A GUID

GREEN" BwUJ{Ig
OUTDOS RS
SECOND EDI"'i'I

".J. William Thom 1JJ:;0r1 o
~and Klm’Sormg"
"‘% -::. -\ N
e £
»3 ,-' : ‘-_,_‘ b\‘

wci? -






About Island Press

Island Press is the only nonprofit organization in the United
States whose principal purpose is the publication of books
on environmental issues and natural resource management.
We provide solutions-oriented information to professionals,
public officials, business and community leaders, and con-
cerned citizens who are shaping responses to environmental
problems.

Since 1984, Island Press has been the leading provider of
timely and practical books that take a multidisciplinary
approach to critical environmental concerns. Our growing
list of titles reflects our commitment to bringing the best of
an expanding body of literature to the environmental com-
munity throughout North America and the world.

Support for Island Press is provided by the Agua Fund,
The Geraldine R. Dodge Foundation, Doris Duke
Charitable Foundation, The Ford Foundation, The William
and Flora Hewlett Foundation, The Joyce Foundation,
Kendeda Sustainability Fund of the Tides Foundation, The
Forrest & Frances Lattner Foundation, The Henry Luce
Foundation, The John D. and Catherine T. MacArthur
Foundation, The Marisla Foundation, The Andrew W.
Mellon Foundation, Gordon and Betty Moore Foundation,
The Curtis and Edith Munson Foundation, QOak
Foundation, The Overbrook Foundation, The David and
Lucile Packard Foundation, Wallace Global Fund, The
Winslow Foundation, and other generous donors.

The opinions expressed in this book are those of the
author(s) and do not necessarily reflect the views of these
foundations.



Sustainable Landscape Construction
A Guide to Green Building Outdoors

Second Edition



(Project: Robert Murase. Photo: Tom Liptan.)



Sustainable
Landscape
Construction

A Guide to Green Building
Qutdoors

Second Edition

William Thompson and Kim Sorvig
with drawings by Craig D. Farnsworth, ASLA

Washington ¢ Covelo ¢ London



Copyright © 2008 J. William Thompson and Kim Sorvig

All rights reserved under International and Pan-American Copyright Conventions. No part of this book may be
reproduced in any form or by any means without permission in writing from the publisher: Island Press, Suite
300, 1718 Connecticut Ave.,, NW, Washington, DC 20009

ISLAND PRESS is a trademark of the Center for Resource Economics.

Library of Congress Cataloging-in-Publication Data

Thompson, J. William.
Sustainable landscape construction : a guide to green building outdoors / William Thompson and Kim Sorvig ;
with drawings by Craig D. Farnsworth. — 2nd ed.
p- cm.
Includes bibliographical references and index.
ISBN 978-1-59726-142-5 (hardcover : alk. paper) — ISBN 978-1-59726-143-2 (pbk. : alk. paper)
I. Landscape construction. 2. Landscape protection. 3. Green products. 4. Ecological landscape design.
L Sorvig, Kim. IL Title.
TH380.T46 2008
712.01—dc22 2007026192

Printed on recycled, acid-free paper

Manufactured in the United States of America
10987654321



The Fine Print

This book reports information from designers, contractors, manufacturers, academic re-
searchers, and many others. The authors have attempted to ensure that all the information
herein is credible but have performed no independent testing of these reports. Reporting such
information does not constitute endorsement of any product or method. Exclusion of prod-
ucts or methods does not imply a negative evaluation; please see the authors’ request for up-
dates, below. All trademarks remain property of their respective owners. The authors and
publishers specifically disclaim any and all liability purported to result from inclusion or ex-
clusion of a product or method in this book.

Variations among regions and sites result in very different performance from the same prod-
ucts and methods, and no assurance can be given that any information reported herein s suit-
able for any given site. The information reported herein may contain errors and omissions, and
even where complete and accurate it is not a substitute for local expertise and professional
judgment. Illustrations are not intended as ready-to-build, step-by-step instructions, but rather
to depict concepts and processes. The authors and publishers specifically disclaim any and all

liability for any situation resulting from use or attempted use of this information.






Contents

List of Figures  xiii
List of Tables  xix
Preface: The Why, What, and How of the Second Edition — xxi
Why a New Edition? xxi
What’s New in This Edition? X1
How to Use This Book i
Acknowledgments xocvii

Contacting the Authors XxXVii

Introduction: “Sustainability” in Context 1

What Is Sustainability: Politics, Ethics, and Semantics 2
Landscapes Against Climate Change 14
Sustainability, Substance, and Style 19

Resources 33

Principle I: Keep Healthy Sites Healthy 37

What Is a Healthy Site> 37

Take a Role in “Pre-construction” 38

Do Your Homework First: Knowledge as Sustainability 39
Avoid Survey Damage 43

Minimize Utility Damage 46

Physically Protect Site During Construction 52
Preserve Healthy Topsoil 54

Save Every Possible Existing Tree—Even Just One 57
Use Appropriate Construction Machinery 59
Related Design and Planning Issues 65

Coordination and Follow-up 68

Resources 68

Principle 2: Heal Injured Sites 71

Turn Wastelands to Gardens 71

Balance the Environmental Costs and Benefits of Restoration
Involve the Community in Site Restoration 74

Restore Landscapes Structurally 82

Restore Damaged Soils On-site 87

Restore Regionally Appropriate Vegetation 99

Restore Forests and Coexist with Wildfire 106

Resources 109

73



X Contents

Principle 3: Favor Living, Flexible Materials 113

Hold Slopes in Place with Biotechnical Erosion Control
Make Vertical Structures “Habitat-able” with Greenwalls
Turn Barren Roof Spaces into “Greenroofs” 125
Construct for and with Plants 133

Evaluate Turf: The Green, the Bad, and the Ugly 146
Count on Plants to Sustain 149

Resources 149

Principle 4: Respect the Waters of Life 152

Work with the Site’s Water Regime 153

Understand, Protect, and Restore Natural Wetlands 158
Restore Rivers and Streams to Full Health 166

Collect and Conserve Water 172

Irrigate Intelligently and Sparingly 178

Reuse Graywater 187

Purify Water at Every Opportunity 188

114

I18

Test Modern Hardware for Cleaner Piped Stormwater 189

Let Constructed Wetlands Treat Water 189
Resources 194

Principle S: Pave Less 198

Plan and Design to Reduce Paving 199

Take Advantage of “Context-sensitive Road Design” 202

Use Techniques That Reduce Runoff from Paving 207
Use Porous Paving Materials 211

Cool Asphalt with Planting and Albedo 220
Resources 222

Principle 6: Consider Origin and Fate of Materials

Recall Some Simple Guidelines 225

Let Reuse Be Re-inspiration 225

Use Local, Salvaged, or Recycled Materials 225
Evaluate Environmental Costs When Choosing Suppliers
Use Sustainably Harvested Renewables 242

Avoid Toxic and Nonrenewable Materials 244

Know General Toxicity Issues by Material Type 251
Avoid Three Controversial Materials 252

Prioritize Hazard-reduction Efforts 258

Resources 259

242

224



Contents

Principle 7: Know the Costs of Energy over Time 262

Understand How Landscape Energy Use Is Different 263
Manage Energy for Machines, Tools, and Labor 265
Embodied Energy—Why Do We Care? 279

Use Life-cycle Costing to Justify Sustainable Design 283
Apply Guidelines for Landscape Energy Conservation 289
Resources 289

Principle 8: Celebrate Light, Respect Darkness 293

Respect the Need for Darkness 293

Talk Lighting—a Brief Glossary ~ 294

Use Lighting Efficiently 301

Try Low-voltage Lighting for Flexibility ~ 303
Evaluate Lamp Performance 307

Join the LED Lighting Revolution 308
Resources 310

Principle 9: Quietly Defend Silence ~ 312

Understand Noise Terminology ~ 312

Be Aware of Damage Caused by Noise 313

Don't Rely on Noise “Barriers” in Most Landscapes 314
Try Noise-absorbing Barriers 316

Modify Pavement to Reduce Road Noise 317

Make Noise Invisible 318

Fight Noise with Noise ~ 318

Push for Quieter Landscape Tools 319

Protect “Soundscapes” Through Planning 319
Resources 320

Principle 10: Maintain to Sustain 322

Know the Resource Costs of Conventional Landscape Maintenance 323
Plan for Maintainable Spaces 324

Expect Change 326

Use Appropriate Machinery and Fuels 326

Switch to Bio-based Maintenance Products 328

Apply Integrated Pest Management 329

Use Fertilizers Sustainably 330

Don't Waste On-site Resources 331

Consider Alternatives to Mowing 332

Adapt to Using Native Plants 332



pett

Contents

Manage Large Public Landscapes Holistically, Too 333
Evaluate Life-cycle Costs of Maintenance Options 334
Coordinate Design, Construction, and Maintenance 335

Resources 336

Conclusions and Beginnings 338

Learning from the Landscape: Themes and Strategies 339
Green Education in Design and Construction 343

Landscapes as Public Environmental Education 345
Thinking One Hundred Years Ahead 347

Notes 349
Index 370



List of Figures

Figure 0.1 John Lyle’s Center for Regenerative Studies. 2

Figure 0.2 Constructing healthy and sustainable landscapes requires coordination. 11
Figure 0.3  Positive impacts of vegetation cover. 17
Figure 0.4 Negative impacts of vegetation clearance. 17

Figure 0.5 Is this a warning sign?> 20

Figure 0.6  Conventional and cheap attitudes toward landscaping abound. 21
Figure 0.7 Renton WA “infra-garden” 22

Figure 0.8  Portland stormwater garden. 23

Figure 0.9  Tanner Springs Park in Portland OR, a “boutique wetland.” 27
Figure 0.I0 The River Returns (St. Louis). 27

Figure 0.IT Shenyang University, China, sustainable rice paddies. 30

Figure 0.12 Shenyang students. 31

Figure 0.13 Ramsey Creek green cemetery in the Appalachian Mountains. 31
Figure I.I A conventional and misleading image of landscape health. 39
Figure 1.2 Messy but healthy site growing back after flooding. 39

Figure 1.3 “Pre-clearance” destroys potential and actual site benefits. 40
Figure 1.4 Value of GPS units in protecting sites. 45

Figure 1.5 Egyptian A-frame. 47

Figure 1.6 Narrowed easement, Loudon County VA. 48

Figure 1.7 Interlocking pavers set on sand. 49

Figure 1.8  Thinning tree canopies is a healthier practice than lopping or “pollarding” 50
Figure 1.9 Negative impacts of cell-phone towers.  SI

Figure 1.10 Fencing, protected zones, and staging areas marked on plans. 53
Figure I.11 Fencing to protect site features. S5

Figure 1.12 Negative impacts of staging areas. 56

Figure I.I3 Seating under trees requires extra care. 60

Figure 1.14 Human-scale construction preserved Thorncrown Chapel’s link to woods. 61
Figure 1.1S Traditional ways of moving heavy objects have less impact. 63
Figure 1.16 Col. Greenwood’s Treelifter (1844). 064

Figure 1.17 Development “envelopes” 66

Figure 2.1 ~ Brownfield reuse. 73
Figure 2.2 Restoration of mines, heavy industry, and Superfund sites. 73

Figure 2.3 St. Mary’s Farm (San Francisco) relinks urban residents with the land. 76

xlil



xiv  List of Figures

Figure 2.4  Peralta Community Art Gardens in Berkeley CA. 77

Figure 2.5  Quarry Hills outside Boston (golf on landfill). 79

Figure 2.6  Harborside International (golf on landfill), Chicago. 79
Figure 2.7  Fresh Kills, Staten Island NY, reclaimed as parkland. 80
Figure 2.8  Conventional grading insists on uniform, planar slopes. 83
Figure 2.9  Landform grading restores diversity. 83

Figure 2.10 Upper Charles River: illegal paving. 86

Figure 2.11 Upper Charles River: restored vegetation and public access. 86
Figure 2.12 Rigid structures protect only the soil they can shield from water. 87
Figure 2.13 Soil test pit showing topsoil versus subsoil. 38

Figure 2.14 Spectacle Island in Boston Harbor. 98

Figure 2.15 New Mexico floodplain covered exclusively with two nonnative invaders: salt cedar and
Russian olive. 101

Figure 2.16 a, b Phytoremediation of a petroleum-contaminated site in Wisconsin. 104
Figure 2.17 Failure to respect fire-adapted landscapes. 107

Figure 2.18 “Firewise” focus on clearing gives false sense of security (San Diego area). 108

Figure 3.1  Bioengineering holds soil with structural assemblages that later root. 115
Figure 3.2 Whiskeytown CA: lakeshore stabilization. 115

Figure 3.3 Whiskeytown CA: three weeks after bank stabilization. The willows will be at water level once
the lake is refilled. 115

Figure 3.4  Brushlayer installation can be done by hand or aided by equipment. 117

Figure 3.5  Fabric anchored with logs, live stakes, and fast-sprouting grass. 118

Figure 3.6 a, b, ¢ Bioengineering techniques stabilize bank at Crestwood (Houston TX). 119

Figure 3.7 Greenwalls combine bioengineering with a variety of hard structures. 120

Figure 3.8  Gabions cause fewer problems than impervious walls. 121

Figure 3.9  The Evergreen “trough” greenwall on Philadelphia’s Blue Route (I-476). 122

Figure 3.10 A greenwall against a structure, designed for zoo use by CLR Design. 123

Figure 3.11 Cellular containment materials are flexible honeycombs filled with soil or gravel. 124
Figure 3.12 a, b A greenwall protects Crystal Cove State Park (California) from increased runoff. 125
Figure 3.13 Lightweight, “extensive” greenroof covers Peggy Notebaert Nature Museum in Chicago. 126
Figure 3.14 A greenroof ready to plant, showing porous-aggregate lightweight planting mix. 128
Figure 3.15 Unlike conventional roof gardens, ecoroofs are light enough to retrofit. 129

Figure 3.16 Ecoroofs are an update on traditional sod roofs. 129

Figure 3.17 Greenroof at Montgomery Park Business Center (Baltimore). 130

Figure 3.18 The roof garden at LDS Convention Center in Salt Lake City. 131

Figure 3.19 The ecoroof atop Ecover’s headquarters. 132



List of Figures — xv

Figure 3.20 Small-scale ecoroof on conventional garage. ~ 132
Figure 3.21 Root-volume requirements for trees. 136

Figure 3.22 Continuous trench planting concept. 136

Figure 3.23 Continuous trench plantings unify a streetscape. 137
Figure 3.24 Root path trench planting concept. 137

Figure 3.25 a, b Structural soil. 141

Figure 4.1 ~ Water-efficient Guadalajara convent fountain. 155

Figure 4.2  Negative impacts of impervious development. 156

Figure 4.3  Permaculture project in arid New Mexico. 157

Figure 4.4 A series of small check dams. 157

Figure 4.5  Straw bales pinned to the ground against erosion. 157

Figure 4.6  Crosby Arboretum (Georgia). 159

Figure 4.7 a, b, ¢ The Nichols Arboretum (Ann Arbor MI) stormwater-management garden. 162
Figure 4.8  Spring Peeper marsh, Minnesota Arboretum. 163

Figure 4.9  T-shaped opening sets wetland water level. 164

Figure 4.10 Constructed wetland (a) excavated to careful depths required by wetland plants; (b) lined; and
(¢) planted with marsh-tolerant sedges and grasses. 165

Figure 4.11 Spring Peeper marsh interprets water-depth contours. 167

Figure 4.12 Ponds at the headwaters of Wheaton Branch (Maryland). 169

Figure 4.13 University of Oregon landscape students fabricate “soil burritos” 170

Figure 4.14 Students installing “burritos” and brushlayer to stabilize the stream bank. 170
Figure 4.15 Stone deflector in restored Wheaton Branch (Maryland). 171

Figure 4.16 Accumulated sediment removed from Sweet Brook (Staten Island) and used to fertilize the
restored banks. 171

Figure 4.17 Sweet Branch after restoration. 172

Figure 4.18 Erosion undercut pavement and prevented plants from reestablishing. 173

Figure 4.19 Maguire Avenue after installation of gabions. 173

Figure 4.20 Rainwater routed to garden at Denver offices of designer Bill Wenk. 175

Figure 4.21 Water collection on Portland Water Pollution Control Lab’s roof. 175

Figure 4.22 The 10th@Hoyt courtyard (Portland OR) makes rainwater visible and artful en route from

roof to cistern. 176
Figure 4.23 Close-up of 10th@Hoyt stormwater conveyances. 177
Figure 4.24 Photocomm solar irrigation controller. 185
Figure 4.25 LEIT irrigation controllers can save electricity as well as fuel used in site visits. 186
Figure 4.26 Treatment wetlands at the Albuquerque home of green architect Paul Lusk. 190

Figure 4.27 Complex root zone is the “business end” of treatment wetlands. 191



xvi  List of Figures

Figure 4.28 Arcata CA’s constructed wetlands visibly purify water. 191

Figure 4.29 Constructed wetland (subsurface type; surface-flow type would have water at surface instead of

mulch). 192

Figure 4.30 Indian Creek Nature Center (Cedar Rapids IA) illustrates Alex Wilson’s vision of constructed
wetlands doubling as flowerbeds. 192

Figure 4.31 Cooper Road Ponds (Gilbert AZ) treat wastewater and attract birds and birdwatchers. 193
Figure 4.32 Gilbert AZ’s Riparian Reserve wetlands are a full-fledged public park. 194

Figure 5.1 =~ Reduced street width (from 36 to 22 feet) saves one acre around an eight-acre city block. 205
Figure 5.2 Narrow streets enhance livability of older cities, especially in Europe. 205

Figure 5.3 Porous parking is separated from standard driving lanes. 207

Figure 5.4  Stone screenings over air-entrained soil at MetroTech in Brooklyn. 208

Figure 5.5 Bioswale at OMSI filters, slows, and infiltrates runoff from parking. 209

Figure 5.6  Bioswale, part of Glencoe School’s green street in Portland OR. 210

Figure 5.7 Washington DC’s National Cathedral porous pedestrian paths. 211

Figure 5.8  Porous concrete and porous asphalt support vehicles but permit water to infiltrate rapidly. 214
Figure 5.9  Gravelpave? uses recycled plastic grids to stabilize gravel. 216

Figure 5.10 Grass-paved overflow parking at Westfarms Mall (Farmington CT). 216

Figure 5.11 Traditional granite setts on sand in Philadelphia’s historic district. ~ 217

Figure 5.12 In small-scale, low-traffic areas, unit pavers can even support wildflowers. ~ 218

Figure 5.13 Open-jointed unit pavers at Peachtree Plaza (Atlanta GA). 219

Figure 5.14 Dispersed parking for Simmons headquarters. 219

Figure 5.1S Plan of Simmons dispersed parking. 220

Figure 5.16 “Green streets” collect water from wider areas with parking. 221

Figure 5.17 Color coatings for asphalt can lighten the surface, decreasing heat-island effects. 222

Figure 6.1  Landscapes that reuse neglected materials can be a much-needed source of pride and identity

in a homogenizing world. 225
Figure 6.2 “Recycling” a power turbine into a picnic umbrella (New Zealand). 226
Figure 6.3 Stone from site excavation, reused in walls and paving at Club de Golf Malinalco. 228

Figure 6.4  Salvaged during demolition, roof tiles form curbs and gutters, and fill gabion-like planted walls
in this urban garden in Oslo, Norway. 230

Figure 6.5 Broken concrete, reused in slabs or crushed as aggregate, demonstrates John Lyle’s concepts at
the Institute for Regenerative Studies. 231

Figure 6.6  This unpromising site was reborn as a garden. 231
Figure 6.7 The Monnens Addis renovation in progress. ~ 232
Figure 6.8 The finished Monnens Addis garden gives no hint of its former derelict status. 233



List of Figures  xvit

Figure 6.9  Adobe is one of the most flexible materials to work with, and inspires site-specific construction
that celebrates existing features like this tree. 234

Figure 6.10 Earthen landscape construction graces hundreds of historic sites, including Japan's most refined

gardens. 235

Figure 6.11 A “recycled folly” in Parque da Cidade, made of stone salvaged around the city of Oporto,
Portugal. 236

Figure 6.12 At the Northwest Flower and Garden Show, Jardin Encore is primarily made of recycled
materials, including glass, wood, and iron. 237

Figure 6.13 Tires and broken concrete achieve unexpected elegance as terraces at the Institute for

Regenerative Studies. 237
Figure 6.14 Check dams reuse waste tires to stabilize an arroyo in Arizona. ~ 238
Figure 6.15 Strapped in place, tires form a strong, flexible structure. 238
Figure 6.16 Recycled plastic lumber and “pinned foundations” support decks (Upper Chatles River). 240
Figure 6.17 Glass fish swim in recycled tile, part of the annual recycled garden (King County WA). 241
Figure 6.18 Wood Products and Possible Substitutes Annual Tonnage (based on Fisk). 245
Figure 6.19 Erosion from healthy forests averages 0.0375 tons (75 pounds) per acre per year. 250

Figure 7.1  Solar electricity for lights and other uses saved hundreds of thousands in utility installation at
Cholla Campground, near Phoenix. 267

Figure 7.2 The small excavator’s fuel use and weight is about 10 percent that of the larger. 272
Figure 7.3 Mini skid steer, from Ramrod, fits where larger machines cant. 273

Figure 7.4  “Site dumpers” can be an efficient compromise between hand labor and full-size
tractors. 273

Figure 7.5 Motorized wheelbarrows, like this Honda PowerWagon, can do heavy work with decreased site
impact. 273

Figure 7.6  Articulated steering, as well as small size, means this roller can work around existing site features
instead of obliterating them. 273

Figure 7.7  Trencherman backhoes, by NorthStar, are towed to work; the bucket levers the machine around

the site. 273
Figure 7.8  Life-cycle flowchart: landscape materials and embodied energy. 280

Figure 8.1 a, b, ¢ High, non-cutoff lighting is cheap (few fixtures), but wasteful and light polluting.
Cutoff lighting still lights dead air. Low, louvered lighting puts light where it is most effective, least
polluting. 300

Figure 8.2 Modern street and road lighting usually incorporates cutoff reflectors to prevent light
pollution. 302

Figure 8.3 At Epcot Center, end-emitting fiber-optics attract far more attention than the floodlighting, at a
fraction of the energy cost. 302

Figure 8.4 The ultrathin, award-winning “CityWing” LED streetlight by Philips (Holland). 305



xviii  List of Figures

Figure 9.1  If noise walls are unavoidable, at least make them astonishing and creative (Pima Expressway,

Scottsdale AZ). 316

Figure 9.2 Noise walls of materials other than concrete avoid problems of shadowing and monotony. ~ 317

Figure I0.I Design versus maintenance. 325

Figure 10.2 Comparative space requirements for machine and hand digging. ~ 325
Figure 10.3 Neither wind nor rain . . . but this Sycamore stopped the US. mail. ~ 326
Figure 10.4 “Desire lines” occur at the point pedestrians see their destination. 327

Figure 10.5 Sheep and goats are a nonpolluting alternative to lawnmowers at Sea Ranch on the California
coast. 333

Figure 10.6 Lopping is an example of maintenance that damages vegetation and disfigures designed

landscapes. 334
Figure 10.7 Maintenance plans link tasks to specific areas of the landscape. 336

Figure I1.1 Students at Los Padillas elementary (Albuquerque NM) learn from the treatment wetland that
serves their building. 345

Figure I1.2 DPA’s Xeriscape Garden in San Diego. 346
Figure I1.3 A giant purple pop-up head in Xeriscape Garden. 347

Figure I1.4 Riverwalk (Memphis TN), a one inch to one mile topographic model of the entire Lower
Mississippi, located on a sandbar in the river itself. 347

Figure 11.5 Zion National Park’s majestic landscape drove the design of buildings, transportation, and
interpretation. 348



List of Tables

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

1.1 Ground pressure of vehicles and pedestrians. 62
3.1 Ecoroof cost example (based on European experience). 128
3.2 Comparison of costs and values of landscape plantings. 134

4.1 Plants to avoid (or use very cautiously) in wetlands. 166

4.2 Leaks consume surprisingly large amounts of water. 183
6.1 Organic and heavy-metal chemicals common in building materials. 247
6.2 Plastics used for landscape products—an unscientific survey. 253

7.1 Fuel type and energy. 269

7.2 Average fuel and energy consumption per horsepower hour. 270

7.3 Energy consumption estimates for heavy landscape machines. 271

7.4 Energy consumption estimates for small gas landscape tools. 275

7.5 Energy consumption estimates for electric landscape tools. 276

7.6 Energy consumption estimates for portable air compressors. 276

7.7 Energy consumption estimates for portable electric generators. 277
7.8 Energy use in landscape maintenance. 277

7.9 Transportation energy consumption per ton of material per mile. 277
7.10 Transportation energy consumption per passenger mile. 278

7.11 Worked example of simple embodied energy comparison. 283

7.12 Embodied energy of selected landscape materials by weight. 284
7.13 Average densities of selected landscape materials. 285

7.14 Embodied energy of selected landscape materials by volume. 286
7.15 Embodied energy of selected landscape materials by area. 286
7.16 Embodied energy of selected landscape materials by length. 286
7.17 Embodied energy of selected landscape materials by each. 286
7.18 Simplified life-cycle-costing (LCC) worksheet. 289

8.1 Lamp efficacy and “spectral downrating” 307

Table 10.1 Annual energy to maintain one acre of lawn. See also Table 7.8. 324

X1X






Preface

The Why, What, and How of the Second Edition

The first edition of Sustainable Landscape Construction was
released halfway between Y2K, the great nonevent,
and 9-11, an event that appeared to change every-
thing.

Since August 2000 much has changed and much
has stayed the same about sustainability, and the field
of green building specifically. That month, as SLC'’s
first edition launched, hybrid cars were barely exper-
imental, GPS a novelty, iPods not yet invented. Al
Gore hadn’t made a film, let alone won an Oscar.

When we first decided to write this book treating
landscape construction as a value-driven activity, we
weren't quite crying in the rapidly shrinking wilder-
ness. Neither were the streets overrun with like-
minded professionals. We were able to find some
hundred firms whose mission and focus revolved
around sustainable design and construction.

Today there are too many sustainability-driven
planning, design, construction, maintenance, and
even engineering firms to count accurately. In general
we welcome this. The bandwagon has room to carry
widely varied degrees of commitment. That, too,
makes it difficult to count who's involved.

For better and for worse, sustainability has become
mainstream in the past half decade. The broad trends
supporting this, as well as new research and products,

are the primary reasons for revising this book.

Why a New Edition?

By themselves, neither social acceptance nor techni-
cal advances would have warranted updating this
book. Together, however, they indicate significant
change and intensifying professional evolution.

Social trends reshaping sustainability itself in-
clude:

* The concept of living within our environmental

means is far more widespread, though no better

defined.

* Federal inaction has spurred surprisingly proactive
local initiatives.

* Active support for sustainability has spread to new
groups, even industrialists and conservatives.

* Green Business has become a recognized model
for profitable enterprises.

* Coverage of green topics has spread to mainstream
media.

* Major national and local conventions on green
building are held annually.

* Research centers and school curricula are reflect-

ing sustainability.
New landscape-specific developments include:

* Changes in land use and vegetative cover have been
shown to play a major role in climate change, com-
pelling landscape professionals to act.

* Efficiency has improved in landscape irrigation
and lighting as those industries accepted “green”
goals.

* Soil analysis and soil amendment have become
more sophisticated, benefiting landscape restora-
tion, maintenance, and integrated pest manage-
ment.

* New official highway standards recognize “con-
text sensitivity,” traffic calming, and improved
stormwater management, decreasing damage done
by overpaving.

* Landscape publications are devoting several times
as much space to sustainability issues as in 2000;
even the Wall Street Journal has covered sustainable

landscaping.

What's New in This Edition?

This section discusses criteria used in updating this
edition and lists major subject-matter revisions for
the convenience of practitioners, educators, and stu-
dents who have been using the first edition.

xx1



xxii  Preface

One of our first challenges was keeping additions
to this book manageable when the field has expanded
so much. Although “what’s new?” is the focus of
much design writing, this book is explicitly driven by
principles, and in the field of sustainability, newness
is not the dominant virtue,

Thus, if an existing project example (or product
or resource) still illustrates an important idea, we have
not replaced it simply for the sake of novelty. Pio-
neering examples from the first edition are still in-
cluded unless truly out of date; new examples were
added if they clearly show new approaches or signif-
icantly improved results. The projects chosen for this
edition are ones that, in our opinion, took a number
of the right environmental steps and produced beau-
tiful, intriguing results. Neither we nor the creators
of these places would claim that these projects are
perfectly sustainable. They exemplify attempts to re-
duce construction impacts, while increasing livabil-
ity. Our reasons for considering them successful are
detailed in their descriptions. Even more than in the
first edition, the list is selective—including every wor-
thy project would now require an encyclopedia.

In tracking this expanding field, we ask your help.
Please send us news of exemplary work at www
.SustainableLandscapeOnline.com. We also welcome
lessons learned from failure, methods that could have
been improved, and materials that gave unexpected
results. (See “Contacting the Authors” in the ac-
knowledgments.)

An Evolving Effort

Like the trend it represents, this book is an evolving
effort, now in a second edition. We might have liked
to produce a sort of best practices manual for sustain-
able landscapes, but sustainability is far from standard-
ization. Any formulaic instructions for sustainability
outdoors must always be adjusted for regional reasons,
if no other. Detailed how-to information has seemed
appropriate for only a few materials and techniques;
more often, it seemed more honest to give a descrip-
tion, some principles, and references for following to-
morrow’s evolution. Sus-tainable landscape practices

have grown, but not truly normalized.

For standard information, this book will not re-
place basic texts filled with details of retaining walls
and decks or formulas for grading and drainage. An
understanding of these conventional construction
skills will be required as long as landscapes are built.
This book offers tools and ideas for adapting these
conventions to new conditions, new materials, new
regulations, and new client demands, all driven by en-
vironmental concerns.

Future landscape construction will need to be
more sophisticated, not only in technique, but in
careful consideration of why build and what is appro-
priate. We expect this sophistication to grow from a
combination of innovation, convention, and rediscov-
ered tradition, not from new technologies alone.

Our original edition took an unusual tack: we
treated landscape construction not as a functional,
value-free topic, but as a step toward applying environ-
mental ethics. That approach, which felt right to us
as authors, clearly resonated with readers and review-

ers. The second edition continues that approach.

Overview of Updates, by Chapter

This edition covers previous topics (sometimes more

succinctly), with the following updates and changes:

* The Table of Contents now shows only the major
subheads for each chapter; the first edition’s list
provided more depth, but was hard to read.

* The chapters called Introduction and Successes and Chal-
lenge in the first edition have been reorganized as an
Introduction with three parts. What is Sustainability
now covers defiitions and controversies about con-
cepts of sustainability and green building; how at-
titudes toward work support or hinder sustainable
practice; and broad-scale social, demographic, and
economic pressures. Landscapes Against Climate Change
briefly covers this critical issue and what landscape
professionals can and must do. Sustainability, Substance
and Style now addresses paradoxes of ecological
function and designed form: new and critical evi-
dence that landscapes can indeed damage the envi-
ronment; increased temptation to greenwash, now

that sustainability is more widely accepted; and in-



creasingly complex relationships between appear-
ing green and functioning as such.

* Principle I updates primarily involve developments
in GPS tools and site-visualization software.

* Principle 2 updates landfill restoration and soil
testing, looks at compost tea, and contrasts fire
“prevention” fallacies versus forest restoration.

* Principle 3 reviews greenroofs in America (finally)
and pros and cons of artificial turf.

* Principle 4 reflects major advances in irrigation,
increased acceptance of graywater, and in-pipe en-
gineering products to purify stormwater.

* Principle 5 notes a major initiative toward “con-
text sensitive” highways and adds “green streets.”

* Principle 6 updates recycling trends, sustainable
certification of wood, and controversies about
polyvinyl chloride (PVC), wood preservatives, and
shady waste-to-fertilizer schemes.

* Principle 7 notes a few changes in tools and alter-
native energy generation (consolidating treatment
of photovoltaics). It is strongly affected by what
we've called the virtual appendectomy (below).

* Principle 8 notes new research in light pollution,
the major impact of light-emitting-diode (LED)
lighting and other less-dramatic changes. It now
contains a lighting glossary.

* Principle 9 has also added definitions of key
terms, plus information about noise-absorbing
barriers and quiet-tool initiatives.

* Principle 10 adds bio-based lubricants and related
products, organic maintenance for public land-
scapes, and alternatives to mowing,

* The conclusions reflect our current thoughts on
landscape sustainability.

Visit and Contribute to the Web Site

One major change is what we have called the virtual
appendectomy: the first edition’s extensive Appen-
dices about materials toxicity and energy are now on-
line at www.SustainableLandscapeOnline.com; other
basic information will be added over time. Posting
the tables online allowed the print edition to expand
its coverage without expanding its waistline, thus
keeping both resource costs and price down.
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Who Should Use This Book?

Sustainable Landscape Construction is intended for three

main audiences:

* professionals in private- and public-sector land-
scape architecture, construction, and maintenance,
and their suppliers. We have also heard from ar-
chitects, planners, engineers, and developers that
they have found the book useful.

* students in landscape construction and design
courses, as well as some who study architecture,
planning, project management, and engineering,

* Jandowners and others concerned with the health
of specific sites, ranging from individuals and
businesses to neighborhood associations or con-

servation groups.

We hope this book will be accessible to people
with various levels of experience. Professionals will
please excuse us for including basic definitions to help
students and other readers. We also hope to offer
some common ground between environmentalists
and builders. This is a tall order, and we welcome sug-
gestions via the Web site.

How to Use This Book

Use this book to develop or improve your ability to
conceptualize sustainable materials or methods. Then
adapt these concepts to site-specific conditions, re-
ferring to local consultants and the resources listed
for further expertise and detail.

The chapters of this book can be read in almost
any order. Each focuses on a central issue, such as sus-
tainable use of water, and on construction related to
that issue.

The Introduction considers larger, contextual
questions. We urge you consider these political, so-
cial, and ethical issues, along with the technical ones.

A critically important addition is short sections
that link landscape architectural practice to such
global matters as fires, drought, floods, extreme
storms, and climate change. Discussion of these con-
nections has become a necessity for putting site-scale

sustainability into context.
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Principle-focused Organization

This book is organized by principle rather than by
technique or material. Principles are values that people
act on. Sustainability itself is a principle. Each chap-
ter focuses on one overarching idea that can and should
be implemented in the sustainable landscape. These
principles, in various forms, have guided the land-
scape professionals whose work is reported here and
should guide anyone who makes, modifies, or man-
ages a landscape. Subsections of each chapter offer
specific methods to accomplish the principle.

Many of these methods can be used in concert
with each other. It is not unusual, however, to find
two methods of achieving the same goal, which, if
used simultaneously, would cancel each other. A com-
monly encountered example is that both porous
paving and water harvesting are techniques for sus-
tainably managing stormwater, but porous paving
may reduce water available for harvesting, while har-
vesting water decreases the need for porous pavement.
Some methods or materials also work best, or only,
in certain climates. We suggest reading each chapter
as a whole, then choosing from the range of tech-
niques based on local experience.

The “principled” approach gives a clear picture of
interrelationships in living landscapes. Where princi-
ples overlap or complement each other (which is fre-
quent because the landscape is a web of interacting
influences), cross-references are provided for easy access

to techniques or materials covered in other sections.

Abbreviations

In general, we explain any abbreviated term when it
is first used. However, a few agencies and publications
crop up so often that defining them every time is
truly tedious. These are:

* DOT for department of transportation, often com-
bined with the abbreviation for a state (MNDOT
for Minnesota DOT). FHWA is the US DOT.

* Caltrans for California’s DOT.

* AASHTO for American Association of State
Highway and Transportation Engineers.

* DER or DEP for Department of Environmental
Resources/Protection.

* EPA for Environmental Protection Agency; unless
specified, this is federal.

e ADA for Americans with Disabilities Act, which
increasingly affects sustainable design by demand-
ing excess paving, reconstruction of buildings, and
even avoidance of planting.

* EBN for Environmental Building News, the incompa-
rably useful newsletter from Building Green.

* LAM for Landscape Architecture magazine.

* ASLA for American Society of Landscape Archi-
tects and ALCA for Associated Landscape Con-
tractors of America. Both have regional chapters.

Finally, US states are abbreviated when part of a
city name, using the standard two-letter postal abbre-
viations. Anyone unfamiliar with these abbreviations
(including our foreign readers, of whom we are proud
to have many) can find a list at www.stateabbrevitions
s/ and a map on that site’s sub-page, /states.htm.

Canadian provinces are spelled out to avoid confusion.

Resource Lists for Further Information

The symbol 2 is found throughout this book. It
points you to resources: organizations, suppliers, ex-
perts, Web sites, and publications. Each chapter has
a resource section. The lists have been carefully
rechecked and expanded for the second edition. We
would appreciate updates and corrections, as well as
additions, for these lists, via our Web site.

In many cases, resources provide real-time updates
on recent developments. Others provide specialized
detail about techniques and materials, which this
book describes more broadly. Be sure to check closely
related chapters for resources indirectly related to your
topic.

Since the first edition, broader acceptance of sus-
tainable practices has made information on the field
far more widespread. There are many new publica-
tions about green building, as our resource lists re-
flect. Our criterion for updating the lists has been
information quality and relevance—somewhat sub-
jective and definitely selective.

In addition, the revised resource lists now include
a selection of keywords or search terms that we have

found helpful in locating current information. (See



“Finding Landscapes Along the Information High-
way,” below.) The explosion of green building publi-
cations, and especially Web sites, means that no
printed book can catalog them comprehensively.

Periodicals that represent the landscape profes-
sions have greatly increased their coverage of and se-
riousness about sustainable practices. We are happy to
take some of the credit (and blame) for this. This
change, however, has been occurring throughout the de-
sign world, and credit for that goes to the professions
themselves. As a result, our resource lists show more ti-
tles of periodicals and somewhat fewer specific article
citations because there are now so many of them.

The most general resources, such as organizations,
consultants, and suppliers, are listed first under each
resource topic. Following them are books, periodi-
cals, and Web sites. If your questions are broad or a
bit fuzzy, human resources are generally best. If your
question is fairly specific, there may be published in-
formation or a Web site that exactly meets your needs.

Manufacturers and suppliers of specific products
have kindly provided information on many topics. We
cannot possibly list all of them as resources, nor do we
endorse individual products. Specific products are
named as part of some projects. Because we cannot be
all-inclusive, we have tried to be fair, using supplier in-
formation to promote broader awareness of sustainable
construction, rather than to advertise particular wares.

For these reasons, suppliers are listed in resources if
I') we have found them to be a helpful source of gen-
eral information, and 2) their product is either typical
or not yet well-known. Where a dozen manufacturers
of roughly the same product exist, they are not all
listed; more likely, a magazine that regularly carries ads
from most of them would be a resource on that topic.
Associations are similarly general resources and can of-

ten help in locating consultants or manufacturers.
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The endnotes also serve as information sources.
They are usually much more narrowly specific than
resources. They may, however, contain exactly the

needed specifics to answer particular questions.

INDIVIDUALS AND FiRMS MENTIONED IN THIS Book

We have tried to introduce each person quoted only
the first time they are mentioned (some are mentioned
in several chapters). If information comes from a per-
sons published work, an endnote cites this. People
quoted without footnotes gave information in inter-
views. Job titles and locations are those current at the time
of the interview or of the project described. Names
of individuals and firms are in boldface in the index.

EXEMPLARY LANDSCAPES

This book would not exist if many people had not
put sustainable principles into landscape practice al-
ready. Although a few of the ideas we discuss are still
just that—ideas—we have been able to illustrate
most concepts with one or more completed land-
scape projects. Projects and place-names are italicized
in the index. Like names of individuals and firms,
general project information like location is given only
when first mentioned. Firm names are usually the
one(s) most closely connected with landscape aspects
of the project. Inevitably, some names have been
omitted, especially on larger projects where the ros-
ter of names would be a chapter in itself. In a few
cases, we were unable to determine who did the proj-
ect. Please contact the authors to correct any factual
errors in this list.

We hope this second edition of Sustainable Landscape
Construction will help the landscape professions to ma-
ture, to prosper in what will almost certainly be dif-
ficult times ahead, and to keep fighting for a livable

and beautiful environment.

detail and locally adapted products or expertise.

few suggestions.

Finding Landscapes Along the Information Highway

Because “landscape” is both a broad subject and a term often misappropriated, searching for landscape

information can be awkward. It is often the only way, however, to find comprehensive, up-to-the-minute

Thus, you, gentle reader, must develop the skill of searching for landscape information. We can offer a
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Finding Landscapes Along the Information Highway (continued)

Use the search terms that we have provided in this book’s resource lists. These are keywords, combined
in the strange and often unlovely grammar of search engines like Google, that will unearth a reasonably high
percentage of relevant hits. They are the same terms we used to track down much of the information in
this book, and have been further tested by our diligent graduate assistant, Allison Wait. Search engines
are literal-minded things. In its advanced search section, Google (and some others) allows you to enter
words in four boxes labeled With All the Words, With the Exact Phrase, With At Least One of the Words,
and Without the Words. For the search terms, we use the following print conventions: All-the-words: no
punctuation; “Exact Phrase”: in quotes; At-Least-One: OR between terms; Without: dash before term (-
Word). Therefore, Geology Topography (erosion OR river OR glacier) —wind —“glacial deposition” could
be a search for landforms caused only by water or ice erosion.

Know the most specific name(s) for your topic. Search for “landscape” or “environment” and you will
get “Political Landscape,” “Landscape of Ideas,” and “Environment (computer systems),” to name only a
few. Try more-specific terms from geology, soil science, horticulture, or architecture. When in doubt, ask an
expert, teacher, or research librarian what the accepted term(s) would be. For products, local suppliers may
help you identify the generic name for That Widget That Goes Between the Whosit and the Whatsit.

One source of semi-standardized search terms is the Library of Congress Subject Headings (LCSH).
www.loc.gov/ catdir/ cpso /lcco/ gives a list of major topics, from which you can download detailed sub-
heading lists. For example, you would click on Fine Arts to download the subject heading list that in-
cludes architecture. LCSH are also published in book form, available in most libraries. Many databases
and university or local libraries follow LCSH definitions. Because landscape spans many disciplines, how-
ever, even these terms make a long list.

The Gale Encyclopedia of Associations lists groups for every imaginable subject, by name or topic.
Most libraries have these directories.

Search engines return mixed information, opinion, and irrelevancies. Always compare different sources.
Ask yourself, “Who is this source” and “What is their motive for publishing this?” Google’s linkage-rat-
ing system helps screen out irrelevant hits; Yahoo! is sometimes better for suppliers and products. Google’s
option to display what it considers to be “similar sites” is occasionally very useful.

Web sites disappear without warning. If information is valuable, save the html file for offline viewing
or cut and paste text into a word-processor file. Copy the Web address and insert the date for a perma-
nent record if the site crashes or gets pulled.

Governmental agencies like the Natural Resource Conservation Service (formerly Soil Conservation
Service) or National Oceanic and Atmospheric Administration—NRCS and NOAA, respectively—main-
tain Web sites that bring together a wealth of disparate information related to central concepts like soils
or climate. Sites specific to green building have proliferated. We've listed some, but be on the lookout for
other good ones (and send us the links, please!).

Remember that some government sites, like the infamous caribou map, suffer from political editing.
There are also many sites and organizations whose names look environmental, but on closer inspection turn
out to be property-rights groups whose true agenda is eliminating all environmental regulation, under the
guise of cost-effectiveness or “wise use.” Searching for an organization’s name plus the word “controversy”
can often reveal their politics and funding.

Google Earth, though still in its infancy, is bidding to become a central repository for site-specific in-

formation, or at least links to that information. See p. 41.
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Contacting the Authors

Please use www.sustainableLandscapeOnline.com,
which we hope will be up and running when the sec-
ond edition is released, or shortly thereafter. The site
is intended to collect information on projects, prod-
ucts, or methods that fit the general theme of sustain-
able landscape construction. Feel free to tell us about
your own work or that of others. Unexpected results
and problems with specific techniques are also of
interest. We hope to hear from contractors, designers,
planners, land-owners, and others.

Please help us keep this manageable:

* There will be a method of posting questions, prob-
ably a bulletin board. We cannot guarantee personal
responses, nor referrals to firms or products.

* The website will have input forms to help catalog
information you send about new or interesting
techniques, projects, firms, and products, publica-
tions and other information listings. Please use the
forms. (If your input really won't fit any existing
category, post it on the bulletin board.)

* To correct, update, or comment on existing infor-
mation (either in the book or from the website),
you will be able to flag or cross-reference your in-
put. Criticism of products or projects (including
our book) is welcome as long as it is thoughtful,
factual, and civil.

* Indicate if you have related images, but don't send
them unles requested.

* Until the website is up, or if it isn't responding,
try ksorvig@unm.edu.

Thank you!






Introduction:

“Sustainability” in Context

If we put our minds to it, can we gam'eners, with our centuries of pmftiml experience, b.elp rescue species

from the brink of extinction?

—Janet Marinelli, Stalking the Wild Amaranth: Gardening in the Age of Extinction, 1998

Concern for the health of outdoor places is a central
theme in landscape architecture and landscape con-
tracting. “Stewardship” is almost the mantra of the
American Society of Landscape Architecture. It is a
concern shared by many members of related disci-
plines like architecture, planning, public-lands admin-
istration, and horticulture, as well as by private
gardeners. Yet in translating this concern to the ma-
terials and methods of making landscapes, there fre-
quently seems to be a disconnect between ethical
intentions and practical actions.

Several landscape theorists have suggested that
landscape architecture and construction (as opposed
to land-use planning at the larger scale) have nothing
to contribute to a sustainable future.! Many practi-
tioners feel that landscapes are (or even should be)
merely decorative. Others have simply declared land-
scape architecture dead.? More proactive writers have
identified ways to improve environmental practice
and education.” (See p. 343.)

Those who believe that sustainability is essential
in the landscape, and vice versa, must address these
concerns. One way to start is looking at the context
in which the landscape professions exist and oper-
ate—the definitions and conventions, policies and
politics that surround sustainable practice.

Designers are used to focusing within their proj-
ect boundaries. Thinking outside this box, more and
more landscape professionals approach each project
as part of a regional system of natural and cultural
elements. Although this way of thinking has ancient
roots, it began to acquire momentum in the 1960s
and 70s, with books like Silent Spring, The Limits to

Growth, and Design with Nature. The questions raised by
those books are still new, the answers still evolving.
What are the relationships between human technol-
ogy and nature? What concepts can best guide peo-
ple to live within our ecological means?

For landscape professionals, the central question
is: how can people make environmentally responsible
choices in the process of conceiving and constructing
landscapes? In a book of technical strategies, such
questions are of real importance. Without considering
the big picture, it is nearly impossible to make good
decisions on a project-by-project, site-by-site scale.

At the national scale, urban and suburban devel-
opment reshapes millions of acres of previously un-
developed land each year—in Colorado alone, ten
acres per hour by one estimate.* Worries about devel-
opment usually focus on structures—tract homes,
commercial strips, and industrial buildings—but the
constructed landscapes that accompany these buildings
also contribute to widespread environmental change,
and sometimes damage. When self-sustaining ecosys-
tems are converted to built landscapes, the hidden
costs may include soil loss, degradation of water,
toxic and nonrenewable materials, and unsustainable
energy use. This does not need to be—in fact, it
needs not to be.

Compare an ordinary quarter-acre landscaped lot
with a two-thousand-square-foot house, each a main-
stay of the American Dream. The landscape directly
affects an area of environment five and a half times
as large as the house. More important, if the land-
scape introduces toxic materials and invasive plants

or diseases, they are free to spread; inside the house,
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Figure 0.1 John Lyle’s Center for Regenerative Studies sets a high standard for sustainable place making. Many of the

materials are recycled; the beautiful landscape functionally supports and renews the center. (Project: ]. Lyle. Photo: Tom Lamb.)

such problems might be contained or controlled by
walls, filters, or mechanical systems. In addition,
many landscape practices are “non-point” sources of
pollution, crossing ownership and jurisdictional lines.

Historically, some of the green of the garden has
been lost in the broader battle to “control” nature.
Social expectations of appearance, style, and con-
formity bring heavy doses of industrial-strength tech-
nology into the landscape. To pretend the technology
is not there, or to assume that all landscape technol-
ogy is equally acceptable, is to continue the myth that
gardens are 100 percent natural. This myth, ironically,
plays into the hands of those who would happily let
constructed environments replace natural ones every-
where.

If a new generation of designers and a new era in

design is to contribute meaningfully to sustainability,

it is critical to think carefully about context, values,
and goals. Sustainability is a framework, a systematic
way of linking ourselves with the natural systems that
support us. Without it, individual green buildings
and restored landscapes will not add up to what is re-
ally wanted: a worldwide network of healthy places
that sustain people and sustain themselves.

The first contextual issue that requires clear think-
ing is the idea of sustainability itself.

What Is Sustainability: Politics, Ethics,

and Semantics

Despite its widespread popularity, “sustainability” is
far from having a clear and agreed definition. Al-
though the core vision seems simple—a lasting and

nondestructive way to live on this Earth—the ques-



tions are many. It is important for those of us con-
cerned with landscape construction to think clearly
about the Jocal good or damage that we do and about
opportunities and limits that link our site-by-site ac-
tions to a global picture.

Probably the simplest, widely used definition of
sustainability is meeting the needs of today’s population with-
out diminishing the ability of future populations to meet their
needs.> The concept of a sustainable landscape also has
a significant history. The Council of Educators in
Landscape Architecture (CELA) published a defini-
tion in 1988, most of which remains valid today: sus-
tainable Jandscapes “contribute to human well-being
and at the same time are in harmony with the natu-
ral environment. They do not deplete or damage
other ecosystems. While human activity will have al-
tered native patterns, a sustainable landscape will
work with native conditions in its structure and func-

tions. Valuable resources—water, nutrients, soil, et
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cetera—and energy will be conserved, diversity of
species will be maintained or increased.”®

In this book, where we say that a particular ap-
proach can contribute to sustainability, we mean pri-
marily that the method or material appears to
minimize waste, pollution, and degradation of the
environment. For true sustainability, it is not enough,
however, just to acquire and build with the greatest
efficiency. “Do I need it?” choices about the scale and
appropriateness of proposed landscapes must also
play a role. At times, humans must make sacrifices in
favor of maintaining habitat and biodiversity. In these
choices, landscape professionals can (sometimes)
guide their clients and their communities.

To some degree, sustainability has become a buzz-
word, and fuzzy. The term is bandied about in support
of widely different causes” and to sell products (in-
cluding landscape products) only vaguely related to

ecology. Some writers have proposed different terms
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for the concept. “Alternative” is one of these; popular
in the 1960s, it implies second-rate status, and we have
chosen not to use it. “Appropriate Technology” is also
widely used. To us, appropriate technology is an im-
portant part of sustainability. We prefer the latter
word because it emphasizes long-term appropriateness.

In the 1990s the late John Lyle suggested that sus-
tainability was not enough and that optimal design
should be “regenerative”—capable of renewing the en-
ergy and materials of degraded ecosystems. By con-
trast, at least one group, the Bay Area Stormwater
Management Agencies Association (BASMAA), talks
about “less-toxic gardens” and “less-toxic methods”
of maintaining them.8 BASMAA, not without cause,
implies that human activity will always have some neg-
ative impact on nature, particularly when concen-
trated in large urban areas.

The roots of sustainable design are in “ecological
design,” a term that raises still other misgivings.
“Ecology,” especially as a popular movement influ-
encing attitudes toward the land, strikes quite a few
authors as rigidly rational, bent on saving the world
whether the world likes it or not. Some such accusa-
tions are so overstated that it is easy to dismiss them,
but enough thoughtful concerns have been raised that
they must be considered.’

“Environmentally responsible” is another fre-
quently used term. Although it is a mouthful, it may
yet be the best term: one can take responsibility for
attempting something even when the outcome is un-
certain, and one can take responsibility for mistakes.
“Sustainable,” “regenerative,” “ecological,” and “ap-
propriate” all tend to assume that we can predict the
outcome.

Although we have chosen to keep the term “sus-
tainability” for this book, the points raised by these
alternative terms bear keeping in mind.

The limits of what we as landscape-makers can
hope to contribute must also be acknowledged. The
“present/ future needs” definition of sustainability
can be criticized for oversimplifying several key ques-
tions: Which population’s needs are to be met> How
large a human population can be sustained? Where to
draw the line between “needs” and desires? It would
be naive to ignore the criticisms that have been lev-

eled at the very idea of sustainability. Questions

about sustainability have pragmatic and political ef-
fects on the construction of landscapes, as they do
on almost every human endeavor in the twenty-first
century.

The following questions illustrate some of the
doubts about sustainability, in terms specific to built
landscapes. Operating locally and in isolation, land-
scape design and construction are unlikely to resolve
these questions. With coordinated effort, however,
the landscape professions can and must be part of the

resolution.

* If nonpolluting, low-maintenance constructed
landscapes covered the globe, at the expense of
wild species and places, would that be a sustain-
able world?

* Is there any way to avoid impoverishing the
natural world without drastic regulatory limits on
human population, land use, and resource con-
sumption?

* For a majority of the world’s population, “land-
scape” means crops, firewood, and survival. In such
economies, public parks and private gardens are
fantasies far beyond reach, glimpsed on TV or
through closed gates. Does this mean that all land-
scape construction should be sacrificed to achieve
subsistence-level sustainability?

* Is stewardship of the Earth as a whole system pos-
sible without dramatic changes in jurisdictional di-

visions of land?

For some, the answer to these questions is that sus-
tainability is an admirable idea but can never be
achieved. The authors respect the belief that sustain-
ability may be impossible, or that the idea merely dis-
guises the seriousness of environmental degradation.
Yet with due respect, we do not feel that defeatism is
warranted.!” The critics rightly remind us that there
are limits to what sustainability can or even should
be; that within those limits, small efforts can yield
important results; and that local results in turn can
contribute to cumulative global change.

A dramatic decrease in materialism seems neces-
sary for the Earth to sustain us in the long term. Will
landscape construction be among the sacrificial lux-

uries? Since our first edition, drought has brought this



question into stark reality in many communities,
where water conservation has been implemented by
banning landscape plantings. We hope that the func-
tional and psychological value of built landscape
makes it more than a luxury. The tradition of garden-
ing for pleasure has deep roots and has survived many
a drought. Realistically, though, reducing the environ-
mental costs of construction offers an alternative to
no construction at all, a way of balancing a site
budget that today is often overspent. The landscape
professions have a special stake, and a special respon-
sibility, in seeking a healthy environment.

We do not want to mislead anyone into thinking
that changes in landscape construction can single-
handedly reverse environmental degradation. We do feel
strongly, however, that the only possibility of a sus-
tainable future lies in initiatives from all sides, in con-
tributions, large and small, from great numbers of
individuals and groups. The landscape professions
historically have made stewardship of the environ-
ment a goal, imperfectly achieved but deeply desired.
To abandon this goal because our scope of influence
is limited would be irresponsible; to be smug in our

greenness, equally so.

Sustainability: Convention, Tradition, and Innovation

In discussing design and construction in this book,
we distinguish between sustainable practices and two
other approaches: “conventional” and “traditional.”
It is worth defining these explicitly, because they con-
trast with sustainability in different ways. It is also
important to think clearly about sustainability’s rela-
tionship to innovation and “progress.”

Conventional practices are modern approaches, stan-
dard in much of the construction industry. Some of
these practices are quite acceptable in terms of envi-
ronmental impact, or can be with minor modifica-
tion. The authors expect many conventional practices
to be part of a sustainable future. Conventional con-
struction, however, often relies on massive energy in-
puts, extensive transportation, toxic materials, and
removal of many if not all existing site features. There
may be rare occasions when high energy use and toxic
materials serve some sustainable purpose. However,

changing times and conditions (for example, rising
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tuel prices) make it inevitable that conventional prac-
tices will change, even if environmental issues are ig-
nored. The uncritical assumption that conventional
practices are universally acceptable is the main thing
that makes them destructive.

Traditional practices, as we use the term in this
book, are those surviving from premodern times, and
in some cases learned from preindustrial cultures.
Most rely on non-mechanized tools. Not all tradi-
tional land-use practices are sustainable. When ap-
plied in different climates or to different population
densities than those of their origins, they can even be
environmentally destructive. Many traditional prac-
tices, however, are extremely well adapted to their
home regions. The modern focus on convenience and
mechanization has displaced far too many traditions,
some irreparably lost. Of those that remain, many
traditional practices are worth reconsideration in the
search for sustainability.

A number of the techniques and materials in this
book can truly be referred to as “innovative’—manu-
factured soil or solar irrigation controllers are exam-
ples. Many “conventional” practices, however, are or
were recently innovations. As many authors have
pointed out, modern American culture loves newness
and invention—often uncritically. Sustainability
asks for deeper thought about values and choices.
Neither innovation, nor convention or tradition, is of
unquestioned value for its own sake. Sustainability, if
it can ever be achieved, will have to draw on the whole
range of possible practices, judging whether each one
contributes to a world fit for our great-great-
grandchildren.

We have tried to evaluate specific practices and
materials, old and new, as fairly as possible.II Con-
ventional practices are not always the Bad Guys, and
both traditional and supposedly sustainable innova-
tions have their share of failures. Our critiques are in-
tended to reaffirm something that is close to the heart
of almost everyone who makes the landscape his or
her profession: a desire to create beautiful and bealthy places.
That desire can go tragically awry when old habits
outweigh the new and important knowledge available
today about the larger environment. This book pres-
ents some of that knowledge and criticizes some of

those habits in the confident hope of change.
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We offer criticisms of some things for which we
have no solutions. This is not to show that we are
“greener” or more knowledgeable than everyone
else—in fact, just the opposite. We hope and assume
that somebody out there knows more than we do
about many of the specific problems we raise. The
only way solutions will be found is by many people
thinking and experimenting, often about issues some-
one else saw but couldn’t fix. We also hope that those
who have solutions or suggestions will pass them on

to us; see “Contacting the Authors,” p. xxvii.

Green Building: Definitions and Initiatives

Moving from sustainability in general to “green con-
struction” in specific requires careful thought. Many
“simple things to do to save the planet” require only
substituting “bad” products for “good” ones. Archi-
tectural and landscape construction, however, liter-
ally changes the face of the Earth. There are many
situations where building anything is a poor choice. Yet
shelter is a genuine necessity for humans, and a
healthy landscape is equally essential to human exis-
tence. It is not surprising that the growing number of
associations that promote “green building” have
struggled to define just what that means.

When the first edition of this book appeared,
many people thought of the green building move-
ment as a fringe activity. Even then, this was hardly
true, and today it is far less so. Certainly there is a
vanguard of activists, but mainstream initiatives are
now widespread and well established, though still
with room for growth and improvement.

The number of green building associations, ini-
tiatives, and codes began increasing dramatically at
about the same time this book was first published. At
that time voluntary green building associations ex-
isted in some cities, working alongside or ahead of
government environmental regulatory agencies. Asso-
ciations in Austin TX, Boulder CO, and Portland
OR were notable for having both government and in-
dustry backing. The positive aspects of these associ-
ations have only increased since this book’s first
edition. By 2002, the influential Environmental Building
News listed thirty-two state and local jurisdictions

that had publicly available, detailed standards for

green building. Today there are certainly more, and
increasingly they involve realtors, appraisers, and
lenders specializing in the market for greener design.

The most common initial goal of such groups is
to provide a green “seal of approval” that builders can
achieve by meeting energy efficiency and recycling
goals, among others.2 This strictly market-driven ap-
proach has both benefits and problems, exemplified
by the controversies surrounding the nationwide vol-
untary initiative LEED (see next section) and its
competitor Green Globes.

National programs aimed at greener buildings are
numerous, with widely differing goals. Some, like
EnergyStar, are governmental; others start from trade,
industry, or research roots. Many focus exclusively on
energy performance (of appliances, buildings, etc).
Others incorporate “constructability,” which empha-
sizes mechanical design and durability.”® Though
many are great information sources, none (including
LEED) focuses deeply on landscapes.

Probably the most important current initiative at
the national level is Architecture 2030, which aims to
use green building methods to reduce fossil-fuel use
and reverse global warming. (See Landscapes Against

Climate Change, p. 14.)

LEED, Its Crrtics, AND COMPETITORS
LEED (Leadership in Energy and Environmental
Design) is a voluntary point-based certification sys-
tem developed by the US Green Building Council
(USGBC). Its major public release!* occurred just
five months before the first edition of this book.
Since then it has become a de facto US national stan-
dard for green architecture and development, indi-
rectly but powerfully affecting landscape work as well.
By meeting LEED criteria, a building (or, more re-
cently, a complex) can earn sixty-nine possible points,
called “credits.”’!® These credits are grouped into five
“impact areas,” Site, Water, Materials, Energy, and In-
door Environmental Quality. Wherever possible, cri-
teria for each credit are based on existing standards;
for example, energy credits follow ASHRAE 90.1.16
With enough credits, buildings can be certified—
and marketed—as LEED Silver, Gold, or Platinum.
Designers can also become LEED Certified Profes-

sionals. Some twenty thousand have done s0.17 Since



LEED 2.0 was released, many government agencies
and private clients have made it part of contracting
or regulatory processes. Competing for contracts now
often requires LEED certification for design team
members; cities, counties, and federal agencies require
LEED-compliant buildings. A few cities, such as
Portland OR, have modified LEED to fit local con-
ditions.

LEED is credited by many people with almost
single-handedly catapulting green building into the
mainstream. It has certainly attracted many builders,
designers, and clients. Credits set concrete standards
for claiming that a building is green and are, in the-
ory at least, straightforward to achieve.

From the start, however, there have been concerns
about the LEED point system and the lack of re-
gional adaptability. In 2005 a competitor to LEED
was introduced, called Green Globes (GG).18 Using
a 1,000-point, seven-category system, initially for
self-assessment, it recently began offering certifica-
tion. Points may be eliminated as not applicable to a
project; this avoids penalties for failing to achieve the
impossible, but may reward opting out of hard
points. Even its author admits that GG’s detailed
point criteria are “kind of a black box,” unavailable
for public review. Fees for GG are more than for
LEED, although GG does not require LEED’s exten-
sive documentation.

Primary support and funding for the GG system
has come from timber and homebuilding trade asso-
ciations, through an organization confusingly named
the Green Building Initiative. (USGBC offers no
membership options for trade associations, which ap-
parently caused animosity.) The timber industry
prefers GG because it accepts any “certified wood”
program, while LEED accepts only stringent Forest
Stewardship Council certification.

We consider LEED, and even potentially Green
Globes if it can overcome its tendency to put indus-
try before environment, to be valuable tools, their

flaws representative of broader green building issues.

LeaviNG THE Lanpscare Out

To be truly effective, green building programs must
go beyond approving architectural products; they
must also include landscape-related goals.
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Site-intensive and site-only projects—that is, land-
scapes—cannot achieve LEED certification because
it emphasizes structure-specific goals. A fair number
of landscape professionals use LEED standards as
guidelines for projects, without bothering about cer-
tification. Landscape architects form a very small
fraction of USGBC membership or LEED Certified
Professionals.

Of LEED’s available point total, 22 percent are
site credits, with another 18 percent under site-
related water and materials categories. A project that
achieves perfect site credits has 75 percent of the
credits needed for basic certification.’” While this ap-
pears to be strong representation for landscape mat-
ters, there have been concerns that the site credits are
easily achieved substitutes for harder credits.

The credit-by-credit system is not as well suited
to addressing the whole-system web that produces
healthy landscapes, as to evaluating components of
buildings. Philadelphia landscape architect Carol
Franklin criticizes “earning some points and not oth-
ers, and not thinking holistically about how the land
works on each individual site.”

Perhaps the most significant problem is LEED’s
low prioritization of landscape issues, mirrored by
many other green building programs. In LEED 2.0,
a ban on smoking is mandatory for certification, but
site protection remains optional. LEED is struc-
turally incapable of addressing siting on inappropri-
ate land, because of its voluntary, commercial stance.
Few commercial developers would voluntarily give up
developing a site they already own.*

No building can be LEED certified unless it meets
minimum energy performance and indoor air qual-
ity, and collects recyclables. Yet the same building can
be built on a site, perhaps in Malibu, where wildfire,
earthquakes, and landslides are known hazards, and
still be LEED certified. The only mandatory site
credit is for erosion control, something already man-
dated by the EPA. The question remains whether any
voluntary program can change inappropriate siting
practices, or whether land-use regulations are the only
available tool for doing so.

Including site and ecosystem protection in green
building is essential, but even today input from land-

scape professionals is too often overlooked or added
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as an afterthought. A perfectly resource-green house
that replaces a healthy ecosystem is a poor substitute.
Badly sited, such a building destroys the site and, with
it, environmental services provided to “green” func-
tioning of the building.

