, the SOLWEIG model is used to evaluate the large-scale urban thermal envi-
ronment effectively. As a result, shelters from trees or constructions are the most reliable
urban elements to reduce thermal perceptions by 7 to 8 degrees. Different ground paving has
limited contributions to the environment compared with trees. The paper also proposes that
increasing the tree canopy can impact the different urban spaces positively in heatwave
events. However, the SOLWEIG model currently does not consider energy consumption in
the simulation, which means the influence of heat generated by human behaviour in buildings
on the external environment needs to be studied.
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Abstract: Experts in climate communication have long understood that depictions of potential extreme
events may overwhelm audiences and be discounted in favour of more salient, near-term concerns.
Despite this guidance, many coastal resilience processes rely on conventional visualizations of sea level
rise that combine representations of worst-case storm events with high levels of sea level rise due to
expert preferences or availability of modelling. To make projections salient and relatable to existing
environmental signals, we advocate for separating depictions of the effects of sea level rise from depic-
tions of storm surge and for depicting impacts of sea level rise that are relevant to near-term adaptation
decisions such as roads obstructed by astronomical high tides. We test effects on perceptions of salience
of sea level scenarios, storm surge risk, and legitimacy of visualizations as a first step toward testing
the hypothesis that alternative sea level rise visualizations will be more effective tools for engaging the
public in coastal resilience processes.

Keywords: Resilience, realism, visualization, sea level rise, storm surge

1 Introduction

This work explores using semi-realistic 3D depictions of near-term impacts such as marsh
migration and frequent road obstruction in lieu of inundation as tools to support resilience
planning. We hypothesize that representing impacts related to observed experience such as
septic failures and beach closures due to nutrient pollution occurring today or in the foresee-
able future will be more salient to stakeholders and stimulate constructive engagement. This
addresses an observed gap in the effectiveness of sea level visualizations used for engage-
ment on coastal hazards. To develop a baseline understanding of viewer perceptions, we pre-
sent a case study of visualizations of near-term sea level impacts used as part of a coastal
resilience process in Portsmouth Rhode Island, USA (henceforth referred to as Portsmouth).
We examine the use case for impact visualizations, explore factors affecting their utility such
as the perceived salience of different scenario levels, and test the perceived legitimacy of
these visualizations as a first step in addressing this hypothesis.

Sea level rise (SLR) poses an existential threat to many coastal communities. Intermittent
flooding of roads due to astronomical high tides, septic system failures due to rising water
tables, and marsh migration, among other impacts, create a nuisance to property owners and
neighbourhoods and in some cases force abandonment long before residences are inundated.
Municipalities must allocate limited adaptation resources and face the stark reality that
providing services and access to all areas may not be feasible. Making policy, protocols, and
incentives for retreat is politically difficult and requires earnest engagement by stakeholders.
Decision makers turn to a variety of communication tools as part of the process. One such
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tool, the conventional visualization of SLR, combines the effects of SLR and storm surge,
displaying levels of inundation that completely submerge the neighbourhoods that face such
adaptation decisions (e. g., SPAULDING et al. 2016). These visualizations depicting commu-
nities submerged beneath “blue blobs” of flood waters can overwhelm stakeholders, reduce
feelings of self-efficacy, and lead stakeholders to discount risks (O'NEILL & NICHOLSON-
COLE 2009). These feelings of helplessness were expressed by a local town councillor in the
subject community who said simply: “you’re bumming us out”.

@5

A
Island Park 5 i Island Park
Portsmouth, Rhode Island F Portsmouth, Rhode Island

sea level rise. —— 5 ea lovel rise.

Fig. 1: Survey images from set 1. Depictions of Island Park (bottom) highlight Marsh mi-
gration (green), and obstructed roads (red) and mean high water (blue). Similar vis-
ualizations of Common Fence Point were also presented. (authors).

Common Fence Point E % Island Park
Portsmouth, b £ g Portsmouth,
Rhode Island — Rhode Island

Carol (1954]

Fig. 2: Set 2 of survey images. Visualizations of Hurricane Carol’s storm surge at today’s
sea level and buildout at Common Fence Point (left) and Island Park (right) (authors)

The localization of impacts, which has long been thought to be an effective means of increas-
ing salience and risk perceptions of sea level impacts to inform resilience planning
(RETCHLESS 2014), has been called into question by recent research that suggests localization
using inundation maps might not be effective at promoting adaptive behaviour (MILDEN-
BERGER et al. 2019, SCHULDT et al. 2018). We argue that localization, in and of itself, is
insufficient to overcome other heuristics of risk perception that cause stakeholders to discount
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risk. The visualizations tested in this study separate depictions of storm surge from SLR so
as not to conflate the inevitable effects of SLR with a low probability event (Figure 1, Figure
2). They emphasize impacts such as road obstruction and marsh migration that occur beyond
mean high water and can be associated with observable environmental signals that increase
the salience of projected outcomes (OLMAN and DEVASTO 2020, DEVASTO 2018) (Figure 3).

Fig. 3: Anexample of an environmental signal. Flooded athletic fields likely subject to marsh
conversion in Common Fence Point Park, 2018 (Michael Asciola, via MyCoast)

2  Methods

An online survey was developed in collaboration with Portsmouth and the URI Coastal Re-
sources Center (CRC). This work was incorporated into a coastal resilience initiative con-
ducted by CRC, Portsmouth, and local organizations such as the Common Fence Point Im-
provement Association. Portsmouth also engaged in workshops conducted by The Nature
Conservancy in collaboration with the Rhode Island State Infrastructure Bank, however the
survey was not integrated into these processes.

The survey was approved by the Brown University Institutional Review Board (protocol
1908002510). It was promoted through a press release by the town leading to coverage by
local newspapers and social media sites. Participation was voluntary, and all responses were
anonymous. No personally identifying data was collected. The survey was administered be-
tween October 7 and October 30, 2019 and was open to Rhode Island Residents over the age
of 18. There was a total of 115 respondents.

The survey included two sets of model-based visualizations of existing conditions, SLR sce-
narios for .30m (1°) and .91m (3”) SLR (Figure 1), and storm surge from Hurricane Carol
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(Figure 2). Marsh migration projections (Figure 1) were based on the Sea Level Affecting
Marsh Migration (SLAMM) Model (Boyd et al. 2015). Storm Surge projections (Figure 2)
were based on the ADvanced CIRCulation (ADCIRC) model using a new Hurricane Bound-
ary Layer Wind Model that more faithfully captures the asymmetrical nature of storms
(ULLMAN et al. 2019).

2.1 Survey Instrument

Introductory text at the start of the survey defined terms and provided summary explanations
of the models, procedures utilized, and criteria used to determine whether a road was ob-
structed. Two introductory questions addressed where respondents resided and their experi-
ence with past storms, as repeated experience with comparatively low impact events can re-
duce perceptions of risk (Weber 2010). The main body of questions was divided into three
sections, SLR visualizations, storm surge visualizations, and summary questions. The order
of SLR and storm surge sections were randomized.

2.1.1 Questions about Saliency and Concerns for SLR Visualizations Set

SLR visualizations were viewed in pairs representing the two depicted neighborhoods at
.30m and .91m of SLR respectively. After viewing each pair of SLR visualizations respond-
ents were asked the following two questions to determine how salient the stakeholder per-
ceived the scenario to be, and what concerns the respondent had in the depicted area:

“Given uncertainty about the rate of sea level change, what year do you expect this level
of sea level rise to be reached?”’

Il

“What are your concerns about this level of sea level rise in these locations.’

2.1.2 Questions about Perceived Risk from Storm Surge Visualizations Set

This set of questions was designed to better understand how respondents perceived the risk
of an extreme storm surge. Questions were framed to separate the perceived likelihood and
severity of consequences to better understand the relationship between perceptions of prob-
ability and impacts reflecting our concern that the probability of extreme events is discounted.
The timeframe is based on the typical length of a residential mortgage in the USA. After
viewing the visualizations (Figure 2), respondents were asked:

“How likely do you think a storm of this magnitude is in the next 30 years?”

“How severe would the impact of an event like this to be if it occurred today?”

2.1.3 Summary Questions around Legitimacy of both Sets of Visualizations

This set of questions was designed to assess the perceived legitimacy of the visualizations
given their divergence from conventional SLR visualizations. They were asked after all vis-
ualizations were presented, as follows:

“How trustworthy do you find the visualizations used in this survey to be?”

“What contributes to your perception of whether or not a visualization is trustwor-
thy?”

The survey concluded with five demographic questions addressing gender, age, race, income
and political preferences, that were utilized to determine the representativeness of the sample.
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2.2 Analysis

Evaluative questions used a five-point Likert scale. Open ended questions were analyzed by
seven independent coders who reviewed all responses and identified themes using inductive
coding (THOMAS 2006). A shared comprehensive set of themes was developed and then ap-
plied, then revised and reapplied by all coders. The application was validated by comparing
agreement among coders applying the themes independently.

3  Results

Of the 115 respondents to the survey 48 lived in the depicted neighborhoods (21 in Island
Park, 27 in Common Fence Point) and 47 respondents lived in other Portsmouth neighbor-
hoods. The remaining 20 respondents reported being from Rhode Island or did not indicate
residency. 93% of respondents recognized the places being depicted in the visualizations.
Although the overall sample is generally reflective of the town demographics, sample size
was too small to make definitive determinations.

3.1 Perceptions of Saliency and Concerns from the SLR Visualization Set

Responses to questions regarding the SLR visualizations suggest that respondents perceive
lower levels of SLR to be more salient and are less likely to dismiss or disbelieve the projec-
tions. The median expected date for realizing .30m SLR was 203 1; the average expected year
for .30m SLR was 2039. The median expected year for reaching .91m SLR was 2050; the
average expected year for .91m SLR was 2063 (Figure 4). The median of perceptions is
slightly behind the National Oceanic and Atmospheric Administration “High Curve” SLR
projection adopted by the State of Rhode Island (This lag is logical given that this curve
overpredicts present sea level). There are higher levels of variation in the more distant pro-
jection. There were more uncategorizable responses with the distant projection (e. g.,
“never”). One stakeholder stated that the .30m scenario was “here already”.

2170

2150

2130

2110

2090 2 Fig. 4:

2070 ° > Respondent expectation as to when they expect to
2050 see the depicted level of SLR. “Given uncertainty
—_— T about the rate of sea level change, what year do you
2010 expect this level of sea level rise to be reached?”

“X” represents the mean, a horizontal line repre-
0 1'SLR @ 3'SLR sents the median.

Responses to the question “What are your concerns about this level of sea level rise in these
locations” were summarized into six thematic categories as described in Table 1. Responses
to .30m SLR and .91m SLR were similar enough that responses were categorized together.
In several cases, respondents referenced prior responses. The percentage of respondent an-
swers falling in each category for .30m and .91m of SLR are summarized in Figure 5.
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Table 1: Summary of major response themes

Theme Description

Unconcerned, flooding due to something other than sea

Unconcerned or disbelieving level rise and/or climate change, disbelieving.

Availability of resources such as current or future lack of

Government capabilities . . .
v p municipal funds; the incapacity of government to respond.

Septic Failure Issues stemming from failing septic systems.

Impacts to salt marshes or beaches. Loss of ecosystem ser-
Ecosystem Services vices (e. g., marsh is no longer a storm buffer, loss of rec-
reation or fishing).

Physical damage, property devaluation or loss (e. g., aban-
Property impacts donment) and expenses incurred (e. g., new septic systems
and other expensive adaptations).

What are your concerns about this level of sea level rise in these
(depicted) locations?

Unconcerned | disbelieving
Government capability
Septic failure

Ecosystem Services

Property impacts

Lack of access
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

1'(3m) SLR ®3'(9m) SLR

Fig. 5: Respondent answers falling into each thematic category for .30m and .91m of SLR

As with expected time horizon, the perceived saliency decreases with the higher scenario.
For instance, and example of an unconcerned respondent:

“I own property which you show as flooded. I am not concerned, it will be 100 years
before this happens if it happens at all. I will be dead.”

All categories include granular responses indicating a high degree of engagement with visu-
alized outcomes. For instance, ‘government capability’ includes references to ongoing con-
troversy over implementing sewers and the possibility they will spur gentrification. Respond-
ents considered implications of visualized impacts beyond their own immediate risks:

“Impassable roads, 1/2 my neighbors’ homes in the Hummocks next to the Sakonnet
River bridge would be uninhabitable.”
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3.2 Respondents’ Risk Perceptions from Storm Surge Set

Participants were shown visualizations of Hurricane Carol (Figure 2) and asked, “How likely
do you think a storm of this magnitude is in the next 30 years?” and “How severe would the
impact of an event like this to be if it occurred today?” The likelihood of a storm of the
magnitude of Hurricane Carol occurring today was regarded as being low (Mean 1.58 / 5).
One respondent went so far as to say:

“Hurricanes in New England are not like down south. We’ve had one hurricane that
amounted to anything serious, a few days without power and trees down.”

The impacts of a storm like Carol, however, were regarded as being severe (Mean 4.58 / 5).
Respondents saw few options for the town beyond ensuring adequate evacuation.

3.3 Respondents’ Perceptions of Visualization Legitimacy for Both Sets

Participants were asked “How trustworthy do you find the visualizations used in this survey
to be?” They regarded the visualizations as being trustworthy (3.9/5). Participants were also
asked “What contributes to your perception of whether or not a visualization is trustworthy?”
Factors contributing to their evaluation of the visualizations are summarized in Figure 6.

What contributes to your perception of whether or not a visualization is
trustworthy?

Scenario level chosen

Apparent political agendas
Personal experience

Models utilized - transparancey

Reptuation & independence of scientists

Familiarity with topic / other maps

0% 5% 10% 15%  20%  25%  30%

Fig. 6: Factors contributing to impressions that visualizations are trustworthy

Stakeholders view the impact visualizations presented as being like other more familiar sea
level visualizations. They clearly rely upon reputation and other cues, such as transparency
of methods and sources to judge the legitimacy of visualization. Moreover, they regard them-
selves as highly informed and familiar with SLR related visualizations and projections and
are also familiar with the consequences of their vulnerability.
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4 Discussion

4.1 Salience of SLR Concerns

Results suggest near term scenario levels were perceived as being more salient, and less likely
to be dismissed or disbelieved. This is indicated by both the results regarding the expected
time horizon, and in written answers that suggest increasing levels of being unconcerned or
disbelieving of higher scenario levels. We observe that there is an inherent tension between
expert-selected visualized scenarios that inform the public of worst-case inundation projec-
tions and the lesser-impact visualized scenarios that are likely to be more effective at engag-
ing a cross section of participants and eliciting actionable concerns.

Stakeholders related projected areas of vulnerability to current issues such as failing storm
drains and water table changes are already occurring in some locations. One respondent re-
marked that the .30m sea level scenario was “here now”. These responses suggest that lower
scenario levels reflecting existing environmental signals are likely effective. A comparative
study will be necessary to make a definitive assessment.

Fig. 7: This realistic 3’ (.91m) SLR visualization illustrates the consequence of inaction
(authors)

Despite the granularity of concerns, there is no evidence that the kinds of responses derived
are any different from responses that would have been offered for a SLR only visualization
showing inundation. Anecdotally, this became clear to the research team when a realistic “no
action” visualization was utilized outside of the survey (Figure 7) and became an article of
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shocked fascination as individual stakeholders came to grips with a landscape that was at
once familiar and unfamiliar. A seasoned emergency manager became emotional as he
looked for his own house and discovered it was not there. This visualization pointed to the
capacity of still visualizations to transcend personal (effects on one’s own house) and global
(effects of climate change) scales, and to make future conditions tangible in a way that fos-
tered deep reflection (OLMAN & DEVASTO 2020).

4.2 Discounting of Storm Surge Probability

Although direct observed experience enhanced perceptions of sea level risk, repeated expe-
rience with comparatively less powerful hurricanes appears to have caused some respondents
to discount the likelihood of a major storm. 41% of respondents experienced a hurricane in
Portsmouth. Despite these experiences, many answers minimize or dismiss the hazard (e. g.,
“Hurricanes in New England are not like down south. We’ve had one hurricane that
amounted to anything serious, a few days without power and trees down.”). This discounting
conforms to heuristics of risk perception that suggest repeated experience with lesser storms
may reduce risk perception (WEBER 2010). There is thus value in disentangling the effects of
SLR and storm surge.

4.3 Perceived Legitimacy of Alternative Visualizations

As previously stated, respondents were remarkably frank about the extent to which they made
judgements based upon experience with similar visualizations. Further, it does not appear
that the choice to represent marsh migration and road obstruction caused stakeholders to dis-
tinguish these visualizations from others using more conventional coloration.

The high degree of trust placed in the visualizations based on reputation, emphasis on trans-
parent peer reviewed practices, and personal heuristics comports with other research on the
topic of perceived legitimacy of visualizations and computer models (FOGG and TSENG 1999,
STEMPEL 2021). Although scenario level is the least frequently cited characteristic, answers
elsewhere in the survey, such as the increase in disbelief of the higher level of SLR, suggest
that scenario may influence the perceived legitimacy of projected outcomes, or may at least
be used as a stated reason for discounting risk. Similarly, statements (e. g., “it does not seem
that the visualization uses worst case scenario numbers”) suggest that qualification is required
to avoid undermining perceptions of legitimacy on the part of those who are concerned that
the scenarios understate risk.

