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Preface

Scale can be likened to a beehive. On the outside, it is a wooden box standing in a
meadow. Inside, however, it is bursting with life of complexity that is difficult to
grasp — even if you remove its roof and look inside at its inner workings. More
importantly, scale is unfailingly present when we relate to our environment, no mat-
ter how broadly we may define the concept of environment.

These two key aspects of scale represent the main threads that run through the
book. It was from their perspective that the selection of the topics was made. While
the number of themes related to scale can be literally endless, having two sharp
criteria at work was very helpful. In summary, the book emphasizes the understand-
ing of scale, especially regarding the way in which scale helps us to understand the
environment. These two lines of inquiry complement and support each other.

Given the nature of the subject, the book is not intended to be a collection of facts
and images put together after one’s journey, for visitors to see. It is meant to consist
of shorter and longer trips, which the reader is invited to join: In this spirit, the
author chose to walk the walk and actually take these trips anew, rather than relying
on memories from the landscape.

The continuous process of understanding presupposes an active involvement
with questions, with problems, and readers are encouraged to confront the encoun-
tered vistas from various angles. In this context, the views of major figures in our
intellectual history are sometimes mentioned: not because they would hold defini-
tive answers, but because seeing the world from their point of view can offer the
traveler a privileged experience. It can expand one’s capacity to embrace reality in
more than one way and enhance one’s power of discovering new connections and
new paths in the knowledge space. This is particularly true when those tall peaks
bear names such as Locke, Kant, or Husserl.

Unlike many concepts that can be found at the intersection of different fields,
scale is right at the core of a wide variety of disciplines. The book does not intend
to mention them all, but it points to this diversity throughout its inquiry on the
essence of scale. For example, it refers to physical geography and to geophysics, but
also to art theory, literature, and human geography. There are two main reasons for
this choice. On the one hand, comprehension of a concept is better supported by a
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diversity of perspectives. On the other hand, by following paths of inquiry and prob-
lem solving in other fields than one’s own, one can be stimulated and inspired to
find new approaches for problems in one’s area of interest.

At the same time, while pursuing its main objective — to support a deeper under-
standing of scale and its role in our understanding of the environment — the book
only briefly mentions some of the most often treaded paths. This is mainly the case
for topics that are described at length in numerous books, including some intended
for the undergraduate level. For instance, one may expect cartography to take up
most of the book, and yet it does not. One can think of a monument sitting in the
middle of a town’s central square: as it is often visited and photographed by every-
one, a monograph could be entirely dedicated to it. Alternatively, a monograph may
only refer to some extent to the monument, while also exploring other landmarks
and artifacts, near and far, which are related to that monument in terms of symbolic
meanings, means of representation, historical developments, etc.: eventually, the
amount of space dedicated to the monument per se may be unexpectedly low, given
its prominent presence in the town square. And yet, the study of the monument’s
meaning and importance can be deepened and enhanced by this latter approach.

It is a well-known fact that in some cases it is harder to explain simple things
than complicated things. Complicated subjects can usually be described in terms of
simpler ones. However, basic concepts can be difficult to define. Moreover, espe-
cially in one’s early stages of scholarly pursuits, after the first successful steps in a
certain area, one may perceive the domain as being so clear that it becomes almost
transparent. “As owls’ eyes are at noonday, so is our mental vision blind to what in
its own nature is the most evident of all,” warns us Aristotle. There is not much one
can do about this natural tendency. However, it might help to be aware of it. This is
the reason why in this book we turn from time to time to the foundations. For
example, when we talk about scale as ratio, we present the underlying framework:
affine transformations. When we look at scale as rank, we open up the basics of the
theory of categories.

After all, from an applicative point of view, much of what is needed about scale
seems to be achievable in 10 minutes of theory and another 50 minutes of practice.
In terms of the above metaphor, this is almost equivalent to merely noticing that a
beehive is present. Learning about its richness and about its role in our lives is a
different matter. If the book will open a window into the buzzing world of the hive,
and offer some notions of a language we can use to interact with the hive and with
the environment, it will have accomplished its goal.

Halifax, NS, Canada Cristian Suteanu



Understanding is, after all, what science is all about.
Roger Penrose, Shadows of the Mind

ix



Acknowledgments

My thanks radiate in many directions, and I am aware that I couldn’t possibly thank
everyone who helped me on the path to this book. However, some forms of help
stand out. My wife Mirela has a major contribution to this endeavor, from lively
discussions of ideas to the immeasurable support she has been offering me at every
step. Compared to the extent of her help, my thanks can only be perceived on a
small, very small scale. My special thanks also go to my daughters Maria Cristina
and Oana Monica for their constant encouragement and for thoughtful comments on
various parts of the text. I am particularly thankful to Mamina for her relentless care
and support. I am deeply grateful to my parents, who were passionate professors
and role models of both scientific scholarship and family commitment.

My scientific career owes much to Florin Munteanu, who was my friend and
mentor from the time when he introduced me to fractal theory and dynamic systems
as an undergrad student in the early 1980s all the way through my graduate studies.
I was privileged to be a long-time member of his interdisciplinary research group on
nonlinear science, and to work with brilliant colleagues and valued friends like
Cristian Ioana and Edmond Cretu, at the Romanian Academy’s Sabba S. Stefanescu
Institute of Geodynamics: this was a remarkable research institution due to the
design and leadership of Dorel Zugravescu — a passionate scholar to whom I am
grateful for the relentless invaluable support and the creation of an outstanding envi-
ronment for young scholars to thrive. My thanks also go to Crisan Demetrescu, an
esteemed collaborator and friend for many years, and my former colleagues and
friends at the Institute of Geodynamics of the Romanian Academy. It is also a plea-
sure to thank Mircea Rusu for his superb sessions on nonlinear physics and his
mentorship. I am especially grateful to Joern Kruhl, distinguished scholar and life-
long friend and collaborator, for his continuous support and collaboration over the
years. Deep thanks go to David Deutsch for his far-reaching advice and the thought-
provoking discussions. The nonlinear science community has been very important
to me. In particular, I would like to thank Shaun Lovejoy for his generous support
and for fruitful discussions; I am also grateful for useful insights from Armin Bunde
and Don Turcotte. At the same time, I would like to give special thanks to Bob
McCalla for his genuine interest in my research and for his important support along

xi



xii Acknowledgments

the way. My thanks also go to Tony Charles for bibliographic help in his field of
research, and to all my colleagues and friends at Saint Mary’s University who have
been supportive of my work.