Regional siting also plays a large and often uncon-
sidered role. For example, although the very green
headquarters of Patagonia makes excellent use of a
degraded site and is highly resource efficient, it is lo-
cated outside the Reno NV public transportation
network and leaves employees little option but to
drive long distances to work. Balancing these factors
is difficult—and current green building definitions
that exclude site issues can disguise that difficulty
rather than help solve it.

Including site protection in green building often
highlights the fact that structures and construction
are in some senses inberently damaging to the larger en-
vironment. The two factors that virtually all construc-
tion projects share are land clearance and creation of
impervious surfaces—both detrimental to ecosystem
tunction unless carefully mitigated. In an ideal world,
green building should limit development to appro-
priate sites. Clearly, this conflicts head-on with land-
use and land-ownership conventions. Green siting
makes green building paradoxical, and to some, un-
palatable—so site issues are left out.

Without site protection as a goal, green building
can become a little like fat-free cookies—an excuse
to consume more because it’s better than other
brands. Although the design and construction indus-
tries are understandably reluctant to be put on a diet,
one important part of green building is building less.
Meeting this challenge in a way that keeps the indus-
try and the environment healthy is the great challenge.

In the growing number of green building books
for architecture and engineering, landscape is usually
accorded only an introductory mention. Too fre-
quently, architectural writers assume that landscape
is a minor subset of their profession, and that envi-
ronmental evaluation of architectural materials can
simply be transferred to landscape work. In research-
ing this book, we have repeatedly found this to be far
from true. Information for architects is increasingly
focused on “building systems” and on component

performance for operating the structure. This focus has

clear value, but requires translation to have meaning
in the landscape, where construction is done with
simpler materials and operating energy is usually low.
The very favorable reception that this book’s initial
edition received from landscape professionals indi-
cates that the architectural perspective on green build-
ing is not easily applicable outdoors.

Given these differences, the landscape professions
may need to develop an independent set of standards
or certification for sustainable landscapes. In the long
term, standards should guide planners, site and build-
ing designers, and construction and maintenance pro-
fessionals in an integrated, “cradle-to-grave” effort.
In the short term, separate landscape standards may
be necessary.

In fact, market incentive systems like LEED are in-
herently temporary. As green building becomes more
widespread, the marketing value of a Gold or Plat-
inum seal decreases. Eventually what is now cutting-
edge will become baseline, expected by every client.
Like a great many valuable tools, LEED must ulti-

mately succeed by making itself unnecessary.

The Landsmpf Professions: NOT Construction

“Versus” Design

Another contextual issue affecting sustainable work
is the white collar versus blue collar split. Replacing
that dichotomy with broader teamwork is a hallmark
of many of the projects mentioned in this book.

Most landscape “construction” books have, in the
past, been written for designers by designers. In these
books (and the courses where they serve as texts),
physical labor, machinery, and tools might as well not
exist. The focus of these books, despite their titles, is
primarily on detail and structure in design, not on how
to build the design at the site. There is a legitimate
need for detailed design information, and the fact
that “construction” books are widely read by design-
ers shows how much the contractor and designer rely
on one another in their duties. We are convinced,
however, that ignoring the contractor’s actual work is
a shortcoming in these books, perhaps reflective of a
shortcoming in professional attitudes.

At the other end of the spectrum, there are many

fine books on larger-scale design and planning issues.



It has now been more than thirty-five years since
landscape architect Ian McHarg published his
epochal book, Design with Nature. Since that time many
books have dealt with ecological assessment, plan-
ning, and design. But even if these planning and de-
sign principles are sensitively followed, inappropriate
construction methods and materials can still lead to un-
necessary environmental destruction. Where those
books start from the broad scale (design or plan-
ning), this book has its foundation at the site-specific
scale of actually constructing landscapes.

Prior to this book’s first release, information on
better landscape construction alternatives was very scat-
tered and poorly documented. Much of this infor-
mation was available only in home-owner format,
focused on maintenance issues such as reduction of
pesticide use or the value of composting. This ex-
cluded many issues of importance to professionals in
landscape construction and design. The situation has
improved a great deal, but homeowner/ professional,
designer/ contractor, and other dichotomies remain
barriers to deeper sustainability.

Some information in this book is of interest pri-
marily to one-half of the landscape profession, either
to contractors or designers. Design and construction
cannot truly be separated, though, and most issues
affect both groups. Changes in construction materi-
als and methods affect what designers can specify.
New ideas in design affect what contractors can and
are expected to build. We hope to accomplish two
goals: to call attention to the environmental effects
and potentials of physical landscape construction,
and to state the case, repeatedly, for better integration
of design and construction as an essential step to-
wards sustainable land use.

Throughout this book, we refer to “landscape
professionals” and the “landscape professions.” By
this we mean to include landscape architects, land-
scape contractors, and many others who support their
work: horticulturists, arborists, nurseries, materials
suppliers, grounds maintenance workers. Permacul-
turists, Xeriscape experts, and others are (to us, at
least) part of the mix.*! Some engineers, architects,
and general contractors also deserve at least honorary
membership. We have received some criticism for not

directing this book exclusively at landscape architects,

Introduction: “Sustainability” in Context 9
ty

but we feel our purpose goes beyond current profes-
sional definitions. Thinking of ourselves as members
of a larger community of professionals whose livelibood is
the landscape has great power and value, in our opinion.

Breaking down barriers to cooperation is especially
important for those whose goal is sustainability. The
old barriers serve no good purpose in the attempt to
care holistically for the built environment. We have
been happy to see more and more collaborative proj-
ect approaches being adopted by sustainability-driven
firms.

Get an Attitude

Besides appropriate techniques and materials, site
protection relies on positive attitudes toward the
landscape. Many “conventional” professionals share
these attitudes, which are not the exclusive wisdom of
environmental designers or specialists. It is too easy
to assume that “They” (builders, engineers, contrac-
tors, conventional designers. .. ) are insensitive to
landscape preservation. There certainly are such cases,
but throughout the design and construction indus-
tries are people who know and love the outdoors, and
chose their profession accordingly: civil engineers who
restore wetlands, or highway contractors who can
quote dozens of Iiterary naturalists.

Fundamental to protecting healthy sites is the
recognition that each site is alive, unique, and con-
nected to a web of off-site influences. By contrast, the
common attitude that sites are just “unimproved
land,” blank-slate building locations, virtually guar-
antees site damage. Conventional concerns like prac-
ticality and keeping down costs must be balanced
with respect for site health. A balanced attitude,
whether among team members or in an individual
conscience, is a major part of any attempt to build
sustainably.

Designers and construction workers alike get great
satisfaction from their power to change and rearrange
the site. This power, and skill in exercising it, is well
deserving of pride but can also become a “power
trip.” Designers can fall into the trap of arrogantly re-
making the site on a whim. Cynicism and even de-
spair are also occupational hazards, born of seeing

too many good places deformed by carelessness, too
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many good designs denied by regulation or cost. Sim-
ilarly, some construction workers begin to view site
and materials as adversaries to be overcome, and use
anger to crank up the energy needed to do the job.
This combative attitude is expressed when existing
trees are hacked unnecessarily, or equipment is driven
carelessly, or construction scrap is thrown around the
site. There are strong reasons, both conventional and
sustainable, to avoid any of these attitudes, which
poison both professional and personal relations with
the land.

Successful design firms create a “corporate cul-
ture” in which creativity steers clear of arrogance. The
best contractors discourage the site-as-adversary atti-
tude; they make pride a constructive rather than de-
structive force. In design and construction firms, and
between them, teamwork lightens the sometimes
thankless task of pushing sustainability through a le-
gal and social obstacle course. Professionals of all
types work to make their practices sustainable. To par-
aphrase the basic definition, a sustainable business at-
titude aims for “meeting the goals of our office
without diminishing the ability of other profession-
als to meet their goals.”

The technical solutions found in this book can
support, but cannot replace, an attitude that balances
ecological health with human desires. This attitude,
and the creative application of sustainable knowledge,

thrives best in an atmosphere of collaboration.

BuiLp A Site-Focusep Team
Many of the world’s greatest and best-loved land-
scapes were built and nurtured by many hands over
decades or even centuries. Part of their appeal lies in
the traces of so much attention from so many peo-
ple. It is certainly possible for one person to build an
entire landscape beautifully, if the site is small enough
and the time for building quite long. For larger land-
scapes, for those that are ecologically complex, or for
those that must be built in a hurry, teamwork is in-
evitable—and can work for sustainability or against it.
The minimum team for a high-quality, sustainably
built landscape consists of four roles: the client, the
designer, the builder, and the maintenance person.
Sometimes several roles are played by one person: the

client may act as designer or do maintenance; a

design-build firm may do post-occupancy mainte-
nance. Conventional wisdom favors narrow special-
ization, but overlapping arrangements have great
value in creating healthy places.

Nearly as often, each role may involve several peo-
ple. The client may be one or more organizations.
Some sites are owned by one entity but used by other
people; users of a public landscape may have more
say than the agency that “owns” it. Building codes
and regulations are often an invisible “team member”
(usually uncooperative) for both the designer and the
contractor. Consultants and subcontractors play
many roles. Lending and insuring agencies are still
notorious for refusing to fund “alternative” work—
but can sometimes be instrumental in getting such
methods approved.

What brings all this complexity together is a
shared vision, a set of clearly stated goals that the
whole team understands and supports. The vision
may come from a single strong personality or from
long debate leading to consensus. Unless the vision
is clear, doable, and communicated to every person involved in
the construction process, it has little hope of being
realized. If the vision is some form of sustainability,
clear communication is even more critical, given how
wooly a word “sustainable” can be.

The architectural firm HOK recommends a new
design process for sustainable results. The process has six
phases. The last four are quite familiar: design, spec-
ification, construction, and operation/ maintenance.
But the first two—where the opportunities for
change and cost savings are greatest—are team for-
mation and education/ goal setting.*?

Conventional practice tends to work against team
formation and education, by insisting that each ex-
pert has a narrowly defined niche, competitively kept
near secret from all the other players. Although team-
work among designers is reasonably common, includ-
ing a contractor at the design phase is not. Yet nearly all
designers, if asked for their most-satisfying projects,
would name jobs where the contractor was a trusted
collaborator. By contrast, the most frustrating proj-
ects are those that run under low-bid rules and treat
collaboration as conflict of interest.

HOK minces no words in saying that overspecial-
ization cannot achieve the quality and insight re-
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Figure 0.2 Constructing healthy and sustainable Iandscapes requires coordination of many specialists into a complex

team. (Illust‘: Craig Farnsworth)

quired for sustainable work. The designer cannot af-
ford to hand near-finished designs to a technical con-
sultant. “Engineers need to be involved in the design
process from the very beginning—so too must the
construction professionals, including the major sub-
contractors, those ultimately responsible for opera-
tions, the various consultants, and in some cases key
suppliers.’** Although written with structural design
in mind, this statement applies equally, if not more
s0, to landscapes that attempt ecological functions.
Many large design firms have revised their work
processes in pursuit of sustainability.** Even govern-
mental agencies have recognized the value of team-
ing with contractors and suppliers. Instead of a strict
low-bid process, many agencies require prequalifica-
tion for all bidders. Contractors and suppliers must
demonstrate a track record, including quality work
and ability to control costs, before they qualify to bid.
Environmental knowledge and care may also be
criteria. A graduated series of steps, from prequalifi-
cation for small projects to inclusion on the large-

project list, opens this process to new firms and keeps

it fair to all. At the same time, the client agency can
have confidence that the low bidder for a project
knows what is expected and has the skills to do the
work. In this sense, the contractors become part of
the team even within the limits of public-sector work.

The whole team needs to educate itself about en-
vironmental issues that will affect the project. On an
effective team, among themselves the members al-
ready know most of the issues or how to find infor-
mation quickly. Equally important, they have a
well-defined way of sharing their knowledge. Once
basic issues are defined and understood, project goals
are set. These should be specific, and it should be pos-
sible to evaluate whether they were met. For example,
a goal of “saving water” is too vague. “Reduce irri-
gation use of tap-water to 40 percent of the average
for nearby landscapes” is a specific goal. Not all
testable goals include numbers, but quantifiable goals
are most easily tested.

For public lands, and for many private large proj-
ects, neighborhood input is today a legal requirement.
This is changing the way that land-use decisions are
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made, and some conventional developers, designers,
and contractors resent the change. Most landscapes,
however, affect the neighbors, and public opposition
that is ignored often translates to neglect, misuse, and
even vandalism. Building a landscape only to have it
destroyed by its users or neighbors is clearly not sus-
tainable. We urge landscape professionals to look
again at public input and see it as an opportunity.
“Community-based planning” and “participatory de-
sign”2 are two approaches that are gaining more
practitioners. The results can be quite remarkable.
New York City Housing Authority landscape archi-
tect Leonard Hopper points to dramatic successes in
making livable communities out of crime-ridden ones
through redesign by and for the residents. It takes com-
mitment and hard work: Philadelphia landscape firm
Synterra attended over 200 community meetings in
one year for a single large public-works project.
Collaborative effort may seem like a social issue,
unrelated either to construction or to sustainability.
In the conventional, compartmentalized mode, this
is true. But that view contributes to direct and indi-
rect waste of resources, the very opposite of sustain-
ability. Poor coordination results in wasted site visits,
consuming fuel. Incorrect drawings and specs waste
paper (if they are caught and corrected) and waste
materials if they get built. Failing to plan for stan-
dard available sizes of materials also leads to waste.
Worst of all, a built landscape that fails to meet its
goals is soon an unhealthy landscape and may take
neighboring landscapes with it in decline.

ENVIRONMENTAL JusTICE AND THE CULTURAL CONTEXT
FOR SUSTAINABILITY

Sustainable design is a cultural activity and occurs in
cultural contexts, an aspect of which is “environmen-
tal justice.” Whether it appears by name in project
discussions or not, “EJ” can have a pronounced im-
pact on project success.

Emerging as a movement in the 1980s, the con-
cept of environmental justice is simple and disturb-
ing: ethnic minorities and low-income people are
significantly more likely to live or work in places af-
fected by environmental hazards. Polluting facilities
are more likely to be located in or near such commu-

nities. Members of these communities are less likely

to be informed or consulted during planning deci-
sions, and violations of existing environmental regu-
lations are less likely to be enforced on behalf of such
communities.?’

We do not pretend to be experts on environmen-
tal justice, and this book is not the place to examine
its root causes. Evidence suggests that race, rather
than economic class, better predicts whether an indi-
vidual or community will face unusual environmen-
tal risks. As such, the term “environmental racism” is
frequently used, with environmental justice as the
hoped-for solution.

Setting aside the ethical aspects of this issue as too
large to address adequately here, this issue is impor-
tant for purely pragmatic reasons to landscape pro-

fessionals working toward sustainability.

* Affected communities often are potent allies in
pushing sustainable design past convention-bound
authorities.”® Never assume that such alliances can
be easily forged, nor that community goals will
align readily with design-school priorities. Exten-
sive community involvement is required, often
across cultural divides that few landscape archi-
tects can navigate without help.

* Conversely, affected communities can be formida-
ble opponents, often rejecting projects intended to
be sustainable. The environmental justice move-
ment typically views the “classic” environmental
movement as concerned only with preserving na-
ture for the elite. What a landscape professional
might consider a model sustainability project, the
community may perceive as irrelevant to more
pressing problems such as pollution-induced ill-
nesses. This is especially true of projects, however
well-intentioned, presented to the public as com-
plete plans without serious local input.

* The federal government created an Office of En-
vironmental Justice in 1992, and two years later
required all federal agencies to address the issue.
Federal EJ efforts are governed by the Title VI
Civil Rights Act and use federal definitions of mi-
nority or low-income status. This can cut both
ways, easing environmental quality into some proj—
ects, and in others, snarling all hope of improve-

ments in us-versus-them politics. The difference is



very often the design team’s initial attitude toward

cooperation with the community.

Landscape professionals can find good guidance
about this thorny subject in the work of California
landscape architect Randolph Hester. Hester, often
working with Joe Edmiston, the visionary founder of
the Santa Monica Mountain Conservancy in Los An-
geles, has incorporated cross-cultural, community-
based methods in all his work. While conventional
wisdom has held that low-income nonwhites have no
interest in nature parks and only want active sport fa-
cilities, Hester has acted on research showing the op-
posite to be true: poor neighborhoods vote in favor
of bonds to fund nature conservation at strikingly
higher percentages than adjacent wealthy neighbor-
hoods.?” Hester’s recent book Design for Ecological
Democracy takes the interesting position that “democ-
racy bestows freedom; ecology creates responsible
freedom [through] interconnectedness with all
species. [Ecology| forges the basis for civil society to
address a shared public goocl.”28

In addition to avoiding unfair exposure to hazards,
environmental justice also aims for equitable distri-
bution of resources. Natural resources are distributed
very unequally in the world’s geographic regions,
something that has strongly affected cultural and
technological development, and thus differences in
environmental destruction and pollution. It is well
worth any landscape professional’s time to read Jared
Diamond’s Pulitzer Prize—winning book on this sub-
ject, Guns, Germs, and Stee,* not only for background
on environmental justice among cultures, but also as
a forceful reminder of how interdependence with

ecology and place has shaped human history.

Expect DEMoGRrAPHICS AND Economics To CHANGE
SUSTAINABILITY ITSELE
It seems obvious that economic channels create
changing currents in which sustainable designers must
swim. In fact, almost every junior designer hears “ide-
alistic notions” like sustainability crushed by some
crusty senior partner because they are not in line with
The Economy.

Nonetheless, economic, political, and demo-

graphic trends are changing what sustainable practice
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means today. Anyone involved in construction has
noted drastic increases in building material prices.
Several factors are involved. China, whose rate of new
building starts is nearly ten times that of the United
States, is in effect outbidding American purchasers.
Transportation costs (especially for heavy items such
as building materials) have risen steeply with oil
prices.* The severe storms that appear to be part of
global warming have created shortages of reconstruc-
tion materials, most evident in the United States af-
ter Katrina.

None of these factors seem likely to go away, and
the smart money says they will get worse. For sustain-
able design, this is bad news and good news. Some
building materials have doubled in price in a matter
of months, affecting both conventional and sustain-
able projects. Sustainable methods, however, which
explicitly aim to save materials and use local and re-
cycled products, actually gain attractiveness in this
kind of economic climate.

The political climate since 2000 has repeatedly
been described as the worst ever for the environment.
Yet the Bush administration’s antienvironmental pos-
ture®! may have unintended consequences. Groups
like the Environmental Council of the States and the
US Conference of Mayors have become increasingly
proactive on matters from the Kyoto accords to pol-
lution standards, partly in protest against federal gut-
lessness. Green building has actually flourished during
the same period.

The National Association of Home Builders and
construction researchers at McGraw-Hill predict that
10 percent of US homes will be green by 2010; only
2 percent of new construction today is green build-
ing.** Large “spec” builders are the slowest to adopt
green techniques: their focus is on lowering upfront
costs, which they do by sacrificing the operational
savings obtained by investing in green construction.
The increase in initial costs due to building green is
generally reported as from less than I percent to
about 7 percent. Benefits (considering only actual fi-
nancial savings) over twenty years amount to ten
times the initial investment.*

The marketability of sustainable design is linked
to how people value the environment, and that, too,

is changing as the United States undergoes demo-
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graphic shifts. Hispanics, expected to make up nearly
a quarter of the US population by 2050,%* have be-
come increasingly active in environmental issues, more
likely to support pollution abatement and urban
parks than roadless areas or endangered species.*> Ag-
ing boomers are an increasing demographic; some
will quit using outdoor facilities, while demand for
handicapped access will continue to grow. What a
new generation of adults will do outdoors (if any-
thing, given the fascination of electronics) remains to
be seen. As one National Park Service official put it,
“Are we ready for Extreme Sports in the Parks? Be-
cause they’re coming.”

Neither we nor anyone else can truly predict such
trends. It is clear, however, that America’s dedication
to the great outdoors is changing. With it, but not
necessarily in any clear parallel, attitudes toward sus-
tainable development will change.

How people define what they value in the environ-
ment is the context within which sustainable design
flourishes or dwindles. At present, opportunities for
green building are growing fast, driven by otherwise
negative trends such as high materials costs or the
threat of climate change. Sustainability has not only
become mainstream, but in a sense has gone beyond
being optional. Landscape professionals who invest
in sustainable practice must continue to assess their

surroundings and adapt accordingly.

Landscapes Against Climate Change

It is difficult today to talk seriously about sustainabil-
ity without considering global warming, more accu-
rately called global climate change. Without addressing
climate change, many “sustainable” activities are al-
most irrelevant. Yet efforts like recycling, energy con-
servation, or site restoration are important, because
they add up to affect global climate.

Understandably, many people feel helpless in the
face of what could be a worldwide catastrophe, yet
the situation is not one of unmitigated gloom and
doom. In fact, recent initiatives have thrust architects
into the spotlight as a professional group with real
potential to reverse climate change using realistic and

proven methods. Similarly, recent research that con-

nects land-use practices to weather extremes indi-
cates that landscape professionals have a role to play

as WeH

Architecture 2030 and the Global Climate Initiative

Architects, according to Ed Mazria, “hold the key to
the global thermostat.” Mazria, a Santa Fe NM ar-
chitect known for pioneering work on solar buildings,
is the founder of Architecture 2030. This initiative
could literally make architects the heroes that save the
planet from climate catastrophe.

Perhaps that sounds like overstatement, but it is
not. Mazria bases his proposal on a sophisticated re-
analysis of US energy-use statistics. His work shows
that when materials, construction, operation, and de-
commissioning are taken into account, the building
industry uses nearly half of all energy consumed each
year.’” Energy use equates roughly to greenhouse
gases and climate change. Thus, changes in energy use
by buildings stand to have a major impact on the
problem.

How major? The most catastrophic effects of cli-
mate change can be averted by cutting fossil fuel use
for buildings by 50 percent immediately, and by an
additional 10 percent every five years until 2030, ac-
cording to Mazria. These goals, moreover, can be ac-
complished using well-known and tested methods
familiar to green builders.”® What is necessary is to
make these universal, and to do it consistently and soon.

Late in 2006, Architecture 2030’s goals were of-
ficially adopted by the American Institute of Archi-
tects (AIA), the US Green Building Council
(USGBC, originators of the LEED program), the
American Society of Heating, Refrigerating, and Air-
conditioning Engineers (ASHRAE), and some
twenty other building-related industry associations,
plus the US Council of Mayors. That adoption may
prove to be a watershed event; it thrusts designers to
the fore in the fight against climate change.

Landscapes, as this book emphasizes, use relatively
little energy and fuel compared to buildings. Does
that mean that landscape professionals can sit com-
placently on the sidelines while architects ride out in
shining armor? Definitely not.



Land and Climate

The first edition of this book noted a single piece of
research about climatology and landscapes—an early
indicator of what has become a much broader issue.
In 1998, researchers Jonathan Foley and Roger Pielke
demonstrated that land development had altered
Florida’s climate enough to affect its agricultural in-
dustry significantly. Clearing land, draining swamps,
rerouting rivers, and urbanization had resulted in
measurably hotter and drier summers, and in winters
that damaged citrus crops farther south than anyone
had ever seen before.®”

Since that time, there has been growing consensus
that clearing land—for agriculture or for structures
and development—plays a role in global warming that
must be considered alongside the better-publicized
CO, emissions caused by fuel combustion. Pielke and
others have stated that land clearance results in as
much greenhouse gas as produced by fuel burning.
Other sources, especially official bodies, tend to put
the number lower, with land clearance and related
changes causing about 20 to 25 percent of the to-
tal.* Scientific consensus is emerging, however, that
the removal of vegetation and alteration of soil con-
ditions is implicated in between one-quarter and one-balf
of these threatening atmospheric changes.

A great deal of conventional landscape construc-
tion contributes directly to these problems, bulldoz-
ing whatever vegetation existed on-site and replacing
it with limited species or monocultures. Most tech-
niques advocated for sustainability potentially affect
climate for the better. Protecting healthy sites,
restoring denuded ones, planting appropriate vege-
tation, managing stormwater for infiltration, and re-
ducing impervious paving—in addition to localized
benefits, all these techniques have significant global
implications.

Landscape professionals, even those who focus on
sustainability, still tend to concentrate on local bene-
fits of healthy sites. The evidence has become over-
whelming, however, that the landscape professions
must also pay attention to the global effects of con-
verting land from vegetated to paved, or from dense

native plant communities to sparsely ornamental hor-
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ticulture. This is imperative because sustainable prac-
tices work to slow global warming, while many con-
ventional methods hasten it.

To make a difference, individual sustainable prac-
tices need to be understood in a larger context. Thus,
although this book generally focuses on practical,
close-to-home matters, this section gives a brief
overview of documented links between land use and
climate change. We know that some designers and
contractors will be tempted to skip this section. We
urge you strongly—if you read nothing else, read this.

Get the Facts

First, if you still harbor doubt that global warming
isn't real or that humans bear little responsibility for it,
please consult one of the following. Not only will they
give you straight, clear facts, they will inspire you to
leave doom and gloom behind and take positive action.

*  The Weather Makers: How Man Is Changing the Climate
and What It Means for Life on Earth, (Atlantic Monthly
Press, 2005): an excellent, readable book by Tim
Flannery, a respected Australian scientist, author,
and commentator for the BBC, ABC, and NPR.

* An Inconvenient Truth, a documentary that provides
a clear summary of climate issues, easy to follow,
thought provoking, moving, and positive. (Now
available on DVD from www.climatecrisis.org.)

* www.architecture2030.0rg, a concise graphic Web
site that has united architects and other design pro-
fessionals toward realistic climate-focused goals.

Whether you choose the book, the video, or the
Web site, these sources offer clear and factual back-
ground on the issue. You may also want to download
the Union of Concerned Scientists’ January 2007 re-
port, documenting ExxonMobil’s $16 million cam-
paign of disinformation, deliberately creating false

uncertainty and controversy over climate ch.smge.41

Landsmpbspe@ﬁf Clmnges That Affect Climate

The crucial link is carbon, in the form of carbon
dioxide (COZ) All plants and animals are carbon-
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based life-forms. Plants absorb carbon from air and
bond it with hydrogen to store energy (photosyn-
thesis). Ultimately, this is the world’s only source of
either food or fuel. Oxygen breaks these bonds and
releases energy (combustion and respiration), which
emits CO, into the atmosphere.

Carbon dioxide acts like glass in a passive solar de-
sign: light passes inward through the atmosphere, but
CO, prevents heat-producing ultraviolet rays from
escaping. The more CO, in the atmosphere, the more
Earth’s average temperature rises. There are other
“greenhouse gases,” some actually more potent than
CO,, but CO, appears to trigger the others.

Burning fossil fuels—which consist of carbon
stored by ancient plants—has released large amounts
of CO, into the atmosphere and raised the average
global temperature.

That much is basic chemistry. Where does land-
scape change fit in?#?

Of the many planetary reservoirs of co, plants
and soils are the most active in exchanging CO, with
the atmosphere.** Plants take CO, out of the atmos-
phere and hold it in sugars and woody tissues. Soil is
also a major reservoir of stored carbon.

When plant cover is removed, or its density is
reduced, several things occur, all trending toward

warming,

* No Ionger shaded by vegetation, soil bakes in di-
rect sun, holding enough extra heat to raise local
temperatures.

* Heated soils kill carbon-storing microorganisms
and speed decomposition of organic matter, re-
leasing COZ‘

* With less vegetation to protect it from rain,
runoff, and wind, exposed soil erodes; this further
releases organic matter and emits COZ‘

* Heating and erosion of soil kills more plants,
leading to more heating and erosion in a vicious
cycle.

* If removed plants are burned or eaten, CO, stored
in them is released.

Loss of soil and vegetative cover is well known to
historians under a different name: deforestation.
Many of the world’s deserts are the direct result of
human deforestation practices.44 Land clearance, for

whatever purpose, almost always tends to increase
hot-season temperatures, drought, and wildfire.

What is less commonly understood is that land-
scapes with sparse vegetation and dead or dying soils
are also typically colder and windier in winter, less ca-
pable of infiltrating precipitation and more prone to
intense runoff and flooding.

In short, removal of any significant percentage of
vegetative cover® from a large area, or from many small
areas cumulatively, contributes to the extremes of heat
and cold, drought, and flooding that are part of
global climate change.

Is Construction to Blame?

Construction almost always involves some land clear-
ance. This is nearly unavoidable. In some regions,
cleared areas regrow rapidly if left alone. Most proj-
ects, however, create impervious surfaces, from which
vegetation and soil are permanently excluded.

Even when a cleared landscape is replanted, this
usually reduces the density and biodiversity of ve-
getative cover. As the Intergovernmental Panel on
Climate Change states, “Conversion of natural
ecosystems to croplands and pastures has resulted in
... agro-ecosystems [that] continue to take up car-
bon, but at levels generally inferior to the previously

forested ecosystems."46

Ornamental landscapes are
clearly agro-ecosystems in this sense and do not re-
place the CO,-uptake of established regional vegeta-
tion. Most plantings also provide less shade, soil
stabilization, and runoff prevention than mature
forest cover.

Agriculture has been the main reason for land
clearance historically, and remains so in developing
countries today. In the tropics, 500,000 trees are cut
every hour, primarily for forestry and new agriculture.47
In industrialized countries like the United States and
Europe, however, clearance for buildings, infrastruc-
ture, and landscapes may be outpacing new agri-
cultural clearance. The cumulative effect of clearing
1.39 million sites (a low estimate of annual new US
housing starts)*® is directly linked to global prob-
lems.*” This puts landscape professionals and land-
use planners in a position of serious influence and

responsibility.



Figure 0.3 Vegetation cover protects soil,
improves infiltration, and moderates cli-
mate. (Illust.: Craig Farnsworth.)

Figure 0.4 Vegetation clearance
depletes and bakes soil, increases
runoff, and warms climate, locally
and cumulatively. (Illust.: Craig
Farnsworth.)
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Estimating the extent of US land clearance is not
easy. Something like 500,000 to 1.5 million acres are
probably cleared per year; 3 million acres are “lost to
agriculture” annually.® The smallest Figure equals an
area half the size of Rhode Island. A great deal of
this cleared land remains as “landscape” of some sort;
many architectural or engineering structures are sur-
rounded by landscapes covering three to five times the
area of the facility itself. Thus, what landscape pro-
fessionals do about clearance, revegetation, soil pro-
tection, paving, and water management cumulatively
influences huge areas. Areas, in fact, that are more

than large enough to affect climate.

What the Landsmpe Professions Can Do

This is good news and bad news. The bad news is
that landscape business-as-usual contributes signifi-
cantly to what many believe is humanity’s single great-
est challenge. The good news is that the strategies
advocated in this book offer practical contributions
toward reversing climate change if we act now.

One hundred trees can remove five tons of CO,
and half a ton of other pollutants from the air each
year. The same hundred trees will also capture
250,000 gallons (or 61/;acre-feet) of stormwater per
year in temperate climates. Those one hundred trees,
carefully located for shade, would cut air-
conditioning usage in half for thirty-three houses
(three trees per house). These effects have direct im-
pact on climate locally and globally.>’

Among the things landscape professionals can do:

* Collaborate with architects to achieve Architecture
2030’s fossil-fuel-reduction goals for buildings;
many landscape measures contribute directly.

* Avoid unnecessary vegetation clearing (using
methods discussed in Principle T)

* Lobby against “preclearing” of real estate prior to
sale. (See p. 39.)

* Aim for canopy cover and density similar to re-
gional plant communities, both in “restoration”
projects and in planting design. (See Principles 2
and 3.)

* Find better methods of wildfire protection; espe-
cially, resist land clearance wrongly promoted as

fire prevention. (See p. 106.)

* Use greenwalls and greenroofs to reinstate partial
vegetative cover on structures. (See p. 118 and 125.)

* Manage stormwater with vegetation, infiltrating it
to benefit soils and plants. (See Principle 4.)

* Minimize paving to avoid soil and vegetation loss
through erosion. (See Principle S.)

* Cut down fossil-fuel use for transportation of ma-
terials and workers and for construction machin-
ery. (See Principle 7.) Bio-based fuels reduce (but
do not eliminate) CO, from combustion.

* Learn about “carbon sequestration,” by which
CO2 is locked up in trees, wood, and other
materials.

* Don't buy the desperate or silly “solutions” pro-
posed by industrial eccentrics. These have included
giant mirrors in space, aerial spreading of tinfoil
confetti, and even deliberately increasing opaque
air pollutants, all to cut sunlight. The unintended
consequences of such actions would almost cer-

tainly worsen climate problems.

Sequestration (discussed above) may well become
the main economic reason for protecting and plant-
ing trees, surpassing even timber production and pro-
viding unheard-of funding for planted landscapes.
Sequestration also gives wood construction a new jus-
tification: keeping carbon out of circulation until the
wood rots or burns.

A Forest Service research center specializing in ur-
ban trees is testing which species sequester CO, most
effectively. Regional variation and age of trees are
critical, but the following trees were found highly ef-
fective in a 2002 study: horse chestnut, black walnut,
sweet gum, bald cypress, Douglas fir, and London
plane; scarlet, red, and Virginia live oaks; and pon-
derosa, red, Hispaniola, and white pines.52

Carbon sequestration is also the basis for “carbon
trading” schemes, such as the Chicago Climate Ex-
change. In theory, polluters in rich countries fund
sustainable developments in poor countries through
these trades. There is considerable controversy over
this concept, with charges of conflict of interest, fal-
sified reports, and lack of oversight.s3 Other “miti-
gation banking” schemes—for example, wetlands
banking—have had poor results. Pollution and
cleanup affect specific places—can they be made
portable? Under carbon-trading procedures, a Texas



coal-fired plant whose pollutant output was obscur-
ing the Grand Canyon could buy carbon credits from
a forest in India. Although this would positively af-
fect global carbon levels, it simply excuses rather than
helping the pollution problem at the Grand Canyon.

Until recently, only large brokerages and corpora-
tions could trade carbon futures. Individuals and
small firms, however, now use a growing number of
trading services. These allow a person or firm to buy
enough carbon credits to offset their car or truck’s
annual output (about 5.5 metric tons worth) for
around $50, or a house’s worth (23 metric tons) for
$99.5* Many committed environmentalists do so. We
question whether this is merely paying for convenient
absolution. Surely fixing the car or house, or one’s
own behavior, to generate less actual pollutants is
more important than shuffling paper credits for
them.

What the Landscape Professions Stand to Lose

Although every human being has a stake in reducing
the greenhouse effect, landscape professionals stand
to lose more and sooner because our livelthood is the
environment. Warmer and drier local climates and
shifted seasons are likely to snarl landscape work long
before the world reaches true catastrophe. Drought
has already ruined many landscape businesses, with
planting or irrigation banned in many areas. Increased
CO, is causing weeds to produce ten times more
pollen, to the despair of both allergy sufferers and
horticulturists.”® Even slight climate changes will
make the well-known Plant Hardiness Zones unreli-
able and could require major changes in building
codes.

The question of how built landscapes damage the
environment has become considerably more central
to sustainability than anyone realized a decade ago.
The stakes have dramatically increased in the debate
over whether nature-like landscape forms matter, and
why human landscape making so often oversimplifies
those forms. “Greenwash,” once merely misleading,
is now nearly criminal.

The climate crisis powerfully increases the value of
any activity that protects or restores vegetation and
soils. Almost all the techniques of sustainable land-

scape making do so. They are detailed in the follow-
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ing chapters. The responsibility to use them has never
been more important.

Sustainability, Substance, and Style

Success is always interwoven with challenges, and
never more so than in the movement for sustainabil-
ity. The more the public and the profession accept
green building and sustainable landscapes, and the
more such places are built, the more critical it be-
comes to distinguish between landscapes that con-
tribute functionally to the health of the environment,
and ones that do not.

Such distinctions require critical thinking, docu-
mentation of landscape performance, and the ability
to see past superficial claims. None of those skills are
simple, in part because of the many uncertainties about
sustainability itself. It is challenging to understand how
landscapes created to fit accepted, even beloved, social
conventions can damage the environment. Since we
raised this issue in our first edition, it has grown from
a mainly site-specific question to one that influences
global as well as local action. Especially as linked to
global warming (see above), the pressure is on for
claims of sustainability to have real substance.

Conversely, the danger of greenwash and misap-
propriation of sustainability as a marketing tool has
clearly increased, paralleling the success and growth
of genuinely sustainable practice. This amplifes the
importance of ongoing discussions about what
works, what is a good-faith experiment, and what is
self-deluding or outright deceptive.

To have those discussions requires as much clarity
as possible about the differences between built and
natural form, and relating both to ecological func-
tion. It requires that designers train themselves to
look beyond appearances, while still creating stylish
and beautiful places that sustain people psychologi-
cally. The challenge for serious practitioners—includ-
ing the authors—is to make an honest attempt at
sustainable landscapes without becoming smug about

successes achieved thus far.

But How Can Landscapes Damage the Environment?

For those of us who love landscapes, it is troubling
and confusing to think that our creations damage the
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environment. How can a green growing place hurt the
Earth? The question can be answered both in a tech-
nical way, and in terms of attitudes and cultural

trends.

TecHNICAL IssuEs: RESOURCES AND BIODIVERSITY
Along with a generally positive report, this book also
discusses materials and processes of landscape con-
struction that contribute to ecological problems.
Some are very specific, such as resource depletion
when redwood or tropical hardwoods are used in
quantity for consumer landscapes. Toxic materials are
used in gardens both intentionally (pesticides, for ex-
ample) and unintentionally (excess fertilizer which
pollutes waterways, or materials like PVC, which are
highly valued while in use but cause serious disposal
problems). Land itself is “consumed” and “wasted”
by some types of conventional construction. These
are the technical answers to the question of ecological
damage from landscapes; they are detailed through-
out the book.

Landscapes and gardens, as constructed today, also
have an effect on biodiversity, which can be quite neg-
ative. It may seem that gardens, especially those of en-
thusiastic horticulturists, are highly diverse, and in a
sense this is true. Most built landscapes, however, are
planted with only a dozen or so species; in many
schools of landscape design, this is actually taught as
a way to avoid a “busy” or “cluttered” design. Fur-
thermore, the main commercially available plant
species have become increasingly standardized by
mass marketing, so that diversity is reduced among re-
gions as well as at the site-specific scale. Dead plants,
which in self-sustaining communities form important
habitat, are usually removed from gardens, further
diminishing diversity.

Real biodiversity is not merely about the numbers
of species, however. It is about richness of intercon-
nections among species. These interconnections take
ages of coevolution to develop and cannot be recre-
ated instantly in a garden. Plants brought together
from different regions in a garden add visual diver-
sity and may give great pleasure but remain akin to a
diverse collection of animals in a zoo, separate and
unable to interact. They do not support the great web
of pollinators, predators, browsers, and symbionts

Figure 0.5 Is this a warning sign? (Photo: Kim Sorvig.)

that revolves around plants in their native habitats.
When even a diverse collection replaces a biodiverse
community, there is real ecological loss. Local richness
and regional identity are diminished. There is increas-
ing evidence that these localized losses add up to
something global, especially where the loss involves

vegetative cover on a cumulatively enormous scale.

(See p. 99)

Natural “Look” and Efologiml Function: A Paradox?

At the heart of landscape design are some expecta-
tions that are remarkably resistant to change: our ex-
pectations about the appearance of landscapes.
Conventionaﬂy, aesthetic choices about the Style of
landscape are seen as unrelated to resource costs or
environmental impact. But some styles require much
higher investments in control than others. As sustain-
ability focuses concern on the environmental costs of

constructing landscapes, controversy over the appro-



Figure 0.6 Conventional and cheap attitudes toward
landscaping abound—and often consume or destroy
natural ecosystems. (Photo: Kim Sorvig,)

priate appearance of sustainable landscapes has flared.
Should a sustainable landscape look untouched by
human hands—a difficult task for the contractor?
Should it, at the other extreme, look like an “ecology
machine,” the way some sustainable houses sprout
high-tech engineered appendages?

A number of studies have shown that humans
seem to prefer a fairly specific type of landscape form:
large, well-spaced trees over grass or low ground
cover, without much shrub layer or understory: the
type of wooded environment commonly called
"parklike.”56 Many landscape design traditions, no-
tably the Olmstedian one, reproduce this type of veg-
etation, for which there are several natural prototypes.
One natural parklike landscape is the African savan-
nah, and perhaps the most influential theory uses that
fact to explain why human landscape preferences
seem almost fixated on parklands. Biophilia, biolo-

gist E. O. Wilson's concept of an innate attraction to
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and interest in other living things,57 says that humans
evolved in the savannah and have been trying to re-
find or re-create it ever since. (The fact that signifi-
cant percentages of humanity love and choose to live
in forests, deserts, mountains, or on seacoasts sug-
gests that the truth isn't quite so simple, but the ef-
fect is certainly powerful.) Alex Wilson has
summarized ways of incorporating biophilia and bio-
mimicry into architectural, interior, and landscape de-
sign in an excellent EBN article.>®

The intensely personal feelings involved in this
controversy are strong evidence for the depth of
human attachment to specific landscapes. Almost
everyone who cares about landscapes, whether as pro-
fessional, client, or amateur, has preconceptions about
what sustainable landscapes ought to look like. These
biases—and unresolved differences among them—
strongly affect the work of the landscape profes-
sional: how we work, and whether we get work. This

controversy is worth exploring briefly here.

Tue HaND oF THE DESIGNER
A common definition of “natural” is “untouched by
human hands.” Where landscapes serve natural or
ecological purposes, should the hand of a designer
(or builder) be evident? Storm-water ponds, for in-
stance, are sometimes designed to look like natural
ponds with undulating edges planted with native wet-
land species. One example is the storm-water wetland
at Fort Devens Federal Medical Center in central
Massachusetts. The work of Carol R. Johnson Asso-
ciates of Boston, this carefully engineered series of
ponds looks as if it had always been there.

Landscape theorists like Rob Thayer, author of
Grey World, Green Heart, have questioned whether con-
cealing the designer makes sense. For example, apply-
ing a wild riverbank plant association verbatim to an
urban drainage swale ignores its human origins, ac-
cording to Thayer. Making such a constructed
ecosystem look “natural” does not necessarily im-
prove its sustainability. In fact, Thayer suggests that
“sustainability requires neither the disguise nor the
elimination of human influence.”

On the contrary, says Thayer, because sustainable
landscapes represent a higher level of complexity than

“cosmetic” landscapes and incorporate ecological



22 Sustainable Landscape Construction

relationships that may be hard to observe, they de-
mand “conspicuous expression and visible inter-
pretation, and that is where the creative and artistic
skills of the landscape architect are most critically
needed.”>” Thayer refers to cosmetic attempts to
make engineering look less engineered as “green-
wash.” Like many others, he sees the desire to hide the
mechanical systems that support modern life as un-
reasoning, a NIMBY (“Not in My Backyard™) atti-
tude that wants the benefits of development but none
of the costs.

One thoughtful theory about whether human de-
sign and management should be visible in the land-
scape is Joan Nassauer’s “cues to care.”®” She argues
that completely unmanaged ecosystems appear messy
—to modern human eyes at least—and uncared for.
Rather than tidy up whole parklands, Nassauer sug-
gests designing and maintaining border transition ar-
eas that show that people care for the place. In some
cases, making the human hand visible, even as simply
as a mowed threshold between developed areas and
protected ones, enhances visitors’ respect for the
wilder landscape.

Other landscape thinkers agree that the mechan-
ics or infrastructure of built landscapes should not
be hidden—in fact, should be revealed. William
MacElroy and Daniel Winterbottom, faculty mem-
bers in the Department of Landscape Architecture at
the University of Washington, have coined the
phrase “infra-garden” to describe a landscape that
supports ecological and social values while incorpo-
rating landscape art.°! As an example they cite Wa-
terworks Gardens in Renton WA, by environmental
artist Lorna Jordan.®* Here, fanciful grottoes and
basalt slabs adorn a stormwater wetland that treats
runoff from several parking lots. But Richard
Hansen, a Colorado-based sculptor and landscape ar-
chitect, sees Waterworks Garden as “a shotgun wed-
ding of environmental engineering overlaid by
grottoes and other large decorative elements.” Hansen
argues for “a better interweave—a sculptural presence
integrated with an ecological process.”

Another ecologically functional landscape with a
sculptural form is the stormwater garden at the Wa-
ter Pollution Control Laboratory in Portland OR,
designed by landscape architect Robert Murase,

Figure 0.7 Renton WA “infra-garden” makes storm
water visible, overlaid with garden art. Surroundings
worked against naturalistic design. (Project: Lorna Jordan.
Photo: Daniel Winterbottom.)

working as part of a team of hydrologists and engi-
neers. Runoff from a fifty-acre neighborhood uphill
of the site flows to a retention/ settling pond, even-
tually soaking into the soil or emptying into the
Willamette River.

This utilitarian aim is expressed as sculptural
form. The one-acre pond’s upper and lower cells form
converging circles. A stone-lined, curving concrete
flume—an abstraction of a glacial moraine or the
curve of a river—juts into the upper cell. When
stormwater pours into the flume, the stones dissipate
the energy in the water and allow solids to settle out;
the water then seeps through weep holes in the side
of the flume. Stones from the flume “spill out” and
form a semicircular basalt wall that defines the sec-
ond, lower pond. Although the landscape fulfills
important ecological functions, Murase’s design con-
ceals neither the designer’s hand nor his intent to cre-

ate sculptural form on the land.

“Eco-rREVELATORY DESIGN”

If hiding the designer’s influence is one side of a coin,
making ecological processes visible is the other. Many
highly engineered landscapes (as well as quite a num-
ber of naturalistic gardens) hide the ecological
processes that go on around us. Stormwater (which,
after all, is just rainwater running downhill) is one of
those ecological processes. Before Murase’s stormwa-
ter garden was built, neighborhood stormwater ran in

a sewer and emptied directly into the river—out of



sight, out of mind. The stormwater flume and pond,
in essence, takes stormwater out of the murky under-
ground realm of drains and pipes and “daylights” it,
revealing it in the landscape.

“Eco-revelatory design” is a label that has been ap-
plied to such landscapes by the University of Illinois
Landscape Architecture Department.® The depart-
ment conceived a traveling exhibit of projects, design
approaches, and elements that “reveal and interpret
ecological phenomena, processes and relation-
ships.”2 Human influence is also revealed and inter-
preted as one part (not necessarily harmonious) of
the ecosystem, in contrast with the desire to hide all
trace of human work. The concept has been con-
tentious; conventional naturalistic designers dislike
the look, while some landscape architects view “eco-
revelatory” as another word for making business as
usual pretty.

Although he did not use the term, the spirit of
eco-revelatory design was simply and eloquently ex-
pressed by John Lyle. In 1994 a visitor to Lyle’s newly
completed Institute for Regenerative Studies noticed
a compost pile in plain view and asked why he had
not bothered to screen it. “We don't want to screen
things,” said Lyle. “We want to see things. A lot of
ecological problems come from hiding the way things
really work.”

That spirit is behind the Portland stormwater gar-

den. By making stormwater visible, it teaches visitors
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Figure 0.8 This Portland
storm-water garden uses artistic
form to reveal paths of runoff
through the urban environment.

(Project: Robert Murase. Photo:
Scott Murase.)

about water’s place in urban ecosystems. Threaded
through this book are many other built landscapes
that are equally honest about what they are and what
they do.

The Portland and Renton examples each contrast
with naturalistic landscapes, raising some important
questions. The Portland garden’s form and appear-
ance are directly linked to the physical dynamics that
govern water; it reveals these dynamics in a clearly
constructed context, not a simulated stream. The
Renton landscape allows environmental engineering
to be seen (although it relies, not on gravity, but a
2,000 gpm pump), decorating it with garden-esque
structures and forms. In neither case will vegetation
be allowed to overgrow the site, nor will water be al-
lowed to carve its own channels. In fact, as with most
built landscapes, considerable effort and expense will
be spent in preventing these ecological processes from
changing the form of the landscape. The Renton
infra-garden puts an artistic veneer over both the
stormwater “problem” and its engineering “solution.”
The Portland garden relates engineering control to
natural process, although at a level considerably sim-
plified from actual ecosystem processes.

If “ecology” is taken in the scientific sense of
large-scale complex processes, these projects, like Lyle’s
compost heap, are less about revealing ecology than
about refusing to hide human influence. By strict def-
inition, “eco-revelatory” would apply best to nature
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trails, where an educational path points out elements
of an existing ecosystem and, among other things,
human effects on it. Does this mean that sustainable
design should always look like a nature trail? Since its
earliest days, ecological design has been accused of
being all ecology and no design. The authors do not
believe this is so. What is critical is to be clear about
what is actually being revealed, and why.

The hand of the designer can be as heavy on the
land as a highway interchange or strip mine. It can
also be a delicate interfingering of influence, as in a
Japanese garden, where the artist’s touch is visible but
only to thoughtful observation. (The difference, fre-
quently, is in the contractor’s level of skill, so often
overlooked.) To argue that human influence should
never be hidden, without also asking whether that in-
fluence is destructive or sustainable, is to trivialize the

complexity of relations between humans and the rest

of the world.

ForM FoLLows Funcrion 1N NaTURE, Too
There is at least one strong reason to argue against ar-
tificially maintained naturalism as the only “look” for
sustainable landscapes. The “natural” appearance of
an Olmsted park or a Japanese garden is maintained
by considerable inputs of energy and materials. Es-
pecially where this maintenance is mechanized, those
resource inputs are sustainability concerns. If not
hiding human influence reduces these inputs, it con-
tributes to a sustainable landscape. However, there is
strong evidence that some human landscapes do ex-
actly the opposite: their form actually increases the
costs of maintaining them and, in some cases, even
prevents them from serving ecological functions.
The pipes and pumps of a stormwater system are
a useful example. At some level, they substitute for
the streams and wetlands of a watershed, fulfilling
some functions (water transport) and failing others
(aquatic habitat diversity, soil infiltration). The sim-
plified forms of environmental engineering structures
reveal, more than anything else, that ecological sys-
tems are far more multidimensional and complex
than human engineering. Detailed study over the past
two or three decades is showing more and more
clearly that the complex forms of natural systems are

essential to their functioning.

The attempt to straighten rivers and give them
regular cross-sections is perhaps the most disastrous
example of this form-and-function relationship. The
natural river has a very irregular form: it meanders,
spills across floodplains, and leaks into wetlands,
giving it an ever-changing and incredibly complex
shoreline. These irregularities allow the river to ac-
commodate variations in water level and speed. Push-
ing the river into tidy geometry destroys functional
capacity and results in disasters like the Mississippi
floods of 1927 and 1993 and, more recently, the un-
natural disaster of Hurricane Katrina. (A $50 billion
plan to “let the river loose” in Louisiana recognizes
that the “controlled” Mississippi is washing away
twenty-four square miles of that state annually.“)
Reducing irregularities of shape also decreases the va-
riety of habitats available and cuts down on diversity
of life in the river. Putting a stream into a pipe has
an even more drastic simplifying effect, at the expense
of multidimensional function.

In this book, we document the fact that, when
grading slopes, the stiff geometry that humans favor
actually increases soil erosion and slope failure. We note
that natural wetlands have quite specific forms and
locations and that created wetlands do not function
properly unless these forms are approximated. We
point out that the branching form of wild plants op-
timizes their ability to compete for sunlight and soil
resources, plus their ability to clean pollutants from
air and water. Where “the hand of the designer” goes
too far in altering these forms, ecological function is
affected, most often negatively.

Since the 1970s, the forms that make ecosystem
function possible have been recognized as a specific
mathematical type, called “fractals”’®® The branching
patterns of trees are one example of fractal shapes.
The name comes from the fact that these forms usu-
ally consist of endlessly repeated fractions of the
whole, which create the overall form by growth over
time. In the case of a tree, this basic element would
be a single branch and its branching angle, propor-
tionally repeated at many scales. River systems, land-
form surfaces, clouds, and whole plant communities
follow fractal geometries because their function de-
mands it. Human blood vessels and bronchial tubes

have fractal patterns, too, which maximize delivery of



blood or air; disruption of these patterns is diag-
nostic of serious illnesses, such as cancer.®® Simi-
larly, straightening a river or turning an undulating
hillside into a constant 3 percent slope undermines
ecological function because it changes environmental
Sform.

The forms of natural systems also have docu-
mented effects on human beings. Studies in hospitals
have shown that a view of trees or other natural fea-
tures improves patient recovery time and overall
health when released; views of structures and machin-
ery have no such effect. Views of natural surround-
ings lower blood pressure, decrease the patient’s need
for painkillers, and lessen the mental confusion that
often goes with injury or serious illness. These bene-
fits come from merely seeing the scenery, not going out
into it. In fact, a photo or realistic painting of a land-
scape provides similar benefits, so the effect is clearly
a visual one.®” This strongly suggests that Olmsted
was right: naturalistic scenes have social benefits and
are worth including in cities and preserving in unde-
veloped areas. If hard-nosed hospital administrators
are increasingly paying to design buildings that give
each patient a landscape view, shouldn’t landscape
professionals heed this research as well?

Thus the forms that “naturalism” tries to preserve
or simulate are intimately linked to the ecological
functioning of landscapes, as well as to human health
and social benefits. Because the discovery of fractal
mathematics is so recent, design theorists may be for-
given for continuing to treat natural form as random
or irrelevant. In labeling as romanticism and nostal-
gia any attempt to mimic natural form, however,
they reveal their ignorance of current science. For
those concerned with sustainability, the relation-
ship between natural form and ecological function
needs to be revisited. Although real understanding
of this relationship is still developing, it is quite
clear that it is far more than a backward-looking

aesthetic.

THE APPEARANCE OF SUSTAINABILITY

So what does the sustainable landscape look like?
Our most honest answer is that neither we nor

anyone else really knows. We can offer the following

suggestions:
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* The sustainable landscape does not exclude human
presence or even human engineering. It does not,
however, blindly glorify human intervention, nor
equate gentle human influence with massive hu-
man domination.

* The sustainable landscape does not waste energy
or resources on trying to disguise human influence.
Rather, it eliminates (functionally, not just visually)
those influences that are in fact destructive or dis-
ruptive. Other influences it reveals and even cele-
brates. In revelation and celebration, it becomes an
artistic expression.

* The sustainable landscape follows natural and re-
gional form whenever this can improve the ecolog-
ical functioning of a built or restored landscape.
It builds nature-mimicking forms primarily be-
cause these harbor rich diversity of life and eco-
logical function, and secondarily because many
people prefer the visual effect.

* The sustainable landscape integrates and balances
human geometries with natural ones. It is not
enough to allow natural form to take the leftover
spaces; spatial and visual integration between na-
ture’s fractal forms and humanity’s Euclidean ones
is essential. The means to this integration are those
of the arts as well as of the sciences.

* The sustainable landscape is unlikely to be domi-
nated by the visually simple and near-sterile ex-
tremes of urban or engineered space. It is likely to
incorporate elements of urban space as people
transform cities and industries to a more sustain-
able model.

* The appearance of a naturalistic landscape often
contributes to ecological function, but does not
guarantee it. For this reason, neither naturalistic
nor sustainable constructed landscapes should ever
be viewed as substitutes for wild places,68 which
will remain critically important no matter how

“ecological” built landscapes become—or appear.

What does this mean for the practicing landscape
professional? First and foremost, that the sustainable
landscape will have room for creativity and diversity,
perhaps even more so than the conventional styles
that dominate our work today. It means, as great

landscape design always has, an integration of the
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whole person—the supposedly opposite technical
and artistic sides—in the work process. It means
there will be less of a premium on clever ability to
cover up compost bins or valve boxes, and more de-
mand for people who can visualize and build inte-
grally with the site. It means that fewer forms in the
landscape will be oversimplified mechanical surfaces,
and more will be interfingered in three dimensions,
difficult to build well except by hand. It means that
the appearance of the landscape will be influenced
very directly by careful thought about resources and
methods used to build it. It means, we hope, a wave
of creativity rising to meet one of humanity’s most

important challenges.

Greenwash and Related Deceptions

Growing public concern about planetary life-support
systems has prompted some designers, developers,
and public agencies to do something about it—while
others think it enough to appear to be doing some-
thing. The latter is “greenwash,” which should not be
confused with landscapes, natural or constructed,
that perform genuine ecological functions. Green-
wash is for designers who want on the “eco” band-
wagon without the headstrong unpredictability of the
horse that pulls that wagon—ecosystem dynamics.
Examples of landscape greenwash abound. They
include “boutique wetlands,” carefully positioned, trés
chic installations that look like functioning wetlands
but depend entirely on artificial support systems.
Tanner Springs Park, a new park in downtown
Portland OR, is an example. Built in memory of a
stream now entombed in an underground culvert, the
park collects the stormwater to maintain what looks
like a small wetland. Storing what it collects in an un-
derground cistern, it requires little or no city water.
That's good. Recirculating stormwater through
cleansing sand and wetland plants, it demonstrates
how water s filtered in nature. That’s good, too. But
the park is not connected to any watershed, nor does
it empty (except when extreme storms cause the cis-
tern to overflow) into the Willamette River.*” The
park is only stylistically a wetland. That's deceptive.
Memories of vanished pastoral scenes underlie

many greenwash landscapes. Extensive technology

mimics the look without the function. In St. Louis,
historic Forest Park boasts a man-made river. One of
the most technically ambitious hydraulic engineering
projects in any park in the world creates something
called, with no apparent irony, River Returns, which
looks as though it has always been there. The 2.5-mile
constructed waterway roughly follows the historic
course of the River des Peres, which since the 1930s
has been buried in a huge concrete culvert. A team of
engineers, hydrologists, and landscape architects con-
structed a convincing replica of the now-invisible des
Peres, planting the banks with native wildflowers to
complete the illusion.

Does it really make sense in the twenty-first cen-
tury to create an imitation of a vanished river? This
is something quite different from “daylighting” and
restoring streams in cities—for example, restoring the
natural meanders and floodplain of Buffalo Bayou in
Houston. Forest Park is not a restored stream; it’s a
facsimile—and a profligate one at that. It takes 1.5
million gallons of city tap water daily to keep the illu-
sion convincing. Given the resource costs of building
a 2.5-mile water feature today, why not give it a con-
temporary design that celebrates its ingenious tech-
nology?

Greenwashing may make some citizens feel that
they are doing something to help restore local envi-
ronmental systems. But boutique systems don't really
restore much—they just look as if they do. They
spread ecological disinformation: by lulling the public into
thinking something substantive has been done, they
dissipate the energy needed to undertake real ecolog-
ical restoration.

Successtul ecological design focuses on deciding
what functions a given built landscape should per-
form and designing for those, not by setting out to
achieve a certain look. Although the fractal forms of
nature clearly have functional powers, natural func-
tions can often fit into geometric shapes. The illusion
of natural, long-established landscape can be costly
and unnecessary.

A more subtle form of greenwash occurs when
isolated buildings or sites are described as “green.”
Although energy efficient and built with minimum
site disruption, these projects are undermined by

their very isolation. Distance from mass transit or any



Figure 0.9 Tanner Springs
Park in Portland OR, a
“boutique wetland.” Though
totally artificial, it is designed
to simulate a functioning wet-
land. (Project: Atelier Dreseitl.
Photo: George Hazelrigg.)

Figure 0.10 The River Re-
turns (St. Louis): rather than
“daylighting" the actual river,
culverted below Forest Park,
this facsimile was built, an ex-
ample of “greenwash.” (Project:
St. Louis Development Corpo-
ration. Phoro: Scott Avetta.)
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other low-impact form of transportation ensures
high resource costs, no matter how efficient their in-
ternal workings. When the building materials for a
15,000-square-foot mansion are trucked miles up
logging roads, and the owner arrives by helicopter,
the result is far from green. Custom suburban homes
suffer, to a lesser extent, the same distance-based
problem.”

A related issue is the attempt to portray modular and
prefabricated buildings as “green.” To be sure, there are
real efficiencies when buildings are produced in a fac-
tory-like setting. Efficient construction tools can be
used, scrap can easily be recycled, and workers may not
need to drive to work. However, trucking the structure
cross-country to the site, and placing it once there,
requires heavy energy inputs. The need for a straight
line of unimpeded movement for something as large
as a house usually means significant extra land clear-
ance. (Structures built as small assemblies, moved
onto the site for final setup, are quite different.) Stan-
dardizing structures necessarily reduces the ability to
make sensitive adjustments to fit building to site. Al-
though probably not utter greenwash, the greenness
of such systems appears overrated.

Another problematic claim is exemplified by Big
and Green: Toward Sustainable Architecture in the 2 1st Cen-
tury, a 2003 exhibition in Washington DC.”T While
many of the fifty or more skyscraper projects featured
in the exhibit had innovative features for ventilation,
cooling, water management, and so on, calling their
overall performance “green” seems highly debatable.
Plants under glass were supposed to serve ecological
functions such as water purification. It was evident
from the drawings that the soil volumes allowed by
the architects were woefully inadequate even to sup-
port the trees shown, let alone to produce a function-
ing ecosystem.,

Besides unworkable details, there were two issues
of scale. First, natural systems, such as wetlands, take
a specific amount of space to process a given volume
of water; compressing such systems into small spaces,
as high-rise real estate demands, is dubious. Second,
most of today’s large buildings, whether skyscraper
or big-box retail warehouse, function as unitary ob-
jects that are entirely the wrong scale to work with
nature. Shadowing and wind-tunnel effects of tall

buildings almost always decrease ecological function-
ality of large areas nearby, as do the monolithically
impervious footprints of horizontal big-box struc-
tures. None of these giant buildings could survive
without importing resources—food, water, energy—
from a large supporting landscape.

Although it is unclear whether natural systems re-
quire specific natural or fractal forms, it is unquestion-
able that they are scale dependent. Green solutions
cannot simply be scaled up until they are Big. Con-
centrating population in urban areas without pro-
ductive landscapes already disrupts environmental
resilience. The demand for “big, tall, and all under
one roof” is a symptom of that overconcentration.
The intellectual temptation to think giant buildings
can be “greened” needs a reality check.

“Greenwash” is not a term to be used lightly. For
one thing, it implies a deliberate attempt to mislead.
Far more of the kind of problems discussed in this
section result, we suspect, from incompletely think-
ing through basic assumptions, the kinds that should
be questioned before design begins. Is this project re-
ally needed? Is this really an appropriate place for
such land use? Is this the deepest cut in resource con-
sumption that is possible, or merely whittling off
enough to give bragging rights?

No project is perfectly sustainable, and no one
should cast stones without thinking carefully. A final
example serves to underline this point.

A number of recent articles have tried to make
sustainability sexier: green and gorgeous, as one was
titled.”? Some manufacturers fear that calling their
product “green” will associate it with aging hippies,
ugly homemade shanties, and tofu-only diets—a kind
of reverse greenwashing. But the attempt to “help en-
vironmentalism go upscale” is paradoxical. At one
level, if sustainability doesn’t shed its back-to-basics
image and get some glamour, how will it ever catch
on in consumer society? Excessive consumerism and
its massive distribution systems, however, are clearly
unsustainable. The all-luxury-all-the-time expecta-
tions of “upscale” markets amplify that problem.
Green and glamorous is a difficult balance.

Until life-cycle performance analysis of sustain-
able projects becomes common, “greenwash” may re-

main one of those things that “I can't define, but I



know it when I see it.” Meanwhile, it is important not
to rack up a few “better-than-usual” features and con-
tentedly proclaim the whole project Sustainable with
a capital S.

thbinieing Spetial Landsmpe Types for Sustainability

Almost any landscape’s environmental performance
can be improved, but several specific landscape types
have recently attracted extra efforts. These land uses
may have special “fit” with sustainable techniques,
may cause extra problems if designed conventionally,
or may typically be owned by environmentally at-

tuned people.

UniversitTy CAMPUSES

College faculty have long been “talking the talk” of
environmental responsibility. Academia’s physical
landscapes, by and large, have not kept pace. The tra-
ditional campus—trees amid vast manicured lawns
and annual beds—is resource consumptive and habi-
tat poor. The “weedy, wooly look” of a naturalized
campus is at odds with the traditional groves of acad-
eme and requires reeducation to be accepted.'/3

Some campuses have created prototypes worth fol-
lowing. The Center for Regenerative Studies at Cal
Poly Pomona (Figure 0.1) is a model sustainable
campus. University administration initially misjudged
its value, but today its future looks brighter. The
School of Architecture and Landscape Architecture
at Penn State University installed an extensive system
of parking-lot bioswales, native plantings, and a green
classroom and studio building.74 Sustainability com-
mitments are also reflected in the Center for Water-
shed Stewardship, a collaboration of foresters and
landscape architects.