5 Conclusion and Next Steps

The evidence from the survey suggests that there is likely a benefit to separating storm surge
and SLR visualizations because of the increase in perceived salience of SLR only visualiza-
tions and evidence of discounting of the probability of a significant event. There is, as of yet,
no evidence that the semi-realistic impact visualizations that were tested offered any im-
provement over more conventional representational tactics. Like other innovations, more ef-
fectively depicting consequences does not in itself appear to be transformative. Based on this
work, we identify the following clear needs for a comparative study. First, assessing impact
depictions requires additional comparative sets such that the depiction of impacts can be dis-
ambiguated from depiction of scenario level. Moreover, in this study, different scenario lev-
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els did not yield substantially different insights, thus understanding the tradeoffs between
scenario level and perceived saliency will aid in optimizing scenario selection. Second, the
anecdotally observed rhetorical power of the “no action” scenario suggests expanding the
range of impact visualizations tested to include inundation, semi-realistic visualizations, and
realistic visualizations.

In both cases, testing perceptions of legitimacy will be essential. In the first case, disbelief
and lack of concern is closely related to scenario level. Establishing whether these factors
alter the perceived legitimacy of the visualizations or the scientists and visualizers behind
them is thus necessary. In the second, it is unclear how realism will affect the perceived
legitimacy of the visualization. Although intuition might suggest increased realism will be
perceived as less legitimate, the power of attribution and reputation are significant enough
that these visualizations may nonetheless be perceived as products of science if they are at-
tributed to experts, creating complex ethical situations if these visualizations are not used in
appropriate engaged processes with qualification (STEMPEL 2021).
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Abstract: Uncertainty is a fundamental part of planning. However, the long planning cycles of regional
planning in Germany make it even more difficult to steer regional development in times of rapid change.
With this case study from the Leipzig (Germany) region, we would like to explain the procedure in the
research project StadtLandNavi. Based on a scenario-based approach, we want to show how decision
processes can be supported. As a central tool, a monitoring system will be used to dynamically track
the development of individual scenarios and to react to emerging changes. A main focus is the devel-
opment and stabilization of the technical and administrative system, which is necessary to steer the
process outside the planning cycles.

Keywords: Strategic planning, monitoring, indicators, landscape resilience

1 Introduction

Dynamic transformation and increasingly unpredictable processes are omnipresent and pose
great challenges to landscape development in many places. Accordingly, planners and deci-
sion makers are asked by the scientific community to learn how to cope with uncertainties
(BIRKMANN et al. 2016). Therefore, a flexible and adaptive approach to planning in general,
as well as landscape development in particular, should be taken. In contrast, there is the re-
quirement to create certainty in possible land uses and to be orderly (WILKINSON 2011,
RAUWS et al. 2014, HILLIER 2017). This is the logic of formal regulations and the German
regional plan, which is a static document developed over a period of 10-15 years.

With this background, the research project StadtLandNavi, funded by the Federal Ministry
of Education and Research, develops and implements procedures to deal with uncertainties
in landscape development. These procedures that are aimed at increasing resilience of the
landscape are based on an approach called strategic navigation. One principle of this ap-
proach is allowing for situate orientation, viz. an iterative process conditioned by the respec-
tive situation with numerous references back and forth (HUTTER et al. 2019). We consider
monitoring a prerequisite for strategic navigation as it allows for a continuous review of long-
term targets in the region with regard to their achievement and, if necessary, points out nec-
essary adjustments in planning measures.

In this paper we reflect on the establishing of the monitoring method the research project
pursues. We refer to the case study region of Leipzig -West Saxony in Germany. The territory
of the region complies with the regional planning unit, which adopted its regional plan in
December 2020. A previous study identified increasing drought in conjunction with heavy
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rainfall events as one challenge for resilience of landscapes in the Leipzig-West Saxony re-
gion (SCHMIDT 2020). Accordingly, we focus on heavy rainfall as an example for laying out
our approach.

The paper is structured as follows. Firstly, we introduce our understanding of resilience. Sub-
sequently, we elaborate on strategic navigation. The main part of the paper describes the
method we developed in order to analyze landscape’s resilience as well as our approach for
an ongoing monitoring. This is followed by a brief discussion, as well preliminary conclu-
sions and outlook, due to the fact that we present first results of an ongoing research project.

2 Landscape Resilience and Strategic Navigation

2.1 Landscape Resilience

Landscape resilience can be understood as the ability of a landscape to adapt and renew itself,
thus its ability to maintain, renew and strengthen its own fundamental landscape qualities
despite continuous changes (see SCHMIDT 2020, RAITH et al. 2017, DAWLEY 2010, WALKER
& SALT 2006). Every landscape has its own individual resilience profile. Nevertheless, case
studies in SCHMIDT (2020) have shown that three principles of resilience play a decisive role
in landscapes of completely different types, and with completely different types of disturb-
ance and stress factors:

1) The principle of redundant diversity

Resilience is not promoted by diversity or redundancy alone, but by a landscape-specific
balance between diversity and redundancy.

2) The principle of robust elasticity

Similarly, it is not only a question of the resistance of landscape structures, but also of a
balanced ratio between elasticity and resistance or robustness appropriate to the respective
landscape.

3) The principle of decentralized concentration

Landscape resilience is also promoted by a landscape-specific ratio between autarky and ex-
change or centrality and decentralization. The principle of decentralized concentration has
long been established in regional planning. Just as a balance is needed between decentraliza-
tion and centrality, a balance is also needed between autarky and interconnectedness.

The principles of landscape resilience can be found both on the level of actors and their ac-
tions in a landscape and on its physical-material level. They are of a general nature. This
means, that even if each landscape possesses its own individual expression of the principles,
it is important that no excessive one-sidedness arises. This is all the more important because
cultural landscapes should fulfil multiple functions. Therefore, their “safety net” of landscape
resilience must be all the more extensive. The decisive factor is the overall size of the net-
work. For the following Figure 1 this means: The larger the area of the tensioned “safety net”
is, the more balanced the specific resilience profile and the more resilient the landscape sys-
tem are when unforeseen developments occur.
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The following three criteria have proved to be helpful for a more differentiated assessment
of landscape resilience:

1) Degree of provision of ecosystem services or degree of fulfilment of landscape functions
2) Degree of conservation of the landscape character

3) Speed of adaptation of the landscape system

Diversity and Elasticity and
flexibility tolerance
high
high
medium
megium
Self-reliance and _ | I _ Networking and
e ar ! concentration

decentralization high m melium  high

high
Resistance and Redundancy and
stability modularity

Fig. 1: Example of a safety net as an abstract visualization of landscape resilience

2.2 Strategic Navigation

Knowledge can be considered a prerequisite for developing resilient landscapes. If individu-
als or groups perceive a deficit of knowledge that is relevant to their intentions and actions,
this is referred to as uncertainty (ABBOTT 2005). With regard to climatic phenomena, uncer-
tainties range between the poles of predictable probability of their occurrence and intensity
and their complete unpredictability. The planning discussion also points to further dimen-
sions of missing knowledge in planning processes:

e Cause and effect relationships of planning measures and their implementation
e Goals, strategies, and actions of different actors in a region
e Value-based views by different persons (Abbott 2005)

In this way planning decisions are characterised as wicked problems (Rittel/Webber 1973),
viz. developing resilient landscapes has a social dimension as well. With regard to dealing
with uncertainty, this results in different approaches: 1. reduction with analyses, 2. recogni-
tion of a possible surprise by unforeseen events, and 3. creation of a common frame of refer-
ence to align views and actions of actors (KWAKKEL et al. 2010, HILLIER 2017, ZANDVOORT
et al. 2018). In the following sections we focus on the first and the second category.

If there are agreed upon goals for resilient landscape design, a tentative, experimental ap-
proach can be seen as an appropriate way to deal with uncertainty. This can be characterized
as an iterative learning process of testing different means for achieving goals, feeding back
on achieved effects, and adjusting means for achieving goals (CHRISTENSEN 1985, BALDUCCI



126 Journal of Digital Landscape Architecture - 6-2021

et al. 2011). Thus, two different levels can be distinguished for resilient landscape design:
the level of long-term orientation, which enables flexible action; and its implementation with
small-scale plans and projects (HILLIER 2011, RAUWS et al. 2014). Such an experimental ap-
proach is referred to below as strategic navigation. Navigation emphasizes the need to act
adaptively (WILKINSON 2011). MICHEL FOUCAULT (1982 cited in (HILLIER 2011)) under-
stands it as a journey directed towards a goal and confronted with unforeseen obstacles. The
later can be overcome combining knowledge, structured procedures, and skill. Orientation of
action towards a goal is also highlighted by CATHY WILKINSON (2011), who describes navi-
gation in more detail with the adjective strategic. Against the background of emergent effects
of planning and rapid change, she emphasizes the ability to pursue an intention strategically.
Accordingly, a strategic plan is understood as a document that represents speculative paths
for a spatial sub-area that are directed into the future (HILLIER 2017). Its function is thus to
clarify pressure for action, provide orientation and record agreements (RAUWS et al. 2014).

The discussion on strategic planning highlights a transformative claim of planning as well.
PATSY HEALEY (1997) defines strategic planning as a societal process in which diverse indi-
viduals from different institutions and in different positions come together to shape planning
processes and develop content and strategies for managing spatial change. Such a multi-lay-
ered process is characterized by uncertainty (HUTTER et al. 2019), which can be responded
to with situative orientation. This denotes an iterative process conditioned by the respective
situation with numerous references back and forth (HUTTER et al. 2019). Fundamental to
skillful strategy development is thus a judgment that is sensitive to the specific nature of
spatio-temporal development (HEALEY 2009). Thus, resilient landscape development faces
the challenge to base decisions on updated knowledge (WILKINSON 2011). The challenge of
constant uncertainty of future developments can be met by a monitoring-based approach.
Monitoring has the task of providing information and reflecting on goals and assessments
(Jacoby 2009). Furthermore, it is the task of monitoring to provide suitable indicators to as-
sess the achievement of objectives and the current situation of a region. For a spatial alloca-
tion it is necessary to use data with a concrete spatial reference. Additionally, suitable eval-
uation scales have to be developed and appropriate geo-data have to be collected and ana-
lyzed for identification. In order to meet the requirements of strategic navigation, monitoring
is a dynamic process. For this reason, it is necessary to build the underlying data base on
existing sources as far as possible, or to establish appropriate agreements for long-term col-
lection and provision. Monitoring is thus very much dependent on the necessary degree of
detail of the observation, the necessary cyclical updating and the suitability of the basic data
sets used for target evaluation.

3  Indicator-based Approach in the Region of Leipzig to
Strengthen the Resilience against Heavy Rain Events

3.1 Modelling Scenarios

The field of heavy rainfall events is to be considered as one major challenge the cultivated
landscape has to face. In addition to extended dry and drought phases, heavy rainfall events
in particular have increased in the past. When precipitation does fall, it is often more concen-
trated. Comparing the period 1991-2015 with the climate normal period, both the number of
days with heavy rain events and the intensity of heavy rain per event day have increased
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almost across the whole planning region (FRANKE 2019). In this context, heavy rainfall can
lead to increased soil erosion. This is not only problematic as an economical factor, but also
in terms of cultural landscape. A lack of agricultural use in large parts of the planning region
would be inconceivable, especially with regard to the uniqueness and identity of certain sub-
areas. The topicality of the issue is testified by the occurrence of numerous massive heavy
rainfall events in recent years. It becomes clear that the high climatic dynamics of the last
decades require a continuation of data examination and analysis. In this way, trends, risks
and opportunities could be recorded better and adaptation measures could be placed in a more
targeted manner (SMUL 2015).

The assessment focusing the probability of occurrence of heavy rainfall events is based on a
Saxony-wide study that considers heavy rainfall in detail with regard to rainfall depth, days
of exceedance, mean intensity and frequency of occurrence within the period 1961-2015
(LFULG 2017). In the planning region Leipzig-West Saxony, more days with heavy rain with
partly decreasing intensity could be observed than in the remaining areas of Saxony. The
frequency of occurrence increases especially in summer, particularly in the second growing
season (July to September).

In addition to the probability of heavy rain events, resilience depends on natural conditions:
landscapes react differently to the sudden occurrence of water masses and the associated in-
creased removal of soil substrate. Landscape resilience differs from landscape to landscape.
The assessment of water erosion disposition is an integral part of a landscape planning anal-
ysis. It indicates which areas of the landscape have the greatest natural risk of increased soil
substrate erosion by water. Basically, a distinction must be made between natural causes and
erosion promoted by land use. The evaluation is based on the slope inclination and slope
shape, the soil type, and the average precipitation amounts and intensity. An evaluation fo-
cusing on the natural risk of water erosion could be processed using a standardized official
calculation procedure (ABAG according to DIN 19708).

Not only the susceptibility of the landscape to lose soil substrate through rain-impacted flows
poses a risk during heavy rain events. The pronounced ability of water to seep into the soil
(infiltration) should be also considered in the assessment. This indicator is largely constant
and calculated for each region based on the soil type and terrain properties.

In addition to the specific soil properties mentioned above, the retention capacity is also
strongly determined by the respective land use (land use-related retention capacity): the veg-
etation cover acts also as a relevant partial indicator but is supplemented by the respective
degree of soil sealing. The applied methodology is based on a vulnerability study for the
model region Leipzig-West Saxony within the framework of the model project of regional
planning KlimaMORO (SCHMIDT et al. 2011).

In order to identify parts of the landscape that are particularly vulnerable to heavy rainfall
events, water erosion disposition and retention capacity are considered together. Both indi-
cators are directly linked to each other: for example, the damage caused by water erosion
increases if the soil substrate does not absorb surface water quickly enough — it consequently
has a low retention capacity. Avoidance capacities could only be considered to a limited ex-
tent within the scope of the analysis. The reason for this is, among other things, the uncertain
data and information situation considering the agricultural management methods and details
of the crop cultivation on a regional level. Furthermore, it is foreseeable that these are data
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that can hardly be estimated for the future so that a considerable degree of uncertainty re-
mains (SCHMIDT et al. 2011). In contrast, agricultural land represents by far the largest share
of land use of the region's area (SCHMIDT et al. 2019).

VULNERABILITAT GEGENUBER STARKREGENEREIGNISSEN
Bewertung der gegeniber

auf Grundlage der Bewertung der Wassererosions disposition
und des Retentionsvermagens

keine

sehr gering
gering
mittel
hoch

sehr hoch

B sandgewasser

Fig. 2: Assessment of the vulnerability of the landscape in case of heavy rainfall events
depending on the water erosion disposition as well as the retention capacity. Areas
with a dark coloration (with the exception of flowing and standing waters) show an
increased risk towards the impacts of heavy rain events (SCHMIDT et al. 2019).

The natural indicators, such as water storage capacity, soil type and relief, form the basis of
the analysis. For a monitoring system in the sense of strategic navigation, however, those
sub-indicators are of particular interest that, on the one hand, could be change, and on the
other hand, would influence the analyses. With regard to the example just explained, this
includes in particular the land use data, which are extraordinarily well suited for a spatially
comprehensive monitoring tool due to the nationwide uniform and available basic landscape
model. If the land use in particularly endangered areas is changed, e. g. by a year-round land
cover, this can be mapped by re-processing with updated geodata and enables a possible
necessary planning reaction. Additionally, the updating, combination, detailing and stabili-
zation of the data sets of the natural sub-indicators lead to a significant improvement con-
cerning the data basis over time. As a result, this increases the precision of the model-based
indicator as well and the indicator gets closer and closer concerning landscape reality. The
more the analysis fits reality, the better the basis for decision-making for resource-conserving
and sustainable land management in the sense of strategic navigation.
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Another factor that can be taken into account when assessing potential risk areas during heavy
rain events is the mapping of runoff paths. They document recurrent erosion processes and
thus highlight the areas with the greatest soil substrate losses. The individual trajectories dif-
fer in length and intensity and also represent suitable starting points for counteracting water
erosion in agriculturally dominated areas.

The natural factors determining the sensitivity of the cultural landscape are known in the
Leipzig region and are hardly subject to change. The uncertainty here is accordingly low.
However, the natural factors define the framework within which the variable, use-related
factors must be regularly monitored. The typical planning periods at the regional level of 10
— 15 years are too long to react appropriately to possible undesirable developments with
adapted measures.

Other scenarios and indicators that will be developed for the region consider landscape resil-
ience to drought stress, dust storms, and flood events in agriculture and forestry. Furthermore,
the changes of the cultural landscape with regard to technogenic overprinting, landscape im-
age and recreational effectiveness of open spaces in the region are to be monitored. After the
necessary methodology has been developed by the research project, it is currently being co-
ordinated and adapted with experts from regional, district and urban planning. Subsequently,
the monitoring tool will be established and released for use by all actors in the region and the
public.