Furthermore, I would like to thank Malcolm Bott, Eric Gaba, Gilles Messian,
and Ralf Roletschek for kindly permitting the inclusion of their photographs in this
book. I would also like to acknowledge permission from the National Aeronautics
and Space Administration (NASA), the National Oceanic and Atmospheric
Administration (NOAA), the United States Fish and Wildlife Service (USFWS), the
United States Geological Survey (USGS), and the Centers for Disease Control and
Prevention (CDC) to include their illustrative material in the book. Last, but not
least, I would like to thank the team at Springer, in particular Zach Romano, editor,
who stimulated me to write this book in the first place and has always been support-
ive, and Zoe Kennedy, who has been constantly helpful throughout this book project.



Contents

1 TheMeaningsof Scale ....................... ... ... ........ 1
1.1 Scale: Pervasive and Indispensable . ........................ 1

1.2 A Daughter of Abstraction. ............ ... .. ..., 3

1.3 The Scale’s Fields of Operation. . .. ........................ 10

1.4 TypesofScale ....... ..., 16
1.4.1 Groupingthe Scales............ ..., 16

142 Scaleas Size...........c.o i 18

143 ScaleasRatio............ .. . . i i 19

144 ScaleasRank.......... ... ... . . .. 22

1.5 Understanding Scale . ......... ... ... 23
References. . ... ... i 25

2 ScaleasSizeinSpace ............... .. .. ... 27
2.1 Setting the Stage: The System Image ....................... 27

2.2 Scale as Size: Comparison and Change. . .................... 32
2.2.1 Comparing SiZes . ... ...ouvrviin i 32

2.2.2 Size Versus Distance Change in Perspective . . .......... 36

2.2.3 Size Distortion, Accuracy, and Implications . ........... 39

2.3 Ordersof Magnitude .......... .. ... ... 41

2.4 Sub-Typesof Scaleas Size .......... ..., 42
2.4.1 ScaleasSizewith Units. ............... ... ........ 43

2.4.2 Scale as Size Without Units. .. ...................... 46

2.4.3 Scaleand Hierarchy............ ... ... ... ... ..... 49

25 ScaleonTrial....... ... . 51
References. . ... ... i 54

3 Scale as Size in Time and in Space-Time ....................... 57
3.1 Temporal Scale Versus Spatial Scale: What Is Different? ... ..... 57

3.2 Converting Size in Space to SizeinTime . ................... 60

3.3 Time Scales and Recordsof Time .. ........................ 61

3.4 Scale as Size and the Granularity of Time Records. ............ 63

3.5 Time Scales and Environmental Processes ................... 69

Xiii


https://doi.org/10.1007/978-3-031-15733-2_1
https://doi.org/10.1007/978-3-031-15733-2_1
https://doi.org/10.1007/978-3-031-15733-2_1#Sec1
https://doi.org/10.1007/978-3-031-15733-2_1#Sec2
https://doi.org/10.1007/978-3-031-15733-2_1#Sec3
https://doi.org/10.1007/978-3-031-15733-2_1#Sec4
https://doi.org/10.1007/978-3-031-15733-2_1#Sec5
https://doi.org/10.1007/978-3-031-15733-2_1#Sec6
https://doi.org/10.1007/978-3-031-15733-2_1#Sec7
https://doi.org/10.1007/978-3-031-15733-2_1#Sec8
https://doi.org/10.1007/978-3-031-15733-2_1#Sec9
https://doi.org/10.1007/978-3-031-15733-2_1#Bib1
https://doi.org/10.1007/978-3-031-15733-2_2
https://doi.org/10.1007/978-3-031-15733-2_2
https://doi.org/10.1007/978-3-031-15733-2_2#Sec1
https://doi.org/10.1007/978-3-031-15733-2_2#Sec2
https://doi.org/10.1007/978-3-031-15733-2_2#Sec3
https://doi.org/10.1007/978-3-031-15733-2_2#Sec4
https://doi.org/10.1007/978-3-031-15733-2_2#Sec5
https://doi.org/10.1007/978-3-031-15733-2_2#Sec6
https://doi.org/10.1007/978-3-031-15733-2_2#Sec7
https://doi.org/10.1007/978-3-031-15733-2_2#Sec8
https://doi.org/10.1007/978-3-031-15733-2_2#Sec9
https://doi.org/10.1007/978-3-031-15733-2_2#Sec10
https://doi.org/10.1007/978-3-031-15733-2_2#Sec11
https://doi.org/10.1007/978-3-031-15733-2_2#Bib1
https://doi.org/10.1007/978-3-031-15733-2_3
https://doi.org/10.1007/978-3-031-15733-2_3
https://doi.org/10.1007/978-3-031-15733-2_3#Sec1
https://doi.org/10.1007/978-3-031-15733-2_3#Sec2
https://doi.org/10.1007/978-3-031-15733-2_3#Sec3
https://doi.org/10.1007/978-3-031-15733-2_3#Sec4
https://doi.org/10.1007/978-3-031-15733-2_3#Sec5

Xiv

Contents

3.5.1 Scale Ranges, Accumulation, and Dissipation. .. ........ 69

3.5.2 Time Scales and the Renewability of Resources......... 71

3.5.3 Scaleand Equilibrium . .......... ... .. . . oL 73

3.6 Synchronic and Diachronic Perspectives. . ................... 76
37 TheTimeScaleBias .......... ... .. ... 79
3.8 Scaling Up and ScalingDown............. ... .. . .. .... 81
3.8.1 Dimension and Changesin Scale..................... 81

