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I am proud to introduce our new publication, Cooling Our Communities: A Guidebook on Tree
Planting and Light-Colored Surfacing. This book is a practical guide that presents the current state of
knowledge on potential environmental and economic benefits of strategic landscaping and altering surface
colors in our communities. The guidebook, a joint effort of the Environmental Protection Agency and the
Department of Energy’s Lawrence Berkeley Laboratory, reviews the causes, magnitude, and impacts of
increased urban warming, then focuses on actions by citizens and communities that can be undertaken to
improve the quality of our homes and towns in cost-effective ways.

Summer temperatures in urban areas are now typically 2°F to 8°F higher than in their rural
surroundings, due to a phenomenon known as the "heat island effect.” Research shows that increases in
electricity demand, smog levels, and human discomfort are probably linked to this phenomenon. Planting
trees to provide shade and protection from winter winds, and lightening the color of building and
pavement surfaces have the potential to significantly reduce energy use for cooling, and lower electrical
bills. The guidebook shows that well-placed vegetation around residences and small commercial buildings
can reduce energy consumption typically by 15 to 35 percent. Savings from lightening surface colors may
be as high or greater, but are still being quantified. Widespread adoption of these strategies could help
reduce urban temperatures and smog.

* * *

We designed the Cooling Our Communities guidebook with several general audiences in mind.
Following are suggestions for ways each audience can apply the guidebook’s findings and
recommendations. The document also includes many technical appendices for the benefit of city planners,
urban foresters, and electrical utilities needing more specific information about these principles.

Elected officials and other policymakers: The principles in this book have great potential to reduce
expenditures for building energy, build citizen support for government tree planting programs, and improve
the lives of our citizens. We hope you will actively support the types of activities and programs
recommended here by sharing the gnidebook with your staff and constituents, and consider launching
volunteer or public/private partnership programs to implement these principles.

Foresters, landscapers, architects, and urban planners: Citizens are increasingly demanding these
changes in their communities and are willing to volunteer time and resources to bring them about. You
can support and encourage their efforts by using the guidebook to incorporate these approaches into your
professional practice.

Utilities: Many power companies have already established tree planting programs to foster energy
conscrvation. Major opportunities exist for utilities to cooperate with citizens, homeowners, and
communities to expand the use of these recommended strategies.

Commercial interests: Demand is increasing for products and services that save people money and
energy. We hope that retailers, manufacturers, and contractors of products and services involving
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vegetation, buildings and pavements will incorporate these energy saving ideas into their product and
service lines, and advise consumers fully about the potential benefits of using them. Developers may
increase the value of their properties by including these principles in their designs.

Citizen’s and community groups: The successes and experiences of many of your colleagues across the
entire United States are reflected in this book. Join them by taking action in your own communities 10
organize tree planting and light-colored surfacing projects.

Professional schools and programs: Community professionals can be the most effective supporters of
improving environmental quality. Incorporating these design principles into your programs will help
professionals in your disciplines understand and use these principles.

Editors, publication managers, and public affairs staff: To expedite informing your colleagues about

the guidebook and its availability, we suggest you review or abstract the document in your in-house

publications. We have included a sample abstract and order forms at the back of the book for you to copy

and use as you wish,
* %* *

Innumerable citizen groups and municipalities have clearly demonstraied the will to band together
and plant trees in the United States. The guidebook supports these efforts, and identifies light-colored
surfacing as a strategy that may have similar benefits. Now the challenge is to guide this volunteer spirit
to achieve measureable environmental improvements in all of our communities. This publication is one
of EPA's contributions to this on-going movement.

Richard D. Morgenstern
Acting Assistant Administrator



Cooling Our Communities

A Guidebook on Tree Planting and
Light-Colored Surfacing

Editors:

Hashem Akbari, Lawrence Berkeley Laboratory
Susan Davis, Lawrence Berkeley Laboratory
Sofia Dorsano, The Bruce Company
Joe Huang, Lawrence Berkeley Laboratory
Steven Winnett, U.S. Environmental Protection Agency

U.S. Environmental Protection Agency
Office of Policy Analysis
Climate Change Division

January 1992



This document has been reviewed in accordance with the U.S. Environmental Protection Agency’s
and the Office of Managerment and Budget’s peer and administrative review policies and approved
for publication. Mention of trade names or commercial products does not constitute endorsement
or recommendation for use.

Publisher’'s Note:

This is Lawrence Berkeley Laboratory Report LBL-31587.
This work was supported by the U.S, Department of Energy under contract No. DE-AC0376SF00098.

Those who wish to order the Guidebook should inquire at the address below:
Pubiications Requests:

GPO Document #055-000-00371-8
Superintendent of Documents
P.0. Box 371954

Pittsburgh, PA 15220-7954
ATTN: New Orders

For sale by the US. Government Printing Otfice
Superintendent of Documents, Mail Stop: SSOP, Washington, DO 20402.9 32K
ISBN 0-16-036034-X



Cooling Our Communities

A Guidebook on Tree Planting and
Light-Colored Surfacing

Editors:

Hashem Akbari, Lawrence Berkeley Laboratory
Susan Davis, Lawrence Berkeley Laboratory
Sofia Dorsano, The Bruce Company
Joe Huang, Lawrence Berkeley Laboratory
Steven Winnett, U.S. Environmental Protection Agency

Project Directors: Principal Investigator:
Joe Huang, LBL Hashem Akbari, LBL
Steven Winnett, U.S. EPA

Kenneth Andrasko, U.S. EPA

SPONSORS:

— U.S. Environmental Protection Agency

— Heat-Island Project at Lawrence Berkeley Laboratory,
University of California

— U.S. Department of Energy

— California Institute for Energy Efficiency

— Los Angeles Department of Water and Power

— Universitywide Energy Research Group, University of California

— Electric Power Research Institute

— American Council for an Energy Efficient Economy

U.S. Environmental Protection Agency Lawrence Berkeley Laboratory
Office of Policy Analysis Energy Analysis Program
Climate Change Division Energy & Environment Division
401 M Street, SW (PM-221) 1 Cyclotron Rd.

Washington, D.C. 20460 Berkeley, CA 94720

(202) 260-8825 (5610) 486-4000



Contents

Foreword by William K. Reilly
. Acknowledgements

Executive Summary

....................................

..........................................................

...............................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

..............................................................

...............................................................

.............................................................................

..................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

INrodUCHION cuviiiiiiie e

Chapter

1  The Urban Heat Island: Causes and Impacts.....

2 The Benefits of Urban Trees......commmmrrerrisrreonn.

3 Using Light-Colored Surfaces to Cool Our Communities

4 Implementation Issues: Water Use, Landfills, and Smog

5 Lessons Learned from Successful Tree Programs

6 Planting and Light-Colored Surfacing for Energy Conservation
T OTdINANCES ..oovereeviieieriienreivierccsrnricsreeaesesissssessins

8  Conclusions and Recommendations ..o

References .

Appendix

A Further Data on Heat Islands ...,

B The Costs of Conserved Energy .....cccoovvvvvninnnnnn

C Estimating Water Use by Various Landscape SCenarios ...
D Sample Ordinance ......cccociniiiiiienninne i

E  The Best Way to Plant Trees ......ccovvcniiniininnninn

F  Trees and Shrubs ..o,

G Sample Tree Planting Incentive Program ..........