At Shenyang Architectural University in northern
China, seven acres of working rice paddies challenge
the artificial separation between designed landscapes
and food production, between campus and country-
side. This working landscape (by Turenscape, Beijing)
includes strikingly patterned pedestrian paths and a
student park among the paddies. Students partici-
pate in local herbicide- and pesticide-free farming
methods, producing rice and vegetables consumed in

the college cafeteria. Frogs and loach, a fish that eats
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mosquito larvae, inhabit the fields during the wet
cycle.”

Historically, food-producing campuses (especially
at agricultural colleges) were common, but Shenyang
is unusual among modern universities. Growing food
on campus, with few chemicals, reduces its embod-
ied energy and follows an international trend toward
locally grown food. Campuses like Shenyang’s could
become links in what European designers call CPULs:
Continuous Productive Urban Landscapes.”

Campus landscapes form venues for environmen-
tal learning. Some landscape architecture and architec-
ture departments involve their students in tangible
“greening” projects. Temple University Ambler cam-
pus and the University of Oregon contain fine exam-
ples of design-build projects accomplished by the
students.

Landscape architect Meg Calkins suggests several

green campus guidelines:

* Redefine public ideals of campus beauty.

* Limit lawn to culturally significant areas; promote
native plantings.

* Use the campus to teach environmental literacy.

* Coordinate with facilities operations and mainte-
nance.

* Cultivate support at the highest levels of admin-

istration.””

The movement toward green campuses goes well
beyond the landscape, of course. As Peggy Bartlett,
editor of Siistainability on Campus, points out, “Cam-
puses across the United States alone represent an
enormous investment in buildings and land, and
therefore how [universities | maintain and build phys-
ical plant, engage in buying practices, dispose of
waste, and consume energy is critically important to

the environmental health of the broader societyf’78

“GREEN BURIAL” TO PRESERVE AND RESTORE LAND

Conventional cemeteries are extensive landscapes and,
by and large, are among the most sterile landscapes
imaginable: flat planes of grass with graves in indus-
trial rows, often 1,000 per acre. Adorning the graves
with plastic flowers is eerily appropriate, for these are

truly deathly places. What a difference from the great
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Figure 0.I1 Shenyang
University, China: sustainable
rice paddies dissolve the separa-
tion between ornamental cam-
pus and food-producing land-
scape. (Project: Turenscape. Photo:
Turenscape.)

nineteenth-century landscape cemeteries like Mt.
Auburn in Boston, with its rolling topography and
lush forest canopies!

Making cemeteries sustainable requires changing
cultural attitudes, a potentially uncomfortable discus-
sion. Conventional burial bears a disquieting resem-
blance to toxic waste disposal.”’ The body is pumped
tull of toxic embalming fluids to guard against natu-
ral processes of decay, then hermetically sealed in a
coffin to prevent contact with soil, water, or microor-
ganisms: it is to be utterly removed from the cycle of
life. Cremation might seem more “ecological,” but it
requires large inputs of fossil fuels and releases air
pollutants.

Frightening as bodily decay is to many people, we
are part of that cycle. Some individuals and cultures
have celebrated this: the painter Edvard Munch wrote,

“From my rotting body, flowers shall grow and I am
in them and that is eternity.”3" Green cemeteries re-
turn to simple, un-embalmed burial in wood caskets
or even shrouds.

Greener treatment of the body and of the land-
scape are parallel issues. Green cemeteries address
both issues by burial in landscapes that are then re-
forested. The Natural Death Centre, a British non-
profit, began with a single cemetery in 1993. Today
there are ninety.

Only one such cemetery presently operates in
North America, although others are planned. At
Ramsey Creek, near Westminster SC in the Ap-
palachian foothills, graves are scattered throughout
an existing forest, which, aside from walking paths, is
under conservation easement. Gravestones are simple

rocks from the immediate watershed. All plantings



must be native to the region. As the cemetery’s Web site
explains: “The use of the woodland as an environmen-
tally conscious graveyard will help preserve the ecosys-
tem intact—] preservationists can| tap into the $20
billion per year funeral industry to provide funds
[for] endowments that save and restore beautiful land
that might otherwise be lost to development.”®!

Joe Seehy, founder of the Green Burial Council,

points out how graveyards and nature sanctuaries
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Figure 0.12 Shenyang stu-
dents experience direct connec-
tion with their landscape and
their food source. (Project:
Turenscape. Photo: Turenscape.)

overlap: their intent to preserve land in perpetuity.
Many states require that cemeteries be managed un-
der long-term trusts. Land trusts have closely paral-
le] organization and almost always need sources of
funding. People routinely pay large amounts of
money for tiny plots in sterile conventional cemeter-
ies. The same money can fund protection for land-
scapes disturbed only by the occasional, carefully

managed burial and a few visitors.%

Figure 0.I3 At Ramsey
Creek cemetery in the
Appalachian Mountains, the
deceased decompose naturally
in the soil of a trust-protected
woodland. (Project: Memorial
Ecosystems. Photo: Sam Wang,)
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Seehy notes that although he expected people to
be squeamish about discussing this concept, his ex-
perience has actually been just the opposite. “People
find it liberating,” he says. “They are looking for
meaningful alternatives to the conventional funeral

industry.” Green cemeteries offer such an alternative.

Sk1 AREAS

Downbhill skiing requires clear slopes, often carved
out of some of the nation’s wilder landscapes. Their
impact on wildlife, erosion, and visual quality can be
significant. In addition, a large ski area like Aspen
uses 45 million gallons of water each season for
snowmaking and other purposes.?

Global warming seriously threatens the ski indus-
try; US areas have declined in number from 727 in
1984 to 478 today, often due to waning snow pack.
The National Ski Area Association (NSAA) intro-
duced an environmental charter in 2000, updated in
2005. Aspen Skiing Company produced one of the
first LEED-certified buildings; in 20006, 22 ski areas
were 100 percent wind or solar powered.

The voluntary NSAA charter lists techniques to
decrease the environmental impact of skiing. Water
used in snow making can be recaptured, not only for
ski area reuse but for summer uses, such as maintain-
ing stream flow; grading soil moguls requires less
snow cover (and less water use); ski-trail signage and
snack-bar cups can educate the public. Forest clear-
ing remains an issue unless everyone turns to cross-
country, but short of such drastic measures, ski
companies are reducing their environmental foot-
print.

One aspect of NSAA’s approach is worth copying:
their online database of case studies, keyed to each
technique in the charter, promotes sustainable design

to members and to broader audiences.

Eco-rEsorTs, Parks

In many national parks, such as Zion and Yosemite,
pressures from increasing numbers of visitors has
forced reassessment of transportation and facilities.
A natural-gas shuttle system, for example, has re-
placed almost all private-car access to Zion, dramat-
ically improving visitor experience and reducing

impacts on the park.84 Public-sector landscapes, of-

ten overlooked in glamour-focused professional pub-
licity, are often sustainability models.

These changes are not without critics. At Yose-
mite, a $440 million project balances resource pro-
tection with public access, but has been assailed as
for-profit development excluding all but the rich.®®
Less camping and more hotel rooms will be pro-
vided—but where 80 percent of 1970s visitors
stayed overnight, today 80 percent are day-trippers.
The plan includes a shuttle, removing a dam to let
the Merced River flow through the park, and in-
stalling raised boardwalks to protect the floodplain
while accommodating visitors.

Even with sustainable facilities, tourism’s sheer
numbers have real impacts on some of the world’s
best-loved landscapes. This issue sparked a national
debate in 2000 when the Sierra Club sued to require
the Hawaii Tourism Authority to perform an envi-
ronmental impact assessment before spending public
funds to attract more tourists.*® Although the case
was dismissed in 2002, the question remains: do
heavily visited landscapes have a carrying capacity,
and if so, what roles do design, planning, and policy

play in making them sustainable?

AMENITY MIGRATION

Exceptional wild landscapes were once strictly visit-
and-leave destinations. Today, however, people in-
creasingly live in these landscapes, empowered by
communication and transportation technology.
These are “amenity migrants.”

Laurence Moss, who coined the term “amenity
migration,” describes it this way: as the biosphere be-
comes degraded by unsustainable development, “a
very influential but growing minority of humankind
is seeking what remains, especially the best of it.
Owning high-amenity landscapes or proximate prop-
erty now constitutes a global driving force.”%’

Amenity migration is two-edged. Those commu-
nities that have protected their amenity landscapes,
and that mandate sustainable development, are see-
ing economic booms. But in many desirable places,
existing communities are overwhelmed by new peo-
ple and money. Similar conflicts occur in the so-
called Urban Wildland Interface where wildfires and
residences collide (see p. 106).



Many amenity communities are leading markets for
sustainable design. Yet privatization and intense devel-
opment (green or otherwise) in fragile ecosystems give
this trend a dark side. For both reasons, resort com-

munities are a landscape type that bears watching.

‘WaLkABLE COMMUNITIES
The goals of sustainable design include human
health, not just landscape preservation. Increasingly,
sprawl landscapes are blamed for the US obesity epi-
demic. Of average Americans’ daily trips, fewer than
6 percent are made on foot, according to the Federal
Highway Authority. Reshaping the urban landscape
toward walkability has become a focus for several re-
search groups.®

Any planning initiative against sprawl will have
major impacts on design work. Public spaces that en-
courage regular walking, but avoid overpaving, will
require sustainable design and construction expertise.

Sustainable redesign of campuses, cemeteries, re-
sorts, parks, and even The Suburbs is encouraging:
the concept is maturing. Sustainable practices can be
applied to a very wide range of landscape types, some
of which offer more immediate incentive than others
for this effort. The results can make a substantive
change and be very stylish—or they can be all style
and no substance. The ability to judge the difference,
and to recognize the tradeoffs, is what makes the
practical techniques of sustainability mean something

in practice.

Resources

“Sustainability” in Context
General

Search Terms: sustainability OR environment OR ecology

Worldwatch Institute 800-555-2028, www.worldwatch.org/ :
Annual State of the World statistics.

Real Goods 800-762-7325, www.gaiam.com/realgoods/:
On-site energy systems suppliers, consultants, training, books,
including Solar Sourcebook.

Permaculture: A Designers’ Manual Bill Mollison, 1988 Tagari Publi-
cations, Australia: Widely available at US booksellers; system-
atic, eccentric agriculture-focused techniques.

Alternatives Journal 866-437-2587, www‘alternativesjournal.ca/ :
Canadian journal of environmental practice and theory.

E magazine 315-734-1242, www.emagazine.com/ : General
environmental magazine; covers restoration, materials, and

maintenance.
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Green Disk 1-838-GRIN-DISK, http: // gortucsd.edu /newjour/' g/
msg02279.html: Paperless environmental journal on disk;
indexes to seventy related journals.

Cyberplaces /Architects First Source www.cyberplaces.com/ : Links
to anything about places—design, mapping, construction, etc.

Environmental Management Tools on the Internet Michael Katz and
Dorothy Thornton, 1997 St. Lucie Press, Delray Beach FL

Geonetwork www‘geonetwork.org/ : Bookstore and information
source.

Iris Communications 800-346-0104, www.oikos.com/: Book-
store and information source.

Island Press 800-828-1302, www.islandpress.org/ , Washington
DC: Not listed just because they're our publisher—wide-ranging
list of books on applied and theoretical environmental issues.

Ethics and the Built Environment W. Fox, 2000 Routledge, New York

EnviroLink: The Online Environmental Community www
.envirolink.org/: Access to thousands of environmental
resources, news.

Ecology and Design: Frameworks for Learning B. Johnson and K. Hill,
2002 Island Press, Washington DC: Integrating ecological
principles and design practices into teaching.

ecoDesign: The Sourcebook A. Fuad-Luke, 2002 Chronicle Books, San
Francisco: Wide-ranging photo catalog; only three pages on “gar-
dening” including solar-robotic mower and pedal riding mower!

Structure and Meaning in Human Settlements T. Atkin and ]. Rykwert
(eds.), 2005 University of Pennsylvania Museum, Philadel-
phia: Tllustrates built environments across time and culture.

Landscape Architectural Graphic Standards L. Hopper (ed.), 2007 Wiley,
New York: Extensive, highly condensed; some sustainability.

Landscape and Sustainability ]. Benson and M. Roe, 2000 Spon
Press, UK: Landscape as a basis for policy, science, and design.

The Cultural Creatives: How 50 Million People Are Changing the
World P. Ray and S. Anderson, 2000 Three Rivers, New York:
Study of demographic group most supportive of sustainable
change.

Blessed Unrest: How the Largest Movement in the World Came into Being and
Why No One Saw It Coming Paul Hawken, 2007 Viking, New York

The Environmental Impacts of Road Vebicles in Use: Air Quality, Climate
Change, and Noise Pollution 1999 UK Department of the Envi-

ronment, Transport, and the Regions, London

Ecology

Search Terms: ecology | | forest ecology | | aquatic ecology | |
desert ecology | | soil ecology | | activism AND ecology OR
environment | | environment publishers | | deep ecology

Landscape Ecology Principles in Landscape Architecture Wenche Dram-
stad, James T. Olson, and Richard Forman, 1996 Island Press,
Washington DC

Stalking the Wild Amaranth: Gardening in the Age of Extinction Janet
Marinelli, 1998 Henry Holt, New York: Clear account, by
garden lover, of damage and good that gardens do.

Restoration and Reclamation Review http: / /horticulture.coafes.umn
.edu/vd/h5015/rrr.htm: University of Michigan Horticul-
ture Science Department student online journal.

Foundation for Deep Ecology www.deepecology.org/: Important
concepts, policies, publications.

Forging a West That Works: An Invitation to the Radical Center Quivira
Coalition, Santa Fe NM, www.quiviracoalition.org/ : Leading
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advocates of common cause between commercial land users
and environmentalists.

Ecology.com: An Ecological Source of Information www
.ecology.com/ : General ecology information, science news,

publications, and links.

Climate change

Search Terms: “LUCC” | | climate change | | global warming

| | land use + climate

Climate Science Research http://climatesci.colorado.edu/: Links
to international research on landscape clearance and global
warming,

Pielke Research Group http: / /cires.colorado.edu/science/ group
/ pielke /: Active research on land use and climate change.

Human Impacts on Weather and Climate W. R. Cotton and R. A.
Pielke, 2006, 2nd ed., Cambridge University Press, Cambridge

Vegetation, Water, Humans and the Climate: A New Perspective on an
Interactive System P. Kabat et al. (eds.), 2004 Springer, Berlin

US Global Change Research Information Office www.gcrio‘org/

Land Use and Global Climate Change: Forests, Land Manage-
ment, and the Kyoto Protocol www.pewdimate.org/ global
-warming-in-depth / all_reports /land_use_and_climate
_change/ index.cfm: Prepared for Pew Center on Global
Climate Change, June 2000.

Architecture 2030 www‘architecturCZO:SO.org/ s
http:/ / WWW.ZOIOimperative.org/ : Designers taking lead
against global warming; 2010 is a curriculum-change program.

Adapting Buildings and Cities for Climate Change: A 21st Century Sur-
vival Guide S Roaf et al., 2005 Architectural Press, Oxford: As-

sumes global warming will happen and structures must change.

Green building

Search Terms: green building | | green construction | |

sustainable building | | LEED
Rocky Mountain Institute 970-927-3851, www.rmi.org/ :

Nonprofit research and education organization, especially
strong on energy.

US Green Building Council 202-8287422, www.usgbc.org/:
Promotes green building; publications; LEED.

GreenBuilding.com, www.greenbuilding.com/ : Green building
history, facts, resources, and links.

US EPA Green Building Web Site Www.epa.gov/ greenbuilding/ :
Wealth of green building information; resources for funding;
national programs.

The HOK Guidebook to Sustainable Design Sandra F. Mendler, William
Odell, and Mary Ann Lazarus, 2005, 2nd ed., Wiley, New York

Land and Natural Development (LAND) Code: Guidelines for Sustain-
able Land Development Diana Balmori and Gaboury Benoit,
2007 Wiley, New York

A Building Revolution: How Ecology and Health Concerns Are Trans-
forming Construction D. M. Roodman and N. Lenssen, 1995
Worldwatch Institute, Washington DC

A Primer on Sustainable Building Dianna L. Barnett and Wm. D.
Browning, 1995 Rocky Mountain Institute, Snowmass CO,
970-927-3851, www‘rmi‘org/

European Directory of Sustainable and Energy Efficient Building James
and James Ltd: Annual directory.

Sustainable Building Technical Manual D. Gottfried and A. Osso, 1996:

Purchase loose-leaf from US Green Building Council; full text
available at http://freshstart.ncat.org/articles/ ptipub.htm.

Building the National Parks: Historic Landscape Design and Construction
Linda Flint McClelland, 1998 Johns Hopkins University
Press, Baltimore

Green Building Materials: A Guide to Product Selection and Specification
R. Spiegel and D. Meadows, 2006 Wiley, New York

Journal of Green Building htep://www.collegepublishing.us/journalhtm

Building for a Future www.buildingforafuture.co.uk/

Environmental Building News (EBN) Brattleboro VT, 802-257-
7300, www.buﬂdinggreen‘com/ ecommerce/ebn.cfm?: Essential
source about green building: methods, products, news, book
reviews. Online by subscription; CD-ROM.

Smart Communities Network www.smartcommunities.ncat.org/ :
Resources, tools, links, “green” community success stories.
Who's Green: The Directory of Who’s Green in the Design and Construc-

tion Field Ecotone LLC, Kansas City MO: Listings: firms
(design, engineering, interior, consulting), green building or-
ganizations, nonprofits, green schools, and media.

Green Building Products: The GreenSpec Guide to Residential Building
Materials A. T. Wilson et al., 2005 New Society Publishers,
Brattleboro VT

Sustainable Construction: Green Building Design and Delivery C. ]. Kib-
ert, 2005 Wiley, New York

Green Building Project Planning and Cost Estimating: A Practical Guide
for Constructing Sustainable Buildings A. Keenan and D. Georges,
2002 R. S. Means, Kingston MA: Cost data for green materi-
als, components, and systems, special project requirements,
financial analysis and incentives.

Regenerative Design Techniques: Practical Applications in Landscape
Design P. Melby and T. Cathcart, 2002 Wiley, New York: Ac-
tually more about architecture than landscape.

Building for Life: Designing and Understanding the Human-nature Connec-
tion Stephen R. Kellert, 2005 Island Press, Washington DC: Pro-
ponent of “biophilic” design; criteria a bit vague, but inspiring.

Ecological Design Handbook F. Stitt (ed.), 1999 McGraw Hill, New
York: Broad anthology of excerpts from other books.

Skinny Streets and Green Neighborhoods C. Girling and R. Kellett,
2005 Island Press, Washington DC: Good planning concepts.

Low-impact Development Design Strategies 1999 Prince George’s
County MD Dept. of Envir. Resources: Well integrated and
illustrated; good section on public outreach.

Green Architecture Raj Barr-Kumar, 2003 Barr Int LLC, Washing—
ton DC, www.barrarchitects.com/: Illustrates regional adapta-
tions in many cultures.

Ecoregion-based Design for Sustainability R. G. Bailey, 2002 Springer,
New York: Third in series (along with Erosystem Geography and
Ecoregions).

Planning and Design Strategies for Sustainability and Profit A. Pitts,
2004 Architectural Press, Oxford: International examples,
businesslike attitude; mostly architecture.

The Not So Big House: A Blueprint for the Way We Really Live and Out-
side the Not So Big House Sarah Susanka (with J. Messervy),
Taunton Press, Washington DC, various dates: See www
.notsobighouse.com.: Trendsetting residential concepts com-

bining sustainability and intimate spaces.

Construction

Search Terms: landscape construction | | outdoor construction
| | construction | | landscaping



Legal Daisy Spacing: The Build-a-Planet Manual of Official World
Improvements Christopher Winn, 1985 Random House, New
York: Probably the world’s only funny book on landscape
construction (hey, we tried )—and insightful, too.

Professional Land Care Network Herndon VA, 703-736-9666,
www‘landcarenetwork.org/ cms/home.html

An Illustrated Guide to Landscape Design, Construction, and Management
Gregory M. Pierceall, 1998 Interstate Publishers, Danville IL

An Introduction to Landscape Design and Construction Bartholomew J.
Blake, 1998 Gower Publishing, Brookfield VT

Landscape Architecture Construction Harlow C. Landphair and Fred
Klatt, 1998, 3td ed., Prentice Hall, New York

Landscape Construction David Sauter, 1999 Delmar Publishers,
Albany NY

Landscape Construction and Detailing Alan Blanc, 1996 McGraw-
Hill, New York

Making Garden Floors: Stone, Brick, Tile, Concrete, Ornamental Gravel,
Recycled Materials, and More P. Gilchrist, 2001 Lark Books,
New York

Landscape Construction and Detailing: Articles in “Landscape Architec-
ture” Magazine, 1910—1979 Bruce K. Ferguson, 1981 Vance
Bibliographies, Monticello IL

The Handbook of Landscape Architectural Construction Maurice Nelis-
cher, 1985, 2nd ed., Landscape Architecture Foundation,
Washington DC

Public Works Research Institute (Japan) www.pwri.go.jp /: Envi-

ronmentally oriented construction research, including roads.

Technology
Search Terms: landscape technology | | technology

American Society of Agricultural and Biological Engineers 800-
606-2304, www.asabe.org/ : Publishes voluntary standards for
machines, methods, materials; some relevant to landscape work.

Why Things Bite Back: Technology and the Revenge of Unintended Conse-
quences Edward Tenner, 1996 Vintage, New York: Thought
provoking, well documented on technology causing more
trouble than it solves.

Chenier’s Practical Math Dictionary Norman ] Chenier, 1997 Che-
nier Educational Enterprises, Gladstone MI: A visual index
makes it unusually easy to find formulas applicable to solving
specific real-world problems.

Style and sustainability

Search Terms: sustainable living | | sustainable home | | eco
living | | eco friendly | | biophilic design| | biomimicry

The Countryside Ideal: Anglo-American Images of Landscape M. F.
Bunce, 1994 Routledge, New York: Analysis of attitudes
toward look and function of US landscapes.

The Fractal Geometry of Nature Benoit Mandelbrot, 1983
W. H. Freeman, New York: Clear, revolutionary analysis of
natural pattern as more than “random.”

“The Experience of Sustainable Landscapes” Robert L. Thayer
Jr., Fall 1989 Landscape Journal

“Toward a New Garden in Critiques of Built Works of Land-
scape Architecture” William MacElroy and Daniel Winter-
bottom, Fall 1997 LSU School of Landscape Architecture : On
“infra-gardens.”

Earth Easy Sustainable Living www.eartheasy.com/ : Information
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on sustainable living, including live, grow, eat, play, wear, and
give.

Eco-revelatory Design Exhibit University of Illinois Department of
Landscape Architecture, www.gis.uiuc.edu/ ecorev/: Exhibit cata-
log (special issue, Landscape Journal); fifteen projects, eight essays.

Emotional Design: Why We Love (or Hate) Everyday Things D. A. Nor-
man, 2004 Basic Books, New York: Reminder that even sus-
tainable design is not just functionality.

Last Child in the Woods: Saving Our Children from Nature-deficit Disor-
der R. Louv, 2005 Algonquin Books, New York: On human

need for natural surroundings.

Planning, design, and management

Search Terms: land + (use OR planning OR management OR
design) | | land-use planning | | landscape + (design OR
management OR planning) | | urban design

Clarence Stein Institute for Urban and Landscape Studies Cornell
University, www.crp.cornell.edu/: Special interest in Ebenezer
Howard and Garden Cities as influences on sustainability.

Planning Advisory Service http: // www.planning.org/ :
Subscription-based research network.

Design with Nature lan McHarg, 1995, reprint, Wiley, New York:
Still the classic.

Environmental Management Handbook Sven-Olof Ryding, n.d.IOS
Press, Amsterdam: International review of issues and tech-
nologies; summary for decision makers.

Risk-based Analysis for Environmental Managers K. A. Frantzen,
2002 Lewis Publishers, Boca Raton, FL.

The Living Landscape: An Ecological Approach to Landscape Planning
Frederick R. Steiner, 1991 McGraw-Hill, New York: Excel-
lent planning-scale methods.

Best Development Practices Reid Ewing, 1996 American Planning
Association, see www.planning.org

Conservation Design for Subdivisions Randal G. Arendt, 1996 Island
Press, Washington DC

Deep Design: Pathways to a Livable Future David Wann, 1996 Island
Press, Washington DC

Ecological Design Sym Van Der Ryn and Stuart Cowan, 1996
Island Press, Washington DC

Ecological Design and Planning Frederick Steiner and George F.
Thompson, 1997 Wiley, New York

From Eco-cities to Living Machines: Principles of Ecological Design Nancy J.
Todd and John Todd, 1994 North Atlantic Books, Berkeley CA

Green Development: Integrating Ecology and Real Estate Alex Wilson
and Rocky Mountain Institute, 1998 Wiley, New York: A
CD-ROM with case studies is also available.

Guiding Principles of Sustainable Design 1993 National Park Service
Technical Information Center, Denver CO

Landscape Planning: Environmental Applications Wm. Marsh, 1997,
3rd ed., Wiley, New York

Our Ecological Footprint: Reducing Human Impact on the Earth
M. Wackernagel and W. Rees, 1996 New Society Publishers,
New York

Regenerative Design for Sustainable Development John T. Lyle, 1994
Wiley, New York

Social Consequences of Engineering Hayrettin Kardestuncer, 1979
Boyd and Fraser, New York

The Ecology of Place Timothy Beatley and Kristy Manning, 1997
Island Press, Washington DC
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Time-saver Standards for Landscape Architecture: Design and Construc-
tion Data Charles W. Harris, Nicholas T. Dines, and Kyle D.
Brown, 1998, 2nd ed., McGraw-Hill, New York

Earthscape: A Manual of Environmental Planning John Ormsbee
Simonds, 1978 McGraw-Hill, New York

Recycling the City: The Use and Reuse of Urban Land R. Greenstein
and Y. Sungu-Eryilmaz, 2004 Lincoln Institute of Land
Policy, Cambridge MA

Construction Claims Monthly 800-274-6737,
www.bpinews.com/ const/ pages/ ccm.cfm: Newsletter of
construction litigation, often environmental.

Landscape Architecture ASLA, Washington DC, 202-898-2444,
www.asla.org/: Glossy project reportage; solid information on
environmental practices.

Yes! Positive Futures Network, 800-937-4451,
www.futurenet.org/: Quarterly, sustainability themed, urban
design; nontoxic materials; watersheds.

Environmental Design Guide Royal Australian Institute of Architects
Quarterly, EDG, www.architecture.com.au/i-cms,/

Smart Communities Network www.srnartcommunities.ncat.org/
buildings/ gbintro.shtml: Overview of green building, statis-
tics, success stories, ordinances, links.

Environmental Organization Web Directory http: // webdirectory
.com/Science/ Ecology/ Environmental_Community_Living /

Planners Network Www.plannersnetwork‘org/ : A good source of
contacts for policy-level issues.

Planning Commissioners Journal 802-864-9083, www.plannersweb
.com/

SmartGrowth Network 202-962-3623, www.smartgrowth.org/

Sustainable Communities Network www.sustainable.org/
index.html

Virtual Library: Sustainable Development www.ulb.ac.be/ceese/
meta/sustvl.html

Designer Shorts (Continuing Education) the Council of Land-
scape Architectural Registration Boards, www.clarb.org/
ContinuingEducationRW.asp: Many courses relate to sustain-
ability.

Greenmoney Journal 800-849-8751, www.greenmoney‘com/ : Quar-
terly; specifically includes green building, products, and energy.

Manufactured Sites: Rethinking the Postindustrial Landscape N. Kirk-
wood, 2001 Spon Press, New York

LandCadd 800-678-6565, www‘eaglepoint.com/ : Like other CAD,
accurate quantities and simulations can improve sustainability.

Vectorworks Landmark, 410-290-5114, www.nemetschek.com/:
Another landscape-specific CAD program.

Prairie Land Management 888-479-1760, www.habitatnow

.com/: Restoration of marginal farmland.

Types of green landscapes

“Greening Federal Facilities” prepared by Alex Wilson and
Building Green for US DOE, www.eren.doe.gov/femp/: All
aspects of sustainable design, construction, and maintenance
for government (including landscapes).

Sustainability on Campus P. Barlett and G. Chase (eds.), 2004 MIT
Press, Cambridge MA: Curriculum and built-environment
strategies.

Memorial Ecosystems 864-647-7798, www.memorialecosystems

.com/: Green cemetery in Westminster SC.

Green Burial Council WWW.greenburialcouncil.org/ : Nonprofit;
ethical, sustainable burial process as means of facilitating
landscape-level restoration and conservation.

“Toxic Burials: The Final Insult” Johnny P. Stowe, Elise Vernon
Schnidt, Deborah Green, Conservation Biology, Dec 2001

“A New Option for Afterlife” EBN, Mar 1999

The Woodland Cemetery: Toward a Spiritual Landscape Caroline Con-
stant, 1994 Byggforlaget, Stockholm

“A Green Way of Dying” Stephanie Ramp, www.newmassmedia
‘com/spring‘)‘)/

“A Natural Death” William Thompson, LAM, Oct 2002, 74

Death Matters David Lee Schroeder, North Carolina State Univer-
sity, Master’s Thesis, Spring 2002

Teamwork

Search Terms: sustainable collaboration | | environmental collab-

oration | | interagency OR teamwork

Growing a Business Paul Hawken, 1988 Simon and Schuster, New
York: Both of Hawken's business books offer an important

« o . . .
ecological” alternative to the conventional dog-eat-dog view.

The Ecology of Commerce Paul Hawken, 1993 Harper, New York

Community-based planning

Search Terms: community-based planning | | sustainability +

teamwork

Community Stewardship Organizations (CSOs) 520-290-0969,
www.sonoran.org/ : Contacts, resources on forming CSOs to
manage development.

Cultivating Community Success: Visions from the Heartland 1996
Heartland Center for Leadership Development, Lincoln NE,
www.heartlandcenter.info

Divided Planet: The Ecology of Rich and Poor Tom Athanasiou, 1998
University of Georgia Press, Athens: Clearly links global eco-
nomics and sustainability.

Streets of Hope: The Fall and Rise of an Urban Neighborhood Peter
Medoff and Holly Sklar, 1994 South End Press, Boston

The Careless Society: Community and Its Counterfeits John McKnight,
1995 Basic Books, New York

The Ecology of Hope: Communities Collaborate for Sustainability
Ted Bernard and Jora Young, 1997 New Society, New York

Toward Sustainable Communities Rachel Kaplan, Stephen Kaplan,
and Robert Ryan, 1998 New Society, New York

Community and Consensus: Reality and Fantasy in Planning Howell S.
Baum, 1994 Journal of Planning Education and Research,
http://jpe.sagepub.com/

“How I Turned a Critical Public into Useful Consultants”
Peter T. Johnson, Harvard Business Review, Jan—Feb 1993

“Rededicating Ourselves to Community” Jane E. Leonard,
Journal of Community Development Society 25, no. 1 (1994)

Community-based Environmental Protection 202-566-2182,
www.epa.gov/ecocommunity,/

Community-based Resource Management,
http://Www.snre.umich.edu/ecomgt//coﬂaboration.htmz
Specific to Michigan, but useful examples.

Reclaiming Nature: Environmental Justice and Ecological Restoration

J. K. Boyce et al., 2006 Anthem Press, New York



Principle I:
Keep Healthy Sites Healthy

The first rule of the tinkerer is to keep all the pieces.
—Aldo Leopold, quoted by E. O. Wilson, Biophilia

Every site resembles a living organism, and like or-
ganisms, sites vary in health. This chapter discusses
what “site health” means, and methods for preserv-
ing it during construction. Like human health, site
health is not easy to define in a simple formula. Pre-
vention is usually more successful—and less expen-
sive—than cure.

Protection of sites—particularly those with ma-
ture vegetation and healthy soils—is of increasingly
critical importance because deforestation links to
global climate change (see p. 14). Site protection can
make local, cumulative differences.

Landscape construction that accidentally or delib-
erately damages a bealthy site is doubly wasteful. While
restoration methods can repair many site injuries,
there is a point of no return, beyond which restora-
tion is neither cost-effective nor ecologically sufhcient.
Mature trees needlessly destroyed in construction are
not effectively “restored” by planting saplings, for
example. Thus, the first principle of sustainable land-
scape construction is self-evident yet easily over-
looked: avoid harm to healthy sites.

Protecting a healthy site requires care throughout the
design and construction process, from initial recon-
naissance through final cleanup. Sustainable design an-
ticipates and integrates appropriate construction
methods, influencing choices about siting, structures,
and materials. The quality and coordination of such
choices can make the difference between irreparable

damage and minimal impact.

Discussed in This Clmpter

Identifying healthy and unhealthy sites.

How site knowledge forms the basis for
sustainable work.

Dealing with pre-construction impacts
through teamwork.

General protection strategies applicable to
any important site feature.

Protection of specific features like soil,
vegetation, or water bodies.

Choice of construction equipment and

construction planning.

What Is a Healthy Site?

“Health” is one of those conditions everyone knows
when they see it, but which remains impossible to de-
fine completely. Despite this difficulty, it is impor-
tant for both ecological and economic reasons to
develop at least an operational definition of what
“site health” means.

It is fairly easy to say when a site is unhealthy:
stripped of topsoil by natural erosion or human care-
lessness, polluted by chemicals, supporting only a
small percentage of the richness of plant and animal
life found in the region, or overrun with invasive
species, sick sites are often obvious eyesores.

Some site “illnesses” are brief ones, with quick re-
covery. A site drowned in sediment by a flood, or
burned by a forest fire, may look unhealthy, but usu-
ally retains vitality and soon begins regrowth. In

37



38  Sustainable Landscape Construction

fact, many plant communities and soil types depend
on such events for long-term health. A site that is
healthy and has plentiful resources (water, soil fertil-
ity, sunlight) can recover from minor construction
damage, too.

More serious ill health results when toxic chemi-
cals are involved, or when soil is removed, massively
eroded, compacted, or paved. Some plant and animal
species invade the site in much the way that parasites,
microbes, or even cancers invade the human bocly.I

The cumulative effect of small, normal stresses
also affects site health. Individual factors like wind,
temporary drought, or increased ultraviolet radiation
can add up over time to weaken plant life that holds
a site together. Human use of a site produces new
stresses. A site that had limited resources to start with
may be unable to adapt to added stress.

Like healthy humans, healthy sites are productive,
have vitality enough to keep growing despite some
stress, and generally have a satisfying “look” and
“feel.” The appearance of a site can tell much about
its health. Some healthy sites, however, go through
messy-looking phases, and some landscapes conven-
tionally viewed as stylish conceal serious ill health.
Conventional landscape aesthetics are not a reliable
guide to site health. (See Figure 1.1 and Figure 1.2.)

Healthy ecosystems provide what have been called
“environmental services,” keeping air and water clean,
improving local climate, and creating food—services
on which human life depends.? Healthy sites also
provide many amenities. Compared to landscapes
cleared and flattened for convenience in construction,
healthy sites have significantly higher property values
(by at least 5-20 percent).’

Healthy sites are recognizable by several character-

1stics:

* They support diversity of plant and animal life
adapted to the region and linked to one another
in a web of interdependence.

° They are seldom dominated exflusz'vely Iay one species, and
especially not by species imported there by hu-
mans. (Criteria for agricultural sites are different,
but crop monocultures are also unhealthy.)

* Their communities or ecosystems (soil, plants,

and animals) are essentially self-maintaining, not de-

pendent on outside resources supplied by
people.

* Their living species are self-reproducing.

* The geological portion of the site is not changing too
rapidly to support the living community, nor poi-
soned or infertile.

* The site has sufficient vitality to overcome a variety
of stresses.

* The community changes with age through a

process called succession.

Succession is a regionally characteristic series of
changes. Healthy meadow or bog may be superseded
by healthy forest. Unlike invasion by imported
species, succession is healthy. It is like the changes in
a healthy human from infancy through adolescence,
maturity, decline, and death—and in the case of
plant communities, includes rebirth. Accelerating or
holding back succession without weakening the site’s
health is one of the most sophisticated methods of
site management. Excessively slow or fast succession,
like unusual aging in people, can indicate ill health.

It is seldom up to a single construction or design
professional to decide precisely how healthy a site is.
However, if developers, designers, and contractors
learn to recognize relatively healthy sites, such sites will
be valued and protected more often. Recognition and
protection of site health is increasingly required of

landscape professionals.

Take a Role in “Pre-construction”

Prior to what is conventionally considered the begin-
ning of either design or construction work, a great
deal can happen to the site. The pre-construction ac-
tors are likely to be realtors, surveyors, developers,
utility companies, and government agencies. Increas-
ingly, projects stand or fall on the input of neighbor-
hood groups as well.

Landscape professionals can influence most of
these groups toward sustainable practice—but only
if they form strong channels of communication and
give input at the right time. Failing this, these same
groups will act on the site, often by default, before
landscape professionals are involved. Some standard

practices—including hiring a landscape consultant



Figure I.I Assessing site health visually can be mislead-
ing. This site fits the conventional image of landscape
health, but it may use or pollute resources unsustainably.

(Photo: Kim Sorvig,)

only at the last moment to “shrub up” an already
completed design—attempt to disguise unsightly or
unhealthy results. Although not easy, winning influ-
ence over land-use planning is critically important to
sustainability. The teamwork required among land-
scape architect, contractor, architect (or other con-
sultants), and client/user is a good place to start

forging cornmunity connections.

Prevent “Pre-Clearance”

One very specific pre-construction practice is increas-
ingly unacceptable in light of the clear links between
vegetation loss and global warming (see p. 14). This
is the practice of “pre-clearance”—bulldozing a site
flat and removing all vegetation and much of the top-
soil before putting up a For Sale sign. Although real-
tors clearly believe flattened sites are attractive to
commercial buyers, pre-clearance is truly destructive.
Convenient, perhaps, for a big box or parking lot, but
what if a corporation wanted to create a model green
headquarters? Much of the incentive, and many “en-
vironmental services,” are now destroyed. We suspect
that pre-clearance is an end run around development
permit processes—if the site is cleared before the reg-
ulatory process begins, there is nothing left to regulate.

Sometimes pre-cleared sites lie naked and vacant
for years, waiting for sale, planning, design, and con-
struction. During that time, for absolutely no reason,
all the air and water benefits of healthy plants and

soils are lost.
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Figure 1.2 Messiness is commonly equated with il
health, but this site is growing back from flooding—an
important part of a healthy life cycle in any floodplain.
(Photo: Kim Sorvig,)

Site clearance should not only be kept to a mini-
mum, but should not be done any longer in advance
than truly necessary. Responsible, sustainability ori-
ented developers will not pre-clear. Unfortunately,
some conventional realtors and developers have to be
threatened with legal penalties before they consider
anything beyond their own interests. No site should
ever be cleared until a specific master plan or design has

been approved.

Do Your Homework First: Knowledge as
Sustainability

Those who think that site analysis before design or
construction is expensive need to consider the costs

of ignorance, which are always far greater.
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Figure 1.3 “Pre-clearance” destroys potential and actual
site benefits, for reasons that aren’t even commercially

valid. (Photo: Kim Sorvig,)

There are two kinds of “homework” involved in
protecting a healthy site. The information gained
from each applies to every subsequent step of sus-
tainable landscape work, from design through main-
tenance. The first involves attitude; the second, facts.

It is impossible to protect what you don't respect.
Even with a strong love of nature, working on a site
involves carefully setting priorities, and in many cases,
reeducating clients and coworkers. Attitudes about
preserving natural conditions have a strong influence
on design and construction priorities. Is the desire for
home soccer practice worth flattening the backyard?
Is impressing the neighbors justification for using ex-
tra resources or replacing native plants with lawn?
Choices like these are never easy and involve basic at-
titudes about human relationships to landscapes. This
book’s introduction includes thoughts about cultivat-
ing sustainable attitudes, as does the conclusion.

Between attitude and facts are concepts and mod-
els used to understand and organize complicated sub-
ject matter. Landscape ecology is one important
concept whose influence continues to grow. Around
1994-95, at least five federal agencies developed
land-management principles based on landscape eco-
logical concepts.* These policies treat landscapes and
ecosystems as nested systems at several scales, with
tuzzy boundaries, interacting with other units to
form the whole. A related conceptual system that is
useful for understanding landscapes in a dynamic way

is called complexity science, which studies and digi-

tally models systems made up of many independent
“agents.”?

Even with respectful attitudes, protecting what
you do not thoroughly understand is difficult. Infor-
mation gathering is critical to sustainable work, from
the earliest preliminary feasibility studies, through de-
sign and construction, and into maintenance. Data
gathering, both informal site reconnaissance and techni-
cal surveying, benefits from a team effort, clear com-
munication, and information sharing.

Reconnaissance should identify and evaluate site
features before design begins. (In fact, this knowledge
should inform selection of properties to develop, but
rarely does.) Much reconnaissance is visual, observ-
ing and noting conditions without technical equip-
ment. Published sources, such as soil and topography
maps or land-use records, are also important in effec-
tive reconnaissance.<> Contractors usually carry out
a separate reconnaissance just before bidding a con-
tract. Ideally, their insights should be part of the de-
sign process, though this is rare.

Surveying with technical instruments is too often
used only to establish ownership boundaries, general
contours, and a few construction control points. GPS
and GIS (see below) leave little excuse for not locat-
ing all major site features prior to starting design. As-
suming that “design” means remaking the site
without reference to anything existing is often at the
root of inadequate surveying.

Whether done with survey instruments or camera
and sketchbook, detailed site-specific mapping is a crit-
ical part of building sustainably. Homework left too
late may be of poor quality or may be overridden by
assumptions made before good information is gath-
ered. Much conventional construction is undertaken
from site plans that are nearly blank. Given clearer site
data, designers can work with existing topography or
trees, while contractors can prioritize site-protection
zones and avoid hazards to construction.

Site-specific data has long been considered prohib-
itively expensive to gather using conventional survey
methods. In this book’s first edition, we noted the
then-recent arrival of Global Positioning Systems
(GPS) and Geographic Information Systems (GIS).
GPS, for gathering ecologically important site infor-
mation affordably with less site impact, and GIS, to



store, analyze, and selectively map site data, have be-
come standard tools. They have generated more, bet-
ter, and cheaper site-specific information. Despite a
few attempts to monopolize this information for
profit, the overall result is better public access to site
data.

Increasingly, online information sources are help-
ful site reconnaissance tools. (They should seldom
become substitutes, however, for field observation.)
Extremely valuable site information formerly only
available in print—the US Soil Survey, climate data,
geological diagrams, native and invasive plant lists—
is available via the Internet. A wide variety of maps
and air photos is also online, some updated almost in
real time. For example, the University of New Mex-
ico’s Center for Rapid Environmental Assessment
and Terrain Evaluation has redeployed military tech-
nology to turn satellite data into maps instantly.
One projected use is mapping forest fires as they
happen. Studies of vegetation change, flooding, and
other quickly occurring processes are also in the
works.°

Software for organizing and visualizing Earth data
is improving rapidly. Google Earth provides views of
most locations on the planet. It is beginning to be
used as a central repository for links to other site-
specific information. In theory, by clicking on a place
on the Google Earth map, one can access site photos,
as-built drawings, regional soil or climate data, or lo-
cal history. The software has been used to expose
“mountaintop removal” by coal companies in Ap-
palachia;7 it could as easily be used to link any site to
tull ecological data. While no systematic effort has
yet been made, readily accessible “site-indexed” back-
ground information could be a quantum leap toward
making sustainable design the norm rather than the
exception. Microsoft’s Virtual Earth, released in
2006, will probably spur competitive developments
of online geographic information.

CommunityViz is a software add-in for GIS that
produces 3D visualizations of “what-if” land-use
scenarios. For example, specific house types can be
drawn, and the “look” of new development using a
mix of those house types at different densities can be
portrayed. This promising program has two major

landscape-related blind spots. Houses “plopped” on
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topographic surfaces do not reflect actual grading; and
air photos draped over 3D contour maps show vege-
tation and site features two dimensionaﬂy, as if steam-
rolled onto the slopes. Not dealing realistically with
two issues that so frequently make development ugly
and unsound, CommunityViz's current version can
actually mislead citizens trying to visualize acceptable
growth. Until those defects are fixed, it remains a po-
tentially green tool that leaves landscapes out.

“Agent-based modeling” (ABM) programs simple
rules of interaction into large numbers of individual
“agents” and produces remarkable simulations of
complex systems. This is perhaps the most promis-
ing trend in realistically envisioning ecological and so-
cial processes. Easy-to-learn but robust software for
ABM is “Netlogo,” downloadable free; for under-
standing any process where many small forces over
time produce large results, Netlogo is a powerful tool
that few landscape professionals yet use.

Use Flexible, Accurate Visualization Tools

Having good survey data doesn’t help much if it can’t
become visible in the design process. Although de-
sign graphics are well outside the scope of this book,
it is worth noting that some are better suited than
others to visualizing irregular existing site features
like rock outcroppings or specimen trees. The choice
of the right tool can directly affect the ability to
transform sustainable intentions into on-the-ground
success.

Software like SketchUp increasingly makes it easy
to overlay digital field photos, hand sketches, and
2- or 3D wire-frame images. Measured perspective
sketching techniques are very valuable for fieldwork
and charettes at the client site.® Although skill with
graphics is often dismissed by ecologically oriented
designers as just a way of making pretty images, it can
be an important link between the reality of the site
and the proposed construction—a tool for site pro-

tection.

Locate Features During Site Reconnaissance

The best and most vulnerable features of any site

should be inventoried early. Many will be items of
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clear ecological value; others will be historic or cul-
tural; some may be of personal importance to the
owner, client, or user group. All are likely to need pro-

tection during construction. A basic checklist includes:

* all trees, and any unusual or specimen plants

* meadows, groves, thickets, and other identifiable
vegetation communities

* wildlife dens, breeding areas, and pathways, in-
cluding seasonal ones

* streams, wetlands, ponds, and lakes

* soils: erodable, fragile, and especially fertile areas

* cultural features (archaeological, historical)

* items or locations of personal or sentimental im-
portance to owners or users

* connections, links, and pathways among these

features.

Responsible design firms will make such an in-
ventory the first step in their work. Analysis of the
site may reveal other reasons for protecting certain
features: for example, a common and none-too-
beautiful tree may need to be protected because it acts

as a windbreak or moderates solar gain.

Pay Special Attention to Streams, Lakes, and Wetlands

The care of water bodies is a very specialized topic
(Principle 4). Because of the difficulty, expense, and
legal complications involved in restoring them, it is
critical to identify and protect streams, lakes, and other
wetlands at the earliest possible stage. In fact, the
presence of wetlands should be researched before buy-
ing a property for any sort of development. Horror
stories about wetlands regulation usually reveal an
owner who didn't know, or didn't want to know,
about site conditions. Despite regulation, many com-
mercial land buyers still limit their site research to the
proverbial “location, location, location.” That is a
mistake no designer or contractor can afford.

Once wetlands are identified, they need protection
during construction. The techniques discussed in this
chapter, particularly fencing to limit access, are used
to safeguard wetlands as well as other site features.
Because of their biological complexity and legal sta-

tus, however, wetlands protection often requires go-

ing well beyond generic site-protection techniques.
For this reason, protection of wetlands is discussed
in its own chapter (Principle 4), along with other is-
sues involving water.

At the site research stage, remember that wetlands:

* must be delineated according to legal definitions,
not just a layperson’s observations

* are highly susceptible to sediment, which erodes
off of adjacent land surfaces (see “Preserve
Healthy Topsoil,” see p. 54).

* vary seasonally much more than most other land-
scape features, to the point of disappearing in dry
periods

* have life cycles and may be “healthy” or “un-
healthy,” affecting decisions to protect them as
they are or to restore them to better condition

* are linked to and influenced by off-site water
sources, which need to be included in protection
planning

* often require the addition of a specialist to the
team

* can cause special difficulties for construction

workers and machinery.

Even where no wetland exists on the site, protect
the existing drainage patterns carefully. A featured
grove or meadow, thoroughly fenced for protection,
can die from flooding or drying if grading outside
the fence redirects the flow of water. For sustainabil-
ity, the movement of water on a site should be
changed only with great care.

Tap Local Knowledge of Sites and Seasons

Contractors with years of experience in a specific re-
gion know that weather and seasonal changes can
make or break a project. The same conditions dra-
matically affect the need for site protection. Erosion
on recently graded soil may be minimal in most
weather, until a summer rain squall or seasonal high
winds sweep the soil away overnight. Frozen or
muddy soils cause practical and engineering prob-
lems; equipment may damage wet soil that would be
unharmed if worked when dry. Plants may be espe-

cially susceptible to breakage or root compaction dur-



ing seasons of rapid growth, or may tolerate damage
better when dormant. Seasonal vulnerability of en-
dangered wildlife has delayed many public projects.

For sustainable construction, consider whether a
change in construction schedule can minimize disruption.
For example, in Bouctouche NB, work on a large board-
walk for Le Pays de la Sangouine was done in winter,
with heavy machinery positioned on ice.” Working in
the summer would have been more complicated and
more disruptive to the river-dune-island site.

No book could possibly include appropriate ad-
vice for protecting all sites, in all seasons, for all as-
pects of construction. A growing literature on site
conservation (or “geoconservation”) is available,
mostly from the United Kingdom. Local contractors
often have a remarkable store of seasonal, site-
specific knowledge, used to plan ahead for practical
matters, scheduling around periods when the site will
be inaccessible. If sustainable construction and pro-
tection of site features are recognized as goals, this
local knowledge is invaluable in achieving results.
Large national firms can do sustainable work if they
subcontract local experts and heed their influence.
The tendency of large firms to standardize all proce-
dures must not overrule adaptation to local condi-
tions. Applied globally and in all seasons, rigid

standardization is incompatible with sustainable work.

Avoid Survey Damage
Although detailed site-specific mapping is often key

to reduced construction impact, the process of site sur-
veying can be the start of site degradation. Fortu-
nately, new technology combined with new attitudes

makes survey damage avoidable.

Manage Line~gf~5igkt Surveys

Conventional surveying relies on a clear line of sight
between a known point or “datum” and any point
whose position is to be determined. Optical survey-
ing instruments, including lasers, must be able to
“see” in a straight, uninterrupted line from the instru-
ment to the point being recorded. Sonar and ultra-
sonic instruments, which bounce sound off a target

and back to the instrument, also require a clear shot
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at the unknown point. To ensure clear line-of-sight
connections, surveyors clear brush and small trees
with machetes or similar tools, a process known as
“brashing.”

Depending on region, climate, and vegetation,
brashing can cause anything from minor injury to
long-term harm. It is least critical in regions where
vegetation grows back quickly, such as deciduous for-
est. Even in these areas, brashing, like careless prun-
ing, can spread plant disease and may affect vegetation
diversity, both in species and age distribution. In
bioregions with fragile vegetation, brashing may be
less necessary, but regrowth takes decades. Vegetation
removal in linear patterns opens paths for soil ero-
sion. Conventional surveys concentrate on lines, such
as property boundaries, which arbitrarily cut across
slopes or watersheds, thus increasing disruption.

Modern surveyors plan their fieldwork carefully in
advance to minimize wasted time and backtracking.
The same planning skills can minimize site damage
from brashing, as well as from unnecessary vehicle ac-
cess. In some cases, a well-planned survey can meas-
ure around an obstacle instead of removing it.
Baseline-and-offset surveying can also decrease brash-
ing under some site conditions.

Because much conventional development starts
with total regrading of the site, existing site features,
other than landmark-quality specimens, may seem
unimportant to site crews. In the worst cases, survey-
ors, like other construction workers, thoughtlessly de-
stroy any inconvenient item found on the site. If
minimal site damage is an explicitly stated goal of the
project, the survey team becomes an important ally

in meeting that goal.

Use Alternative Survey Tffbnology

Several methods of surveying that do not rely on line
of sight are appropriate for landscape construction
surveying. These include both high-tech and low-tech

options.

GrosaL PositioNING
Global Positioning Systems (GPS) have been in the
surveyor’s toolkit for over a decade and have rapidly

changed both processes and results. GPS field equip-
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ment consists of handheld, backpack, or vehicle-
mounted units capable of receiving signals from satel-
lites. These satellites continuously signal their
location relative to Earth. By triangulating on several
satellites at one time, the receiver unit computes and
records its own Earth-surface location. GPS units
guide commercial aitliners and smart missiles, rental
cars, trucking fleets, recreational hikers, and wildlife
managers.

Basic GPS technology has not changed since this
book’s first edition, but GPS has become easier,
cheaper, more accurate, and more widespreacl.IO Sur-
vey results are digital and can be fed directly into
computerized drafting, mapping, and analysis pro-
grams. If site design is done in CAD, drawings up-
loaded into the GPS field unit guide construction
staking. GPS-gathered field information makes accu-
rate “as-built” drawings and maps.

In terms of site protection, a major advantage of
GPS is that Earth-surface line of sight is not re-
quired. In most cases, brashing can be entirely elimi-
nated and access to the site is simplified. Anywhere
the surveyor can carry it, a GPS unit can record hor-
izontal and vertical location. (Dense tree canopy, very
narrow canyons, or tall buildings may block commu-
nication skyward to the satellites."! Such obstructions
can be worked around or surveyed with line-of-sight
instruments. )

Three major types of GPS are available today.
Handheld units, accurate to within ten feet (three
meters), cost $100-$200, perfect for many general
site-inventory purposes, as well as recreation and
street navigation. (For all types, accuracy refers to hor-
izontal measurement; vertical elevation is also meas-
ured, but typically is about half as accurate.)
Mapping units are accurate to one yard/ meter hori-
zontally; these start around $2,500. Many are de-
signed to collect data directly into GIS maps; for
example, “ArcPad,” a PDA-like device from ESRI,
can display GIS maps and databases, update them on-
site with user input, and record its own GPS position.

Survey-quality GPS is accurate to less than half an
inch (one centimeter) horizontally, plus or minus.
This degree of accuracy requires two units in a “dif-
ferential” system (often called DGPS): one mobile,

plus a stationary “base station” at a known point. By

comparing satellite readings from the mobile unit to
those taken at the known point, small deviations can
be corrected. A differential system is “real time”
when corrected data is beamed directly to the mobile
unit in the field, rather than doing batch corrections
back at the office after completing fieldwork. Such
systems cost $30,000—$60,000.

A growing number of regions have the newest
variant on differential GPS: regional providers set up
fixed “reference stations,” which correct mobile GPS
readings for anyone within about a twenty-mile ra-
dius. The mobile units incorporate a cell-phone
SIMS chip to communicate with the reference sta-
tion. Subscription charges and password access are re-
quired, but the end user only has to have one GPS.
This is likely to cut the investment for survey-
quality GPS to about $20,000.

A similar concept, covering all US states, is WAAS
(Wide Area Augmentation Service). Set up by the
Federal Aviation Administration, it uses independent
satellites to correct GPS accuracy. It is free and works
even with many inexpensive GPS models. For site in-
ventory, check whether your unit can be set to use
WAAS; instruction manuals or an online search
should provide this information.

For landscape professionals, there are several ways
to take advantage of GPS technology. Most survey-
ors offer GPS, and contracts can specify it. A second
option is renting (budget about $2,000 per week);
setup, calibration, and data-file conversion may be in-
cluded. Once set up, GPS software is simplified so
fieldwork can be done by people not trained in sur-
veying—for example, a botanist could produce very
accurate tree inventories, a designer could walk and
map desirable paths, or a contractor could locate con-
struction hazards. A third option is to purchase GPS
equipment and be trained in its use. This remains a
big investment, and teaming with a skilled surveyor

is often more productive.

GPS Project Examples

Design Workshop (Denver, Aspen, and Tempe) has
used GPS on several projects where accuracy, environ-
mental sensitivity, and speed of site analysis were im-

portant. At McDowell Mountain Ranch (Scottsdale



Figure 1.4 GPS units, often backpack sized, make sur-
Veying quicker, easier, and potentially less destructive to

site vegetation. (Photo: Mageﬂan Corp. )

AZ), new community trails had to be integrated with
regional trails, and strict environmental laws were in-
volved. Starting with rough sketches on a topo-
graphical map, landscape architect Stuart Watada
leased a handheld GPS unit to refine trail locations
and collect data on trailside vegetation and features.
Design Workshop uses an inexpensive GPS unit to
field verify potential home sites at large develop-
ments, and for early site planning in countries like
Bolivia, where no published survey information is

available.
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For Anchorage (AK) Botanic Gardens, Jeff Dillon
of Land Design North had GPS data collected by
University of Alaska students. Existing vegetation
and features were incorporated directly and accurately
into design work. Dillon has also used GPS to lay out
miles of ski trails in Anchorage parks.

Ohio State University’s Center for Mapping has
developed a “GPS van,” which can produce a digital
map, linked to video images, simply by driving
through or around a site. A GPS unit pinpoints the
location at which each reading or image was taken.
Onboard computers compile this data into maps al-
most as fast as the van can drive. Combining GPS and
stereo-photo methods, the van can locate any item it
can “see” to an accuracy of £14 cm (five inches). In
other OSU research, semi-automated grading has
been done with GPS controlling the bulldozer from
digital maps of existing and proposed topography.

GPS has been welcomed in conservation work.
Rob Corey, a landscape architect with the Natural
Resource Conservation Service, produces “virtual
landscape animations,” which allow users to visualize
land-use changes and then compute environmental-
impact statistics from the images. GPS is important
in collecting the data on which Corey’s innovative sys-
tem is based. In the Nature Conservancy’s Parks in
Peril program in Latin America, landscape architect
Brian Houseal and colleagues use GPS to establish
accurate legal boundaries for nature preserves and lo-
cate endangered plant communities. The information
greatly increases the Conservancy’s ability to win pro-

tection for remote, ecologically critical sites.

LaseR 3D ImaGiNG

In our first edition, a system using laser as if it were
radar (Cyrax) was noted as promising. Along with
systems that stitch together photos from multiple an-
gles, this high—tech system is Widely used for fast sur-
veys of buildings, bridges, and historic structures, as
well as to coordinate spatial movements where digi-
tal effects mix with live-action moviemaking. Unfor-
tunately, truly complex geometry, such as trees in an
orchard or forest, are still beyond such technology to
record accurately. It is suited to very fast modeling of
open or cleared topography, rock faces requiring re-

tention, or engineering structures. This, plus cost,
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limits its usefulness in landscape applications. Sus-
tainable work may someday benefit from advanced
tools that offer better understanding of the dynam-
ics of each site, but not yet.

Low-TEcH, NON-LINE-OF-SIGHT TOOLS

While GPS looks to satellite technology to free itself
from line-of-sight limitations, a much-simpler
method relies on the oldest of all leveling tools: wa-
ter. The tube level or hose level is available in several
forms.2 Like a surveyor’s transit, it determines ver-
tical level only; separate distance measurements make
a complete survey. Where sight-line clearing must be
minimized, and for some types of construction lay-
out, it is an inexpensive and valuable tool.

In a U-shaped tube partially filled with water, the
water surfaces in each of the arms of the U always lie
at the same level. In a hose level, the U is replaced
with twenty or more feet of clear flexible tubing. The
water line at one end of the tubing is held at a known
elevation, and the water at the other end of the tube
adjusts to exactly the same level.

Hose levels can be used around blind corners,
without clear sight lines, and at considerable distances
across rough ground. They speed construction layout
because no calculation is required: the two water lines
are simply the same level. Laser equipment provides
similar functions, but it is more costly and requires
line-of-sight clearance.

Some manufacturers have added electronic sensors
to the traditional tube level; an audible signal sounds
when the ends of the tube are aligned. This allows
one person to use a hose level more efficiently. Even
these enhanced versions cost only about $50. If a site
is free of visual obstructions, line-of-sight tools are
more convenient for most surveying. But where clear-
ing would be costly and intrusive, tube levels offer
cost-effective site protection.

Another remarkably simple site-surveying tool is
the “A-frame level,” in use since ancient Egypt. Three
light boards nailed together form a rough capital “A”;
a mark is made at the center of the cross arm. A
weighted string, like a plumb line, is hung from the
top of the A. When the string intersects the cross
arm exactly at the center mark, the two “feet” of the

A are level. Walked across the land like old-fashioned

drafting dividers, the A-frame quickly establishes a
series of level points. For terracing and other erosion-
control work, the A-frame can level earthworks or
find contours quickly, without any math calculations,
and without line-of-sight clearance.

Sometimes what needs to be measured is not the
size or layout of the landscape, but the rate at which
some aspect of it is changing. Some remarkably sim-
ple tools can serve this purpose. For example, rebar
“benchmarks” (usually with bright plastic caps for
visibility and safety) can be used to mark the edge of
vegetative cover or the level of soil. Set deep enough
that they can’t move, such markers can reveal loss or
movement of soil or plants between site visits. These
simple measurements can be critically important for
planning and performance monitoring of sustainable

projects.

Minimize Utility Damage

Many modern landscapes are crisscrossed with buried
and overhead utilities. Although some of these sys-
tems are invisible, constructing and maintaining them
seriously alters the landscapes through which they
pass.

Irrigation, site lighting, and storm-drainage lines
are part of landscape construction, their functions
landscape specific. Other utility systems, like sewage,
power, phone, and cable TV, serve the buildings on
the property. The site may also be affected by systems
that serve larger communities (main power, sewer, or
phone lines) or commercial interests (oil and gas
pipelines), along with easements for such systems.

Landscape construction has direct influence over
landscape-specific utilities. Landscape architects and
contractors have also had significant effects on
public-utility impact (below). The difference between
planning carefully for utilities and dismissing them
as necessary evils can be like night and day and is an

important aspect of site protection.

Make Maxcimum Use of Narrow Easements and Trenches

Access is required to construct, maintain, replace, and
repair utilities. Significant decreases in site impact can

be achieved by reconsidering how utility access is pro-



Figure 1.5 The Egyptian A-frame is a simple, site-
friendly way of estabhshing level and the fastest way to
lay out points along a contour line. (Photo: Kim Sorvig.)

vided. Public utility easements are usually far wider
than actual pipeline or cable. Rural utility easements
cut across country, requiring their own access roads.
In urban areas, utilities companies frequently dig up
buried lines and keep street trees clear of overhead
wires. Ways to decrease the impact of access in each
case are discussed below.

According to the Edison Electric Institute, no one
keeps national records of the total length or land area
occupied by utility easements.'? Pacific Gas and Elec-
tric (PG&E), as a single example, has14,000 miles of
electrical transmission lines. A fifty-foot-wide ease-
ment uses about six acres per mile. At this common
width, PG&E’s transmission lines alone could require
as much as 80,000 acres. Multiply this across the
continent and it is clear that utility easements have a
major impact on landscape health nationally. Utili-
ties are recognizing the potential for lessening these
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impacts and for creating habitat corridors in ease-
ments. The Edison Institute, for example, publishes

EPA-approved guidelines for maintaining easements.

Repuce CLEARING FOR Access Roaps

Access roads are required when utility lines do not
follow existing transportation. Main branches of util-
ity systems through rural areas or urban parks often
have their own dedicated access roads, on top of
pipelines or below overhead wires.

Easement clearing can often be narrowed.’ Min-
imum clearance is usually a single lane for mainte-
nance or construction vehicles with wide turnarounds
at strategic points. Using the smallest and lightest
possible machinery can further decrease the access
space required. Decisions about machinery use are
made at many levels, from corporate purchasing of-
fices to the job supervisor renting extra equipment for
an emergency. Landscape professionals have a variety
of opportunities to influence these decisions.

Special construction techniques, such as trenchers
that lay pipe or cable behind them as they go, can cut
easement width dramatically. At Loantaka Brook
Reservation in Morris County NJ, landscape architects
Andropogon Associates challenged both conventional
routing design and conventional construction methods
for a gas pipeline through mature beech-oak forest.
Space-saving methods of pipe installation, devised
with the contractor, reduced a proposed fifty-foot
right of way to thirty-four. Using a tracked loader
specially adapted for the project, the contractors were
able to replace slabs of vegetation-rich soil along the
pipeline trench, guaranteeing revegetation.

In Loudon County VA, a developer installed a
sewer line across park authority property. Two land-
scape architecture firms, HOH Associates and
Rhodeside & Harwell, persuaded the county sanita-
tion authority to reduce construction width from
their standard seventy-five feet to thirty-five. With an
arborist and engineer, they worked out three main

guidelines for the project:

* Keep construction and final easements to thirty-five
feet.

* Eliminate straight utility swaths longer than 1,000
linear feet. Follow topography and natural fea-
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tures. (This principle is particularly important in
steep or forested areas.)

* Keep openings in or out of woodlands—the
points of greatest visual impact—as narrow as
possible. In this project, the opening into the
woods was pinched to ten feet.

These principles proved so successful that they be-
came standard in Loudon County.