3.8.2 Downscaling in Climate Change Studies. . ............. 84

3.9 Scale as Size, Context, and Scale Change . .. ................. 85
References. . ... ... .. i 90
Scaleas RatioinSpace . ......... ... ... ... ... .. ... 93
4.1 Scale as Ratio in Space and Proportional Change.............. 93
4.2 The Basis of Scale as Ratio: Geometric Transformations . . ... ... 94
4.3 Scaling in Two and Three Dimensions ...................... 97
4.4 Scaleand Maps .. ..ottt 99
4.4.1 Scale, Maps, and Discovery......................... 99
4.42 Specifying the Scaleof Maps ....................... 101
4.43 Precision and Accuracy in Scaleas Ratio .. ............ 105
4.4.4 Scale and the Environment ......................... 107
4.4.5 Map Projections and the Spatial Variation of Scale. . .. ... 109

4.5 Scaleinthe Digital World . .......... .. .. ... .. .. .. .. .. 113
4.5.1 ANewEnvironment .......... .. ... .. .. . .. ... 113
4.5.2 Scale, Similarity, and Automated Map Generalization . ... 115
4.5.3 Feature-Guided Exploration of a Spatial Database . . . . . .. 117
4.5.4 Making Use of the Spatial Informational Backbone . . . . .. 119

4.6 The Scale-Dependent View of Reality. ...................... 121
References. . ... ..o 122
Scaleas Ratioin Time. . .. ..... ... .. .. ... .. .. ... .. .. .. 125
5.1 Premises of Scale Changein Time. . ........................ 125
5.2 Time Series and Time Scales. ........... .. ... .. . ... .. 126
5.3 Simple TransformationsinTime . .. ........ ... ... .. ... .... 130
5.4 Event Density and Time Scale Change ...................... 132
5.5 Waves. ..o 133
5.6 Waves and Time Scale Change ............................ 135
5.7 Time Domain and Frequency Domain. ...................... 138
5.8 Applications of ScaleinTime ............................. 141
5.8.1 Application Areas of Temporal Scale ................. 141

5.8.2  Perception and Temporal Scale . ..................... 142

5.8.3 Time Scale and Visual Information . .................. 143
5.8.4 Time Scale Change Involving a Variable Scale Factor .... 146

5.8.5 Time Scale and Auditory Information: Sonification . . . ... 149

5.9 Subjective Time Scale and Learning About the Environment. . . . . 152

5.9.1 Change and Subjective Time: The Old Masters. ... ...... 152


https://doi.org/10.1007/978-3-031-15733-2_3#Sec6
https://doi.org/10.1007/978-3-031-15733-2_3#Sec7
https://doi.org/10.1007/978-3-031-15733-2_3#Sec8
https://doi.org/10.1007/978-3-031-15733-2_3#Sec9
https://doi.org/10.1007/978-3-031-15733-2_3#Sec10
https://doi.org/10.1007/978-3-031-15733-2_3#Sec11
https://doi.org/10.1007/978-3-031-15733-2_3#Sec12
https://doi.org/10.1007/978-3-031-15733-2_3#Sec13
https://doi.org/10.1007/978-3-031-15733-2_3#Sec14
https://doi.org/10.1007/978-3-031-15733-2_3#Bib1
https://doi.org/10.1007/978-3-031-15733-2_4
https://doi.org/10.1007/978-3-031-15733-2_4
https://doi.org/10.1007/978-3-031-15733-2_4#Sec1
https://doi.org/10.1007/978-3-031-15733-2_4#Sec2
https://doi.org/10.1007/978-3-031-15733-2_4#Sec3
https://doi.org/10.1007/978-3-031-15733-2_4#Sec4
https://doi.org/10.1007/978-3-031-15733-2_4#Sec5
https://doi.org/10.1007/978-3-031-15733-2_4#Sec6
https://doi.org/10.1007/978-3-031-15733-2_4#Sec7
https://doi.org/10.1007/978-3-031-15733-2_4#Sec8
https://doi.org/10.1007/978-3-031-15733-2_4#Sec9
https://doi.org/10.1007/978-3-031-15733-2_4#Sec10
https://doi.org/10.1007/978-3-031-15733-2_4#Sec11
https://doi.org/10.1007/978-3-031-15733-2_4#Sec12
https://doi.org/10.1007/978-3-031-15733-2_4#Sec13
https://doi.org/10.1007/978-3-031-15733-2_4#Sec14
https://doi.org/10.1007/978-3-031-15733-2_4#Sec15
https://doi.org/10.1007/978-3-031-15733-2_4#Bib1
https://doi.org/10.1007/978-3-031-15733-2_5
https://doi.org/10.1007/978-3-031-15733-2_5
https://doi.org/10.1007/978-3-031-15733-2_5#Sec1
https://doi.org/10.1007/978-3-031-15733-2_5#Sec2
https://doi.org/10.1007/978-3-031-15733-2_5#Sec3
https://doi.org/10.1007/978-3-031-15733-2_5#Sec4
https://doi.org/10.1007/978-3-031-15733-2_5#Sec5
https://doi.org/10.1007/978-3-031-15733-2_5#Sec6
https://doi.org/10.1007/978-3-031-15733-2_5#Sec7
https://doi.org/10.1007/978-3-031-15733-2_5#Sec8
https://doi.org/10.1007/978-3-031-15733-2_5#Sec9
https://doi.org/10.1007/978-3-031-15733-2_5#Sec10
https://doi.org/10.1007/978-3-031-15733-2_5#Sec11
https://doi.org/10.1007/978-3-031-15733-2_5#Sec12
https://doi.org/10.1007/978-3-031-15733-2_5#Sec13
https://doi.org/10.1007/978-3-031-15733-2_5#Sec14
https://doi.org/10.1007/978-3-031-15733-2_5#Sec15

