" MCcGRAW-HILL PROFESSIONAL ARCHITECTURE

andscape

Modeling

Digital Techniques for Landscape Visualization

CD-ROM .Tél'é INCLUDED

STEPHEN ERVIN aAnp HOPE HASBROUCK



Landscape
Modelmg

. ‘jmntg:tal Techmques for Landscape V:sual:zat:on .

Stephen M. Ervin
Hope H. Hasbrouck

McGraw-Hill
New York Chicago San Francisco Lisbon London Madrid Mexico City Milan
New Delhi San Juan Seoul Singapore Sydney Toronto



McGraw-Hill 2

A
A Division of The McGraw-Hill Companies

Cataloging-in-Publication Data is on file with the Library of Congress

Copyright © 2001 by The McGraw-Hill Companies, Inc. All rights reserved. Printed in
the United States of America. Except as permitted under the United States Copyright Act
of 1976, no part of this publication may be reproduced or distributed in any form or by
any means, or stored in a data base or retrieval system, without the prior written per-
mission of the publisher.

1234567890 VNH/VNH 0987654321
P/N 0-07-135746-7
ISBN 0-07-135745-9

The sponsoring editor for this book was Wendy Lochner, the editing supervisor was
Steven Melvin, and the production supervisor was Sherri Souffrance.
Von Hoffmann Press was printer and binder.

McGraw-Hill books are available at special quantity discounts to use as premiums and
sales promotions, or for use in corporate training programs. For more information, please
write to the Director of Special Sales, McGraw-Hill, 2 Penn Plaza, New York, NY 10121-
2298. Or contact your local bookstore.

This book is printed on recycled, acid-free paper containing a minimum of 50% recy-

cled, de-inked fiber.

Information contained in this book has been obtained by The McGraw-Hill Companies,
Inc., ("McGraw-Hill") from sources believed to be reliable. However, neither McGraw-
Hill nor its authors guarantee the accuracy or completeness of any information published
herein and neither McGraw-Hill nor its authors shall be responsible for any errors, omis-
sions, or damages arising out of use of this information. This work is published with the
understanding that McGraw-Hill and its authors are supplying information, but are not
attempting to render engineering or other professional services. If such services are
required, the assistance of an appropriate professional should be sought.



Preface

This book has taken a seemingly long time to come to fruition, but is a
chronicle of a discipline still in its infancy. Both the authors have been modeling
the landscape for years, it seems, but it has really only been twenty years; Stephen
Ervin made his first digital landscape model in 1980, on computer punch-
cards; since the 1990s, Hope Hasbrouck has led dozens of graduate students and
several professional projects through the process. In those years, the hardware
and software we have had to work with have undergone exponential changes.
What we can rather easily do now is really quite incredible, technologically, com-
pared to what we both started with.

And even what our predecessors and colleagues were doing thirty and forty
years ago, in the 1960s and 1970s, on far more rudimentary equipment, had very
similar goals: to produce images (usually, but more generally, models and repre-
sentations), in the process of design inquiry and communication, as part of
teaching and doing landscape architecture and landscape planning. We have
never been involved in this endeavor purely for art’s sake, though we have seen
and made some beautiful things, in their own right, along the way. Modeling, as
we have learned, and tried to teach, and emphasize in this book, is a value-laden,
technically dependent but ultimately concept-motivated activity. There are no
perfect or best models; rather there are nearly infinitely many different ways of
representing almost anything. Choosing between the options, and combining
and using them in different ways, is a design act of the highest order.

Both the authors were trained as “traditional” architects and landscape archi-
tects, versed in pen and pencil representational techniques. We have both evolved
along with computing and information technology, to a position of not replac-
ing, but augmenting and building upon, our original drawing and communica-
tions skills. In creating this book, we have used dozens of different computer pro-
grams on several different computers and operating systems — any we could get
our hands on — to see what we could learn from, or do with, them.

This book has been a joint venture, from its conception to production. As
with any combined effort, some division of labor has been obvious and essential.
Most of the text was written by Ervin; Hasbrouck provided the graphic narra-
tive, layout, tutorials, and most of the modeling and illustrations, especially of
the “University Commons” project used throughout the book. But we remain
jointly, and solely, responsible for any errors or omissions.