3.2 Monitoring

When applied to monitoring resilience of a landscape to heavy rain events, one has to take
into account that the indicator exposure to water erosion is composed of fixed and dynamic
factors. For monitoring, it is crucial to look at the highly variable sub-indicators on a regular
basis. There are several sources of information that allow an assessment of the hazard or the
reduced hazard through implemented measures. In the area of agricultural management, this
is, on the one hand, the crop type composition. On the other hand, the percentage of land that
is cultivated with soil-conserving techniques as well as currently fallow land or temporary
conversions of erosion-prone land into grassland. In the area of the biotope equipment of the
cultivated landscape, these can be hedges and embankments or compensation areas with ero-
sion-reducing management objectives.

Our work shows that necessary data for monitoring is available from a wide variety of au-
thorities. However, these information flows are not established at the planning level. Neither
are there agreements on the provision of data, nor are the data available for a one-time anal-
ysis of the current situation. This is the main challenge in establishing a monitoring system.
The aim of the StadtLandNavi project is therefore, after the analysis of the demand situation,
to take the first steps for long-term safeguarding of data flows in the region. This safeguarding
is based on the creation of automatic mechanisms for the provision of data. If individual basic
data for the indicators are updated, the data stock in the monitoring system is updated by
automatic processes and the indicators, the degree of target achievement and threats are re-
calculated. The actuality should always be based on the most current initial data set. This
makes it possible to monitor the achievement of objectives or the threats to the scenarios
outside of planning cycles and with little personnel effort.

In addition to the purely preparatory observation, several exemplary measures will be imple-
mented in the landscape, such as increasing resilience. By means of monitoring, the effects
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of the measures implemented in practice will become visible and evaluable. This should lay
the first foundations for monitoring to support decisions as to when measures are necessary
and how they work. At the same time, individual examples already provide a first catalog of
what can be implemented to improve or achieve the goals of the individual scenarios.

Since monitoring is an ongoing and continuous process, it is not sufficient to develop the
methodological basis. Successful establishment requires anchoring the system on a technical
basis as well as on an administrative level in the region. In a first step, an actor in the region
has to be found who takes over the maintenance of a monitoring system. This includes the
maintenance of the technical basis and access rights of a service- and WebGIS-based system
as well as any necessary adjustments of data sources during operation, support requests and
governance tasks. During the ongoing operation of a monitoring system, it is to be expected
that adjustments in the area of governance will become necessary. This can be the extension
of the user group or contractual adjustments in the procurement of basic data or license mod-
els. The challenge here is to find an actor, or several actors, in the region where both the
personnel basis is anchored and the necessary accepted authority is available to curate the
contents of the monitoring system. Such an actor can be an already existing structure such as
aregional planning association, a county, a well-staffed municipality or a metropolitan region
in addition to a newly founded company. Contracts then ensure the provision of data, the
provision of specific information for the internal use of individual actors and the public, and
the financing of personnel and ongoing technical maintenance on the part of the curator.

4 Discussion

We propose that the outlined monitoring procedures may support planning actors in the Leip-
zig region to connect the overarching goal of resilience with down to earth implementation
measures. The evolving knowledge base may allow for strategic navigation in landscape de-
velopment.

The combination of analysis of the cultural landscape, derivation of necessary data flows for
institutionalization of monitoring, creation of a technical basis in the region and finally ex-
emplary implementation of measures is costly, but at the same time promising. The pure
theoretical analysis and indicator development cannot lead to an implementation by the actors
on site by their own resources. Therefore, StadtLandNavi processes tasks that are independ-
ent and superordinate of everyday work. Based on our preliminary results, we propose that
the biggest challenges for ongoing monitoring required for strategic navigation are establish-
ing data provision and defining responsibilities for the ongoing monitoring procedures. This
requires agreements with the responsible body of the monitoring with regard to the type of
provision (data standards, services, rights and visibility rules) with all management entities
of the necessary source data sets. In addition, from a methodological point of view, it is
sometimes necessary to extend existing data collections or even create new ones in order to
achieve the necessary level of detail. The first examples, which have been developed in the
research project and will be further developed in the next two years, are a signal for the ne-
cessity and feasibility on a political level.
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5 Conclusion and Outlook

An important aspect of monitoring cultural landscape development is institutionalization.
Discussions with actors in the region have already produced several expressions of intent.
Currently it is being decided with which actor the technological basis will be implemented.
Start-up financing for the adaptation of the monitoring system, which is currently still an-
chored in the research project, is available. The operation is thus secured for the duration of
the project until 2022. Subsequently, the operation and further development based on the
current experience and suitability of the system can continue to serve as planning support.
Further topics besides the cultural landscape are planned and already in the first evaluation
regarding suitability. These are sustainable land management, securing of recreational func-
tions and housing demand analyses.
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Abstract: This contribution combines, based on dispersion metric DIS, urban sprawl metrics with con-
siderations on landscape connectivity. The motivation to do so comes from the question of ecological
impacts from urban sprawl. Based on calculations of DIS-based metrics for both settlement and habitat-
network structures a land typology is introduced which helps to identify different situations of co-ex-
istence of sprawl and habitat-network.

Keywords: Urban sprawl, habitat networks, landscape connectivity

1 Introduction

Urban sprawl is a complex phenomenon, covered by different theories and described by var-
ious indicators. The term addresses a process as well as a pattern, and both are subject to
demographical, socioeconomic, economic and physical planning related studies. From a
landscape point of view, visual appearance and physical structure of land patterns resulting
from urban sprawl are of special concern. In general, we have to state that urban sprawl
changes social-ecological balances by changing land-use and land-cover systems. Growth of
scattered settlements, densification of transportation networks, displacement, intensification
and loss of agricultural land, deforestation, but also the need of land for recreation purposes
are key examples for such transformative and often conflicting processes related to urban
sprawl, which mainly takes place at the fringes of urban centres and development axes.

We must discuss urban sprawl also concerning its environmental and ecological conse-
quences. Water balance, thermal pollution, air pollution caused by traffic and visual/recrea-
tional landscape quality are closely linked to patterns of urban sprawl. Above all, however,
in particular habitat disturbance and habitat loss caused by urban sprawl must be brought to
the fore. At the fringes of our cities, a lot cite specific habitat structures and biodiversity
patterns exist that get under pressure if urban sprawl is in process.

This contribution deals with the effects of urban sprawl on habitat connectivity. We know
that in a biotope or habitat network connectivity is a key parameter for successfully estab-
lishing exchange of individuals and genes, for accessibility of resources and for enabling
migration and dispersal. Settlement and transportation infrastructures and thus patterns and
dynamics of urban sprawl directly affect permeability of landscape and its bio-connectivity.
Hence, landscape pattern assessment concerning conflicts between settlement patterns and
habitat networks is a tool to proactively prevent or to mitigate serious impacts on biota from
urban sprawl.

JAEGER et al. (2010) have presented a concept for measuring urban sprawl. They use metrics
that analyse the neighbourhood of an urban location. This metrics can also be — but up to now
was not — applied to basic questions regarding bio-connectivity. Appropriate adjustments of
them can be used to describe form (e. g. mainland type, patchy type, linearity) and, when
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considered in a combined analysis, they can answer questions like: which pattern of urban
sprawl restrict permeability? How did urban sprawl and permeability develop in settlement
history? Where do bottlenecks exist, and which patterns do cause them?

The objectives of this contribution is to apply the concept of JAEGER et al. (2010) in parallel
both to the settlement patterns and to grassland habitat network patterns which can be found
in the federal state of Baden-Wiirttemberg, and then to combine the results for a comprehen-
sive typology of land structures. The paper discusses the resulting types with regard to its
ecological and planning related implications and suggests further steps in co-assessing urban
and habitat structures.

2  Material and Methods

The study uses data from the grassland habitat network provided by the Environmental
Agency of the State of Baden-Wiirttemberg (LUBW 2014) and OpenStreetMap' data on set-
tlement, both covering the complete territory of Baden-Wiirttemberg. Grassland habitat net-
work addresses a species guild, whose habitat requirements are linked to extensively used
grassland types such as dry grasslands or orchard meadows. Settlement data include ground-
cover by buildings.

For the study, a geographical land model is defined which regards a landscape as a data driven
simplification, such as presented in Fig. 2. Connectivity area consists of habitat core-areas
and habitat linkage-area and lies embedded in a configuration of settlement barrier and matrix
barrier, both not further differentiated.

The concept of urban sprawl metrics as introduced by JAEGER et al. (2010) starts with the
calculation of dispersion DIS. The calculation sums up the weighted distances between cells
covered by settlement. A brief summary gives Fig. 1, for a deeper discussion of DIS calcula-
tion and its linkage to urban sprawl refer to JAEGER et al. (2010).
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where n; denotes the number of urban cells that are closer to cell i
than the horizon of perception, dj; is the distance between (the
centers of) cell i and cell j, and WCC(b) is the within-cell
contribution.

Fig. 1: Calculation of Dispersion DIS by JAEGER et al. (2010)
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Fig. 2: System of considered land mosaic

Dispersion metrics DIS* is calculated for buildings and in parallel DIS" is calculated for the
habitat core-areas in the Habitat-network. Both is calculated for hexagonal reporting units
(Fig. 5). When calculating DIS" “Area of perception” in the DIS concept can be interpreted
for an (species) individual radius of being able to identify habitat quality. The concept of
summarizing distances between habitat network cells indicates the total effort to access “good
habitat quality” cells from a “good habitat quality” cell.
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Fig. 3: Dispersion of buildings DIS" (left) and habitat network DIS" (right)

JAEGER et al. (2010) derive from DIS metric UP which quantifies “urban permeation”. This
metric describes for a study region the degree of being interspersed by settlement bodies and
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twins the two components ‘amount of settlement” and ‘dispersion of settlement’ by multiply-
ing it, and thereafter relates the product to the size of the study region (UP = DIS % urban
area /size of the study region). So, in this paper we correspondingly calculate as

“urban permeation”: UP = DIS" x settlement area /size of hexagon
“habitat permeation”: HP = DIS" x habitat network area / size of hexagon

To combine UP and HP, a land typology is introduced. UP and HP values are classified into
3 classes each by a mixture of considering standard interval and tertile intervals. This leads
to 9 combinations called “permeation type” (PT) (Fig. 4), which are coded by combination
of digits 1,...,3 and which can be assigned to the hexagonal cover of state of Baden-Wiirt-
temberg.

Fig. 4 illustrates the different permeation types. PT11 represents a configuration of sparsely
scattered settlements and habitat. PT13 shows a land configuration highly permeated by hab-
itat and PT31 is highly permeated by urban structures. Finally, PT33 is characterized by a
high degree of coexistence of habitat structures and urban structures. We can simplify the
classification by considering PT21, PT31 and PT32 as “urban dominated”, PT12, PT13 and
PT23 as “habitat dominated” and PT11, PT22 and PT33 as being in “parity”.
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Fig. 4: Classification of dimensionless UP and HP; examples for land configuration in the
resulting 9 combinations of UP / HP classes called “permeation types” (green =
habitat core-area, black = buildings)
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In a PT33 landscape, nature conservation collides with significant disturbance from the urban
fabric. Here secondary landscape services from habitat networks — like recreation or ventila-
tion — get an important issue in ensuring urban residential comfort. Those landscapes are at
a climax of urban development. PT31 landscapes are in the situation of being over-urbanized
when considering the chance to establish coherent habitat structures. PT11 land is not of
concern in planning related considerations — no conflicts, no development options, and so,
no problems to solve. And finally, PT13 points to landscapes where significant habitat net-
work exists and can be easily be developed

For habitat-network management the most challenging type is PT31 and the best opportuni-
ties can be found in PT13. PT12 and PT32 can be considered as “good to be managed” and
in PT12 or PT23 strong challenges must be tackled.

3 Result and Outlook

Fig. 5 shows territory of state of Baden-Wiirttemberg covered by hexagons, which indicate
the type of land configuration according to the typology.
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Fig. 5: Permeation types in Baden-Wiirttemberg
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PT11 is covering rural areas. A mixture of permeation types on the other hand covers the
urbanized area. The centres of urbanized areas have different permeation types in their neigh-
bouring periphery. Ulm is a rural centre, whereas urban dominated types surround Mann-
heim. Stuttgart (centre and periphery) and Karlsruhe show a more parity typed periphery.
Freiburg is a mixture between Ulm and Mannheim.

There are a lot habitat dominated landscapes in the wider periphery of Stuttgart and Karlsruhe
and in the urbanized axis in between. According to the permeation types assigned here, good
and very good opportunities for enhancing and successfully fostering habitat-network devel-
opment can be stated.

It is shown that DIS based metrics UP and HP help to characterize land configuration con-
cerning both urban area and habitat network. Permeation types as suggested provide an ap-
propriate method to separate different land structures, which clearly indicate different situa-
tions concerning urban sprawl pattern und habitat-network coherence, and which address
fundamentally different planning arena and agenda. It is promising to run the proposed
method in analyses of existing land configurations. The identification of permeation type is
a helpful outcome, which helps in Green Infrastructure development control.

In a next step, permeability studies must be carried out to identify the specific permeability
characteristics of each permeation type. Such analyses have the potential to identify optimal
patterns of landscapes in terms of being both sprawled and bio-connective.
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Abstract: Augmented Reality is increasingly being used as a tool for education and communication.
However, applications tend to be limited to a single-use case, due to the complexity of adapting in-situ
visualisations to different environments and topographies. In this paper we propose a novel adaptive
visualisation workflow designed to embed large-scale visualisations with temporal dynamics within
arbitrary environments, using dynamic spatial mapping. We build a generic parameterised method to
create interactive, explorable visualisations of progressive environmental augmentations. We demon-
strate how this system could be used to simulate a simplified rewilding visualisation for use in education
and stakeholder participation, allowing participants to explore potential ecological changes in-situ.
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1 Introduction

The United Nations General Assembly has recently declared 2021-2030 the decade of eco-
systems restoration (UNITED NATIONS 2019). Rewilding has been proposed as one path to
achieving the ambitious vision of a restored level of biodiversity by 2050. Rewilding is a
progressive approach towards nature restoration, which aims to restore complex ecosystems
while minimising human interventions (LORIMER et al. 2015). The widespread acceptance of
afforestation efforts will need innovative public policy solutions, backed by public under-
standing and support (SANDOM & WYNNE-JONES 2019). This is achieved by a communica-
tion strategy that involves affected communities in decision making as well as outreach ac-
tivities that inform the wider public about the outcomes of interventions, potentially including
opportunities for nature experiences such as guided tours through the area in question.

Visualisation plays an important role in stakeholder participation (LANGE 2011). Since the
early before-and-after visualisations of Humphry Repton (REPTON 1980), we have used de-
velopments in visualisation technology to improve the communication of the effects of pro-
posed landscape interventions. Augmented reality (AR) has been used since its inception, as
a method to enrich visualisation and communication techniques. Recent developments in AR
hardware has led to a resurgence of AR applications in landscape architecture (GOUDARZNIA,
PIETSCH & KRUG 2017, HAYNES, HEHL-LANGE & LANGE 2018, SORIA & ROTH 2018,
TOMKINS & LANGE 2019), however realistic occlusion has been a barrier to the effectiveness
of on-site visualisation (L1et al. 2018).

Realistic occlusion without environmental understanding is a difficult task in AR application
development. Marker-based AR is one widespread technique, which requires detailed mod-
elling and laborious spatial calibration ahead of time to get convincing results, leading to
either site-specific single-use applications without environmental occlusion (GOUDARZNIA et
al. 2017, SORIA & ROTH 2018), or more generic applications with no interaction with the
surrounding environment (TOMKINS & LANGE 2019, 2020).
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Haynes et al. (2018) have demonstrated an innovative, yet time-consuming manual approach
to roughly mapping the spatial profile of an area using primitive shapes to create simple
occlusion geometries (HAYNES et al. 2018). While this approach is feasible for small areas,
its application would be problematic for complex or larger natural environments, and entirely
unsuited to free exploration. These limitations pose a problem in harnessing the immersive
power of Augmented Reality visualisation to affect change in large scale projects, such as
the Rewilding Britain Initiative (SANDOM & WYNNE-JONES 2019), which are spread across
many sites, or in projects with undefined sites, such as you find in outreach and education
programs.

Site-specific outcomes are heavily influential in the acceptance and success of rewilding en-
deavours (CEAUSU et al. 2019), severely limiting the transformational role of single-use ap-
plications across multi-site projects. If AR is to play a role in large scale projects, we need
an approach which can be applied to sites in which the environment is unknown in advance.
The development of spatial mapping in wireless AR headsets may offer the chance to develop
applications which work with the local topography, without prior knowledge, applicable
across multiple sites without spatial recalibration.

To assess the ability of the latest AR hardware to address these limitations, we must adapt
the way we build AR experiences, moving away from the visualisation of specific interven-
tions, to building adaptive visualisations through procedural generation reactive to the im-
mediate environment. We introduce the Adaptive Visualisation Workflow to dynamically
visualise landscape augmentations, through a user-guided exploration process, constrained
by pre-defined parameterized stages, which adapt to the local topography. By defining a set
of simplified temporal stages to approximate the progression through the natural succession
of plant recolonization of human-dominated landscapes (BILLINGS 1938), we show an exam-
ple of how this generic visualisation engine could be used to explore a phenomenological
visualisation of the rewilding process in-situ. With this work, we aim to let people experience
the evolution of their wild spaces, learning not in a lab, but upon the very land concerned.