H Planting New Life in the City Down the Street

129

139

151
153
157
173
195
201
211
213

vii



Cooling Our Communities
A Guidebook o Tree Planting and Light-Colored Surfacing

Graphs
ES-2  Urban areas are etHNE WATMET ..iiviiiiiiiitiiinme et siesseitiessasissestesinssisssssasinnsssessasersseane Xix
ES-3  Rising temperatures and SIMOZ oo iiiiiiiimmieiiimeiiie et sssessssssnassinss sssvanescsrenes Xix
ES-6 Energy savings from residential tree planting ..o xxi
ES-7 Computer simulation of both wind-shielding and shading effects.......ccoiniininnnin, XXii
ES-8  Daily surface temperatires .. i s xxiii
ES-9 Cooling energy savings from increased albedo ..o, xxiii
ES-10 Costs and benefits of COMMUNILY LFrES ..ottt e e XXV
1-8 Maximum difference in urban and rural teMPeratures ..o e 12
1-9 Los Angeles (CA) heat reCOrd ..ot 13
1-10  San Francisco (CA) heat record ......cccooevivinnniiiniinn ST U PO P VPP PROPRURON 13
1-11  Washington, D.C. teMPeratures ... o i i RPN 14
1-12°  Fort Lauderdale (FL) tEMPETALUTES uovevviiicesiveinniesreninitie e issssssississssisississsssssiersssessssssnssens 14
1-13  Shanghai (China) tEMPETALUIES ..o st 15
1-14  Tokyo (JUPAN) LEIMPEIALUTES .iovviruiiiiiiniiiisiiiesniiiee s s sherss b es et b a ek st abe b s ebabsr s b e bt barene s 15
1-15  California heat iSIANAS ..o e e s e a st ane 16
1-16  Shanghai heat i1SIaNd ..o e 16
1-18  Electricity load—Los Angeles Department of Water and Power (LADWP) ......ccccoiiiinnin, 18
1-19  Electricity load—Southern California Edison (SCE) ..o 18
1-20  Electricity records for four cities—

Dallas, Colorado Springs, Phoenix, and TUCSON ...t 19
1-21  Estimated temperature increases in the United States ..o, 20
1-22  Estimated electricity increases in the United States ., 20
1-23  Ozone concentrations compared to daily peak temperatures

in downtown Los ANgeles (CA) . 21
1-24  Ozone concentrations compared to daily peak temperatures

1N 13 CHEES IN TEXAS teetiiieniiiiensseriveniessesesriessessamsiistsssibesis b easesabesa bt b b re s o b ab e b s b st s 38 b b bbb e b b et sbanrenes 21
2-3 Effects of shading from a 30 percent increase in tree cover on the heating

and cooling energy use of older houses, based on computer simulation ... 30
2-4 Wind speed reductions in residential neighborhoods

compared to an open field ... 30
2-5 Effects of wind shielding from a 30 percent increase in tree cover on the heating

and cooling energy use of older houses, based on computer simulation .........ieevee, Veererieans 31
2-6 Net direct effects of both wind shielding and shading from a 30 percent increase

in tree cover on the heating and cooling energy use of older houses,

based on computer SIMUIALION ..ot e 31
2-7 Temperature reductions in Sacramento (CA) due to added tree cover on a

typical summer day in July, based on computer simulation ... 33
viii



Contents

2-8 Temperature reductions in Phoenix (AZ) due to added tree cover on a

typical summer day in July, based on computer Simulation ... 33
2-9 Estimated cooling energy savings in a typical well-insulated, new house

from the combined direct and indirect effects of trees. ..., 34
2-13  Projected annual costs and benefits of the Trees

for Tucson/Global ReLeaf reforestation program ..., 41
3-4 Effects of surface color on TEMPETALUTE covviiviiiriirinrcisecrsrerrsreiestsie st s sr b s s bbbt 46
3-5 Year-round ground SUTface tEMPETatUTes ..ot ssesisss s srssses 47
3-6.  Cooling energy savings from increased albedo ..o 48
5-1 Summary report (National Street Tree SUIVeY) .o, 63
5-2 Street construction dollar (National Street Tree SUrvey).....coieiiee, e 70
5-3 ©  Breakdown of costs involved in city tree planting programs

(National Street Tree SUIVEY) i s e 72
5-4 Percentage of trees in good condition (National Street Tree Survey) ... 77
5-5 Tree size distribution (National Street Tree SUTVEY) e, 77
6-6 Comparison of tree longevity relative to 10cation ..., 96
8-1 Three scenarios of future Los Angeles temperatures,

added to a forecast of global warming trend......ccviieniininn e 130
A-1 Heat record for OaKland (CA) it niesiiessissessesessanesnsssssessesisnessssessarnssassssssins 151
A-2 Heat record for San JOSE (CA) cuiiiiiieeecesirereiiesssensnasssneeees evetreesessioeseirsrnninrrsessesesisnran 152
A-3 Heat record for San DIieg0 (CA) ..iiiiiniiiiiieresiessieiie st sssesesiers snsesssssssressessens 152
A-4 Heat record for Sacramento (CA) ..o, 152
A-5 Heat record for Baltimore (MD) ...cccciieiciiimin i snessssssssienns 152
illustrations
ES-1 Sketch of atypical urban heat-island profile.......coovvcniniiniiiinnnnn, fereseaenieas xvii
ES-4 Sample residential landscape ..ot e XX
ES-5 Strategic planting €Xample .o i s xxi
ES-11 Strategic tree planting and light-colored surfacing activities ..., XXVi
1-1 Comfort in the shade and MOIST AIT .i.iiveviiii e 5
1-4 Sketch of a typical urban heat-island profile ..o, Q
1-25  The greenhouse effECt . e e s 23
1-26  Electricity use and carbon dioxide (CO,) EINISSIONS 1viviiiriierierieseeeeerssreseeeirsreabeeses s esraeresasarassrenes 24
2-1 The numerous ecological qUAlIties Of trE€es .ovciviiiiiniiiiiiii e 27
2-2 Shading characteristics of deciduous trees during the summer and winter ..o 29
2-10  Trees and the greenhouse effect. ... e 35
2-11  Benefits Of DETIM 1oiiiiiciinieiiiiit et ersaes e e ser b she e b s b e ebebeset e e saabebbesbaesaerereassssaesberes snbesasstins 37

ix



i
Cooling Our Communities
A Guidebook on Tree Planting and Light-Colored Surfacing

2-12  ACSIRELIC VAIUEC OF ITEES 1oviiihiviriinriiiieiisiecreeosittiteessiesstesssesssreassesstasresbsestbsesbatssssonsssssstresrsessessnts 38

2-14  Consider the seasonal patlfn of the sun

when planning landscaping iMPrOVEMENES .o 42
3-2 Surface contrast .....cocevininans ! ............................................................................................................. 44
3-3 Surface albedo values...........j! .............................................................................................................. 45
4-1 Relative water hsage of dﬁff;erent types Of PIANLS .o 56
4-2 Water consumption and turﬂ .............................................................................................................. 56
6-2 Sample guidelines for plam}ing tree planting ..o 94
6-3 Avoid planting trees right next to drainage PiPes ..., 95
6-4 Trees need to be placed a gq‘:)od distance away from concrete sidewalks ..o 95
6-5 IMPIOPET tTEE PLANUINE .uvveivvreiseviiessevcsissesse s sssssses st bt s bbb bbb bbb sb bbb seres 96
6-7 Shading the air conditionergwith a vine-covered trellis or trees can