We hope the book serves both as a reference into an already large, but large-
ly uncollected, body of work, and also a stimulus for new inventions and appli-
cations in landscape modeling — for which there is still a lot of room.

Cambridge, Massachusetts 2001



Acknowledgments

Thanks to:

* Our colleagues, collaborators, teachers and students, far too numerous to item-
ize each and every one, but especially: Emlyn Altman, Pierre Belanger, Mirka
Benes, Rick Casteel, Amy Cupples-Rubbiano, John Danahy, David Diethelm,
Nick Dines, Alex Duval, Mike Flaxman, Aaron Fleisher, Mark Gionert, George
Hargreaves, Chuck Harris, Gary Hilderbrand, Rodney Hoinkes, David Hulse,
Mark Klopfer, Eckart Lange, Mark Lindhule, James Lord, Alistair Macintosh,
Kaki Martin, Miho Mazereeuw, Malcolm McCullough, Anne McGhee, Adrian
Mendoza, Arancha Mufioz, Bruce MacDougall, Andreas Muhar, Doug Olson,
Peter Petschek, Madis Pihlak, Alan Shearer, Stephen Sheppard, Carl Steinitz,
Letitia Tormay, Christian Tschumi, Joe Volpe, Mark von Wodtke, John Paul
Weesner, Curt Westergard, Caroline Westort, and others

* Others we don’t know so well, but who have provided valuable information,
illustrations or other contributions, including: Chuck Clarke at Evans and
Sutherland (RapidSite); Urs Frei at University of Zurich Remote Sensing
Laboratories; Dennis at DigArts; Jamie Kurtz at 3D Nature (WCS); Stephane
Gourgot at JMG Graphics (AMAP); Bojanna Bosanac and Pjer Zanchi of Onyx
Software (TreePro); Brett Casebolt at Natural Graphics; Christopher Seeger;
Midori Kitagawa deLeon, Greg Schmidt, and others at Texas A&M Forest
Simulation Lab; Karin Egger at Bodenkultur University Vienna; Olli Pekka
Saastamoinen; Paul Bourke at Swinburne University; Kevin Woolley of Genesis
software; David Ebert for fractal cloud images; Igor Borovikov at Animatek;
Andreas Ogren at Blueberry3D; C. Soler for plant growth images and movies;
Damian Sainsbury; Francoise Rossi at Geo-Metricks; Jessica Hodgins at Georgia
Institute of Technology; staff at Hargreaves Associates; staff at Peter Walker and
Partners; staff at Martha Schwartz Associates; Mary Daniels, Alex Reiskind, and
Anne Whiteside from the Visual Resources at the Harvard Univsersity Loeb
Library; and others

* Those who have blazed parts of the path before us, including but not limited
to Ivan Sutherland, Alvy Ray Smith, Loren Carpenter, Premeslaw Prusinkiewicz,
E Kenton Musgrave, Benoit Mandelbrot, Jack Dangermond, and others

* Our editor Wendy Lochner and the team at McGraw-Hill who encouraged the
book, and tolerated delays, demands, and digressions

* Our parents, families, and friends, who also encouraged, supported, and toler-
ated a project that took far longer and far more out of us than any of us ever
guessed it would