2  Methods

For this project, we have created a new Augmented Reality application for the wireless Mi-
crosoft HoloLens 2 headset. We built our application within the Unity Game Engine, using
the Mixed Reality Toolkit (MRTK) Spatial Mapping library to build and interact with a con-
tinuously maintained spatial mesh of the world around the user. The dynamic mapping pro-
cess ensures that no prior knowledge of topography, nor prior modelling of the intervention
is required. To maintain a generic application, our experiences are designed by configuring
a set of independent visualisation stages akin to snapshots in time, which are incorporated
into the Adaptive Visualisation Workflow, as explained in section 2.1.

2.1 The Adaptive Visualisation Workflow

To create our AR experiences, we follow an adaptive visualisation workflow, driven by the
interplay of user exploration, local topography and a configuration based scenario, shown in
figure 1. The adaptive visualisation workflow aims to frame how we build AR experiences
which explore procedurally generated scenarios in response to the immediate environment,
using the on-site dynamic mapping process shown in figure 2. We create experiences which
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can be used across sites, yet capture the underlying traits determined by pre-configured pa-
rameterisations, such as species variety, prevalence, density and dynamics.
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During the experience, while wearing the headset, we begin the cyclic workflow. As the user
explores, through walking and casting their gaze around, we build up a spatial mesh of the
environment, as shown in figure 2. The spatial mapping is restricted to approximately 3 me-
ters range from the participant, ensuring exploration is a key process to create larger-scale
visualisations. With all newly mapped areas, we use a set of the pre-defined stages, to calcu-
late how many new assets (for example, tree species) should be visualised, and of which
types. We then spatially align the new visualisations such that they are embedded in the nat-
ural undulations of the generated mesh, as shown in figure 3. With each stage calculated, the
scenario is then pruned to show only the assets required in the current stage. Finally, the
results are visualised with the headset. This is an autonomous process, with the only user
input being exploration, and the explicit commands to change the currently displayed stage.

Fig. 2: On-Site Dynamic Spatial Mapping Process. (A) A multi-layered urban green space
with complex geometry. (B) The dynamic mapping process visualised as seen
through the HoloLens 2. (C) A snapshot of the 3D spatial mapping mesh of the urban
green space captured during a short walk, exported and rendered after the session.
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2.2 Defining a Visualisation Stage

The Adaptive Visualisation Workflow is a procedurally generated process, which is adapted
to a specific scenario through the configuration of distinct stages. Stages consist of a user-
defined set of groups, or layers, which interact through their average density. Each associated
item within a group contains a 3D representation, and their associated relative prevalence
within the group, as shown in figure 3. All assets within a group share an average density
estimation, as such, stages which combine species with different dynamics, such as pioneer
trees and undergrowth, should be represented as different groups within a stage. In our ex-
ample, stages represent the temporal progression of natural plant succession seen in the re-
colonization of unmanaged land (BILLINGS 1938), with each stage including distinct tree
groups, and undergrowth groups.

The spatial distribution of items within a group is determined by iteratively adding models
as the space is mapped, ensuring the global density of items within one layer remains con-
sistent with the average density configured for the group. Individual items within a group are
picked at random, with respect to their respective prevalence. For example, varying the den-
sity and prevalence of species across succession stages can approximate the changing under-
lying make-up of forest biomass through time. An example configuration, as shown in figure
4, demonstrates a simplified progression of plant succession which can be adapted for spe-
cific sites and stages as required. Each stage after the first contains two groups, one for the
undergrowth (annual, perennial and shrub dynamics), and one for the tree species dynamics.
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Fig. 3: Procedural generation of augmentations for a single-stage, build from two distinct
groups configured with different species, prevalence and group-level densities

As stages are defined by a probability distribution through asset prevalence, each run of the
experience will create different variations on the scenario. Choosing to represent the distri-
bution in terms of prevalence and density of species groups enables a flexible way to config-
ure experience to approximate group dynamics. Parameters could be taken from theoretical
model predictions or site-specific measurements. Assets are free to be any set of objects
which can be rendered in Unity, including 3D models, billboard models and animated models
such as wildlife. In this example, we use the highly detailed European Vegetation resource
pack, from the Unity Asset Store. Stages can be progressed using a simple set of voice com-
mands giving audio feedback, which are less prone to environmental interference than holo-
graphic user interfaces. As such, the only interface to the participant is the augmentations
themselves.
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Fig. 4: An example configuration of stages to approximate plant successional stages. (A)
annual & perennial plants and grasses, (B) shrubs, (C) Early pioneer and (D) Mature
Pioneer species.

3 Results: Visualising Passive Rewilding for Education

Rewilding in the European context often emphasises a passive ecological approach to re-
wilding (SANDOM & WYNNE-JONES 2019), relying on the natural process of ecological suc-
cession for land management. Rewilding can occur in a variety of settings, and spatial scales,
from urban green spaces to abandoned agricultural landscapes (PRIOR & BRADY 2017). Here
we apply the Adaptive Visualisation Workflow to develop a proof-of-concept application to
determine the applicability of our approach to enhancing educational opportunities for nature
experiences, such as guided site tours in outreach. To achieve this, we use our procedural
visualisation engine to visualise a phenomenological configuration of plausible local out-
comes of natural plant succession, reminiscent of the unguided afforestation seen in the pas-
sive approach to rewilding.

Fig. 5: Examples of successional visualisations in an urban green space, taken through the
HoloLens headset. (A) Augmented mature pioneer Birch trees and shrubs alongside
established real trees, (B) Early pioneer species and shrubs, (C) Close up experience
of the shrub augmentations, (D) Alternative Pine dominated configuration.
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We define a simplified 4 stage progression, annuals and perennials and grasses, shrubs, early
pioneers and established pioneers inspired by the natural progressions found in BILLINGS,
(1938), shown in figure 4. We represent the stages of pioneer succession as two separate
stages, to smoothly capture the growth of the pioneer species from early colonisation to ma-
turity. Each stage contains primary species, and residual species, such as undergrowth, show-
ing the gradual reduction in species prevalence as the habitat becomes less favourable.

In this configuration, we focus on a section of European grasses, shrubs and tree species
based on what is present in the local area, mainly birch, oak and maple. Indicatively, we
included the locally prevalent perennials, horsetail (Equisetum arvense) and dandelion (7a-
raxacum). Each simulation will result in a different experience, reflecting the spatially sto-
chastic, but generally predictable stages of natural succession (BILLINGS 1938). Each out-
come is shaped by the profile of the land itself, the path the participant has taken to explore
the area, and how they have chosen to experience the progression of stages.

Figure 5 shows 4 examples of the visualisations created by the HoloLens, with figures 5A,
5B and 5C showing the primary configuration based on a Birch dominated succession pro-
gression. Figure SA shows a possible pioneer stage, in conjunction with a small area of ex-
ploration. We see the addition of several larger Birch trees, with smaller shrubs, and newly
established maple saplings interspersed. Areas near the boundary of exploration can leave an
abrupt gap in the augmentations. In contrast, figure 5B shows the early stages of pioneer
growth, with augmentations present for ~30 meters in advance of the user. Figure 5C shows
the visual effect of walking through the dense shrubbery, including the level of detail avail-
able with close up inspection. Unfortunately, we found that the visual efficacy of the Ho-
loLens is strongly affected by direct sunlight, as such these pictures were taken in the late
afternoon.

To create visually appealing tree models, leaves are generally created with translucent mate-
rials, allowing the light behind to subtly influence the appearance of the leaves. While this
produces excellent visualisations in general, when capturing the images from the HoloLens,
this results in reduced visual definition. In contrast to this, Figure 5D shows a configuration
using more rudimentary models of pine trees. In this case, the materials are solid and non-
transparent, leading to a clearer image, but less realism. In all cases, due to the additive nature
of the HoloLens, there will always be some degree of transparency, with 100% occlusion of
the environment impossible.

4 Discussion

In this paper we aimed to explore the applicability of an untethered headset based Augmented
Reality for displaying, exploring, and interacting with changes in the immediate environ-
ment, to address the drawback of single-use site-specific AR applications which are unsuited
to larger project goals. We have proposed a new Adaptive Visualisation Workflow, which
enables us to formulate the visualisation process in terms of the continuous interactions be-
tween the user and the environment using a procedural visualisation engine. This approach
avoids many site-specific requirements, such as mapping and calibration in advance, while
remaining generic enough configure the engine to produce a large range of desired scenarios.

The visualisation engine is model-independent, designed to spatially contextualise the pre-
dictions of theoretical models, real-world measurements, or tailored scenarios (KUULUVAI-
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NEN 2016). This allows users to visually experience representations of various scenarios in-
situ, a key benefit for communication of complex and widespread interventions (CEAUSU et
al.2019).

As the visualisation engine is constrained by the parameterization of the experience, the ac-
curacy and rigour of the visualisations are largely dependent on the initial configuration. This
allows for experiences which range from general-purpose scenarios designed to visually
communicate the general principles and ideas of complex subjects, such as in our Rewilding
use-case, to more rigorous site-specific visualisations which would require detailed knowl-
edge about the ecosystem (soil, plants, animals, localization, climate, etc.), which would be
encoded in the parameterisations of the stages, species, prevalence, density and progressions
of the stages, a simple example of which is shown in figure 3.

In section 3, we demonstrate the capability of creating spatially widespread and complex
visualisations which arise entirely in a closed loop of interactions between the participant,
and the environment. In order to assess the applicability of the Adaptive approach to visual-
isation in communication exercises, we built a proof-of-concept application aimed at com-
municating the phenomenological process of natural species succession associated with the
passive rewilding process, to illustrate the conceptual afforestation process of an urban green
space using locally prevalent species. For this paper, we have presented results from an urban
green space, however, this approach is equally applicable to larger open areas. We show that
the dynamic spatial mapping can successfully augment an environment, without prior
knowledge of site topography. This workflow could largely eliminate the barrier of dynamic
occlusion found in other spatial communication tasks, such as small-scale flood visualisation,
and support novel applications of in-situ visualisation. With the initial technological barriers
of generic in-situ visualisations in place, further investigations will be continued to capture
specific data-driven model predictions in a spatial visualisation.

We found that the HoloLens creates an effective medium for free exploration of augmented
natural landscapes. However, in its current iteration, the hardware does present some signif-
icant limitations. Primarily, effective use of the hardware is hampered by bright sunny days,
as the over-saturation of natural light limits the ability to see visualisations clearly. This is
not an issue with hand-held AR devices, and as such an effective communication strategy
may still require both hand-held and headset AR until the hardware improves.

5 Conclusion

Augmented reality has been used as a tool to enhance communication and education since its
inception, focusing on handheld AR devices in recent years. However, in this instance, we
demonstrated a headset-based experience that is both embedded in the natural world and, like
rewilding, applicable to a large range of sites, from small urban green spaces, to open aban-
doned farmlands, without prior topographical knowledge.

We have proposed a new Adaptive Visualisation Workflow designed to support generalised
AR applications, with the widespread applicability required for large, multi-site projects and
educational applications. We find that while the HoloLens 2 hardware is extremely capable
in terms of mapping environments in real-time, and has the necessary computing power to
perform such experiments, the environmental requirements, such as low light levels pose the
biggest issues in creating an effective and widely applicable experience in this current device.
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Abstract: The German energy transition has come to a halt in terms of on-shore wind turbine deploy-
ment. This is to a large extent due to public opposition. Sensitive siting of wind farm locations in the
landscape early in the planning process might help to overcome this problem. In our paper, we investi-
gate different methods for visual landscape sensitivity analysis towards wind turbines that can be used
as one input into spatial planning at the federal state or regional level, where strategic decisions for
wind farm locations are mainly taken. Statistically comparing different methodological approaches,
different distance decay effects with different distance weights and different GIS algorithms, we con-
clude that (a) large-area visual sensitivity analyses are possible, (b) the distance decay effect has a
negligible influence on the spatial distribution of visual sensitivity and (c) that there are more method-
ological questions that should be empirically investigated in order to base strategic wind farm siting
decisions on a valid information basis.

Keywords: Visual landscape sensitivity, wind turbines, assessment, GIS, distance decay effect

1 Introduction

An increasing share for renewable energy sources is not only a target of the European 2030
Climate and Energy Framework (EUROPEAN COMMISSION n.d.) but also of the German Cli-
mate Protection Program (BMU 2019). In order to realize the targets, existing potentials need
to be utilized with solar and wind power being the most important ones in Germany (BFN
2019). Therefore, German spatial planning authorities have the legal task to designate areas
for possible wind energy use in a substantial share of their administrative area (FA WIND
2016). After a continuously rising number of newly installed wind turbines since the early
2000s, wind power deployment came to a halt in Germany in 2017 (FA WIND 2020).

Despite the set political goals, selecting concrete sites for wind power development and en-
suring public acceptance for these new landscape elements remains a major difficulty in spa-
tial planning. Residents often perceive the process of change critically. Wind turbines in par-
ticular change the visual landscape by their sheer dominance. This happens due to their height
(200 m and above), their technical design and the moving blades (BREUER 2001). LIMA et al.
(2013) briefly summarize additional imposed impacts of wind turbines. The subsequent land-
scape transformation might even lead to a shift from a (more or less) traditional cultural land-
scape into an energy landscape. Consequently, wind turbines impair visual landscape func-
tions like the scenic landscape quality or the recreation potential (NOHL 1993).

Yet, the impact on landscape aesthetics is not uniform. Perception varies depending on the
landscape configuration and personal attitude (ZUBE et al. 1982, NOHL 2001). It is commonly
accepted that the perceived visual impact caused by a wind turbine decreases with distance

Journal of Digital Landscape Architecture, 6-2021, pp. 148-162. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705012.
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from the observer (e. g. BREUER 2001, BISHOP & MILLER 2007, DE VRIES et al. 2012,
MOLNAROVA et al. 2012, BETAKOVA et al. 2015). This is called distance decay effect.

The visual impact is inter alia characterized by visual sensitivity (BACHFISCHER 1978). Vis-
ual sensitivity is less often investigated and has no universal definition. For example, STORE
et al. (2015) took visibility, potential users and visual landscape quality into account. While
GERHARDS (2003: 97) found landscape character to be important for visual sensitivity as
well, he also pointed to visual vulnerability/visibility to be important especially for regional
planning.

We understand visual landscape sensitivity as an indicator that describes the potentially im-
pacted area if a project is realized at a certain location. This indicator is — at first — independ-
ent of specific locations of viewers, the landscape quality and character in the area and exist-
ing impacts from other structures. Nevertheless, in a complete visual impact assessment our
sensitivity indicator can — and should be — combined with the three mentioned other aspects.
We focused our study on visual sensitivity solely on visibility: Visual vulnerability can be
analyzed using visibility analyses. We investigated five different approaches to calculate a
visibility index as a proxy for visual landscape sensitivity. Low visual landscape sensitivity
is the ability of a landscape to cloak negatively affecting objects (ROTH & BRUNS 2016: 52f.).

Of particular interest is how the distance decay effect affects visual landscape sensitivity.
Distant wind turbines are perceived as less intrusive as close ones. However, little research
has been done to assess how the generally accepted distance decay effect of visual impacts
influences sensitivity results.

BRUGHMANS et al. (2018) and HILDEBRANDT (2015) differentiate three approaches to work
with distance weights for the inclusion of the distance decay effect in sensitivity analyses:

e No distance weight (no distance decay effect)

e Stepwise discrete distance weights (zonal distance decay effect)

e Continuous distance weight (continuous distance decay effect)

Figure 1 visualizes the distance decay effect for these approaches. A uniform distance weight
corresponds to no distance decay effect and no distance weights. A stepwise approach uses
distance zones (bands) as visual impact thresholds with specific distance weights. Lastly,
with a continuous distance decay effect the distance weight changes continuously.

Fig. 1: Visual representation of approaches to model the distance decay effect;
adapted from BRUGHMANS et al. (2018, 16)
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Even though a theoretic basis exists, there is no large-scale application for visual landscape
sensitivity assessments with a distance weight. Distance weights were only integrated into a
few methods with purposes other than visual landscape sensitivity (e. g. WAGTENDONK &
VERMAAT 2014, GIBBONS 2015, BRUGHMANS et al. 2018). Our aim is to close this gap by
investigating the implementation of a distance weight into large-area sensitivity calculations
for wind turbines. Specifically, our objectives are (a) to develop Geographic Information
System (GIS) procedures to cover each of the three approaches of a distance decay effect, (b)
to compare the resulting visual sensitivity and (c) to suggest the most efficient methodology
based on performance. For the explorative study of visual landscape sensitivity with a dis-
tance weight, we used parts of the federal German state of Thuringia.

Knowledge of visual landscape sensitivity prior to specific wind energy projects is essential
to inform spatial planning authorities. Consequently, different sites for wind power develop-
ment are identifiable and comparable. This allows the inclusion of landscape aspects into
earlier stages of planning, when specific locations for wind turbines are not yet determined.
Well-founded, responsible siting decisions help to avoid or minimize negative visual impacts
of wind turbines and to protect sensitive areas. This could also contribute to higher public
acceptance of well-sited new energy infrastructure.

2  Methods

Our main research aim was to develop GIS procedures to include a distance weight into visual
landscape sensitivity assessment for wind turbines. These should be applicable for large-area
analyses. We also wanted to know, how visual landscape sensitivity differs between these
approaches and the corresponding implications. We solely focused on visibility and therefore
used different modifications of visibility analyses.