Utility easements should, wherever possible, be
thought of and constructed as multifunctional space.
Combining an easement with a public road, trail, or
bike path is a common example, used in the Morris
County project above. Combining utility easements
with trails is an increasingly common way for park
systems to pay for needed services. The Washington
& Old Dominion trail in northern Virginia combines
four major functions and “recycles” an older right-
of-way. What began as a disused rail corridor first be-
came a power-line easement. A paved trail was added,
managed by the regional park authority. Later, sewer
line and fiber-optic cable were installed under the
trail; leasing fees ($250,000 annually) pay for trail
maintenance.'* The result is a much-needed recre-
ation corridor. Sharing functions achieves more with
less site disruption.

Utility corridors can share with wildlife, too. Their
linear and interconnecting patterns can form wildlife
corridors and habitat—if they are not ruthlessly
cleared of all vegetation. Despite costs and impacts,
mowing (or spraying) the entire right-of-way is still
common practice. Even where a certain width of
easement is legally required, clearing can be selective.
Where easements are extra wide to allow for future
expansion, clear only the area in actual use. Leave the
access road grassed to reduce runoff and erosion. Ex-
cept for the road itself, shrubs or small trees can be
allowed to remain. As long as the road is kept dri-
vable, clearing the location of a specific repair when
it occurs is often cost-effective, compared with on-

going clearance of the whole easement.

Keep UrBaN UTILITIES ACCESSIBLE
In addition to sharing space with wildlife or bicy-

clists, carefully designed utilities can also share space

Figure 1.6 This easement, in Loudon County VA, is less
than half as wide as the utility’s standard. Note the site
protection fence. (Project: Park Authority, HOH Associates,
and Rhodeside and Harwell. Phoro: Doug Hays.)

,with each other. Landscape contractors frequently
lay irrigation tubing and low-voltage lighting cables
in the same trench. The same concept applied to mu-
nicipal utilities can save energy, simplify maintenance,
and reduce space for easements. Excavation costs
money and energy, both during initial construction
and subsequent maintenance. Shared-trench con-
struction reduces excavation and should be part of
sustainable construction.

Not all utilities are suited for shared trenches. In
particular, natural gas cannot run in the same trench
as any electrical utility, including phone, cable TV,
and low-voltage wires. The bending radius required
for large pipes may prevent routing them with other
utilities; consider designing the more flexible system
to follow the less flexible. Similarly, gravity-flow sys-
tems have strict limits on slopes and lengths of run;
other systems might follow their layout.

Shared trenching is most likely to work for “main”
supply lines, because the starting and ending points
of different utilities seldom coincide. For example,
streetlights and fire hydrants are spaced differently
along a street but are supplied by main lines running
parallel to the street, which might be shared. With
careful planning, some utility fixtures can be located
together (streetlights sharing poles with electric lines,
for example), reducing both materials used and space
required. Such arrangements require clear cooperative
agreements between utility companies for mainte-

nance, future expansion, and similar issues.



Easy access to buried utilities can save materials
and energy otherwise wasted. Locating utilities under
roads saves easement space, but digging through as-
phalt or concrete pavement to repair lines is costly
and disruptive. Patched pavement is frequently infe-
rior to original construction, and excavated material
contributes to solid-waste problems.

A European solution relies on interlocking pavers
(like bricks with jigsaw-puzzle edges). Europeans call
these concrete block pavers, or CPBs. Laid without
mortar, they provide a strong paved surface that can
be removed and replaced for access to buried utilities.
Although initial cost is higher than sheet paving, life-
time savings on labor alone may justify unit pavers.
From a sustainability perspective, almost no material
waste is involved, because interlocking pavers can be
pulled up and replaced repeatedly (or reused else-
where). To excavate through solid paving requires
heavy machinery, but to remove and replace unit
pavers, smaller machinery or even manual labor is
used. This not only saves energy but also decreases
access widths. Lest anyone worry about strength, in-
terlocking pavers support huge commercial aircraft at
Hong Kong’s international airport, Chek Lap Kok.

Interlocking pavers offer other practical and aes-
thetic advantages over standard sheet asphalt or con-
crete. Different colors can designate pedestrian
crossings or make elaborate mosaics: for example, a
miniature baseball diamond in multicolored block
greets baseball fans at Anaheim CAs Edison Field.
Streets surfaced with interlocking pavers give a tradi-
tional, cobblestone look to New Urbanist street-
scapes; an example is Riverside Village in Atlanta, by
progressive land management firm Post Properties.

Compared to mechanized sheet-paving methods,
interlocking blocks may seem labor-intensive. Euro-
pean companies like Optimas 2, however, have de-
veloped small forklift-like tractors to pick up and
place pavers about eighty at a time, plus tools for
preparing the sand bed and edging. The same ma-
chine can pull up groups of pavers three feet square
during maintenance, setting them aside for quick re-
placement. If ease of maintenance is included, inter-
locking blocks may actually use less labor than sheet
paving over their life cycle.
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Figure 1.7 Interlocking pavers set on sand are easily
removed and replaced for utility access, saving energy,
cost, and waste. Some pavers also permit water infiltra-
tion. (Photo: Courtesy of Interlocking Concrete Pavement

Inst. / David R. Smith. )

Edging required to keep interlocking pavers from
moving sideways is often made of polyvinyl chloride
(PVC). This is a material that should be phased out
of landscape use wherever possible (see p. 252). For

edging, many alternatives exist.

PraNT THE R1GHT STREET TREES AND PRUNE

TueMm RicHT

Where overhead utility lines follow streets, they fre-
quently conflict with trees, which get pruned away
from the lines. Most affected are street trees, planted
along roadsides at public expense and increasingly im-
portant to urban environmental quality. Utility crews
have been notorious for butchering trees near their
lines, a practice that fortunately is changing.

Prevention is the preferred solution. For new con-
struction, utility lines should be placed where they
will not conflict with trees. New plantings that can-
not be relocated should use ornamental species that
will not grow tall enough to touch the lines.

Where existing or poorly selected trees do conflict
with utilities, thinning the tree selectively is in every-
one’s best interest. The temptation to lop the entire
treetop like a hedge results in increased costs as well
as environmental damage. Although lopping is ini-
tially quick and cheap, and requires little skilled la-

bor, the tree will sucker vigorously at every cut,
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producing a dense thicket of branches. These fast-
growing shoots soon threaten the utility lines again and
must be trimmed every year or two. (Huge, tractor-
mounted circular saws, buzz-cutting everything in their
path, do a particularly destructive “drive-by” lopping.)

Selective thinning, by contrast, carefully removes
those branches that extend toward the wires. Far fewer
cuts are made; aggressive sprouting does not occur.
For many species, thinning once every five years is suf-
ficient to protect the utility. In the long run this
makes thinning as cost-effective as lopping. Savings
in transportation energy are high, because distance is
a major factor in utility corridor tree work. Thinning
is far less stressful on the tree, and much less likely to
spread disease. Selective thinning done well is hard to
see. Thus, without extra cost, thinning prolongs the
life and appearance of valued trees, maintains their
ability to filter air and provide shade, and reduces en-
ergy expended on line maintenance.

Increased awareness of costs and environmental is-
sues has led many utility companies to contract tree
maintenance with knowledgeable arborists. 2 Public
disgust with the ugliness and ill health of butchered
trees, as well as outrage at destruction of tax-financed
street trees, has helped change older practices, a trend
that landscape contractors and landscape architects
should encourage.

Look Ahead to Make New Utility Technologies

Less Intrusive

Cellular and wireless telecommunications utilities are
a new concern for sustainability-focused landscape
professionals. More than 22,000 transmission tow-
ers are already in place, and industry analysts expect
another 125,000 or more as cellular companies bat-
tle for profitable markets.!> Industry-sponsored fed-
eral law forbids communities from regulating tower
placement or requiring shared towers. A few commu-
nities have succeeded in forcing cell companies to use
existing steeples or towers or new decorative clock

16 t6 accommodate transmitters. Even this

towers

much compromise is the exception. With growing de-

mand, towers and access roads are proliferating.
Cellular facilities rely on height to function and

cannot be buried, making landscape integration awk-

SO
4

Lopping Dense regrowth

Figure 1.8 Dense tree canopies should be selectively
thinned (top) to solve utility, shade, or view problems‘
Lopping or “pollarding” (bottom) disfigures the tree,
and regrowth is denser than before. (Illust.: Craig
Farnsworth.)

7 is not the solu-

ward. Disguising the towers as trees’
tion, but cell equipment is ever more intrusive. One
cellular tower may serve an area equivalent to hun-
dreds of telephone poles, and in this sense saves re-
sources. Towers are not replacing poles, however, but are
built in addition. The ideal system would eliminate
most poles and miles of wiring, with unobtrusive
towers. Realistically, common easements and shared
towers for telecom should be a policy goal.

One manufacturer, Phazar Wireless Antennas,
makes boxlike cell antennas intended to be building
mounted. The company will print a photo-based
“Chameleon Covering” that matches the mounting
surface—for example, a brick pattern—making the
antenna all but invisible.

Technical alternatives to towers do exist. “Cable
microcell integrators,” or CMlIs, are box antennas so
small that they hang from existing utility poles, pro-
viding phone and data service over cable-TV wires,
which already has nearly 97 percent coverage in the
United States. About four CMIs can replace a tower
system, often at 30 to 50 percent cost savings. Visual



Figure 1.9 Cell—phone towers, even when disguised as
trees, mar the landscape visually and harm wildlife; access
roads cause environmental disruption. (Photo: Kim Sorvig.)

impact is much less than towers, and CMIs can pro-
vide service in tower technology “holes.” Educating
designers and engineers that there are practical alter-
natives to new towers is one of the main chaﬂenges.18

A major provider is Transcept.

Specify and Lobby for “Alternative” Utility Systems

Because utilities are shared services, their location,
use, and maintenance are strongly influenced by legal
agreements. Such agreements can be used to encour-
age environmental care.

Many subdivisions have covenants requiring buried
utilities. Such covenants could include requirements
for shared trenches, limited easement widths, and se-
lective clearance and pruning. Community associa-
tions can use maintenance contracts to minimize

utility damage.
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Many public utility regulations date from a period
in which the only concerns were mechanical effi-
ciency, cost savings, and safety. Recent cellular regu-
lations continue this tendency to favor utilities over
public or environment. As older infrastructure decays,
technical, cost, and safety concerns (not to mention
Enron) are pushing utility issues to the fore.

Current laws favor centralized utilities, which re-
quire extensive infrastructure networks for distribu-
tion (electricity or natural gas) or collection (sewage,
crude oil). These networks cost materials, energy, and
maintenance. Constructing them laces whole regions
with environmental disruption, temporary or perma-
nent. Operational losses (leakage from pipes, voltage
drop from cables) increase with distances. On-site al-
ternatives avoid these problems.

Many “alternative” systems are local: for example,
photovoltaic panels generate power at the point of
use; constructed wetlands treat waste on-site. These
“near-the-need” systems can eliminate distribution/
collection infrastructure entirely, at least in theory.
On-site power generation eliminates the 60 percent
voltage drop losses common to grid electricity.w Sim-
ilarly, on-site sewage treatment eliminates huge
amounts of water used merely to transport waste.
Some “alternative” systems have flexible infrastruc-
ture: for example, pressure-based sewage systems can
follow topography in small trenches, unlike gravity
systems.

In natural and historic parks, where overhead py-
lons and wires are forbidden, and buried cable is im-
possible for reasons of geology, safety, or cost,
dispersed power generation, especially solar, gains an
extra advantage. On-site systems, carefully integrated,
are often the lowest-impact way to provide power to
remote sites (see p. 268).

Two promising alternatives to utility power exist,
but have been slow to market: fuel cells, which pro-
duce electricity by reacting hydrogen and oxygen; and
micro turbines, which are generators fueled by natu-
ral gas (see p. 269). Widespread adoption of these
on-site energy sources would transform landscape de-
sign and construction. Eliminating power lines may
be a real possibility. Even a director of the Edison
Electric Institute, a utility company group, has said
that the era of big central power generation plants “is
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certainly over.”?0 Hiding a generator in every back-
yard will sorely test conventional landscape aesthet-
ics, challenging sustainable designers to integrate
decentralized “utility” structures into residential and
public landscapes.

The policy bias against alternative, localized sys-
tems has decreased slowly, and an increasing number
of professionals now design and build such systems.
Even solar and wind power advocates, however, often
overlook the problems of the grid. Several projects
and landscape products that rely on “alternative”
localized utilities are described in the sections on con-
structed wetlands (p. 189) and solar electricity
(p. 265).

Physically Protect Site During

Construction

Construction, even appropriate and sustainable con-
struction, is a forceful process. The forces used in
construction, whether small and cumulative or large
and intense, can easily damage a site. Unintentionally
backing a few yards too far with heavy equipment can
irreparably damage fragile site features; so can a work
crew’s thoughtlessly placed hand-warming fire. Pre-
vention means physically keeping construction activ-
ity out of protected areas, no matter what the project
size.

In addition to protection against utility work and
surveying damage before design or construction actu-
ally starts, careful decisions about what to protect
must be made throughout the design process. As a
goal, aim to keep clearing, grading, and other site dis-
ruption minimized: one model development guide-
line recommends that clearing extend no further than
ten feet from the building footprint, and that con-
struction access coincide with permanent roaclways.ZI
This may need adjustment in some regions. These
protection goals, often backed up by covenants, actu-
ally raise property values; developers who think of
site protection as a hindrance to business, or merely
as lip service, are behind the times. (See discussion of
Dewees Island covenants, p. 66.)

Carbon sequestration (p. 18) may make protect-
ing existing trees directly profitable. Nor would it be

any surprise if, in some jurisdictions at least, tree pro-

tection became mandatory, as it has been for decades

in Europe.

Clearly Designate Protected Areas

Based on site inventory, all areas to remain un-
disturbed should be clearly marked on the plan
and on site. This may require additional fieldwork,
especially if the initial inventory was generalized or
approximate.

It is important to mark protected areas on all con-
struction plans before contract bidding begins. Site-
protection requirements affect contractor procedures
and costs. Requirements added after bids are ac-
cepted cause disagreements and are often disregarded.
All plan sheets should include protected areas, so that
subcontractors (who may only see the irrigation plan,
for example) are clearly informed. Copies for the su-
pervisor, the crew, and the office should all include
these markings, as should any change orders. With
CAD software, producing such documents is simple.

Areas to be protected are best staked out during a
site walk with designer, contractor, and client all pres-
ent. This allows decisions to be made in the field to
protect that tree and this piece of meadow. On-site
communication is much clearer and simpler than try-
ing to work strictly on paper. As soon as the pro-

tected areas are located in the field, they must be
fenced.

Modify Grading to Protect Site Features

Grading plans usually assume plane slopes at consis-
tent grades. Especially on large projects and along
roadsides, these regular computations can be “flexed”
around important existing features. For example, even
under AASHTO road design standards (which so
many engineers treat as engraved in stone), regular
side slopes can be “warped” to protect trees, rock
outcroppings, or cultural features. What appears on
the plan as a regular 3 percent slope might actually
vary from 2.x percent to 3.x percent as it bends
around site features. Working with contractors and
engineers to make these adjustments costs almost
nothing but can have a significant effect on site

protection,
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Figure I.I0 Fencing, protect-
ed zones, and staging areas

should always be clearly marked
on all plans. (Plan: Design

Fence Protected Areas and Maintain
Throughout Construction

There is no substitute for temporary fencing to pro-
tect landscape features. Even conscientious crews can
be tired and inattentive. Snow-fence or bright plastic
mesh fencing will not physically stop a vehicle or even
a determined pedestrian. But it provides a tangible,
visible boundary, reminding construction workers to
keep clear. More than one specimen tree has been
saved by the sound of snow fence snapping as heavy
equipment backed into it. Tree root systems, though
invisible, need to be part of protection planning (see
Figure 1.10); contrary to popular belief, roots don't
extend straight down! To prevent overreaching by
backhoes and loaders, place fencing six or more feet
beyond the edge of the protected area.

Fencing must be erected before any other work be-
gins, including site clearing. On densely overgrown
sites, placing fence before clearing may be very incon-
venient, but the risk of not doing so is great. At the
least, fluorescent marker paint or flagging should be
used around (not on) protected features to guide pre-
liminary clearing, followed immediately by fencing.

Workshop.)

Protection fencing should remain until all work
and cleanup is complete—at an absolute minimum,
until all heavy machines (including delivery vehicles)
have left the site.

With few exceptions, all fenced areas should be
completely off-limits. This includes foot traffic as well
as machines. A dozen trips with a loaded wheelbar-
row can compact some soil types enough to kill plant
roots. Where there is foot access, crew members of-
ten dump buckets or mix and spill gas or chemicals.
Plan site protection fencing so that there is no reason

for any access during the entire construction period.

Limit On-site Stockpiling, Parking, Etc.

Even outside fenced protection zones, the whole site
needs protection from some common construction
activities. This protection is best accomplished by
designating areas for certain uses, enforced by careful
supervision. Specific areas should be established for

activities such as:

* chemical mixing and disposal (even “harmless”

chemicals can damage soils when concentrated)
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* on-site parking (construction equipment, large or
small, and private transportation); repeated park-
ing compacts soils; oil and gas leaks contaminate
soils

* fires (if permitted at all) must be contained and
well away from vegetation

* cutting and drilling metal, plastic, concrete, some
stone, and treated wood, which can contaminate
soils, affecting pH and plant growth

* stockpiling of supplies (heavy weight can compact
soil; chemicals can leak).

The need to stockpile materials on-site can some-
times be reduced by “just-in-time (JIT) delivery.”
Suppliers deliver materials just when they are needed
for use. Common in factories, JIT delivery is not al-
ways feasible for construction materials. Where it is
possible, however, reduced stockpiling can limit site
damage and avoid loss, theft, or damage of stored

materials.

Choose Staging Areas Carefully

Locations designated for construction activities are
often called “staging areas” and may be as large or
larger than the area of actual construction. Staging
areas limit damage to other parts of the site by serv-
ing as sacrifice zones where soil compaction, spills,
and other damage are concentrated. A thoughtfully
planned staging area avoids treating the entire site as
disposable (a worst-case situation that is unfortu-
nately still common).

Where a busy road or path exists on the site, main-
tenance of uninterrupted vehicle or foot traffic is of-
ten a high priority, especially for businesses. Space for
detours, in effect, expands the staging area. Careful
planning limits temporary roads and paths, decreas-
ing ecological and monetary costs.

The ideal staging area, from a sustainability per-
spective, is a future driveway, patio, plaza, or tennis
court, already designed to be permanently “hard” land-
scape. Existing paving makes good staging areas, be-
cause dust and mud can be a serious problem, both
on-site and for neighbors. Be certain that construction
equipment is not too heavy for the pavement. In urban

areas, permits allow public streets as staging areas.

Before an unpaved staging area is used, topsoil
should be removed and stockpiled (p. 88). Unless the
staging area is to become hardscape, it must be re-
stored and revegetated once the project is complete,
using stockpiled topsoil and appropriate restoration
techniques (Principle 2). Soil compaction is almost
inevitable in staging areas, which should be well away
from important trees. Tilling to loosen compacted
soil is usually necessary as part of restoration.

On large sites, it may be necessary to plan con-
struction access roads. Where possible, use existing
roads, or follow future permanent roadbeds. Tempo-
rary construction roads are extensions of the staging
area. Their overall area should be minimized as far as
possible. This must be balanced against total distance
covered by machinery, an energy-efficiency concern.
Within reason, the number of trips across the site
should also be minimized. Crossing streams or wet-
lands should be avoided; special restoration will be
required if crossings are unavoidable (Principle 4).
Temporary roads generally require topsoil removal
and restoration, as do staging areas.

Access needs are strongly influenced by the size of
machinery used. Consider extra-small machinery (p.
272) and plan for the effects of working space (see
Figure 10.2).

Preserve Healthy Topsoil

Topsoil, the top few inches in which 70—I100 percent

22 s a living part of every

of all root activity occurs,
site, composed of billions of life—giving organisms
interacting with organic materials and mineral com-
ponents. Protecting soil during construction is one
of the most fundamental sustainability practices—
and one of the most easily overlooked. When not
protected adequately, soils are easily damaged and
must be restored (Principle 2). This costs both
money and scarce resources and should be avoided
wherever possible.

“In 1978, 80 million tons of soil were eroded
from construction sites, and 169 million tons from
roads and roadsides. ... nearly 90% of this takes
place on land under development.”** The rate of ero-
sion from construction sites is 2,000 times (or more)

greater than normal rates on healthy vegetated sites



(see Figure 6.19), equivalent to the worst erosion
from mine sites. Although there has been some im-
provement in development practices since the time of
these statistics, soil erosion caused by conventional
carelessness is still a serious problem. Agriculture,
mining, and forestry also cause major soil erosion—
but as with all sustainability issues, each industry
must do its part, not point fingers at others.

Saying that soil is alive is no poetic exaggeration.
It is difficult to imagine the microscopic life teeming
in healthy soil, but estimated numbers can help form
a picture.”* In just one pound of soil, there are more
than 460 billion organisms; in a cubic yard of soil,
something like 740 trillion; and in an acre covered
with one foot of soil, the truly mind-numbing figure
of 1,000,000,000,000,000,000 living things. This
counts earthworms, but nothing larger. It has been
said that if the nonliving part of the Earth’s soil man-
tle were somehow vaporized, leaving living organisms
undisturbed, the shape of the land would not change
noticeably. Thus, treating soil “like dirt” is truly life-
threatening behavior.

Avoid Soil Compaction

Healthy soil is permeable, with spaces between solid

particles where water, air, and soil organisms can
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Figure I.I1 Fencing to pro-
tect site features is critical and
should remain throughout con-
struction. Much plastic fencing
used today is at least partially
recycled. (Photo: Kim Sorvig.)

move. Soil compaction occurs when weight on the
soil surface collapses these spaces, creating a hard
solid mass. Compaction can result from a single in-
tense force, or small repeated forces such as persist-
ent foot traffic. Water, air, and roots may be
completely unable to penetrate compacted soil, re-
ducing or destroying its capacity to sustain life. The
susceptibility of soils to compaction varies greatly by
soil type and is an important reason for knowing the
soils of each site before beginning work.

The sections on staging areas (p. 54) and on the
choice of construction machinery (p. 278) discuss
specific ways to decrease the danger of soil com-
paction. Compacted soil may already exist on the site
due to previous land-use patterns. Compacted areas
will need to be tilled, and often require adding
amendments to restore fertility and porosity.

Protect Healthy Native Soils from

Unnecessary “Improvement”

Soil is conventionally viewed simply as more or less fer-
tile, with the goal always to “amend” or “improve” it
toward more fertility. For sustainability, think of dif-
ferent types of soil fertility, not just different levels: that
is, some soils have the appropriate type of fertility for
rich grassland, while other soils have the right fertil-
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Figure 1.12 Staging areas (this one is for a fairly small
road project) can permanently damage an expanse larger
than the site of actual work. (Photo: Kim Sorvig,)

ity for desert plants. This is not strictly a scientific
concept, but does point out that fertility is directly
linked to characteristics of ecosystems. Complex in-
teractions between available minerals and a host of
organisms (from microbes to grazing herds, from
fungi to trees) are specific to each region, site, and soil
type. Fertility is also influenced by how long this soil-
creating interaction has been happening, and in what
climate. Looked at in this way, raising the chemical
fertility level of the desert soil may be an “improve-
ment” if the goal is to grow grass, but is detrimental to
the type of fertility that sustains native vegetation and
animals.

Increased fertility can be inimical to native plants
in other biomes than deserts. At Freedom Parkway in
Atlanta, an overzealous contractor fertilized soil in-
tended for common broomsedge (Andropogon virgini-
cus) and other natives that thrive on depleted soils.
Added fertilizer hastened growth of invasive weeds.”

Soil fertility is changed out of a desire to alter the
plant community, usually toward agricultural crops
or horticultural ornamentals. This is an important
sustainability topic for two reasons. The process may
be too energy and material intensive to be sustainable.
Second, changing the ecosystem may have unsustain-
able results. Some soil amendments, especiaﬂy heav-
ily processed ones, concentrate in runoff and cause
serious water pollution. Especially when existing soil
is an undamaged local type, “improving” the soil may
have negative effects. Appropriate uses of amend-

ments in site restoration are discussed on p. 89-92.

Air pollution deposits significant extra nutrients
(especially nitrogen and sulfur) in many “untouched”
soils. The conventional impulse to add still more fer-
tilizer is doubly wasteful in such cases. Even compost,
which is almost universally a good idea for soil man-
agement, needs to be used with care on healthy native
soils. It should not be imported from dramatically
different sites. For instance, composted grassland
vegetation will not support the best microorganisms
for forest soils. Compost made from vegetation sim-
ilar to what is being reestablished may aid the process
with appropriate seeds and microbes. The balance of
woody, dry, and green matter, as well as its age, should
be matched to organic accumulations found on healthy
sites. Leafy compost decomposes more rapidly than
woodland compost. Replacing a layer of twigs and rot-
ting logs with fully rotted and sieved commercial com-
post may satisfy a desire to tidy the site but actually
changes the nutrient status for the worse.

Exotic plantings (for whose benefit the soil is usu-
ally improved) can bring a great deal of pleasure and
beauty in a landscape. If they begin to outnumber na-
tive plants, loss of habitat, climate deterioration, and
other serious problems can result.

For these reasons, healthy soils need protection.
Limit the “improvement” of soil to carefully chosen
areas. Specimen plantings that require high soil fertil-
ity can be grouped together in locations to provide
most impact and pleasure. The remainder of the site
can then retain unamended soils, an unirrigated wa-
ter regime, and native plants. This design approach
(cf. Xeriscape, p. 180) is likely to reduce resource and
energy use, pollution associated with manufacturing
and transporting soil amendments, and ecosystem dis-
ruption caused by overuse of nonnative plant species.

Amending only selected areas of soil is not a new
technique. Planting beds and vegetable gardens are of-
ten selectively amended. Some extra planning and care
is required. Selective soil amendment using small,
light equipment may in fact help protect sites from
compaction. Closely targeted soil fertilization using
GPS (above) and computer-driven tractors is now an
experimental technique in agriculture. Drip irrigation
can also deliver exact amounts of liquid fertilizer to
precise locations.

Many situations cause loss of soil fertility and cre-



ate conditions where soil improvement is appropriate.
Amending and improving soils that have been dam-
aged or have lost fertility is an important goal of site
restoration. Restoring damaged soil can re-create
habitat, stop erosion, and even break down some
kinds of pollutants. Unlike the questionable “im-
provement” of healthy native soils, restoring damaged
soils to match regional norms is almost always a sus-
tainable practice. See the following chapter for dis-

cussion of site restoration.

Save Every Possible Existing Tree—Even

Just One

Existing trees are among the most valuable features a
site can have, from both ecological and real-estate
perspectives. While individual trees do not affect
warming or greenhouse gases as much as forests do,
they still provide localized temperature modulation,
water, air, and soil protection, and CO, sequestration.
Economically speaking, carbon sequestration may
soon make every tree bankable. Their value is already
well-known to experienced realtors, who always note
“mature trees” as selling points (sometimes with
comically differing definitions of “mature”). A well-
maintained landscape is reported® to increase prop-
erty value by up to 75 percent; merely mentioning
“landscape” in real-estate ads sells properties 20 per-
cent faster.”” Yet damage to trees during construction
is common, and often fatal; one study estimates such
losses for a single medium-sized US. city at
$800,000 annually‘28 This problem is entirely pre-
ventable, though often overlooked. For sustainable

. . . 0
landscape construction, preventlon 1s a must.2)

Get Prg(essional Evaluation of Existing Trees’ Health

Tree species vary widely in lifespan. Individual trees also
vary in health, affected by soil nutrition, disease, and
physical injury. Ideally, clearing for construction would
remove only those trees that were already in poor health
or near the end of their life (leaving some of these for
wildlife habitat). Although this ideal is seldom fully
achieved in practice, careful planning can greatly reduce
the number of healthy trees destroyed. Success requires
evaluating the site’s vegetation in detail.
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If possible, existing trees should be mapped and
their health evaluated before either design or con-
struction begins, as part of the surveying and site in-
ventory process. Both design (siting of new features)
and construction methods (access and staging) affect
the need for clearance. Designing a new structure to
fit beautifully among ancient trees is of little use if
construction requires removing those trees for access.
Site-protecting construction methods should drive
the design on sites with high-quality vegetation.

A professional arborist or tree surgeon is the best
person to evaluate health and expected life of trees.
Thorough evaluation requires knowing species char-
acteristics and hidden signs of weak health. Deter-
mining the health of specimen trees may require
climbing them with tree surgeon’s equipment. Rough
visual surveys of site vegetation are useful first steps,
but specialized knowledge and equipment is required
to make a reliable evaluation.

The cost of an arborist’s evaluation, which con-
ventional developers often avoid, is small compared
to the value of trees saved (see Table 3.2). Consult-
ing cost can be lowered by limiting the number of
trees evaluated. To do this in a way that contributes
to sustainability, set a “construction envelope” (see p.
65). Outside the envelope, all trees and other site fea-
tures are to remain undisturbed; thus it is only nec-
essary to evaluate in detail the trees inside the envelope.
Laid out during site inventory, or at the early stages
of conceptual design, envelopes reduce both costs and
environmental damage and raise property values.

Although trees are the most prominent vegetation
on most sites, the health of other vegetation may be
equally important in some regions. Large cacti and
shrubs, meadows, hedgerows, windbreaks, and groves
strongly affect both site character and ecological
function. The health, lifespan, and growing require-
ments of such features may also require professional
evaluation. A botanist, forester, or range management
expert may be the appropriate consultant.

One caution: arborists usually sell pesticide-
spraying services. Some are like doctors who are too
quick to recommend expensive, heavy-duty medicine.
Cultivate working relationships with arborists who re-
spect preventative approaches to tree health, and who
practice Integrated Pest Management (see p. 329).
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Evaluating trees and other plants is usually easier
and more accurate when done during the growing
season. Judging a plant’s condition when it is leafless
and dormant is not impossible but requires extra skill.
A dormant evaluation is better than none, but where
possible, plan for this task to occur at the proper lo-

cal season.

Remove Trees Early, If at All

Where it cannot be avoided, tree removal should usu-
ally be one of the first construction tasks, along with
fencing of protected areas. Although competent tree
surgeons can drop a tree piece by piece in a very re-
stricted space, there is always the risk of damage by
falling timber. After construction, felling may destroy
new work. Large branches or trunks can leave deep
gashes in soil where they fall, and stump removal
leaves a crater, so it is better to complete these tasks
before site grading.

Removing felled logs raises several sustainability
questions. In “sustainable forestry,” logs are winched
out of the forest to avoid tractor access. This limits
soil compaction and clearing and is often practical

for landscape construction.

ReMEMBER THE HEALTH BENEFITS OF DEATH

An important option is not to remove dead trees,
logs, or stumps at all. (Those that are in danger of
falling must of course be trimmed or felled, but may
be left lying.) Standing snags, in particular, are home
to many species of wildlife. In an undisturbed natu-
ral system, decomposing wood fertilizes soil and nur-
tures young trees. These benefits are lost when dead
trees are removed.

Stump and root removal, in particular, has conven-
tionally been done with heavy equipment, extremely
strong chemicals, and dynamite. Cost and environ-
mental damage from these methods makes leaving
dead timber in place even more attractive. Clearly, not
all landscape design styles or construction methods
can integrate relic timber. Richard Haag’s mysterious,
stump-strewn moss garden at the Bloedel Reserve
near Seattle proves that a sustainable approach can
produce great beauty from what is conventionally

considered an obstacle.

Fence All Protected Trees Thoroughly

Around trees it is especially critical to exclude all traf-
fic and to prohibit stockpiling, parking, and toxic ma-
terials. One common mistake is to pile excavated soil
under a tree “temporarily.” This can kill many species.

There is no foolproof way of knowing where an
existing tree’s roots lie. The horizontal zone of root
spread “is not a neat and tidy radially circular or con-
centric pattern, but one that is strictly determined by
the path of favorable subsurface conditions.”* Rule-
of-thumb practices should always be considered the
minimum area to fence and protect. One such guessti-
mation is the “dripline,” an imaginary line formed by
projecting the edge of the tree’s canopy onto the
ground (see Figure 3.18). The actual root zone is ir-
regular, and often two or more times the diameter of
the dripline. Likelihood of major root damage de-
creases with distance from the trunk. Especially for
very old, very large, or shallow-rooted trees, the pro-
tected area should be increased by at least 5O percent
beyond the dripline.

Species like aspen, sassafras, or sumac spread in
circular groves by underground runners. The runners
extend far beyond the dripline of any individual
trunk, joining what appear to be many trees into one
plant (a “clone”). Damage to roots near one trunk
can spread to other trunks. If possible, groves of any
species should be fenced as a group, enclosing an area
twice the diameter of the grove if there is any reasonable way
to do so. This is especially important, however, with
clonal species.

Trees that “weep” or trail branches near the
ground may require an extra buffer space beyond the
branches. Similarly, tall machinery used near trees is

responsible for many unnecessarily broken branches.

Build with Great Care Under Trees

People love the sheltered space under a tree or within
a grove, which by definition is within the dripline.
This presents a special challenge. Seating, gazebos,
and other construction close to trees are often impor-
tant garden features. Such construction should avoid
changes in drainage or permeability and be light-
Weight, set without foundations or on the least intru-



sive foundation possible, such as pilings. Work should
be done by hand, because even the smallest lawn trac-
tor can compact soil around roots or injure the tree’s
bark.

Pliny Fisk, of the Center for Maximum Potential
Building Systems in Austin TX, has developed a
highly unconventional foundation system to place
even large buildings very close to trees. Auger-like soil
anchors form the foundation, screwed into the soil
with little disruption. If additions or remodeling in-
crease the building’s weight, anchor foundations can
be screwed in deeper to provide extra holding power.
Once it is no longer needed, the whole foundation
can be unscrewed, leaving none of the long-term dis-
ruption of abandoned masonry foundations. A com-
mercial system based on similar concepts, called
Pinned Foundations, is gaining popularity, especially
for wetlands use (see p. 164; also Figure 6.16). For
any landscape structure requiring a foundation, these
removable systems should be seriously considered.

Working closely around existing plants requires
craftsmanship and care. The attitude of some con-
ventional construction crews is a real hazard to exist-
ing plants. Part of widespread cultural carelessness
toward nature, this attitude treats existing plants as
inanimate obstructions rather than living specimens.
It is not uncommon to see construction workers hack
or tear off branches they feel are in their way, rather
than tying them back, leaving jagged stubs that invite
disease. Experienced contractors take the extra care
required to build around existing trees, reaping im-
proved profits and reputation, as well as a healthier

environment.

Avoid Grade Changes near Trees

Ideally, no cutting, filling, or tilling of soil should oc-
cur within the protected area around existing trees.
On some projects, however, financial and other pres-
sures may mean a choice between grading around a
tree or removing it entirely. Keep such changes to a
minimum, and consult an arborist. As a rule of
thumb, no more than six inches of soil can be added
or removed within the dripline. (Even this is too
much if it applies to the entire dripline area.) Trees
“breathe” in large part through their roots, which take
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up oxygen as well as water and nutrients. Building up
soil can smother the roots, while removal of soil ex-
poses them. If a lowered soil level causes water to col-
lect around the trunk, many species will eventually
drown.

Sometimes it is impossible to avoid grade changes
around existing trees without abandoning construc-
tion altogether. In such cases, special soil-retaining
structures called tree-wells and tree-walls can be built
to give the tree a chance at survival. These structures
enclose the dripline (or more), keeping the soil and
the tree at their original level while the new grade
steps up or down at the edges. On a slope, a well or
wall may be semicircular, either protruding from the
new slope or cut into it. Many decorative variations
are possible. Drainage into and out of these struc-
tures must be carefully designed and constructed.

If buried pipes and wires cannot be kept out of
the root zone, a counterintuitive rule applies. Place
the line across the tree’s diameter, tunneling carefully
under one edge of the main trunk. Because roots gen-
erally spread radially, this tactic avoids cutting across
them; trenches further from the trunk usually dam-
age more roots.

Don’t Half-save a Tree

Unless most of the above guidelines are followed,
leaving a tree on a drastically changed site and expect-
ing it to survive is mere pretense. Some species are
more adaptable than others, but most require rigor-
ous protection; err on the side of extra protection.
Many ignorant or disreputable developers have “left”
(rather than protected) a large tree on-site, only to
have it die within a year or two. By that time, the de-
veloper has made the sale and can deny all responsi-
bility, and in any case it is too late: the magnificent
old tree can only be replaced, if at all, with a nursery
sapling. Nothing about such a practice is sustainable.

Use Appropriate Construction Machinery

Mechanical construction equipment is a part of most
landscape projects. Available equipment varies widely
in size, weight, energy consumption, and clean or

pollution-prone operation. Each of these factors af-
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Figure 1.13  Sitting under
trees seems to be an innate
human desire. Furniture or con-
struction under trees must use
minimal foundations (if any);
erosion from constant use is a
concern, but paving is risky
unless very porous. (Photo: Kim

Sorvig.)

fects the site directly and influences the need for stag-
ing and access areas. Careful choices of equipment
are essential in sustainable construction, especially for

site protection.

Don’t Assume a Need for Heavy Equipment

Most experienced contractors have encountered at

least one project where machinery other than hand

power tools was impossible to use: a back garden for
a row house, with access strictly through the house,
or a terraced landscape too steep to drive onto with-
out extreme risk. A can-do attitude finds ingenious
ways to complete such work without heavy machines.
The same approach can serve a sustainable agenda.
Many of the world’s most admired construction
projects have relied on limited machinery. Thorn-

crown Chapel, in Eureka Springs AR, was deliber-



ately designed by architect Fay Jones to be con-
structed with materials no larger than two men could
carry.*! This deliberate decision kept the chapel and
surrounding forest in intimate contact, a prime qual-
ity of this beloved building. Fallingwater and many
other Frank Lloyd Wright buildings were constructed
without heavy machinery.** Many preindustrial land-
scapes and buildings, entirely constructed with hand

labor and nonmechanized tools, are revered design
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Figure 1.14 Thorncrown
Chapel is a national treasure, in
part because nonmechanized
construction preserved its rela-
tionship to the woods. (Project:
E. Fay Jones. Photo: Stephen
Schreiber.)

ideals. Their enduring quality, health, and popularity
can be attributed at least partly to the appropriate
technology used in their construction.
Conventional construction workers often default
to powerful, heavy equipment, a “we can, so we do”
assumption. When planning a fleet of landscape con-
struction machinery, it seems easier to purchase the
biggest, most powerful tools, on the assumption that
they can do any job, large or small. Sustainability re-
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quires matching the size and power of the machine
to the job and the site. Mechanical “overkill” has
many costs that are not accurately reflected by the
monetary price of purchasing or operating a machine.

The larger and heavier the machine, the greater its
turning radius, and as a result, the more cleared area
it requires for working and staging. Heavier machin-
ery also means greater soil compaction: the weight of
the machine is concentrated through the relatively
small area of wheel or track in contact with the
ground. An average-sized car or small truck occupies
about 16,500 square inches, but only 140 square
inches of tire meet the ground, multiplying pressure
per square inch by over 100 times. Balloon tires and
tracks are designed to decrease per-square-inch
ground pressure, lessening soil compaction, erosion,
and vegetation loss.

Even on paved roads, AASHTO estimates that a
tenfold increase in vehicle weight results in five thou-
sand times the damage to the road.** A dump truck
with dual rear axles, at about 30,000 pounds, wears
down the road 5,000 times more than a private car at
3,000 pounds.

In Table I.1, note that some vehicles, especially
tracked ones, have lower ground pressure than a per-
son exerts when walking. (Wheels or tracks churn the
soil, however, so walking can still be less damaging.)
In general, damage to soil is reduced by any decrease
in mechanical power and ground pressure. Often, re-
ductions can be made without compromising work.
In other cases, benefits of doing the work must be

balanced against damage done by heavier machinery.

Use the Lightest Machinery Available

To match the tool to the job, consider both tradi-
tional construction tools and newly refined modern
machinery. Many of the former accomplish construc-
tion tasks without internal-combustion engines. The
latter are miniaturized, efficiency-improved, motor-
ized tools. Both approaches have benefits.

In many cities of the eastern United States, there
are sidewalks made of huge slabs of granite, up to
twelve feet square. These were hoisted into place, and
set with remarkable accuracy, using a tripod of poles

and a block and tackle. In the great gardens of Japan

Table I.1:

Ground pressure of vehicles and pedestrians

Ground

Vebicle Type Pressure (psi)
Mars Sojourner 0.14
Tracked, small all-terrain vehicle 1.0
Cuthbertson tracked LandRover 1.9
Person standing, flat shoes” 2.5t0 3.3
12.5 ton Rolligon timber hauler (loaded) 3.2
Person walking or running 3to 12
Low Ground Pressure Vehicle

(legal definition, Canada) 5 or less
Person standing, in “sensible” heels 9to 12
Bulldozer or military tank 10 to 80
Work trucks 18 to 36
Spike heels

(standing weight on toes and heels) 26 to 33
Spike heel (120 Ibs. on one A heel) 1,920

" Low value: 40 sq in both shoes, weight 100 Ibs. High: 75 sq in,
weight 250 Ibs. The obesity epidemic is raising these averages.

Pressures increase when pushing off to stand up, walk, or run.

and China, massive stonework was constructed with
similar tools. This system is cheap, simple, portable,
and energy efficient. To get equal precision in placing
boulders and similar objects from a crane, loader, or
backhoe requires unusual skill on the operator’s part.

The traditional pole sling, carried on two people’s
shoulders with the weight centered between them, is
a remarkably efficient lifting and carrying tool.
Widely used in Asia, and in Europe and America un-
til the I1800s, two- and four-person slings are an
energy-efficient way of moving objects weighing
several hundred pounds. They are especially useful for
irregular-shaped items, where the main difficulty is
not the weight, but getting a handhold. On awkward
slopes, a sling or similar device may offer access where
wheeled carriers cannot go. A recent innovation on
the basic sling, the Potlifter 2, uses self-adjusting
straps buckled to handles for easy attachment, allow-
ing two people to lift almost anything bulky, up to
two hundred pounds: B&B trees, large pots, boulders,
garbage bins, or bagged materials.

“Ball carts” for ball-and-burlap trees are available

in various sizes. Low slung like a furniture-mover’s
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Cant dog

Tripod with block & tackle
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Pole sling

Figure I.IS Traditional ways of moving heavy objects still work in Iandscape construction (often more ﬂexibly than

modern machines) and can reduce environmental costs. (Illust‘: Craig Farnsworth, based partly on R. Daskam [Dubé and

Campbell D Princ. 6].)

dolly, ball carts are also good for moving boulders
and other heavy, irregular objects. Victorian horticul-
turists moved trees with root balls nearly six feet
across in special tree-moving frames. Drawn by horses
or large crews of workers, these frames were practi-
cal only on fairly flat land. (A modern relative is the
TreeToad, a hand-operated, cart-mounted tree
spade.) In Venice’s canal-and-bridge environment,
modified carts even negotiate stairways with ease.
Roller panels can also move large, heavy, irregular
objects. A frame several feet long and a foot or more
wide holds rollers every few inches—updating the
technique that built the Egyptian pyramids. Winches
and “come-alongs” can also drag heavy landscape

construction materials into place, on the ground, on

skids, or on a ballcart or roller. Powered and hand-
cranked winches are available for moving objects up
to several tons. The Appropriate Technology move-
ment has invented several innovative ways for a winch
to replace a tractor in pulling a plow or tiller across
a field. As long as fossil fuels remain artificially cheap,
these tools will not replace trucks or tractors, but
they are far more energy efficient and avoid most soil
compaction.

Not all modern equipment is “heavy.” Since the
1980s, construction machinery has become available
in smaller and more efficient sizes. This trend has ex-
panded considerably since the first edition of this
book, and very small power equipment is widely avail-

able from suppliers and equipment rental agencies.
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Figure 1.16 Col. Greenwood’s
Treelifter (1844) allowed one
worker to transplant a thirty-
foot tall tree. The “ship’s wheel”
cranked the axle, pulling up the
lifting chains. In transit, the axle
rotated independent of the
chains. (Illust.: From “The Tree-
Lifter,” London, 1844; thanks
to Tim Brotzman, Brotzman's

Nursery, Madison OH.)

Tractors, backhoes, trenchers, and other common
landscape machines are often half the size and weight
of their I970s counterparts. Powered wheelbarrows,
walk-behind forklifts, and small “site dumpers” are
available. These are maneuverable and light; their de-
creased weight increases efficiency. Several of these
mini heavy machines are illustrated in figures 7.3 to
7.7, in the section on fuel consumption.

At Mill Brook in southern Maine, the team (a
landscape architect, forester, and wetland scientists)
needed least-destructive methods of reclaiming a sen-
sitive eighteen-acre site. Noting that “standard meth-
ods of large-scale soil installation using bulldozers,
excavators, etc. often trample or bury vegetation in
the process,” the team found a mulch spreader de-
signed for steep slopes and reforestation areas. This
“air spreader” caused minimal disturbance and ap-
plied soil evenly, following existing contours.>* For a
stream restoration project on Staten Island NY, small
“power wagons” by Honda transported boulders
down an erodable embankment. On sensitive sites,
small equipment may be more effective than heavy
machinery.

Hand-carried motorized equipment should also be

considered in sustainable construction. The ability to

move under power is necessary for trenching, grad-
ing, plowing, and very heavy loads. But in other tools,
such as backhoes, augers, cranes, small mowers, or ce-
ment mixers, powered transportation is not essential
to the machine’s main purpose. Running a relatively
small tool by connecting it to an engine large enough
to move a tractor is not fuel efficient and may result
in increased pollution. As fuel costs rise, self-
propulsion will very likely be reserved for tools that
truly require it.

A two-person motorized auger for digging post
holes is a good example of a hand-carried machine.
The handheld auger may be slightly slower than a
tractor-mounted one, but can dramatically reduce soil
compaction and the need for clearing. A muscle-
powered post-hole digger is still more energy efficient
but in some soils is unacceptably hard to use. The
small engines used on hand-carried machines must be
compared to larger engines case-by-case, because both
tuel efficiency and pollution rates vary.

Similarly, not all heavy equipment is equally un-
sustainable in all uses. Given a suitable staging area, a
crane may be used to “fly” heavy materials into a site,
replacing trucks, barrows, or other wheeled machines,
which would otherwise cross the site repeatedly. Con-



crete pumping systems are often used in this way.
Such equipment can lift materials over protected
parts of the site. Whether this should be considered
“sustainable” depends on the energy efficiency of the
individual machine, as well as the importance of pre-

serving existing site features.

Related Design and Planning Issues

The pursuit of sustainability requires teamwork, and
the issues involved often cross conventional bound-
aries between design, construction, and maintenance.
Many approaches discussed in this chapter refer to
design choices that link to construction methods.
The following are some areas of site protection
where, in practice, the designer, planner, and/or
owner have more influence than the construction pro-

fessional.

Advocate Sustainable Site Selection

Landowners (and designers if they are involved in
identifying suitable sites for proposed projects) can
protect healthy sites by simply choosing other places to
build. In particular, prime agricultural soils are of ex-
ceptional importance to any sustainable society. The
financial drive to subdivide such land is powerful but
shortsighted, because it diminishes society’s food re-
serves. Many communities limit building on such
lands to ensure continued crop production, conserve
habitat, and protect migratory corridors. Consultants
may influence individual decisions to subdivide and
develop; landscape professionals should support
planning initiatives that encourage development on
more appropriate land types.

Among these appropriate types of land for devel-
opment, two stand out. One is the “hurt site” or
“brownfield” (see Principle 2), where land damaged
by previous use can be put to new use. This approach
decreases demand for development on healthy sites.
A second, sometimes overlapping idea is “in-fill de-
velopment,” which encourages development of the
many leftover spaces found in most urban areas. Skill,
commitment, political backing, and innovation by de-
signers and contractors support these land-saving

strategies.
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Since McHarg’s Design with Nature became influen-
tial in the 1970s, broad-scale planning has been used
to protect many land types from inappropriate devel-
opment. These include steep hillsides, fire-prone
forests, and coastal beaches, to name only a few.
Without appropriate site selection at both regional
and individual scales, the construction techniques de-
scribed in this book cannot be truly sustainable and
can in fact cause great damage. (As noted in “Leav-
ing the Landscape Out,” pp. 7=38, site selection is a
weak point of green building certification systems.)
Site selection, and even unpopular limitations on the
right to use certain categories of land, is an essential

part of progress toward sustainability.

Collaborate with Community Stewardship Organizations

A relatively new type of nonprofit called a Commu-
nity Stewardship Organization (CSO) can keep de-
velopment from being the one-sided, divisive activity
it so often is. CSOs are formally chartered partner-
ships among community groups, conservationists,
government agencies, and potential developers. By an-
ticipating how an area could develop, and balancing
multiple interests about what should happen, CSOs
tend to avoid adversarial situations. Involved citizens
give the local environment—built and natural—bet-
ter care. The CSO network links local (and poten-
tial) CSOs with experienced peers, seminars, tools,
and concepts to help them succeed.

Lay Out Building Envelopes

Even if site selection is a “done deal” before the de-
signer is hired, there are still ways to limit disturbance
of a healthy site. One of the most useful is the
“building envelope” concept. Based on careful site in-
ventory, this is an area of the site within which all
construction will be contained. This “envelope” is
best located on already-disturbed areas, away from
fragile areas, with views to the site’s best features. It
is sized to include the new construction as well as a
carefully limited work zone. Everything outside the
envelope is treated as a protected area during con-
struction (see pp. 52, 66). Around the building, the

envelope is either restored to native vegetation or
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planted with horticultural gardens, depending on
owner preferences.

Since our first edition, building envelopes have be-
come a familiar part of many landscape architects’
repertoire. Protective covenants require each landowner
to respect such envelopes in subdivisions like Desert
Highlands (Scottsdale AZ, by Gage Davis Associ-
ates) and the similarly named High Desert (Albu-
querque NM, by Design Workshop). Nonnative
plants and constructed landscape features must be
within the envelope; outside it, only native plantings
are permitted. This approach balances the resident’s
desire for personalized outdoor space with the goal
of preserving the native landscape as a community
feature. The transition from garden to native land-
scape fits water-saving Xeriscape principles (p. 180)

and enhances visual integration.

Promote Reasonable Grading and Clearing Regulations

Grading and clearing is regulated by law in many
communities. This can be two-edged, however. One
study found that only 40 percent of communities en-
forced their regulations with inspections; less than 20
percent set specific, measurable targets for how much
of the site could be cleared.** The climate-change ef-
fects of removing healthy soil and vegetation make
both voluntary and regulatory limits on clearance and
grading imperative.

Grading limits can be too specific, resulting in site
damage. Many communities set a steepest allowable
slope. Because a gentle slope takes more horizontal
distance than a steep one, such regulations may force
removal of trees or features that could be saved if
steeper grades were allowed (within limits of soil sta-
bility, of course).

In general, regulations of this sort should be per-
formance based: they should set a clear goal, such as pre-
serving a specific percentage of the vegetated area on
a site, but avoid narrowly regulating the methods used
to meet the goal.

Use Covenants for Site Protection

Covenants are contracts between private parties B.I'ld

can be more specific or flexible than governmental

Figure 1.17 Development “envelopes” can help inte-
grate new construction with protected landscapes. (Project:
Design Workshop. Graphic: High Desert Investment
Corporation.)

zoning laws. Covenants and conservation easements
can be used to protect traditional land uses, specific
views or landmarks, habitat for particular species, or
the character of a neighborhood or region. They can
also prohibit certain types of development or con-
struction. “Reversion clauses,” which give the land
back to the community or the donor if misused, can
add teeth to covenants. (Misused, conventional
covenants often enforce bluegrass lawns and penalize
native plantings.)

Dewees Island, a residential development off the

South Carolina coast, has been called by EBN “a
model of what development can and should be.”*¢
The covenants used at Dewees Island will seem ag-
gressive, even extreme, to those who think of them-
selves as “bottom-line” advocates—ryet the project’s
return on investment will be double the investors’ ex-
pectations. Clearly, something is being done right
when good for the environment proves this good for

business.



The Dewees covenants:

* limit total disturbance per site to 7,500 square
feet, including house footprint, all paving, and
utility easements; houses may not total more than
5,000 square feet, nor stand over forty feet tall

* require restoration of any temporary disturbance

* prohibit removal of any tree over 24 inches in di-
ameter and require permit review for removal of
any vegetation

* require native plants from a 136-species list

* limit driveways to twelve feet width and require all
roads, driveways, and paths to be surfaced with
sand, crushed shell, or wood chips

* allow only collected rainwater for irrigation

* permit only organic fertilizers and pest control, ex-
cept for development-wide Integrated Pest Man-
agement mosquito control (purple martins and bats
first, pesticides only if unavoidable)

* prohibit solid lumber larger than 2x12, metal or
plastic siding, asphalt or fiberglass shingles, several
types of insulation materials, and high-VOC
paints and varnishes

* require a construction waste management plan, n-
cluding sorted recycling of building materials

* prohibit garbage disposals and trash compactors
as obstacles to recycling

* provide constructed wetlands for each house.

These covenants pull together many recommenda-
tions made in this book. Together with conservation
easements, they have protected 65 percent of Dewees
Island’s 1,200 acres. A transfer fee of 1.5 percent on
all lot sales supports environmental and community
programs. The developer has invested in ongoing
public environmental education in low-income com-
munities nearby. Although covenants usually start out
in wealthy developments, many of them can, do, and
should trickle down into zoning standards that ben-

efit whole regions.

Think of Landsmpes in Zones

In any well-designed landscape, compatible uses and
features are grouped in patterns for efficient use of

space. Xeriscape explicitly extends this principle,
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grouping plants with similar water requirements for
irrigation efficiency. Designing zones of similar land-
scape maintenance can result in savings of time, en-
ergy, and materials. These principles are discussed in
chapters on water and maintenance, but they have rel-
evance to site protection too. Landscapes that com-
bine similar uses into carefully designed zones can
accomplish more in less area—TIeaving more of the
site undisturbed.

Specify Site Protection in Contracts

Cooperation between owner, designer, and contrac-
tor is the best way to achieve effective site protection.
By selecting contractors who are responsive and co-
operative, and cultivating strong working relation-
ships, designers and landowners can do much to
ensure a healthy site.

Especially in public-sector projects, contractor se-
lection is strictly by lowest bidder. Because the cheap-
est construction methods frequently rely on wholesale
site clearance, low-bid selection often guarantees site
damage. Especially in such situations, clear, strong
speciﬁcations are essential to site protection. (As sus-
tainability grows in importance, better site protection
will hopefully become part of standard specifications,
local and national building codes, and covenants at-

tached to land deeds.)

Among the most important items to specify are:

* explicit methods of determining what areas are to
be protected

* physical fencing of protected areas, in place before
construction begins and removed at the Jatest pos-
sible date

* and strict limits on the activities noted above

(pp- S3-54).

Because damage to existing landscape features, es-
pecially living plants, is usually irreversible, specifica-
tions must include financial motivation for protecting
them. A positive incentive approach offers a bonus if
all features are undamaged at final inspection. A lig-
uidated damages clause sets financial penalties for
damage. Without such financial motivation, site pro-
tection specifications lack teeth and will be ignored by
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those contractors who are ignorant or unconcerned
about sustainability. It is often cheaper for a contrac-
tor to buy nursery stock and “replace” a mature tree
than to pay a crew extra to work carefully around it.
Contractual language and financial penalties can only
g0 so far in overcoming this problem. Selecting and
working closely with a contractor whose work is con-
scientious is far preferable. Fortunately, more and
more contractors are becoming convinced of the
value of sustainable practices and have the skills to
protect construction sites from unnecessary damage.

Coordination and Follow-up

Protecting a healthy site requires coordination. Like
a bad haircut, damage to a healthy site can’t just be
glued back. It must grow back, perhaps with the help
of expensive restoration techniques, always with a re-
quirement for time. Planning, surveying, design,
physical protection, machinery use, cleanup, mainte-
nance, and monitoring all play a role in keeping
healthy sites healthy.

Because design, construction, and maintenance are
conventionaﬂy organized as separate professions,
monitoring and follow-up are often neglected. On-
going attention is required to sustain those increas-
ingly rare sites that have retained their health in

today’s stressed environment.

Resources

Keep Healthy Sites Healthy
Surveying and mapping

Search Terms: surveying OR mapping | | land surveying | |
land mapping | | GIS | | GPS

Am. Soc. for Photogrammetry & Remote Sensing 310-493-
0290, WWW‘aSPI'S.Org/ : Mapping, GIS, GPS, and related
topics; membership.

National Society of Professional Surveyors www.nspsmo.org/ :
Publications, referrals to surveying firms.

GPS suppliers Magellan, 408-615-52306; Sokkia, 913-492-
7585; Trimble, 800-874-6253

Tube level Zircon Corp, Campbell CA, 800-245-9265, www
zircon.com/: Commercial tube level with audible signal.

Navtech Books and Software 800-628-0885, www.navtechgps
.com/: GPS books, software, educational items, booklists.

GPS Made Easy: Using Global Positioning Systems in the Outdoors
Lawrence Letham, 1996 The Mountaineers, Seattle WA:

Instructions on using simple GPS for hiking, as well as field
data collection and basic site reconnaissance. Glossary, sup-
plier and book lists.

GIS for Environmental Management R. Scally, 2006 ESRI Press,
New York

GPS Satellite Surveying Alfred Leick, 1995 Wiley, New York: Tech-
nical textbook.

GPS: A Guide to the Next Utility 1989 Trimble Navigation: Intro-
ductory volume on GPS.

GPS World www.gpsworld.com/gpswortld/: Monthly; rated list-
ings of GPS models and new applications.

GIS.com www.gis.com/ : Web site providing overview of GIS
technology.

Cyrax 3D laser surveying Leica Geosystems, 925-790-2300,
WWW.leica—geosystems.com/hds/en/lgs_szIO.htrn

Gradesetting: A Practical Handbook to Fit in Your Pocket Michael
Smookler, 2005 American Printing, Burlingame CA:
smookeythebearZOOO@ yahoo.com.

Site inventory and visualization

Search Terms: site inventory | | site inventory method | | site

assessment | | site assessment tools | | site protection

Healthy Communities Environmental Mapping U.S. Depart-
ment of Housing and Urban Development and U.S. EPA,
Washington DC

GeoConservation Commission, Geological Society of London
www‘geoconservation.com/ publications.htm: Books on land-
scape, site, and geological conservation.

Home Ground: Language for an American Landscape Barry Lopez (ed.),
2006 Trinity University Press, San Antonio TX: Wonderful
“dictionary” of landscape terms, place names.

Ecological Networks and Greenways R. Jongman and G. Pungetti,
2004 Cambridge University Press, Cambridge

Landscape Perspective Drawing N. Dines, 1990 McGraw-Hill, New
York: Still an essential skill for envisioning design.

Practical Ecology for Planners, Developers, and Citizens D. Perlman and
J. Milder, 2005 Island Press, Washington DC: Basic ecological
concepts linked to community issues.

CommunityViz software 802.367.6336, www.communityviz
.com/

Orton Family Foundation Www.ortonAorg/ : GIS-based what-if
visualizations; clarifies some landscape issues, distorts others.

NetLogo agent-based simulation software http: //ccl
.northwestern.edu/netlogo/: Tutorial at backspaces.net/
tutorial/ NetLogo /index.html.

ArcNews www.esri.com/arcnews/: Innovative GIS uses.

Measuring Landscapes: A Planner’s Handbook A. Leitio et al., 2006
Island Press, Washington DC: Quantifying landscape patterns,
functions, and flows.

“Getting to Know a Place: Site Evaluation as a Starting Point
for Green Design” Alex Wilson, EBN, Mar 1998

USGS topographic maps [-833-MAP-DEAL, www.usgs.gov/ :
Lists available maps, related products, retailers by region.

EPA Eco-regions maps www.epa‘gov/ waterscience/ criteria/
nutrient/ ecomap.htm: Clear, detailed color maps show
US regions based on ecological similarities, critical to
sustainability.



American Digital Cartography 800-236-7973 ext. 2,
www.adci.com/: Digital maps, including non-topographical
types, such as urban maps showing road and street widths.

Maptech 888-839-5551, www.maptech.com/ : Digital USGS
maps; Terrain Navigator software, plus CD-ROMs with 200
USGS topographic maps per disk; automates calculations of
regional distances and elevations; draws topographic sections.

Guide to a Plant Inventory at a Historic Property Margaret Coffin and
Kristin Baker, 1998 Olmsted Center for Landscape Preserva-
tion, Boston

Advances in Historical Ecology William L. Balée, 1998 Columbia
University Press, New York

Archacologies of Landscape: Contemporary Perspectives Wendy Ashmore
and Arthur B. Knapp, 1999 Blackwell Publishers, Malden MA

Breaking Ground: Examining the Vision and Practice of Historic Land-
scape Restoration 1999 Old Salem, Winston-Salem NC

Cultural Landscape Bibliography Katherine Ahern, Leslie H. Blythe,
and Robert R. Page, 1992 US. National Park Service Cultural
Landscape Program, Washington DC

Earth Patterns: Essays in Landscape Archaeology William M. Kelso and
Rachel Most, 1990 University Press of Virginia, Charlottesville

Enduring Roots: Encounters with Trees, History, and the American Land-
scape Gayle B. Samuels, 1999 Rutgers University Press, New
Brunswick NJ

Historic Landscape Directory: A Source Book of Agencies, Organizations,
and Institutions Lauren Meier and Sarah S. Boasberg, 1991
U.S. National Park Service Preservation Assistance Division
and Historic Landscapes Committee, Washington DC

History on the Ground M. W. Beresford, 1998 Sutton, Stroud UK

Landscape Assessment: Values, Perceptions, and Resources Ervin H. Zube,
Robert O. Brush, and Julius Guy Fabos, 1975 Halsted, Wiley,
New York

Landscapes and Gardens for Historic Buildings Rudy J. and Joy P.
Favretti, 1997, 2nd ed., AltaMira Press, Walnut Creek CA

Landscapes in History Philip Pregill and Nancy Volkman, 1998,
2nd ed., Wiley, New York

Preserving Historic Landscapes: An Annotated Bibliography Lauren
Meier and Betsy Chittenden, 1990 U.S. National Park Service
Preservation Assistance Division, Washington DC

The Landscape of Man: Shaping the Environment from Prebistory to the
Present Day Geoffrey and Susan Jellicoe, 1995, 3rd ed.,
Thames and Hudson, London

Site protection

Soil Mat Lifter Monroe Ecological Services, Heartlesville PA,
610-287-0671: A commercial version of the forest-sod lifting
machine described above.

Caring for Our Land Carol Greene, n.d. Enslow Publishers, Hill-
side NJ

Checklist for Sustainable Landscape Management J. D. van Mansvelt
and M. J. van der Lubbe, 1999 Elsevier, Amsterdam: Euro-
pean Union report AIR3-CT93-1210.

Connectivity in Landscape Fcology Karl-Friedrich Schreiber, 1988 F.
Schéningh, Paderborn, Germany: www.usiale.org/ lejlinks.htm,
1987 Conference Proceedings, International Association of
Landscape Ecology.

Developing a Land Conservation Strategy George D. Davis and Thomas
R. Duffus, 1987 Adirondack Land Trust, Elizabethtown NY
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Greenline Parks: Land Conservation Trends for the Eighties and Beyond
Marjorie R. Corbett and Michael S. Batcher, 1983 National
Parks and Conservation Association, Washington DC

Landscape Ecology: Theory and Application Zeev Naveh and Arthur S.
Lieberman, 1994, 2nd ed., Springer-Verlag, Germany

Landscape Protection: A Bibliography Mary A. Vance, 1988 Vance Bib-
liographies, Monticello IL

Making Educated Decisions: A Landscape Preservation Bibliography
Charles A. Birnbaum, Cheryl Wagner, and Jean S. Jones, 2000,
2nd ed., US. National Park Service Preservation Assistance
Division, Washington DC

Preparing a Landscaping Ordinance, Report No. 431 Wendelyn A.
Martz and Marya Morris, 1990 American Planning Associa-
tion Planning Advisory Service, Chicago

Protected Landscapes: A Guide for Policy Makers and Planners
P. H. C. Lucas, 1992 International Union for Conservation of
Nature; Chapman and Hall, New York

Protected Landscapes: The United Kingdom Experience Duncan and
Judy Poore, 1987 Great Britain Countryside Commission,
Manchester UK

Saving America’s Countryside: A Guide to Rural Conservation Samuel
N. Stokes, A. Elizabeth Watson, and Shelley S. Mastran,
1997, 2nd ed., Johns Hopkins University Press, Baltimore

The Economic Valuation of Landscape Change José Manuel L. Santos,
1998 Edward Elgar, Northampton MA

The Economics of Landscape and Wildlife Conservation Stephan
Dabbert, 1998 CAB International, New York

The Funny Thing About Landscape : Cautionary Tales for Environmental-
ists Jay Appleton, 1991 Book Guild, Lewes UK

The Legal Landscape: Guidelines for Regulating Environmental and
Aesthetic Quality Richard C. Smardon and James Karp, 1993
Van Nostrand Reinhold, New York

Wilderness by Design: Landscape Architecture and the National Park
Service Ethan Carr, 1998 University of Nebraska Press, Lin-
coln NE

Land Development Checklist for Environmental Concerns Greater Grand
Rapids Home Builders Association, Grand Rapids MI:
800-305-2021, www.hbaggr.com/A

US. Landscape Ordinances: An Annotated Reference Handbook Buck
Abbey, 1998 Wiley, New York

Land Conservation www.lta.org/resources/index.html: Land
Trust Alliance site lists books, legal decisions, nonprofits and

trusts, links on legal and other aspects of land conservation.