xiii



Contents

Chapter 1: Landscape Modeling

1.1 Introduction to Landscape Modeling ........................ ... 1
1.1.1ReasonsforModeling .........coiuiiiiiiiiiiii i 3
1.1.2 Dimensions of Modeling ...t 8
1.1.3 Techniques for Digital Modeling ................. ... ... .. ... n
1.2 Two-Dimensional Models .......... ...t iiiiniiiereniannnss 12
1.2.1 Coordinate Systems ... ...ttt 12
1.2.2 Map: COOTdiNates . :vimevimvnmsmsssnssmamesionanmiessamsamenss 13
1,2.3 Pixals a5 COlof SPHEE & scumspmsmsinsvssssssswasmssyssnesss s 15
1.2.4 Points, Lines, Polygons, and Curves ..............ccoiiiivinnnnnn 16
1.3 Three-Dimensional Models ............. ... o it 18
1,31 QUM LS e e e e e 18
1.3.2.S0lid MOdelS ..\t i 19
1.4 Operations in3D Modeling ............... ..ot 20
1.4.1 Organization: Repetition, Combination, etal. ..................... 20
1.4.2 Boolean Operations: Intersection, Difference, Union, etal. ......... 21
1.4.3 Procedural Operations and Scripting .................ooiiiians 22
LERONIOING ... ..o innns ot s a0 oim s 0 50 5 5 7 90K 58 B B 23
151 RaY-traCing ..ottt e 23
1.5.2 Multichannel Textures . ...t 24
1.5.3 Procedural Textures . ........cuieniiiiiein i, 26
16 Presentation ..........uouieurienunnneeenennnssenseaenananssnnnnnanansn 26
1.6.1 Lighting and ShatdowWs ... cssseocmsismmsaromsmsns s saseensana 26
1.6.2 Camera Frame and Viewpoint .............cciiiiiiiiiiniian.. 28
1.7 Calculations from2D and3DMeodels ...t 28
1.7.1 Database Models ..........coiiiiniiiiiiiiiii i 28
1.7.2 GIS-Based Analysis ...... ... 29
1.8 Dynamics: 4D Models ............cooiniiimiiiiii i 30
1.8.1 GENEration ...ttt e 30
1.8.2 Movement TREOUGN. ::wsmvsesmshisinssmensaomninsvsmeersiososos 31
1.83 Movement Of .. ... e 32
184 0Interaction WIth . svsismiss somimsmemewnsmnssasmssssms guansssms 33
1.9 A Brief History of Computer Graphics in Landscape Modeling ............ 34
A0 SUMMANY ....ovineenrrinrineiieriostontsasosnsansssssascssssssassn 36
REfBIBMCES ..ot v vttneisesseeennnanaseesannananesassneannsnsnnanansns 37



Chapter 2: Landform

200ntroduction ... .. e 39
2.2 Two-Dimensional Representations ...............coivviineriiinninnnnnn. 42
221 Spot Elevations . ... 42

2.2, 2 CONtOUIS ottt ettt e 46

2,23 Cr08s SECLONS .ttt 48

23 Three-Dimensional Terrain ........... ..ottt ittt 49
2.3 SUTTACES i 5s s s s 35 810565 5 s 685 5 508 io 8 w56 590 018 S8 6808 1 6 30 6 4 31 6 4 49
2301 5IMPle PIaNeS . ivsmics wosissins s o dosms s s s 55 008 best 5105 9 50
231.2GridMesh ... 51

2313 Ruled Surface ........ ... ... . ... 55

Tutorial: Ruled Surface ......... ..o iiuiie e 58

2.3.1.4 TIN — Triangulated Irregular Network ..................... 60

Tutorial: TIN . ..o e 64

2.3.1.5 Parametric Surfaces: Patches and NURB Surfaces ......... 67

Tutorial; NUBRB SUITACE 55 ssswismsssssaiansssnssdsss s siaeisd 68

2.3.2 Three-Dimensional Solid Terrain ...........ccoiieiiiiiinieninn.. 72

2.3.2.1 Parametric Solids ........ ... 72

Tutorial: Parametric Solids . ...........c.uiiuiieiiiiiiiniinnns 74

2.3.2.2 Stepped Contours (“Pancake” Models) .................... 77

Tutorial: Solid Stepped Contour Model . . ......................... 78

2.3.2.3 Boolean 0perations . ........viiiiiiiiiii 79

Tutorial: Boolean Operations .................ccciiiiaiiieiiainn 80

DB DA ROCKS ovoe cn vieimeome s mmoomo i bd § 558 5 8 i 3 5 55 F G055 805 5 0 0 83

2.4 Operations on Terrain: Space Forming, Design Approaches ................. 84
25Textureson Landform ...ttt i i 85
251 Simple Color . ...t 86