It is important to recognize the difference between visibility and viewshed analyses. Using a
GIS for viewshed analyses is state of the art to quantify a project’s visual impact (e. g. PAUL
et al. 2004, MOLLER 2006, WROZYNSKI et al. 2016). In this case, location and dimension of
a turbine are known. The field of view is calculated from the turbine tip while a potential
viewer is placed on each cell to quantify the impact. However, the deployment for visibility
analyses to quantify visual sensitivity is also possible (e. g. FISCHER & ROTH 2020). There-
fore, the setting of the viewshed analysis is inversed. We do not look from a wind turbine at
viewers but from viewers to a wind turbine. The visibility analysis assesses the visual land-
scape sensitivity against potential wind turbines’ impacts. Here the location of the wind tur-
bine is not known. Hypothetical observer points (persons) are placed in a landscape. The
visibility analysis places a potential turbine tip over each raster cell and calculates the number
of observer points from which the tip is visible. Using this approach it is possible to compare
the visual sensitivity of different areas to potential energy infrastructure development.

We hypothesized that using a uniform distance weight is the fastest and simplest approach.
Furthermore, we believed that visual landscape sensitivity to wind turbines differs depending
on applied coefficients and thresholds.

We used five GIS procedures to assess visual sensitivity to potential wind turbines with
200 m tip height. Table 1 summarizes the approaches. We gave meaningful names to all ap-
proaches to indicate the main concept of each method. They cover all distance decay ap-
proaches and calculate a visibility index.
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We integrated understandings of NOHL (1993) and BREUER (2001) into the method by
FISCHER & ROTH (2020). Both primarily focused on offering a method to calculate the nec-
essary area of compensation measures for impacted landscape aesthetics. Even though
NOHL’s (1993) approach is almost 30 years old, the method itself or modifications are still
part of German planning practice. Our integration of a continuous distance decay effect for
visibility analyses is new in the field of landscape planning. All results were reclassified using
seven levels of sensitivity and a quantile distribution. This simplifies spatial comparison.

Table 1: Methodologies to integrate a distance weight and GIS procedure

Approach of distance weight integration

Uniform distance Stepwise distance Continuous distance
decay effect decay effect decay effect
Underlying 1. Uniform analysis Stepwise analysis after 1. Observer viewshed
methodology (3 km) after BREUER | NOHL (1993) 2. QGIS Interpolation
(2001)

2. Uniform analysis
(10 km) after FISCHER

& ROTH (2020)
GIS 1. Adapted from FISCHER | Adapted from 1. Summarized viewshed
procedure & ROTH (2020) FISCHER & ROTH (2020) based on hypothetical
2. Adopted from FISCHER observers
& ROTH (2020) 2. Lines of sight and in-

terpolation

We conducted the analyses for a 20 x 20 km tile of the German federal state of Thuringia
(shown in Figure 2). The state is in the heart of Germany, which prevents boundary effects
due to abrupt end of data. Furthermore, it contains diverse landscapes with gradients in relief,
anthropogenic dominance and a varied land use. Additionally, FISCHER & ROTH (2020) de-
veloped their original method for this state and their results are available for comparisons.

We used ArcMap (Version 10.6.1) and its “Viewshed 1” to calculate the visibility indices for
all selected methodologies except the QGIS interpolation. We deployed QGIS (Version
3.10.1) for the QGIS interpolation and R (R CORE TEAM 2020) for further statistical analyses.
We calculated Pearson’s correlation coefficients to compare the resulting visibility indices.
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Fig. 2: Location of the investigation area within Germany.
The map shows the federal state of Thuringia (red contour; ATKIS, © GDI-Th,
Date: 30.06.2020) and the 20 x 20 km tile of the investigation.

2.1 General Assumptions of Visibility Analyses

Visibility analyses calculate for each cell how many hypothetical observers (persons) within
a fixed distance are able to see the tip of a potential wind turbine if the tip is located above
the center of the raster cell. In our case, the obtained frequency quantifies the visibility of a
200 m high wind turbine when erected on a cell based on set observer points. This frequency
value equals the visibility index and is our proxy for the visual landscape sensitivity. A higher
value equals a higher sensitivity. Assigning a decreasing distance weight to each observer
reflects the declining visual impact with distance.

Observer points, representing fictive persons with an average German eye height of 1.57 m
(JURGENS 2004), are the basis for a visibility analysis. They are spread in a regular grid
(500 x 500 m) throughout the study area. Points that are located within land use types with a
vertical extent permanently higher than eye height (namely forest and settlement) are ex-
cluded from the visibility analyses, as their field of vision is restricted. Additionally earth
curvature correction was always applied. A Digital Surface Model with a resolution of 10 m
(based on DSM2 © GDI-Th: 2010-2013, adjusted by FISCHER & ROTH 2020) was the basis
for all methods. It determined the resulting sensitivity resolution. We used the data in all
methodologies. Figure 3 shows the topographic characteristics of the investigated area.
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Fig. 3: Digital Surface Model and land use height classes of the investigated area

Another important parameter for visibility analyses is the maximum analysis distance. This
corresponds to the maximum viewing distance. Visibility is examined only within this bound-
ary. After this threshold, the assumption of a visual impact caused by a wind turbine is ne-
glected. A visibility range of 10 km is typically applied in Germany (TAUBER & ROTH 2011)
and is used within all methodologies except in the uniform analysis (3 km). The maximum
viewing distance also acts as a buffer enlarging the analyzed area to exclude boundary effects.
Otherwise, visual sensitivity is underestimated closer to the border, as less observers exist.
The area with results, the 20 x 20 km tile respectively, remains the same for all approaches.

Furthermore, the application of the distance decay effect needs to be set. The selected meth-
odologies correspond to different distance decay effects and apply diverging distance weights
as shown in Table 2 and Figure 4. The latter allows for a visual comparison of the applied
distance weights for each distance from the turbine to the observer. The continuous distance
decay effect is modelled with a linear decrease in distance weight from 1 (observer close to
turbine) to 0 (observer at maximum viewing distance).

Table 2: Applied distance weights per visual zone

Method Zone Distance weight
(coefficient)

Uniform distance | Uniform analysis (3 km
decay effect after BREUER)EZOO( 1) : 0-3,000m !

Uniform analysis (10 km)

after FISCHER & ROTH 0-10,000 m 1

(2020)
Stepwise distance | Stepwise analysis after 0—-200m 0.6
decay effect NOHL (1993) 200 — 1,500 03

1,500 — 10,000 m 0.04

Continuous Observer viewshed 0-10,000 m Linear decrease from 1 to 0
dti;tance decay QGIS Interpolation 0-10,000 m Linear decrease from 1 to 0
effect
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Fig. 4: Visualization of the applied distance weights;
adapted from HILDEBRANDT (2015, 67), modified

The uniform analysis (3 km) as well as the uniform analysis (10 km) follow an all-or-nothing
approach with no distance decay effect (uniform). Here every observer, who is able to see
the turbine tip, is weighted equally. The stepwise analysis differentiates between three zones
of distance between an observer and a turbine. For each zone, NOHL (1993) selected a dis-
tance weight to classify the strength of the visual impact as integrated in the stepwise analysis.

2.2 GIS Procedures in the Uniform Analysis (10 km) after FISCHER & ROTH
(2020)

FISCHER & ROTH (2020) developed a workflow to assess visual landscape sensitivity for large
areas using a visibility analysis. The methodology and the results are our baseline within the
uniform analysis (10 km). We explain their GIS procedure below. The authors calculated a
visibility index with high resolution. They developed the workflow around the ArcMap tool
“viewshed 1”” which allows several specifications as summarized in Table 3.

Table 3: Parameter settings used by FISCHER & ROTH (2020) and within the uniform anal-

ysis (10 km)
Parameter name | Representation of Value [m]
OFFSETA Hypothetical observer / person eye height 1.57
OFFSETB Height of potential turbine 200
RADIUS2 Maximum viewing distance 10,000
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The tool “Viewshed 1” adds the OFFSETB value to every cell of the DSM. This leads to
errors if a cell has a permanent land use height (forest and settlement) as the sum implies
higher turbines. To cope with this problem, FISCHER & ROTH (2020) classified land use
height in classes with 5 m intervals (see Figure 3). The value of each land use height class is
subtracted from the 200 m original turbine height. For each of the resulting heights (adjusted
OFFSETB) visibility analyses covering the investigated area completely were conducted.
The final visibility index is the combination of the interim-results, where the value corre-
sponds to the land use height class of each cell.

2.3 Adaptations for the Uniform Analysis (3 km) after BREUER (2001)

To obtain visual landscape sensitivity for the constant effect within the uniform 3 km analy-
sis, we adjusted the uniform analysis (10 km) to the understanding of the maximum viewing
distance by BREUER (2001). He believes that a considerable visual impact only occurs within
a radius 15-times the turbine height. The maximum viewing distance was thus reduced to
3,000 m. This value acted as the visual threshold for the visibility analysis. All other param-
eter settings match the ones of the uniform analysis (10 km) to calculate the visibility index.

2.4 Adaptations for the Stepwise Analysis after NOHL (1993)

For integrating the stepwise distance decay effect, we calculated the visibility index per dis-
tance zone. NOHL (1993) defined the thresholds. We selected the zones by using a minimum
(RADIUSI) and a maximum distance (RADIUS2) as corresponding thresholds. As a result,
the frequency of observers within the specific zones who are able to see the potential wind
turbine was calculated. We integrated the distance weights by NOHL (1993) by multiplying
the frequency per zone with the corresponding distance weight coefficient. Then, all results
were summed up.

Since the first zone ends at 200 m distance from the observer but observers are arranged with
500 m between them, no values were calculated for some cells. However, tests showed that
observers are able to see a wind turbine within a 200 m radius with almost no exception. We
consequently assumed that an observer in this zone would always see a wind turbine and
consequently set the interim-result to one. With this setting, we were able to work with area-
wide values. In areas with a land use height, visibility was assumed to be nil.

2.5 GIS Procedures Based on Methodology Observer Viewshed

For the representation of a continuous distance decay effect, we developed a new workflow
using the ArcMap ModelBuilder. It is a summarized viewshed analysis of all primarily se-
lected observer points (see Section 2.1). Within the model, each observer is selected sepa-
rately. Then a viewshed analysis (tool “Viewshed 17) integrating the DSM starts. The settings
match the ones made in the uniform analysis (10 km) in Table 3. The results show all cells
where a potentially installed turbine tip is visible for this one observer. Additionally, the
Euclidean distance is calculated with a radius of 10,000 m (matching maximum viewing dis-
tance) starting from the selected observer (hypothetical person) and a resolution of 10 m
(matching DSM resolution). These values are inversed and normalized to values from zero
(far from the observer) to one (close to the observer) to represent distance weights with a
continuous distance decay effect. Next, we intersected the area of visibility and the inversed
Euclidean distance. Only areas, which are visible from the observer, maintain their weight
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value. All other cells are set to zero. Subsequently, all distance weighted raster datasets are
summed up to create the visibility index for one fixed height.

As the same parameters as used in the uniform analysis (10 km) are applied, errors as de-
scribed in Section 2.2 occur likewise from only using one fixed height as OFFSETB. Conse-
quently, the previously described procedure was repeated for all adjusted heights
(OFFSETB) used in the uniform analysis (10 km). Finally, the visibility index of each cell is
selected by taking the calculated value following the land use height class of the cell.

2.6 GIS Procedures Based on Methodology QGIS Interpolation

We developed an additional GIS approach independent of ArcGIS and a viewshed tool. In-
stead, we used the tool “Intervisibility network” by CUCKOVIC (2016) in QGIS. The tool
creates lines of sight between two sets of points. One set acts as the observers and one as the
targets. This calculation is based on the DSM.

The previously described methods calculate the visual landscape sensitivity for each cell of
the DSM. This is not possible using the tool “Intervisibility network”. Instead, we created a
point-feature class arranged uniformly in a grid with 100 m distance between points. These
points represent the wind turbines that are potentially placed on the cells. As their height
value is also added to the land use height, we subtracted the land use height class from the
200 m object height to receive the right height. This dataset worked as source dataset in the
tool. The tool draws lines of sight to each point of our observer dataset that lies within max-
imum viewing distance of 10,000 m and is visible.

Each resulting line characterizes a visual relation between a potential turbine and an observer.
We calculated the length of the line. After inversing and normalizing, a distance weight was
obtained. Next, we summed up all distance weights (originating from lines) per source point
(representing a turbine). Thereby, the distance weighted frequency of observers who were
able to see the tip of the potential wind turbine (visibility index) resulted. These values were
interpolated (Natural Neighbor) to create an area-wide grid with 10 m resolution.

3  Results

Table 4 summarizes the needed computing time to calculate the visibility index in the inves-
tigated area for each selected methodology using one workstation. Time needed to prepare
the relevant datasets, as well as additional steps like the conversion into a sensitivity assess-
ment are not included.

Table 4: Time for calculation of visibility frequency in the investigated area using one
workstation

Method Time (hh:mm:ss)
Stepwise analysis Ca. 40:00:00

Uniform analysis (3 km) Ca. 12:00:00

Uniform analysis (10 km) | Ca. 28:00:00

Observer viewshed Ca. 177:00:00 (> 7 days)
QGIS Interpolation Ca. 13:00:00
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Fig. 5: Spatial comparison of the visual sensitivity as predicted by all approaches using a
quantile distribution

Absolute values of the visibility indices differ substantially. However, values based on the
observer viewshed and the QGIS interpolation are very similar. The visual sensitivity is com-
parable using classes based on a quantile distribution as illustrated in Figure 5.

The results based on the stepwise and uniform analyses 10 km, as well as the ones based on
the QGIS interpolation and the observer viewshed, are particularly similar and spatially com-
parable with slight geviations- These four partly resemble the topography. Open areas with less
undulating terrain tend to higher sensitivity. Meanwhile valleys and mountainous regions
possess a lower visual sensitivity.

Results based on the stepwise analysis are coarser. Sensitivity, after the uniform analysis
(3 km), differs from all others with contrasting sensitivity especially in the east and southeast.
This result also seems to be stronger influenced by land use height classes with larger areas
of the lowest height class having high sensitivity.

Table 5 summarizes the calculated correlation coefficients for all pairwise comparisons. All
pairs correlated positively and statistically highly significant. The visibility index based on
the uniform analysis (10 km) correlated strongly with all other values except the one based
on the uniform analysis (3 km). Here correlation was moderate. All other pairs show strong
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correlations. The results by the observer viewshed and the QGIS interpolation correlated al-
most perfectly.

Table 5: Pearson's correlation coefficients of the visibility indices

Stepwise Uniform QGIS Observer

analysis analysis (3 km) |interpolation viewshed
Uniform r=0.97 r=0.67 r=0.94 r=0.95
analysis (10 km) |p<0.001 p <0.001 p <0.001 p <0.001
Stepwise r=20.80 r=0.97 r=0.97
analysis p<0.001 p<0.001 p<0.001
Uniform r=0.84 r=0.84
analysis (3 km) p<0.001 p<0.001
QGIS r=0.99
interpolation p<0.001

4  Discussion

This study investigated different approaches to integrate the distance decay effect into visual
sensitivity assessment towards wind turbines. Therefore, we conducted a variety of visibility
analyses with distance weights. The innovative part was the development of new GIS-based
models to assess the continuous distance decay effect. We expected to find diverse results.

We showed that it is possible to model a stepwise and a continuous distance decay effect into
visual landscape sensitivity assessments for wind turbines: A uniform distance decay effect
as well as stepwise one can be calculated by adopting the methodology by FISCHER & ROTH
(2020). Both of our new GIS approaches are suitable to model a continuous distance decay
effect.

The absolute values of the visibility indices are a direct consequence of hypothetical observer
density and the applied maximum viewing distance. The latter determines the number of
hypothetical observers included in the analysis. Consequently, the mere visibility index has
little meaning. The main aim of a visual sensitivity analysis is to identify areas that are not
as sensitive towards wind turbines compared to others. This is true for mountainous regions.
For once observer density is lower as the land use type often is forest. Moreover, while far
views are possible from the edge of mountainous regions, the relief restricts the view within.
Often one can see only to the next mountain. This is amplified in valleys. Consequently,
visual landscape sensitivity is low there.

We found that the visual sensitivity results differ stronger between varying maximum view-
ing distances than between different distance decay effects. Spatial areas of different visual
landscape sensitivity (classified by a quantile distribution) match mostly between methods
as long as the maximum viewing distance is the same. Changes in the applied maximum
viewing distance lead to broader deviations in sensitivity assessment. This is due to the very
different number of included observers. The reasoning, that maximum viewing distance is
more influential than the distance decay effect is also supported by the very strong correlation
between all approaches with 10,000 m maximum viewing distance.