provide enough shade to make a noticeable difference in temperature. .....cccoevvevevrnecernnne 97
6-8 Vines provide shade and evapotranspiration benefits. ..., 97
6-9 Sample residential landscape ... 99
6-10  Strategic planting diaBTamM ....coviiiiiiiiiei s et ss 99
6-11  Solar path dIABTAM oo s e s s e as e see s b rebebesrese b sbabesssesseros 100
6-12  Trees channel breezes........, PO PO 101
6-13  Plant lines and plant fOTMIS ....cocvviiiiiiiiicine ettt ebeb s tas e s ssesssessesnanssese senens 102
6-14  Change of shade patterns on daily and seasonal basis.......ccininieeneeinneenn 103
6-15  Parking lots without vegetation for shading are extremely vulnerable

to the penetrating solar RERAL......ccviiiiviiiiii e s 105
6-16  Trees planted throughout a parking lot are far more effective "coolers”

than those planted around the edges only ... 105
7-1 Ordinances set standards for minimal level of performance ... 114
7-2 Flexibility may be one of the most appealing features of a good ordinance .........ccccveenenne 116
7-3 The effectiveness of ordinances may be assisted by

generating enthusiasm L0 CO-PATHICIPALE . vovviiiiiiiiiiiiiiriesne e esrrsrsrresiereeseesesseessessessnaressesvessens 117
7-4 The public needs access to information that clearly explains

compliance criteria and StaNdATds ... e 125
7-5 Trees require systematic care and watering in order to reach maturity .......cccocevvveriicnenennan 126
7-6 Community input in the planning stages of ordinances is invaluable

to both the community and the adminiStering GEENCY ..cocierviienicniien e e e 127
8-2 PlANNINE TOOM fOT 1TEES tiviiiiiiie ettt st se st ebecs e es b ereasesabeebe s sresesabesasaraasesrbessestssreseesarns 135
8-3 The value Of INCENUIVES Lot bbb es b eba st sbes s sbesesbeene 136
F-1 Proper support for newly planted tFEes i vererere st aes 202
F-2 Diagram of species classified by climate ZONE ..o e 203
F-3 Seasonal sun angles and day 1ength 210




Contents

Maps
1-5 Winter heat island in London, England ... 10
1-6 Winter heat island in Montreal, Canada ... 10
1-7 Heat-island profile of downtown St. Louis, MiSSOUTN ....c.ccvciriivininmininienosiieienn 11
1-17  Map of climate regions based on heating and cooling requirements.....cco.ceoiviinisinnenoenns 17
Photographs
1-2 Rural building (and air conditioner) shaded by trees; ................................................................. 6
1-3 Urban canyons DIOCK Bre@zZes. .. sesissessranes 8
3-1 Traditional lifght SUITACES ..t ee s ssestssnsessses 43
3-7 Residents of cities in tropical and mediterranean areas have white-washed

their buildings for centuries, sometimes repainting outside walls annually

to ensure Comfort. .o, SO O OO PO PSP OPOTTOPIOOPPPRPPO 50
6-1 TTICES ON CILY SITEELS toviviirrieiriieeireriiresiesese et esise et arebs e saesbeosesbesssasssessssnsisn s e e e nreres 93
6-17 On Pennsylvania Avenue in downtown Washington, D.C,, pedeslrian‘s

enjoy a changing landscape featuring boulevards lined with trees. ... 106
8-4 Thinking about the fULUTE ....iieevii ettt sre e sres s breetsssbtsbasrssentonsensasassesasrenes 137
E-1 Gary Moll (American Forestry Association) with balled-root planting stock........coceeunen. 195
Tables
1-1 Measured temperature trends in selected Cities ..o 15
1-2 Correlation between temperatures and electricity demand for selected

utility districts based on measured data for 1986 ........covvvieiiiininnion 19
C-1 Monthly and averaged crop coefficients for selected plants ..., 161
C-2 Average summertime crop coefficients for landscape vegetation classes. ... 161
C-3 Estimated crop coefficients of 150 landscape plants based on

annual precipitation in their native habitats ... 163
C-4 Calculated changes in plant ET requirements for different

landscape scenarios based on crop coefficients in Table C-B ..o 168
C-5 Calculated changes in plant ET requirements for different

landscape scenarios based on crop coefficients for low-water-use vegetation ........ccoceenine 169
D-1 Tree CTEdit SYSIEIM——1 ..ottt et er et bt eres s st bestbb e s bbb estsbeernsb bbb saean s 190
D-2 TrEe CIEAil SYSIEIM =2 . i iiriiterreertiieentenrete st e statsreesaareereabaebeesaeaeste s bebessheberesb et s e sre b aabesbnesbeatsbesseesnn 191
D-3 Credit for hours air conditioner is shaded ..o e e 191
D-4 SRIUD CTEAIL SYSTEIM ittt sttt st steereesa e st st et saba et b aabest e saesbtersssrenesbnssesasnensess 191
D-5 Example calculations of landscaping requirements utilizing credit system .....cccoccrvviniinins 193
G-1 Tree seleCtion ChATt .. e e 212

Xi



Foreword

I n the 1990 State of the Union address to the U.S. Congress, President Bush unveiled
his America the Beautiful Tree Planting Program, one of the most ambitious
anywhere in the world. Its goals are to plant one billion trees each year and improve
forest management on targeted lands. This new EPA publication, Cooling Our Com-
munities, focuses on one element of that program, community tree planting, and adds
a new component, light-colored surfacing. It describes how citizens can help reduce
air pollution, abate the greenhouse gas carbon dioxide, and potentially lower rising
urban temperatures through two types of activities-—planting trees around homes
and other small buildings, and lightening the color of buildings and paved surfaces.
Each can save energy, reaping environmental and economic benefits. This guidebook
shows how the efforts of volunteers, spurred by growing environmental awareness,
can be tapped to improve our communities.

My appreciation goes to the Department of Energy's Lawrence Berkeley Labo-
ratory, which worked with EPA on this guidebuok. It draws on the expertise of
specialists in government, universities, and other organizations, and the experiences
of many individuals. Many thanks to all who contributed to producing this report.

As President Bush announced the America the Beautiful program, he said, "Every
tree is a compact between generations." I hope the findings and recommendations
in this document provide the impetus for individuals and for members of private groups
to plant trees for our common good, and for that of generations to come.

—William K. Reill

January, 1993>

S m’?ef.
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Executive Summary

s ummer temperatures in urban areas are now typically 2°F to 8°F higher than in
their rural surroundings, due to a phenomenon known as the "heat island effect."”
Recent research shows that increases in electricity demand, smog levels, and human
discc.afort are probably linked to this phenomenon.

Urban areas accumulate greater amounts of heat for several reasons. Many of
these factors—including climate, topography, and weather patterns—cannot be
changed. Two factors we can influence are the amount of vegetation and-the
color of surfaces. These two factors are responsible for the majority of additional
heating attributable to human activities.

Strategically planting trees and lightening building and pavement surface colors
have the potential to reduce energy use for cooling and lower electrical bills. This
may also nelp lower summer temperatures in our communities, thereby reducing the
production of tropospheric ozone and improving the quality of our environment. By
reducing the generation of electrical power, these actions also decrease the emission
of carbon dioxide (CO,), the most important greenhouse gas, and may help lower
the risk of global climate change.

Initial analysis suggests that billions of dollars may be spent each year just to
compensate for the increased heat of an urban heat island. Planting trees and lightening
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Figure ES-1.

Sketch of a typical urban
heat-island profile: This
graph of the heat island
profile in a hypothetical
metropolitan area shows
temperature changes
(given indegrees Fahren-
heit) correlated to the
density of development
and trees. (Also appears
as Figure 1-4.)
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Peak tempera-
tures in Los
Angeles, other
cities of north-
ern California,
Texas, Washing-
ton, D.C.,
Shanghai, and
Mexico City
show that peak
temperatures
have risen
throughout the
century.