2.5.2 Multichannel Textures, Including Photographic-Based Textures ....... 86

253 Draped 2D Image Maps .......ccoiiiiiiiiiiiiiiiiiii i 88

25.4 Geospecific TeXtUIeS .. ....oiurtiin i 89

255 Gootypical Textures: .....:issesneemsmsasansnsminesnsmsssonsnsms 91
Tutorial: Draping an Image Map ..., 92

2.6 Terrain Visualization ...........cooiiiiiiiiiniiiiiiiiieiieninniinnsnnnns 95
2.6.1Tiling of Texture Maps . .........oiviiiii e 95
26.2Levelsof Detail ..o e 96

2.6.3 Lights and Shadows on Landform .......... ... ..., 99

2.7 Calculations on Terrain: Analytic Models .................. ... ...t 100
2.7.1 Cut and Fill Volume Calculations ..., 100

2.7.2 GIS-Based Elevation, Slope, and Aspect Analysis ................. 101

2.8 Dynamics — Procedural Models and Representations ..................... 102
2.8.1 GENEIAtION oottt ettt 102

28. 1.1 Fractal TErrain . .....ooviinin it 104

2812 Terraforming «cocvssesmsssinsssmpomumsnconsnscorsmnss 105

2.8.2 Movementthrough Terrain ..........c.oviiieiieiinnianes 106

283 Movement of TEITain ... ..ottt 109
Tutorial: Morphing Terrain ................ooiuieiiiiinnueenneeann. m



Chapter 2: Landform — continued

2.8.4 GIS-Based Erosion and Other Dynamic Models ................. 113

P TR 1T 111 T 1.4 116

References ..........coviiiiiirn i 117
Chapter 3: Vegetation

B INtrodUCHION . ..ottt e e 119

322D Modelsof Vegetation ..............cccviiiiiniiiiinrinnnrennannnnn 122

3.2.1 Photographs for Collage and Drawing ..................... ..., 123

3.2.2 Paraline/Orthographic Drawings ................ .. ... ... 124

3:2.21 Planting PIanS «:evmummsmimsansssmemsnnsnsmssssnsmsmn 124

3222 Plan Symbols: ;. :csesassmsmenismsmensns smenoms o ymsn 125

3.2.2.3 Elevation and Section Symbols ........................ 125

3.33D Vegetation Models .............cccviumiiiiiiiiiiiiiii 127

3.3 SUMACES .ot e et 127

3311 Billboards ... 128

3.3.1.2 SINOUBLEE ... e 129

Tutorial: Billlboard . ..........ccouuiaiiiiii i 130

Tutorial: Silhouette . ..... ... ... 132

2313 Layerad Canapy :«::sisinssnmsnnnenivmimsnarnsnsvamen 134

Tutorial: Layered Canopy .............c.eevueevnnneenineennnn 135

3.3.2 Solid Representations ...............ooviuiiiniiiiieiiniiiains 138

3.3.2.1 Simple Parametric Solids — Cones, Cylinders ............ 138

3.3.2.2 Cylinder-based Hand-built Models ..................... 138

Tutorial: Parametric Solids —=Simple . ............ccooiiviinn. 139

3.3.3 Hybrid (3D and 2D) Plant Forms ................coiioiinnn. 142

Tutorial: Hybrid Models . . ...........cooviieiiiiiiiiiiann 143

3.3.3.1 Parametric3D Models ...... ...t 148

Tutorial: Procedural Models . . ..........c.ccoiiiiiiiiiiinan, 149

3.3.3.2 Special Trees — Palms, Others ........................ 148

3.3.4 Plant Structures: Groves and Allees ............coovviiii.n. 151

3.4 Textureson Plant Material ..............cc . iiiiiiiiriiiiiianinnnns 152

341 MapsonSolids ....coovvieiiieiiriiiiiiiiiiieiii e 152

3428impleColor .......oviuiiiiiieiii 153

3.4.3 Bump Maps and Other Compound Textures ..................... 153

3.4.4 Photograph-based Textures ...............c.ooiiiiiiioiainn. 154

Tutorial: Textured Tree Bark ... .....oouve oo 155

345 Procedural TeXtUreS .. ..oviieiiiiie i 158

3.4.6 Grass and GroundCOVEIS .. .. .ciiurn i 158

3.5 Visualization CONCEINS . ......vvvvrrrnnnnrinnnannnnseecenninesnonans 160

3.5.1 TranSPAreNCY ... .ceescersnsssosasosonresssrsansnnansonsssss 160

35.2LIghting ..ottt e 161

353 SHATOWS - vve v v vimms s s a5 S a8 s 88 as 85 a5 s wia s m o memie ain e m a s 162

354 Levels of Detail . ..o 164

3541 ForestModels ........oriii 166

vii



Chapter 3: Vegetation — Continued

36 PIantDynamics . ..........c.iiiii e e e, 168

361 Generation ... ... 168

3.6.1.1 Recursive PlantForms ...............ccoiiiiiiinnn... 168

3.6.1.2 Other Plant-Generation Codes .............cccviviininnn 171

3.6.1.3 Growth, Change,and Seasons . ..............ccoiiiiinnn. 172

3.6.2 Movement through Vegetation ............. ... ..., ...175

3.6.2.1 Vegetation Walk-throughs .............cccoiiiiininnnnn 175

3.6.3 Movement of Vegetation ...... ... .. ... i 176

3.6.3.1 Physics-based Kinetic Systems ......................... 176

3.6.3.1.1 BlowingintheWind ...................ciiiiiin. 176

36.3.2ForestGrowth Models ...........coiiiiiiiiiiinnn 177

BT SUMMIBIY . iooovmmnmonms s s s @ 5w s §08 S5 8 K018 S5 8 0 5378 S0 L9980 ¢ 308 yir 0w ¢ won mimw 178

ROTOTOMCES, 1. v e e mie vomww s o i 058 08 o 0650 0 91 610 60 8 W0 i o w8 w08 #m 20 r w8 W o 179
Chapter 4: Water

B INtrOdUCHION . . oo i e e aaaaa e 181

422D Models of Water .. .....cvverrerennennnnenenernssnssnnsnnnnesnnenns 184

4.2.1 Paraline/Orthographic Drawings ..............ciiiiiiiniinnnn. 184

B2 2 HYPSOGIAPIY 5 v 5. i 45 5m 5 ws iis s s s i oo smaisss s mmemssemssmwnmnwsmnmn 184