Site protection: Vegetation
Search Terms: protection + (vegetation OR trees)

Preventing Construction Damage to Municipal Trees Milwaukee
Forestry Division, Milwaukee W1: 414-286-8282, www.mpw
.net/ Pages/ opsS.html: Detailed manual including sample
specifications; for sale by the city.

Trees and Development: A Technical Guide to Preservation of Trees Dur-
ing Land Development Nelda Matheny and James R. Clark,
1998 International Society of Arboriculture, Champaign IL:
888-ISA-TREE, www.isa-arbor.com/.

Trees and Building Sites: Proceedings of an International Workshop on
Trees and Buildings Dan Neely and Gary Watson, International
Society of Arboriculture: conference proceedings, 31 May—2
June 1995
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Vancouver tree bylaws Vancouver BC, www.city.vancouver.bc.ca/
commsvcs/planning/: Example of a thorough law governing

protection of trees during construction.

Vegetation: consultants

Search Terms: biologist | | range (scientist OR manager) | |
plant ecologist

Certified Arborists List International Society of Arborists,

www.isa-arbor.com/

Vegetation: native plants

Search Terms: native plants | | native vegetation ‘ | native

landscaping

Guide to the Standard Floras of the World D. G. Frodin, 2001, 2nd
ed., Cambridge University Press, Cambridge

Landscaping with Native Plants of the Southwest G. O. Miller, 2007
Voyageur Press, Saint Paul MN

Native Plant Revegetation Guide for Colorado Colorado State Parks,
download from http:/ / parks.state.co.us/ NaturalResources/
ParksResourceStewardship/Revegetation/: Applicable to
much of the Rockies.

EPA—Native Plants Page www.epa.gov/ greenacres/ : Benefits of
native plants; many resources.

Plant Native Www.plantnative.com/ : General info, nursery direc-
tory, regional plant lists.

National Biological Information Infrastructure 703-648-6244,
www‘nbii.gov/ : Gateway to government and private data about
biodiversity, native plants.

Center for Plant Conservation www.centerforplantconservation
.org /invasives/home html: Source with good links regarding
invasive plants.

Invasive Plants, Changing the Landscape of America: Factbook U.S.
Government Printing Office, Washington DC: 866-512-
1800, http://bookstore.gpo.gov/.

National Strategy and Implementation Plan for Invasive
Species Management www.fs.fed.us/foresthealth/ publica
tions/’ Invasive_Species.pdffsearch=%22National %20Strat-
egy%20for%20Invasive %20Plant%20Management %22

Edison Electric Institute 202-508-5000, www.eei.org/ :
Information on electric utilities, with a clear industry slant.
Guidelines for easement maintenance.

National Pipeline Mapping System www.npms.phmsa.dot.gov,
ops.dot.gov, www.safepipelines.org, and www.pipelineI0I
.com: All offer information about utility pipelines.

The Forest Guild 505-983-8992, Www.forestguﬂd‘org/

Manejo de Areas Silvestres Protegidas Colorado State Univer-
sity, welcome.colostate.edu/: Spanish-language training for
forest protection.

Forest Trust www.forestguild,org/ : Solid information on forest

issues.

Utility impact
Search Terms: utility + ( impact OR environment OR easement)

Interlocking Concrete Pavement Institute Washington DC,
202-712-9036, www.icpi.org/: Interlocking pavers, related
machinery, suppliers and contractors; trade journal.

Cellular Tower Coalition www.cellulartower.com/: Alternatives
to communications towers.

Cellular Telecommunications Industry AssociationWashington
DC, 202-785-0081, www.ctia.org: Industry views; see also
www.fcc.gov/ R

EMR Alliance 212-554-4073, www2.cruzio.com/~rbedard/
emrall.html: Health concerns of electromagnetic radiation.

Municipal Research and Services Center www.mrsc.org/index
.aspx: Concerns about cell towers; many other issues.

Transcept, Inc. 603-645-5581, www.wirelessnetworksonline
.com/storefronts/ transcept.html: Mini antenna for cell-phone
systems; Manchester NH.

Energy generation

Search Terms: (energy OR power) + (generation OR production
OR technology) _ renewable energy | | photovoltaic | | fuel
cell | | hydro power

Home Power magazine 300-707-6585, www‘homepower.com/ :
Bimonthly.

Energy Information Administration www.eia.doe.gov/ : Official
energy statistics from the US government by source.

U.S. DOE Energy Efficiency and Renewable Energy www.eere
.energy.gov/: Official US. resource for renewable energy.

Tools

Hand tools for landscape and arboriculture A. M. Leonard,
Piqua OH, 800-543-8955, www.amleo.com/: Wide range of
horticulture, arboriculture, and landscape tools, machinery,
books, and supplies.

Potlifter www.potlifter.com, 888-644-4222: Cinch sling tool for
lifting awkward round or bulky objects up to 200 Ibs.



Principle 2:
Heal Injured Sites

And they shall build the old wastes and repair the waste cities, the desolation of many generations.

—TIsaiah 61:4

In a consumer society, landscape development too of-
ten becomes a form of consumption. As develop-
ment sprawls outward along an ever-expanding urban
fringe, forests are leveled and farms destroyed to make
way for cul-de-sacs, backyards, business parks, and,
of course, acres of parking.

This paradigm must be rethought before this con-
tinent is paved from sea to shining sea. Instead of con-
suming virgin landscape to make places to live and
work, think in terms of recycling existing sites. De-
graded sites in cities and older suburbs can be ren-
dered fit for new uses. At the same time, managed
growth must preserve farms, forests, and natural ar-
eas surrounding cities.

There are various tested models of growth man-
agement; greenbelts and “urban growth boundaries”
are probably best known. Such initiatives lie in the
realm of politics and land-use planning, not land-
scape construction. But landscape construction that
recycles existing sites has its own role to play in rein-
habiting waste places.

The previous chapter describes methods of pro-
tecting undamaged sites and minimizing damage to
them. Techniques in this chapter are useful in restor-
ing sites (or portions of sites) damaged by prior use
or during construction. These techniques may occa-
sionally apply to healthy landscapes, but primarily of-
fer help for abused landscapes—what most of us
would consider wastelands. Fortunately, landscapes,
like people, have a remarkable ability to heal, and nu-
merous precedents exist for turning even wastelands

into gardens.

Restoring sites that have lost vegetation and soil
takes on new purpose and urgency with recent research
that links such losses to global climate change (p. I5).
Land restoration techniques to address most local cli-
mate-related issues overlap. Restoration that decreases
wildfire danger, for example, is likely to decrease soil
erosion, flash flooding, and drought as well.

Discussed in This Chapter

Types of sites requiring restoration.

Evaluating whether restoration is appropriate.

Social and organizational aspects of site
restoration.

Structural restoration techniques.

Restoring soil to health.

Using plants in site restoration.

Restoration as the proper approach to
wildfire dangers.

Getting professional help for heavy-duty

site toxicity.

Turn Wastelands to Gardens

Urban and suburban landscapes may be degraded in
various ways, from minor damage to Superfund sites.
For this book, we consider three levels of damage, rec-

ognizing some overlap. In order of severity these are:

* derelict sites—damage to health and structure, but

not particularly toxic
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* brownfields, including contained landfills

® toxic waste sites.

Outside urban areas, sites are frequently damaged
by vegetation removal or topsoil loss, by vegetation
changes due to suppression of processes like fire, and
by introduction of invasive species. Restoration of
such “nontoxic” damage is discussed in the latter half
of this chapter.

Arid regions present special problems for any kind
of restoration, and for bioengineering, greenwalls,
and greenroofs (see Principle 3). One promising re-
source is David Bainbridge’s Guide for Desert and Dry-
land Restoration, just released in 2007 by Island Press.
It covers techniques, tools, planning, and community
issues, focusing on rather large-scale and mostly ru-
ral restoration—all invaluable in adapting the strate-
gies presented below to areas of little rain.

Mend Derelict Sites

Every community has derelict sites, stripped of top-
soil, littered with debris, and capable of supporting
only noxious weeds. Buildings or paving cover some
of these sites—"“improvements” from a real-estate
point of view—making them impervious. As such,
derelict sites cause harm without necessarily harboring
toxic waste: they prevent recharging of aquifers, seal off
the soil, and support neither oxygen-replenishing
plants nor wildlife. For derelict sites, soil revitalization
may be enough restoration, permitting normal garden-
ing techniques to work once more. Removal or reuse

of structures is also realistic.

Reuse Brownfields

Brownfields are polluted lands—"the neglected sites
of the postindustrial landscape,” in the words of Har-
vard landscape architecture professor Niall Kirkwood,
an expert on such sites. Brownfields go beyond
derelict, usually suffering from polluted soil or
groundwater or both.! Landfills can be considered
deliberate brownfields. Some sources also refer to
“greyfields,” abandoned sites that are 50 percent or
more paved or impervious,2 which though not tech-

nically “polluted” are heavily damaged.

Landscape construction can play an active role in
reclaiming these sites, usually in conjunction with en-
gineering solutions. In addition to significant struc-
tural repair, plants that actively remove toxins
(“phytoremediation”) and “manufactured” soils are
important techniques.

Kirkwood believes cleaning up brownfields could
return landscape architecture to “the nineteenth-
century vision that the landscape is the body and the
lungs of the city. A lot of Olmsted’s work,” says Kirk-
wood, “was really environmental engineering. His
Emerald Necklace [in Boston] is essentially a
drainage project. Our roots [are] in issues of health,
infrastructure, and open space—the Olmstedian con-
cept of regenerating the city.”

Recognition of brownfields’ potential value was
initially slow to dawn but today is growing rapidly.
Early attempts at redevelopment were daunting: own-
ers were liable for any site contamination, even if
caused by previous users. Today, however, federal reg-
ulations have been streamlined, states like Massachu-
setts initiated their own brownfields-cleanup programs,
and banks now lend money for sites previously deemed
untouchable. In 1998 the New York Times estimated
6,500 brownfields in and around New York City
alone; in 2007 it reported that restoring such sites
was a chief priority of the city’s economic develop-
ment officials.” Nationally some 450,000 brown-

fields await return to productive use.

Get Specialist Help for Toxic Sites, Tanks, and Hazmats
On sites such as those covered by the EPAs Super-

tund, landscape construction is not the primary so-
lution. Only after highly technical environmental
engineering might surface landscape construction be
appropriate. Remediation and restoration of sites at
this level is outside this book’s scope. For this cate-
gory of injured sites, seek consultant help. Resources
for Principle 6 also offer information on identifying
toxic materials.

Removal of hazardous buried structures like fuel-
storage tanks and remediation of heavily contaminated
soils is a very specialized branch of construction. This
work requires both special permits and special skills.
It is critical to long-term sustainability that these



Figure 2.1 Brownfields take up large areas in most
modern cities. Neither society nor the environment can
afford this waste, and restoring the potentially toxic sites
is a priority and a challenge. (Photo: Eric Carman.)

tasks be thoughtfully planned and skillfully carried
out.

Any site remediation involving toxic materials is
likely to require input from environmental engineers.
The degree of engineering involvement should corre-
spond to the severity of contamination. Current reg-
ulations, however, are written and administered
largely by engineers, and sometimes exclude biologi-
cal solutions. It is critically important to balance both
types of approach in ways that meet safety require-
ments, minimize financial costs, and truly restore the
site (rather than making it inert, safe but dead).

Landscape professionals can work to educate en-
gineering colleagues and the public about biological
site remediation. This must be done thoughttully and
diplomatically. No purpose is served by insisting on
“natural solutions” that fail and tarnish the credibil-
ity of more careful site-specific approaches. Although
bias against biological solutions is frustrating at
times, landscape professionals must know when engi-

neering help is truly the most appropriate solution.

Balance the Environmental Costs and
Benefits of Restoration

Restoring landscapes costs money, energy, labor, and
time. Hindsight is clear: avoiding contamination in
the first place is much cheaper. But faced with unde-
niably injured landscapes, choices must be made.

There are both economic and ecological limits to
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Figure 2.2 Restoration of mines, heavy industry, and
Superfund sites requires specialized engineering, but
should not exclude landscape concerns such as habitat
and visual fit with surroundings. (Photo: New Mexico
Department of Mining and Minerals.)

what can be restored. For some sites, only full restora-
tion to preindustrial conditions is worth doing; for
others any remediation is better than nothing. Not
all technologies are appropriate for all restoration
sites, nor for the communities in which they exist. As
with most sustainable practices, site specific is the key
concept.

Site restoration is usually appropriate if:

* Disturbance resulted from human land use (con-
struction, grazing, mining, logging, fire suppres-
sion, dumping, abandoned structures, off-road
vehicles, regional economic decline, etc.).

* Use of the restored site can prevent developing or
disturbing a healthy site.

* “Recruitment” (vegetation regrowth from relic
seeds in existing soil or from adjacent sites) can be
a major strategy.

* Restoration costs are likely to yield long-term sav-
ings by stopping erosion, rebuilding productive
soils, buffering or treating noise or air or water
pollution, or protecting threatened species. The
crucial need to reduce global climate change is
changing the equation significantly in favor of
revegetation,

* Restoration is legally required, a condition for per-
mitting land use, with costs borne by the parties

who profit (e.g., mine restoration).
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* The site has strong cultural significance, as in na-
tional and historic parks, or was significant before
becoming degraded.

* Degraded forests, wetlands, estuaries, or aquifer

recharge zones are involved.
Site restoration may be worth considering if:

* Disturbance resulted from disaster “provoked” by
humans (landslides due to soil abuses, floods due
to failed “flood control,” etc.).

* Restoration will yield economic or aesthetic re-
sults valued by people (but of no particular eco-
logical value).

* Restoration can create jobs, educate workers, or
support local industry (a native-plant nursery, for
example).

e Restoration involves community participation, in-
creasing community cohesion and identity.

* Restoration educates community members about
sustainability through planning, fieldwork, or ac-

tivities at the completed site.

Site restoration is usually not practical or appropri-
ate if:

* Disturbance resulted from natural processes not
accelerated by humans.

* The site is so small that outside influences will
overwhelm restoration.

* The true cause of disturbance is off-site, with no
likelihood of cooperation from the source site’s
owner.

* The so-called restoration is cosmetic (disguising
persistent problems, not self-maintaining).

* Restoration requires major use of materials whose
removal damages other sites (e.g., wild-dug plants
or imported topsoil).

* Restoration cannot be expected to sustain itself
without long—term intensive maintenance, irriga-
tion, or similar intervention. (Maintenance during
establishment and minor periodic maintenance
should be expected.)

* Restoration defers the real problem onto another
site or into the future (in which case, it is proba-
bly cosmetic).

* Restoration may attract poaching, destructive or
motorized site access, illegal use, or other prob-
lems, unless these can be monitored and prevented.

¢ Cost of restoration is excessively high, even when
figured as life-cycle costs and taking environmen-
tal services, intangibles, and job creation into ac-

count.

Involve the Community in Site Restoration

Abandonment of defunct industries and deteriorated
neighborhoods often makes site reuse a desperate
need. Demolishing 800 vacant row houses at once, as
happened in Baltimore in the 1990s, is unusual only
in scale. There, reduced demand meant only a quar-
ter of the housing would be replaced, leaving 600 lots
to transform into green space.

Technical solutions to such challenges are in-
vented, communicated, and used in social context.
With infill development and neighborhood revital-
ization becoming common steps towards sustain-
ability, we expect a growing percentage of the
landscape professional’s clients to be community
groups, rather than top-down agency or commercial
entities. Community-based recycling of derelict
spaces isn't business as usual. The contractor or de-
signer who wants to be part of this process will need

to learn and adapt.

Know the Site’s History

Restoring something implies going back to an origi-
nal condition. For something as complex as a land-
scape, knowing what condition was “original” is not
always simple. Sites are living, changing entities; both
natural succession and human land use change every
site over time,

It is important to distinguish between bhistoric
restoration, which attempts to re-create the site at a
particular point in time, and environmental restoration,
which attempts to restore site health. Both forms of
restoration have their purpose, and overlap signifi-
cantly. “Health,” however, is a much more dynamic
goal than period restoration. Consider the human

equivalent: the health of a sixty-year-old can be re-



stored; the sixty-year-old cannot be restored to being
sixteen. (Landscapes can be set back in time, but re-
creation 1s never exact.4)

A person who recovers from ill health continues,
once healthy, to age and change. So does an environ-
mentally restored landscape. Suppose a forested site
was developed, abused, and left derelict. Restoring it
to health would primarily mean restoring its ability
to support life. The restored parcel might look like a
meadow and still be “restored” in health. It might
also, given many years, use its restored health to grow
back to forest. People could, of course, also choose
to restore its health by planting forest trees. That
would restore it both environmentally and histori-
cally, at an increased cost in resources.

Thus restoration requires both knowledge (What
was the site before? How did it develop?) and deci-
sion (Is health the goal, or history? Are conditions in
1800 the target, or 1492?) In both knowledge and
decision making, local community input is indispen-
sable.

No matter what kind of restoration is planned,
decision-making knowledge almost always includes
history, of natural processes as well as of human land
use. Resources from the fields of Historic Preserva-
tion and Historical Ecology are frequently helpful. 2
Environmental and historic restoration may be sepa-
rate goals; but the environmental past of a site is sel-
dom separate from human influences. This is
especially true of the derelict lands most in need of
restoration, because that need is due to human abuse

or neglect.

Start an Urban Barn-raising

Transforming, regenerating, and restoring neglected
lands is crucial to restoring the human communities
that have been abandoned on these unpromising sites.
One individual who pursued land-and-community
restoration was the late Karl Linn. Landscape architect,
psychologist, and social activist, Linn was concerned
about the decline of inner cities where shrinking pop-
ulations or economies result in derelict land.> Conven-
tional municipal-park landscaping generally fails or
cannot be funded in such areas. Instead, drawing on

experience of grassroots groups like New York City’s
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Green Guerillas, Linn worked with inner-city resi-
dents to construct “neighborhood commons.”

Linn proposed that derelict tracts be turned into
urban farms or wildflower meadows, at least until fur-
ther development. His methods rely primarily on nat-
ural plant succession, with help from humans, to
improve soil and transform neighborhood appear-
ance. Linn envisioned Newark NJ (often stigmatized
as America’s most squalid city) becoming “the Gar-
den City of the Garden State,” bringing together vast
acreages of urban land with an ecological vision.® Af-
ter relocating to Berkeley CA, Linn worked with
community groups to create city gardens and farms
in the Bay Area.

Community-based methods are critically impor-
tant to urban restoration in particular. They parallel
environmental protection efforts in less-developed
countries, where participation of local and indige-
nous people has proved vital to success.” Clearly, they
also link with the community-garden concept, a well-

established movement in many parts of the world.

Follow the Lead of Community-garden Groups

One group Linn worked with is the San Francisco
League of Urban Gardeners (SLUG), one of the
country’s most active community-gardening groups.
SLUG’s work crews have constructed numerous
neighborhood gardens, plus San Francisco’s only
working farm, the four-acre St. Mary’s Urban Youth
Farm in low-income Hunter’s Point. St. Mary’s has
utterly transformed a blighted inner-city site.

The site (adjacent to a housing project) had been
used by contractors for dumping, littered with spoil
dirt and waste concrete, soon followed by old refrig-
erators, wrecked cars, and household garbage. SLUG
workers filled several sixteen-foot-long Dumpsters
with debris. Today the site features thirty raised gar-
den beds, nearly one hundred fruit trees, and herb
gardens. These provide produce for residents’ use, for
distribution to food kitchens in other low-income
communities, and for a cottage industry of salad
vinegars, made by local residents. A composting op-
eration produces and sells garden mulch from yard
waste collected throughout San Francisco. While

many urban Americans struggle with the concept of
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Figure 2.3 St. Mary’s Farm
relinks urban residents with the
land and their own skills. Most
cities could benefit from similar
community landscapes; where
soil is not toxic, they produce
food as well as social activity.
(Project: SLUG. Photo: Karl
Linn.)

food production, St. Mary’s Urban Youth Farm is
busy doing it.

The community-garden movement is quiet but
widespread, a potent grassroots force for site restora-
tion. Its thesis (quite foreign to this supermarket cul-
ture) is that food should be grown close to where
people live. Thousands of community gardens thrive
across the United States, most of them in major
cities. In Philadelphia alone, 1,500 such gardens in-
volve over 600 families in producing $1.5 million
worth of food.®

European cities devote significant land to “allot-
ment” gardens. A 1980 survey in England and Wales
found only two main types of urban soils: sterile soils
disturbed by construction, engineering, and dump-
ing; and the fertile soils of community gardens. The
survey described allotment-garden soils as “man-
made humus soils . . ., dark well-structured topsoil
from particularly deep cultivation (double digging)
coupled with heavy organic manuring.”” This is dra-
matic evidence that gardeners can reinstate site health
in urban areas.

Despite their immense value, urban community
gardens are seldom safe from development pressure.
In 1999, for example, New York Mayor Rudolph
Giuliani coerced community-garden and environmen-
tal groups into paying $4.2 million to ransom eleven

acres of gardens they had revived from trash-strewn

abandoned lots. Giuliani equated the gardeners’ ef-
forts with communism and did his best to create con-
flict with people on the eight-year waiting list for
public housing. Like the environment-versus-jobs
ploy, setting community landscapes against commu-
nity housing is the worst sort of dishonesty and

shortsightedness.w

Invest in a Garden Festival

The garden festival, more capital intensive and ambi-
tious than a community garden, is nevertheless a valid
restoration approach, widely used in Europe. Abused
sites (both derelict and brownfield) are redeveloped
as large, themed public gardens. Festival gardens op-
erate like fairs for some months, then are “recycled”
as parks or housing space. Essentially, such festivals
create landscapes as a catalyst for reinvestment. Gar-
den festivals were effective in rehabilitating bombed-
out German cities after World War I, then applied
to other European sites, including Britain’s urban and
industrial brownfields.!! Despite high costs, they
show how much can be accomplished quickly when
society decides to reinvest in damaged sites.

Nearly all British garden festivals were constructed
on industrially degraded sites. Liverpool Garden Fes-
tival (in the 1980s) was built on spoil tips from coal
mining and inner-city garbage dumps. The “Nature



in the City” portion of that festival, showcasing
Britain’s native plants, was built on an eighteen-acre
mountain of garbage more than a hundred feet
high.'* “The people of Liverpool through the event
were made aware,” wrote one festival designer, “that
you could transform a totally useless, severely pol-
luted area of land into a major visitor attraction of
international standing.”"?

Ebbw Vale in South Wales was also developed on
a brownfield site. The 57-hectare (141-acre) site of
this festival had been an air-polluting steel mill, with
adjacent mines. The Welsh Development Agency re-
claimed the site at a cost of twenty million pounds.
The festival garden included a S-million-gallon lake,
a 120-foot waterfall, 33,000 trees and shrubs, and
550,000 flowers. Landscape Design magazine’s descrip-
tion read: “Where there used to be satanic mills and
furnaces there is now a fantastic array of lakes, gar-
dens, floral displays, marquees, exhibitions, and fun
rides.” After the six-month festival, the landscape was
developed as a business park.14

Garden festivals are costly and may fail to meet
ecological goals. As fast-track projects they require
installation of semi-mature trees and other plantings,
trucked in from distant nurseries. Like other social
issues affecting landscape reconstruction, decisions
about speed of restoration are seldom simple. Instant

landscape, however, manifests a commodity-driven

Principle 2: Heal Injured Sites 77

Figure 2.4 Peralta Community
Art Gardens in Berkeley CA is a
decorative meeting place made
by neighbors from leftover land
and materials. (Project:
Community and Karl Linn.
Photo: Karl Linn.)

society. Emphasizing speed strongly affects choice of
techniques and may rule out gradual, community-
based reclamation. Instant plantings also can misedu-
cate festival visitors, obscuring understanding of
plant succession. A community that accepts the con-
cept that built landscapes grow and evolve has an ex-
panded range of cost-effective and ecologically sound
restoration methods available.

Educating the public about landscape ecological
processes is integral to the Earth Center in South
Yorkshire, England. Although as big as many festival
gardens, its stated mission is “to promote under-
standing of sustainable development and to help peo-
ple become involved in the process of achieving it in
their own lives.” The Earth Center is built on a pair
of abandoned collieries (coal mines) on the River
Don, near Doncaster. It is the biggest landscape proj-
ect in the United Kingdom based on sustainable prin-
ciples—"“to demonstrate,” in the words of Andrew
Grant, the landscape architect, “how regenerating
land can provide rich opportunities for play, pro-
duction of food, wildlife, and general public
enj oyment.” 15

In designing the Earth Center, all decisions had to
be justifiable in terms of sustainability. Materials
specification required local materials, suppliers, and
labor. This minimized environmental costs of trans-

portation and bolstered the local economy. Many
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materials came from the site itself: for pedestrian
paving, burnt coal shale—a pinkish by-product of
historical coal-washing activities—produced an at-
tractive surfacing at very little cost.1©

Planting at the Earth Center was the antithesis of
“instant landscape.” Instead, “the Earth Center land-
scape is designed to make people look at, think about,
and react to the issues that affect our future land-
scapes,” says Grant. “It is to be a visual and ecologi-
cal response to the process of regeneration on this
site, and is deliberately planned to evolve and rede-
fine its character well into the next century.”!” Plant
succession and change is on display, contrasting not
only with instant landscape, but also with attempts
to “freeze” landscapes unchangingly through inten-
sive maintenance.

Despite different methods, the Earth Center and
garden festivals are public celebrations of the ability
to regenerate blighted landscapes.

Make a Virtue of the Necessity for Lamﬁills
Landfills, unlike other brownfields, are created delib-

erately to contain society’s enormous quantities of
waste. Once filled, they become environmental prob-
lems (and eyesores) if simply closed. If restored,
landfills offer remarkable open-space opportuni-
ties—what might be called “postconsumer land-
scapes.” Recycling these sites requires interagency
cooperation, but may be cheaper than acquiring ur-
ban land for parks and recreation and can relieve de-
velopment pressures elsewhere.

Recycling landfills is no substitute for waste-
stream reduction. Entombing garbage within a clay
liner, cut off from water and air, preventing natural
processes of decay, is fundamentally questionable. As
solid-waste authorities find more effective resource-
recovery and recycling methods—or, for that matter,
as consumers buy fewer throwaway products—Iland-
fills and landfill restoration may fade into history.
Until then, reuse is better than abandonment.

Parks on landfills are not uncommon in the
United States. One of the oldest is Virginia Beach
VAs aptly named Mount Trashmore. Cambridge MA
added 20 percent to its total open space with one
landfill restoration, SS-acre Danehy Park. Featuring

turf and naturalized plantings, this popular park also
incorporated recycled “glasphalt” (see p. 234) in an
ADA-accessible path.

A landfill project in Yarmouth MA, on Cape Cod,
shows how many functions—ecological, social, and
economic—a well-reclaimed site can serve. The de-
signers of Danehy Park, Camp Dresser & McKee
(CDM) have developed landfills as office parks,
sports fields, and parking facilities, says Vice Presi-
dent John Kissida. The 57-acre landfill at Yarmouth,
however, stands out for its integration of functions.

Federal and state regulators forced closure of
Yarmouth’s forty-year-old dump; among other prob-
lems, it was located in one of Cape Cod’s scarce
aquifer recharge zones. A community-based, partici-
patory process created a golf course, park, bike path,
and residential/ construction/demolition waste recy-
cling facility. Revenues from recycling and the golf
course offset the cost. Effluent reuse provides nearly
half the water (and fertilizer nutrients) for the golf
course.!®

Landfills have become golf courses in climates as
diverse as Charlotte NC, Phoenix AZ, and St. Peters-
burg FL. Harborside International, on Chicago’s
South Side, is one of the largest (425 acres) and quite
spectacular, comprising two eighteen-hole courses, a
45-acre practice facility, and a golf academy. Above
the flat Illinois landscape, the site is a plateau built
up of fly ash from a closed garbage incinerator. A re-
cycled product provided fertility: processed sewage
sludge from Chicago Metropolitan Water Reclama-
tion District. Sinuous greens meander through tawny
grassed mounds and steep hillocks where fescue and
rye, unmown, wave in the unfailing breeze. Harbor-
side has won several awards, including the 1996 Su-
perior Achievement award from the American
Academy of Environmental Engineering.

One of the world’s largest dump sites, at 2,400
acres, is Staten Island’s Fresh Kills landfill (the name,
ironically, means fresh brook). The site is poised to
be “refreshed” as New York City’s most expansive
open space. A draft master plan by Field Operations
landscape architects (New York and Philadelphia)
may be downloaded from the Fresh Kills Park web-
site, Www‘nyc‘gov/ freshkillspark. The first recreation
facility, Owl Hollow soccer fields, should be com-



plete in 2007, with other areas opening to the pub-
lic by 2009. The New York City Department of
Parks and Recreation will oversee construction, with
an initial allocation of $100 million in capital funds.

Fresh Kills will undoubtedly be the country’s
largest, most elaborate landfill park, containing a me-
morial from World Trade Center rubble. Some un-
usual activities will be accommodated, like mountain
biking and kayaking. Beyond notoriety or sheer size,
Fresh Kills is important for scientific monitoring that
provides hard data on the safety and cost effective-

ness of structural restoration methods for landfills.
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Figure 2.5 At Quarry Hills
outside Boston, a 130-acre
closed landfill (in background)
became 27 holes of golf.
(Project: Quarry Hills
Associates. Photo: Art Cicone.)

Figure 2.6 Harborside
International golf course makes
beautiful reuse of a landfill.
Industrial buildings in the back-
ground show the context of
this massive site restoration.

(Project: Nugent Associates.
Photo: Sally Hughes.)

UNDERSTAND STRUCTURAL ISSUES OF LANDFILLS
Landfills are structurally unique in the built environ-
ment. Sealed to isolate the polluting materials aban-
doned in them, they are huge buried containers that
cannot be moved and must not be punctured. The
technology of capping and sealing landfills is well de-
veloped. Planting over such structures, however, re-
quires unusual techniques. Some, like manufactured
soil (p. 96), are widely applicable; others are specific
to contained landfills.

Fear that tree roots might pierce the strictly regu-

lated clay or plastic “cap,” allowing dangerous gases
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Figure 2.7 Fresh Kills on
Staten Island, one of the
world’s largest garbage dumps,
is being reclaimed as a twenty-
first-century park. (Project: Field
Operations. Photo: City of New
York.)

to escape or rainwater to enter, has led some states to
ban trees and plant landfills with unvarying swaths of
turf. Research (some at Fresh Kills) suggests that ban-
ning trees is unwarranted.

Root penetration of a properly constructed cap is

highly unlikely because:

* cap density physically prevents root penetration

* anaerobic conditions in and below the cap kill
roots

* tree roots are concentrated in soil surface layers

above the cap.19

A compelling reason to permit trees is to reduce
landscape maintenance. Local trees will colonize un-
less actively prevented by mowing and herbicides,
with energy and pollution costs. Trees also reduce
erosion, a serious issue on landfills, where slopes may
be 3-to-1 and 250 feet high. With shrubs and trees,
landfills gain potential as wildlife habitat or corridors,
not to mention visual variety. These benefits outweigh
potential problems.

In the late 1980s the New York City sanitation
department devoted six already-capped acres at Fresh
Kills to testing. One goal was to determine whether
the landfill could support anything approaching
Staten Island’s indigenous vegetation, which of course

includes many species of trees.

The restoration team reshaped uniform steep
slopes, interrupted every ﬁfty feet by wide, flat
benches, creating dune-like slopes that mimicked the
island’s coastal landscape. (Compare landform grad-
ing, Figure 2.9, p. 82.) They rescued plants from sites
slated for development elsewhere on Staten Island:
3,000 shrubs, 523 native trees, and native perennial
grasses and wildflowers.

Landscape architect Bill Young, one of the team
members, advocated irrigating with leachate (water
that drains from landfills, often picking up contami-
nants). This was controversial, but Fresh Kills leachate
was tested and found to be within EPA toxicity lim-
its. Because it could not be allowed to flow off the
landfill, it was recirculated on site. Young notes that
irrigating with leachate would be much more feasible
if toxic items like batteries and household cleansers
were eliminated from waste. Increasingly, landfills do
require that such materials be sorted out (for reasons
other than watering trees).

A team of restoration ecologists from Rutgers
University was hired to monitor the Fresh Kills plant-
ings. Test plots showed moderate tree growth and ex-
cellent shrub growth. Woody plants in “habitat
islands” provided much-needed perching sites for
birds, which reciprocated by dispersing seeds, spread-

ing volunteer trees to other areas. Surprisingly effec-



tive, seed dispersal from the habitat islands boosted
woody species from eighteen to fifty.

Perhaps the most important finding from the Rut-
gers Fresh Kills study, however, was that tree roots did
not affect the clay cap.zo Excavating selected trees, the
Rutgers team found wide, shallow root systems.
Planting directly in a sand/ compost mix, with nei-
ther imported topsoil nor excavated “tree pits,” may
have encouraged horizontal rooting.

Even with these encouraging early findings, reveg-
etating an area as large as Fresh Kills is a major chal-
lenge. Soils are thin and of poor quality, moisture
levels are generally low but also highly variable, inva-
sive species dominate, and there is little species diver-
sity. Woody plantings, even from habitat islands, are
unlikely to thrive everywhere, and other techniques
will be tested. One is an adaptation of agricultural
strip cropping. Fast-growing plants will be grown in
contour furrows, then plowed into the soil to create
“green manure,” adding organic matter. This poten-
tially cost-effective technique for improving poor

soils on an industrial scale will be part of ongoing re-
search at Fresh Kills.2!

SucGesTeED PrAcTICES FOR LANDFILL SITES

Build a multidisciplinary team early. For restoration
of huge sites as amenity facilities, overlapping systems
must be well integrated for environmental and human
benefits.

Consider educational and interpretive design to
shed light on the site’s history. The way consumer so-
ciety generates and hides waste is an important factor
in long-term sustainability. Landscapes on landfills
should not simply make those processes invisible.**

Grade the site using landform or stepped slope
methods (below).

Plant in uniform soil cover, not pits. Pits can con-
strict roots and might force them into the cap.

If additional soil is needed, consider manufactured
soil (below).

Plant trees for erosion control and habitat. Trees
pose little risk to the cap and offer many benefits. Use
turfgrass for active-recreation areas. Native grasses
and wildflowers are also satisfactory.

Try bare-root stock or an on-site nursery. Allow

seedlings to acclimatize to landfill microclimate and
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soils. Commercially grown trees, aside from being ex-
pensive, may not survive transplanting to landfill con-
ditions.?® Low-cost bare-root stock is sometimes
available from government sources, usually mixed na-
tive and nonnative species, which should be carefully
evaluated.

Plant “habitat islands” (above), from which no-
cost seedlings spread.

Recognize Agricultural and Rural Restoration

Urban and industrial restoration projects are often
dramatic, gaining media coverage because they restore
lost services to downtrodden neighborhoods.Where
they involve reuse of industrial ruins, they also are
popular with the design avant-garde. In terms of
sheer acreage, however, there is probably more restora-
tion activity outside the city. Mine reclamation deals
with sites similar to urban industrial land, but often
at a huge scale. Reforestation of recent or historic
timber clear-cuts can involve small armies of work-
ers, as can range-land restoration after over—grazing.24
Agricultural fields may seem benign, but many have
suffered fertility and topsoil loss or worse abuse.
They, too, are candidates for restoration, especially
where created by draining wetlands (see Principle 4).
Consulting firms such as Prairie Land Management
have found that restoring native vegetation to mar-
ginal farm soils reliably increases efficiency and prof-
itability.25

These site restoration projects have much in com-
mon with their urban cousins, but differ in scale and
location. When hundreds or even thousands of acres
are being restored, cost and practicality require sim-
ple methods. Some, like broadcast seeding, or pre-
scribed burns in place of weeding or thinning,
produce a naturalistic result. Other mass techniques
result in functional landscapes: forests are restored for
the next crop with one shovel-cut per seedling, hun-
dreds per day. Highly designed landscape restoration
might not fit rural settings.

Landscape architects and contractors may not of-
ten do this kind of large-scale, nonurban restoration,
but should be aware of it. The County Extension is
often a good place to find regional expertise in large-

scale restoration.



82 Sustainable Landscape Construction

Use Techniques Appropriate to Both Community and Site

As the previous sections illustrate, there is a very wide
range of approaches to site restoration. Tiny lots may
be repaired by the loving hands of a few volunteers.
Where abandonment of a major industry has left
huge gaps in the community, significant funding and
professional work are required. Thus, the techniques
described below must be adapted to the community as
well as to the site.

Abandoned land often goes hand in hand with
meager resources: such a community needs simple, in-
expensive methods, cooperation, and patience. Com-
post and planting to restore soil health may initially
be the only options. A surprising amount can be done
with well-planned volunteer labor, however, and some
intensive approaches can be scaled down. Inventive
ways of funding such projects have been found by
programs like the Massachusetts Heritage State Parks
program or Philadelphia’s linkage of public-art
money to vacant site restoration.

Larger-scale restoration often involves agencies of
the larger community—municipal, state, or federal.
Creativity and inventiveness apply, but methods and
funding are inevitably different. It is more difficult as
an official agency or a nonresident investor to win the
local support that makes did-it-ourselves projects so
powerful. Nonetheless, truly public projects can take
on problems too big for individual neighborhoods,
and many succeed extremely well. It is critical to avoid
moving in and taking over. Incorporate community-
based planning and participatory design and expect
to adjust to local standards. Community participa-
tion linked to serious reinvestment can be truly up-
lifting,

Thus the list of techniques that follows includes
arange of approaches adaptable to various sites, com-
munity needs, and finances. Many successes in
restoration have resulted from communities borrow-

ing ideas and improvising,

Restore Landscapes Structurally

Although healthy soil and vegetation are the most ev-
ident goals of site restoration, it is often necessary to

deal first with structural damage to the site. This in-

cludes site topography and drainage damaged by in-
appropriate grading or erosion. It also includes im-
pervious structures that interfere with environmental
functions. The unique structural issues of capped
landfills, above, have parallels on other sites. Many
emerging restoration methods address damage caused
when structural forms fail to integrate with ecologi-

cal dynamics.

Restore Environmentally Appropriate Grading
Grading changes the surface shape of the Earth. Con-

ventional thinking assumes that such changes are
purely a matter of human convenience and aesthet-
ics. But recent evidence, both scholarly and practical,
shows that Earth-surface forms are a critical functional
part of the environment. Partly because modern so-
ciety tends to see all natural patterns as “random,”
the irregularities of landform surfaces are conven-
tionally viewed as unimportant, even as nuisances.
Nothing could be further from the truth.

Most conventional grading is based on straight
lines and planes, in plan, section, or both. Such grad-
ing produces level or near-level surfaces for human
use and unvarying slopes on “in-between” areas (such
as road cuts or embankments).

Until recently the acceptability of such large pla-
nar slopes was seldom questioned. Their grim shapes
often raise public outcry because they are ugly, but
engineers overrule these concerns with arguments
about safety, slope failure, erosion, and cost. All of
these, conventional thinking insists, require the math-
ematically regular patterns of conventional grading.
The evidence suggests otherwise. Two alternatives are

discussed in this section.

GraDE 1O FoLLow ReEGroNaL LANDFORMS

Horst Schor, whose Anaheim CA consulting firm
specializes in what he calls “land-form grading,” be-
gan questioning convention while a senior vice pres-
ident of Anaheim Hills development company. “We,
like every other developer,” he says, “were taking nat-
ural (hilly) terrain and transforming it into rigid,
mathematical shapes for building. It was a practice
based on the idea: We've always done it that way.”
Public resistance to stark, ugly results was a heated is-



Figure 2.8 Conventional grading insists on uniform,
planar slopes. Until recently, objections to this approach
have been aesthetic, but recent research shows environ-

mental disadvantages, too. (Pkoto: H. J. Schor.)

sue in Anaheim. Schor himself didn'’t like the looks
of the engineered slopes.

His solution was to study and photograph natu-
ral hill forms across the world, and then retrain his
team of designers, engineers, surveyors, and contrac-
tors to construct landforms based on geomorphic
patterns. The bulldozer operator turned out to be key
to success. Schor writes, “We finally had to go into
the field and call a bulldozer operator off his ma-
chine, show him the drawings and photos and explain
the ideas. ‘Sure, I can do that. Why didn't you say that
in the first place?””” was the response. 26
The resulting slopes were carefully engineered but

looked natural. Still, engineers and planning agencies
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were doubtful, if not hostile, at first. Engineers in
particular predicted that naturalistic slopes would
cause increased erosion. Schor proved them wrong by
landform grading an experimental hill slope seventy
feet high, deliberately leaving out all the drains and
pipes usually required by code. After three years of
unusually heavy rains and no maintenance, the land-
formed slopes were un-eroded. Similar-sized conven-
tional slopes were gullied and severely damaged by the
same rains.”” In California, where developed land is
regularly washed away in landslides, Schor’s grading
practices had immediate practical appeal, and won
professional and public acceptance.

Schor has carefully documented comparative costs
of conventional and landform grading.28 The first
time a contractor is asked to do landform grading,
costs of learning (and of resistance to learning) can
push costs up 15 percent. Once the learning curve is
overcome, however, surveying costs on average only I
to § percent more than conventional methods, and
design cost I to 3 percent more. Construction costs
(once the contractor is experienced) are typically only
I percent higher than conventional grading. (GPS
surveying may help; see p. 43.)

Offsetting these costs are strong benefits. Con-
struction costs were reduced by 20 percent on one proj-
ect because landform grading required much less total
earthmoving. Contractors often like doing landform

grading because it does not require extremely tight

Figure 2.9 Landform grading
creates forms that resist erosion
by being in equilibrium and
that increase habitat diversity
and aesthetic appeal. Lifetime
costs of creating and maintain-
ing these forms is less than
conventional grading. (Project

and Photo: H. J. SChOt.)



84  Sustainable Landscape Construction

geometric control. Residential density on land-
formed sites equals conventionally graded ones; com-
mercial sites, which demand huge level pads, may be
I percent fewer. Costly delays due to public opposi-
tion can be avoided. Buyers perceive landform grad-
ing as attractive, which can result in quicker return on
investment, higher property values, or both.

Land-form grading has been shown to decrease
erosion and fits well with scientific theory about ge-
omorphologic evolution of natural slopes.” It clearly
helps blend restored land with undisturbed areas.
Compared to flattened slopes, land-formed slopes
revegetate more quickly and cost effectively and offer
a diversity of concave and convex, shaded and sunny,
exposed and sheltered plant habitats.

Because of its combination of ecological and so-
cial benefits, land-form grading deserves to be a ma-
jor part of sustainable construction. It is applicable
both to site restoration and to work at the edges of
protected healthy sites. “A willingness and an open
mind to depart from old concepts are essential ele-
ments,” says Schor. “Approving agencies must also be
brought into the information dissemination process.”*

Like porous paving (p. 211) or bioengineering
(p. 114), land-form grading remains underused de-
spite nearly twenty years of well-documented results.
Rethinking, retraining, and overcoming entrenched
resistance are one-time hurdles in each firm, agency,
or community. (Schor uses clay models of typical
landforms, along with slides of natural hillsides, to
help both design and field workers get a feel for the
desired results.) A more general change is also re-
quired: slightly increased upfront costs must be
viewed as investments with rich, long-term payoffs,
rather than as immediate gouges in the monetary

bottom line.

GrADE LONG SLOPES IN STEPS

“Stepped slopes™ are another effective approach that
avoids some problems of conventional grading. Used
on highway slopes in hilly topography from Califor-
nia to Appalachia, they are applicable to other grad-
ing situations. Essentially, stepped slopes are small
horizontal benches, constructed during grading—
modern versions of the terraced agricultural hillsides

used for centuries by traditional societies.

Water collects on each bench, then drops to the
step below, dissipating its energy. Because it flows
slowly and puddles on each step, it has time to infil-
trate, aiding plant establishment. Over time the steps
do erode, but this only deposits loose soil on the
benches below as rooting medium for seeds. Once
plants have stabilized the slope, the steps are difficult
to detect.’!

Steps are typically cut at about two-foot vertical
intervals; their width is proportional to the slope.
They can be created during ordinary excavation by a
bulldozer traveling in alternate directions so that ma-
terial does not pile up at one end of the slope.** Step
“tops” must be truly level or slope back into the hill-
side. Otherwise, erosion can actually be speeded.

Stepped slopes have costs comparable to conven-
tional grading. On some projects costs are reduced
because slopes are not fine graded after excavation.
Change orders have added stepped slopes to contracts
at no increase in price, according to one Federal
Highway Administration engineer.33

Although designed to erode, stepped slopes must
be able to stand long enough for stabilizing vegeta-
tion to become established. Caltrans erosion-control
specialist John Haynes, with extensive experience with
stepped slopes, has found that compost and mulch
protect the soil while providing nutrients (see p. 92).
The steepness of many California highway cuts has
not prevented use of composts; Caltrans has applied

wood-chip mulch on slopes up to 1.25:1.

GraDE Sussoir, Not TopsoiL
Whatever form grading takes, always grade subsoil to
change site topography. Differences between subsoil
and topsoil are discussed on p. 88; topsoil should
usually be stockpiled and reapplied to graded or oth-
erwise altered areas. The top surface of regraded sub-
soil must be several inches lower than the designed
finish grade. This difference, usually about six inches,
allows for topsoil to be re-spread; note that topsoil
may expand or compact during stockpiling and re-
placement. The completed site has a blanket of top-
soil over structural subsoil. Avoid mixing subsoil into
topsoil during spreading.

A common problem of subsoils, including many

urban soils, is compaction. Probably the best single



volume on problems of urban soil is Phillip Craul’s
Urban Soil in Landsmpe Design, which describes ways of
ameliorating compaction.2 These include deep wa-
ter jetting and air injection to fracture compressed
soil; fractures are then backfilled with some dry ma-
terial such as vermiculite.** Applying humic acid will
also loosen some soils.

Deep plowing or subsoiling, an agricultural tech-
nique for breaking clay “pans,” is applicable to urban
soils. Deep plowing shatters compacted soil, creating
large pore spaces that aid water drainage, aeration,
and root penetration. Two caveats: Subsoiling must
be repeated every two to three years and cannot be
used around trees and shrubs because of damage to
the root systems.35 On construction sites, a backhoe
is often used for the same purpose as construction
nears completion but before re-spreading topsoil and

final grading.36

Balance Cut and Fill

Transporting soil is costly, in both money and energy
(see p. 276). “Balancing” cut and fill, so that no soil
needs to be trucked in or carted away, is standard
practice for large engineering projects. This concept
can contribute to sustainability and should be consid-
ered for all sites. Many construction projects, however,
create large new impermeable surfaces (buildings,
pavement), resulting in more topsoil than should be
re-spread on remaining areas. Rather than placing
topsoil to a depth which does not benefit plants on-
site, it may be appropriate to truck the excess to an-
other site where soil remediation is required. This
should be a last resort, given energy costs and differ-
ences in soil chemistry or fertility. It is far preferable,
wherever possible, to limit impermeable surfaces and
to avoid contamination and other conditions that re-
quire remediation of soils.

In roadway construction, strictly balanced cut and
fill can lead to raising or lowering the roadbed far be-
yond what is needed for safety. Although energy and
cost savings result from not hauling the soil, exces-
sively raised or lowered roads tend to disrupt natural
drainage patterns, compromise traffic safety, and re-
quire increased maintenance. Sustainable construc-

tion should first minimize the fotal amount of grading,
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and then come as close as possible to balancing cut

and fill.

NoTe: RE-GRADING AND WETLANDS

Poor grading often creates areas of standing water. If
these ponding areas have persisted for a number of
years, they may be legally classed as wetlands. Even if
no regulatory situation exists, ponded water may be
a desirable site feature or can become one with design
help. Normally, however, badly engineered grading
should be corrected as part of restoration.

Grading to eliminate naturally swampy or marshy
ground is never sustainable, and usually illegal under
the Wetlands Protection Act—a good example of
how concerns for sustainability are changing land-

scape construction.

Remove Damaging Structures

Land restoration frequently involves removing existing
structures. Most structures have environmental costs:
they are designed to keep out water and wildlife, to
block or absorb sunshine. These costs are offset by
human benefits when a structure is in use. The same
structure, abandoned or poorly used, has most of the
costs without the benefits. Derelict houses in declin-
ing cities are one example of failed structures that
hinder sustainable site use. On a much larger scale,
the Army Corps of Engineers has demolished its own
dams on some rivers where they disrupt river wildlife,
especially the economically valuable salmon.

“Greenroofs” and “greenwalls” can turn unwanted
structures into plantable surfaces (Principle 3). They
provide air and water quality benefits and replace hot,
sterile surfaces with habitat area.

Remove Exciss Paving

Paved surfaces, in the United States at least, almost
seem to grow by themselves. A net decrease in paved
area anywhere remains inconceivable to conventional
thinkers. However, when a closed factory is renovated
as shops, or a single firm takes over what was once sev-
eral offices, parking needs may decrease. Many writ-
ers on sustainability envision major reductions in
single-occupant vehicles.®” Such changes call for

restoration of paved areas.
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Even where demand for parking has not decreased,
pavement removal may be necessary. Many lots in
current use are never be more than one-quarter filled,
due to excessive planning formulas for parking re-
quirements (see p. 201). Where land is affected by
increased runoff and erosion, or by extremes of
flooding and drought, successtul restoration may de-
pend on removing excess hard surfaces. For parking
still in use, porous pavement may replace all or part
of the impervious surface and biofiltration can infil-
trate runoff on-site (see pp. 207-17).

On the Upper Charles River just outside Boston,
impervious surfaces have been removed on a grand
scale. Here, in the early 1990s, the Metropolitan Dis-
trict Commission (MDC) decided to reclaim several
miles of abandoned, overgrown public riverbank as a
greenway. For years, however, riverside businesses had
encroached on the banks with impromptu parking
lots. The MDC forced encroachers to pay for pave-
ment removal, soil rehabilitation, and planting by
landscape architects Carol R. Johnson Associates.*®
Removal of these paved areas restored the riverbanks
to health and to their rightful use—a green riparian
park for Boston'’s citizens.

Reducing runoft at the top of a watershed is usually
more effective than trying to combat erosion with ex-
pensive engineering downstream. Ownership boundaries
often hamper this approach, however. Watershed-
wide cooperative control of stormwater, including re-
moval or replacement of impervious paving on up-
stream sites, is an important trend.

Standard paving specifications require removal of
all organic soils and placement of gravel “base
course.” These materials are highly compacted and
chemically infertile. For revegetation, base course
must be removed along with asphalt or concrete sur-
facing and the soil tested and revived before planting
can be successful.

When paving is removed, conventional practice
(or simply habit) is to dump the removed materials.
Sustainability requires better practices. Both asphalt
and concrete can be recycled using high- or low-tech
methods (Principle 6); rubble is potentially reusable.
Base-course aggregate is so cheap at present that it is
seldom re-used. Demolished roads and buildings may

become on-site material sources, as was done for the

Figure 2.10 The Upper Charles River was the site of
miles of iﬂegal paving, Note the ironic No Dumping
sign. (Photo: Carol R. Johnson Associates.)

Chesapeake Bay Foundation’s headquarters (Annapo-
lis MD), sometimes called the world’s greenest office

building.*’

REepPLACE OVER-ENGINEERED [DRAINAGE STRUCTURES

Conventional drainage practice focuses on quickly
getting water away from desirable structures (espe-
cially buildings and roads), often at the expense of
adjacent land and aquifers. Water considered “excess”
is piped or shunted into ditches for delivery to a sur-
face water body. This deprives land of infiltrated rain-
fall and increases erosion, sedimentation, and flooding.
The true source of these problems may be the
“drainage” structures themselves; restoration down-

stream may not be possible without removing them.

Figure 2.11 The same site, with paving, trash, and
signage replaced by restored vegetation and public
access. (Project: Carol R. Johnson Associates. Photo: Dan
Driscoll.)



Many “hard” erosion and flood control structures
deflect and concentrate the force of water onto other
surfaces. Just beyond the hardened edges, soft soils
erode quickly and undermine the structure, causing
its collapse. In extreme climates, many municipally
funded concrete drainage structures break down from
undercutting and weathering many years before the bond
issue debt is paid off.*

Where poorly planned grading dams natural
drainage, stagnant water may produce anaerobic soil
conditions and drowned plants. Examples are often
seen along interstate highways. Where roads are raised
on fill, cutting off drainage in surrounding low places,
eerie dead forests stand like ghosts of misdeeds past.

Drainage methods should infiltrate more and
harden less. These include bioengineering and appro-
priate planting (Principle 3), porous paving materi-
als and infiltration structures (Principle 4), and
land-form grading (above). Each may require removal
of damaging structures first.

Restore Damaged Soils On-site

Once structural problems have been corrected, or if
they are not an issue, restoring soil health is an im-
portant next step in most site restoration. Com-
paction may need to be reversed, or soil that has been
hauled away or allowed to erode may need to be re-
placed—erosion rates on construction sites are dis-
astrously high if not controlled (see Figure 6.19).

Urban soils are called “made land” for good rea-
son. They are “produced by mixing, filling, or con-
tamination of land surfaces”*! and support little
vegetation without help.

Methods of re-creating healthy soil range from
simply adding organic material, to complete replace-
ment with “manufactured soil.” Unless the site has
been stripped of all soil, sustainability is best served
by methods that rebuild soil on-site. Only rarely
should soil materials be imported in quantity, and

never at the expense of another site.

Avoid “Topsoiling”

One of the most common—and most question-

able—practices in contemporary landscape construc-
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Figure 2.12 Rigid structures protect only the soil they
can shield from water. Along the hard edges, erosive
undercutting is actually increased. (Photo: Kim Sorvig,)

tion is “topsoiling.” Some sites may truly lack top-
soil, due to prior abuse. But more commonly, soil is
imported on the assumption that on-site soils lack
fertility—or that stripping topsoil and hauling it
away is easier than stockpiling it.

In most urban areas, companies specialize in col-
lecting topsoil from land under development and re-
selling it as “new” topsoil for other developments—a
game of musical soils. The excuse is often that source
sites are being disturbed anyway, so making off with
their topsoil is no crime and saves it from destruc-
tion. The energy and pollution costs of transporting
bulk soils, however, make good on-site soil manage-
ment during construction the preferred alternative.

Importing soil also carries an unseen environmen-
tal cost—it often comes from developments that de-
stroy productive farmland. Planning policies that
allow this are unconscionable. “I feel strongly that
landscape architects should never use the word ‘top-
soil’ in specifications,” says Vancouver BC landscape
architect Cornelia Oberlander.

From a strictly practical standpoint, topsoil mixes
have a significant disadvantage over sand plus com-
post (aka manufactured soil). Topsoil is usually of
unknown origin and may contain near-inert subsoil,
residues including pesticides, or depleted agricultural
soil. In fact, the most likely time to sell soil is when
its productivity declines.

Fortunately, alternatives to importing topsoil do
exist. Where saving existing topsoil and reapplying it
is impossible, try the soil restoration methods below
before trucking in topsoil.
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Stockpile Existing Topsoil

Depth of topsoil varies widely depending on soil
type, from an inch or less in the desert Southwest to
several feet in fertile farmland. Beneath it, subsoil
contains far fewer organic materials and soil organ-
isms. Subsoil can be thought of as primarily struc-
tural, while topsoil is alive.

The best way to preserve topsoil is to leave it strictly
alone. Construction usually disturbs some areas, how-
ever, no matter how carefully minimized by planning
and design. Prior to construction, topsoil should be
scooped off all parts of the site that will be built on,
as well as access paths and staging areas. As a practi-
cal rule of thumb, the top six inches are removed, but
in unusually thin or deep soils this may vary.

Stockpile topsoil on-site in piles covered with
breathable material. This slows drying, keeps down
dust, excludes windblown weed seeds, and avoids
mud, sedimentation, and erosion. On large projects,
stockpiles are sometimes planted with a quick-
growing crop of erosion-preventing groundcover.

Inevitably, many organisms in stockpiled soil die
from lack of oxygen, drying, or other factors. Stock-
piling longer than a month is particularly likely to kill
the microorganisms on which soil health depends.
Cases where construction cannot be phased to avoid
long stockpiling are one of the few times when sell-
ing topsoil may be justified. Despite these concerns,
and calls for reevaluation of how to protect topsoil
that must be moved during construction,** stockpil-
ing is clearly better than simply destroying topsoil. In
order to keep soil organisms alive, observe the follow-
ing suggestions.** The local Natural Resource Con-
servation Service or County Extension office may also

provide advice on keeping stockpiled soil healthy.

* Make several small piles, not one large one.

* Depth of piled soil should be no more than six
feet for sandy and four feet for clay soils.

* Keep piles moderately damp.

* Protect piles from wind and water erosion by cov-
ering or planting.

* Handle soil as little as possible, and stockpile as

short a time as possible.

Figure 2.13 In this test pit, living organic topsoil con-
trasts clearly with light-colored subsoil. A precious
resource, topsoil is only created from subsoil by major
resource inputs, either from humans or from time. (Photo:
Natural Resources Conservation Service.)

On large projects, the guidelines present a chal-
lenge of logistics and space. Nonetheless, studies by
Caltrans have shown in no uncertain terms that top-
soil reapplication works. On test slopes, where top-
soil was reapplied after highway construction, plant
growth after three years was 250 percent better than
without reapplied topsoil—even with identical appli-
cations of nutrients, seeds, and erosion-control ma-
terials.** Under the even more demanding conditions
of mine reclamation, “high sodium content, nutrient
deficiencies, toxicities, and soil-water relationships
were mostly alleviated by replacing topsoil.” ** There
are limits, however: the same study found that two
inches of replaced topsoil produced up to 70 percent
as much grass regrowth as thirty inches.

One possibility to preserve topsoil and the “seed
bank” found in healthy soil is to treat it like sod.



Andropogon Associates pioneered a modified front-
end loader to scoop up huge sheets of intact soil and
plants, on the Algonquin pipeline in Morristown
NJ.*¢ A similar machine is now commercially avail-
able. Small plugs of seed-bearing soil are commonly

used to plant wetlands (see p. 165).

Grow Soil, Not Plants

Although it sounds quixotic, growing soil instead of
plants is a watchword in organic agriculture, Inte-
grated Pest Management, and natural turf care. The
same should apply to landscape efforts.

With some four billion microorganisms in a tea-
spoonful of healthy soil, 60 percent or more of the
metabolic activity in soil is microbial. Recycling or-
ganic materials, microbes allow soils to support
plants—the mineral soil is just a structural matrix.
The living parts of soil are responsible for binding
mineral particles together, absorbing water, holding
and releasing plant nutrients, and sequestering COZ.
The complex soil ecosystem suppresses excessive
(disease) concentrations of any microbe species,
maintaining itself dynamically like more visible
ecosystems.

When soil organisms are few, or their populations
are unbalanced and low in diversity, these beneficial
processes are diminished. With less organic binder,
soils erode more easily and hold less water and nutri-
ents. In high concentrations, not balanced by other
organisms, some microbes begin to act as pathogens,
with plant diseases as visible results.

Construction, along with many other human ac-
tivities, frequently diminishes soil health. Common
landscape activities that can damage soil include top-
soil removal; compaction by equipment or day-to-day
use; mowing, pruning, and harvesting unless organic
matter is returned to the soil; and “plant care” chem-
icals, not only pesticides, but also high-nitrogen
quick-release fertilizers.

“Growing soil” means keeping the web of mi-
croorganisms healthy or restoring its health. Almost
as a side effect, landscape plants, lawns, and crop
plants thrive with reduced amounts of irrigation and
fertilizer, and few or no pesticides.
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Growing soil involves several simple techniques in
coordination. These include correcting compaction
and sometimes improving mineral soil structure;
stopping the broadcast use of pesticides and high-
intensity fertilizers; and restoring microbial life and
organic content, primarily by adding composts and
compost teas (see below).

Soil development in nature takes decades to cen-
turies. Human efforts to grow soil need not take so
Iong, but even so, it takes time. Compost tea some-
times produces results as quickly as chemical meth-
ods, and more lasting. In other cases, soil restoration
may take two or three years in transition, during
which the landscape may look scruffy. Convincing
clients (and neighbors) that instant green is a decep-
tive short-term idea can be the most difficult part of
the soils-first approach.

The negative effects on a regional scale of un-
healthy soils, and positive effects of soil restoration,
are profound enough that King County WA devel-
oped a program for the Seattle region called Soils For
Salmon. This in turn has become a model for other
regions to manage stormwater, pollutants, vegetation
cover, and wildlife by focusing on soil health.

Franklin Roosevelt once said that “a nation that de-
stroys its soil destroys itself.” In the United States,
where agricultural soil has lost more than 40 percent
of its soil nutrients since 1860, this is not idle rheto-
ric.¥” The good news is that the region that invests in
maintaining its soils reaps comprehensive environmen-
tal dividends, at less cost (in money, resources, and en-

ergy) than conventional methods of landscape “care.”

Analyze Soil Both Chemically and Biologically

Since this book’s first edition, sophisticated commer-
cial soil testing services have become better known
and used. Until relatively recently, soil analysis meant
sampling physical sand-clay-loam structure and ma-
jor chemical nutrients only. While this is useful in-
formation, it leaves out what is arguably the most
important component of soil and the biggest factor
in its health: the microbiological community of
species that process and even create soil as part of
their life cycles.
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Truly modern soil analysis laboratories test soil
microbiology and can recommend ways to bring soil
flora and fauna into balance. Restoring microbiolog-
ical balance to soils usually involves composts, which
full-service labs also test. Two such testing services are
Soil Foodweb, based in Oregon and with several labs
worldwide, and BBC Laboratories, in Tempe AZ.

Sending soils for microbiological testing has sam-
pling requirements that may be unfamiliar: be sure to
check with the lab in advance. These are likely to in-
clude submitting accurate information on where and
from what depth the sample was taken; express deliv-
ery on ice to ensure live microbes when tested; and
deciding among several available types of testing.
Tests to determine how to manage a specific soil for
a specific “crop” (such as a turf-grass species) are sim-
pler than those that give a more comprehensive pic-
ture of soil health in relation to its region. The latter
are generally more useful to landscape projects, where
single-crop plantings are less relevant. Simple tests
can cost $25 per sample or less, with more complex
ones ranging toward $75 each. Consultation is usu-
ally available to help interpret test results. For long-
term maintenance, especially of heavily trafficked
landscapes, routine testing shows what groundskeep-
ing activities to prioritize; Battery Park’s playing fields
(p. 333) use this approach. Testing’s relatively small
investment yields big returns and should be part of
most landscape projects, especially those that aim to
restore damaged sites.

“Amend” Soil—But with Restraint

Particularly on abused urban sites, any topsoil wor-
thy of the name may have been stripped away long
ago or covered by rubble and fill. Even in the worst
cases, however, existing soil properly amended may be
better than commercially available “landscape” soil,
according to Simon Leake, an Australian soils
scientist.*

Apparently unpromising soils may actually be sur-
prisingly viable. For example, “urban renewal” leaves
large tracts of land strewn with demolition rubble.
Research in Great Britain suggests that brick rubble
can be amended as planting medium, particularly if

it has lain on site for years. Soil-forming processes

work on raw bricks and mortar to form a kind of
stony soil.*? Soil texture, drainage, and aeration are
excellent. Nitrogen is typically deficient, although it
may be rebuilt by nitrogen-fixing plants (or acid rain).
Brick clay provides sufficient phosphorous, potas-
sium, and magnesium; mortar offers calcium.