Contents XV

5.9.2 Change and Subjective Time: Today’s Science . ......... 153

5.9.3 Large-Scale Time Compression. . .................... 156

5.10 Time Scale in Reflection and Narration. . .................... 159
References. . ... ..o 161
6 ScaleasRank........ ... ... .. ... . 165
6.1 Introducing ScaleasRank............ .. ... .. .. .. ... ... 165
6.2 ScaleasRankatWork.......... .. .. ... . .. ... 167
6.3 Scale as Rank and Categorization ... ....................... 173
6.3.1 The Power of Categories .. ............c.ouvunenn.. 173

6.3.2 Categorization: Basic Principles ... ............... ... 175

6.3.3 Positive and Negative Effects of Categorization . ........ 176

6.3.4 Scale as Rank Versus Changes in Categorization ........ 178

6.3.5 Scale and Categorization: The Role of Objects.......... 180

6.4 Main Properties of ScaleasRank .......................... 183
6.4.1 Directedness. .. ...t 183

6.4.2  ADStractness. .. .........o i 184

6.4.3 Granularity: IF-Type Versus F-Type Transformations. . . . . 184

6.4.4 ObjectiVity ... ..ottt 186

6.5 Recognizing a False ScaleasRank ......................... 187
6.6 Histograms at the Core of ScaleasRank..................... 191
6.7 ScaleasRankandMaps ........... .. .. ... 197
6.8 Uncovering Map Manipulation .. ............. .. ... .. ...... 201
6.9 Scale as Rank: Inside and Outside. .. ....................... 204
References. . ... ..o 205
7  Scale, Patterns,and Fractals ... .............................. 207
7.1 Scaleand Patterns . ............ .. .. . i 208
7.1.1 Scale and the Reality of Relationships. ................ 208
7.1.2 Distinguishing Patterns . ............. ... ... ... .... 208

7.1.3 Defining Patterns . .. ........ ... .. i oL 211

7.1.4 Patternsand Scale ......... ... .. i 214

7.1.5 Patterns and Scale Change. ......................... 216

7.2 Scale, Symmetry, and Pattern Analysis . ..................... 218
7.2.1 Symmetry: Oldand New .. ...... .. ... ... .. .. . ... 218

7.2.2 Scale Symmetry. . .........oii i 221

7.23 FractalS. . ... ... 223
7.2.4  Scale as Ratio, Maps, and Fractals. . . ................. 229

7.2.5 Scale as Ratio and the Fractal Dimension . ............. 231
7.2.6 Scale as Ratio in Pattern Analysis .. .................. 234

7.2.77 Dimensions and Their Meanings. .. .................. 242

7.2.8 Scalebound and Scale-Free Patterns .................. 244
7.2.9 Scaling and Spatially Variable Scale as Ratio .. ......... 246
7.2.10 Scale and Its Role in Multiscale Pattern Analysis .. ...... 249

References. . ... .. 250


https://doi.org/10.1007/978-3-031-15733-2_5#Sec16
https://doi.org/10.1007/978-3-031-15733-2_5#Sec17
https://doi.org/10.1007/978-3-031-15733-2_5#Sec18
https://doi.org/10.1007/978-3-031-15733-2_5#Bib1
https://doi.org/10.1007/978-3-031-15733-2_6
https://doi.org/10.1007/978-3-031-15733-2_6
https://doi.org/10.1007/978-3-031-15733-2_6#Sec1
https://doi.org/10.1007/978-3-031-15733-2_6#Sec2
https://doi.org/10.1007/978-3-031-15733-2_6#Sec3
https://doi.org/10.1007/978-3-031-15733-2_6#Sec4
https://doi.org/10.1007/978-3-031-15733-2_6#Sec5
https://doi.org/10.1007/978-3-031-15733-2_6#Sec6
https://doi.org/10.1007/978-3-031-15733-2_6#Sec7
https://doi.org/10.1007/978-3-031-15733-2_6#Sec8
https://doi.org/10.1007/978-3-031-15733-2_6#Sec9
https://doi.org/10.1007/978-3-031-15733-2_6#Sec10
https://doi.org/10.1007/978-3-031-15733-2_6#Sec11
https://doi.org/10.1007/978-3-031-15733-2_6#Sec12
https://doi.org/10.1007/978-3-031-15733-2_6#Sec13
https://doi.org/10.1007/978-3-031-15733-2_6#Sec14
https://doi.org/10.1007/978-3-031-15733-2_6#Sec15
https://doi.org/10.1007/978-3-031-15733-2_6#Sec16
https://doi.org/10.1007/978-3-031-15733-2_6#Sec17
https://doi.org/10.1007/978-3-031-15733-2_6#Sec18
https://doi.org/10.1007/978-3-031-15733-2_6#Bib1
https://doi.org/10.1007/978-3-031-15733-2_7
https://doi.org/10.1007/978-3-031-15733-2_7
https://doi.org/10.1007/978-3-031-15733-2_7#Sec1
https://doi.org/10.1007/978-3-031-15733-2_7#Sec2
https://doi.org/10.1007/978-3-031-15733-2_7#Sec3
https://doi.org/10.1007/978-3-031-15733-2_7#Sec4
https://doi.org/10.1007/978-3-031-15733-2_7#Sec5
https://doi.org/10.1007/978-3-031-15733-2_7#Sec6
https://doi.org/10.1007/978-3-031-15733-2_7#Sec7
https://doi.org/10.1007/978-3-031-15733-2_7#Sec8
https://doi.org/10.1007/978-3-031-15733-2_7#Sec9
https://doi.org/10.1007/978-3-031-15733-2_7#Sec10
https://doi.org/10.1007/978-3-031-15733-2_7#Sec11
https://doi.org/10.1007/978-3-031-15733-2_7#Sec12
https://doi.org/10.1007/978-3-031-15733-2_7#Sec13
https://doi.org/10.1007/978-3-031-15733-2_7#Sec14
https://doi.org/10.1007/978-3-031-15733-2_7#Sec15
https://doi.org/10.1007/978-3-031-15733-2_7#Sec16
https://doi.org/10.1007/978-3-031-15733-2_7#Sec17
https://doi.org/10.1007/978-3-031-15733-2_7#Bib1