433D Modelsof Water ........coovviiiiriinnnnrrrnrenneesrninnnesearenns 185

0,1 R IS T10 12101 1 P S g PP 185

B30 Flat PlANES ... ows e vsii sais i s oy sins s 858 6 wv s gias oo anam 185

4.3.1.2 Rippled Surfaces ...........cooviiniiiiiiiiiiiiiien 185

4313 Lakesand Ponds . ... ... 186

4.3.2 Solid Representations . .............c.oeiieiimnrniinnaieaieiinn, 187

4.3.2.1 Simple Parametric Solids —Prisms ....................... 187

43.22FallingWater .....ovvveeirrerarinreeninrananiaronsasas 188

4.3.2.3 Spray, Mist, Drops .........c.oiiiiiiiiiiiii e 189

B Textures for Water .. ....ovveeennnecrinaisnesannannassnneannnssenns 190

441 Simple Color ...t 190

A1 1 TranSPArENCY . .. vvvinnraneee e eai s iis i eiasaness 191

4.8.1.2 RefleCtivity .. ...ooueeii e 192

84.1.3RefractiVity . ...cvviviinrranr e memreean s 193

4.4.2 Multichannel TeXTUIeS . .......oiieiiiiiii e iia s 194

443 Underwater EffeCtS ...t 196

A4 Wet ODJECES . . ..ottt e e 197

BA5 PUAIES oottt e 197

446 SNOW AN ICE .ottt s 198

45 GIS-based HydrologicModels ................iiiiiiiiiiiiieinenns 199

46Water Dynamics . ..........ouiniiieininrnrratinrasirarii s 201

46.1 Movement throughWater ..., 201

462 Movement 0f Water ... ...vurrerree e 203

46.2.1 Ripplesand Waves ..........c.oevvinrinninninmieaeanes 204

46.22Waterfalls .. ..ot 206



Chapter 4: Water — continued

4623 F0UNTAINS ...t 207
Tutorial: Making a Waterfall or Fountain .......... ... ... ... ........ 208
46.3 Multimedia—Sound .......... ... ... .. 213
A7 SUMMATY .. ettt 214
References ....... ..ottt e e 215
Chapter 5: Atmosphere
D INtrodUCtion . . ... e e 217
5.2 TIROTAANARIONE i 5 0 5 sive 5 50 6 i 906 600 8 6000 b e 73 00§ 5 0 B 00 0 218
5.2.1 Sunlight ........ EELE R R N S RN EE DDA 220
522 MOOnlghT .. voevmewemiinsmamsnmsasmpais asmemiminesmsessisssg 221
5.2.3 Night Lighting .. ... .o 222
B3 S hadOWS ...t 223
DA TREBRY v vcvovnwnosmn mmnim smsmic s e s mm oom o v aukacs 5.8 8§ %6 477 59 6 8 6 v 3 226
LT [T 227 .
BB Weather . ... ittt e 230
56.1 Haze aNd FOO «cosmemsmswssmeme masnnsswemsesmsmsnysmsesasan 230
LT Wl - 1 1 A T I 231
5.7 Colorsinthe Landscape ................coiiiiiiiiiiiiinninennnnnns 232
5.8 Atmospheric Dynamics .......... .. ... i 234
5.8.1 501ar MOtION .\ vv ittt e e 234
B8 2 WING .ottt 235
BT 7T N AT SFTY: § 236
T (Y €)1 L <Y< T P 231
Chapter 6: Synthesis
6.1 Introduction — Putting It All Together ................ ... ... 239
6.1.1 Structures, Vegetation, and Water on Landform ................. 240
6.1.2 People and Other Animals ......... ... .. .ot 242
6.2 Professional Practice ............c.oiuiimiiiiiiiin i 244