C. Fischer, M. Roth: Visual Landscape Sensitivity Assessment with a Distance Decay Effect 159

Our results suggest that the distance decay effect has a negligible influence on the spatial
distribution of visual sensitivity. Hence, applying a uniform distance decay effect while set-
ting the maximum viewing distance to 10,000 m (uniform analysis (10 km)) is adequate to
assess visual landscape sensitivity to wind turbines. This is the simplest approach with a
moderate calculation time and a simultaneously high accuracy. The even faster QGIS inter-
polation does not assess every cell uniquely but interpolates values. This saves time but is
not as accurate. The observer viewshed took a vast amount of time as viewshed analyses were
conducted for each observer point. This procedure is repeated nine times with nine adjusted
height values. Nevertheless, as correlation values of the stepwise analysis are high in com-
parison to the approaches for the uniform and the continuous distance decay effect alike, an
analysis with distance zones may contribute to results that match the real perception even
more. We conclude that the uniform analysis (10 km) is the most efficient methodology to
assess visual sensitivity.

Our explorative approach focused on an investigation area measuring 20 x 20 km. Neverthe-
less, all investigated GIS approaches are transferrable to large areas by deploying a parallel
calculating computer network. FISCHER & ROTH (2020) already demonstrated that for the
whole federal state of Thuringia.

Visibility analyses offer a valid quantitative approach to assess visual landscape sensitivity
towards wind turbines or other structures. Our results contribute to the prevention of exten-
sive visual impacts, as different sites for wind power development and their sensitivity are
comparable. This supports siting decisions concerning wind turbines, as aesthetic impacts are
included into the decision-making, which in turn might increase public acceptance. Still ad-
ditional aspects like political interest, other environmental impacts for example on species
and economic feasibility need to be included as well.

However, sensitivity of the landscape as predicted by visibility analyses can only be approx-
imated. Still, maximum viewing distance and the distance weights influence the results
strongly. Which of the five investigated understandings of the distance decay effect and the
predicted visual impact is the most fitting one in reality is not part of this study and needs
investigation by a ground-truthing approach. An online survey based on photographs of ex-
isting wind parks would be meaningful to obtain empirical results. Knowledge on the realistic
perception of visual landscape sensitivity could found a generally accepted method.

Even though the usually applied maximum viewing distance for viewshed analyses is set at
10 km in Germany (TAUBER & ROTH 2011), ROTH & GRUEHN (2014) believe that 10 km is
a minimum threshold. The 10 km value was chosen for turbines with a maximum height of
100 m in the 1990s and early 2000s (e. g. NOHL 1993, BISHOP 2002 as cited in BETAKOVA et
al. 2015). This threshold still has not been changed with current turbine heights of 200 m and
above. It also varies depending on the method (brief overview given by IOANNIDIS &
KOUTSOYIANNIS 2020). So far, no scientifically proven visual threshold for wind turbines
exists (BETAKOVA et al. 2015). At the same time, the SCOTTISH NATURAL HERITAGE (2017)
stated in its guidance document for the siting of wind farms that generic distances are no
longer suitable. This is justified by varying viewing distances due to turbine design, site as-
pects and weather conditions. Still, one threshold, which is valid for the German landscape
configuration and atmospheric composition, would be desirable. Reinvestigation into this
topic is overdue. HILDEBRANDT (2015) suggests a range of 15-16 km with significant visual
impacts, based on studies from other countries (e. g. SULLIVAN et al. 2012). Whether the
situations of these studies are comparable to German landscapes has to be further examined.
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Another topic that needs to be challenged is the zoning of visual thresholds to model a step-
wise distance decay effect. BETAKOVA et al. (2015) found thresholds at comparable distances
as NOHL (1993). A perceived impact reduction occurred at thresholds of 1,500 m, 7,500 m
and 10,000 m distance from the observer (150 m wind turbine height). However, several
thresholds were preliminary fixed in their study. It is furthermore unclear, how NOHL (1993)
drew the distance weights. Their validity is thus questionable. If there are thresholds with
differing visual sensitivity and which values are appropriate in reality is uncertain and a task
for future research.

Additionally, landscape aesthetic quality influences landscape sensitivity (GERHARDS 2003:
97, BETAKOVA et al. 2015, STORE et al. 2015). As the visual impact is stronger in highly
aesthetic landscapes so is the perception of the decreasing impact with distance. Simultane-
ously, the distance decay effect is not as pronounced in landscapes with a lower aesthetic
quality (BETAKOVA et al. 2015). How this is applicable in practice needs investigation.

We modelled the continuous distance decay effect as a linear function. However, other types
of mathematical functions may be useful. Alternatives include a fraction (WAGTENDONK &
VERMAAT 2014), the logarithmic function or the exponential function (e. g. SHANG & BISHOP
2000). As long as no empirical study enables a deeper understanding of the distance decay
effect for 200 m and above turbines, all functions are equally suitable.
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Abstract: This research involves the use of tree growth software and landscape visualization tools to
explore future landscape management possibilities at the Flight 93 National Memorial tree grove in
Stoystown, PA. The site's trees have experienced significant problems over the 10-year existence due
to compacted and degraded soils, leading to stunted tree growth and in many cases high rates of tree
mortality. Using a combination of a tree growth 3D modeling plugin and computer game development
software, we visualized several tree mortality scenarios which were used to inform landscape grove
management over the course of a 25-year maintenance plan. A pilot grove of 40 trees was selected for
initial growth simulation, with each tree modeled individually to represent species and documented
health characteristics. Real-time rendering game design software was used to develop photorealistic
renderings in order to visualize the changes in character that occurred as a result of various growth and
mortality scenarios.

Keywords: Growth, simulation, canopy, mortality, interaction

1 Introduction

The creation of three-dimensional landscape rendering typically relies on prefabricated tree
models to visualize trees in the landscape. These models sufficiently communicate the gen-
eral character of the tree, even incorporating differently-modeled instances of the same spe-
cies to give the appearance of natural variation. However, these tree models should not be
confused with simulations, those which integrate architectural and self-organizing compo-
nents of tree growth to create scientifically-informed tree models (PALUBICKI et al. 2009).
When attempting to manage a landscape to achieve an intended design character, and espe-
cially when a site-specific management strategy needs to be developed in response to site
conditions, a data-informed method to create vegetation that is faithful to botanical structure
and development is critical (DE REFFYE et al. 1988).

This research involves the use of tree growth software and landscape visualization tools to
explore future landscape management possibilities at the Flight 93 National Memorial in
Stoystown, PA. The memorial is located at the site of the crash of United Airlines Flight 93,
one of the hijacked flights in the September 11, 2001 attacks. The memorial was made to
honor the passengers and crew of Flight 93, who prevented the plane from reaching its in-
tended target by overtaking the hijackers. The memorial consists of a visitors center, Wall of
Names, Tower of Voices, and a memorial grove consisting of 40 individual groves which
contain 40 trees each, one tree for every victim of the plane crash (THOMPSON 2017). The
groves have experienced significant problems over the 10-year existence due to compacted
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and degraded soils, leading to stunted tree growth and in many cases high rates of tree mor-
tality. This grove restoration and visualization project is interdisciplinary and collaborative,
with partnership between the National Parks Service Olmsted Center for Landscape Preser-
vation and the Center for Cultural Landscape Preservation at SUNY College of Environmen-
tal Science and Forestry. This research aims to visualize the visual impacts of tree mortality,
tree replacement, and ongoing maintenance on the intended design character of the memorial
groves in order to develop a tree management plan for the site.

2  Methods

Using a combination of a tree growth 3D modeling plugin and computer game development
software, we visualized several tree mortality scenarios which were used to inform landscape
grove management over the course of a 25-year maintenance plan. Many of the trees on the
site were dead or in extremely poor health due to poor soil and drainage on the site, which
was previously an active mine (EMILI et al. 2016). The severity of the tree health issues
throughout the site prohibit the use of standard tree 3D models to explore the stunted or
missing trees’ impact on the landscape character. In order to simulate interaction and com-
petition between trees, we needed to be able to grow 3D trees whose growth would respond
to sun and shade, compete for light with their neighbors, lose branches over time, and simu-
late a range of other tree growth factors (BELLA 1971). To accomplish this we used The
Grove, a Blender tree growing add-on, to simulate the growth behavior of each memorial
grove of 40 trees upon a base terrain developed using contours in AutoCAD and Rhino (Fig.
1). The initial use of the model heavily focused on the location and orientation of the 40
groves and the 40 individual trees within each grove. Each grove of 40 trees followed a tri-
angular planting pattern consisting of 5 columns of 8 trees. Trees were spaced 30’ apart in
each column, and 23’ apart diagonally between rows. The circular orientation of the 40
groves allows for a 32’ interior spacing along the inner pedestrian edge and 37’ spacing along
the vehicular approach road.

Fig. 1: Flight 93 National Memorial Aerial Photo (left) and 3D Model (right)

A test grove of 40 trees was developed for the pilot study. The goal for this test was to deter-
mine the methods for affecting tree growth on a per-species level based on the existing health
of each individual tree in a species group. There were 7 total species planted throughout the
40 groves. Four distinct health conditions were identified in research for this project, which
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was conducted by Cornell (BASSUK et al. 2020). While the criteria used to identify the four
health conditions were not outlined in the provided document, representative images of the
baseline conditions were present and used as a comparison. Currently, The Grove is unable
to translate traditional field measurements such as diameter at breast height (DBH) and
growth rate to the digital visualization of the tree. Therefore, the images provided in the Cor-
nell research were sufficient to begin this test. To achieve the most accurate visual appearance
of each health condition, manual adjustments were made to The Grove growth characteris-
tics. It is important to note that we did not find any information about whether the methods
used in the Cornell report are characteristic of a typical forest assessment.

To begin the growing process, the tree is selected from the pre-set list of available species in
The Grove. Each tree contains unique growth characteristics to best match the species se-
lected. These growth characteristics are present under 14 different categories that range in
the trees ability to add or drop branches to manipulating branch flexibility and leaf shading
area. A trial and error process was used to determine which of the 14 factors best reflected
the desired visual qualities.

Each growth characteristic is dependent on its own relative scale. A growth template was
developed to demonstrate the effects of the single growth characteristic at a time. For this
test, each individual tree was grown to the same age, and all other pre-set conditions re-
mained, except for the variable growth condition being tested. For each variable, 6 trees were
individually grown to test the minimum and maximum value, as well as 4 evenly spaced
values in between. This process was started for the five categories which we believed could
reach the desired effect based on the description text available through the program. These
included Canopy Density, Favor Bright, Favor Rising, Age Limit and Favor End.

Once the visual qualities were understood through this process, only three of the five previ-
ously selected characteristics were needed to reach the desired effect. These software controls
modified for this test were:

e Canopy Density: Determined the addition or subtraction of side twigs to all branches
that were grown. A higher number in this category results in increased density tree foli-
age.

e Favor Bright: Only maintained leaves that received the most direct sunlight. A higher
number in this category results in an exaggerated death of shaded leaves and exaggerated
growth of leaves in direct sun.

e Favor Rising: Created a dense upright canopy that limited any outward spreading of
branches. A higher number in this category results in no horizontal competition for grow-
ing branches resulting in increasingly perpendicular growth.

The final combined values for these three characteristics were determined through a second-
ary trial and error process. Each iteration of the modified tree growth test was compared to
site photos and the sample images provided through the Cornell assessment until the combi-
nation of values matched the site conditions.

Initial experimentation was conducted to understand the impact of each of these conditions
on the resulting tree model, resulting in a baseline set of values that effectively generate the
4 distinct health conditions outlined by Cornell. This process was then used to generate a
model of a single grove, with each of the 40 trees modeled individually to represent each
species and documented health (Fig. 2).
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GROVE 1
EXISTING

Fig. 2: Software settings for each individual tree within one modelled memorial grove

Each modification was recorded so that all instances of the same species-health interaction
in all groves could be replicated with the same configuration. The single grove modeling was
completed with all tree species represented at their current health, allowing us to determine
the abilities of the software to visually capture healthy as well as unhealthy trees across sev-
eral species (Fig. 3).
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Fig. 3: Completed model of existing grove conditions, perspective view (left), top view
(mid) and documented tree health and species from field study (right)

The next step was to develop a mortality threshold study. The mortality threshold study was
necessary in order to determine the extent to which tree mortality would negatively impact
the character and identity of each of the 40 groves. Although the loss of a single tree in a
grove of 40 trees would be unlikely to cause visual fragmentation, our team theorized that
the loss of several trees could potentially disturb the visual cohesiveness of the grove. To
create the mortality study, 4 groves were selected. The timescales to be visualized were 10,
20, and 30 years, with the goal being to represent various moments during and slightly be-
yond a 25-year management plan. Using a randomized mortality pattern, five scenarios were
developed per grove; 0, 3, 6, 9, and 12 tree deaths. These represent a maximum of 30% tree
mortality per grove, a high mortality rate for a healthy tree community (HILBERT et al. 2019,
MORIN et al. 2015, NOWAK et al. 2004). Each grove was divided into three sections, with each
section receiving a varied proportion of tree mortality. The sections included: Viewshed
Edge, containing trees that interact with adjacent groves; Movement Edge, trees that face the
vehicular approach road or the inner pedestrian path; and Interior, all remaining trees with no
edge condition. Each mortality scenario was randomized per grove, per mortality scenario
and diagrammed in 2D in order to evaluate the study design (Fig. 4).

The Grove currently does not allow for the growth of different species within a single run
sequence. Each species much be grown independently of the other resulting in no generated
interaction between sets of grown trees. This was not particularly important for the health
study, as the goal was to demonstrate the varied health conditions on trees that are already
stunted and not physically interacting with the surrounding tree canopies. However, in visu-
alizing future growth conditions for the mortality study, in this case up to 30-year growths,
alterations were made to the growing process to allow The Grove to respond to interacting
tree canopies.
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Fig. 4: Mortality study scenarios showing numbers of dead trees and percentage of dead
trees on edges + interior

For each mortality scenario, a single tree species was selected to represent the quantity of
trees needed for each mortality study. All pre-set growth characteristics were maintained to
best represent an ideal growth condition. The entire grove, up to 40 trees, were then grown
as a single sequence to the desired timescale. This process was repeated for each of the groves
independently as the individual groves did not yet interact with the adjacent grove.

After completing the mortality studies, we used photorealistic real-time rendering to visualize
the changes in character that occurred within each. Immersive realism was critical to the
project’s success, as it provided the highest level of precision (KULLMAN 2014). The ability
to differentiate both large and small-scale vegetation elements was essential to providing the
level of realism necessary to understand the visual impact of any changes to these elements
(KINGERY-PAGE & HAHN 2012). This level of realism would allow us to visually communi-
cate subtle changes in detail within the tree canopy in order to note the changes in landscape
character that occurred in each study. Although Blender and the Grove offered significant
computational power in simulating tree growth models, they lacked suitable environmental
rendering characteristics such as particle-driven atmospherics and real-time vegetation ren-
dering. Just as importantly, they lacked the ability to handle thousands of polygons necessary
to create a large-scale realistic site model. We exported each Blender model as an FBX file
and imported them into Unity as scene assets.

A primary visualization goal of ours was to achieve fast real-time rendering with a high de-
gree of realism, a challenging task given the large site dimensions and number of trees to be
modeled (BAO et al. 2011, COLDITZ et al. 2005). In order to accomplish this goal, we elected
to use Unity 3D, a game design and virtual reality platform. Unity’s ability to continually
adjust each scene object’s Level of Detail (LOD) proximal to the viewpoint allowed us to
develop the site’s meadow condition along with enabling us to quickly place each Blender
tree model and quickly apply bark and leaf materials specific to each species. The completed
grove models were then exported as still image renders (Fig. 5). Unity’s ability to create



A. Ackerman et al.: Simulate Tree Growth, Mortality, and Community Interaction 169

standalone scene packages also allowed us to create walkthrough models that could be con-
trolled by the user, allowing project partners to self-navigate through the groves and explore
changes to the canopy. This was a critical factor in making decisions about tree canopy
threshold, as we could understand the impact of missing trees from both a fixed and moving
point of view.

Fig. 5: Still image render of Grove mortality study in Unity 3D

3 Discussion and Conclusion

The ability of Blender and the Grove to simulate tree growth characteristics and environmen-
tal interaction provided a valuable tool for confidently attempting to visualize a future con-
dition. The ability of Unity3D to create fast, highly realistic real-time renderings and WALK-
THROUGH STUDIES OF TREE MORTALITY ENABLED US TO IMMERSIVELY STUDY AND EVALUATE
THE IMpacts of tree mortality rates on the character of the groves as a whole. It is crucial to
acknowledge that these tools do not provide us with absolute certainty about future tree
growth and loss. Rather, they provide a method of testing a range of possibilities with the
understanding that the outcome is likely to exist somewhere within that range. Acknowledg-
ing this fundamental truth will enable us to use these tools to communicate potential land-
scape futures, with visualizations which provide data-informed input for management and
design decision making.

Within the geodesign framework established by CARL STEINITZ (2012), this represents a way
of working that has the potential for vast growth. Algorithmic approaches to geodesign have
the potential to analyze the complexity of ecological relationships within the landscape (ROLF
& PETERS 2020). As adaptive, performance-driven ecological landscape approaches become
increasingly complex, this ability to computationally play out future vegetation growth sce-
narios can offer new forms of visual feedback and design iteration.
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Hanging Gardens: A City Crown for Halle by
Walter Gropius in Virtual Reality
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Brandenburg University of Technology Cottbus-Senftenberg, Brandenburg/Germany -
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Abstract: As part of the project “Hanging Gardens — A City Crown for Halle by Walter Gropius in
Virtual Reality”, a central building project of Classical Modernism can be experienced and walked
through for the first time, which — had it actually been built — would have made the city of Halle known
worldwide as a centre of Bauhaus architecture. The article provides insights into the development, de-
sign and implementation of the interactive VR installations. The basis is formed by 15 preserved orig-
inal drawings and years of research work. Over several steps, the topography of the area was built up,
the 92-year-old drawings interpreted and digitally recreated, and 3D models developed and visualised.