Higher urban
temperatures
increase the
demand for
electricity.

the color of our urban surfaces could lower our urban temperatures, reduce our cooling
energy use, and lower smog levels. A study by the National Academy of Sciences
indicates that these strategies may be able to save 50 billion kilowatt hours, or 25
percent, of the 200 billion kilowatt hours spent annually in the United States for air
conditioning (NAS, 1991). Programs that encourage these energy-saving practices
could also beautify urban areas, mask noise, reduce air pollution, enhance community
relations, and provide valuable habitat for wildlife.

This guidebook is designed to introduce both lay and technical readers to the
potential of tree planting and light-colored surfacing methods for reducing energy
demand and lowering urban temperatures. It is the first collection of such material.
Therefore, its findings and recommendations should be considered a foundation for
future inquiry and work, and not a final analysis.

Why Are Urban Temperatures Rising?

The urbanization of the natural landscape—roads, bridges, dams, houses, and high-
rises—has dramatically altered its waters, soils, and vegetation, In fact, the most
stereotypically “urban” characteristics of cities are also those which can cause tem-
peratures to rise. By replacing vegetation and soil with concrete and asphalt, we reduce
the landscape's ability to lower daytime temperatures through evapotranspiration,
and lose the obvious benefits of shade. And by using dark-colored materials on roads,
buildings, and other surfaces, we create entire cities that absorb, rather than reflect,
incoming solar energy.

The combination of reduced reflectivity—called "albedo"—and reduced vegetation
has resulted in a temperature difference between urban and rural areas that is most
clear in late afternoon and early evening, when roads, sidewalks, and walls begin to
release the heat they have stored throughout the day. The difference is most extreme
in densely developed areas. In fact, heat islands are broken up partially by parks and
other vegetated areas, even within the downtown area (See Figure ES-1).

Meteorologists and other scientists have been aware of this phenomenon for over
100 years. But throughout the last century, increasing rates of urbanization and in-
dustrialization have exacerbated the heat island effect. Peak temperatures in Los An-
geles, for instance, have risen by 5°F in the last fifty years. Peak temperatures in other
cities of northern California and Texas, as well as Washington, D.C., Shanghai, and
Mexico City, have also risen throughout the century. Figure ES-2 shows a historical
comparison of rural and urban temperatures in California.

What Are The Effects Of Increased Urban Temperatures?

Increased Electricity Demand

A winter heat island in a cold climate can be a moderate asset because it lowers
heating bills. In warm and hot climates, however, the higher temperatures result in increased
energy demands for air conditioning. Initial research shows that for every 1°F increase
in summer temperatures, peak cooling loads will increase 1.5 to 2 percent. Since urban
temperatures during summer afternoons in the United States have increased by 2 to 4°F
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in the last four decades, we can assume that
Jio 3 \;)ercent of the current urban elec-
tricity demand is used to compensate for
the heat island effect alone.

These percentages may seem nominal,
but they cost a great aeal. The 5°F in-
crease in Los Angeles' peak temperatures
since 194(), for instance, is estimated to
have added electricity demands of 1.5 gi-
gawatts (4pproximately one and a half
new, large power plants)—-with an esti-
mated hourly cost of $150,000. Similarly,
the cost of Washington, D.C.'s heat island
has been estimated at $40,000 per hour.
A rough estimate of the national electric-
ity costs for the added urban heat is
around $1 million per hour, or over $1
billion per year,

Increased Smog Production -

Summer heat islands also increase
smog production; the incidence of smog
events may increase by 10 percent for each
5°F increase in temperature. In Los Ange-
les, for example, ozone levels are not likely
to exceed the National Ambient Air
Quality Standard (NAAQS)—currently 12
parts per hundred million (pphm)—when
temperatures are below 74°F. Above that
threshold, however, peak ozone levels
exceed health standards more often (See
Figure ES-3). Ozone levels frequently
reach unacceptable levels at or above 94°F.
Similar threshold phenomenon have been
found in other areas as well.

Increased Emission of Carbon Dioxide And
Other Pollutants

Increased air conditioning increases
electricity generation at power plants. Plants
that run on fossil fuels typically emit many
pollutants, including sulfur dioxide, carbon
monoxide, nitrous oxides, and suspended
particulates. Perhaps more importantly,
burning fossil fuels or wood produces large
amounts of carbon dioxide, which many
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Figure ES-2.

Urban areas are getting warmer. Since 1940, the temperature difference be-
tween urban and rural stations has shown an increase of 0.6 7°F per decade. (Also
appears as Figure 1-15.)
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Figure ES-3.

Rising temperatures and smog: This graph shows ozone concentrations com-
pared to daily peak temperatures in Los Angeles, California. As temperatures rise
above 74°F, ozone concentrations can more frequently exceed the
National Ambient Air Quality Standard (NAAQS) which is currently 12 parts per
hundred million. {Also appears as Figure 1-23.)
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Figure ES-4,

Sample residential land-
scape: A large tiee 1$
planted on the east side
to shade the air condi-
tioner, and on the west
and south sides to cast
maximum shadows on
the house. Shrubs
planted on all sides of
the house help to reduce
the temperatures of soil
and walls. {Also appears
as Figure 6-9.)
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scientists believe could contribute to changes in climate (IPCC, 1991). If so, urban heat
islands could be contributing to this problem, since increased air conditioning leads to
increased power generation and carbon dioxide emissions.

Tree Planting And Light-Colored Surfacing To Reduce Urban Temperatures

Trees affect climates and building-energy use in two ways. Direct benefits accrue
from the shade that trees provide to buildings and surfaces. By blocking solar radiation,
trees prevent structures and surfaces from heating up beyond the ambient air temperature.
Indirectly, trees cool buildings by cooling the air surrounding them through evapotrans-
piration. In a process similar to sweating, trees use heat to evaporate water from a leaf
before it can heat the air, thus cooling the air immediately around the leaf. The cumulative
effect of many leaves and many trees can cool the air in a large area.

Direct Effects

Tree shade does a better job cooling a building and its interior than Venetian blinds,
plastic coatings, or reflective patinas on glass. Field measurements have shown that
through shading, trees and shrubs strategically planted next to buildings can reduce
summer air-conditioning costs typically by 15 to 35 percent, and by as much as 50
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percent or more in certain specific situ-
ations. Simply shading the air condi-
tioner—by using shrubs or a vine-covered
trellis—can save up to 10 percent in
annual cooling-energy costs.

Placement of trees is very important.
Proper placement can ensure that trees
shade the areas most critical in lowering
internal temperatures, and shade them at
the most critical times of the day. For
example, trees should be placed to shade
the east, west and south sides of a building
in order to block late morning, afternoon,
and early evening sun (See Figure ES-4).
In addition, trees which shade windows
provide the most benefit. However, im-
properly positioned trees can increase the
cost of energy.

During the winter, shade (especially
from the south) can be a liability, as it
blocks the warming rays of the sun, which
can otherwise reduce heating energy re-
quirements. Broadleaved or deciduous trees
drop their foliage in the fall and allow most
of the sunlight to come through the bare
limbs. Proper pruning of larger trees allows
the low-angled winter sun to come in under
the lowest branches.