Other types of rubble, especially broken concrete,
have fewer nutrients but so much calcium that the soil
becomes alkaline. Concrete rubble is harder and
denser than mortar or brick, and breaks down more
slowly. Plastics, metals, woods (treated and un-
treated), paints, sealants, and petroleum fuels can be
present in demolition debris in widely varied propor-
tions. The unpredictable, spotty patterns in which de-
bris may be scattered on a site make testing more
complicated and more necessary.

Gardens on rubble are not easily created, nor al-
ways feasible. The above research suggests, however,
that removing existing debris may not be the best or
only way to rehabilitate derelict land. (This applies
only to existing debris: responsible contractors must
reduce waste and avoid leaving trash.) Rubble-strewn
lots, a seemingly hopeless urban situation, show how
biological processes and human practices together can

resurrect damaged sites.

MATERIALS AND ENERGY FOR SoIL. AMENDMENT

A wide range of materials is marketed for improving
soils. Many are appropriate for use where existing soil
is badly damaged. As noted on p. 55, however, it is
possible to amend soil too much. As landscape archi-
tect Leslie Sauer puts it in The Once and Future Forest,
“Researchers have shown repeatedly that fertilizer
benefits weeds.” Decreasing fertility and changing pH
often favors native species.”® Avoiding overfertiliza-
tion is especially important on relatively undisturbed
and healthy native soils. In general, the goal of
restoration should be a soil with chemistry and fer-
tility comparable to healthy regional soils. Regional
variety allows for most reasonable landscape
purposes.

Robert Nold, an expert on wildflowers of the Pen-
stemon genus, puts soil amendment in regional per-
spective. “Dryland gardening, if it is to be successful,”
he writes, “must not attempt to compensate for ‘in-

ferior’ conditions [ by using | notions of ‘soil improve-



ment’ left over from agriculture. Soils do not need to
be improved—the plant choices do.”>!

Experts are not fully in agreement on the appro-
priateness of soil amendments, and indeed these
practices are site or region specific. Some general

guidelines can be stated, however:>?

* Compost (rotted vegetative material) is the most
universally valuable of all soil additives, a paradox-
ical substance that helps sandy soils hold water
and clay soils release it. (See next section.) Com-
post tea, an increasingly important way of apply-
ing compost, has its own section, below.

* Sand is often specified to improve drainage. Im-
practical amounts, however, must be added to
most clays. At least one-third of the final result
must be sand; for an existing volume of clay, half
that volume must be added. Smaller amounts of
sand can bind soil tighter (as in adobe bricks).
Add compost instead.

* Clay well mixed into sandy soil can readily im-
prove its structure. Remember the farmer’s adage:
“Sand on clay, money thrown away; clay on sand,
money in hand.” Compost, however, is a better
choice for both.

* Gypsum is useful on unusually calcium-deficient
soils, or those affected by salt. Most Western US
soils are already too alkaline to benefit from gypsum.

* Wood ash is useful on acid soils in the Eastern
and Southern United States, but can increase ex-
isting pH and salt problems in Western soils.

* Peat moss is widely specified as a soil amendment.
It can structurally improve drainage and water
holding, but contributes little to living soil. Coir,
from coconut palms, similarly provides drainage
but few nutrients. Peat is harvested from wetlands
in vast quantities and shipped long distances;
many experts consider its use entirely unsustain-
able. Coir is sustainably produced, though ship-
ping distances are long. Use compost instead,
from local leaf litter.

* In many areas, soils today contain extra nutrients
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* Some soils, especially if irrigated where evapora-

tion is high, have high salt content. Avoid adding
to this with salty fertilizers (fresh cattle and poul-
try manure, as well as ammonium nitrate and other
high-nitrogen mixes).

Microbes that decompose organic material require
nitrogen. Amendments that are high carbon and
low nitrogen (a “C/N ratio” higher than 20:1)
cause microbes to fake nitrogen from the soil to
fuel their work. This can make nitrogen unavail-
able to plants until decomposition is finished.
Amendments with high C /N ratios include horse
manure, dairy (but not beef) cattle manure, straw,
wood chips and sawdust, and some composts if
not well matured. Such amendments may be good
for high-nitrogen soils, or for woodland soils where
leaf and twig litter naturally composts slowly. Else-
where they should be used with caution.

Many plants live cooperatively or symbiotically
with soil organisms. Roots of such plants work in
cooperation with mycorhizae (fungi that process
nutrients and exchange them with the plant). If
the correct symbiotic organism is not present in
soil, these plants cannot survive. Mycorhizal “in-
noculants” are commercially available for some
species. They should be used with expertise, how-
ever, because the wrong mycorhizae can displace
beneficial ones native to the soil.

Apart from composts, super-absorbent polymer
granules can increase available moisture. One
pound of such granules absorbs nearly fifty gal-
lons of water; an almost bizarre amount of water
disappears into dry polymer when mixed. Poly-
mers in planting mixes reduce irrigation needs.
Bare-root or live-stake bioengineering materials
(Principle 3) can be dipped before planting di-
rectly into a slurry of the water-absorbent mate-
rial. Salt holding by polymers has been a concern,
but they have been widely accepted both in horti-

culture and in dryland reforestation.

Embodied energy and potential toxicity of soil

from acid rain and air pollution. Adding fertilizer
may be unnecessary or harmful. A major nutrient
from pollution is nitrogen; elevated levels encour-

age weeds.

amendments vary widely. Some amendments are sim-
ple materials like sand, clay, compost, or manure.
Such materials are only toxic if contaminated, but en-

ergy to “mine” the materials and transport them can
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be significant. As noted above, topsoil should rarely
be imported or exported. Toxicity by overusing fresh
manure is a possibility. Unless carefully researched,
“organic” may be a misleading or meaningless label
on soil products. Other processed soil amendments
range from simple ground limestone to completely
artificial chemical fertilizers or water-holding poly-
mers. A responsible approach to sustainable construc-
tion does not simply reject these materials because
they are processed. Rather, each material must be an-
alyzed for embodied energy, toxicity, and related con-
cerns, and used accordingly. The number of available
products continues to increase.

Even if soil-amending materials are energy effi-
cient and nontoxic, widespread change in site soils
may have undesirable ecosystem effects. Anyone who
has overwatered or overfertilized a houseplant will
understand this problem. In some regions of “poor”
soils, increased soil fertility actually decreases the health
and hardiness of native plant species. At the same
time, it makes the soil more hospitable to weeds that
are not picky about soil type. The result is unsatisfac-
tory both horticulturally and ecologically, and in-
Creases maintenance.

To repeat an important point: soil restoration
should usually aim to bring damaged soil back to
conditions similar to healthy regional soils. In land-
scape use, this implies design based on native plants.
Dramatically increased soil fertility should be re-
served for the limited number of exotics planted as

special accents in such designs.

Use Greenwaste and Other Composts

Compost for private yards or community-garden
plots is everyday practice, but what about large-scale
landscape construction? Some of the very largest-
scale landscape projects—highway rights-of-way—
routinely employ composted materials. A 1997 study
by the University of Florida found that thirty four
of the fifty state departments of transportation used
compost on roadsides routinely or experimentally; the
practice has only increased since.”

For large-scale projects, compost is usually applied
hydraulically in a slurry, often mixed with uncom-
posted greenwaste. Compostable materials are count-

less: grass clippings and leaves from suburban back

yards; chicken and livestock manure; brewer’s waste;
biosolids (composted sludge) from municipal sewage;
trees chipped after felling; farm byproducts like wal-
nut shells and peach pits; and chopped wood waste
from demolished buildings.

The range of applications is equally wide: as a soil
amendment, as mulch or topdressing, for erosion
control, and as a planting-soil ingredient. Frequently

noted benefits from compost include:

* better plant growth, with less fertilizer, due to bal-
anced organic matter, slow-release nutrients, and
microbial populations

* effective erosion control, slope stabilization, wa-
ter-holding, and drainage

* fewer weeds, fewer herbicides (where used as

mulch).

With compost, says Caltrans’s Haynes, “you're ef-
fecting real soil improvement, since we often install
landscape plantings in subsoil.” Although the term
“improvement” is used too casually about landscape
practices, in the case of compost it is valid.

Compost has been a standard specification for
Minnesota DOT (MNDOT) for fifteen years, com-
pletely replacing topsoil or peat moss. MNDOT uses
20,000 cubic yards of compost annually on road-
sides, largely in planting trees and shrubs. DOTs in
California, Florida, Illinois, Maine, North Carolina,
Washington, and Massachusetts also report substan-
tial—and successful—compost applications. Cal-
trans's wide use of compost fits California state
policy of diverting recyclable materials from landfills.

These agencies have tested the performance of
compost against results obtained from peat, humus,
bark, topsoil, or fertilizer. Compost compares favor-
ably in almost every trial. Caltrans finds compost to
be as effective for slope protection as erosion-control
blankets. Maine’s DOT finds that turf grown on a
ﬁfty—ﬁfty mix of compost and subsoil, with compost
mulch, resists erosion better than grass grown on
loam topsoil.54 In short, compost has immense value

on almost every landscape project.

AvarLaBILITY AND QuaLITY oF CoMPOST
In most urban areas there is a glut of yard waste. (If
processed into boards, the volume of wood-like



wastes is enough to replace all wood harvested for
timber; see Figure 6.18.) In the past, this valuable or-
ganic matter was trucked to landfills, a practice in-
creasingly banned by municipalities. Leaves and grass
have made up as much as 18 percent of landfill vol-
ume, with another 7 percent composed of soil, rocks,
and woody landscape waste.”> Thus one-quarter of
landfill volume could be eliminated by making good
use of organic materials. With landfills bulging at the
seams, the value of “greenwaste” has been recognized.
California legislation in the 1990s required commu-
nities to reduce landfill greenwaste by 50 percent by
2000, a goal easily met by separating yard waste.

Many municipalities compost yard waste, for ex-
ample Cleveland, OH.5¢ Along with yard waste,
Christmas trees, agricultural byproducts, scrap wood,
animal manure, biosolids (see below), and food
wastes from food services and restaurants are fre-
quently composted. (In Vancouver BC, one compost-
ing firm makes high-quality compost entirely from
restaurant wastes. Landscape architect Cornelia
Oberlander’s use of this product is discussed below.)
Occasionally, mixing two kinds of waste can neutral-
ize problems with both, similar to phytoremediation
(below); for example, brewery waste consisting of
spent yeast has been used to pull heavy metals out of
computer-chip wastewater.>’

Despite generally large volumes of raw “green-
wastes,” large-scale landscape use of compost can run
into availability and quality issues. Several state
DOTs have found it difficult to obtain compost in
quantities required for highway projects. This can af-
fect application rates and product quality. Hauling
charges can be substantial for these bulky materials—
particularly in large and sparsely populated states.*®
In such cases, environmental costs of energy use and
air pollution must be carefully weighed against ben-
efits of compost. Considering long-term health of
plantings, reduced erosion, reduced chemical use, and
decreased landfill disposal, however, transporting
compost may still be environmentally viable, despite
financial cost.

Specifications that spell out characteristics of
quality compost are important in ensuring consistent
product. Fortunately, model specifications do exist.
One is the Suggested Compost Parameters and Compost Use
Guidelines developed by the Composting Council.
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Contaminants in and maturity of compost are the
most common quality issues. Weed seed, heavy met-
als, salts, and other contaminants should be limited
by specification. Some substances, such as small
pieces of plastic or glass, pose no horticultural prob-
lem (see Manufactured Soils, below.) Of course, for-
eign objects that may cause injury to construction
workers, to users of the site, or to wildlife must be
eliminated. Special concerns when using compost on
relatively healthy and undisturbed soils are noted on
p- 90-91.

Compost that is not fully mature—that is, still de-
composing—can steal nitrogen from the soil, depriv-
ing plants. The Washington DOT requires producers
to provide maturity-testing kits with compost deliv-
eries.” Soil testing labs that include microbiology
analysis can also test compost and advise on modify-
ing it to accomplish specific landscape goals. The US
Composting Council, a trade organization, certifies
compost after standard testing through their Seal of
Testing Assurance (STA) program.(’o This voluntary
program was formed with the explicit goal of avoid-
ing state regulation; potential users of certified com-
post should read the testing standard to ensure that
it meets their specific soil management goals.

There is no technical problem turning raw mate-
rials into compost. At present, more raw material is
available than is collected or processed. In many ar-
eas, increased demand would help municipal gov-
ernments fund increased compost production.
Landscape professionals should make a commitment

to putting this valuable product to use.

Use Compost TEAS
Compost teas are one of the most interesting inno-
vations of organic maintenance. Made from ordinary
soil-like compost by “brewing” in water, teas enhance
the microbial composition of the mix. As liquids,
they are convenient to apply and quick to be taken up
by plants. Compost teas are sometimes referred to as
“effective microorganisms.”6I To be effective, they
must be live and in the proper mix and concentration.
For compost tea, water is mixed with compost
plus agents like soy, flour, kelp, fish emulsion, or mo-
lasses, which stimulate reproduction of specific types
of soil microorganisms. The mixture is usually agi-

tated with air to keep oxygen at optimum levels. Tea
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recipes are frequently based on biological soil tests
(above). The finished tea is diluted in a water-to-tea
ratio between 3:1 to 5:1. For turf, 50 to 100 gallons
per acre are applied once a month. Foliar sprays are
applied directly onto plant leaves (whose surface mi-
crobial populations are important to plant health).
Foliar applications average one gallon per large shrub
and four gallons per tree, adjusted per species. Hor-
ticulturalists have even developed a technique to in-
ject teas into the sand joints of pavers around street
trees.%?

Compost tea must be brewed to match specific re-
quirements and applied within a day after produc-
tion. Commercial compost tea should be produced
near the site, and generally remains the province of
specialists. There are about twenty small US compa-
nies that brew teas to order. A Google search may
help locate brewers in your region. Bottling compost
tea may be a possibility, although effects on the liv-
ing organisms are unpredictable. An alternative is
brew-it-yourself; equipment to do so is available from
several companies. A growing number of landscape
and turf maintenance companies produce and apply
their own compost teas.

Although compost teas are very popular, almost
to the point of being faddish, they work best in a co-
ordinated program of “growing soil.” Such programs
were discussed earlier in this chapter; their successful
application to landscape maintenance is discussed in

Principle 10.

UsE YARD WasTE ON-SITE

Although municipal composting and use of compost
in construction are desirable, most American yards
would be healthier if yard waste were composted and
reapplied on-site (see p. 331). As with most environ-
mental technologies, on-site reuse also saves trans-
portation and associated costs. If garden maintenance
(and agriculture) becomes more sustainable, it is pos-
sible that current sources of greenwaste may decrease.
In the meantime, however, municipal compost should

be a mainstay in reclaiming damaged soils.

PranTt “GreEEN MaNURE” CroPS
“Green manure” plants are aids for soil enrichment

that farmers have known about for millennia. Grown

on-site for one or more seasons, they are then tilled
into the soil to compost. Most green manure plants
are leguminous (pea family). Their roots fix nitrogen,
available to later plantings as the green manure breaks
down. For regionally appropriate green-manure prac-
tices, contact a local agricultural school or County
Extension. Be sure to pick species not likely to be-
come invasive—a few leguminous crops, such as al-

falfa, spread aggressively in some climates.

Watch for Lead in Soils

Community gardens on derelict urban land must be-
ware of lead. Although no longer used in consumer
paints or gasoline, lead is not biodegradable and per-
sists in soil. Sites near older buildings painted with
lead, heavily traveled roadways, or service stations
may be contaminated. Former industrial locations
should always be researched carefully for persistent
soil pollutants.

Community-garden sites where food crops will be
grown should always undergo a soil test. For lead at
levels less than SO0 parts per million (ppm), the
Ohio State University Extension recommends incor-
porating one-third organic material (compost or ma-
nure) by volume: twelve to sixteen cubic feet for a
100-square-foot plot. If lead levels are higher, build
raised beds that separate planting medium from con-

1.%% Raised beds are a convenient, tradi-

taminated soi
tional gardening method, favored for maintenance
and handicapped accessibility, and common in Euro-
pean intensive vegetable cultivation. Whenever chem-
ical residues are found, reconsider whether to use the
garden for food plants. Decorative gardens are also an

appropriate use of community allotments.

Heal the Soil with Biosolids

The urban environment produces many by-products
in need of recycling. Few are more appropriate for use
in restoring landscapes than “biosolids”—yet none is
so underutilized. Many fears and misconceptions sur-
round biosolids, processed from municipal sewage
(yes, sewage) Although some concern is Iegitimate
where food production is involved, for most other

types of landscapes, biosolids are too valuable to waste.



Many traditional societies around the world prize
composted human waste as fertilizer. Small-scale, on-
site treatment, using composting toilets, constructed
wetlands, and other “alternative” systems, is com-
mon—but not common enough—even in industri-
alized countries. Such systems are close to the source
and relatively easy to keep free of chemical contami-
nants. In modern societies, however, sewage is too
easily piped away underground, out of sight and out
of almost everyone’s mind.

At the other end of the sewage pipe, treatment
plants used to simply dump the treated sewage. Be-
ginning in the 1920s, the practice was recognized as
neither cost effective nor environmentally intelligent.
In 1926, Milwaukee began marketing the grand-
daddy of US biosolids products, and still the best
known, Milorganite.

In 1988, federal law banned dumping municipal
sludge in the oceans, narrowing disposal options for
wastewater-treatment facilities. Landfilling and incin-
eration are expensive and environmentally question-
able. The 1988 ban created a full-fledged biosolids
industry, products with names like Biogrow, GroCo,
Nutramulch, and Technagro.

Increased biosolids availability has decreased
costs—from $120 to $42 per ton in Florida between
1990 and 1994, for example.64 Since supply is never-
ending, some wastewater-plant operators even supply
biosolids at no cost, especially for public-sector
projects.

Not everyone concerned with the environment
supports biosolids use. Despite extensive standards
set by the US EPA, some biosolids contain heavy
metals and contaminants dumped ignorantly or ma-
liciously into sewer systems. These are of particular
concern on food-producing fields. Many experts con-
sider the EPA standards very low risk even for crops,
but not everyone accepts these definitions. A 1998
proposal to allow foods fertilized with biosolids to
be labeled “organic” raised serious public objection.
Ordinary manufactured fertilizers, for which there are
no standards, arguably pose far greater threats than
biosolids; some even include toxic wastes merely re-
labeled as fertilizer.®> (See “Toxics as ‘Fertilizer,” p.
257.) It is the authors’ belief that when produced and

used in accordance with EPA standards, biosolids are
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highly appropriate for landscape use, with the possible
exception of aquifer recharge zones or little-dis-
turbed, near-natural sites.

Biosolids are soil conditioners, essentially similar
to compost, increasing water and nutrient retention
in soil. Like compost, they improve soil tilth and
boost fertility, with significant nitrogen, phosphorus,
potassium, and beneficial trace metals. Used as
mulch, often mixed with wood chips or yard waste,
they control erosion—a multipurpose, low-cost soil
amendment.

How safe are biosolids? The EPA recognizes two
main classes, A and B.°® Both undergo a process
known as digestion, which reduces pathogen levels by
approximately 99 percent and heavy metals to re-
quired levels. This produces class-B biosolids; appli-
cation requires a state permit and site monitoring for
up to a year.

Class-A biosolids are further composted, heat dried,
or irradiated, sterilizing and deodorizing the product.
Sea World of Ohio uses class-A “Technagro” on flower
beds next to public walkways, stockpiling it for two
weeks to dissipate any lingering odors.

The chemical composition of sludge varies greatly
from one treatment plant to another. Because lime is
sometimes used to stabilize it, pH may reach eleven,
far too alkaline for most soils. Soluble salts and ni-
trates are not uncommon. According to one noted
soil scientist, any contaminants can build up with re-
peated application, although they dissipate if applica-

tion stops for several years;6

7 a study on golf courses
showed that metals did increase in grass tissues, but
still below EPA-permitted levels.®® Site remediation
using plants (phytoremediation, p 103) or microbes
(bioremediation, p. 10S) removes very similar contam-
inants and might provide extra treatment for biosolids,
before or after they are applied to landscapes.
Biosolids are not totally risk free; that claim can-
not be made for commercial fertilizers either. Prop-
erly applied, they solve two major environmental
problems—sewage disposal and soil fertility—with
minimal health or environmental risk. One caveat:
quality compliance varies from one producer to an-
other, or at different times. Bob Rubin, professor of
agricultural engineering at North Carolina State Uni-

versity, has conducted extensive research in landscape
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applications of biosolids. He recommends buyers
and specifiers ask their state regulatory agency these
questions: What facilities in the state are producing
class-A pathogen-free biosolids? Has the agency an-
alyzed nutrients, salts, metals, and other elements in
those products? Which producers consistently com-
ply with state and EPA guidelines? Such information,
available in every state, identifies producers of qual-
ity products.

Satisfactory biosolids products may not be avail-
able in quantity in every locality. If no local options
exist, the cost of transport may be more than that of
the biosolids (see energy costs, Principle 7). Life-cy-
cle costs may make even imported biosolids viable,
and availability continues to spread.

BrosoLips Project ExaMPLES

Applying biosolids on the White House lawn sounds
like a contractor’s nightmare or partisan political joke.
Nevertheless, the White House has used biosolids. In
the late 1980s 825 tons of ComPro—Dbiosolids from
Washington DC sewage composted with lime and
wood chips—were applied to the south lawn for
compaction. The head White House groundskeeper
reported no problems. A few blocks away, 6,000 tons
of biosolids were applied to the National Mall’s
Constitution Gardens. The Washington Monument,
Mount Vernon, and Dumbarton Oaks are other sites
in the nation’s capital maintained with biosolids.
Washington-area landscape architect James Urban
specified ComPro for the National Geographic So-
ciety headquarters. (Despite what humorists might
predict, Washington’s sewage is relatively benign; it
has few of the heavy metals that plague waste in his-
torically industrial cities like Boston.)

Seattle Parks and Recreation landscape architect
Barbara Swift specified biosolids for Discovery Park,
a 500-acre expanse degraded by years of logging and
farming. On a fourteen-acre demonstration area, two
inches of class-B biosolids from King County’s waste-
water-treatment plant were spread and tilled to
fifteen-inches depth. Project manager Kevin Stoops
notes that odors dissipated quickly when exposed to
air and sunlight. Shifting winds led to neighbors’
complaints late in the process; after that, the city

switched to a class-A mixture. The site now exhibits

luxuriant growth, says Stoops. Parks and Recreation
obtained the biosolids free, realizing enormous cost
savings over other fertilizers.®”

In general, Washington State has led other states
in biosolids application since the mid-1970s, when
Seattle’s world-famous Gas Works Park was treated
with class-B biosolids. Mountains to the Sound, a
greenway initiative along Interstate 90, used biosolids
to revegetate highly visible logged slopes and logging
roads along a scenic mountain corridor, while in
Everett, biosolids were tested for wetlands restoration.

Elsewhere, use of biosolids sometimes encounters
public resistance. Kentucky DOT has been apprehen-
sive about biosolids’ potential for fouling water sup-
ply, and Minnesota DOT only uses biosolids in pilot
projects. Wyoming DOT tried to use biosolids but
encountered backlash that forced them to stop—even
though the product in question easily met EPA stan-
dards. States like Massachusetts, however, are moving
confidently ahead with biosolids, while in Nebraska,
farmers use it as fast as it is made.”°

A darker form of resistance to biosolids comes
from entrenched conventional interests. Producers of
wood mulch and fertilizers see any form of compost
as cutting into their markets; at least one attempt to
legislate roadside use of biosolids was “shot down by
chemical industry lobbyists.””! Special-interest resist-
ance really argues in favor of biosolids. Public and
professional education is key to its appropriate use.

Manufactured Soil

Many derelict sites have fill and rubble where topsoil
should be, while landfills and highway cuts may be
soilless, their huge size prohibiting imported topsoil.
To cover Fresh Kills landfill with as little as twelve
inches of soil would require 104,551,200 cubic feet,
or nearly five million tons. The question at such scales
is where to get that much topsoil. (“Excuse me, can
you spare five million tons?”)

That question can be answered by another: Why
not recycle discarded materials to reconstruct a
dump? Manufactured soil does exactly that—and not
only on landfills. Although its seems an oxymoron,
manufactured soil is technically quite feasible and of-
ten the ecologically responsible option. The con-



stituents of soil—its mineral, organic, and chemical
components—can be assembled mostly if not en-
tirely from recycled materials. (Familiar household
“potting soils” combine inorganic perlite and vermic-
ulite with organic peat or compost.) Once the mix is
applied, microorganisms and plants complete the
“manufacturing.”

Phil Craul, the author of Urban Soils, has taught at
Harvard’s Graduate School of Design and is a lead-
ing interpreter of soils science to landscape profes-
sionals. Craul has consulted on many projects using
manufactured soils and written guidelines for speci-
tying them. Here is Craul’s definition of manufac-
tured, or as he calls it, “sustainable soil”: “Sustainable
soil is comprised entirely of recyclable products,
alone or in a mixture with derelict soil material, the
latter useless without supplementation. It contains
few, if any, non-renewable resources.”’?

Soil components are usually available on or adja-
cent to even the most abused sites. Examples include

the following:

* sand from river dredgings

* recycled ground glass

* washings from aggregate plants

* certain smokestack fly ashes

* derelict soils such as mine tailings (selectively)
* fine-ground till from glacial deposits

* any composted/ recycled organic material.”?

The soils Craul envisions would not include sand
specifically mined for the purpose, only the types of
materials listed above. In most cities, says Craul,
“you've got all the components you need for making
soil—and it’s all recycled.”

A futuristic article about agricultural soils for
space colonies led Craul to use ground glass. Lunar
dust, noted the article, resembles ground glass, a pos-
sible silica matrix for man-made soils. “If they can
use that stuff on the moon,” mused Craul, “why can't
we use ground glass as a matrix here on Earth?” He
soon learned that others were thinking along similar
lines, using ground glass as a sand substitute in
drainage, from a landfill near Syracuse NY to septic
drain fields in Washington State. “So there’s a move-

ment afoot,” says Craul. Design of manufactured
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soils, however, is still new, and few professionals are
experienced.

Manufactured soils could make inner-city restora-
tion feasible where little if any topsoil remains. Sasaki
Associates proposed to demonstrate manufactured
soil at the Washington Monument, collaborating
with Craul. His biggest project, coming close to the
idea of recycled materials exclusively, is a National
Park in Boston.

MAaNUEACTURED SoiL Project ExaMPLES

Spectacle Island, gateway to Boston Harbor Islands
National Park, opened in 2006 with public access by
ferry. The 105-acre island served as a landfill, capped
with clay, for two million cubic yards of contami-
nated spoil from Boston’s Central Artery tunnel.
Craul and Boston landscape architects Brown & Rowe
calculated that 582,000 cubic yards of topsoil would
be needed to cover the island. To find that much soil,
says Craul, “we would have had to strip all the re-
maining farms in Suffolk County,” which neighbors
Boston.

Instead, topsoil was manufactured. The first ingre-
dient was stone grit, derived from the glacial till of
which the island is composed. Other materials were
barged over from the mainland: coarse sand from
New Hampshire, and compost. Obtaining the inert
till and sand proved relatively straightforward. The
compost was another matter: 21,000 cubic yards
were needed. The Rochester NH firm of AllGro was
contracted to supply a mixture of 70 percent brew-
ery waste and 30 percent biosolids.

The brewery waste ran out during the project’s
first phase, replaced by 100 percent biosolids. Be-
cause of the volume needed, AllGro had to contract
for much of it from other processors in the region.
Shipments arrived full of large sticks and wood
chips—Ilow-cost bulking agents that settle inconsis-
tently as the wood decomposes. Quality fluctuations
are symptomatic of compost industry growing pains.
Far from arguing against compost or manufactured
soils, they indicate need for better specifications and
monitoring of delivered products.

With manufactured soil in place, the island was
bare and without seed sources. Brown & Rowe pro-
tected the 3:1 slopes against erosion with multilayered
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Figure 2.14 Spectacle Island
in Boston Harbor is a recre-
ational landscape salvaged from
a toxic dump. (Project: P. Craul
with Brown and Rowe. Photo:
Massachusetts Turnpike
Authority.)

plantings in bands along contours. Deciduous trees
and shrubs were underplanted with grasses and
legumes to stabilize slopes and increase water reten-
tion while the woody plants matured. Heights and
densities alternated to counter winds buffeting the
site. The plant list was somewhat experimental; the
designers chose self-seeding, naturalizing plants,
knowing some would thrive and others not. “Basically
we designed for low or no maintenance,” Rowe recalls.
During establishment, sprinkler irrigation pipes and
two water cannons were employed. Water was barged
to a large tank on the north drumlin. By the summer
of 2002, irrigation was no longer needed. The wis-
dom of installing a wide range of species has been
confirmed: the plants are beginning to form a forest
and give shape to the island.”*

Other projects for which Craul has designed soils
include cover on underground parking beneath
Boston Commons; South Cove at Battery Park City,
Manhattan; and J. Paul Getty Center, Los Angeles.
The Fresh Kills revegetation (above) used manufac-
tured soils, with ratios of between 3 and 4 parts sand
to I part compost, depths varying from I to 2.5 feet.
Discarded, chipped Christmas trees also provided or-

ganic mulch.

Suggested Practices for Soil Restoration

* Cardinal principle: Wherever possible, avoid removing or
bringing in topsoil.

Use soil analysis services to understand site soil
and to plan any amendments. Analyze not only
chemical components, but also microbes and soil
organisms. Consult a soils scientist.

Amend to match healthy regional soil types, not
agricultural ideals. Use regional plant species
rather than widespread soil amendment and irri-
gation.

Wherever possible, stockpile topsoil from con-
struction areas on-site and re-spread as soon as
possible.

Where there is only fill dirt on site, amend that to
create viable soil rather than bringing in topsoil.
Add compost or plant restorative plants.

Specify recycled local soil amendments and erosion-
control materials if possible.

Get over your inhibitions about biosolids and help
clients get over theirs. Promote this material
(within limits noted above) to turn waste into a
resource.

Become knowledgeable about biosolids produc-
tion and standards. Locate reliable local produc-
ers through appropriate state agencies. Use class A
to avoid odor, class B for less public sites.

For soilless sites, or if on-site soil must be re-
moved due to contamination, consider manufac-
tured soil.

Once restored, ensure good soil maintenance
(Principle 10). Inappropriate irrigation and fertil-

ization can damage soil fertility.



Restore Regionally Appropriate Vegetation

Restoring site soils is essential to reestablishing
healthy vegetation. The process, however, is two way.
Vegetation interacts with mineral earth, microbes,
and climate to produce regional soil types.

Without appropriate revegetation, few sites can
propetly be called restored. Landscape architects of-
ten use native plants, both for restoration work and
in garden design, placing new demands on landscape
contractors. Although a few contractors and nurseries
specialize in native plants, the authors’ experience is
that most construction professionals still need to de-
velop knowledge and skill to work successfully with
these species. Standard construction often fails to cre-
ate site conditions that favor native plants (sometimes
quite different from conditions favored by human
users).

Site restoration is not just about replanting appro-
priate species, but also about control and removal of
inappropriate plants. Some derelict sites are literally
green, due to an unhealthy mix of weedy plants.
Restoring such sites requires attention to changed
soil, grading, and drainage patterns that invited weedy
species. Thoroughly eradicating aggressive introduced
plants also requires methods not common in conven-
tional work.

There are many books on site restoration using na-
tive species.2 Because restoration is specific both to
region and to the type of site damage, no single book
or resource can detail all practices. The following is
an overview of main issues affecting construction

professionals.

Remove Invasive Plants and Restore Native Succession

In purely economic terms, invasive plants, imported
by people and allowed to overrun fields and forests,
do an estimated $140 billion worth of damage an-
nually in the United States.”> This problem has be-
come much more widely recognized, and perhaps
bigger, since our first edition. The federal govern-
ment’s National Invasive Plant Management Strategy,
drafted in 1996, estimated that 4,600 acres of pub-
lic lands per day are lost to noxious weeds in the West-
ern half of the United States alone, reducing both
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economic yield and ecological viability of these
lands.2 Removal of these invasives, and restoration
of diverse native plant communities, is expected to be
the largest public-works project ever undertaken. It is
a task that could largely have been prevented, in hind-
sight, if horticultural and agricultural plant introduc-
tions had been more carefully screened for invasive
characteristics.”®

Of the several thousand nonnative species that
have naturalized (adapted to survive without human
help) in North America, only about 10 percent (four
hundred species) are truly invasive. “Invasive” has var-
ied definitions (and some critics), but it essentially
means a plant that not only survives where introduced
by humans, but takes over and damages significant
parts of the local ecosystem.””

Two examples show that the concept of invasives
is complex, but that the damage done by such plants
is real. Tamarisk, or salt cedar (Tamarix sp.), like about
00 to 85 percent of invasive species in the United
States, was deliberately imported as an ornamental
plant.”® Two circumstances made it invasive. First, two
separate tamarisk species from Asia and the eastern
Mediterranean “met” for the first time in cultivation
and hybridized, becoming tougher and spreading
more Vigorousl)L79 Second, major water projects
dammed Western US rivers and sharply decreased re-
production of native cottonwoods. The hybrid
tamarisk then invaded these river areas—up to 90
percent of such habitat in many Western states.® It
can live in salty soil (often produced by irrigation)
and “sweats” salt onto its leaves, which it drops. Its
leaf litter makes topsoil too salty for other plants.

Ironically, after getting its foothold thanks to
water-supply dams, salt cedar has proved to take up
huge amounts of water. One estimate is that,
throughout the West, the invader sucks up 800 bil-
lion gallons a year more than the native plants it re-
placed. Eradication of this one species from the arid
West is estimated to cost $500 million.®!

A second example is spotted knotweed (Centaurea
maculosa). Seed was accidentally imported in alfalfa in
the late 1800s. It has now spread to almost every
American state and Canadian province. In Montana
alone, it covers 4.5 million acres and costs ranchers

an estimated $40 million annually.82 Even among
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invasives, it is unusual in forming monocultures, com-
pletely enveloping huge swaths of landscape. Most
animals except sheep find it inedible; its dominance
of some valleys has actually changed elk migration
patterns.

Spotted knapweed releases a soil toxin. In its na-
tive Europe, other plant and insect species have
evolved ways of coexisting, but North American
plants have not had the centuries necessary to adapt.
Worse, even if knapweed is physically eradicated, soil
toxicity remains.

These examples show that each invasive species 1s
a unique problem. Not only do invasives change
vegetation communities, but they have varied detri-
mental effects on hydrology, soil erosion and sedimen-
tation, nutrient cycling, and wildfire susceptibﬂity.83
Remedies require both ecological and historic knowl-
edge, and clear evaluation of environmental and eco-
nomic damage. Climate change may favor some
invasive species and curb others. Species like tamarisk
and knapweed are truly destructive to existing ecosys-
tems, not just a threat to some romantic concept of
nature. The main question is what degree of removal
or control can feasibly be achieved.

In addition to the federal task force, most states
and some local jurisdictions have agencies attempt-
ing to control invasive species. The Forest Service, the
National Park Service, and the Natural Resources
Conservation Service have their own programs. The
ASLA has a National Policy Statement on Nonna-
tive Invasive Species on its Web site.

Removing invasive plants has not been without
Although

introduced invasive animals is widespread and based

controversies. control of human-
on exactly the same principles, part of the public has
amuch harder time accepting that plants can be con-
sidered undesirable. Except for obvious threats like
kudzu or porcelain berry, plants don’t appear “ag-
gressive” or destroy other species as obviously as
predatory animals do. Diseases that invasive plants
might spread are never as frightening as animal dis-
eases threatening livestock or human health. Plants,
to many people, are just green backdrop; any species
will do.

A prime example of this dilemma was a raging

COI’ltI'OVeI‘SY over proposed restoration Of oak savan-

nah and tallgrass prairie near Chicago around 1996.%*
The restoration would have removed some areas of
naturalized—that is, human-introduced—forest,
dominated by sugar maple and the impenetrable
invasive shrub, European buckthorn. Thanks in
good part to sensationalist press coverage by writers
whose biological knowledge was pitiful,85 the public
attacked the restoration process and eventually
stopped it.

This is clearly not an issue this book can resolve.
However, design and construction professionals in-
volved with landscape sustainability in any form, but
especially with site restoration, need to be aware of
the potential for such controversies. Approach
restoration via community-based planning, educating
the public about benefits of restoration and problems
of invasive plants, and listening carefully to what they
value about both native and nonnative landscapes.
The pressing need to increase vegetative cover as a
brake on climate change (see p. 14 ) is likely to influ-
ence restoration processes and politics. Ability to se-
quester carbon gives an objective measure for
restoration cost-benefit decisions. Careful analysis
might favor leaving nonnative woods alone; planting
native vegetation; or planting whatever species are
available—probably decided case by case. Age, species
type, growth rate, and (probably) degree to which a
planting fits the web of ecosystem interconnections
are all likely to affect carbon uptake. Restoration of
self-sustaining forests seems likely to get a major
boost from this concern.

The remainder of this section discusses practical
issues involved in controlling invasive plants and
restoring native vegetation. Landscape designers and
nursery operators will probably see more bans on
some invasive ornamental plants.S(’ Design and con-
struction professionals concerned with sustainability
can expect to see removal of invasives and reintroduc-
tion of native species as a new source of work, requir-
ing new knowledge and practices.

Removing invasive plants is hard work. One
mower manufacturer advertises a list of “the Tough-
est Weeds in America” Of these, fully SO percent
were introduced from Asia or Europe, while others
have become weeds only after being accidentally or
deliberately transported outside their original range.87



Figure 2.15 The curving floodplain (center right) of this
New Mexico river has lost all native vegetation to two
invasives, Russian olive and salt cedar. (Photo: Kim Sorvig,)

Invasive plants can either cause or result from site
damage, and figure prominently as targets of restora-
tion projects. (For discussion of what constitutes a
“native,” and how they are used in new planting, see
“What Is A Native?,” p. 142.) Invasion by weedy
plants often indicates other disturbance, such as over-
grazing, soil erosion, declining water table, or pol-
lution. Correcting these problems is essential to
restoring healthy plant communities. Some invasives,
however, actively displace all other species and must
be physically removed before the soil or desirable
plants have any chance of recovery.

Conventional plant removal, called “grubbing,”
tends to be hit or miss, the largest plants ripped out
with heavy equipment or sawed down. Eliminating
invasive plants is not so simple: these species are
among the world’s most vigorous. Many can resprout
from a small piece of root left behind in the soil, or
multiply explosively from a few seeds. Ridding an
area of invasives may require careful hand labor, such
as forking the soil, to remove roots or tubers. Some
invasives can be eliminated by changing soil condi-
tions to favor native plants, requiring unusually care-
ful analysis of soil nutrients and knowledge of plant
metabolism.

In the case of truly damaging invasives, selective
use of herbicides may be essential. (Some federal at-
tempts to eradicate invasives have “crop dusted” with
herbicides, both ineffective and dangerous.) Workers
on selective-removal projects will need to be familiar
with advanced techniques of herbicide application,
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such as ultra-low-volume targeted application. Con-
siderable plant identification skill will be necessary.
Full eradication of invasive species often requires re-
peat visits in different growing seasons. Most of these
practices are unfamiliar to conventional construction
crews.

Replanting diverse and appropriate native plant
cover also requires new skills and knowledge. While
horticultural plants are commonly selected because
they transplant or propagate easily, native plants de-
mand a much broader range of nursery skills. For ex-
ample, many natives can only grow in cooperation
with specific soil organisms. Regional native plant so-
cieties often have excellent information on propagat-
ing and planting native species.

In contrast to horticultural care for individual
plants, native plant restoration usually involves man-
agement of communities, and of succession. A plant com-
munity is a group of species that grow closely and
codependently together, usually supporting an iden-
tifiable animal community. Every plant community
undergoes succession, a series of changes in the com-
position of the community over time. Succession is
considered to “start” from bare ground, whether ex-
posed by natural events like fires or landslides, or
cleared by humans. Small nonwoody plants usually
pioneer bare ground, especially on poor soils. Over
time, these are crowded out by shrubs, small trees,
and eventually (if soil fertility, water, and sun permit)
by forest. Ecologists originally considered the forest
or other “climax community” as the end of succes-
sion, but more recent work shows that succession
is frequently set back a stage, or even restarted, on
a given site. This idea is extremely useful in site
management.

The stages of succession (for example, the change
from meadow to shrubland) are fairly distinct for
most regional vegetation. Each stage requires certain
conditions before it can develop and can be set back
by other conditions. As an example, for woodlands
to take over from shrubs, a high level of organic mat-
ter is often required, left in the soil by earlier meadow
and shrubland plants. Many tree species only germi-
nate in shade, which must be provided by their
shrubby forerunners in succession. Thus, shade and

organic soil might be human management strategies for
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hastening succession toward its forested phase. Sim-
ilarly, changing soil pH, or burning a meadow annu-
ally, can “set back” succession, so that woody plants
cannot occupy meadow territory. In fact, these ways
of managing succession were widely used by preagri-
cultural cultures, for example, burning the Great
Plains to favor grass for the buffalo.

Some stages of succession are more desirable, so-
cially, than others: many people favor meadows and
woods over the big-shrub stage called “oldfield.” It is
crucial to note that, although native shrubs may be “in-
vaders” in a native meadow, this is an entirely different
process than invasion of an ecosystem by imported
species. As just outlined, native invaders are frequently
set back by natural disasters, or by aging of the com-
munity; in the process, other native species have their
day again. When imported invasives take over, all
other plants may be permanently suppressed, to the
point of extinction. For example, the floodplain in
Figure 2.15 will never see native cottonwoods again
unless massive human effort eradicates the imported
tamarisk and Russian olive that have overrun it.

Professional restoration skills, including work with
native plants, are likely to be in demand as sustain-
ability grows in importance. For most designers and
contractors, collaboration with a native-plant nurs-

ery is the most practical route to this knowledge.

Follow Field-based Planting Patterns

Restoration planting is best based on patterns of plant
growth that occur naturally in the region. Natural
plant patterns are often seen as random, disorderly,
and too irregular to reproduce (compare issues in
landform grading, p. 82). In addition, many design-
ers, influenced by avant-garde artistic theories, have
developed deep-seated prejudice against any “mim-
icry of nature.” As discussed in “Sustainability, Sub-
stance, and Style,” pp. 19-26, nature mimicry as
cosmetics over socially objectionable structures is a
questionable practice. Practical experience, however,
indicates that pattern is as important as species com-
position, soil condition, or microclimate to long-
term health of plant communities.®® In site
restoration, by definition, getting the pattern right is
fundamental.

Leslie Sauer, in her book on forest restoration, The
Once and Future Forest, urges, “Plant in patterns that
you have observed on the site or in analogous habi-
tats”® Sauer and her colleague at Andropogon, Carol
Franklin, have for years taught a simple method: field-
sketched mini maps showing growth patterns of re-
gional trees and shrubs. Selecting a little-disturbed
grove of trees, pace off distances and draw, on graph
paper, a roughly scaled plan of the major plants. The
plan is like a designer’s planting plan, but derived
from naturally occurring patterns. It should show ap-
proximate trunk size of each tree and a dotted line
representing the canopy—which will seldom, if ever,
be perfectly round, because trees growing in groups
compete for space and sunlight. A file of such
sketches is a model on which to base landscape plant-
ings. Computer modeling of succession, using agent-
based or fractal methods, could also simulate regional
patterns (p. 41). Used this way, naturalistic patterns
are not “greenwash,” but critical to survival and eco-
logical function of plant communities.

Construction professionals and nursery employ-
ees are frequently responsible for laying out planting
plans on site. Conventional attitudes treat accurate
planting layout as optional, “close enough for con-
venience.” For sustainable construction, careful ad-
herence to well-patterned plans is a must. Although
it is easier to locate and measure points along straight
lines, planting crews need to relearn skills of laying
out irregular, but not random, patterns. Baseline-and-

offset measurement is one such skill; GPS could also

be used.

Match Plants to Restoration Purposes

In restoration work, plants serve both general pur-
poses of stabilizing and enriching soil, and more spe-
cific purposes like reattracting wildlife or processing

toxic soil materials.

PLANTS FOR WILDLIFE RESTORATION

Reintroducing wildlife is a frequent motive for land
restoration. Plants and wildlife in any region are a co-
evolved community, depending on one another for
survival. Some plants (or their fruits), however, may

attract undesirable wildlife, either pests like rats, or de-



sirable animals, such as bears, too wild to coexist well
at close quarters with humans.

For wildlife restoration, plant species and patterns
must match animal preferences. A simple and well-
documented example: the three North American
bluebird species are attracted to sassafras, cherry, dog-
wood, and juniper trees. Bluebirds are reluctant to
nest unless surrounded by a clearing nearly one hun-
dred feet across, which forms a barrier to their most
aggressive competitor, the house wren.”® Thus, a large
dense grove of their favorite species would fail to at-
tract nesting bluebirds while a single tree planted in a
meadow might succeed.

Restoration projects intended to attract wildlife
must be designed with detailed knowledge of the
whole community and consideration for human im-
pact. Constructing such landscapes offers unique
challenges. Designer, contractor, scientific specialists,

and client must work closely to achieve success.

PHYTOREMEDIATION FOR BROWNFIELDs CLEANUP

Correctly chosen, plants can be active workers in re-
mediating many kinds of pollution. This approach is
called phytoremediation. It has great but largely un-
tapped potential for hundreds of thousands of
brownfields that litter the North American landscape.

In innovative phytoremediation efforts, the United
States lags far behind Europe. Early work was actu-
ally catalyzed by environmental artists like New York
sculptor Mel Chin. In 1989 Chin teamed with US
Department of Agriculture agronomist Rufus
Chaney, who was experimenting with pollutant-ab-
sorbing plants. Because little was then known about
increasing plants’ uptake of toxins, Chaney suggested
that Chin’s artwork be configured as a scientific test-
ing ground.

Chin’s site was Pig’s Eye landfill (St. Paul MN),
contaminated with heavy metals. Here Chin and his
team created Revival Field, a 3,600-square-foot gar-
den. The design was a circle within a square.”’ Walk-
ways formed an X and contained ninety-six test plots
with various plant species. Three years of digging up
plants each spring to analyze their metal content
showed Chaney that Alpine Pennycress was best at ex-
tracting zinc and cadmium. In 1993 Chin and
Chaney collaborated again in Palmerton PA, and as
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Chin started a third such garden in Baltimore in
1998.72 Other artists, such as Stacy Levy, have cre-
ated beautiful and educational artworks that also
rehabilitate toxic sites.

Where artists or landscape professionals aren't in-
volved, cleanup is typically viewed as an engineering
problem, ignoring biological or horticultural possi-
bilities. Some approaches that have been tried on
brownfields are not just prosaic, but brutal—sealing
the entire site with paving, encasing the soil in con-
crete, or vitrifying it (turning it to glass with high-
voltage electrical probes). Trucking the soil oft to be
cleansed by chemical and mechanical processes and
returned, even if effective, drastically raises remedia-
tion costs, economic and environmental. These brute-
force “solutions” often cost society all future
productivity of the land.

For some situations, harsh engineering methods
are unavoidable. Everywhere else, phytoremediation
offers significant benefits to the environment, to the
public, and to the landscape industry, which is well
qualified to learn such work.

The basic concept of phytoremediation is famil-
iar in constructed wetlands for water treatment (see
p- 189). In wetlands, aquatic plants take up pollutants
and cleanse water, often outperforming conventional
treatment. Pollutants typically remain in the plants,
periodically harvested as toxins build up in their tis-
sues. In many cases, the toxic materials have indus-
trial value and can be reclaimed. Constructed
wetlands could, in fact, be called aquatic phytoreme-
diation, because the same processes are at work.

Today phytoremediation is being developed for a
range of substances considerably more toxic than the
stormwater or sewage typically treated in wetlands.

Briefly, phytoremediation is:

* useful against a wide variety of pollutants: crude
oil, solvents, pesticides, landfill leachates, and such
metals as chromium, mercury, and lead

* generally best for relatively low concentrations in
upper soil layers

* solar powered, unlike energy-intensive mechanical
methods

* far cheaper to install, maintain, and operate than
other decontamination methods, although slower
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Figure 2.16a,b Phytoremediation of a petroleum-
contaminated site in Wisconsin. First photo shows
willows at planting; second, after one year. (Project:
Geraghty and Miller. Phoro: Eric Carman.)

($80 per square yard or $1,000 to $6,000 per
acre, or 4 to 32 percent of other methods%)
* aesthetically pleasing.

New species are constantly emerging for phytore-
mediation. Tumbleweed and Jimsonweed take up ra-
dioactive waste; watercress has been genetically
engineered to detect land mines. Salt-tolerant species
might remediate soils made saline by desert irriga-
tion.”* “Phytomining” even uses plants to extract
gold and nickel from marginal ores.

“Public acceptance of a phytoremediation project
on a site can be very high, in part because of the
park-like aesthetics, shade, dust control, and bird and
wildlife habitat,” notes Steve Rock, an engineer with
the EPA’s National Risk Management Laboratory.
“There is a widespread intuitive agreement that a site
covered in vegetation is less hazardous than a bare

abandoned lot. When the plants are growing the site

is apparently being cleaned”?> Of course, healthy
growth is not a perfect indicator of improved health
and must be backed by instrumented monitoring.

Phytoremediation operates through three princi-
pal mechanisms: by extracting, containing, or degrad-
ing contaminants.”®

Extraction takes up and accumulates contaminants
into shoots and leaves. (Phytoremediation experts like
to compare plants to solar-powered pumps bringing
contaminants out of the soil.) Harvested, the plant
removes the contaminants from the site. Plant tissue
may be dried, burned, or composted under controlled
conditions, sometimes reclaiming the extracted chem-
ical. Phytovolatilization extracts pollutants from soil or
water, converting them into gaseous form that breaks
down safely in air.

Containment uses plants to immobilize contami-
nants permanently. Certain trees, for example, can se-
quester large concentrations of metals in their roots.
Although harvesting and carting away whole trees is
impractical, the contaminants at least no longer cir-
culate within the environment. Hydraulic containment
uses deep-rooted (phreatophytic) species to keep
contaminated groundwater from spreading, while phy-
tostabilization keeps soil contaminants from moving
through the soil.

Degradation breaks down or digests contaminants—
principally hydrocarbons and other organic com-
pounds—so that they are no longer toxic.
Degradation often occurs in the root zone through
microbial or fungal interactions, chemical effects of
roots, or enzymes they exude. Degradation also oc-
curs in the plant itself. Degradation may also convert
a chemical from a water- or fat-soluble form (easily
taken up by animals and people) to insoluble forms
that pose little danger.

Phytoremediation is no cure-all, nor effective on
all sites. It is generally limited to sites with low over-
all pollutant concentrations and shallow pollutant
distribution. Most phytoremediation plants also seem
to require a soil-chelating chemical (one that binds
metals to itself, allowing plant uptake). Recent re-
search, however, isolated a gene that allows Arabidopsis
thaliana (a relative of Alpine Pennycress) to produce
its own chelating chemical—and could be bred into

other plants.97



A relatively new science, phytoremediation still in-
vokes suspicion from some regulators. Certainly, valid
questions have yet to be answered. What happens in
the food chain if wildlife consume leaves or shoots
of phytoremediation plants? How is air quality af-
fected if plants pull pollutants out of soil and release
them via evapotranspiration? More research is needed
to answer such questions.

Alan Christensen, a landscape architect from
American Fork UT who has studied brownfield re-
mediation, raises another question: “What if you
could plant trees to get rid of the contamination, and
at the same time use the trees as landscape buffers or
to create shade for parking lots and buildings?” De-
spite one National Park Service pilot project report-
edly begun in Charleston SC, this idea has yet to be
implemented, and results would be very long term.

The number of plants that can remediate a spe-
cific contaminant is limited; there may not be any
frost-hardy shade tree with yellow summer flowers
that can degrade cadmium. Capacities and hazards
differ for every contaminant or plant species. We urge
more designers and contractors to examine the pos-
sibilities for permanent phytoremediation doubling
as parks.

BIOREMEDIATION

A related strategy is bioremediation: use of soil bac-
teria and microorganisms to cleanse pollution from
soil or water. Like phytoremediation, it is a low-tech,
environmentally sound approach that harnesses a be-
nign force of nature—microorganism enzymes—to
biodegrade pollution.

Bioremediation is already a mainstream approach
to toxic site cleanup. It is widely used on petroleum
spills and has proved successful against toluene sol-
vent, naphthalene moth repellent, and pentachlo-
rophenol fungicide and wood preservative. Especially
if a chemical resembles natural substances, there is a
good chance that a microbe can be found to metab-
olize it. Both government agencies and for-profit con-
sultants are expanding bioremediation capacities.

Petroleum leakage from old, corroded under-
ground storage tanks is a widespread environmental
problem. Minnesota’s DOT uses bioremediation for

routine remediation of gasoline, diesel, and used mo-
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tor oil, according to senior environmental engineer
Brian Kamnikar. Indigenous soil bacteria treat petro-
leum as a free lunch, a source of energy. MNDOT
accelerates natural biodegradation by mounding up
contaminated soil (“biomounds”) and adding nutri-
ents (typically sheep manure). MNDOT adds mois-
tened wood chips to reduce the soil’s density, provide
moisture, and keep oxygen flowing, thus promoting
aerobic bacterial activity. MNDOT has successfully
reused decontaminated soil, after testing, as topsoil
on highway-construction projects—completing a cy-
cle that turns a problem back into a resource.”®

At the federal level the EPA is actively promoting
bioremediation and has published field-testing re-
sults.2 The National Ground Water Association
offers courses in what it refers to as “natural attenu-
ation” of soil and groundwater pollution. Bioreme-
diation consultants can be found via the Internet; the
Web has played a significant role in the growth of
bioremediation.

Bioremediation is not a panacea for all hazardous
wastes. For example, in mixed wastes, heavy metals
may kill bacteria that could metabolize the organic
pollutants. Bioremediation is particularly valuable
for dispersed, dilute soil contamination. In soils that
air cannot readily penetrate, anaerobic conditions
can hinder the process; relatively simple aeration
methods, such as using blowers or compressors to
pump oxygen into the ground, may enhance bioreme-
diation.”

Perhaps the greatest appeal of bioremediation is
its low cost. According to one summary on the Inter-
net, “The cost of restoring the burgeoning global in-
ventory of contaminated ecosystems is virtually
incalculable. . . . Bioremediation . . . is a safe, effective,
and economic alternative to traditional methods of
remediation.”'® Like many sustainable strategies,
bioremediation is based on services that the environ-
ment has been providing to humans throughout his-
tory. A 1999 study found that bacteria living in lake-
and stream-bottom mud can remove 35-85 percent
of two carcinogenic water pollutants.””" As empha-
sized in the section on soil preservation (p. 87), mi-
croorganisms exist by the billions in soil and are
among the best-known defenses against pollution.

Bioremediation is simply advancing human ability to
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make specific use of what the Earth has been doing

fOI‘ eons.

Restore Forests and Coexist with Wildfire

Until very recently, wildfire was not a landscape pro-
fessional’s concern. Several factors have combined to
make it one today. Homes in wild places like forests
and mountains are increasingly popular and feasible.
Population growth is pushing development into new
lands, some covered with “fire-adapted” vegetation
that requires periodic burning to reproduce or com-
pete with other species. Flight from cities perceived
as dangerous and suburbs perceived as boring has mo-
tivated a new back-to-nature exodus. Instant commu-
nication, telecommuting, and four-wheel drive allow
living comfortably in the wilds. Around and even
within many cities and towns, residential develop-
ment is colliding with relatively undeveloped forests,
creating what is called the Urban Wildland Interface
(UWI) Zone or, more bluntly, the Wildfire Danger
Zone.!%?

The second factor in making wildfire a landscape
issue is what ecologist George Wuerthner calls “a cen-
»103

tury of failed forest policy: This policy, with
Smokey the Bear as its mascot, suppressed all fires to
protect timber interests, scenic parks, small towns,
and a few homesteads. Suppression, however, pro-
duced overly dense stands of small trees that, when
they do burn, do so explosively. Years of drought have
dangerously amplified this situation.

Thus, exurban development has collided not just
with forest, but with unhealthy, tinderbox forest
(Figure 2.17). It is for this reason that wildfire is a
landscape-scale restoration issue.

In 2000 a spectacular wildfire started when a
National Park Service preventive burn got out of
control. Public outrage focused on the federal gov-
ernment, which predictably threw money and regula-
tions at the problem.!®* These regulations make
wildfire an issue for landscape professionals, espe-
cially when trying to work sustainably.

Regulations imposed in UWT areas typically fo-
cus first and foremost on vegetation clearance, which
fire activists call “fuel reduction.” These regulations

typically require removing 60 to 80 percent of vege-

tation for at least 30 feet around every structure, and
in some cases over 600 feet. The only plants allowed
are those considered fire resistant, almost always non-
native, irrigation-dependent species. Similar clearing
is required for ten feet on either side of driveways,
which must often be widened to urban standards:
twenty feet wide and all weather, which for practical
purposes means paved. These regulations are often
retroactive, requiring removal of existing landscape
plantings. In some jurisdictions, authorities have the
power to carry out clearance and add the bill to prop-
erty taxes; a citizen can thus lose ownership of prop-
erty for not clearing it.

The federal government offers millions of dollars
for state and local fire departments that institute such
policies, and a massively funded publicity campaign
called “Firewise.” As Audubon magazine put it, “The
press and politicians called fire season 2000 ‘a natu-
ral disaster. The fires were natural, but the ‘disaster’
was how much the United States spent to fight
them.”1% San Diego landscape architect Jon Powell
declares that in many places “the fire marshal has
become the only land-use authority.”

Clearly, such regulations severely limit or prohibit
many standard landscape practices. Of much greater
concern is the sustainability effect of so much clear-
ance and prohibition of native vegetation. Typical
clearance requirements, applied to a 2,500-square-
foot residence and quarter-mile-long rural driveway,
removes most vegetation from over 1.25 acres.!% In
an average-sized county, total annual fire clearance
could be over 45 square miles, or nearly 3 percent of
total land area.’®” This amount of clearing would
generate enough greenwaste to cover an acre five feet
deep (20,000 tons or more), most of it hauled to
landfills.

The unintended consequences of Firewise clear-

ance requirements are major:

* increased runoff and topsoil loss, and with it, loss
of organic soil and soil water retention capacity

* exposure of soil to direct sun, with heating and
drying (and further soil loss)

* changes in microclimate that trend toward warm-
ing and drought—and thus toward more frequent and

more intense wildfires.



In fact, “fuel reduction” is cumulatively the same
as deforestation, and has the same effects on regional
and global climate (see p. 14 and Figure 0.3). Clear-
ance aimed at fire prevention contributes to drougkt, making wild-

fires worse.

What should landscape professionals do? Primar-
ily, work to create regionally specific and well-
reasoned fire policies.

* Emphasize that fire policy must be coordinated

with other environmental management: storm-
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Figure 2.17 In fire-adapted
ecosystems, structures must
adapt. Plastic fencing melted
and the house (right rear) nar-
rowly escaped (San Diego area).
(Photo: Kim Sorvig.)

water and erosion, water quality, soil health,
water conservation, restoration of wooded areas
and grasslands, and reduction of greenwaste in
landfills.

Object strongly to fire codes imported word for
word from other regions. The attempt to apply
pine-forest fire codes to chaparral was one reason
that 2002 fires in southern California did extreme
damage despite code-compliant clearance.!®8
Explain that clearance is ineffective against wind-

blown flames and flying embers. US Forest
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Figure 2.18 The “Firewise”
focus on clearing fire-adapted
forests merely gives a false sense
of security. This sign barely
avoided being burned down in
the 2002 San Diego—area con-
flagrations. (Photo: Kim Sorvig,)

Service fire researcher Jack Cohen states that “the

evidence suggests that wildland fuel reduction for

reducing home losses may be inefficient and inef-
fective.”1”

* Work to focus protection policy on fire-resistant
buildings, especially metal or tile roofs, which are
known to be far more effective than clearance. A
nonflammable roof increases a structure’s odds of
surviving wildfire from 19 percent (no preventive
measures) to 70 percent. Vegetative clearance can
at best add another 20 percent and often fails to
add any safety. Fire-resistant glass and paints are

increasingly available. Not only materials but de-
sign details offer important protection against fire.
Recognize that vehicles and power tools frequently
spark wildfires; consider shared transport in UWI
areas. Ensure all developments have two access /
escape routes. Use single-lane-with-pullout de-
signs on private driveways to provide safe access
while minimizing runoff. Push fire departments to
use the smallest reasonable vehicles.

Where vegetation clearance is essential, be sure
cleared plant material is returned to the soil by
burning, chipping, or composting. Alternatively,
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use goats or other browsers that eat young woody but creates a false sense of security. (See Figure 2.18.)
material, recycling plants as manure. Fire-resistant construction plus forest restoration is
* Be very cautious of proposals to use thinnings by far the more sustainable goal, and one that land-

commercially, because this permanently removes
large amounts of organic material. Commercial
use of small-diameter thinnings can benefit local
economies, but only if managed for long-term sus-
tainability.

* Similarly, “salvage logging” (removing standing
dead trees after a fire) has long been justified as re-
ducing future fire danger. A June 2007 study
shows clearly that this is not the case: areas salvage-
cut and replanted burn up to 61 percent more in-
tensely in subsequent fires than areas left to natural
regrowth.!1

* Where possible, design firebreaks for whole com-
munities or clusters of houses, based on healthy
grove-and-meadow patterns. Wetlands, sports
fields, and other features can do double duty as
community firebreaks.

* Work toward restoration of the health of whole
forests, including periodic fires.J1T “Mimic Na-
ture’s Fire,” both in vegetation patterns and planned
fire schedules."’ When fires occur at regular inter-
vals, they tend to be less intense, to burn in patch-
work patterns that increase species and habitat
diversity, and to leave older trees as seed sources.

Less intense fires are also far easier to control.

Wauerthner points out that fires are like floods:
many small ones occur each year with little damage,
but the “I00-year fire” is also inevitable in fire-
adapted ecosystems. In a given year, one or two
“megafires” account for 90 percent or more of
acreage and structures burned, says Wauerthner.!!3
Policy and design for development in fire-adapted
landscapes needs to acknowledge this distinction.
Controlling the many small fires is feasible. Stopping
megafires is only possible, if at all, with what a con-
tributor to Wuerthner’s book calls the “Fire-Military-
Industrial Complex.”

Because clearance is costly, environmentally de-
structive, and often entirely ineffective against wild-
fire, landscape professionals should resist fire
ordinances that rely primarily or exclusively on vege-
tation removal. Ultimately, clearance is politically ex-

pedient, giving the appearance of preventive action,

scape professionals should advocate.

Resources

Heal Injured Sites
Site restoration

Earth Island Institute 415-788-3666, www‘earthisland.org/:
Published Karl Linn's booklet From Rubble to Restoration.

Society for Ecological Restoration 520-622-5485, http: //
ser.org/ : Excellent source; library of publications; links to
consultants.

Beyond Preservation: Restoring and Inventing Landscapes A. Dwight
Baldwin, Judith De Luce, and Carl Pletsch, 1994 University
of Minnesota Press, Minneapolis

Environmental Remediation Construction Industry Institute,
512-232-3000, Www.construction—institute.org/ script
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Ecosystems D. Egan et al., 2005 Island Press, Washington DC

The Tallgrass Restoration Handbook: For Prairies, Savannas, and Wood-
lands Stephen Packard and Cornelia Mutel, 2005 Island Press,
Washington DC

NOAA Landscape Restoration National Oceanographic and At-
mospheric Administration, www.csc.noaa.gov/lcr/: Good in-
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Contaminated Real Estate M. S. Dennison, 1998 Government
Institutes, Rockville MD
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ment of Brownfield Sites C. A. Brebbia and U. Mander, 2006
Wessex Institute of Technology, UK
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H. J Schor Consulting Anaheim CA, 714-778-3767: Landform
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Erosion Measurements on a Smooth and Stepped Highway Slope John
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CA, 916-227-7109
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Compost Utilization by Departments of Transportation in the
United States Donna Mitchell, 1997 University of Florida
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Water Science, Gainesville: Full text at hetp://edis.ifas
afledu/ pdffiles /EP/ EP05000.pdf#search=%22Compost
%20Utilization%20by%20Departments%200{%20Trans
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Biosolids
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684-1145, www.nwbiosolids.org/: Source of information on
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Soils
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Soil Science Society of America www.soils.org/: Soil news and
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Soil Survey Natural Resources Conservation Service, 402-437-
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Manufactured Loam Using Compost Material Michael S. Switzen-
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Phytoremediation G. 1. Kvesitadze, 2006 Springer, Berlin

Metal-contaminated Soils: In Situ Inactivation and Phytorestoration
J. Vangronsveld and S. Cunningham, 1998 R. G. Landes,
Austin TX

Phytoremediation: Methods and Reviews N. Willey, 2006 Humana
Press, Totowa NJ

Introduction to Phytoremediation National Risk Management Re-
search Laboratory, Office of Research and Development,
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Plants That Hyperaccumulate Heavy Metals: The Role in Phytoremedia-
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R. R. Brooks, 1998 CAB International, New York
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Compounds G. B. Wickramanayake, 2000 Battelle Press,
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Wildfire
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Firefree Association 888-990-3388, www.firefree.com/:
Fire-rated paint, et cetera.
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S. F. Arno and C. E. Fiedler, 2005 Island Press, Washington
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The Wildfire Reader: A Century of Failed Forest Policy George
Wauerthner (ed.), 2006 Island Press, Washington DC: Excel-
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In Fire’s Way: A Guide to Life in the Wildfire Danger Zone Tom Wolf,
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“Will Wildfire Ravage Our Profession?” Kim Sorvig, LAM,
Dec 2001

“Crying Fire in a Crowded Landscape” Kim Sorvig, LAM,
Mar 2004

The Book of Fire William H. Cottrell, 2004 Mountain Press,
Missoula MT: Clear, concise graphic concepts.