Keywords: Virtual and Augmented Reality, simulation, georeferencing

1 Introduction

The impressive architectural design by Walter Gropius for the city of Halle (Saale) was made
tangible for the first time in the interactive exhibition project “Hanging Gardens — A City
Crown for Halle*, shown from 15 September 2019 to 19 January 2020. The exhibition takes
the form of a walk-in VR-installation. After years of research and an elaborate digital recon-
struction, visitors could experience the spectacular, although never carried out, architectural
design on the Lehmannsfelsen in Halle. The interdisciplinary research and exhibition project
thus makes the design virtually visible 92 years after its becoming, and not far from the orig-
inally intended location.

The exhibition gives an insight into how the Hanging Gardens would have looked. Architect
and founder of the Bauhaus Walter Gropius (1883-1969) submitted this design to a competi-
tion for a so-called city crown for Halle with a city hall, a museum and a sports forum in
1927 (FUHRMANN 2019). With a graphic 3D-interface, the visitors could view the complete
area in miniature; they could teleport from one position to another or move freely within the
digital model via controllers. Multiple VR-stations and a large-screen projection offered in-
sights. The exhibition “Hanging Gardens — a City Crown for Halle* offers the three-dimen-
sional and impressive virtual experience of the design. Special attention was given to the
room concept of the concert hall.

The base for the realization of the project were 15 original drawings as well as long-lasting
research. The topography of the location was constructed in several steps, then interpreted in
2D-models, and finally digitalized and transferred into 3D-models. The positioning and di-
mensions of the design were made fathomable during site visits with augmented-reality ap-
plications and 360-degree-videos. There are images and 360-degrees panoramas for particu-
larly compelling locations. An extensive accompanying program with guided tours, lectures
and workshops deepened and expanded the topics of the presentation. The results from the
discussion forums and workshops became part of the exhibition and constantly changed its
content and form.

Journal of Digital Landscape Architecture, 6-2021, pp. 171-183. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705014.
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Fig. 1: Exhibition project “Hanging Gardens — A City Crown for Halle from Walter Gro-
pius in virtual reality*

2 New Design and Content Accents in Landscape Architecture

It’s obvious: The open space design that Gropius designed for the contribution Hanging Gar-
dens lies outside the classical appearance of 1920s landscape architecture. With this design,
he sets new accents in open space planning in terms of content' and design.

For Gropius, the Hanging Gardens above the river Saale represent a new landmark for the
city of Halle (GROPIUS 1928). The competition area was already connected to a grown urban
quarter and thus close to the city center. And yet the still undeveloped Lehmannsfelsen is in
the midst of nature. Gropius places an urban master plan in this idyll, which at first glance
embodies above all the ideas of architecture and technology discussed at the Bauhaus in Des-
sau.

The plan graphics don’t show the great natural scenery above the Saale floodplains. Instead,
Gropius develops the concept out of the traffic plan, describes access and exit routes for cars,
puts bus traffic on the promenade on the banks of the Saale and creates one hundred parking
spaces. Gropius deliberately refrains from drawing gardens and landscapes in order not to
“interfere with the clear assessment of architectural bodies” (GROPIUS 1928). Only rows of
trees, not shown in green but in blue, serve as local boundaries for the entire ensemble or
form the transition from architecture to landscape. The design is characterized by different
levels of open space design, described by Gropius himself in 1930: “the use of accessible
roof gardens with plants is an effective means of incorporating nature into the stony deserts
of large cities. The cities of the future with their gardens on terraces and roofs — seen from
the air — will give the impression of a large garden” (GROPIUS 1974).

Among the contribution submitted for the competition, Walter Gropius’ large-format design
drawings entitled “Hanging Gardens” stand out both conceptually and in their radical formal
language. The partially colored blueprints submitted in Halle are now kept in the estate of
Walter Gropius at the Busch-Reisinger Museum in Cambridge, USA. They were given a logo
in the upper left corner consisting of three circles in the Bauhaus colors yellow, red and blue

1" The competition and Walter Gropius’ contribution were extensively studied and analysed for the
first time as part of a research project by the author. Cf. Christine Fuhrmann: Eine Stadtkrone fiir
Halle a. d. Saale by Walter Gropius, (Dissertationsschrift) Bauhaus-Universitéitsverlag Weimar 2019.
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and the motto Hanging Gardens. The original drawings were severely damaged when they
returned to the Bauhaus Archive Berlin after the death of Walter Gropius. Here they were
rediscovered, documented and scientifically interpreted as part of the research work in 2007.

GESAMT-SCHAUBILD

Fig. 2: Walter Gropius: A citycrown for Halle 1927/28, isometry, 1:500, blueprint, ink,
washed, gouache (Harvard Art Museums/Busch-Reisinger Museum)
© VG Bild+Kunst Bonn 20203 (From drawing to digital model)

2.1 2D Vector Graphics

The site plan and the floor plans, views and sections of the buildings were first converted into
2D vector graphics. On this basis, the first rough 3D data of the outer cubature of the build-
ings were created. At the same time, the Lehmannsfelsen area was verified based on georef-
erenced 2D data provided by the city of Halle. The contour line information was transformed
into a dense three-dimensional polygon mesh and the adjoining buildings, streets and paths
as well as the banks of the Saale were transferred to it and the first 3D model of the existing
topography was modelled.

The next step was to merge the information contained in the original drawings on the eleva-
tion profile, the building cubatures and the road and path routing from the traffic plan into a
coherent open space model and to compare it with the topography model. This confirmed
that the special features of the rocky area had already been taken into account in the design.
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Fig. 4: First 3D model of the existing topography, 2008

The still sketch-like digital model structure was subsequently concretized over several steps
to a model character, in which the degree of detail, the color scheme and the materiality are
based on scale models. For public presentations, a guided camera flight was created based on
the 3D visualization. Starting with the isometric overall view, the guided camera flight shows
the overall ensemble and the exterior views of the buildings. This video was shown as part
of the exhibition “Eine Stadtkrone fiir Halle. Walter Gropius in Competition” 2011/12 at the
Kunstmuseum Moritzburg Halle and at the Bauhaus Archive in Berlin.
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3 Processing of geoscientific data of the Lehmannsfelsen in
Halle/Saale

3.1 Georeferencing

Georeferencing is primarily used to compare geographical cartographies (ACKERMANN
2009). It is necessary to compare reliable data from older records and plans with up-to-date
and much more accurate representations, correcting older material if necessary. Programs
such as Arc-View or Arc-Gis, which meet the high demands for accuracy during a referenc-
ing process, are employed for these processes.

3.2 The Terrain Model

In general, a digital terrain model (DTM) or elevation model (DEM) in geography and land
surveying does not contain objects on the earth’s surface (houses, animals, trees etc.). We
used two data sets from grid models for the project “Lehmannsfelsen”. The advantage of grid
models is the equal division of the measuring points on x- and y-direction. We added the
height to every single grid point in the z-direction. Common grid spacings are GDMS5 (10m
grid), DGM25 (25m grid) and DGMS50 (50m grid). The vector format is another possibility,
which already contains triangular data with x, y and z coordinates. These coordinates, how-
ever, do not necessarily have to lie on a grid.

3.3 Data Review and Reduction (Stripping)

The separation of important and unimportant data takes places while reviewing the geograph-
ical data. An elevation file of the project (geographical laser survey in a 1m grid) had a much
larger extent than requested (requested was 500x500m, we received 700x800m) and a data
format that our CAD software could not read.

In response to the second point, we formatted the data format (here: Gauss-Kriiger coordi-
nates) with each point in the form of x,y,z coordinates (example of a coordinate: 4 496 261.
50; 5707 359. 50; 90. 20) into a point cloud readable by us (x,y,z coordinates in relation to
newly defined points for the visualization, example: 0.5; 0.5; 90.2). We formatted all 629 090
points in the batch procedure.

Following, the point cloud be visualized three-dimensionally in the CAD software without
having a distance of more than 4496km to the coordinate source in the x-direction. We re-
moved excessive points and reduced the object to a size of 500x500x50m. The advantage of
the result was the smaller file size, making the navigation of the entire object much more
comfortable. We repeated this process for the model of the Land Survey Office (10m), which
was much lower-resolved, but larger in relation to the area of the Lehmannsfelsen.

The resulting point clouds are the starting point for all further conversions and referencing
We, therefore, had to ensure that:

e o descaling takes place, for this purpose, objects are set up in the CAD software (so-
called bounding boxes), within which the processed model must remain.

e the units of measurement (mm, cm, km) do not get changed. Each measure of length has
determined application-related accuracies.

e all CAD programs within the project reflect the same units of measurement.
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e cach geometry entering further processing is checked for dimensional accuracy and lo-
cation (a 10x10x10m cube as reference for size comparisons within the import files).

Another problem is the size of the grid pattern of data from different suppliers. The DGM
grid of the data delivery of the City Survey Office was Im. The DGM grid of the data of the
Land Survey Office, however, was 10m. We had to reconcile the data.

3.4 Converting to Polygonal Geometry (Meshing)

When converting to polygonal geometry, a polygon with two triangles is created between 4
points (vertexes). The geometry thus received 17 250 polygons with twice the number of
triangles, which later had to be calculated by the graphics. This polygon number is no longer
a challenge for modern hardware. However, the number is already too large for 3D online
presentations because the terrain takes several seconds or minutes to transmit. Here we had to
keep an eye on the target medium and, if necessary, draw attention to the fact that the loading
process of such a project takes some time. To keep the amount of data as small as possible we
only used the high accuracy of the 1m terrain model in a limited area: in a visual focus of the
project. Furthermore, the 10m grid was going to extend to a total size of 800x800m.

Later, a so-called “multiple stitchable terrain engine” can be used within the 3D authoring
system to prepare the 3D visualization (ACKERMANN 2009). It allows the user to view the
scene while terrain data is still being loaded in the background, and to split terrain infor-
mation. There are different technical approaches for such systems, the explanation of which
will not be included in this text.

3.5 Optimization and Reduction of Data

The optimization of the polygon number of the 3D model makes sense for further processing
of the terrain data in the visualization project or the model construction. For this process, we
created a combination of the 1m and the 10m grid model. Afterwards, the CAD program
(here 3DsMax) corrects polygon errors and reduces the number of polygons of the overall
model. An algorithm takes the changes in the height within the predefined terrain section into
account. Without having to discard visually vital details, the number of polygons can be up
to approximately 10 000.

3.6 Projection of Elevation Lines (Isoline-extraction)

For the Lehmannsfelsen project, we drew the elevation or elevation contour lines at a distance
of one meter from sea level, starting from the highest point. How the elevation lines are es-
tablished is primarily determined by the purpose they are intended to serve.

There are two methods of creating elevation lines. You can either connect all the obvious points
of a point cloud on a common plane or project a line structure on the side of the polygonal
model in x- or y-direction with the desired height spacing (ACKERMANN 2009). In the first case,
the display of the elevation lines is very curved. The disadvantage of this method is that you
can only use the elevation data of the point cloud. In the second case, the result is much “softer”
due to polygonization, the advantage being the possibility of generating an elevation line at any
height. However, a disadvantage is a chance of only obtaining interpolated elevation data be-
tween the points. Both methods can be drawn with softer curves later, by rebuilding the ge-
ometry and converting the curve types from 1-degree to 3-degree curves.
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4  Virtual Reality

Virtual reality (VR) is a real-time three-dimensional simulation of an artificial environment
created by using digital techniques. The use of VR-glasses creates a stereoscopic spatial ef-
fect, completely decoupling the sense of vision from the real environment. The experience is
very immersive, as users act in the digital space through their head and body movements and
interact independently with the application. Drawings, images and videos cannot generate
such effects. VR-applications enable us to experience non-existent or invisible realities, just
like in this exhibition (HANISCH 2021).

Through the interpretation of the two-dimensional design drawing into a three-dimensional
model and the use of VR technology, the size and uniqueness of the architectural concepts —
in relation to the time of its creation — can be experienced by everyone. The abstract style and
representation of the VR-visualization are deliberately not photorealistic to meet the status
of a design that has never been realized. The navigation and interaction systems are devised
to suit users without any previous VR-experience. Visitors are able to use the application
intuitively.

During the period of the exhibition, the VR-model has constantly been refined and enhanced.
In addition to many details that were continually amended and revised, there were two sig-
nificant milestones: The city hall was completely redesigned to make the concert hall visually
and interactively tangible. Also, the accompanying program included workshops where par-
ticipants could discuss and plan ideas for the open space. A few of these designs were subse-
quently implemented into the VR-model to give an impression of how the architectural en-
semble with planting and green space might have looked like. Both enhancements have left
a great impression on the visitors?.

The visual immersion of the VR-scenario really does seduce the user to move in the model.
Typically, the radius for physical actions in virtual reality is limited. For the exhibition, how-
ever, the designers found a technical solution that allowed the visitors to walk a few steps
despite the unavoidable cable connection. Thus they were able to decide themselves how
close to walk to the railings of the roof terraces to enjoy the view.

2 The research project “Stadtkrone.VR” was realized with different programs for modelling and visu-
alization and the program unity3D for the realization of the VR-application. The team chose the VR-
headset Samsung Odyssey+ for uncomplicated set-up and cleaning as well as a high image resolution.
The headset uses Microsoft’s Mixed Reality Tracking System.
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Fig. 5: Virtual view of the “Hanging Gardens — a city crown for Halle”, 2019

4.1 Navigation and Interaction

The team developed the navigation and interaction systems under the premise that the vast
majority of visitors would be using a virtual reality application for the first time or at best
would be beginners in the usage of VR-glasses. Of course, there would also be users who
were familiar with the technology. Therefore, the team came up with two different scenarios.
Firstly, there is a method for the inexperienced, who would mainly use their head and body
movements to interact inside the VR-model. Additionally, there are controllers for those who
are already well versed. Since the functionality of the controller is much harder to implement,
the focus was mainly on developing an intuitive solution. At this stage, it was of great benefit
that experiences and results from previous VR-projects on comparable scenarios already ex-
isted. The team developed several concrete concepts and evaluated them.

To be able to change locations quickly and comprehensively on the large area, the use of a
miniature map was most promising. The map gives an overview of the site and allows the
user to teleport to any location. There are 20 selected points in the form of large pins, which
the visitor aims at and activates by aligning their head.

5 Green Space in Virtual Reality — Milestone
“Hanging Gardens “

Since the beginning of the project, the team discussed whether to include the hanging gardens
in the virtual design. Gropius had renounced the drawing of gardens and landscape in the
original plans in order to “not impair the clear assessment of the architectural bodies*
(GRoPIUS 1928). Thus, a virtual greening could only represent an interpretation, making the
subject more vivid to the visitors.
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In a workshop, tutors and students sketched ideas and suggestions for possible plants. The
challenges were to implement them in the VR-application. While there are a number of plant
models for VR-functions, only a few of them are models of real plants. In the search for
suitable material, the team involved specialized companies. It soon turned out that their mod-
els were only limited suited for VR real-time rendering. Ultimately, most models had to be
built manually with a plant generator. However, trees of the same kind never look the same
in reality; each grows individually differently. As the viewer would have immediately no-
ticed, there could not be rows of basic models of lime trees (guide models). In consequence,
each tree and each bush had to be individualized and positioned separately. At a distance,
these tree models work very well, but if the viewer gets closer, it becomes apparent that the
image quality is still far from reality.

Due to the numerous trees, bushes, grasses and flowers, the number of polygons in the VR-
application increased enormously. Only a few exemplary partial areas were grassed in order
to lower the risk of slowing down the refresh rate when turning the head. The team chose
lime trees to represent all trees in the design, Gropius also had this tree species planted at the
Bauhaus building in Dessau in 1926 (FISCHER-LEONHARDT 2005). As another example for
the hanging gardens, the terraces on the rocky edge towards the banks of the river Saale were
grassed with wild shrubs. The planting enriches the model, improves the clearness of propor-
tions through more details and conveys the theme of the “hanging gardens® to the visitor.

WS i 4 . |

S

Fig. 6: Workshop “Hanging Gardens” in November 2019
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Fig. 7: View from the roof terrace of the 32 meter high town hall to the test area with wild
flowers

Fig. 8: Visitor of the AR-guided tour
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5.1 Augmented Reality

There already exists technology for visualizing limited areas such as interiors and individual
objects. There are numerous applications like smartphones with depth-sensing cameras that
enable a true to scale overlay of a piece of furniture in a live-camera image. In contrast,
realizing complex scenarios, like the 3D-visualization of the design “Hanging Gardens® us-
ing augmented reality technology in the original area, is a lot harder to accomplish.