Evergreen or coniferous trees and
shrubs can be positioned to reduce the in-
fluence of cold, winter winds on the heating
requirements (See Figure ES-5). It is very
important that these windbreaks not impede
winter sunlight. Houses measured in South
Dakota, for example, consumed 25 percent
less fuel when located on the leeward sides
of windbreaks than when exposed. Wind-
breaks on three sides—north, west, east—
reduced fuel consumption by 40 percent.
This guidebook discusses proper placement
of trees and vegetation in detail. Figure ES-
6 shows estimated direct savings in heating
and cooling energy from a 30 percent
increase in tree cover around older houses.

Winter
Winds

DN

Coniferous
windbreaks protect
house from cold
winter winds. Trees close
to house on
oast and west protect
against summer sun.
Trees on south side should Avoid dense traes in the
be deciduous to pormit direction of summer
winter sun while shielding winds that block
the summer sun. desired cooling breezes.
Summer
Winds
Soutce Huang 1990
Figure ES-5.

Strategic planting example. In temperate climates, trees must be chosen and
planted to shield a house from both the hot summer sun and the cold winter
winds. (Also appears as Figure 6-10.)

Changes in Expenditures for Energy:
Wind-Shielding and Shading Effects

200 f
£} Heating
B Cooling
150
]
[
£
2
a
50
i
i1
0
¢
o«

Source Huang et al , 1190

Figure ES-6.

Wind-shiglding and shading effects: The net direct effects of a 30 percent
increase in tree cover on the heating and cooling energy use of older houses, based
on computer simulations. (Also appears as Figure 2-6.)
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Indirect Effects

| The evapotranspirative properties of
*50E £ Savings trom Indirect Effects trees can produce even greater indirect ef-
“ ¢ |} savings from Direct Effects et . SR .
Thtee wees per housa tf:u.s on temperature and energy consump
3 tion, Figure ES-7 shows a comparison aof
g the relative savings attributable to indirect
§ %0 and direct effects of trees. As the number
3 /00; One tree per house of trees increase, the relative contribution
g of the indirect effect grows in comparison
2 5! to the direct effects. Trees transpire up to

g . .
S : 100 gallons of water in a day. In a hot dry
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Sacramento Lske  Phosnix Sacramento  Lake  Phoenix climate, this cooling effect equals that of
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total cooling energy use . . .o .
' combined with the effect of strategically
suuce nuang e al 1990 placed shade, temperatures can drop by as
Figure ES-7. .

Estimated cooling savings in a typival wellinsulated new house from the

much as 9°F in the immediate vicinity of

combined direct and indirect effects of trees. Note that direct effects provide a  the trees. Increasing vegetation cover by
relatively small percentage of the total energy savings for new housing stock.  just 10 and 30 percent (about one and

(Also appears as Figure 2-9.)

three properly placed trees per house, re-
spectively) may reduce cooling energy by as much as 10 to 50 percent, depending
on housing stock type, age, construction and other factors. (Typically, older and more
poorly insulated buildings, and those in hotter, drier regions, wiil have larger energy
savings.) These numbers apply on'y to shade trees carefully placed to maximize their
shading effects.

City-wide programs to plant street trees and to fill our parks, corporate lawns,
and plazas would enhance the shading and evapotranspirative benefits of urban trees.
Such an increase in the urban canopy would improve our communities in other ways,
too. For instance, trees filter air pollutants, mask noise, and prevent erosion. They
provide habitat for wildlife and birds, and may inspire feelings of relaxation and hap-
piness in humans. Massive tree-planting programs can revitalize our dying urban forests,
while sponsoring community cooperation and civic pride.

Finally, urban trees can contribute to slowing or preventing potential changes in
climate. Urban trees not only sequester carbon dioxide from the atmosphere, but they
also help prevent carbon dioxide emissions in the first place by reducing the need for
air conditioning. Researchers estimate that the energy conserving properties of community
trees may increase their contribution to reducing carbon dioxide levels by a factor of
five to ten compared to trees planted at a distance from buildings. If enough trees are
planted, we may be able to reduce our cooling energy enough to avoid both the costly
construction of new power plants as well as their economic and environmental costs.

Light-Colored Surfaces

Our built environments contain myriad surfaces, including building roofs and wails,
streets, fieeways, parking lots, driveways, school yards, and playgrounds. When these sur-
faces are dark, they absorb heat. When they are light, they reflect heat and stay cooler.
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The measure of a surface's reflectivity
is called albedo. Humans in tropical and
sub-tropical communities (Greece and
North Africa for example) have been white-
washing their walls and streets to keep
albedos high—or very reflective—and tem-
peratures low for centuries. In this country
and other countries, people may have for-
gotten the practical cooling effect that such
light colors can have. Dark-colored houses
and streets create hotter communities and
increased use of air conditioning.

Many studies exist which show that
increasing surface albedos lower surface
temperatures (See Figure ES-8). To date,
few field measurements exist that doc-
ument reductions in energy use from
changing dark-colored surfaces to light
ones in houses and communities. Com-
puter simulations of a l&pical house in
Sacramento, California, indicate that its
total air-conditioning bill could be re-
duced by up to 22 percent if the albedo
of the roofs and walls are increased from
0.2 t0 0.6 (See Figure ES-9). Such in-
creases entail no drastic measures, and
simply changing grey siding to off-white,
and replacing dark-colored roof shingles
with light-colored ones, would signifi-
cantly increase the house's overall albedo.

Like trees and vegetation, reductions
in temperatures and energy use from albedo
modifications accrue to both individual
buildings and entire neighborhoods. In fact,
the indirect effects of albedo modification
may be larger than the direct ones. Com-
puter simulations of neighborhoods show
that changing roof, wall, and street colors
could significantly reduce air temperatures
and cooling energy use. Researchers esti-
mate that realistic albedo changes could re-
duce a city's air temperature by as much
as 5°F in hot, sunny climates with many
dark surfaces. This, in turn, would produce
indirect energy savings as high as 40 per-
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Figure ES-8.

Effects of Surface Color on Temperature: Actual measurements of roof tempera-
tures showed that dark-colored surfaces become increasingly hotter throughout
the day compared to light-colored surfaces. (Also appears as Figure 3-4.)

Direct Cooling Energy Savings from Increased Albedo
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Figure ES-9.

Cooling Energy Savings from Direct Effects of Increased Albedo. Significant
energy savings from increasing the surface albedo in selected cities across the
country as projected by computer models. Note higher dollar savings in sunbeit
cities. (Also appears as Figure 3-6)
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]
Filling 100
million urban
tree spaces and
lightening sur-

face colors on a

large scale could
reduce U.S.
energy use by 2
percent and cut
cdarbon emissions
by [ percent,
annually,

cent. When the direct and indirect savings of albedo changes are combined, the total
energy savings simulated by a computer approached 50 percent during average hours
and 30 percent during peak cooling periods.

In addition to these significant savings in energy, albedo modifications are likely
to be inexpensive. Because changes can be incorporated into normal maintenance
cycles (i.e., repainting walls, replacing roof shingles, or repaving asphalt surfaces),
they add little or no extra costs to building owners or city governments.

Trees And Light-Colored Surfaces

Clearly, both trees and light-colored surfaces can have a significant effect on
the temperatures and energy consumption of our homes, offices, and communities.
Taken together, however, the effect of these two measures is even more striking. Some
scientists estimate that if 100 million urban tree spaces in this country were filled
(that's three trees for one-half of the single-family homes in this country) and if light-
colored surfacing programs were implemented, we could reduce our electricity use
by as much as 50 billion kilowatt hours per year (2 percent of annual electricity use
in the United States). In addition, the amount of CO, released into the atmosphére
could be cut by as much as 35 million tons per year (about 10 million tons of carbon)
roughly | percent of annual U.S. CO, emissions.

Do These Strategies Cause Problems?