Xvi

Contents

Scale, Symmetry, and Nonlinearity. . .......................... 253

8.1 Insights into ArtisticCurrents . ........... .. ... v, 253
8.1.1 Classicism: Scale, Symmetry, and Our Understanding of the

Environment. . ........... . i 254

8.1.2  Romanticism: The Subtle but Pervasive Presence of Scale. 258

8.1.3  Views from the Garden: Romanticism Versus Classicism.. 261

8.2 Insights into Individual Artistic Styles. . ............ ... .. ... 262

8.3 Scale and Nonlinearity. . ........... ..., 265

8.3.1 Scale and Nonlinear Processes. .. .................... 265

83.2 ScaleandChaos. .......... .. ..., 267

8.3.3 Scale and Self-Organized Criticality . . . ............... 270

References. .. ... ... .. i 275

The Essenceof Scale. . .......... ... .. ... .. .. . . .. ... .. 277

9.1 Scale Types: An Overall Perspective . . ...................... 277

9.2 Scaleandthe GuidedCut. . .......... ... .. ... ... ... 281

9.2.1 The Selective Approach to the Environment .. .......... 281

9.2.2 Introducing the Guided Cut......................... 282

9.2.3 The Guided Cut and the Environment. ................ 284

9.2.4 The Guided Cut and the Logical Field. ................ 286

9.3 Scale Involves Mapping. .. ..ot 288

9.3.1 Key Elements of Mapping................ .. ... ... 288

9.3.2 Relations in Mapping and the Three Types of Scale . . . . .. 289

9.3.3 Reversibility in Mapping and in Scale Transformations ... 291

9.4 Scale Involves Representation . . . .......... ..., .. 292

9.4.1 Morphism and the Choice in Representation. .. ......... 292

9.4.2 Representation and Our Understanding of the Environment 295

9.4.3 Scale and the Modalities of Representation. . ........... 297

9.4.4 Mapping, Representation, and Scale . . ................ 299

9.5 Scale Involves Quantitative Comparison. . .. ................. 300

9.5.1 Comparisonand Memory .............. .. ....c..... 300

9.5.2 Comparison and Quantity: Looping Back to Mapping . ... 301

9.6 Converging on One Essence of Scale: A General Definition. . . . . . 302

9.7 ScaleasaProcess.......... ... ... .. i il 304

9.8 ScaleIsaLivingConcept . ..... ...t .. 307

9.9 TheOpen-Ended Scale ............. .. . ... .. . .. .... 308

References. .. ... ... .. i 310

......................................................... 311


https://doi.org/10.1007/978-3-031-15733-2_8
https://doi.org/10.1007/978-3-031-15733-2_8
https://doi.org/10.1007/978-3-031-15733-2_8#Sec1
https://doi.org/10.1007/978-3-031-15733-2_8#Sec2
https://doi.org/10.1007/978-3-031-15733-2_8#Sec2
https://doi.org/10.1007/978-3-031-15733-2_8#Sec3
https://doi.org/10.1007/978-3-031-15733-2_8#Sec4
https://doi.org/10.1007/978-3-031-15733-2_8#Sec5
https://doi.org/10.1007/978-3-031-15733-2_8#Sec6
https://doi.org/10.1007/978-3-031-15733-2_8#Sec7
https://doi.org/10.1007/978-3-031-15733-2_8#Sec8
https://doi.org/10.1007/978-3-031-15733-2_8#Sec9
https://doi.org/10.1007/978-3-031-15733-2_8#Bib1
https://doi.org/10.1007/978-3-031-15733-2_9
https://doi.org/10.1007/978-3-031-15733-2_9
https://doi.org/10.1007/978-3-031-15733-2_9#Sec1
https://doi.org/10.1007/978-3-031-15733-2_9#Sec2
https://doi.org/10.1007/978-3-031-15733-2_9#Sec3
https://doi.org/10.1007/978-3-031-15733-2_9#Sec4
https://doi.org/10.1007/978-3-031-15733-2_9#Sec5
https://doi.org/10.1007/978-3-031-15733-2_9#Sec6
https://doi.org/10.1007/978-3-031-15733-2_9#Sec7
https://doi.org/10.1007/978-3-031-15733-2_9#Sec8
https://doi.org/10.1007/978-3-031-15733-2_9#Sec9
https://doi.org/10.1007/978-3-031-15733-2_9#Sec10
https://doi.org/10.1007/978-3-031-15733-2_9#Sec11
https://doi.org/10.1007/978-3-031-15733-2_9#Sec12
https://doi.org/10.1007/978-3-031-15733-2_9#Sec13
https://doi.org/10.1007/978-3-031-15733-2_9#Sec14
https://doi.org/10.1007/978-3-031-15733-2_9#Sec15
https://doi.org/10.1007/978-3-031-15733-2_9#Sec16
https://doi.org/10.1007/978-3-031-15733-2_9#Sec17
https://doi.org/10.1007/978-3-031-15733-2_9#Sec18
https://doi.org/10.1007/978-3-031-15733-2_9#Sec19
https://doi.org/10.1007/978-3-031-15733-2_9#Sec20
https://doi.org/10.1007/978-3-031-15733-2_9#Sec21
https://doi.org/10.1007/978-3-031-15733-2_9#Sec22
https://doi.org/10.1007/978-3-031-15733-2_9#Bib1

About the Author

Cristian Suteanu is a professor in the Department of Geography and Environmental
Studies and in the Department of Environmental Science at Saint Mary’s University,
Canada. His research focuses on the analysis and modeling of environmental pro-
cesses, and on epistemic aspects of our interaction with the environment. He teaches
statistics, environmental pattern analysis, natural hazards, and environmental infor-
mation management.