6.2.1 Accuracy, Precision, and Conversion —.............ooviiiann, 244
6.2.2 Digital Modeling Project Management ......................... 246
6.3 Presentation and QutputMedia ............... ... 248
6.3.1 Camera and VIeWpOint ... ...eeeenteiiiiie e 248
B.3.1 1 PLAN VISV .. v o o imos 608 5166 a5/ 18 4 E 88 8 o @18 458 g 249
6.3.1.2Plan Oblique .......... i 250
6.3.1.3 Eye-level Perspective ........... ... .. i 251
6.3.1.4 Animation Cameras and Viewpoints .................... 252
B.3.2 Media ..o 253
B.3.2.1 ON-SCIBEM .« ittt ettt e e e e e 253
6.3.2.2 Printed QULPUL ...\ v vt 254
6.3.2.3 35 mm Slides or Photographs ................. ..ot 254



Chapter 6: Synthesis — continued

6.3.24WorldWideWeb ........ ... 255

6.3.25 Animations . ... ... .. .. 255

B.326Video ... 256

BBZT OIVR  iiwummsmomnwomwsmonsmemms oo sws s ms s s s s 666 ms «s s 256

BBZBYRML ooncmsomomomunmsmemn s simsms i s Gie v s o 0w 6 5 6 W 5 0 5 94 257

6329 IMMEISION +icivionininsmes iowsdsmemssdssdsaesmsssn 257

6.4DAta SOUFCES . ......ovviinnunrrerraiiarresiraniannssesisnsnansessann 258
6.4.1 USGS, GIS AQENCIES ...\ttt e 258

B.4.2 SUIVEYOIS .\t e ettt ettt et e e e e e 260

B8 DINOREREIIED 5 v i 0 6 50 00 B o e 261

6.5 Ethical and Representational Concerns ..................ccoiiiiiinnnn, 262
6.6 Final Thoughts; NextSteps ..............ccoiiiiiiiiiiniiiianinnann. 264
B.7 SUMMAIY . ...unintintiarnnnnnns s rnnnareseanannanesseaannnsnsssss 266
ReferenCesS . ......coviiiiiiiiiiii i i i 267
Appendix 1: SOftWAre ...........coovevnmirnineineienene i, 269
Appendix 2: GIOSSANY . .......oviniriiiiaiat it 273
1711 R e T I T Iy 283
Aboutthe CD-ROM ..........coooiininiiiieerrancnennnssrnnnessnanseansnsa 287



Landscape

Modeling

' 1.1 Introduction to Landscape Modeling

This book is about modeling the landscape, and so it has both an action-ori-
ented purpose — modeling — and an object-oriented one — landscape. Modeling sim-
ply means making representations, such as drawings, paintings, and cardboard
- mock-ups; or, more specifically, using digital computers and computer software
to organize information in the form of numbers or bits, then creating images on
a computer screen or printed on paper; or creating a series of images to form an
animation; or even producing a three-dimensional artifact, such as a physical
. model created by a numerically controlled machine. Modeling by computer is
similar in some ways to drawing or painting with pencil or brush, but is quite
. radically different in other ways — the differences are mostly what this book is
about.