Neither planting trees nor changing surface colors are faultless measures. In-
creasing trees may increase the amount of water needed for irrigation and the amount
of solid waste generated in a community. Preliminary analysis suggests, however,
that using trees to replace lawns can drastically reduce water needs in a commu-
nity, and that using shrubs or groundcover to replace trees can reduce water usage
even further, In arid climates, using native vegetation that is less dependent on high
volumes of water also reduces water needs.

The problem of disposal (potentially large amounts of leaves, twigs, branches,
and other debris from vegetation deposited in landfills) also does not loom as large
on closer inspection. Leaves can be used for compost, while branches and fallen
trunks can be used for firewood, large-scale composts, or boiler fuel. Clearly, any
community embarking on a large-scale trec-planting program could also consider
the merits of community-wide composting and yard debris programs. Depending on
the region and other factors, the combined benefits of urban tree planting will often
be greater than the costs incurred, especially when planting directly around houses
(See Figure ES-10),

Questions regarding albedo primarily focus on glare and soiling. That is, a
community containing many light-colored surfaces may be uncomfortable to the
eye. This does not seem to be a problem; cities in the Tropics and Middle East
have had predominantly white surfaces for centuries. By contrast, some critics
have claimed that white surfaces will soil too quickly to be effective. Studies show,
however, that even soiled, light-colored surfaces can have a higher albedo than
dark-cotored ones.
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Costs and Benefits of Community Trees
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Developing Programs To Plant Trees And Change Surface Colors

One way to begin programs for tree planting and light-colored surfacing strategies
is through public education. That is, providing information on the albedo of building
materials, the shade potential of trees, and energy-savings of direct and indirect
measures will inspire consumers to implement some measures. Developing ordinances
will also spur energy-conserving measures.

Many communities in this country already have tree-planting programs and or-
dinances iu effect. The simple addition of landscaping and albedo modification
suggestions could enhance the overall benefits of existing programs,

Because no urban community in the United States or abroad has yet initiated a
formal program of albedo modification, we have no expericnce with successful
implementation practices, potential drawbacks, and conflicts with other urban issues.
We would like to stress, however, that our preliminary analysis indicates that the
energy and environmental benefits of albedo modifications are high, while the costs
and potential risks can be strikingly low.

Conclusions And Recommendations

Research on the effects of urban heat islands is coming at a time of great public
concern about local and giobal environmental conditions. Air pollution, water pollution,
and the possibility of global climate change all mandate that we decrease our energy
use. In addition, America's urban forests are in a state of decline. Half of the potential

Figure ES-10.
Projected annual costs
and benefits of the Trees
for Tucson/Global Rel eaf
reforestation program:
This graph shows the rela-
tive benefits of the loca-
tion of planting. Benefits
are plotted in the back
row. andcostsinthe front
row. Note the high ben-
efits associated with
planting trees around
houses (yard.) (Also ap-
pears as Figure 2-13.)
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Figure ES-11.

Ttus figure dlustiates
strategic tree-planting
and hght-colored surfac-
ing activities that could
yield enerqy-conserving
results for homeowners

spaces for trees along streets are unfilled, and only one quarter of urban trees that
die cach year are replaced.

At the same time, our city sizes arc growing at unprecedented rates. By the year
2000, tifty percent of the world's population will live in cities, where only 14 percent
lived 100 years ago. Correlating population size to heat-island intensity is still inexact.
It is clear, though, that heat islands intensify as urban areas grow. Already, urban
temperatures in this country can be 8°F hotter than those in surrounding arcas, and
urban temperawures in tropical and sub-tropical countries are as much as 15°F higher
than their surroundings.

Specifically, the following tasks could be undertaken to reduce urban temperatures
and the attendant levels of energy use and smog production:

1) Undertake or expand community-wide programs for shade tree planting and add al-
bedo modification. These programs can consist of volunteer programs in conjunction
with community tree planting and development groups, and public education,

2) Promote energy conserving activities by providing information on albedo of building
products, suggestions for landscaping designs, and the energy savings possible—through
retailers of building materials and trees, through forestry cxtension agents, city for-
esters, contructors, and through utilities and municipalities.

3y Provide incentives for developers to build well-arbored, light-colored, energy efficient
buildings and communitics.
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4)

5)

6)

7)

8)

9)

Encourage Public Utility Commissions to provide utilities with incentives to support
tree planting and surface color enhancements.

Utilities can support these activities as a way to reduce demand for peak power and
perhaps reduce the need to build new power facilities.

Corporations can encourage energy conservation by sponsoring tree planting and light-
colored surfacing programs among their employees and in the communities in which
they and their employees reside.

Professional groups can create professional education materials so that their mem-
berships are conversant with new techniques for community planning, tree planting,
and other modifications to traditional practices.

Municipalities can pass tree ordinances, specify the use of light-colored paving ma-
terials in road building and renovations, provide financial incentives, or zone for light-
colored building materials in commercial areas, strengthen the ability of roads and

. parks departments to plant new trees and maintain existing ones, and foster community

efforts in these areas.

Professional schools and other educational programs could incorporate these principles
in the training of builders, engineers, architects, city and urban planners and designers,
arborculturists, foresters, and landscape architects.

Tuday, inspired by President Bush's "America the Beautiful" tree-planting program,

and by efforts like the American Forestry Association's Global ReLeaf Network, and those
of many successful city tree-planting organizations, ¢itizens across the Unites States are
planting trees in their communities. By combining those programs with these landscap-
ing and albedo modification suggestions, we can create communities that are cooler, more
aesthetically pleasing, and more energy efficient.
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introduction

The Urban Landscape

Construction Of The Urban Habiiat

0 ver the past two million years, humans have drastically modified their envi-
ronment. With fire, they cleared large areas of forest and grass lands. With
plant and animal cultivation, they created entirely new landscapes—by genetically
"engineering" native plants, transporting species to new areas, and re-directing water
for irrigation. When humans started building urban centers, they began the most
radical transformation possible—the replacement of vegetated landscapes with con-
structed cityscapes.

During the past century, this environmental transformation accelcrated at an
unprecedented pace. Industrialized society—with its emphasis on manufacturing,
transportation, and urbanization—has affected many areas on the planet. Indeed,
the impacts of industrialization on the landscapes and atmosphere are so significant
that some people say no place on earth is free of human influence.

Much of this influence is not readily evident. Pollutant gases and contaminated
soils are not always discernible. The ozone hole is not visible in the southern sky.
The ocean hides the products of our disposable society in deep basins.

The most visible places of human influence are the cities. Rolling hills and
pastureland have been leveled and paved over with asphalt roads and concrete side-
walks. Productive fields have been replaced with parking lots. Buildings are constructed
where trees once naturally grew and thrived. Smog and noise often fill the air.

In creating these urban areas, humans inadvertently have also created their own
microclimates with heightened air temperatures, unique windflow patterns, noise,
and pollution. The material in this book, Cooling Our Communities: A Guidebook
on Tree Planting and Light-Colored Surfacing, is specifically concerned with
increased temperatures of the urban environment, the problems caused by this increase,
and the potential methods for modulating the temperatures of our homes and
communities while reducing electricity demand and costs.
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The "intensity" of the heat island—that is, just how much hotter a city is than its
countryside—may seem slight. The effect of the heat islands is usually a temperature
rise of 2 to 8 degrees Fahrenheit (°F). Multiplied across the country, however, these
higher urban temperatures may be costing us billions of dollars each year in energy
expenditures, smog damage, and increased water consumption. Analysis of data from
electric utilities indicates that for each degree Fahrenheit increase in temperature, peak
power demand rises by one to two percent. Besides costing rate payers more than one
million dollars an hour during hot periods, increased power generation raises levels
of atmospheric carbon dioxide—a major contributor to the greenhouse effect. Research
also indicates that these increased temperalufes exacerbate levels of smog in cities.