Principle 3:

Favor Living, Flexible Materials

He that plants trees loves others beside himself.
—Thomas Fuller, 1732

In 2000, we wrote of “a quiet revolt against conven-
tional approaches to erosion control, known as
biotechnical erosion control or bioengineering.” For
this second edition, we are happy to report that the
revolt has spread.

Bioengineering combines living and inert struc-
tures into something stronger and more flexible than
either. These living structures reinforce vulnerable inter-
faces between soil and water, especially on steep
slopes, streambanks, and shorelines. In researching
our first edition, we were hard pressed to find a dozen
practicing experts. Today, a Google search for
“biotechnical erosion control” produces 50,000 hits.
These include established and new firms, books and
best-practice guidelines, even specialized software.
Perhaps most encouraging, state and local agencies
have Web pages dedicated to biotechnical approaches.
At least part of the official world is recognizing these
methods, in addition to or instead of conventional
rigid engineering,

So far as we can determine, there have not been
major changes in the techniques of bioengineering. This
is hardly surprising, because existing techniques are
mature and well tested. Although a specialist consult-
ant should almost always lead any bioengineering
project, basic knowledge of these methods belongs in
the repertoire of every landscape professional.

The rigid structures of concrete and steel, which
are the twentieth century’s technology of choice for
controlling erosion, are barely a century old. By con-
trast, bioengineering is a modern adaptation of age-
old “green” technology. For centuries before the
industrial revolution, constructed banks were held in

place by grading and terracing, by pervious walls of

local stone, and by dense-rooted plantings‘1 These
tested systems were rejected by conventional engineer-
ing, insistent that rigid structures were always cheaper,
more durable, safer, and mathematically more pre-
dictable.

Detailed observation has shown, however, that
these conventional claims obscure problems caused by
rigid erosion- and flood-control structures. Hard, en-
gineered structures certainly have their place, but as
a one-size-fits-all standard they trigger the problems
they were designed to solve. Concrete ditches and
pipes transform precious rainwater into a problem to
be whisked away. Wherever it is shunted, stormwater
becomes a concentrated and destructive force and
fails to nourish the ground or replenish the water
table. Hard structures, especially flood-control
ditches, preempt wildlife habitat. Engineered for
“safety,” they traverse many cities—Tlifeless, armor-
plated canyons, usually posted with “Danger” signs.

Bioengineering and its close relatives are closely re-
lated to sustainable use of water (Principle 4). Live
surfaces may be applied to building walls and roofs
as well. Increased acceptance of these techniques re-
flects a new—or renewed—respect for an essential

landscape component: living vegetation.

Discussed in This Chapter

Controlling slope erosion with the strength
of living plants.
Using “greenwalls” to retain slopes and

clothe buildings in growth.
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Revitalizing wasted acreage on the skyline
with planted “greenroofs.”

Designing and building appropriate struc-
tures for sustainable planting,

Selection, substitution, and handling to
ensure plant survival.

Native plants for sustainability.

Hold Slopes in Place with Biotechnical

Erosion Control

Biotechnical Erosion Control (BEC) includes a wide
array of applications, almost all using certain plants’
remarkable ability to sprout from freshly cut twigs
stuck in soil. The most vigorous are willows, poplars,
or dogwood; the authors have literally seen poplar
fenceposts sprouting leaves. These are the live mate-
rials of bioengineering. When cut, they have neither
roots nor leaves, making them almost as convenient
to work with as wood stakes—yet they are alive, and
within days or weeks are beginning to weave new
roots deeply into the soil.

Perhaps the purest form of BEC is soil bioengineer-
ing, a simple system in which live woody cuttings and
branches provide both structure and growth. Mulch
and natural or synthetic fabrics also play a major role,
preventing surface erosion until cuttings leaf out.
Once the cuttings take root—usually within one
growing season—they provide long-term slope sta-
bility and are self-repairing and self-maintaining.

BEC does not rule out hard structures, however.
Inert structures of concrete, wood, metal, or plas-
tic—through which plants grow and water drains
gradually but freely—are important in bioengineer-
ing. Greenwalls (next section) are related live-plus-
hard techniques, along with a whole menu of
vegetated structural approaches.

Biotechnical methods recall one of this book’s
themes—that many supposedly “outdated” traditional
techniques warrant reexamination. Twig-and-wattling
erosion control has been in use for millennia in widely
different cultures. In the 1930s, Works Progress Ad-
ministration (WPA) and Civilian Conservation Corps
(CCC) workers repaired gullies and restored stream
banks with native stone and cuttings from local plants.?
Modern bioengineering was pursued most energetically

in German-speaking countries, spreading to North
America in the 1970s. Specialized supplies for some
forms of bioengineering are still imported.

Bioengineering provides:

* aflexible, self-sustaining, self-repairing structure

* cheaper installation and maintenance than hard
structures, 1n most cases

* greater strength than standard surface plantings,
due to deep burial of cuttings, and interwoven
stems, roots, and geotextiles

* apractical alternative where heavy equipment can-
not be used

* wildlife habitat, air and water filtering, and other

functions of plants.

Bind the Soil with Living Plants

Some common soil bioengineering techniques are:

Live stakes (sturdy cuttings an inch or more in di-
ameter) can be tamped directly into slopes with a
mallet, typically two to three feet apart. Live stakes
provide initial structural slope protection (similar to
rebar in concrete); rooting, these systems further sta-
bilize the soil; sprouting leaves intercept stormwater
before it hits (and erodes) the ground.

Wattles and brushmattresses (“woven” pads of live
branches) are staked to slopes for coverage.

Fascines (tied, linear bundles of branches or whips)
are buried lengthwise in trenches along contours to
reduce surface erosion and stabilize slopes. (Some
companies refer to these as wattles, too, but fascine is
the preferred term.)

Brushlayering places branches perpendicular to con-
tours on excavated terraces. The terraces are backfilled
with soil, covering the branches except for the tips.
When the branches take root, the tips leaf out.

Live crib walls, boxlike structures of interlocking live
logs, backfilled with alternating layers of soil and
branch cuttings, can stabilize the toe of a slope.
Roots of cuttings extend into the slope, providing
structural support.

Control Surface Erosion with Mats and Mulches

New BEC slopes need some form of cover until

plants take root, either erosion-control nets, blankets,
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Live stakes

Terrace
excavation
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Bales with live staking

and mats, or organic mulches. Both work primarily
by blunting the force of raindrops, which dig into
bare soil surfaces. Both have proven effective, but
mulching, in most cases, is by far cheaper. Mulch can
slow runoft moving across the surface, but the struc-
ture and weight of a mat may be more effective un-
der such conditions.

Mats AND BLANKETS
Although the range of commercial mats and blankets
has increased since this book’s first edition, selection

criteria remain unchanged.

Figure 3.2 Lakeshore stabilization at Whiskeytown CA.

SOII WI‘QPS are being COI’lStI‘UCtGd on tOp Of brushlayers.

(Project: Salix Applied Earthcare. Photo: John McCullah.)

Anchor stakes

Brushmattress
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Erosion fabric

Vegetated geogrid

Figure 3.1 Bioengineering holds soil with structural assemblages
that later root. Correctly installed, these resilient solutions often
outperform rigid structures at less cost. (llust.: Craig Farnsworth,
based on R. Sotir and Stan Jones.)

Biodegradable products are usually preferred. Typ-
ically they comprise fibers such as jute, straw, wood,
excelsior, or coconut fiber (coir). Pins and stakes se-
cure blankets to the slope; biodegradable examples
are North American Green’s Bio-STAKE and Eco-
STAKE, made of lumber scraps. Like mulches,
biodegradable mats add organic nutrients to the soil.

For extremely steep or erodable slopes, some
practitioners prefer products bound together with
long-lasting synthetic fibers (see project examples,
below). Avoid plastic or similar meshes likely to trap
birds or mammals. Biodegradable mesh could trap

Figure 3.3 Three weeks later, willow twigs are sprouting
between wrapped soil layers. The willows will be at water
level once the lake is refilled. (Project: Salix Applied
Earthcare. Photo: John McCullah.)
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animals, but is easier to gnaw or break and eventually
disappears.

“Landscape architects, like engineers, are too ready
to use manufactured products,” says John Haynes of
Caltrans, a longtime BEC practitioner. “All these
products have their niche and can be very effective in
the proper application; but some of them are pretty
darn expensive. We need to be looking at locally avail-
able, inexpensive materials for use in erosion control.”
For large-scale highway-construction projects, even
inexpensive blankets cost ten times as much per acre

as tackified straw mulch from local sources.

MuLrcHEs AND COMPOSTS FOR SLOPE STABILIZATION
Except for unusual soils or extreme conditions, con-
sider composts, biosolids, and proprietary “soil tack-
ifiers” applied directly to soil or mixed with straw or
other fibers. Loose wood chips will protect a surface
against rainfall as long as running water is not chan-
neled under them. For erosion control, all types are usu-
ally applied as slurry, using hydro-seeding machinery.

Tackifters of guar gum are environmentally prefer-
able to asphalt-based ones; asphalt’s fumes are mod-
erately toxic and it can contaminate soil. Polymer
tackifiers have various formulas; each should be eval-
uated for biodegradability.

The many uses of compost are discussed in more
detail in Principle 2. Further information on these

practices is available from Caltrans. 2

Evaluate and Monitor Each Site Carefully

When is bioengineering appropriate for a project?
Landscape architect Andrea Lucas of Berkeley CA, who
has wide BEC experience, recommends it for any steep
slope subject to excessive runoff. “If you see a long, cut
slope with rills occurring,” says Lucas, “this is the per-
fect place to reduce runoft velocities by adding contour
wattles and contour straw rolls.” Hillsides already
planted with standard techniques but continuing to
erode are also prime candidates, as are banks of
streams and lakes (p. 1606). Extremely steep slopes or
abrupt grade changes may require a “greenwall,” the
bioengineered version of a retaining wall (see below).

Lucas recalls bioengineering initially being pre-
sented as a foolproof miracle cure. Despite contin-

ued enthusiasm, Lucas warns against taking that view.

As part of her research for a graduate degree, she vis-
ited bioengineered streambanks across California. All
had eroded at least 20 percent after bioengineering
was installed. This does not mean that BEC is invalid,
says Lucas, but that it requires monitoring and main-
tenance for the first few years—patching unexpected
gullies in particular. Follow-up makes the difference
between success and failure—and increases expertise
for future projects.

Bioengineering cannot always stand alone against
major off-site influences, such as expanded upstream
pavement and increased runoff. Bioengineering pro-
vides structural solutions as part of watershed-wide
water and erosion management. Bioengineering adds
living and structural strength to eroding slopes. In
addition, it slows and absorbs runoff, unlike conven-
tionally armored slopes. Surface roughness, irregular-
ity, and permeability relate directly to landform
grading (p. 83), Permaculture (p. 173), and near-the-
source solutions (p. 157). Used together, these con-
cepts reinforce each other.

There is a growing body of information in Eng-
lish on bioengineering techniques, including com-
puter programs for planning. One of the foremost
authors of bioengineering books, as well as an active
consultant (see projects, Figure 3.6), is Robbin Sotir,
of Marietta GA. Sotir emphasizes that even though
bioengineering is straightforward in concept, success
depends on adjusting to complex site-specific condi-
tions, and requires well-honed ecological expertise.
Lucas seconds this: “As a designer or practitioner you
need to respond to each site individually,” she says.
“Along with the specific plants you choose, soils,
compaction, slope angle, amount of sunlight, runoff
forces that the site must weather—all affect the de-
sign.” Sotir, who has tirelessly championed bioengi-
neering in the United States, has seen many
enthusiastic do-it-yourself bioengineering projects
fail because seasonal or regional conditions were over-
looked, plants were misidentified, or cuttings were
harvested at the wrong time.

Bioengineering is usually cheaper than hard alter-
natives, but more expensive than hydro-seeding. Com-
pared to simple planting, it involves more grading,
filling, or extra-deep plantings; some methods are
hand-labor intensive. Where labor is scarce or high
priced, bioengineering becomes less cost competitive.



Bioengineering is also knowledge intensive for design
services and on-site supervision. Nevertheless, says
Lucas, bioengineering “is always cheaper than build-
ing a concrete wall.”

To evaluate specific BEC products or approaches,
observe a completed one-or-two-year-old installation.
Erosion-control publications, manufacturers, consult-
ants, and agencies may provide a list of projects and
contacts in your area; the federal government has
sponsored hundreds of demonstration projects. Lo-
cations and other particulars may be scattered,
though Web searches make them easier to find. Ex-
amples below and in Principle 4 give some idea of the
diversity of existing installations.

BroenGINEERING ProjecT ExampLEs

Many state highway departments use BEC on at least
some types of work. John Haynes has used BEC tech-
niques on many Caltrans projects and has compared
various approaches on test plots. On a 1.5:1 slope
with highly erodable soils near Redding CA, Haynes
employed “brushlayering” (defined above). On bull-
dozed terraces, willow stems were laid twenty per
yard; backfilling was also by bulldozer.

Four weeks into this 1993 project, a major storm
dumped fifteen inches of rain on the test site. Some
slopes treated with erosion-control fabrics failed, but
the willow cuttings held. Those slopes suffered some
gullying—a problem that could have been avoided,
Haynes feels, if he had specified about three times as
many cuttings as were actually used. The results of
Haynes’ test plots are summarized in Proceedings of the
1994 IECA Conference, available from the International
Erosion Control Association.

Brushlayering also stabilized a large mudslide on
slopes from 2.5:1 to 1.5:1 near Pacifica CA, above a
residential area. Andrea Lucas collaborated with
BEC pioneer and author Andrew Leiser. In addition
to brushlayering, Lucas planted rooted seedlings of
native pine and cypress, and seeded the slope with
an erosion-control mix of grasses, perennials, and
annuals. Although installed during California’s rainy
season, the work immediately reduced sediment
transport dramatically, Lucas reports, and continues
to perform well.

In gullies, watercourses, and drainage channels se-

curing fill is particularly difficult; soil tends to liquefy
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Figure 3.4 Brushlayer installation can be done by hand
or aided by equipment. (Project and Photo: Biohabitats Inc.)

during storms and flow downhill. At Sanders Ranch
in Moraga CA, one drainage ditch, though lined with
pieces of concrete, was eroding ever deeper with each
storm. Lucas began stabilizing it with “burritos” (fill
soil wrapped in geotextile). At the edges of these de-
vices, the crew buried locally gathered live willow cut-
tings with only the tips exposed. These quickly
rooted, tying fill, geotextile, and existing subsoil to-
gether as a strong flexible channel.

Side banks were seeded with fast-growing annual
grass and perennial native bunch grass, covered with
geotextile blankets. Stout willow “live stakes” two to
three feet deep, plus cables, held the geotextiles to the
ground to withstand storm flows. Storms soon after
installation are a risk that must be anticipated by de-
sign. A storm struck the Moraga project one month
after installation during an El Nifio winter—and the
system held.

Robbin Sotir has tirelessly educated the public
about alternatives to standard engineering, even work-
ing as a mediator where brute-concrete projects raised
public outcry. She has built scores of projects across
the United States, even in desert areas. Her Crest-
wood project (below) is an excellent example of how
bioengineering combines techniques to fit a site, or even
specialized conditions within a site.

At Crestwood condominiums (Houston TX),
twenty-foot banks were eroding into Buffalo Bayou (a
shipping channel leading to Houston’s port). Virtu-
ally all the techniques diagrammed in Figure 3.1 were
used to stabilize this bank. At the toe of the slope,
rubble wrapped in erosion-control fabric provided a
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Figure 3.5 Fabric anchored
with logs, live stakes, and fast-
sprouting grass, in place only a
few weeks when this storm
struck, survived with no losses.

(Project and Photo: Andrea Lucas.)

strong footing above and below mean water level.
Above that, the main slope was held with vegetated
geogrid—soil wrapped in fabric or stronger plastic
grid sheets or both, with layers of branches between
soil layers. Fascines and bare-root plantings were used
at transitions: between rubble and geogrid, and along
the top of the slope. Carefully monitored since con-
struction, the slope shows no sign of moving. Bayou
sediment is now trapped by vegetation and deposited,
gradually building even more strength.

Even Walden Pond, ur-environmentalist Henry
David Thoreau’s home near Concord MA, has bene-
fited from BEC. Annuaﬂy 80,000 visitors come to
swim or sightsee. By the late 1990s the pond was suf-
fering from severe bank erosion. Using live staking,
coir mats, and cellular containment systems (see p.
124), Walker Kluesing Design Group of Cambridge
MA reconstructed 3,800 feet of pond edge, bank,
and path. The project won a 1998 Boston Society of
Landscape Architects award.

SUGGESTED PRACTICES

* Employ an experienced practitioner.

* Tailor techniques to topography, plant species, and
site conditions.

* Consider greenwalls (below) on steep slopes.

* Options may be limited on rocky or gravelly

slopes, or in arid regions.

Where possible, obtain cuttings of native species
locally. (Be sure to obtain owner permission. Do
not harvest on ecologically sensitive sites.)

* Protect the project, especially exposed soil and ex-
isting vegetation, using methods from p. 52.

* Be sure structures can withstand storm flows be-
fore plants root, or divert runoff until vegetation
is established.

* Maintain bioengineering like any other planted

work, for at least a one-year establishment period.3

Make Vertical Structures “Habitat-able”
with Greenwalls

What can hold up a truck, protect a prince, foil graf-
fiti—and clean the air too? It’s not the Incredible
Hulk; it’s the “greenwall”

These strong structures with a green face resem-
ble bioengineering on near-vertical slopes.* Viewed
from another angle, they apply the greenroof concept
(below) to the rest of the building. Greenwalls are an
important use of flexible, living materials for func-

tional purposes.

Understand Advanmges of Greenwalls

Jon Coe is a persuasive advocate of greenwalls. His

Philadelphia firm, CLR Design, used them in zoo ex-



Figure 3.6a,b,c Bioengineering techniques form a flexi-
ble toolkit, often used in combination, as in stabﬂizing
this bank at Crestwood (Houston TX). Note the large

stump, left as added protection, visible in the before, dur-
ing, and after photos. (Projeft and Photo: Robbin B Sotir.)

hibit design.” But Coe sees much wider possibilities
for the greenwall. “Contemporary technology,” he
says, “spends inordinate effort to stifle biological suc-
cession on built surfaces. What if we set out to de-
sign structures that welcomed plant growth?”
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Greenwalls offer compelling alternatives to struc-
tures of concrete, metal, or wood. A vegetated sur-
face suits many aesthetic preferences; it deadens and
diffuses noise, makes graffiti impossible, cuts heat
and glare, slows rainwater, traps air pollutants, and
processes COZ, while providing food and shelter for
wildlife. Most greenwalls use small, light elements,
installed without heavy equipment. Reduced materi-
als, no formwork, and (for some types) no footings
save money and resources. Most deal flexibly with un-
stable soils, setding, deflection—even earthquakes‘
Careful attention to irrigation and microclimate is
richly repaid. Various designs are discussed below,
from residential to heavy duty.

Know the Types of Greenwall

Greenwall systems have been based on many con-
cepts. Not all are commercially available in the
United States; some can be built with on-site mate-

rials. Some of the main structural concepts (see Figure

3.7) are:

block—engineered with gaps where plants root
through the wall.

crib wall—concrete or wood elements stacked
“log cabin” style.

frame—stacked interlocking O- or diamond-
shaped masonry (mostly in Europe and
Japan).

trough—stackable soil-filled tubs (retaining or
freestanding).

gabion—stone-filled wire baskets, strong but
permeable.

mesh—Ilike mini gabions, holding a thin layer of
soil to a surface.

cell—flexible, strong honeycombs filled with soil,
also used horizontally.

sandbag—geotextiles wrapped around soil;
formally called “vegetated geogrid.”

Two definitions: Grotextiles are woven or felt-like
synthetic filter fabrics. Geogrids are stronger sheets that
look like plastic construction fencing. Geogrid is also
(confusingly) a trademark for a type of cellular
honeycomb. Several good publications give further
detail on methods and definitions.2
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Figure 3.7 Greenwalls combine bioengineering with a variety of hard structures; several basic concepts are diagrammed

here. (Illust.: Craig Farnsworth.)

Greenwalls derive their strength primarily from their
inert elements; planting protects the surface and adds
some strength. This contrasts with soil bioengineer-
ing; they are often combined as part of systematic
whole-site design. With many materials to choose
from, it is essential to get technical assistance from
manufacturers and specialists. Costs are often 25-50
percent less than cast-in-place concrete, but analyze
case by case.

Greenwalls are as effective for slope retention as
conventional structures. Add their soil, stormwater,
and vegetation benefits, and they clearly perform bet-
ter in landscape construction than impervious, mono-
lithic retaining walls.

Newly planted greenwalls require maintenance;
weeds may move in before plantings establish, or if
plantings fail. At least a year’s monitoring and main-
tenance should be planned for any new greenwall.
Mulching and other preventive measures should be
carefully considered. Once weeds are present, hand
removal or selective herbicide use may be unavoidable.

With proper design and vigorously established plant-

ings, however, a mature greenwall requires less main-
tenance than hard surfaces—especially if graffiti is an
1ssue.

Greenwall structural systems, discussed here for
outdoor use, can be used indoors for air quality and
soothing ambience, or in zoo or botanical displays.
Lighting, watering, and fertilization need adjustment
as with other forms of indoor horticulture.

Build Plantable Masonry Structures

The simplest plantable retaining structure is a drys-
tone wall. Constructed against the toe of a slope by
stacking local stones, these one-rock-wide walls re-
quire considerable skill to lay.® If rocks are readily
available nearby, such walls are particularly attractive.

Drystone must usually not exceed six feet in height.
For taller structures, gabions (rocks encased in heavy
galvanized wire mesh) are an alternative. Usually, the
empty basket is set up and filled on-site; moving pre-
filled gabions requires heavy equipment. Gabions may
be stacked in a battered arrangement, tilted into the



slope. They can look mechanical and raw, but soil can
be added to establish vegetation over them.”

Crib walls are somewhat more sophisticated—
open faced, interlocking wood or concrete beams em-
bedded in the slope. Normally battered to improve
stability, crib walls may be vertical with appropriate
foundations. Plants grow through openings between
beams. Preserved wood is often used (see p. 254 for
concerns). As mentioned earlier, “live” crib walls may
be assembled in the field from living logs, then filled
with soil and fast-rooting cuttings.® These persist be-
cause they are living, rather than toxic.

Where walls must be extremely high or nearly ver-
tical, concrete may be a better choice. Concrete
“logs,” notched for stacking, resemble parking wheel

stops in size and shape. Short walls of this kind can
be built with hand labor.

GREeN TrOUGHS

Imagine earth-filled bathtubs with slab legs in a ta-
pering stack up to sixty feet tall. Each trough has
holes in the bottom, forming a continuous soil core
throughout the wall and allowing moisture to reach
each level. The proprietary Evergreen system offers a
narrow footprint, and can be freestanding, planted on
both faces for noise or security (an example sur-
rounds Jordan’s royal palace). To retain soil or rock
faces, trough units stack against the surface. Philadel-
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Figure 3.8 Gabions cause
fewer problems than impervious
walls because they allow water
to seep through. Over time or
by design, gabions can support
vegetation. (Photo: Kim Sorvig.)

phia’s Synterra used a 600-foot Evergreen wall along
the Blue Route expressway. Affected neighbors fa-
vored its appearance, and after testing, the Pennsyl-
vania DOT used similar walls elsewhere, according to
Synterra principal Bill Wilson. The National Park
Service used Evergreen for huge earthworks at Cum-
berland Gap Tunnel. Trough units are sixteen feet
Iong, Weighing up to 3.5 tons without soil. Unlike
other greenwall systems, they can only be installed
with heavy equipment.

Tessenderlo Group, an international chemical
manufacturer based in Brussels, has produced a sim-
ilar trough wall—but made of PVC. Known as
EKOL, it is used in Europe as a sound wall. It would
certainly be lighter for installation than concrete
troughs. Our concerns about PVC (p. 252) make it
hard to evaluate this idea. Recycling PVC is seldom
feasible, and some consider the concept a sham. If
EKOL achieves real recycling of this controversial
plastic, it may be a good thing.

GREENING THE BLock WALL

Any wall can be draped with trailing or climbing
plants, rooted above or below it. True greenwalls have
plants growing through the surface, which requires soil
spaces. Two basic designs achieve this: leaving out

blocks in each course, or rounding the corners of

each block.
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Figure 3.9 The Evergreen “trough” greenwall serves
both as retaining wall and as noise wall on Philadelphia’s

Blue Route (I-476). (Project and Photo: Synterra Ltd.)

The so-called “S-block” system, a European prod-
uct distributed by US licensees, leaves out occasional
blocks. The blocks’ S or Z shape and weight lock
courses together, so missing blocks don't compromise
strength. S-blocks require poured footings, and must
slope at least ten degrees. In earthquake-prone Cali-
fornia, these walls withstand Richter-7 tremors, set-
tling tighter afterward.

Verdura blocks, recently patented by Soil Reten-
tion Structures (Oceanside CA), are small, trough-
like blocks with elliptical front faces; planting spaces
occur at the rounded corners, into soil behind. A fish-
scale texture provides interest until covered by growth.
A similar system, known as Hercules (St Louis MO),
uses a face shaped like an m, planted at both sides and
in the middle.

Standard block systems, like Keystone, Anchor, or
Rockwood, are plantable if terraced. Attempts to
put planting “pockets” on the face of such blocks
(without root access through the wall) have fared
poorly, resulting in root-bound plants and awkward
irrigation.

Unanchored, some block systems can be fifty feet
tall. Anchoring is done by geogrid sheets, pinned to
the blocks and buried behind the wall. This is a vari-
ation on the “sandbag” system, described in more de-
tail below. Geogrid anchors, with or without block
facings, are standard fare in heavy-duty civil engineer-
ing, giving them a clear track record for stability.

Use Flexible Soil Support Systems

An entirely different concept for greenwalls relies on
flexible materials rather than masonry to make soil
stand upright. Mesh, honeycomb, or fabric, these
flexible materials are filled with soil. The weight of
the soil prevents the support material from moving,

and support keeps the soil from slumping.

EXPERIMENTS WITH MESH

Bill Bohnhoff, landscape architect and owner of In-
visible Structures, notes that turf can grow in soil less
than an inch deep. Invisible Structures manufactures
recycled plastic landscape products, including Grass-
pave and Slopetame, a mesh of two-inch-diameter
rings held in a flexible grid. The grid is usually pinned
to the top of a slope and rolled down, then filled with
soil on-site; it may be “prevegetated” in a greenhouse.
Bohnhoff speculates that it could hang vertically on
structural backing or cover a “sandbag” system with
a kind of reinforced sod.

An ultrathin greenwall made of wire mesh, Sys-
tem Krismer is used in Europe but not the United
States. The mesh is pinned to rock, concrete, or soil,
and filled with soil-gravel mix using hydro-seeding
equipment. Another mesh system, Terratrel, from Re-
inforced Earth Co., is normally used for temporary
soil retention, but might be adapted for greenwalls.
Metal structures are likely to amplify heat and cold,
affecting some species.

One addition to the repertoire since this book’s
first edition is GreenScreen, a modular system of gal-
vanized welded-wire panels surrounding two or three
inches of “captive growing space.” GreenScreens are
double-sided trellises; plants root below, in the
ground or a planter. It is neither a retaining wall, nor
a “true” greenwall. Rather, it is what the name says:
a screen system that can completely or partly cover
structural walls, or be used as a freestanding (but not
load-bearing) space divider. It is also available as
cylindrical columns or traditional fan trellises. One
variant, combining a lightweight wheeled planter with
a GreenScreen, is dubbed the “Rolling Bush.”? Pan-
els may be “prevegetated” for instant effect, and
maintained by switching out panels showing deterio-
rated growth. Similar systems are used in Europe.



GreenScreen’s Web site lists recommended plants,
mostly nonwoody vines, plus succulents (like those
for greenroofs). The plant list suits moderate cli-
mates; other regions would need adaptation. Like any
freestanding landscape wall, these screens face climate
extremes: depending on compass orientation, one side
may be in full sun while the other is completely self-
shaded, with severe temperature, moisture, and wind
exposure differences.

The great majority of projects illustrated on
GreenScreen’s Web site are in their home state of Cal-
ifornia and in Florida, probably the most favorable
climates for such a system. Photos of other installa-
tions in Arizona, New York, Texas, and Maryland
show rather sparse growth, probably because instal-
lations were new.

Firms like EDAW and SWA have used custom-
fabricated GreenScreens to create vegetation-covered
gazebos and shade structures. GreenScreens have also
been integrated with signage and lighting. By cover-
ing or replacing hard surfaces with plants, this system
combines visual novelty with environmental benefits:
purification of air, microhabitat creation, and de-
creased heat retention. GreenScreen does not appear
to be appropriate, as greenwalls are, for soil erosion
or stormwater management.

GreenScreen was innovatively used at the National
Wildlife Federation’s headquarters in Reston VA, de-
signed by HOK. GreenScreen panels cover the south-

Irrigation

Polyjute soil bag —

Plastic geogrid —

Soil mix —""|

Waterproofing ——

Drain pipe ~——__|
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facing windows, mounted about four feet out from
the facade. By using deciduous vines in these trellises,
the building is screened from solar gain in summer
and open to solar heat in winter. This takes the con-
cept beyond mostly cosmetic planted surfaces (as at
Universal Studios in California, or the recently
opened Quai Bronly Museum in Paris) and into the

arena of significant energy savings through design.

SANDBAG VARIATIONS
At zoos in Seattle and Rochester, Jon Coe developed
a simple, cost-effective greenwall. Reinforcing fabric
is laid down wider than the wall’s footprint. A one-
foot layer of soil is placed on the fabric; the extra
width is then folded over the soil. More layers of fab-
ric folded around soil are added, stepped to final
height. Soil weight holds fabric, and fabric holds soil.
If the height-to-width ratio exceeds about 2:3, fab-
ric is pinned to the ground or structure; footings are
sometimes needed. Geogrid may be wrapped around
fabric-lined “bags” for extra strength. The wall face
is seeded or turfed; woody seedlings or cuttings are
planted through the fabric. At Seattle’s Woodland
Park, grass covered the wall immediately, with Arctic
Willow taking over by the third year.

Coe layers geogrid and porous mat together, or
uses Enkamat Type S, which fuses grid and mat into
a single sheet. He avoids “the ziggurat look” of a

stepped face for two reasons. In zoos, kids who climb

\ Shape & pin soil bag joints

‘ to avoid air packets

AS |

~ue SR

Figure 3.10 A greenwall
against a structure, designed for

zoo use by CLR Design. The

same concept used for bank
stabilization is called vegetated
geogrid (3.1). (Illust.: Craig

Farnsworth, based on Jon Coe.)
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the steps risk falling off—and being eaten. Secondly,
sharply stepped angles can produce root-killing air
pockets. So Coe’s workers soak the finished wall, then
beat the face flat with shovels.

Landscape architect Kevin Kleinhelter used a sim-
ilar system for Post Properties (Atlanta GA), whose
management emphatically values landscape as a prime
client attraction. Using Tensar’s Sierra system
(geogrid stabilization with plantable-mat surfaces)
Kleinhelter avoided massive concrete retaining walls
that didn't fit Post’s landscape-focused marketing phi-
losophy.

For exhibits, sandbag greenwalls can simulate na-
ture or historic sod construction (CLR used them to
re-create Kodiak Island pit houses). In other settings,
greenwalls could be ornamental, patterned with col-
ored sedums or blooming displays. One limitation:
fabric-reinforced systems rely on fill weight and wide
footprint. For this reason, they are best used on fill
slopes or to cover built walls. If used on cut slopes,
significant extra excavation is required, affecting ex-
isting vegetation and offsetting greenwall benefits.

CeLLULAR CONTAINMENT

These polyethylene-sheet honeycombs fold flat for
shipping, expanding when pulled like crepe-paper
holiday decorations. Once staked at the edges, the ex-
panded cell sheet is strong enough to walk on while
being filled with soil. Each cell is about eight inches
square, available in two-inch to six-inch depths.

A single layer of cells can blanket an existing slope
for stabilization; filled with gravel, it substitutes for
paving; with perforated sidewalls, it stabilizes stream
crossings. To make a greenwall, cell sheets are laid
horizontally on top of one another, stepping upward
as steeply as 4V:1H. Edge cells, exposed by the step-
ping structure, are filled with planting soil; the re-
maining cells, with gravel. The polyethylene edge of
each layer remains exposed, but is quickly covered by
plants.

At Crystal Cove State Historic Park, near New-
port Beach CA in a historically certified landscape,
undercutting by a creek and the ocean threatened the
Pacific Coast Highway. Landscape architect Steve
Musillami replaced the highway’s original vegetated
fill slope with Geoweb, a Presto cellular product. Fill-

Figure 3.11 Cellular containment materials are flexible
honeycombs filled with soil or gravel. A single layer can
form a drivable surface; stacked as shown, cells form a

greenwall. (Photo: Webtec. :))

ing cells with local “duff” soil produced a healthy
mix of native plants from seed. By steepening the
slope, Musillami widened the creek bed to accommo-
date the real source of the problem: increased runoff
from upstream development. The landscape archi-
tect’s solution went far beyond the rip rap suggested
by highway engineers—and did it in record time. The
cell material, Musillami says, easily installs to curves,
without massive formwork or heavy equipment.
Presto cites a similar creek-bed project that flooded
ten feet deep without damage.

Some greenwalls benefit from underdrains; Musil-
lami used one to return water to the stream. At
Minnesota’s Grass Lake, state highway engineers un-
derdrained a cellular greenwall to keep potentially
polluted road runoff out of the lake. The engineers
noted that the geocell (Terracell by Webtec) avoided
disruptive excavation, resisted road salts better than

concrete, and softened vehicle impact in accidents.

Design for Greenwall Maintenance

Many design choices go into a successful greenwall:

* Microclimate on any vertical surface depends on
compass orientation and is usually severe—
hot/ sunny, cold/ shady, or alternating daily.

* Soil mix and plant selection are critical.

* Irrigation can be sprayed onto the wall, channeled
down from the top, or (using drippers) run on or



Figure 3.12a,b Greenwalls can reduce the “footprint”
or horizontal extent of a high bank by steepening it.
This approach protects Crystal Cove State Park
(California) from increased upstream runoff—shown
during and after construction. (Project: California State

Parks, Steve Musillami. Phoro: Alan Tang,)

behind the face. For trellis-like systems, irrigate the
soil, not the climbing vegetation.

* Be sure to plan for maintenance during plant es-
tablishment.

* Especially if the greenwall covers a building, plan
scrupulously for maintenance of the underlying

structure.

Turn Barren Roof Spaces into
£€ I’
Greenroofs

Of all strategies cited in this book, none has seen
more dramatic growth since our first edition than
greenroofs (aka ecoroofs). In the late 1990s, green-
roofs were rapidly emerging in northern Europe, es-
pecially Germany. At that time, however, we could
not find a single example on a major US building.
Today there are scores of fine examples, and not
just on “alternative” buildings: the greenroofs on
Chicago’s City Hall and Ford's truck factory at Rouge
River MI show how far this technology has come.
According to Greenroofs for Healthy Cities (GHC),

the US greenroof industry’s main association, 2.5
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million square feet of greenroof were constructed in
the United States in 2005. Greenroofs even put in an
appearance at the 2002 Philadelphia Flower Show,
winning a Best of Show prize for Temple University’s
landscape architecture and horticulture department.

Nonetheless, by European standards the North
American greenroof movement is just starting.
“We're still in the very early stages,” confirms Steve
Peck of GHC. Two and a half million square feet
sounds impressive, but by comparison, Peck notes,
“Germany averages eleven to twelve million square
feet of greenroof construction per year,” with a pop-
ulation roughly one-third of the United States.!
Germany’s density, size, and relatively uniform cli-
mate may have helped, but progressive cultural atti-
tudes have Europe outstripping the United States in

many types of sustainable construction.

Promote Cremroofs’fnvironmenml and Economic Benefits

Every contemporary city has, in the words of Toronto
environmental designer and author Michael Hough,

“hundreds of acres of rooftops that for the most part
P %
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Figure 3.13 Lightweight,
“extensive” greenroof covers
Peggy Notebaert Nature
Museum in Chicago. (Project:
Conservation Design Forum.
Photo: Andrea Cooper,

Conservation Design Forum.)

lie desolate and forgotten.” Hough’s description con-
jures a city in decline, yet is true even of economically
vibrant cities: at ground level, they are lively, but at
roof level, lifeless.

Conventional roofs are severe microclimates, im-
pervious to water, exposed to high winds. Every
square foot of sterile roof corresponds to a square
foot of life missing from the ground surface, linked
to various urban environmental problems, and even
to global warming (see p. I4)."! Greenroofs have
great potential for reversing these problems, as
Hough and Vancouver landscape architect Cornelia
Oberlander have long advocated.

Requirements of greenroofs are relatively modest,

yet environmental benefits are considerable:

* Improving buildings’ thermal insulation.

* Reducing the urban “heat island” effect, by ab-
sorbing less heat.

* Reducing glare and reflected light pollution.

* Producing oxygen, absorbing carbon dioxide, and
filtering air pollution.

* Storing carbon.

* Providing wildlife habitat, especially for birds.

* Absorbing up to 75 percent of rain falling on
them, thus slowing runoff.'2

About eighty cities in Germany promote green-
roofs by regulation or incentive, according to Peck.
“Their primary motivations are stormwater manage-
ment, urban heat-island reduction, and provision of
green space,” he says. In Germany, builders must pro-
vide new green space equal to the amount dislocated
through construction. Greenroofs are usually a good
way to comply.'

Greenroofs also make economic sense: they pro-
tect conventional roofs from ultraviolet (UV) radia-
tion and temperature extremes—the two main sources
of roof-membrane degradation. Roofing materials like
Bituthane are vulnerable to UV breakdown; a green-
roof completely shields such waterproofing materials
from light, often doubling (or more) their service life.
On a conventional asphalt roof, temperatures may
fluctuate 170°F over the course of a year. Greenroofs
dramatically decrease this. The Chicago Department
of Environment found that on a 100-degree day, the
surface temperature of a blacktop roof reached
165°F, while a greenroof was only 85°.14 Greenroof
insulation can cut summer cooling costs by half, and
winter heating by 25 percent.'® Both savings—energy
and membrane lifecycle—have environmental and
economic benefits.®

The oddest rationale for greenroofs appeared in
the Los Angeles Times recently: “Thanks in part to the



surging popularity of Google Earth—a bracingly
new, if detached, way to interact with the built envi-
ronment—rooftops are shedding their reputation as
forgotten windswept corners of the urban landscape
and moving toward the center of architectural prac-
tice.”” In this case, aesthetic visibility is driving sus-
tainability, which is certainly the exception rather
than the rule!

Understand Greenroof Definitions, Approaches,
and Materials

As greenroofs become more widespread, it is im-
portant to be clear what distinguishes them from
conventional “roof gardens.” Despite some general
similarities—soil and plantings on top of a building—
the two are quite different in intent and execution.

Conventional roof gardens typically are used like
street-level gardens. Shrubs and trees are often in-
cluded. These require deep soils and irrigation, result-
ing in two structural options: reinforce the whole
roof, or grow plants in containers. The former is
costly and in some cases structurally impractical; the
latter limits planted surface area and, with it, limits
environmental benefits. Conventional roof gardens
may be “better than nothing” environmentally, but
energy and materials costs must be carefully consid-
ered. We would certainly not discourage home own-
ers from rooftop container gardening, but landscape
professionals should think honestly and rigorously
before justifying conventional roof gardens as sus-
tainable. While rooftop Edens are delightful to the
favored few who have access (including birds), they
are too costly to help the urban environment as a
whole.

Greenroofs, by contrast, are not intended for reg-
ular access, and generally do not feature woody
plants. This keeps them lightweight, covering the en-
tire roof with a continuous layer of specialized grow-
ing medium, as thin as SOmm (about two inches),
supporting low-maintenance vegetation. In concept
they are lightweight, modern sod roofs, updating
centuries-old tradition.

This different intent is reflected in different struc-
ture. First, greenroofs require relatively modest addi-
tional load-bearing capacity and may be retrofitted to
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many existing roofs. Second, they do not require flat
roofs, but may be installed on slopes up to thirty de-
grees. On steeper roofs, greenwall techniques could
be adapted. Third, they require little or no irrigation
(except during establishment and in some harsher cli-
mates). Fertilizer, if any, should be formulated for
healthy minimal growth.

Greenroofs use materials found in conventional
roof gardens, but in dramatically different configura-
tions. They consist of waterproof membrane, insu-
lation layer, drainage layer, and growing medium,
sometimes referred to as “substrate.” Insulation may
be above or underneath the waterproof membrane;
insulation above waterproofing is far easier to salvage
if the roof is replaced. On roofs pitched five degrees
or more a drainage layer is not needed.

Greenroofs hold stormwater on the roof rather than
sending it down gutters into storm drains. Thus,
every greenroof requires reliable waterproofing,
properly coordinated with architectural and struc-
tural design. Different methods of waterproofing
not only affect reliability, but also how easy it is to
detect and repair any leaks that may develop. Sheet
waterproofing laid loose on the roof deck may allow
leaks to migrate long distances. Fully adhered water-
proofing solves this problem, but can cause difficul-
ties at expansion joints and structural edges. Some
European greenroofs incorporate sophisticated leak
detectors.

Roots penetrating waterproofing would cause leak-
age. A PVC sheet is often added below the substrate
to prevent this; given PVC’s environmental dithculties
(see p. 252). HDPE sheeting is preferable. Some sys-
tems incorporate copper-based root-killing barriers.
This has been questioned both because of copper’s
toxicity, and because the chemical effect is likely to
wear out long before the rest of the greenroof.!®

Greenroof soil conditions differ markedly from
conventional roof gardens, which rely on deep, high-
quality soil. Greenroofs generally make do with poor
and relatively thin growing medium, adequate for se-
dums, grasses, wildflowers, and other tough small
species.

Growing media specifically manufactured for
greenroofs are at last available in North America. No

one substrate is suitable for all sites, however. Some
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Figure 3.14 A greenroof ready to plant, showing
porous-aggregate lightweight planting mix. (Project:
Emory Knoll Nursery. Photo: Ed Snodgrass.)

designers develop their own regionally adapted mixes.
Expanded shale, a widely available lightweight mate-
rial of which the brand Permatill is an example, is of-
ten combined with sand and humus (recommended
by author Ted Osmundson, who uses 9:9:2 propor-
tions). For sedums in some climates, pure sand may
be sufficient. Cornelia Oberlander has successfully
used one-third sand, one-third pumice, and one-third
Humus Builder, a food waste compost that adds an
extra dimension—recycling—to greenroof benefits.

Rubble and other on-site materials might be
crushed as the basis of substrate, thereby avoiding the
double environmental cost of hauling rubble away
and fresh materials back. Crushed brick waste and
concrete are among substrate materials (mixed with
organics) that have been used in Europe.

Some mixes incorporate hydro-gels for water
retention. There is some question how long these
products will last in a roof environment, where re-
placement is physically difficult and costly. Another
question concerning greenroof mixes is how best to
protect lightweight soils from wind erosion, especially
during establishment.!” Erosion control blankets have
been used for this purpose; tackifiers might also be
appropriate,

What plants do well in thin, nutrient-poor green-
roof substrates? Begin by looking at plants that spon-
taneously colonize local hard surfaces, including roofs
never intended to support plant life. Many gravel

roofs are colonized over time with mosses and

stonecrop.ZO Develop a list of regional drought-re-
sistant plants. At least one US nursery now special-
izes in such plants: Greenroof Plants, in Street MD.2!
Its founder, Ed Snodgrass, coauthored a greenroof
planting manual.2 For arid regions, there is still a
great need for research and testing of soil and plant
combinations suitable for greenroofs, greenwalls, bio-
engineering, and constructed wetlands. Properly
planted, greenroofs need little or no irrigation, except
during extended dry spells.

Like their cousins, the greenwalls, greenroofs can
be invaded by weeds if poor establishment or main-
tenance leaves bare soil exposed. Many invaders are
weeds that cause problems wherever they grow. Most
greenroofs, however, approximate a meadow, succes-
sionally replaced in most regions by shrub or tree
communities. Shallow, nutrient-poor soil mixes pre-
vent shrubs and trees from thriving for long—but not
from sprouting in the first place. Although a few
woody ground covers fit right in, removing woody

seedlings is a necessary greenroof maintenance task.

GREENROOF ProjecT EXAMPLES

So many greenroofs have been built in the last several
years that it is hard to choose which to discuss. The
leading cities in the greenroof movement are Chicago

Table 3.1

Ecoroof cost example (based on European experience)

Materials $/ sq. ft.
Fleece layers $0.45
Root protection mats $0.74
Waterproof seal $0.74
Soil mixture $0.60
Plants and seed $0.30
Total $2.83
Plus incidentals: sealants, clamps, connectors, edge lumber, etc.
Contractor fees not included.

Additional options:

Heat insulation $1.49
Drainage layer $0.52

Based on Stephanie Beckman et al., Greening Our Cities: An Analysis
of the Benefits and Barriers Associated with Green Roofs (Portland: Oregon
State University Press, 1997), 44.
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and Portland OR, both of which have policies pro-
moting this landscape type. Most US greenroofs to-
day are retrofits; this will change as greenroofs are
incorporated into new buildings.

The greenroof atop Chicago’s City Hall is prob-
ably the most widely publicized US greenroof.
This pioneering example cools the building consid-
erably, but its design was too expensive to be Widely
replicable.?*

One of the Windy City’s most impressive green-
roofs—and a more affordable model—is the Chi-
cago Academy of Sciences’ Peggy Notebaert
Museum. This 17,000-square-foot retrofit illustrates
various concepts: “extensive” design (shallower soils,
ground-cover-type plants) and “intensive” (deeper
soils, taller prairie grasses and Wildﬂowers>.23

The roof section most visible to the public, a
2,400-square-foot intensive demonstration com-
pleted in 2001, is the only irrigated area. In 2003,
when more funds became available, the museum
added two extensive greenroofs to cover its large
south and north wings. These were designed to weigh
no more than 22.5 pounds per square foot when sat-
urated, well within the building’s structural capacity.
On the existing roof, waterproof membrane was in-
stalled, followed by root barrier and moisture-
retaining fabric—all manufactured by Sarnafil, one
of several new North American greenroof suppli-
ers.2 An inch of gravel followed by two and a half
inches of lightweight soil mix were blown onto the
roof from trucks below. The roof was hydro-seeded
with wildflowers, native grasses, and sedums, and

outlet
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Gravel or
lightweight
drainage

Figure 3.15 Unlike conven-
tional roof gardens, greenroofs
are light enough to retrofit on
existing structures. (Ilust.:
Craig Farnsworth, based on

Re-Natur.)

hand planted with sedum cuttings. Hose bibs were
installed to permit watering in case of drought—
Chicago has long, hot summers.2*

At 10.4 acres, the Ford Motor Company’s Rouge
River truck plant (Dearborn MI) is North America’s
largest greenroof, motivated by the stormwater dis-
charge needs of the huge factory. The greenroof is
one component of architect William McDonough +
Partners’ natural stormwater management system,
which includes a network of underground storage
basins, porous pavement installations, wetlands, re-
tention ponds, and swales.

Ford undertook a lengthy series of greenroof tri-
als with the Michigan State University (MSU) hor-
ticulture department. They finally chose the XeroFlor
system, in which mats of sedum are grown in a very
thin substrate—just 2 cm (3/4; inch)—and then

Figure 3.16 Ecoroofs are an update on traditional sod
roofs—an example of revisiting past technologies to meet

sustainability goals. (Photo: Kim Sorvig.)
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Figure 3.17 Montgomery
Park Business Center
(Baltimore) boasts a thriving
lightweight greenroof. (Project:
Katrin Scholz-Barth. Photo:
Kai-Henrik Barth.)

installed. This system—the lightest and thinnest sys-
tem available in North America—weighs 9.7 pounds
per square foot fully saturated. Fewer species can
withstand such conditions, basically limiting the
choice to sedum; thin-medium greenroofs may re-
quire ongoing irrigation. In MSU's trials, this system
retained 66 percent of rainfall; commercial gravel

holds only 25 percent.25 A Ford representative esti-

mates, “We ended up paying about twice as much [as
a conventional roof], but it will last twice as long.”
Baltimore’s Montgomery Park Business Center
makes a central feature of its retrofitted 30,000-
square-foot, three-inch-thick greenroof. Installed in
August 2002, it was designed by Katrin Scholz-Barth,
a Washington DC greenroof expert. The project was

driven by strict regulations on nonpoint-source



stormwater pollution affecting Chesapeake Bay. The
developer’s proposal qualified for a $92,000 EPA

g rant%

—an example of incentives for greenroofs.
Once fully vegetated, the roof is expected to reduce
runoff by 50 to 75 percent. Remaining roof and
parking-lot runoft is collected in a 30,000-gallon un-
derground cistern and reused for flushing toilets.

This roof consists of a single-ply PVC waterproof
liner, covered with 2.5-inch insulation board, and two
geotextile layers that keep soil from migrating down-
ward and washing out. Sloping 7 percent, the roof
provides gravity flow without a drainage layer. The
planting medium (15 to 25 pounds per square foot,
saturated) consists of 75 to 85 percent expanded
slate, plus composted mushroom substrate from a
nearby farm. The expanded slate, which puffs up like
popcorn when heated in a rotary kiln, was mined in
North Carolina.?’

Monitor Greenroof Benefits

An astonishing eight-acre rooftop landscape in Salt
Lake City shows that evaluating greenroofs is com-
plex. Conifer-forested terraces climb the north and
east walls onto the rooftop of the Conference Center
of the Church of Jesus Christ of Latter-Day Saints
(LDS, or Mormon). Sweeping off to a meadow
framed by mountain views on the west, the roof

drapes hanging gardens along south-facing ledges.
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Designed by Philadelphia-based Olin Partnership, it
is a stunning example of planting on a structure.?®

The LDS design was driven by a religious vision
and regional aesthetics, not primarily by sustainabil-
ity. By sheer size, it must have stormwater, air-
purification, habitat, and insulation value, though no
monitoring is done to substantiate this. But in Salt
Lake’s climate, it requires irrigation, seriously offset-
ting environmental gains. (Intensive greenroofs, if
any, suit arid areas and are being tested from Albu-
querque to Los Angeles.) The LDS garden’s drama
also came at high initial cost: the auditorium roof; al-
ready a huge clear span, required extra steel to sup-
port full-size trees, shrubs, and pedestrian access.

Greenroof pioneer Charlie Miller of Philadelphia
says that comparing greenroof benefits is “a mess.”
“There is little attention being devoted to investigat-
ing the variables that control the potential benefits,”
he says. “The same greenroof will provide different
benefits depending on the climate in which it is in-
stalled, the elevation of the structure, whether or not
it is irrigated or fertilized, and so on.”

As an engineer, Miller associates greenroofs with
building performance. “I would like to see greenroofs
and green facades, as well as ground-based landscape
management practices, come of age as building sys-
tems.” Designs based on current knowledge, then
monitored, are essential for the next generation of

North American sustainable design, and not only for

Figure 3.18 The LDS
Convention Center in Salt Lake
City supports lush “intensive”
roof gardens, even forest.
(Project: Olin Partnership. Photo:
Craig Widmier.)
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greenroofs. Research is increasingly available to back
claims of sustainable design (for example, German
greenroof data), but reliance on anecdotal evidence
still leaves much room for improvement.

Europe’s head start on greenroofs makes projects
there worth watching; some are well monitored,
tracking almost twenty years of performance.”” Am-
sterdam airport’s extensive green terminal roof, and
Ecover’s greenroof on their green products factory,
are well-documented examples; Ecover’s used treated
effluent for occasional irrigation.*® Ecover’s home
page contains project information, including lessons
learned from a few repairable problems. In Britain,
researchers are testing greenroofs designed to purify
wastewater like constructed wetlands.®!

Early North American greenroofs should also be
revisited in pursuit of documentation. Our first edi-
tion reported on Library Square, a Moshe Safde
high-rise in Vancouver BC with a greenroof by Cor-
nelia Oberlander, and Tom Liptan’s modest home-
made retrofit greenroof in Portland OR. This
ten-by-eighteen-foot greenroof was actually moni-
tored for performance—as all greenroofs should be
at this stage of the industry’s development. Liptan re-
ported that a 0.4 inch rainstorm produced only three
gallons of runoff (7.5 percent of the forty gallons
that fell on the roof). Overall, the roof retains 15 to
90 percent of precipitation. Intense storms saturate
it; after a two-inch storm, runoff flows slowly for two
days. Plants thrive without irrigation. This sort of
specific, observation-based information is needed for
greenroofs in each bioregion. Where no full-scale
greenroofs exist locally, Liptan's approach offers a

quick, cost-effective, low-risk feasibility assessment.

Suggfstzd Greenroof Practices
* Think of every roof, especially if large, as a green-

roof candidate.

* Understand waterproofing, insulation, and struc-
tural requirements.

* Specity lightweight growing medium from locally
available ingredients. (See” Manufactured Soil,”
p- 96.) Where feasible, use recycled ingredients.
Do not make the mix too fertile. Use the shallow-
est soil layer that will support herbaceous plants.

Figure 3.19 The ecoroof atop Ecover’s headquarters
helps meet the company’s goal of a green factory produc-
ing green products. (Project: Ecover. Photo: Peter Malaise.)

* Select drought-tolerant, shallow-rooted regional
plants.

* If possible rely on rainfall alone. If necessary, ir-
rigate with gray water, treated effluent, or water

harvesting (Principle 4).

Although not strictly “landscape” practices, incen-
tives encourage sustainable techniques like greenroofs.
Designers and developers can help draft and lobby
for ordinances that fit their region. Many US cities
offer greenroof incentives. These include density
bonuses (developments with greenroofs can build
more square footage than otherwise permitted) and
accepting greenroofs toward fulfilling requirements

for open space, landscaping, permeable surface, en-

Figure 3.20 Even small-scale ecoroofs decrease runoff,
support habitat, and clean the air. Tom Liptan replaced

his conventional garage roof with this one. (Projefz and
Photo: Tom Liptan.)



ergy efficiency, or stormwater management. Min-
neapolis, for example, will reduce utility fees for
buildings with features that improve stormwater qual-
ity or reduce quantity—and greenroofs do both. Tax
credits, low-interest loans, and outright grants are
also possible; fast-track or “streamlined” permitting,
which risks slipshod plan review, is nonetheless a
common incentive.** To explore policy tools and
precedents, start with the Greenroofs for Healthy
Cities Web site. 2

Construct for and with Plants

Much of the “hard” construction of any landscape
is created to support or control plants. Landscape
plants represent a significant financial investment,
whether purchased, transplanted, or protected on-site.
Healthy plants, and the construction that keeps them
that way, are essential to functional, ecological, and
aesthetic success of built landscapes.

The US urban forest is in severe decline and needs
restoration. John Cutler, landscape architect with
Houston's SWA group, points out that amid alarm
over tropical deforestation, “the media is basically ig-
noring the equally disturbing disappearance of our
urban forests.”?? In the past decade, the largest US
cities have lost a total of 3.5 billion trees, according to
the advocacy and research group American Forests.
Cutler notes many new neighborhoods have no trees
because “developers don't want to spend the extra
money.” American Forests offers a useful tool, GIS-
based CityGreen software,2 that tracks existing or
proposed urban forests and quantifies their environ-
mental and economic benefits.

As vegetation’s many crucial roles in sustainability
are recognized, plant-friendly construction methods
are more important than ever. Despite the fact that
these methods are long established, careless planting
still wastes millions in money, materials, and energy.
Many plants of all sizes are unavoidably removed
during construction—damaging any more by care-
lessness or poor planning is utterly wasteful. The city
of Milwaukee WI, for example, estimates its annual
street tree losses from poor construction practices ex-
ceeds $800,000.** Milwaukee publishes a thorough

manual to help avoid this destruction.
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The purchase cost of a landscape plant is far out-
weighed by value it adds to the environment. The
Michigan School of Forestry has estimated the value
of a single mature tree at $162,000—based solely on
quantifiable services it provides.35 Other values, such
as wild bird habitat, or aesthetic and historic worth,
are hard to put in dollars, but cannot be disregarded.
Computer software, and a manual for legally defen-
sible tree appraisal, can help; the Council of Tree and
Landscape Appraisers (CTLA) offers such aids. Con-
tact the International Society of Arboriculture for
regional experts.

Table 3.2 compares initial costs of landscape
plantings against some estimates of their true worth.
These figures vary by region as well as species and age;
historic and cultural values are also reflected.

Cornell ecologist David Pimentel estimates the eco-
nomic value of environmental services provided by na-
ture to humans at $320 billion for the United States
and $2.9 trillion globally—rnot including the value of

36 A US Forest Service scientist es-

agricultural crops.
timates urban forests save the US about $4 billion an-
nually by moderating climate.’” Three trees, properly
located around a home, can cut air-conditioning
energy use by half; planting about seven million trees
(a medium-sized urban forest) could eliminate de-
mand for 100 megawatts of power-plant capacity.
Trees slow runoff enough that San Antonio TX
plans to increase urban tree cover by 8 percent as an
alternative to a $200 million stormwater facility.38
Clearly, plants contribute greatly to sustainable en-
vironments, and sustainable construction must be
done with plants in mind. Botanical expertise—general
plant biology and ecology, protection on-site, and
cultivation requirements—is essential on landscape
teams. A surprising number of landscape architects
have only cursory plant knowledge; fortunately, many
plant specialists can provide this expertise.
Guaranteeing plantings makes it in the contractor’s
interest to select, transport, handle, and maintain
plantings properly. Careless hard construction prac-
tices, such as compacting soil or burying debris in
planting pits, can kill plantings. Sustainable structures
often require innovative construction skills.
Inappropriate species substitutions for specified

plants can undo the intended function of plantings,
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Table 3.2

Comparison of costs and values of landscape plantings

Service, Value, or Cost

Amount

Notes

Purchase or replace nursery stock up to 6” caliper size
% Y P P

Cost to install and establish one tree

$25 to $750

$75 to $3,000

Varies regionally; based on informal
survey of nurseries

Through second year; based on CTLA
rule of thumb, two to three times

initial cost of tree

Annual maintenance investment, one tree $0 to $75 Informal estimate of likely costs
Oversize replacement (> 6") 9" = $955 to $5,725 CTLA, $15 to $90 per square inch of
36" = $15,270 trunk cross-section area
to $91,620
Oxygen production, one mature tree $32,000 Mich. Forestry
Air pollution control, one mature tree $62,000 Mich. Forestry
Water cycling and purification, one mature tree $37,500 Mich. Forestry
Erosion control, one mature tree $32,000 Mich. Forestry
Energy saving (heating and cooling adjacent structure), $26,000 50 years times annual $520 (40
one mature tree percent of EPA heating/ cooling
national average; equivalent to 10.7
million Btu savings per home)
Insurance limit for one tree under ordinary $500 Informal survey of several policies
property-owner policy
Litigation value of one tree destroyed $15,000 1981 Arlington VA US tax court
case on record
Annual losses of trees caused by construction in $800,000 R. J. Hauer, R. W. Miller, and
Milwaukee WI D. M. Ouimet, “Street Tree Decline
and Construction Damage,” Journal
of Arboriculture 20, no. 2 (1994):
94-97.
Annual energy savings of entire US urban forest $4,000,000,000 Rowan Rowntree, USFS—no other

information; cited at http://

www.treelink.org

or the substitutes may not thrive. Substituting
cheaper, easier-to-find non-natives for specified na-
tive species is especially inappropriate. (Even experi-
enced designers and contractors need help from
nursery professionals when substitution is necessary.)

Construction professionals should not assume
that the designer never makes mistakes about plant-
ing design. Planting structures require buildable,
maintainable, well-dimensioned designs; some con-
tractors have considerable experience with such struc-
tures. From the pre-bid meeting through the last
change order, the contractor may spot problems that

the designer may not have noted, or that are site-

specific. Challenging the design may be tricky; a team
approach focuses on protecting plantings, not egos.

The following sections give some plant-focused
guidelines about structures and handling. Always
modify general rules in light of regional experience.
Unusual climate conditions, soils, and plant species

may require additional or different care.

Follow Up-to-date Planting Structure Guidelines

Alan Blanc, a British lecturer and author on landscape
construction, had a sense of humor about his topic.

His term for undersized street-tree pits was “dog-



graves” (really tiny ones were “chihuahua-graves.”)
The image is morbid, but appropriate. Without ade-
quate soil volume for roots and nutrients, and adequate
surface for water and air to pass through, even the
toughest plant is doomed to die, leaving its pit empty
and grave—like.3’9

Their roots severely cramped, some street trees
wither, while others rebel, heaving and cracking the
oppressive pavement. Controlling errant roots with
barriers may save sidewalks, but further stresses trees.
That stress is extreme: Jim Patterson, retired National
Park Service soils scientist, once saw three successive
street-tree plantings die, finally replaced with artifi-
cial trees—which soon rotted away in “the most hos-
tile environment we know,” an ordinary streetscape.
Older conventional tree-planting specifications focus
on squeezing plants into minimum space. Because
clients demand maximized buildable and rentable
area, the landscape industries continue to build lethal,
undersized planting structures. Sustainable practice
does not waste trees where they cannot survive and
makes survivable space for plants a priority.

Several special structures in which to plant urban
trees have been developed. These are the focus of the

following section.

STREET TREE STRUCTURES

Inadequate planting structures are a leading cause of
urban street-tree deaths: the average lifespan of urban
trees has been estimated as low as two years, and few
experts give them longer than ten years to live.0
These are trees that could live fifty years or more in
suburban settings or in the wild. Clearly, this epi-
demic is an economic and environmental disaster. As
one expert puts it, “Elaborate and expensive designs
are produced and installed only to have the plant ma-
terials succumb to some malady even before the
grower’s guarantee expires.”*!

What is “adequate” soil space for a tree? A widely
accepted minimum is 300 cubic feet, that is, a pit 10’
x 10" x 3’ deep. This is much more than many street
trees ever get, yet it is truly adequate only for trees
whose mature trunk diameter (DBH) is less than 6
inches. For a 24" DBH tree, about 1,500 cubic feet
of soil is recommended—a pit about 22" x 22" x 3’
deep. (Increased depth is of little value to most trees,
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because root growth stays mainly in the top foot of
soil.)

The relationship between tree canopy and soil vol-
ume can be expressed by a rule of thumb: the volurme of
root space (cubic feet) is roughly 1.5 times the area under the
canopy (square feet). (See Figure 3.21.) This relationship
is “the most critical factor in determining long-term
tree health,” according to James Urban, an Annapo-
lis MD landscape architect and national street-tree
expert.*> Some plants probably use more than this
volume in the wild; many can survive on less. As a
general principle, the more root volume is reduced from this
ideal, the more stress the plant must cope with, and the
more maintenance it requires. Avoidable stress and main-
tenance are costly and unsustainable.

Above ground, plants may be domed, columnar,
or pyramidal; root volume also varies in shape. A nar-
row columnar tree does not necessarily have a deep,
narrow root system. The “dripline” concept is handy,
but seldom accurately represents actual roots. Because
roots taper and fork as they grow away from the
trunk, the dripline usually covers a majority of the
largest roots.