Landscape means the natural world, in which we live, garden, work, and
build, including both natural systems such as plants and weather, and also built
systems, such as roads and cities. Though we may sometimes speak of “the land-
scape,” that is misleading, as there are many different landscapes in this world,
and many different perceptions of them. In this text, “the landscape” is used in
the same spirit as when we speak of “the human race,” meaning to focus on the
commonalities and shared attributes, but without ignoring or demeaning the

variety and individuality to be found within it.
: Four essential elements of the landscape — landform, plants, water, and the
| atmosphere — are the focus of this book. The first three are the traditional palette



of landscape architects, and are the essential components of the natural world,
without people or buildings. Of course, in the real world that we live in, the
landscape includes structures of all kinds, including buildings and bridges and
cars, and a wide variety of animals whose activities are vital to the function and
look of the landscape. There is a vast literature on using computers to model
buildings and structures, using Computer Aided Design (CAD) software, and
while this book assumes some familiarity with those ideas, it does not focus on
making models of buildings.

Landscape elements are different enough from most buildings and machines
— rarely square or flat or simple or small, often curved and fuzzy and complex
and large — that while many of the same basic digital tools are used in modeling
the landscape, their application requires different techniques, and often a differ-
ent frame of mind, as well. Landscapes usually combine the four major elements
in a myriad of ways, both in nature and when designed and built by humans in
many forms including gardens, parks, building sites and urban plazas. This book
is motivated by a desire to share techniques for using CAD modeling and ren-
dering tools, combining them with Geographic Information Systems (GIS), and
tapping the power of computing to help landscape planners, designers and mod-
elers expand their representational repertoire, as well as start to grapple with the

complexity and dynamics inherent in the landscape.

Figure 1.1

The landscape of
the Fens, in
Boston, by land-
scape architect
Frederick Law
Oimsted, bridge by
H.H. Richardson.
Most landscapes
are made up of
varying propor-
tions of landform,
including rocks,
vegetation, struc-
tures, water,
atmaosphere, and
animals, including
people.



Figure 1.2
“Texas Redbuds”
Landscape paint-
ing by A.R. McTee
c.1950

Here as in all land-
scapes, landform,
vegetation, and
water combine to
create a sense of
place.

The landscape
painter’s eye is
focused on com-
position, texture,
color, and light.

1.1.1 Reasons for Modeling

There are many reasons why people need or want to make models of land-
scapes and landscape elements, and there are many ways of doing so. Modelers
include landscape architects, garden designers, architects, planners, engineers,
illustrators, scene designers, and others who are engaged in synthetic design
processes. Some modelers make models so as to portray landscapes as “scenery”
like classical landscape paintings do, or to be used as backgrounds, much like
stage sets, or environments for computer games. In quite another vein, scientists
and planners may seek to model landscapes and landscape processes so as to be
able to simulate or understand them, exploring scientific hypotheses, or measur-
ing aspects of quantitative simulations, such as soil erosion, hydrologic process,
or vegetative succession.

In between, combining art and science, landscape architects and other envi-
ronmental designers make models of landscapes for the same reasons models are
made in all design disciplines: it is easier, faster, often safer, and more responsi-
ble, to experiment and try out alternatives with “stand-in” representations, rather
than with the “real thing.” A landscape architect comparing alternative planting
plans — one-, two-, or three-abreast rows of shade trees, for example — can look
to the real world for some examples of each, and so good designers do keep
libraries of examples and references garnered from their own and others experi-
ences and observations. To actually try out several different schemes, iz situ,




though, is complicated almost to the point of impossibility. Comparing growth
patterns over time, or visual effects in different light conditions, could take liter-
ally years.