It is clear that urban heat islands have major effects on energy costs and the quality
of urban life. It is also clear that effective ways of mitigating heat islands exist, and
that, fortunately, these methods are fairly simple and inexpensive to implement.

Opportunities For Cool Communities

Urban areas accumulate greater amounts of heat for several reasons. Many of
these factors—including climate, topography, and weather patterns—cannot be changed.
Two heat island factors we can influence are the amount of vegetation and the color
of surfaces. These two factors are responsible for the majority of additional heating
attributable to human activities,

Vegetation cools cities by directly shading individual buildings, and by evapo-
transpiration. Evapotranspiration is the process by which a plant releases water vapor
into the air. Entire neighborhoods and cities can be cooled by evapotranspiration.
Unfortunately. in the last several decades, more and more trees were removed from
urban environments. As vegetation disappeared, temperatures began to rise. Today,
only one tree is planted in our cities for every four removed.

The color of a city's surfaces determines the amount of solar energy absorbed
or reflected. Dark building materials—roofing tiles, shingles, tar, asphalt, and gravel—
absorb more sunlight than light-colored surfaces. In this country, most buildings and
roads are dark. Each time we build them, we continue to drive up the temperature
of our cities.

Two of the most cost-effective methods of reducing heat islands are strategic
landscaping and light-colored surfacing. Strategic landscaping refers to planting trees
and shrubs around buildings and throughout cities to provide maximum shade and
wind benefits. Light-colored surfacing means changing dark-colored surfaces to ones
which more effectively reflect—rather than absorb—solar energy.

The combined effects of planting more trees and incorporating more light-¢olored
surfaces can be astonishing. Preliminary research indicates that late afternu‘bon air
temperatures on a hot summer day can be reduced by 5 to 10°F, resulting in ¢ooling
energy savings of up to 50 percent, depending on location. Implementing these mea-
sures may be cheaper than implementing other efficiency programs.

In addition to mitigating environmental concerns, planting trees and changing
surface colors provide many other physical, functional, and psychological benefits
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to urban dwellers. Trees help reduce noise and particulate matter in the air, and
provide habitat for wildlife. Both trees and light-colored surfaces enhance the aesthetics
of urban spaces, thereby contributing to the psychological well-being of their in-
habitants.

The Guidebook

. This volume is an initial attempt to address this problem. It compiles existing
information on the causes, effects, and most viable mitigation strategies of urban
heat islands. As such, it necessarily has some strengths and some weaknesses.

The primary strength of this volume is that it collects the most current research
on heat islands in the country. A number of researchers, in particular the Heat Island
Project of the Energy Analysis Program at Lawrence Berkeley Laboratory, have been
studying the problem of heat islands for several years. This book documents and
reflects their efforts. In addition, this is the first book to suggest the ways in which
homeowners and policymakers can take steps to reduce heat islands.

The concepts of strategic landscaping and light-colored surfaces are not difficult
to understand, but implementing community-wide programs requires considerable
planning and constant maintenance.

The first chapter of the guidebook introduces the causes of heat islands and their
effects on urban areas. The second and thi-d discuss planting trees and changing surface
colors to reduce those heat island effects. The remaining chapters discuss implemen-
tation of programs for heat island mitigation, and describe several programs already
in operation.

The authors developed the guidebook for the benefit of lay readers. Citizens,
policymakers, and urban planners are provided with a general view of the scientific
research that is underway to understand and mitigate the effects of urban heat islands.
In the back of the book, the authors have included technical appendices to assist
analysts seeking more detailed information.

Definitions

There are several technical terms that appear throughout the guidebook and are
defined here for the reader's convenience.

Albedo. The ability of a surface to reflect incoming electromagnetic radiation
measured from O to 1. A surface with an albedo of 1 reflects all incoming
radiation. while one with an albedo of 0 absorbs all of it.

Building cooling load. The hourly amount of heat that must be removed from a
building to maintain indoor comfort is known as the building's "cocling
load." This measurement, generally used by architects and engineers, is
given in British Thermal Units (Btus).

Caliper. The standard measure for the diameter of a tree measured six inches above
the ground (for trees larger than one half inch and smaller than four inches
in diameter).
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Cooling electricity use. The amount of electricity used to meet the building cooling
load is referred to as its "cooling electricity use."

Gigawatt. A gigawatt is a unit of energy equal to a billion watts or a million kilowatts.

Kilowatt (kW). A kilowatt is a unit of electric power equal to 1000 watts, which
is the work represented by an electric current of one ampere under the pressure
of one volt,

Kilowatt-hour (kWh). A kilowatt-hour is a unit of energy equa!l to that expended
by one kilowatt of electricity in one hour.

Megawatt (mW). A megawatt is a unit of energy equal to 1000 kilowatts.
Microclimate. The localized climate conditions within an urban area or neighborhood.

National Ambient Air Quality Standard (NAAQS). The NAAQS is a mea-
surement of ozone concentration, currently equivalent to 12 pzirls?per—
hundred-million. Smog levels that exceed this measurement are considered
problematic.

Peak building cooling load (or peak load). The maximum hourly amount of heat
that must be removed from a building to maintain required indoor comfort
conditions is known as "peak building cooling-load." In this book, this term
often appears in a shortened form as the "peak load.”

Peak cooling electricity use. The maximum amount of electricity needed to meet
the cooling load of a building is referred to as its "peak cooling elec-
tricity use."

Peak electricity demand. The maximum electricity used to meet the cooling load
of a building or buildings in a given area is known as "peak electricity de-
mand." Peak electricity demand is measured in kilowatts.

Quad. One quadrillion Btus (British Thermal Units), approximately equivalent
to the yearly production of 17 large nuclear power plants (1000 megawatts
each).

Utility load. The total electricity demand for a utility district is referred to as the
“utility load" of that district.




Hashem Akbari
l Susan Davis
r Joe Huang
The Urban Heat Island: ipLi
d I Haider Taha

What Is An Urban Heat Island?
One of the most telling characteristics of a city is its temperature. Visit any city NG

on a hot summer day and you will feel waves of blistering heat emanating from The “Urban

roads and dark buildings. Travel from the city to the countryside after sunset, and

you will notice that the settled areas are still hot and muggy, while the rural areas
are rapidly cooling.

Even within a city, different neighborhoods have different temperatures, depending
on the surroundings. Parks are the coolest, for example. Neighborhoods with many
trees are cooler than those with few. Downtown areas full of concrete and tall buildings
are the hottest of all. These differences may seem obvious, but they also illuminate
an often-ignored fact: human activities atfect the climate within which we live. More
specifically, in creating urban landscapes, humans have made them significantly hot-
ter—usually between 2 and 8°F hotter—than their surrounding rural areas.

Heat Island” is a
moderate asset
during the
winter, raising
city tempera-
tures and low-
ering heating
bills. During the
summer, how-
ever, heat is-
lands intensify
“heat waves,”
increasing
electricity use
for air condi-
tioning, adding
to human dis-
comfort, and
exacerbating
urban smog.

Figure 1-1.

Comfort in the shade and
moist air. Temperatures
can noticeably vary even
within a city, depending
on the amount of sur-
rounding vegetation and
surface colors.
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Data from
electric utilities
indicate that for
each degree
increase in
temperature,
power use rises
by 1-2 percent
because of the
increased need
for air condition-
ing. Nationwide,
this increased
demand could
cost ratepayers
more than a
million dollars
per hour or
possibly over
one billion
dollars per year.