Xvii



Index

A

Abstract, 178

Abstraction, 4, 7-12, 14-16, 97, 114, 165, 286
Abstractness, 184

Abstract space, 5, 9, 13-15, 31
Accelerated creep, 143, 266
Accelerating rhythm of change, 156
Acceleration, 158

Accessibility, 151

Accessible learning, 151

Accuracy, 105

Accurate, 107

Affine transformation, 95, 98, 130
African, 220

Agatharchus from Samos, 37

Air pollution, 188

Air Quality Health Index (AQHI), 188, 189
Alarm fatigue, 150

Alberti, L.B., 38

Amount of information, 257
Amplification, 131

Amplification factor, 131

Amplitude, 134

Anaxagoras, 37

Ancient China, 37

Ancient Greece, 37

Ancient Greeks, 219

Animal communication, 151
Anisotropic scaling, 96

Applicability domains, 279

Aquinas Thomas, St., 265

Archimedes, 307

Areal local scale adjustment factor, 113
Aristotle, 13, 41, 126, 153, 174, 181, 300, 301
Art history, 253, 262

Artifacts, 97

Assimilation effect, 36

© Springer Nature Switzerland AG 2022

Attention, 154

Auditory, 142

Augustine, St., 1, 152, 153, 160, 308
Automated map generalization, 115
Automated similarity assessment, 116

B

Bach, J.S., 158

Bak, P, 74, 270, 271
Barabasi, A.-L., 157
Barbour, J., 153

Bar scale, 101

Basurto, X., 49

Bejan, A., 213

Bergson, H., 58, 59, 153
Bernini, 254

Bijection, 95, 290
Bijective, 289

Bijective mapping, 291
Biomes, 44

Blenkinsop, T.G., 250
Bohm, D., 59, 78, 177, 220, 281
Boisot, M., 10
Bonaventure, St., 76
Box-counting analysis, 236
Box-counting method, 233, 234
Brain monitoring, 150
Brunelleschi, F., 36, 38
Bryson, N., 87, 89

Bunde, A., 231

Buridan, J., 301

C
Carathéodory, C., 74
Carroll, L., 82, 107

C. Suteanu, Scale, https://doi.org/10.1007/978-3-031-15733-2

311


https://doi.org/10.1007/978-3-031-15733-2#DOI

312

Cartographic communication, 100
Cartographic scale, 16, 21
Cassirer, E., 294

Castells, M., 157

Categories, 23, 173-175
Categories of meanings, 180
Categories of objects, 180
Categorization, 117, 173, 175, 181
Categorization process, 167
Category dependence of the histogram, 196
Central dilation, 96

Central Italy, 147

Chaos theory, 268

Chaotic dynamics, 269

Charles, A., 49

China, 220

Chlorofluorocarbons (CFCs), 29
Class amalgamation, 203
Classes, 175

Classicism, 254, 256, 257, 261, 262
Classification, 173, 175
Climate change, 48, 70
Coarse-grained histogram, 197
Coarse-graining, 185

Coastal processes, 45
Codomain, 288

Cognitive load, 150
Collinearity, 95

Comparing sizes, 32
Comparison, 300, 308
Compressing time, 126
Compression, 131, 157
Compression of time, 157
Compromise projections, 112
Concepts, 13

Concrete, 178

Conformal projections, 111
Connected, 120

Constructal theory, 213

Context, 86

Context of interpretation, 87
Context of production, 87, 88
Contraction, 106

Crack propagation, 143
Criteria, 282

Criticality, 272

Cusanus, N., 62, 300, 301

D

d’Alembert, J., 60
Data storage, 115
Data transmission, 115

Index

Degree of damage (DOD), 169
Democritus, 37

De Saussure, F., 76

Descartes, R., 61, 160, 174, 208
d’Espagnat, B., 3

Dewey, J., 307

Diachronic, 151, 159
Diachronic perspective, 7678
Diegesis, 159
Diffusion-limited aggregation (DLA), 225
Digital geometry, 120

Digital map, 115

Dilation, 96

Dimension, 82

Directedness, 183
Directionality, 296

Discrete data, 63

Discrete sampling, 127
Distance, 116

Distortion, 40

Distributed hierarchy, 50, 51
Domain, 288

Downscaling, 84

Dragomir, V.C., 109

Drip paintings, 263

Duration, 57

Dynamical downscaling, 84, 85

E
Early maps, 98
Earthquake, 71, 108, 147-149, 266

intensity, 190

magnitude, 190
Earth tides, 108
Ebbinghaus illusion, 36
Echo, 132
Ecological fallacy, 121
Ecology, 50
Eco, U., 62, 116, 257
Einstein, A., 58, 60
Electroencephalography, 150
Eliade, M., 257
Ellipsoid, 110
Empirical reality, 3
Enhanced Fujita (EF) scale, 168, 169
Environment, 3, 14
Equal-area projections, 111
Equidistant projections, 111
Equilibrium, 73-75
Euclid, 5, 260
Euclidian dimension, 242, 243
Expanding time, 126



Index

Expansion, 96, 106, 131, 154
External environment, 155
Extrapolation, 122

F

Fact of representation, 296, 299
Falconer, K., 231

False scale as rank, 187—190

Feature-guided exploration, 117, 118

Feder, J., 231

Feynman, R., 219, 220

Film, 138, 140

Filmmaking, 142

Fisheries, 48

Fish stock, 73

Flat ontology, 52

Floridi, L., 284

Flows, 157

Foreshortening, 36

Fourier, J., 138

Fourier spectrum, 138

Fractal, 223, 224, 226-230, 264
analysis, 264
dimension, 233, 242, 243, 263
object, 242, 245