Available root volume may be even less than it ap-
pears at the surface. Utility lines frequently run
through tree pits; steam lines are lethal, but all utility
lines steal root volume. Flared footings, bedrock, and
other invisible barriers may rob even more. Many
trees survive only by sending roots immense distances,
following any line of soil weakness and permeability.
This stresses the tree and can result in heaved side-
walks, broken planters, and clogged sewers. (Contrary
to popular belief and marketing, few trees actively at-
tack foundations except when severely root-bound.)
The conventional bias is toward protecting structures,
and unnecessarily destroys many trees as a result. Rel-
atively few tree species are capable of attacking ma-
sonry. Most “problem” species are “gross feeders”
whose roots follow the soil surface, thus requiring
extra-broad planting areas. In new construction, such
trees should not be planted near structures.

There are proprietary physical or chemical barri-
ers to stop the spread of roots. Unless the plant can
spread in other directions (which may cause problems
elsewhere), the barrier is merely another reduction of

root space, producing increased stresses. Barriers are
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Minimum soil for street &
container trees:
« width = dripline or more
« never less than 300 cu ft
+ porous surface required

Prepared soil volume for
uncontained plantings:

* min. 6’ diameter

« up to 20’ in poor soils

“Freeboard” (between top
of planter wall and soil
surface) to collect water: {

1.5” deep

Depth 18 to 36"—any
more is wasted on most

i e
trees Drainag

Mature canopy

Root flare grows twice
as fast as trunk; easily
damaged

Beyond 6’ radius, root
thickness tapers rapidly
Dripline

Roots extend far beyond

dripline, in irregular
patterns

k ] \90% of all roots in

top 12” of soil

Figure 3.21 Root-volume requirements for trees. Recent research indicates the minimum soil volume, especially for con-

tained plantings, is greater than conventional standards provide‘ (lemt.: Craig Farnsworth, based on James Urban et al.)

usually short-term solutions at best and, especially
for sustainable construction, a last resort. Avoid plac-
ing structures and vigorous-rooted trees too close to-
gether. Make sure that water, irrigation, stormwater,
and sewer pipes do not leak in root zones, attracting
roots toward the leak and eventually into the pipe.
(“Frost free” faucets, which intentionally release wa-
ter below the standpipe to avoid freezing, need spe-
cial consideration near trees.)

Reduced root volume can have several effects. The
most striking example is bonsai, in which root prun-
ing dwarfs the aboveground plant. Bonsai can be kept
alive and healthy for hundreds of years, but only with
devoted maintenance. (Bonsai are regularly turned
out of their pots for root care; don't try this with the
average street tree!) The stress of inadequate planting
space makes trees short-lived, highly vulnerable to
pests, diseases, and storm injury.

Despite new research-based standards, widely pub-
lished in the Graphic Standards and other references,
many horticulturists, landscape architects, and con-
tractors are still using outdated planting details, espe-
cially for containers or limited spaces. Current
standards recommend significant increases in volume

per tree, and introduce two alternatives to street-tree

“pits.” These are “continuous trenches” and “root
path trenches,” illustrated below.

Soil under pavement is deliberately compacted for
engineering support of sidewalks or traffic lanes. This

creates a wall around conventional pits, often as hard

between

trees Reinforce pavement

over trench
(Option 1 only)

Option 1: Fill trench X 2 Underdrain

with loosely compacted
loam

Option 2: Fill trench
with structural soil

Figure 3.22 Continuous trench plantings gain enough
root space to survive in urban settings. The trench may be
filled with loam (reinforced paving is required) or with
“structural soil.” See Figure 3.23. (Illust.: Craig
Farnsworth, based on James Urban et al.)



Figure 3.23 Continuous trench plantings can unify a
streetscape. Paver joints are open to admit air and water.

(Projefz and Photo: Henry Arnold‘)

Root trench
continues
between trees

Planting pit UESR
anting pi \ W
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as concrete. The continuous trench stretches from tree
to tree, under paving strengthened by reinforcement,
greatly increasing soil volume available to each tree.
It requires slightly different sidewalk construction de-
tails, which any experienced contractor can readily
learn. Variations on the design are used for plazas,
sidewalk plantings, and other urban situations.

The Root path trench leads roots out of the pit
in small radial trenches, about 4 inches wide by 12
inches deep. Each trench contains a drainage product,
a plastic “waffle” core wrapped in geotextile, which
brings both water and air through the length of
the trench. Surrounded by good planting soil, this
air and water source provides conditions roots need
to grow; thus roots follow the trench. Beyond the
narrow trenches, soil does not need to be replaced
wholesale, but must be good enough for roots to

spread eventually.

”StrUCTURAL SoIL” ForR URBAN PLANTINGS
In addition to redesigning structures in which urban
trees must survive, there have been attempts to re-

design soil itself. Various forms of “structural soil”

“a% " . °-Aidee Paving-no reinforcement

o .
&Y Basecourse
ROy

TR N\
Loam fill in 4” x 127 P }R Geotextile

1” Strip drain

A T \ Undisturbed soil

Figure 3.24 Root path trenches require less excavation than continuous trenches, yet provide air and water "paths,”

which lead root growth. Pavement reinforcing is also eliminated. (Illust.: Craig Farnsworth, based on James Urban et al.)
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attempt to protect root zones from compaction,
while supporting sidewalk traffic. The term “struc-

tural soil” covers several materials:*3

* natural “compaction resistant” sandy loams
* sand-based “Amsterdam tree soil”

* lightweight porous-aggregate mixes

* crushed-stone-and-soil mixes.

In the first edition of this book, we gave crushed-
stone-based structural soil a cautious thumbs up.
Since that time, however, serious controversy has
emerged over this material. Cornell University’s Ur-
ban Horticulture Institute (UHI) catalyzed the de-
bate by patenting its crushed-stone structural soil
recipe, called “CU-Soil.”** Even structural soil advo-
cates have deep doubts about patenting a mix that
cannot work without adjustment for local conditions
and that has been tested for only about a dozen years.
Among others, street-tree guru Jim Urban and soil
scientist Phillip Craul have expressed reservations
about the patented mix.

Phil Craul ran a thirty-year test of a sand-based
mix at the Syracuse (NY) College of Forestry. Trees
planted in it withstood 115-mph winds that toppled
trees in ordinary soils; brick paving over the mix nei-
ther heaved nor sank, even under snow-removal
equipment. “The main reason I'm critical” of UHI’s
exclusivity, says Craul, “is that there’s a long-tested,
cost-effective alternative that works.” Sand mixes, he
says, are horticulturally better, structurally almost
equal, and far less costly than CU-Soil.

Henry Arnold independently developed what he
calls “air entrained soil.” The aggregate he uses is in-
ternally porous; minerals like expanded shale or slate,
heated until they swell like popcorn, are similarly
used for greenroof soils. Arnold uses 50 to 65 per-
cent porous aggregate, Sto 10 percent organic mat-
ter, plus loam topsoil; the mix is adjusted for each
site. Many of Arnold’s installations have been in
place for over twenty years (thirteen years before UHI
published their recipe); he reports vigorous trees un-
der heavy foot traffic. He points out that structural
soil mixes require aeration and underdrainage and
that pavement over structural soils should be pervi-
ous. Any landscape professional who understands soil

basics can specify his nonpatented system.45

In concept, structural soil using crushed stone is
simple, even elegant. An open martrix of stone pro-
vides support; soil for root growth fills voids in the
matrix. To ensure stability of both support and void
space, the stone must be angular, locking together un-
der pressure.

For maximum voids, the stone is sieved to close
size tolerances with only traces of smaller or larger
particles. This is called “open grading,” “gap grad-
ing,” or “no-fines sorting,” and is important in other
soil mixes and in porous concrete and porous asphalt
paving (p. 211).* Proportions must be carefully con-
trolled, and the soil portion must be sticky enough
not to sift out of the matrix during placement.

UHTI’s specification for structural soil starts with
100 Ib crushed stone, sized 3/, to 11/, inch. To this
are added 20 Ib clay loam and .03 Ib (1/; 0z.) of an
artificial copolymer (hydrogel) tackifier. Moisture
content should be about 10 percent. The mix is
placed in 6" layers and compacted to 95 percent, suf-
ficient to support heavy-duty paving.

UHTIs early experiences convinced Director Nina
Bassuk that ordinary landscape contractors couldn't
guarantee quality, so UHI patented their mix, requir-
ing licensed installers. Although Bassuk credits thirty-
five projects in twenty-two states to license-enforced
quality control, the CU-Soil patent has probably
caused as many problems as it has solved.*’

“Everybody wants to use the stuff, but how can
you patent a base-course material?” asks David Dock-
ter, managing arborist for the city of Palo Alto CA,
a strong advocate of structural soils. Indeed, those
happiest with UHI’s system seem to be people who,
like Dockter, have adapted the formula to their re-
gion, with or without help from UHIL Where suppli-
ers or city ordinances have enforced the patent word
for word, dissatisfaction is common.

Michael Mills, consulting arborist with Vancou-
ver's DMG Landscape Architects, has probably in-
stalled more structural soil than any individual in
North America. Like Dockter, he credits UHI, but
has significantly modified the mix for British Colum-
bia’s wet climate. Water-holding hydro-gels were use-
less in Vancouver; Mills eventually substituted a
binder called Soil Stabilizer. He’s not sure how nec-

essary it is, but because “the first question from en-



gineers is always, how do you keep it from separat-
ing,” it remains in his mix.

In UHTI’s original mix, the soil to stone ratio is 1:4.
Mills uses a gravel-yard machine called a “cone sep-
arator,” which removes flat stones that sieves can’t
catch, and achieves a I:3 mix with more space for soil,
aeration, and drainage. This innovation has wide-
spread potential.

In Palo Alto, Dockter found that CU-Soil needed
S0 percent more clay, low in silt to prevent clogging.
It took Dockter’s Cornell-licensed supplier several
tries to find the right material, and supplies are lim-
ited. Regional availability, says Dockter, “is a tough
one.”

Regional problems can be aggravated by “boiler-
plate” specifications written into local codes. Bernie
Jacobs (of Jacobs Ryan, Chicago) underscores how
inflexibility can backfire. After what Jacobs calls “a
real hard sell,” Chicago-area planners wrote CU-Soil
into municipal ordinances, enforcing them retroac-
tively on already-designed projects. Crushed lime-
stone was used, based on UHI’s experience in New
York, but Illinois limestone is much softer, affecting
soil pH. Lime-intolerant trees had already been pur-
chased for Jacobs’ project, but the contractor claimed
(incorrectly, according to UHI) that changing stone
would infringe the patent. Here the patent was mis-
used to prevent adaptation.

UCLA Berkeley landscape architecture professor
Patricia Lindsey, who studied at Cornell, also advo-
cates designing structural soil mixes regionally.
“There is no one perfect compaction-resistant, aggre-
gate-based tree soil mix,” she writes in an article out-
lining the mix-design process. The list of “Street
Trees Appropriate for Use in Structural Soil” pub-
lished by UHI's Bassuk is quite limited, and heavy on
imported horticultural species.*3

CU-Soil excels in one regard: it can be compacted
above 95 percent “Proctor density,” the standard test
level required for base course under highway and in-
dustrial paving. The fact that the other mixes score
only 85 to 90 percent compaction is less a technical
concern than a matter of professional politics. US
sidewalks, viewed as minor adjuncts to roads, are built
to codes set by engineers, copied from highway specs.

In Europe, where streetscapes are better valued, sand
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base mixes compacted at 85-90 percent are almost
universal. Acceptance of these proven standards
would permit a much wider range of solutions. Ac-
cording to Bruce Ferguson, 85 percent compaction is
becoming near standard for use under porous pave-
ment, where excessive compaction defeats permeabil-
ity.*” Unfortunately, many US planners and engineers
still insist, “We want thirty-year sidewalks, and don't
care if we have to replace the trees,” as Jacobs reports.

Engineer-friendly compaction may distinguish
CU-Soil, yet its “horticultural viability remains
untested,” says Mills. Amsterdam soil and porous-
aggregate mixes have thirty-year track records. The
oldest CU-soil installations are about twelve years of
age; UHI published initial results in 1995. Since that
time, says Jim Urban, “it has been embraced as al-
most a fad, a panacea for trees in urban areas. We just
don't have good science on what happens to tree roots
going through this mix long-term.”

To study root growth, UHI and Palo Alto re-
searchers dug up trees grown one or two years in
structural soil. Roots showed vigorous, long, thin
growth, kinked from squeezing around matrix stones.
Dockter found eighteen inches of new root growth
after one year. Roots also tended downward, away
from pavement, which should prevent heaving. Ac-
cording to proponents, plantings in CU-Soil always
outperform those in conventional pits, but their
methodology, especially of early testing, has been
questioned.so

Arnold’s air-entrained installations have been re-
visited periodically and appear to be robust.”! They
indicate that structural soil based on porous aggre-
gate and carefully designed for drainage and aeration
can seriously improve urban tree survival. They sug-
gest that gels and other additives may be unnecessary,
at least in some regions.

The key question, though, is long-term documen-
tation. Craul has seen several recent cases of trees dy-
ing, apparently of root strangulation, in mixes based
on the CU-Soil spec.®* Although small roots and
young trees thrive in short-term tests, Craul fears that
mature roots may become too big to fit through
voids—a problem that will only appear over time.

Bassuk counters that failures are only due to im-

proper mixes or procedures. “People typically think
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the mix is too stony, and add extra soil,” she says,
which interferes with stone-to-stone locking. The mix
then settles, producing compacted stony soil. Skimp-
ing on depth is another risk. UHI recommends 24
to 36 inches depth; one failed test, says Bassuk, used
only four.

Structural soils have real promise and need real
testing. But in an applied profession like landscape
architecture, how should such things be tested, and
how much testing is enough? Horticultural testing in
particular can’t be hurried: as one urban forester puts
it, “It still takes a hundred years to grow a hundred-
year-old tree.”

Until many different species have been tested to
maturity, structural soil users are beta testing an ex-
perimental method, says Urban. Especially for land-
scape sustainability, testing and verification is critical.
Inflated claims can doom an otherwise worthwhile
product in the fickle court of public opinion. Jacobs
suggests the structural soil debate is a wake-up call
for landscape architects. In an increasingly quick-fix
world, “We need a Green Industry Review Process,”
he says.

Urban plantings are critical to the environment in
which an increasing percentage of humanity lives. Pit
and soil innovations may considerably improve tree
survival. The main reason such systems are needed,
however, is a social one: the value of urban land is so
inflated that landowners refuse to allow adequate
space for plantings. Special systems like continuous
trenches and structural soil are resource intensive.
Changing social expectations to recognize trees as es-
sential to healthy urban places would be truly sustain-
able; special engineering for squeezed trees is a

distinctly second choice.
RECOMMENDED STREET-TREE PRACTICES

* Advocate adequate planting volume for urban
trees.

* Advocate compaction requirements appropriate to
traffic type and volume, not “boilerplated” from
vehicular paving standards.

* If clients refuse to allocate sufficient space, or reg-
ulations interfere with doing so, consider specially

engineered urban planting methods.

* Use continuous and root path trenches independ-
ent of structural soils, or in combination.

* Always analyze and design for soil aeration and
drainage.

* For structural soil, specify “or-equal” clauses to
include CU-Soil without excluding other variants.
Test structural soil locally; specity what works
best.

PLaNTERS, RAISED BEDS, AND CONTAINERS

Growing any plant in a container or planter is more
stressful than planting the same species in the ground.
Limited soil volumes tend to dry out, heat up, or
freeze quickly, and can easily become waterlogged or
nutrient deficient. Containers are most often set on
hard surfaces, amplifying temperature and exposure.
These stresses make container plants particularly hard
to sustain, especially if containers are undersized.

Container plants require water and air. If the con-
tainer has sufficient “freeboard” (see Figure 3.21), it
may collect enough rainfall to sustain the plantings.
Otherwise, irrigation is required. Container plantings
without adequate irrigation are generally an unsus-
tainable waste. Drainage for excess water must also be
built in.

Similarly, plants that require maintenance they will
never get cannot be part of a sustainable landscape.
Containers usually require increased maintenance, but
are frequently located in inaccessible places, making
maintenance nearly impossible. Contractors’ practi-
cal experience can often help landscape designers

avoid such costly mistakes.

UPDATED STANDARDS FOR UNCONTAINED

PrLanTiNGs, Too

Trees and shrubs have been planted using the same
standard details since roughly 1900. Even where con-
tainers are not involved, these standards have
changed™—but are still frequently reproduced from
old books, cut and pasted onto blueprints, and taught
in university courses.

In particular, the size and shape of planting holes
has grown. An older standard of “twice the width of
the root ball” is now considered a minimum. In good
soils, a shallow pit just six inches deeper than the root
ball, but at least six feet wide is now preferred. In
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poor, clayey, or compacted soils, pit width goes up
dramatically, to fifteen or twenty feet.

The bottom and sides of the pit must be rough-
ened. Clay soils particularly will glaze when dug, cre-
ating “virtual container” conditions. In slow-draining
soils, space for good soil below the root-ball level helps
prevent waterlogging. Soil for filling the pit should be
amended with compost or other organic matter up to
about 5 percent by weight. Making the soil too rich
can discourage roots from leaving the pit—and voila,
virtual container again. Mycorrhizae (fungi symbiotic
with plant roots) are important in many planting mixes,
purchased commercially or incorporated from native
leaf litter and soil. Grade the surface to form a water-
collection saucer, but not so deep that water stands.

Many experts now feel that staking and wrapping
the trunk of trees is to be avoided. In addition, the
tree should be oriented in the same direction it was
growing in the nursery. This is not just a reference to
the old horticultural jokes about “green side up.”
Rather, it means marking the north side of each tree
in the nursery, and turning that side northwards when

planting it on-site.

Select Sustainable Species (and Substitutes)

Landscape architects select plants for aesthetic and
practical reasons: color and flowering season, or ca-
pacity as a windbreak or shade tree. When sustain-
ability is a goal, these reasons must be balanced
carefully with environmental costs of planting and

maintenance. Resource costs can vary greatly between

different species. When substituting because the speci-
fied plant is unavailable, basic understanding of eco-
logical issues is essential.

Every species of plant evolved in, and is adapted
to, a fairly specific region with its own range of soils
and climate. Individual species are also “coevolved”
to depend on other species of plants, animals, insects,
fungi, and microbes in their community. Some
species are very narrowly limited to exact growing
conditions, while others, informally known to plant
ecologists as “wides,” are adaptable within a broad
range of conditions.

When people plant landscapes, they must help
plants survive in one of two basic ways. The conven-
tional approach is to provide the conditions that each plant
requires—watering, shading, warming, even cooling
the garden environment to match conditions where
the plant evolved. The second approach is to select plants
that are adapted to conditions similar to the new landscape.
These plants tend to survive in the new location with
little maintenance. Thus the second approach is gen-
erally more compatible with sustainability.

One way of ensuring well-adapted landscape
plants is to select species that grow nearby without
human assistance—the native plants of a region.
There is some controversy over how to define “na-
tive” (see p. 142), and their maintenance performance
is not conclusively documented. Nonetheless, a grow-
ing number of professionals have found that land-
scapes based primarily on native species save water and
other resources. This is not an argument for using na-

tives exclusively. Exotic or non-native species, adapted
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to similar conditions, are used in many regional gar-
dens as specimen or accent plants.

Few if any plants, including natives, are “no main-
tenance” in a built landscape. Even the most hardy
natives are stressed by being transplanted. Isolated
from the diversity of their coevolved ecosystem, and
placed in close contact with human activity and hu-
man chemicals, even native plants require care. This
is especially important during an establishment pe-
riod of one or two years after planting.s4 After that
time, natives require less maintenance than most ex-
otics—but not “zero maintenance.” The only zero-
maintenance landscape is solid concrete, and even
that will begin to break down after about thirty years.

Because they are adapted to a range of conditions,
“wide” species are among the easiest to match to new
sites. Most common horticultural species are “wides,”
because they survive in many settings. Some of these
species, however, adapt so easily to new conditions that
they become invasive, disrupting native ecosystems
and causing extinction of unique regional species.
Loss of regional species and ecosystems, like high
maintenance of poorly adapted imports, is a serious
sustainability issue. It is also a tragedy for design, since
the results are homogenous around the globe.

Native plants, ironically, are not as easily available
in nurseries as globe-trotting imports. As a result, it
may take more work to locate a native species, and to
find an appropriate substitution when the specified
native can't be found. Some natives require special-
ized planting techniques. Contractors and designers
committed to sustainable landscape construction must
be prepared to go the extra mile, and in particular, to
communicate extremely clearly about substitutions.

In general, if a specified plant is native, the substi-
tution should also be. If a suitably similar native can’t
be found, then the substitution should be well
adapted to survive without extremes of artificial
maintenance. Non-native species that are invasive un-
der local conditions should never be specified for out-
door use. (Nursery catalogs often refer to “naturalizing
species”; their ability to naturalize is an environmental
problem if they spread rapidly and aggressively.)

Trying to match these sustainability concerns to

desired form, color, flowering season, and so on is not

easy. In some regions, such as the desert Southwest,
no substitutable species may exist. For example, ex-
cept for river and mountain areas, the Southwest lacks
“canopy” trees. In such cases, we believe design
should change to achieve sustainability, not the other
way around. Those who have mastered the art of
native-plant gardening produce stunningly beautiful
landscapes that eloquently tell the story of their re-
gion. This regional awareness in turn contributes to

sustainable attitudes about specific places.

‘Whar Is A Natve?
At first glance, it seems simple to define which plants
are native to a region, and which are not: a native
grows someplace naturally and always has—right?
But this apparently simple issue provokes one of hor-
ticulture’s hottest controversies.”® This book is not
the place to throw more fuel on that fire, but native
plants are an important part of sustainable landscape
construction. Without respecting native species, it is
difficult to protect or create self-sustaining, diverse
plant communities.

Several criteria can be used to distinguish native

plants, but no single one will define them:

* The species reproduces in the region, without human
intervention.

* The species survives in the region without human
care (irrigation, fertilization, removal of competi-
tors, or other maintenance).

* The plant shows distinctive local variations that it
lacks when growing in other regions.

* The species coevolved with and depends for survival
on regional plant and animal species.

* The plant (or its ancestors) was not trans-
ported to the region by humans, purposefully or
accidentally.

The basic concept of a native plant is not overly
complicated. It has practical value in maintaining
healthy ecosystems, not to mention a sense of re-
gional place. Scholarly and geographic certainty about
what is native is hard to achieve, however, and con-
troversy has been surprisingly bitter. Landscape pro-
fessionals can benefit from considering some of the

difficulties in pinning down the concept.



* Plants do extend their ranges without human help,
dispersed by wind, tides, or animals. However,
like species extinction or soil erosion, dispersion
is a naturally occurring process that has been
dramatically and selectively speeded by human
actions.

* Prehistoric and precolonial people frequently
managed the plant communities around them, for
example using fire to keep grasslands from being
overtaken by shrubs and trees. The “managed”
species, however, both those favored and those
hindered by management, usually remained parts
of the native plant community; only their balance
was changed.

* Prehistoric and precolonial people also introduced
seed from distant regions, usually for food. Rela-
tively few imported crop plants colonized aggres-
sively or survived without cultivation, unlike the
many weedy invaders imported by colonial settlers.

* Defining the “region” can be difficult. For exam-
ple, Red Fir (Abies magnifica) is found in the Sierra
Nevada mountains, at elevations of 6,000— to
9,000 feet. Saying that the species is native to the
Sierras, which few would dispute, is still risky:
there are many areas in the Sierras above or below
the species” altitude range where it would never
grow well. Stating that a species is native to a po-
litical region (for example, a state) is even more
misleading. Red Fir is considered an Oregon native,
because it grows in the southern edge of the Cas-
cade Mountains there, yet its current range in-
cludes less than 5 percent of Oregon'’s land area.>®

* The “range” of a plant is a snapshot in time. Dur-
ing the most recent Ice Age, Red Fir grew at much
lower elevations and further south than it does to-
day, and may have been totally absent from areas
where it now thrives. Climate change due to green-
house emissions is likely to redraw range maps of

many species dramatically.

None of these points, in our opinion, seriously
discredits the idea that coevolved, self-sustaining
plant communities are critical to sustainability. Na-
tives should be planted and protected ar every opportu-
nity. The alternative is an anything—goes horticulture
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favored by critics of the native-plant movement. His-
torically, that type of horticulture is responsible for
many of the four hundred species of invasive plants
now threatening vast areas of US ecosystems (see p.
99). A working definition of “native,” even if not
perfectly precise, is appropriate—and necessary—for
sustainable landscape construction.

For landscape purposes, the most appropriate
snapshot or baseline for native plants is fairly clear:
just before modern colonization and industrialization
began their trend toward unsustainable environments.
In the United States, this list would include plants
growing here between the end of the Ice Age and the
arrival of European settlers. This is clearly not a
“pure” historical or botanical yardstick. Rather, it is
a value-driven choice reflecting the goal of reestab-
lishing self-maintaining plant communities that con-
serve environmental resources and regional diversity.

From a practical landscape perspective, there is no
need for a vendetta against non-native plants. Only
those non-natives that are invasive should be eradi-
cated or prohibited or both. The remainder should
be used sparingly, with consideration for their higher
resource demands and lower value to coevolved
regional species.

Using primarily native species is often hindered by
official and commercial attitudes. Many municipalities
maintain officially approved plant lists. Some lists are
based on native and regionally appropriate species.
More often, unfortunately, the lists were drafted long
ago, aimed at avoiding “messy” seeds, keeping branches
away from utilities, protecting sidewalks from “terra-
ist” roots, or preventing allergies. Commercial horticul-
turists, often advisors on these lists, saw (and some still
see) no profit in native plants. The lists are now chang-
ing in many areas to promote drought-tolerant species.

One other commercial hindrance to native species
is nursery stock grading. Standards rate uniformity
of growth and form above most other considerations.
Because many native plants never produce lollipop
forms even under ideal conditions, they may be ruled
out by default when Grade One Fancy stock is spec-
ified. There are times when uniformity is desirable—
but be careful not to let it exclude valuable species

unintentionally.
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Designers interested in applying the idea of native
species can get a clear, graphic, and scientifically based
resource in Robert G. Bailey’s trilogy of Ecoregion
books.2 These explain the concept thoroughly, map
out major species and ecosystems that make up biore-

gions, and relate region to design.

Handle with Care

Besides requiring appropriate structures and condi-
tions to support them, landscape plants need careful
handling during the “unnatural” moving and plant-
ing process. Observing a few guidelines can cut
losses—financial losses for the contractor, and waste
that affects sustainability on a larger scale.

These guidelines are relatively common knowl-
edge—conventional nurseries and contractors follow
them for business reasons. When sustainability is a
goal, these points increase in importance. Energy and
materials costs involved in preparing, transporting,
and planting nursery stock may be estimated roughly
using data in Principle 7.

CHolce oF NURSERY STOCK

Landscape plants are supplied by nurseries in tempo-
rary containers, balled in burlap (“B&B”), or bare-
root. They may also be transplanted directly from one
site to another. The choice among these options sig-
nificantly affects energy and labor costs, and plant
survival rates, all of which are environmental issues
worth considering.

Bare-root stock must be protected from drying;
even a few minutes of exposure to air and sunshine
can kill roots. Moist sawdust or wet paper, often un-
der plastic sheet, hold in moisture.

Handle bare-root plants while dormant; this re-
stricts the planting period. Refrigerated storage keeps
plants dormant longer, but has serious energy costs.

Bare-root plants are least expensive, in resources
and dollars. Survival rates are reasonable, especially
when plants are fairly small.

Containers and burlapped root-balls protect plants
during transplanting, with generally higher survival
rates. This is offset by resource costs of containers,

and extra transportation weight. Be sure the ball or

container size complies with or exceeds minimum in-
dustry standards.

Most containers are plastic; some are metal or
wood. Resource issues are discussed in Principle 6.

Large mature plants, in great demand for land-
scape use, are always B&B or container; they cannot
survive as bare-root. Large specimens represent Iong
growing time and, like old-growth forests, are becom-
ing rare and expensive.

On-site transplanting may save plants located in
construction zones. Hand-dug transplants are usually
bare-root. Root-balls of transplants can be bur-
lapped; this requires skill and must be done in
season.

“Tree spades,” large truck-mounted machines that
lift trees, soil and all, provide the only option to save
most mature trees. They represent significant energy
costs and may risk compacting soil very near new
planting pits.

All plantings, regardless of method, require signif-
icant time to recover from “transplant shock.” Smaller
stock recovers more quickly and usually “catches up”
in size with larger plantings that take extra seasons to

resume full growth.

MOVING AND STORAGE

Highway speeds generate wind, which along with
sunshine and high temperature can wither plants rap-
idly, especially if recently dug or repotted.

In winter, wind-chill affects plants in transport,
creating freeze-dry or frost conditions even when
temperatures are not below freezing.

Plants in transport should always be completely
covered with opaque tarps; in summer, spray the load
before tarping. Do not use clear plastic; it has a green-
house effect, and polyethylene blackens leaves.

Spray chemical anti-transpirants on leaves to slow
water loss into the air, both in summer and winter.

Enclosed delivery vans, covered trucks, or semi-
trailers protect plants, and can double as on-site stor-
age. Enclosed vehicles must be ventilated to prevent
overheating, and heated to avoid freezing, especially
while parked.

Ideally, deliver and plant all in one day. Realistically,

weather, available labor, and incomplete hard con-



struction require just-in-time delivery or careful on-
site storage, partially shaded and protected from wind.

For longer storage, or in hot, dry, or very cold
weather, consult a nursery professional. “Heel in”
roots or root balls with loose soil or moist sawdust,

water regularly, and mist leaves.

PLANTING PRACTICES
Comply, at a minimum, with up-to-date industry stan-
dards.

For bare-root plants, spread roots in the planting
pit. Place the plant on a cone of soil.

Dipping bare roots in super-absorbent polymer
slurry increases water availability during the critical
period after planting.>’

Rough handling of container and B&B plants
cracks soil away from roots. Never lift B&Bs by stem
or trunk; use the wire cage, or nursery hooks.

Most contractors remove containers at planting,
but it is not uncommon to see dying plants buried in
their containers.

Slide plastic and metal containers off the root ball,
sterilize, and reuse. If containers must be cut off, try
to recycle them.

Remove wire from B&Bs to protect soil wildlife
and future gardeners.

Cut back burlap around trunks. Leaving burlap at
the trunk may stabilize the newly planted tree for the
first year, after which it should be removed.

Disassemble and reuse wood from large-stock
boxes (but not in new boxes, because of potential for
spreading diseases).

Loosen or cut strangling container-bound roots
before planting.

Set plants at the same depth indicated by the
“nursery line,” a color change on the trunk. Collect
water toward or drain water away from the plant by
regrading surroundings or adding soil amendments,
not by “planting high” or extra deep.

Completely fill soil around roots. Air pockets
commonly kill new plantings. To avoid them, water-
in the plant immediately and thoroughly.

Use root stimulants and vitamins, especially vita-
min B, to help the plant recover from stresses of be-

ing moved; apply immediately at planting,
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Fertilize the plant only after it establishes new roots,
based on local experience with soils, climate, and
species. Conventional contractors usually fertilize at
planting, to save a trip.

Mulch planting surfaces about three inches deep
to hold moisture, but keep mulch several inches from
the trunk itself.

Sod, bulbs, seeds, and potted herbaceous stock
must be selected, handled, and maintained with equal
care as larger plants.

WILDFLOWERS

Meadow-like wildflower plantings have become popu-
lar for naturalistic, low-maintenance gardening. Not all
commercial wildflower mixes are composed of natives;
work with local suppliers, and carefully evaluate species.

Home owners and professionals often assume
“wild” flowers require no maintenance. As with other
native plantings, this is not true.

For most sites, do not deeply till soils prepared for
wildflowers. Loosen the top inch of soil. Deeper till-
ing releases dormant weed seeds.

Don't bury seed too deeply. Follow supplier rec-
ommendations. Many wildflower seeds should sim-
ply be broadcast, then rolled or tramped in.

Protect seed from birds during germination with
mesh or mulch.

Keep seed evenly moist during germination, even
for dryland species.

One wildflower supplier points out that the main
cause of failure is impatience, followed by incorrect site
evaluation, improper soil preparation, and inadequate
early maintenance.’ This reminder applies equally to
all plantings, not just wildflowers.

Maintain New Plantings

Even with careful planting, many landscape plants die
within their first year or two. Some losses are un-
avoidable, but many are due to inadequate mainte-
nance. Watering, pruning, protection from extreme
weather, and pest and disease monitoring are espe-
cially important during this “establishment period.”
Yet this is the time when these tasks are least likely to

be done, at least in landscapes built under contract.
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Unlike home-owner plantings, residential or com-
mercial contract planting is often completed long be-
fore the buildings are occupied. Between planting and
occupancy, no one may remember to do maintenance.
For new plantings, this can literally be a matter of life
or death. Watering, particularly critical just after
planting, may be forgotten; plumbing may not be
hooked up, or irrigation may not be programmed.
Post-move confusion may keep clients from noticing
the landscape for weeks after occupancy. The result:
dead or stressed plants, remedial maintenance costs,
and loss of “environmental services” that plantings
were supposed to provide. Such waste is unacceptable
in landscapes designed for sustainability.

To avoid this undesirable situation, contractor, de-
signer, and client must plan in advance for mainte-
nance responsibility. Some landscape design firms
provide a written landscape maintenance schedule as
part of their services; a few do scheduled mainte-
nance as part of the contract.

Every client’s needs and abilities are different—
when they will move in, whether they do maintenance
themselves or hire groundskeepers—but the common
factor is a transition period when responsibility
passes from contractor to client. Because the land-
scape construction contractor is already familiar with
the plantings, and is in many cases responsible for
guaranteeing them, that contractor is best positioned
to ensure plant survival during the establishment pe-
riod. It is the authors’ conclusion that planting con-
tracts should include complete maintenance services
for the first two growing seasons after planting. By that time,
the guarantee on plants has been fulfilled, the client
is in occupancy, and the contractor can hand over an
established maintenance program or bid to continue
services.

To cover two growing seasons, maintenance con-
tracts for spring plantings must run 18 months; for
fall plantings, 24. Including such long-term mainte-
nance requirements in CONstruction contracts is not
common practice. It certainly increases initial client
cost and requires landscape construction contractors
to do (or subcontract) horticultural maintenance.
Lack of maintenance, however, is the most common
cause of unsatisfactory landscape performance. Such
failures are costly in dollars and environmental waste-

fulness. Good maintenance during the establishment
period almost always decreases maintenance needs af-
ter that period by establishing strong plants from the
start—a form of preventive medicine. Planning and
paying for competent maintenance up front is a cost-

effective investment in sustainability (Principle 10).

ORGANIC MAINTENANCE

“Organic” or “natural” gardening has become well-
known and popular, both for food crops and decora-
tive gardening. Many excellent reference works are
available (p. 337). Many are home oriented, and not
all organic practices can easily be used with large-scale
landscapes or paid labor. Decreasing toxic chemical
use in all landscapes, however, clearly benefits sustain-
ability. Energy costs of synthesizing, transporting,
and applying chemicals are also of concern.

The conventional separation between construction
and maintenance sometimes blurs this issue. Likewise,
many professionals who maintain commercial and in-
stitutional landscapes continue to opt for machinery
and chemicals. The authors strongly believe that the
design, construction, and maintenance of built land-
scapes at all scales benefits from keeping organic gar-
dening principles in mind.

Some information on landscape-scale organic
maintenance is included in Principle 10. Related in-
formation on composts and compost teas, important
in organic maintenance as well as construction and

restoration, is found in Principle 2.

Evaluate Turf: The Green, the Bad, and
the Ugly

In general, almost any vegetation contributes to sus-
tainability. Turf, the three-quarter-inch fuzz that cov-
ers more than 30 million acres of the United States,
may be the exception, a sustainability paradox. As au-
thor Ted Steinberg puts it in his excellent book Amer-
ican Green, “Grass by itself can indeed prevent soil
erosion and stormwater run-off, but the quest for
perfect turf is another story altogether.”>’

In our first edition, we did not devote much space
to controversies over turf, which often appears to be
America’s number-one cultural landscape. Books like

Virginia Scott Jenkins’s Lawn: History of an American



Obsession offer in-depth coverage of this contentious
topic, so we decided not to dwell on it. Today, how-
ever, the emerging trend toward artificial or synthetic turf
requires a hard look.

Severe and prolonged drought has been wide-
spread in many parts of the country between our first
edition and today.(’o First among responses of
drought-stricken municipalities are limits on land-
scape irrigation and outright bans on new landscape
planting, especially turfgrass. While this may be un-
fair to the landscape industry and potentially coun-
terproductive (lost vegetation eventually makes
drought more severe), these water constraints have
had unavoidable impacts. Among these have been in-
creased use of native plants and Xeriscape, but also
replacement of living turf with plastic.

For home owners, water restrictions plus no-main-
tenance fantasies make artificial turf very attractive.
For similar reasons, many communities have installed
artificial sports fields, dog runs, and road medians;
maintenance costs go down to one-tenth or -twenti-
eth of live grass, water use theoretically drops to zero,
and playing surfaces become all weather and all sea-
son, an alluring economic justification.

It requires a deeper look to evaluate whether arti-
ficial or living turf is “greener.” An excellent source
of information, and one on which the foﬂowing dis-
cussion draws extensively, is Jessica Boehland’s article
in April 2004's EBN.!

Living turf is huge business. Upward of $40
billion is spent annually on US lawn care, with three-
quarters of a million going to seed for new installa-
tions. Turf cumulatively covers an area larger than
Pennsylvania. Six million tons of fertilizer plus 70
million pounds of pesticides are applied to lawns
each year. Home-owners, many of whom would not
eat a vegetable grown with poisons, typically apply
lawn pesticides at ten times the rates used by farmers
on crops. Overuse is leading to resistant pests and in-
creased dosages. Runoff from yards is the single
largest source of water pollutants in many urban ar-
eas. Lawn irrigation consumes an estimated 60 per-
cent of urban water in the Western United States and
30 percent in Eastern US cities. Overwatering esca-
lates growth, thus increasing mowing and greenwaste,

and contributing to fungus growth, which in turn
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increases pesticide use. Mowing lawns uses hundreds
of millions of gallons of gas yearly and puts out 5
percent of US total air pollutants. Gas mower noise
reaches 90 decibels, beyond levels known to cause
hearing damage. Finally, 31 million tons of yard
waste are generated annually, accounting for 17 per-
cent of municipal solid waste in the average US city.

Artificial turf eliminates many of these problems.
Ideally, it requires no water, fertilizer, or pesticides.
In practice, artificial playing fields are often hosed
down twice a day because they heat up. Water is used
to wash dirt, blood from sports injuries, and the like
off plastic grass. Persistent weeds will also grow
through artificial turf, requiring pesticide treatment.
Still, none of these equals what living grass requires.

Artificial turf, when it first appeared under the
name Chemgrass in 1964, was stiff plastic mounted
to asphalt or even concrete. Sports injuries on early
fake grass were high. “Second generation” artificial
turf uses smaller, softer plastic blades, “infilled” be-
tween stems with sand and recycled rubber chips.
This is far softer than early versions, and due to ab-
solute regularity, artificial turf surfaces are now con-
sidered safer for players than divot-pocked, worn
living turf.

Although artificial turf avoids many problems of
living lawns, it has few of living turf’s environmental
benefits—such as they are. Living turf, even mono-
cultures of locally ill-adapted species, is living. It pro-
duces oxygen and cleans air, like any living plant. It
can trap half a ton of airborne dust a year and, like
bioswales (p. 208), filters pollutants from stormwa-
ter. It also dramatically decreases soil erosion because
its roots stabilize soil. Turf is up to I14°F cooler than
bare soil on a hot day, 30°F cooler than asphalt. It
reduces ambient noise by 8 to 10 decibels.

Artificial turf, by contrast, is inert, in many ways
a form of paving. It does not produce oxygen, and
worse, it often outgasses VOCs (volatile organic com-
pounds, found and regulated in paints and plastics).
If it filters stormwater at all, the process is passive,
without biological breakdown.

Permeability (to water and air) of many artificial
turf products is limited. Most manufacturers’ informa-
tion and marketing gloss over this extremely important

point. Even for permeable products (especially those
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with granular infill), ground beneath fake turf is at
least compacted, often paved, to guarantee that it
doesn't move. A new form of artificial turf, patented
in 2004, features “horizontal drainage”: an imperme-
able bottom membrane, a permeable layer that shunts
water to the edges, and artificial turf on top. The
South Nevada Water Authority accepts artificial turf
as the water-saving equivalent of mulch, but only if
it is permeable.

Thus, although it protects surfaces from precipi-
tation, artificial turf does not actually stabilize soil.
Like paving, artificial turf is probably vulnerable to
being undermined by flowing water. Like pavement,
it sterilizes soil if it excludes light, water, and air.
Even types that permit some water infiltration may
be air-impervious enough to create anaerobic condi-
tions that harbor potentially nasty microbes. Im-
pervious artificial turf concentrates runoff (and
pollutants) rather than infiltrating it.

Artificial turf is promoted for airport runway
edges, where elimination of wildlife is desirable for
safety. The Web site of Air FieldTurf states bluntly
that artificial turf “does not support food, water or
shelter—which wildlife depend on and build their
habitats about.”®? For runways, this is logical, but the
antithesis of sustainable landscapes.

Artificial turf is 5 to IS°F hotter than grass in hot
weather. (The higher figure is equivalent to bare soil.)
Artificial turf appears green from ordinary viewing an-
gles, but from above is nearly black because of ground
rubber “infill;” which greatly increases heat holding.

Artificial turf, like any plastic, is susceptible to
breakdown by ultraviolet radiation. This effect is
most pronounced in the arid, sun-drenched regions
where drought makes artificial turf seem most attrac-
tive—at least to those who are too homesick for tem-
perate lawns to appreciate desert flora. Sunlight in the
American Southwest is intense enough to make plas-
tic trash bins crumble in a couple of seasons. Thus,
while many brands of artificial turf have an eight-year
warranty, they may not last that long in the places
where drought inspires their use. Living lawns, prop-
erly maintained, can last many decades.

Living lawns can be created and maintained more
organically. In 2003, for example, New York City’s
Battery Park City Authority completed playing fields

grown without conventional pesticides or fertilizers.
Instead, organic soil nutrition products like compost
tea (p. 93) maintain healthy soil, and thus, healthy
turf. Soil nutrients and microorganisms have to be
regularly monitored. IPM (Integrated Pest Manage-
ment) keeps pesticides as a narrowly targeted last re-
sort. Using native or regionally adapted species, and
allowing lawns to go dormant with normal seasonal
changes, such lawns meet most purposes of turf,
while avoiding the worst problems of excessive water
and chemical usage.

Ultimately, the question of which is greener may
have to be answered, “Neither.” It may be that the idea
of turf—the perfect surface, nature subservient to
human geometry—is the problem, not whether that
surface is grass or plastic.

Although turf is living, it is misleading to call it
“natural” “In most places, flawless carpets of green
simply cannot be grown in an environmentally benign
manner,” says one scientist quoted in EBN.%3 Natural
meadows are seldom grass monocultures, nor an even,
ground-hugging height. A natural meadow, further-
more, almost always is an early stage of succession,
quickly invaded by woody plants. Preventing this—
also known as maintaining the lawn—requires heavy
inputs of labor, energy, and materials. Almost none
of the fifty or so grass species used for US turf are
native to North America.

Artificial turf, however, only avoids problems of
living turf—it does not really offer benefits unless
one assumes that turf-like expanses are inevitable.
This assumption is perhaps the final criterion for
judging both artificial and living turf. As Jessica
Boehland succinctly notes in EBN, “By maintaining
flawless living greenscapes, we teach that the control
of nature is possible. Worse, we teach that it is to be
expected.”

Landscape architects such as Capability Brown and
F. L. Olmsted bear considerable responsibility for
popularizing turf lawns as essential parts of the
American scene, as do gardening organizations and
magazines. The fact that a layer of shaggy impervi-
ous plastic can substitute for turf may be the best in-
dication that the idea itself needs to change, and that
landscape professionals who care about sustainabil-
ity must advocate that change.



Count on Plants to Sustain

Plants are the only truly “productive” organisms on
Earth, the ones that trap solar energy as photosyn-
thesized food. All the rest of the world’s creatures rely
entirely on plants for food and fuel, with rare and
bizarre exceptions such as sulfur-eating, geyser-
dwelling microorganisms. Globally, one plant species
in eight is on the verge of extinction, while in the
United States nearly one-third of known species are
threatened.®* The destruction of rainforests and
oceanic algae are well-known threats to global sus-
tainability. What is less widely considered is that
every tree damaged in “developing” land contributes
to the same problems—and every tree planted offsets
them, however slightly.

Planted trees serve many functions that decrease
other resource use. They can perform a number of
functions better than any technological equivalent yet
invented. Because of their essential role in making life
possible, as well as the social and financial costs of
raising them, cultivated plants are too valuable to
abuse. Sustainability requires that the very best of hu-
man horticultural knowledge become a universal stan-

dard for landscape work.

Resources

Favor Living, Flexible Materials
Bioengineering

Geosynthetic Institute (GSI) 610-522-8440, www.geosynthetic-
institute.org/: Academic and industry membership group,
research geotextiles and geogrids.

Bestmann Green Systems Salem MA, 978-741-1166 and
508-741-1166: Suppliers, consultants: erosion control,
bioengineering.

Robbin B. Sotir and Associates Marietta GA, 770-424-0719,
www.sotir.com/: Consultant, author on bioengineering.

Bioengineering for Land Reclamation and Conservation H. Schiechtl,
1980 University of Alberta Press, Edmonton, Canada

Soil Bioengineering for Upland Slope Protection and Erosion Reduction
Natural Resource Conservation Service, 1992 National Tech-
nical Information Service, 888-584-8332, www.ntis.gov

Use of Vegetation in Civil Engineering N. J. Coppin and
L. G. Richards, 1990 Construction Industry Research & Info.
Assn., Butterworths Publishers, Boston

Vegetation in Civil and Landscape Engineering D. H. Bache and
1. A. MacAskill, 1984 Granada Publishers, New York

“A Soft Approach to Erosion Control” James L. Sipes, Feb 1999,
LAM
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Firms and Organizations: Bioengineering, Wetlands, Erosion
Control, and Ecological Restoration

The Bioengineering Group, Inc., Salem MA, 978-740-0096,
www‘bioengineering.com/

BioDraw 3.0 and ErosionDraw 5.0 software from Salix Applied
Earthcare, 800-403-0474: Interactive video of methods, with
CAD standard-details.

Biotechnical and Soil Bioengineering Slope Stabilization: A Practical Guide
for Erosion Control D. Gray and R. Sotir, 1996 Wiley, New York

Biotechnical Slope Protection and Erosion Control D. H. Gray and
A.T. Leiser, 1982 Van Nostrand Reinhold, New York

Designing for Effective Sediment and Erosion Control on Construction
Sites J. Fifield, n.d. International Erosion Control Association,

www.icaa.org. : Includes biotechnical and vegetation methods.

Erosion control

International Erosion Control Association Steamboat Springs
CO, 800-455-4322, www.ieca.org/: Publishes books, other
information.

Use of Organics in Erosion Control John Haynes, Caltrans Engineer-
ing Services Center, Sacramento CA

Erosion Control magazine International Erosion Control Associa-
tion, Santa Barbara CA, 805-682-1300,
www.erosioncontrol.com/ec.html

ECMDS 4.1 (Erosion Control Materials Design Software)
North American Green, 800-772-2040, www.nagreencom/ :
Also erosion control supphers/ consultants.

MOSES (Modular Operational Soil Erosion System) National
Soil Erosion Research Lab, 765-494-8673, http://topsoil
.nserl.purdue.edu/ nsetlweb/index2.html: Calculates soil ero-

sion under a wide variety of site conditions and uses.

Greenwalls and greenroofs

Search Terms: greenwalls | | ecoroofs | | greenroofs | | roof
gardens

Re-Natur Gmbh Ruhwinkel, Germany, 0 43 23 /90 10-0,
www.re-natur.de,/ index.phpS: Consultant with 20 years’ expe-
rience in greenroofs, constructed wetlands, natural swimming
pools, and biological pest control; German and English.

”The Vertical World of Greenwalls” Kim Sorvig, 1999 LAM:
Project examples and further information on greenwalls.

Ecover www.ecover.com/: Organic household product manufac-
turer, with large ecoroof.

Green Roof: Ecological Design and Construction Earth Pledge, 2005
Schiffer Publications, Atglen PA

Roof Gardens: History, Design, and Construction Theodore Osmund-
son, 1999 W.W. Norton, New York

Building Green: A Guide to Using Plants on Roofs, Walls, and Pavements
Greater London Authority, 2004: Full text at
www.london.gov.uk/ mayor/ strategies / biodiversity/ docs,/Buil
ding_Green_main_text.pdf.

Greenwalls: cell type AGH Industries (TX), 817-284-1742; Fluid
Systems (Aurora IL), 504-393-1804; Presto Products (Apple-
ton WT), 800-558-3525; RK Manufacturing (Ridgeland MS),
800-957-5575; Webtec (Chatlotte NC), 414-769-6400
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Greenwalls: mesh type Invisible Structures Inc (Aurora CO),
800-233-1510; Reinforced Earth Co. 800-446-5700

Greenwalls: plantable block Hokanson Block (Sacramento CA),
916-452-5233; Modular Concrete Systems (MCS) (Vista
CA), 727-945-1864; Soil Retention Systems (SRS) (Ocean-
side CA), 760-966-6090; Hercules/St. Louis Retaining Wall
(St. Louis MO), 314-389-6416: Hokanson and MCS are li-
censees of the “S-block” system. SRS currently serves only the
Southwest United States.

Greenwalls: grid /textile-wrapped Akzo Nobel Geosynthetics
(Netherlands), 31 26 366 4600; Huesker Geotextiles (Char-
lotte NC), 800-942-9418; Tensar Earth Technologies (At-
lanta GA), 800-828-5126

EKOL trough recycled greenwall Group Tessenderlo Rue de
Tréne 130, 1050, Bruxelles, www.tessenderlo.com/
contentNS4.asp: Green/noise wall made of recycled PVC;
not marketed in the United States.

Evergreen Wall Systems (trough) Norcross GA, 800-234-3119:
Concrete trough greenwall/ noise-wall system.

Eco-Wall Zeller International, www.zeller-int.com/

Greenroofs for Healthy Cities http:/ / greenroofs.org/ or
http://greenroofs.ca/: Main US greenroof association;
info, contacts, and events.

www.greenroofs.com /: Site by Atlanta landscape architect
L. Velasquez.

Planting Greenroofs and Living Walls Nigel Dunnett and Noél
Kingsbury, 2004 Timber Press, Portland OR: www.timber
press.com or 800-327-5630

Greenroof Plants: A Resource and Planting Guide Edmund C. Snodgrass
and Lucie L. Snodgrass, 2004 Timber Press, Portland OR

Emory Knoll Farms WWWAgreenroofplants.com/ : E. Snodgrass’s
nursery, Street, MD, specializes in greenroof plants.

Greenroof Case Study series, LAM: Many articles since 1998.

American Hydrotech www.hydrotechusa.com/: Greenroof
supplies.

Sarnafil www.sarnafilus.com/: Greenroof supplies.

Xero Flor America, LLC www.xeroflora.com/: Greenroof supplies.

GreenGrid modular green roof Www‘greengridroofs.com/ :
Preplanted, recycled-plastic modules; can include irrigation,
walkways.

ASTM standards for greenroofs www.astm.org/ , 2002

StaLite Permatill greenroof medium 877-737-6284, www

stalite.com/: Expanded slate for greenroofs, structural soils.
Plants: valuation

American Society of Consulting Arborists (ASCA) 301-947-
0483, www.asca—consultants.org/ : Consultant references.

Building Greener Neighborhoods: Trees as Part of the Plan Na-
tional Association of Home Builders, 1992, 800-368-5242,
www.nahb.org/

Guide for Plant Appraisal Council of Tree and Landscape Apprais-
ers (CTLA), 9th ed.: Methods and formulas for legally defen-
sible valuation of landscape features.

American Forests Washington DC, 202-737-1944, www.ameri
canforests.org/: CITYgreen software (calculate urban trees’
economic, ecological value) and Personal Climate Change
Carbon Calculator.

Plantings

Irrigation and Green Industry Network 818-342-3204, www
.igin.com/ : Virtual trade show of urban forestry and land-
scape professional groups.

ASLA Invasive Plant Guide Www.asla—sandiego.org/ content/
plantguide.html: LA-specific, what-to-do plant guide for
invasives.

Urban Forestry bibliography Dr. G. Kuchelmeister, Tree City
Initiative, Illertissen, Germany, http:/ / ag.arizona.edu/
OALS/ALN/aln42/kuchelmeister.html: Lists thirty-five
books specifically on value and effects of urban trees.

Requiem for a Lawnmower: Gardening in a Warmer, Drier World
S. Wasowski and A. Wasowski, 2004 Taylor Trade Publishing,
Lanham MD

Plant Materials in Urban Design: A Selected Bibliography ]. Wayne
Pratt, 1986 Vance Bibliographies, Monticello IL, title
#AI575

Plantings: native plants

Search Terms: (native OR regional) + planting OR plants | |
plantings “native plants” | | native plants design

Cooperative Extension USDA, located at county government
offices and/or local agricultural college, 202-720-7441,
www.csrees.usda.gov/: For each state or region; often an
excellent source of local expertise on plants and other
landscape issues.

Landscaping with Native Trees Guy Strenberg and Jim Wilson,
1995 Publishers Ltd.: For Eastern United States; for other
areas, check local bookstores, botanic gardens. Many garden
books steadfastly refuse to list plant origins.

Plant for Natural Gardens: Southwestern Native and Adaptive
Trees, Shrubs, Wildflower, and Grasses Judith Phillips, 1995
Museum of New Mexico Press, Santa Fe: Good source for
region much neglected by horticulture writers.

Landscaping with Wildflowers: An Environmental Approach to
Gardening Jim Wilson, 1993 Houghton Mifflin, New York

Revegetation with Native Species: Proceedings, 1997 Society
for Ecological Restoration Annual Meeting L. K.
Holzworth et al,, 1999 US Department of Agriculture,
Forest Service, Rocky Mountain Research Station

Native Trees, Shrubs, and Vines for Urban and Rural America:
A Planting Design Manual for Environmental Designers
G. Hightshoe, 1988 Van Nostrand Reinhold, New York

The Native Plant Primer Carole Ottesen, 1995 Crown/
Random House, New York

The Natural Habitat Garden Ken Druse and Margaret Roach,
1994 Clarkson N. Potter Publishers, New York: Good infor-
mation in coffee-table format; Druse’s other books are also
excellent, and show how much exciting design can be done
with what some call “boring weeds.”

The Wild Lawn Handbook: Alternatives to the Traditional
Front Lawn Stevie Daniels, 1995 Macmillan, New York
Field and Forest: A Guide to Native Landscapes for Gardeners

and Naturalists J. Scott, 2002 Blackburn Press, Caldwell NJ
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Wild About Wildflowers (CD-Rom) Tom Huggler, Selected literature: root control methods Dr. Kim D. Coder, Mar
800-735-3476, http:/ / http:/ / www.wildﬂowersmichorg/ 1998, UGA Cooperative Extension, www.caes.uga.edu/
sales/sales.htm /: How-to for using native alternatives to extension/

lawn; video, image library; links.
Weeds of the Northern US and Canada F. Royer and R. Horticultural Products
Dickinson, 1999 University Alberta and Lone Pine

Publishing 1999, Alberta: Identification guide. Search Terms: (horticulture OR garden OR yard OR landscape)

+ supplies
Plantings: structures Green Net: Company-Product-Service Database Www.greennet.net/
Horticultural manufacturers list Www.yetmans.mb.ca/
Search Terms: planting structures | | plantings “trellis” | | manufacturers.html
planters | | street tree CPULS: Continuous Productive Urban Landscapes—Designing
Agriculture for Sustainable Cities A. Viljoen, 2005 Architectural
“Sidewalk Design for Tree Survival” M. Evans et al., Mar 1990, Press, Oxford: Crops in cities to reduce transport, restore

LAM connectedness.



Principle 4:
Respect the Waters of Life

A mighty mercy on which life depends, for all its glittering shifts water is constant.

—Donald Culross Peattie, 1950

Water covers nearly 70 percent of the globe, and
makes up almost 99 percent of the human body. Es-
sential to life, it is also a powerful force of change and
destruction. Despite its global presence, far less than
I percent is fresh water suitable for sustaining land
animals and plants.I In Ambrose Bierce’s wonderful
phrase, “Water occupies %} of a world made for
Man—who has no gills.”

Besides regional and seasonal water scarcity, water
quality is threatened by pollution. Even in such appar-
ently waterlogged and water-surrounded places as
Florida, scarcity of fresh clean water is a serious is-
sue.” Paul Simon (the US senator, not the musician)
has predicted that wars over oil will soon take second
place to wars over water.* Drought and increased
flooding spread simultaneously over whole conti-
nents, their occurrence linked both to air pollution S
and global climate change (see p. 15). Even places
that receive increased precipitation often lose avail-
able water, due to high runoff, violent storms, higher
evaporation rates, or changes in seasonal arrival of
moisture. ©

If any single issue seems likely to push landscape
sustainability into the foreground of public aware-
ness and to change professional practice, that issue is
water. Since the first edition of this book, the seri-
ousness of water problems (which have been there all
along) has become far more evident. Consumers,
businesses, and government agencies have taken ac-
tive interest in what were once fringe concepts—rain-
water harvesting, bioengineering, or constructed
wetlands. In addition to better acceptance of existing
solutions, water conservation has driven technologi-

cal innovation in the irrigation industry. Even the civil
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engineering and regulatory community is slowly
changing, although it remains far too dominated by
the pave-and-pipe paradigm.

Construction affects water and water quality in
many ways. By changing natural patterns of water
movement, structures and paving can change water
from a life-giving force to a destructive one. During
construction work, sediments and pollutants enter
water on or near the site. Collecting and distributing
water for human use also affects the site’s hydrology—
and that of its neighbors. Caretully planned landscapes
can compensate for some of these changes.

Water is well-known as a poetic metaphor for pa-
tient, slippery, flowing power, gentle yet unstoppable.
Yet the conventions of engineering frequently take a
confrontational stance toward water—as if it could
be pinned down by brute force. Conventional texts
on landscape construction continue to indoctrinate
students with ideas like “Water causes scouring ac-
tion when left uncontrolled.”” Destructive water
flows, ironically, result more often than not from hu-
man attempts at control. Unlike hard construction
materials, water never responds well to heavy-handed
methods. It must be worked with, like plants, people,
or any living thing,

This chapter looks at ways of protecting the most

critical resource of all.

Discussed in This C/mpter

Understanding natural water patterns.
Protecting surface water features, such as

wetlands, lakes, and streams.




Restoring water bodies that have been
damaged.

Special techniques for balancing human
water needs with regional conditions:
“harvesting” and storing water
getting more out of each drop with
graywater
efficient irrigation, and new savings
through “smart controllers”
stormwater purification by vegetative and

mechanical means.

Work with the Site’s Water Regime

Water is more a system than a substance. Using wa-
ter sustainably, and protecting natural water bodies,
begins with understanding this system. Although it
is possible to think of a pond as an object, its bound-
aries are muddy, and its connections to other objects
are many. The pond (perhaps the simplest form of
surface water) cannot be properly protected just by
fencing it, as a tree or historic sculpture might be.
Protecting water features means understanding their
links to larger patterns.

For this reason, we have given water protection a
separate place in this book, rather than treating it as
part of site protection. The techniques discussed in
Principle 2 are part of protecting water on-site. What
difters is how these techniques are applied to the web
of water, a web that weaves together rivers and wet-
lands, evaporation and rainfall. In this web, surface
waters are linked to one another, to underground
aquifers and springs, to water vapor and precipitation,
and ultimately to the oceans. Protecting any part of
this system is valuable in itself, and also contributes
to conserving the health of the whole. For maximum
benefit, protection of water bodies needs coordina-

tion throughout each watershed or river-basin.

Respect Natural Drainage Patterns

Because river geometry is complex, many people still
think of stream channels as random in shape and loca-
tion. Nothing could be further from the truth. Each
channel where water runs, and each pocket where it col-
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lects, matches the quantity and speed of water that
normally flows through it. A similar relationship be-
tween shape and capacity is simpler to see in roadway
design: a four-lane avenue with distinct turn lanes can
handle more and faster traffic than a two-lane street
where turning cars wait in traffic. Likewise, the shape
of any landscape feature touched by water is dynami-
cally related to the way water flows there. So is its loca-
tion. For construction, the important point is this:
change the shape and you change water’s performance,
how much soaks in to benefit soil and plants, and how
much runs off or collects. Too much or too little of ei-
ther can dramatically change the site, sometimes
overnight, sometimes over many invisible years.

Three major factors interact to determine how wa-

ter performs on a site. These are:

* the quantity of water itself

* the material(s) over which it runs, including
vegetation

* the shape, particularly the steepness, of the surface

on which flow occurs.

A small quantity of water running on porous soil
at a gentle slope will mostly be absorbed. On the
same material and slope, a large quantity (from a huge
storm, or hard surfaces upstream) will erode the soft
soil quickly. Surfaces stabilized by vegetation erode
more slowly, as do hard surfaces. Hard materials are
vulnerable, however, where they meet softer soils.

Construction can change any of these three fac-
tors. Impervious surfaces shed water, concentrating
water quantity. Soil materials are compacted, loos-
ened, and amended. Grades are changed, and plant
cover removed or altered. Once the dynamic balance
between these factors is changed in any part of the
system, all links in the water-web must readjust to-
ward new balance. This readjustment happens grad-
ually all the time in natural watersheds and is a key
concept in construction involving water.

Planning for water on a site demands understand-
ing local patterns that have evolved over centuries.
This is site-specific and region-specific, but there are
several key questions to ask. If you cannot answer
these yourself, or don't understand what they imply,
get specialist help. Water is too important to ignore.
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From where does water come to the site, and
where does it go from the site? Even standing wa-
ter has a source and a destination, if only rain and
evaporation.

* Does on-site runoff move in sheets, or in chan-
nels? Are surfaces hard or porous, and where does
water spill from one kind of surface to another?

* Where does standing water accumulate, and why?
How are standing and moving water linked?

* Regionally, what are the shapes of river systems?
Do they branch like trees at acute angles, or make
sudden right-angle changes in direction? Large-
scale patterns often indicate that geology is shap-
ing the drainage, making it hard to construct new
channels “against the grain.”

If there is any kind of stream, creek, or river on
the site, or affecting it, the foHowing questions also

need answers:

* Does the channel meander (bend from side to
side)? This indicates a stream that is slowing and
dissipating excess energy. Its force may be due to
steep slopes or to increased volume from up-
stream. Straightening the meanders is ill advised;
forcetul flow will cause erosion and flooding until
meanders are reestablished. Working upstream
from meanders involves different conditions and
methods than working downstream.

* Is the stream cutting away its banks, or depositing
soil? Cutting indicates high volume and speed. Ex-
panding into a larger channel, water slows and
drops sediment. Planting or stabilizing areas of
cut requires a different approach than areas of

deposition.

Besides answering such questions in the present, it
is important to respond to changes over time. Up-
stream, development may increase runoff, or agricul-
ture and industry may divert water. An example of a
response to upstream development is Crystal Cove
(pp. 124-25). Monitoring development proposals
may forestall some problems. (Downstream changes
usually have less impact, although wells or dams af-
fect whole regions.)

Accept Regional Limitations of Water Supply

Conventional water management imports and exports
water hundreds of miles by pipe or ditch for munic-
ipal, industrial, or agricultural use. Since our first edi-
tion, water conflicts have increased: farmers versus
cities versus river-restorationists, for example. Areas
lacking political defenders lose their water. Water is
diverted from regions, particularly undeveloped
mountain areas, said to have “excess” water, to sup-
ply demand in locations that have used up their local
supply. Water is impounded in reservoirs before it can
“wastefully” run away downstream. Clearly, this af-
fects the ecosystem from which water is taken, or to
which it no longer flows. The smaller the quantity of
water and the shorter the distance diverted from nat-
ural flows, the less likely to do harm.

Regional water management has stark impacts on
landscape-related businesses and land-users. Particu-
larly in the Western United States, municipal water
conservation ordinances, in response to drought, typ-
ically target horticulture first. The 2002 drought, for
example, cost landscape industries in Colorado two
thousand jobs and $60 million in revenue.® In re-
sponse, many landscape-related firms increased revenue
by providing drought-tolerant plants, Xeriscape de-
signs, and water-saving maintenance.

Thus, although water management and policy may
seem a planning issue, it impacts and is influenced by
site-specific construction. Demand for water is af-
fected by where and how people build. Conventional
water features, like fountains, can be great sources of
pleasure, but ostentatious designs waste water—of-
ten imported, purified water. Modern recirculating
technology combined with traditional designs get
stunning effects from tiny amounts of water.

Demand for w