There are a number of aspects to be taken into account, such as the exact positioning of the
3D-model, the positioning of the user and the optical characteristics and computing capacity
of the devices. On the Lehmansfelsen in Halle, the elevation profile changes considerably,
which means that users take a different vertical position every few meters. In addition, the
current construction and the stock of trees and bushes limit the possibilities of suitable loca-
tions where participants can experience the architectural dimensions and impressive views.
Due to the technical feasibility and the specificities of the area, the AR-project was above all
an experiment.

After the testing of different prototype solutions and also the use of a mobile VR-station, the
team chose the version which enabled on-site guided tours for interested citizens. Each par-
ticipant received a tablet that visualized the 3D-model in the scope of its intended position.
For this, the VR-model was enormously simplified and optimized for the AR-application.
Among other things, the team removed components like streets to show the visitor the posi-
tioning of the design on the Lehmannsfelsen as comprehensively as possible. The use of high-
performance tablets is a compromise because AR-glasses that can display the digital exten-
sions in a high-resolution are not yet available. These mobile devices will then also master
an exact positioning determination outdoors.

6 Discussion

The drawings of the original plans are draft drawings and not finalised. Thus, there are areas
for which no statements were made in terms of drawings and content, such as the surfaces,
materials, stairs and vegetation areas. Within the framework of the research project, an at-
tempt was made to connect all spaces and open spaces and to give them a structure, so inter-
pretations often had to be made. Another topic was the representation of the trees, but Walter
Gropius did not specify which type of tree should be used. During the implementation in the
VR model, questions arose again and again in this context. One of the main reasons why the
small-leaved lime was used as the lead tree in the VR application was the interpretation that
Gropius also used this type of tree for the outdoor facilities of the Bauhaus building in Dessau
in 1926. The fact that there was already a young avenue of lime trees on the banks of the
Saale at the time of the competition was also obvious.

Since in the VR application the user can step right up to the tree trunk and at the same time
also look into the distance while turning, the trees had to be modelled both in detail (bark,
leaves) and overall (habitus, colour). All trees are interactive in the sense of real time and can
thus be interacted with in VR. A digitisation of the trees with the help of image scanning was
discarded, as this could not achieve a satisfactory combination of model quality and texturing.
Optimal solutions were to be achieved using photogrammetry.
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The lime tree used in the VR model was finally modelled, copied and supplemented with
interactions. The aim was not to display the models exactly to scale. The decisive factor was
that the user should recognise the object to a high degree. The students involved had to be
able to visually control the models to not reduce them too much and at the same time have
an eye for the textures. The aim was for the photo and the model to look as identical as
possible without visual loss.

The figurines in the model are very good for creating proportions. The best proportion refer-
ence model is the human being itself. Trees, on the other hand, can be large or small and
therefore work only to a limited extent for this purpose.

The minimap has proven to be very beneficial to use. It allows an overview of the entire
architectural ensemble in the VR model.

7  Conclusion and Outlook

The exhibition was the result of a year-long research project with the aim of making Walter
Gropius' visionary design Hanging Gardens tangible and accessible to visitors and experts
using VR and AR technology. This made it possible to reach users who are not normally
interested in history, architecture and landscape architecture.

During the project, the following were realised:

e Aninteractive large-screen projection of the design: self-running 3D visualisation in real
time (VR) that could also be individually controlled by visitors via touchscreen.

e Interactive VR stations: walk-through immersive presentation of the design available to
visitors in stereo view using VR technology.

e A 3D mini-map and an action space measuring approx. 6 x 6 metres each enabled users
among other things, to teleport around the digital site and to move actively to approach
the parapets (roof terraces).

e A balloon position also provided an overview.

The user-friendly intuitive interaction model, controlled by the head and body posture, was
refined several times and, for alternative use, a controller-supported control for free naviga-
tion and teleportation via keyboard inputs were integrated. In the course of the exhibition,
the model was detailed and the VR application was expanded. In addition, a new model of
the city hall was integrated. After the workshop on the topic of “Hanging Gardens”, the
greening of the area took place (with mainly specially created models).

The exhibition met with a positive response from visitors. As a result of the visitor statistics,
approx. 4000 visitors were counted. Within the framework of the accompanying programme,
guided tours for school classes and administration were requested and carried out. The VR
application can be borrowed and used for study purposes>.

3 stadtkrone-halle.de
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Abstract: The color scheme of the building fagades is a critical visual impression of the city’s context
and characteristics. Analyzing the building colors can provide a way to get an objective and holistic
view of the city and a foundation to enact regulations and ordinances on the building color and texture.
Traditional color analytical processes are usually carried out by manual survey and sampling, which
can take a lot of time and be high-cost in large-scale urban areas, and are limited by the number of color
samples and accidental factors of the environment. To this end, we proposed an automated color sam-
pling and analysis method by using street view images as the data source. The images were semantically
segmented to extract the fagade areas with a convolutional neural network. The dominant colors of the
building fagades were then identified and transformed to the Munsell color system for further analysis
and comparison between different districts. The research can provide a repeatable and objective urban
building color analysis method and a low-cost, high-efficiency tool for urban color surveys.

Keywords: Building fagades, street view images, convolutional neural network, Munsell color system

1 Introduction

The color scheme of a city is an essential element of the urban landscape and is related to the
first impression of the city. It is also a reflection of the city’s historical context. By analyzing
the colors of the buildings, we can get a more objective and holistic view of the city and can
provide a foundation for the regulations and ordinances for the color and texture usage of
building construction.

Research on building colors has a long history that dates back to the 1st century. Vitruvius,
the Roman architect has described the natural color materials in his book “De Architectura
Libri Decem”, known today as “The Ten Books on Architecture” (CAIVANO 2006). In recent
years, the harmony of building color has been widely applied in urban color plans in a number
of cities around the world (WANG et al. 2020, XU et al. 2020). Traditional research methods
for urban color analysis include color card comparison, instrument color measurement and
photograph recording (L1 et al. 2020). These methods are usually carried out by manual sur-
vey and sampling, which is limited by the number of color samples and the environment’s
accidental factors. Moreover, because the color sampling process is operated manually, it
could take a lot of time and be high-cost.

Due to the limitations of current color analysis methods, most studies of urban building colors
are focused on a part of the urban area such as the historical area or downtown area, while
large-scale studies on the city scale are seldom carried out (LUAN & JACQUES 2017). As
urban color planning has received much more attention in urban planning, current research
tools cannot meet the need for color analysis.

With the development of street view services by Google, Bing, Baidu, and other map service
providers, the access to the realistic views of the urban buildings in most cities around the
world has become available for everyone. The panoramic images collected by the data re-

Journal of Digital Landscape Architecture, 6-2021, pp. 184-194. © Wichmann Verlag, VDE VERLAG GMBH -
Berlin - Offenbach. ISBN 978-3-87907-705-2, ISSN 2367-4253, doi:10.14627/537705015.
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cording vehicles could provide an intact and continuous illustration of building facade along
the street. Compared to traditional sampling methods, using the large-scale street view im-
ages as the data source could significantly reduce the time costs, and is suitable for large-
scale urban problems the study.

To this end, we used a large scale of Baidu street view images as a data source and semanti-
cally segmented them to extract the fagade areas with the help of a convolutional neural net-
work. Then, the dominant colors of the building fagades were identified and transformed to
the Munsell color system for the analysis and composition between different districts. This
can provide a repeatable and objective urban building color analysis method and offers a low-
cost, high-efficiency analysis tool for urban color surveys.

2 Study Area

Wuhan is a city located in the central part of China. The city’s central urban area (678 km?)
was selected as the research area. Since 2014, Wuhan Natural Resources and Planning Bu-
reau has initiated a research project on the building color and material planning and manage-
ment in response to the goal of “improving the living environment and creating a charming
Wuhan.” Based on the city’s historical context, the city government released the “Regula-
tions on the Usage of Building Colors and Materials in the Main Urban Area of Wuhan” in
January 2016. The regulation adopts the Munsell color system to describe the colors and
requires that the facades of the new, rebuilt, and expanded buildings must meet the regula-
tions by adopting one or several colors listed by different color regulated districts. The listed
colors are determined by a systematic field study and a public questionnaire survey. The
corresponding color regulated districts and each district’s acceptable colors are shown in the
figure below (Figure 1 & Figure 2).
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Fig. 1: Districts listed in the “Regulations on the Usage of Building Colors and Materials
in the Main Urban Area of Wuhan”
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Fig. 2: The acceptable colors of the building fagades in different districts in the regulation

3  Methods

3.1 Acquiring Panoramic Images

The street vector data in the area are downloaded from OpenStreetMap (OPENSTREETMAP
CONTRIBUTORS 2020). The roads and streets located on the ground were screened out by
removing the viaducts, underground tunnels, and bridges based on the attributes of the vector
data. Then the streets were divided into equal distances with 200m intervals to find the sam-
pling points to acquire the panoramic images (Figure 3).

Legend
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Fig. 3: Sampling points of panoramic images in the main urban area of Wuhan

The panoramic street view images were obtained by a web crawler with Baidu API (BAIDU
LBs 2020). Each image downloaded was a 2:1 equidistant cylindrical projected image with a
resolution of 1024x512. 10294 valid panoramic images were finally obtained.
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3.2 Projection Transformation

As different areas are not proportional on an equidistant cylindrical projected image, the
equidistant cylindrical projected image was transformed to a cylindrical equal-area projected
one with the following equations (Figure 4):

X =2 ()
Y2 =2Yo ()

vois the pixel height of the cylindrical equal-area projected image, x,, x> are the corresponding
x, y pixel coordinate of the equirectangular projected image, y;, y> are the corresponding x, y
pixel coordinate of the cylindrical equal-area projected image (ZHANG et al. 2020).

Cylindrical equal-area projected images

Fig. 4: The transformation from equirectangular projection to cylindrical equal-area pro-
jection

3.3 Recognize and Extract Building Facade by Semantic Segmentation

The convolutional neural network Dilated ResNet-105 was used to identify and extract the
building facade area in the cylindrical equal-area projected image. The training data is from
the Cityscapes Dataset. The accuracy of semantic segmentation is measured by Mean Inter-
section-Over-Union (mloU), which first computes the IOU for each semantic class and then
computes the average over classes (QUAKNINE 2019). IoU is defined as follows: IoU = true
positive / (true positive + false positive + false negative). Dilated ResNet-105 achieves an
mloU of 75.6% on the Cityscapes dataset. After removing 917 images that did not contain
building fagade areas, the remaining 9377 images were binarized to the building fagade areas
and other areas. The binarized images were then used as masks to extract the building facade
areas on the panoramic images (Figure 5).
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Fig. 5: Semantic segmented images and extracted facade areas

3.4 Extracting the Dominant Facade Colors

To reduce the influence of different lighting conditions and shadows cast on the fagades, the
facade areas which were excessively light or dark were removed before further analysis with
the following RGB value calculation:

+4< 1.1 3)
—V+4-V+-Vv04 ()

To analyze the dominant colors of the building facades, the color that covers the largest pro-
portion on each image was extracted as the dominant color of the building.

3.5 Conversion to the Munsell Color System

The Munsell color system is a color space system proposed by the American painter and art
educator Albert H. Munsell in 1898. This color system expresses the color relationship be-
tween Value, Color, and Chroma in a three-dimensional sphere (Figure 6). It is based on
human visual perception of uniform marking colors, making it a reliable scientific basis
(GONG & SHENG 2019, SALLY 2014). Color in the Munsell color system is divided into five
dominant colors and five intermediate colors formed by mutual mix: red (R), red-yellow
(YR), yellow (Y), yellow-green (GY), green (G), green-blue (BG), blue (B), blue-purple
(PB), purple (P), purple-red (RP), and divide the changes between two adjacent colors into
ten parts, a total of 100 kinds of color. The middle axis of the sphere is Value, which is
divided into 11 levels, from all-black (NO) to all-gray (N5) to all-white (N10). The radiation
extending from the center of the central axis is Chroma, and its value increases from 0 near
the central axis as the distance from the central axis increases. The composition of its color
expression is Color + Value/Chroma; for example, 5GY4/6 is Color 5GY with Value N4 and
Chroma 6 (Figure 7).

The Munsell color system is based on psychology and is formulated according to the visual
characteristics of different colors. It is widely used in color representation and management,
and also used as a standard and tool to define color relationships, evaluate color matching
effects, and record color forms.

As the “Regulations on the Usage of Building Colors and Materials in the Main Urban Area
of Wuhan” was based on the Munsell color system. The RGB colors of the fagades were then
transformed to the Munsell colors based on ASTM D1535 tables with the Illuminat C Ob-
server (AKEN 2020).
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4  Results and Discussion

It can be seen that the dominant colors of the building facades are mainly pale white, slate
grey, and light brown (Figure 8). The dominant colors in different districts are generally sim-
ilar, and the color characteristics of different areas are not very prominent.

Fig. 8: Distribution map of dominant colors of buildings in the main urban area of Wuhan



190 Journal of Digital Landscape Architecture - 6-2021

A comparison between the 98 Munsell colors recommended in the “Regulations on the Usage
of Building Colors and Materials in the Main Urban Area of Wuhan” and the actual dominant
colors of the city are illustrated in CIE-XYZ color space (Figure 9). It can be seen that the
colors of the building facades are mostly consistent with the regulations, and there are a few
colors such as dark blue, medium green, dark orange, and saddle brown listed outside the
regulated color area.
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Fig. 9: Comparison of regulated and actual facade colors in CIE-XYZ color space

In the “Regulations on the Usage of Building Colors and Materials in the Main Urban Area
of Wuhan,” the main urban area of Wuhan is divided into 4 different districts: A (historical
districts); B (main demonstrative districts); C (main functional districts) and D (common
districts).

To reduce the complexity and visualize the hue distribution of the dominant colors, the Value
and Chroma of each color were unified to 6, and the colors without a hue (pure white to grey)
were dropped out. The color distribution of dominant colors in each region are shown in
Figure 10. It can be seen that the colors in different districts are mainly distributed between
5YR-5Y with 2 other peaks at 5P and 5PB, which shows that the warm orange and blue-

purple are in dominance.

. B (main demonstrative . .
A (historic districts) distiieR) C (main functional area)
1Stricts

Fig. 10: Color distribution of the fagades in different districts
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The city of Wuhan has a history of 3500 years. The historical districts of Wuhan contain a
number of traditional Chinese and western buildings. The color distribution of each historical
district is shown in the figure below (Figure 11).
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Fig. 11: The color distribution of each historical district

Although the recommended colors in the regulation are almost the same in A1 — A16 districts
(Figure 2), the hue distribution in different historical districts show that colors are variant.
Districts such as A5, A9 and A16 have a wider hue distribution than other districts. And in
most districts the warm colors are in the majority.
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Fig. 12: The color distribution of each main demonstrative district

The color distribution of each main demonstrative district is shown in Figure 12. The B1 —
B6 districts are the waterfront areas of Wuhan. Some of the districts such as B2 have a wide
distribution of cold colors from blue to purple while the warm colors are also significant.
However, compared to A or C districts, the color difference is not very prominent.

5 Conclusion and Outlook

Focusing on the building fagade colors of Wuhan's central urban area, we used panoramic
images downloaded from Baidu Map, and extracted the fagade areas by semantic segmenta-
tion to conduct color analysis based on the Munsell color system. The result shows that the
dominant colors of the main demonstrative districts, the historical districts, and the waterfront
districts are mainly warm. And the typical colors are pale white, slate gray and light brown.
Compared with requisite colors listed in the “Regulation on the Management of Building
Colors and Materials in the Main Urban Area of Wuhan”, the difference of fagade colors
between each district is not very significant, further coordination is still needed to highlight
the characteristics of different districts in the city.

5.1 Potential Applications

As the number of cities which adopt the color management regulations is continuing to in-
crease, the establishment of a holistic building color database has become valuable as the
foundation of further analysis. The research proposed a method to automatically identify
building dominant fagade colors by recognizing and extracting the fagade areas on the pano-
ramic street view images. First, the semantically segmented images are binarized and trans-
formed to the cylindrical equal-area projected images to extract the facade areas. Then the
color composition of facade areas is calculated to obtain its dominant colors. It is suitable for
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analyzing building fagade colors in large-scale areas. Compared with traditional manual color
sampling and recognition, it can shorten the analysis time, reduce the labor cost, and improve
the accuracy of color analysis. Moreover, with the regularly updated panoramic images col-
lected by vehicles, the dynamic change of building colors could be monitored, and the par-
ticularly popular/unpopular colors could be found. The regulation could be more flexible and
adaptive to different developments (e. g. the maximum deviation from the given colors could
be regulated by percentage, or the allowed colors would be updated cyclically based on the
dominant city colors).

5.2 Limitations and Future Research

The accuracy of color recognition is influenced by a number of environmental factors. The
street trees and street furniture may block some part of the building fagades and will affect
the color recognition. The colors on the panoramic image may deviate from the actual color
for some factors such as the time difference of the panoramic street view images were taken
and illumination conditions. And the accuracy of the neural network model’s semantic seg-
mentation limits the accuracy of the recognition results. At present, there are still some other
elements such as cars or pavement that could be misidentified as the building fagade area.
Moreover, casted shadows or light reflection may also affect the accuracy of color recogni-
tion. More refinement is still needed to make the color analysis process more precise and
adaptable to different urban areas.
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