Fracture propagation, 143

Fragmentation, 78

Frequency, 134-136

F-type transformation, 185

G

Gadamer, H.-G., 219

Galileo, 6, 7, 41, 82, 301
Gardens, 254

Gauss, 109

General description of scale, 303
Generalized scale invariance, 247
General systems theory, 50
Geodesy, 109

Geographic scale, 17, 21
Geography, 229

Geoid, 109, 110

Geometric contraction, 96, 97
Geometric expansion, 96

Geometric transformations, 94-98

Gleick, J., 156, 265
Globalization, 52

Global knowledge exchange, 47
Global level of attention, 154
Global scale, 47

Goodchild, M.E,, 122, 229
Granularity, 64

Graphic scale, 101
Ground-penetrating radar, 150
Groundwater, 71

Guided cut, 282-285, 296, 297
Guided supercut, 284, 296, 299
Gullies, 44

H

Hamming distance, 116
Harvey, D., 156, 157
Havlin, S., 231

Hawaii, 236

Helical symmetry, 221
Heraclitus, 218-220

Herder, J.G., 293

Hergarten, S., 232
Hierarchy, 50

Hierarchy theory, 50
High-density sampling, 143
High-speed movements, 145
Histograms, 191-196
Hofstadter, D.R., 10
Homogeneity, 122

Human geography, 51
Hume, D., 152

Husserl, E., 178, 180, 285, 286
Hypertension, 198

I

Idempotent operator, 284
IF-type transformation, 185
Image, 288

Incorrect size estimation, 36
Independent reality, 3

Index set, 128

India, 37, 220
Informational process, 299
Information overload, 151
Information processing rate, 152
Intentionality, 295
Intermittent pain, 182
Invariance, 218, 219
Invariants, 212-214

Inverse mapping, 291
Irreversibility, 180, 186
Isostatic adjustment, 108
Isotropic scaling, 7, 96

J
James, W., 115
Jaspers, K., 309

313



314

Jones, K., 52
Joyce, J., 160

K

Kant, 1., 13, 152, 174, 294, 305
Keates, J.S., 100

Kierkegaard, S., 277

Klein, F., 305

Koch curve, 225

Korvin, G., 232

Kruhl, J.H., 232, 250

L

Ladder, 184

Lagrange, J.-L., 60
Landslides, 143, 266
Large scale, 21, 46

Lava flows, 198

Leibniz, G.W., 58, 218, 301
Lessing G.E., 76

Le Vau, L., 254, 255
Level of analysis, 49
Levenshtein distance, 116
Levine, R., 158
Lightning, 144

Li,J, 116

Linear perspective, 36
Literature, 159, 160

Li, W., 122

Local communities, 47
Local scale, 47

Local scale adjustment factor, 112
Local to global, 48
Locke, J., 152, 153, 174
Logarithm, 42

Logical field, 286, 296
Lorenz, E., 269
Loudness, 135

Lovejoy, S., 247, 248
Lying with maps, 203

M

Magnitude, 147

Mandelbrot, B.B., 223, 224, 226, 229, 230,

244,247

Many-to-one mapping, 291

Map, 8, 15, 38, 197, 231
manipulation, 201-204
projections, 109-113
scale, 16

Mapmaking, 7

Mapping, 288, 289, 299, 305

Index

Marginalization, 52

Mars, 199

Marston, S., 52

Mathematical fractals, 224
Mathematics, 10

Maxwell, J.C., 301

Medicine, 150

Medieval sea charts, 100
Memory, 300, 301

Mercator projection, 111
Microsaccades, 155
Microscopes, 5

Mimesis, 159

Minkowski, H., 60

Modalities of representation, 298
Modifiable areal unit problem (MAUP), 121
Modified Mercalli (MM) scale, 190
Morphism, 292

Morrison, J.L., 100

Movement, 155

Movies, 158

Moving across scales, 216
Multifractals, 248

Multiscale analysis, 103
Multiscale approach, 54
Multiscale spatial databases, 115
Music, 140

N

Narration, 159, 160
Narration time, 159, 160
Natural disaster, 266
Natural environment, 215
Natural hazards, 69
Nega, M., 250
Neighborhood, 48

Nested hierarchy, 50
Network, 45, 47, 157
Neural activity, 32
Newton, L., 108, 218, 301
Noica, C., 286
Nonlinearity, 265
Nonlinear processes, 267
Nonlinear science, 50, 265
Non-nested, 50
Nonrenewable, 71
Number of classes, 194
Nyquist criterion, 64

(0}

Object classification, 33
Objectivity, 186, 187,279
Objects, 285



Index

Occurrence time, 159, 160
Ontological condition of scale, 52
Operational scale, 17
Opisometer, 230

Optical instruments, 7

Optical transformations, 5

Orders of Magnitude, 41, 42

P
Pain intensity, 182
Paleolithic, 97
Paper maps, 101
Papu, E., 253
Parallelism, 95
Parmenides, 218, 219
Partial mapping, 290
Particulate matter, 188
Pattern analysis, 213, 216, 249
Patterns, 208-214, 216
Peitgen, H.-O., 231
Penrose, R., 10
Perception of time, 154
Period, 134
Periodic function, 134
Perspective, 96
Perspective triangles, 96, 97
Physical time, 59
Pitch, 133, 135, 139
Plane-filling, 242
Plato, 62, 173, 177, 295
Plotinus, 153, 160
Poincaré, H., 301
Pollock, J., 263
Pompeii, 37
Popper, K., 10, 174
Power, 140
Power law, 245
dependence, 231
relations, 120
Power spectrum, 140
Precipitation rates, 198
Precise, 107
Precision, 105, 279
Proportional change, 94
Proportional reduction, 9, 98
Ptolemy, 5, 6