Sketches, models, computer renderings, and other representations, however,
can be made relatively quickly, and with infinite subtle variations. How good
these representations are in helping designers choose between alternatives
becomes a question of the detailed characteristics of the representation used — the
media, the techniques, the levels of abstraction and realism, and so on. There are
no “perfect” or neutral representations; rather, there are a number of important
decisions to be made in choosing and making a representation for a specific pur-
pose, and a set of conventions on the one hand, which have become established
as appropriate and recognizable (the “artists rendering” of proposed buildings,
for example, or the diagrammatic cross-section), and on the other hand, an
expansive realm for invention and variety in representations. All models are
imperfect, containing simplifications and abstractions, even perhaps distortions.
Choosing and using modeling techniques appropriate to the task, is an essential
part of using modeling in design.

Making digital models, as with any representation-making, will always have
to be informed by professional judgment and possibly social context, and will
always be an act of “abstraction” and simplification. There are many ways of
model-making and many kinds of models. Choosing the right model(s) for a
given purpose, whether political and public, or personal and private, is an impor-
tant part of the overall modeling process. This book is most concerned with
model making as part of a design conception and communication process, with
a heavy emphasis on the visual, and to a lesser extent, the analytical properties of
landscape models.

An important note: sometimes, models are made as part of a larger decision-
making process, in which the models are used to further analysis and discussion,
leading to a decision which may have far-reaching and real-world consequences,
such as costs, visual impacts, environmental impacts, or even health and safety
implications. In such cases, naturally, the validity of any model used — how well
it actually represents the qualities of the real thing or event it is standing in for —
is critical. Models of environmental impacts, and systems that have health or
safety implications, need to be fully informed by scientific and engineering
knowledge, and probably developed slowly, incrementally, and with full process-
es of open review and validation. Models used to determine visual impacts may
seem less severe in their requirements, but not to the one person or community
whose view is changed forever, and for the worse, by some action or design.
There is a growing literature on the art and science of visual simulation, taking
into account important considerations of human perception, psychology, and
culture, as well as stadistically valid techniques for performing and interpreting
visual preference surveys. The scope of these important matters is well beyond
the present book. Similarly, the complexities of scientific landscape modeling —



Figure 1.3
Multiple represen-
tations:

a. Photograph of a
view down an
allee of trees in a
garden outside of
Rome, Italy.

b. A black-and-
white “sketch”
made by image
processing filter
operations.

c. A computer-
generated view of
a 3-D model.




ecological, hydrological, air-pollution modeling, and others — are not covered,
except in passing reference, in this book.

The emphasis throughout this book is on digital methods of visualization,
and the necessary abstraction they entail. Some of the techniques presented are
based on physics and natural properties; some are based purely on human per-
ception. Most of the examples come from the domain of landscape architecture,
which is equally concerned with the ecological and functional aspects of land-
scape, and with the visual, aesthetic, and formal.

Throughout the second and third chapters, many of the techniques for
modeling will be presented with reference to a specific landscape project: the
design by Hargreaves and Associates for a campus plaza, called University
Commons, at the University of Cincinnati. This project was chosen because of
its formal elegance and because it is typical of many designed landscapes in its
artful combinations of landform, vegetation, water, and human circulation sys-
tems (paths and paving). The project demonstrates very well a variety of tech-
niques for forming terrain into beautiful and functional sculptural landforms,
and for integrating those with tree plantings and groundcovers, as well as path
systems, drainage, and lighting. The project has the advantage of having been
designed at least in part with digital tools, and built (in 1998 and 1999) so that
photographs and construction details are available.

Other real and built projects, as well as imaginary landscapes, are also used
as examples in subsequent chapters. In all cases, the goal is to use these examples
to highlight the essential characteristics of landscape, to show exemplary land-
scape design and planning, and to demonstrate useful and appropriate tech-
niques for digital modeling and visualization.
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Figure 1.4
Wireframe repre-
sentation of the
University
Commons Model
in 3D Studio Max.
The abstract col-
ored lines on a
computer screen
are indicators of
landscape ele-
ments.