Q
Quadtree, 118
Quantification, 301

R

Raster cells, 114-115
Ratajsky, L., 100

Ratio of magnification, 96
Ratios of distances, 95
Recognizable, 296
Reconstructed, 136
Records, 81

Redshift, 133

Reference ellipsoid, 109
Reflection symmetry, 221
Relations, 10, 12, 13
Relationships, 13, 20

Relationships between elements, 99

Relative motion, 155
Remote sensing, 115
Renaissance, 37
Renewable, 71

Representation, 293, 295, 297, 299, 304
Representational theory of measurement

(RTM), 302
Representation theory, 305

315

Representative fraction, 19, 101, 102, 107, 108

Resample, 136, 137
Resolution, 17, 114, 147
Resources, 71
Reversibility, 186, 280
Richardson, L.R., 231
Rigid hierarchy, 50, 51
Romans, 100

Roman surveyors, 100
Romanticism, 258, 260-262
Root representation, 119
Rotation symmetry, 221
Roughness, 231

Russell, B., 174

S
Saint-Exupéry de, A., 49
Samples, 64
Sampling, 64, 67
Sampling rate, 64, 66, 69, 130, 143
Sanders, J., 284
Sandpile model, 271
Sartre, J.-P., 285
Scale as a process, 304-307
Scale as rank, 17, 22, 23
Scale as ratio, 17, 19, 21, 22
in space, 93-122
in time, 125-161
Scale as size, 17-19



316

Scale bar, 21
Scalebound, 244, 246, 255, 261
Scale change, 130, 217, 218

Scale factor, 96, 105, 106, 131, 147, 149, 159

Scale-free, 245, 246, 255, 261
Scale invariance, 218, 219, 222
Scale invariant, 218, 233
Scale in virtual space, 49
Scale of analysis, 49
Scale range, 69, 237
Scale symmetry, 221, 259
Scale types, 277-281
Scaling, 96-98

down, 81

regimes, 238

up, 81
Schertzer, D., 248
Schleiermacher, F., 215, 300
Schopenhauer, A., 122
Scott, W., 160
Seismic moment, 190
Selection, 114, 282, 285
Selection process, 106
Selective attention, 154
Self-affine, 227, 246

Self-organized criticality (SOC), 74, 270,

273,275
Self-similar, 227
Self-similarity, 229, 241, 256
Semivariogram, 130
Senses, 142
Set, 120
Shakespeare, W., 156
Shannon, C.E., 257
Shape of the Earth, 108
Shot length, 158
Signals, 127
Similarity, 9, 116, 294
Similarity transformation, 96
Simply connected, 120
Sine wave, 134
Size, 4, 5, 18, 32
Small scale, 21, 46
Smith, H., 49
Smith, N., 52
Snow avalanches, 143
Socrates, 62
Sonification, 149
Sound, 138, 151
Soundscape, 150
Space debris, 143
Spatial context, 86
Spatial informational backbone (SIB),

119, 120

Spatialization of time, 79
Spatializing time, 62

Spatial orientation, 33, 155
Spatial positions, 108

Specificity, 122

Spectrum, 140

Speech, 140

Spinoza, B., 220

States of existence, 253

Statistical downscaling, 84
Stommel diagram, 44, 45, 59, 71
Stommel, H., 44

Stream of consciousness, 160
Structure-preserving mapping, 292
Subjective perception of time, 154
Subjective time compression, 154
Subjectivity, 186

Subsystems, 50

Suppes, P., 301

Suppressed perspective, 39, 40

Suppression of self-generated behavior, 155

Surjective mapping, 290
Sustainability, 83
Symbolization, 117
Symmetry, 219-221, 255, 262, 300
Synchronic, 151, 159
perspective, 7678
view, 78
System, 28, 29, 50
image, 28, 106, 181
representation, 106

T

Tactile stimuli, 155
Takayasu, H., 231

Target, 299

Target of representation, 296
Tectonic processes, 108
Telescopes, 5

Telescoping bias, 58
Temporal acceleration, 158
Temporal compression, 159
Temporal event density, 133

Temporal informational backbone (TIB), 146,

148, 149
Teresa of Avila, St., 160
Thales, 36
Theory of categories, 173
Thrift, N., 52

Time compression, 132, 155-158
Time density overload, 151

Time domain harmonic scaling, 137
Time expansion, 132, 154, 155, 159



Index

Time perception, 154
Time scale, 69, 108, 154, 155, 158

bias, 79-81

change, 155, 159

factor, 159

perception, 154
Time series, 63, 127, 146
Time-space compression, 157
Time stretching, 137
Tissot indicatrices, 111
Topographic surface, 108
Topography, 199
Topological dimension, 242, 243
Tornado intensity, 167, 171, 183
Tornadoes, 168
Transformation, 305
Translation, 96, 131, 132
Translation symmetry, 221
Trees, 33
Tropical storm intensity, 179
Turcotte, D., 232

U

Udden-Wentworth scale, 44
Unequal bin sizes, 197
Uniform sampling, 127
Units, 278

Urban environment, 48

v
Value in art, 265
Vanishing point, 36

van Leeuwenhoek, A., 7
Variability, 128

Vasari, G., 38
Verbal scale, 101
Viewing angle, 33
Views on time, 58
Viruses, 144
Visual, 142

arts, 142

estimation of sizes, 33

von Helmholtz, H., 155

Vredeman de Vries, H., 39

w

Wavelength, 134
Waves, 133-135
Weather hazards, 166
Wellek, R., 261
West, G., 82

Weyl, H., 220
Wheeler, J., 10

The Whole, 287
Wigner, E., 10
Wilde, O., 261
Wolfflin, H., 174, 261
Wolfram, S., 11
Woodward, K., 52
Woolf, V., 160

X
X-ray, 140, 141

Y
Yan, H., 116

317



	1_Scale_Cover.pdf
	2_Scale_FrontMatter.pdf
	Preface
	Acknowledgments
	Contents
	About the Author

	3_Scale_Index.pdf
	Index