Figure 1-2.

Ruralbuilding (and air con-
ditioner) shaded by trees:
Shading urban homes
with strategically placed
vegetation can help to re-
gamn both the quality of
environment and cooling
advantages of the rural
landscape

Meteorologists who first noticed this phenomenon more than a century ago,
labelled it the “urban heat island.” These heat islands influence most of the major
cities around the world. In the United States, for instance, the temperature of New
York City can be 10°F hotter than its outlying areas. Inner-city St. Louis is 2 to 8°F
hotter than its surroundings. Perhaps the most striking effect of heat islands is found
in tropical cities that receive a great deal of sunshine, Records indicate that the heat
island effect in New Delhi, India, can be 10°F, while in Mexico City, Mexico, it can
raise urban temperatures by an additional 18°F,
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What Causes Urban Heat Islands?

While the nature and effects of urban heat islands are still being studied, the causes
are well established. Denuded landscapes, impermeable surfaces, massive buildings,
heat-generating cars and machines, and pollutants all help to make urban areas hotter.

The replacement of vegetation or soil by concrete or asphalt reduces an urban
landscape’s ability to lower daytime temperatures through evaporation and plant tran-
spiration. In a rural or irrigated landscape, a large amount of daytime solar energy
is actually spent on evaporating water, not on raising air.temperatures. Trees and
other vegetation perform this function through the process of “evapotranspiration.”
In this process, the plant draws moisture from the ground, utilizes what it needs for
growth and moderating its own temperature, transpires the excess, and cools the
surrounding air,

When a natural vegetative cover is replaced by asphalt or concrete, it loses its
ability to moderate temperatures. Instead, the solar energy normally delegated to the
evaporation process is left to raise surface temperatures.

Urban areas get hotter than rural settings not only because their ability to cool
evaporatively is reduced, but also because they reflect less incoming solar energy.
This reflective capacity is called "albedo."' Asphalt, in particular, has low albedo;
it absorbs almost all the solar energy falling on it. This, combined with asphalt’s in-
ability to evaporate water, means that streets and parking lots paved with this material
often reach blistering temperatures on sunny summer afternoons.

Buildings also contribute to the urban heat island in a number of ways. Like pave-
ment and sidewalks, buildings do not have the capacity to moderate heat through
evaporation. Instead, they absorb and store the day’s heat, and then radiate it back
to the urban atmosphere at night. You can feel this heat if you stand close to a brick
building early on a summer evening.

In downtown areas, the densely clustered, tall office buildings create “urban can-
yons™ that take hours to cool off every night, In addition, buildings and other archi-
tectural structures obstruct the natural flow of breezes, making wind speeds noticeably
lower in the cities. This obstruction prevents winds from carrying heat build-up away
from the city and from assisting in the reduction of the heat island.

Urban pollution also affects the heat island, depending on the time of day and
season of the year. During daylight hours, pollution lowers heat build-up slightly,
because it blocks incoming solar energy. At night, however, pollution prevents heat
from escaping by covering the city like a blanket, and thereby increasing the heat
island effect. Finally, heat and pollution from cars, machines, and other mechanical
systems contribute to winter heat islands. During the summer, however, solar energy
is so intense that it overwhelms the heat output from these human activities. Con-
sequently, the severity of the summer heat island is determined largely by the interplay
of the urban landscape and solar radiation.

" Albedo differs from “reflectivity” in that it is measured across all wavelengths, rather than just the
visible spectrum. Since more than halt of the solar radiation is invisible to the eye, albedo is a more
precise term when discussing the ability of surfaces to reflect solar radiation.

L
Urban areas get
hotter than
rural settings
not only be-
cause their
ability to cool
evaporatively is
reduced, but
also because
they reflect less
incoming solar
energy. This
reflective ca-
pacity is called
“albedo.”
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Figure 1-3.

Urban canyons binck
breezes: Urban canyons
are typically found in the
downtown area of large
cities. There, tall and
densely clustered build-
ings obstruct the flow of
natural breezes that could
carry heat build-up away
from the city at night.
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What Is The Temperature Pattern In A Typical Urban Heat Island?

With the exception of slight variations due to geographical or climatological fea-
tures, the overall pattern of heat islands is remarkably consistent from city to city.
Starting from the countryside, temperatures rise distinctly at the edge of the city.
Temperatures continue to rise slowly closer to downtown, with pockets of cooler
air hovering over parks or other wooded areas, The highest temperatures, or “peaks,”
in the urban heat island are almost always in the downtown areas. The center of the
city usually contains the highest density of buildings, and there seems to be a direct
correlation between the amount of buildings per unit area and variations in tempera-
tures. Figure 1-4 illustrates the heat island effect for a hypothetical metropolitan
area. Figures 1-5 and 1-6 show recorded heat island effects in two cities.

Variations in the urban heat island over time are also consistent from city to city.
The thermal processes causing summer heat islands occur when the sun is shining.
The difference in temperatures begins to grow in mid-morning. The heat island, how-
ever, is most pronounced two to three hours after sunset, when paved areas and build-
ings slowly release their stored heat into the urban atmosphere. Figure 1-7 shows
how the recorded heat island contours in St. Louis changed over the course of a day.

Sketch of an Urban Hleat-Island Profile
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Rural Suburban Commerclal Downtown Urban Park Suburban Rural
Residential Residential Reslidential Farmland

Source; Andrasko and Huang, 1990

How Much Hotter Is An Urban Heat Island ?

Although most cities today suffer from heat island effects, their intensities—
that is, just how much hotter the cities are than their surrounding areas—depend on
a number of factors. Climate, topography, and physical layout certainly influence
a city’s average temperature. Short-term weather conditions also have a strong effect.
Breezes in a city, for instance, prevent the formation of heat islands by mixing cooler
air from surrounding areas with warmer urban air. On windless, cloudless days, stag-
nant urban air hovers over cities and holds heat that is released from city surfaces.

In the last century, increasing urbanization and industrialization have exacerbated
the heat island. As cities have grown, increasing numbers of buildings have crowded
out trees and other vegetation. It is estimated that, at present, only one tree is planted

Figure 1-4.

Sketch of a typical urban
heat-island profile: This
profileofaheatislandina
hypothetical metropolitan
area shows temperature
changes (indegrees Fahr-
enheit) correlated to the
density of development
and trees.
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Figure 1-5,

Winter heat island in London: This
map shows temperature variations
in downtown and surrounding Lon-
don, England. Even in winter the
contrast of high temperatures in
the inner city and lower tempera-
tures in surrounding rural areas
is observable. Here, the differ-
ence is 12°F.

Figure 1-6,

Neighborhood temperatures in Mon-
treal: This map shows temperature
variations (degrees Fahrenheit) in
LaFontaine Park and surrounding ar-
eas of Montreal, Canada. Notice that
the temperatures are lower over the
park, due to the cooling effects of
trees.
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10 a.m.

Soutce Vukovich, et al, 1979

B Downtown St. Louis  [] Buiit-up Area  2.2.4.6
Miles

Figure 1-7.

Heat island profile in downtown St. Louis, Missouri: Aithough heat islands differ in their intensity and their size, most exhibit a
similar pattern throughout the day. Notice that at 10:00 a.m., the temperature difference bstween downtown areas and
surrounding areas is apparent, but it is only about 3°F. This is because although the sun has been shining for several hours, the
dark surfaces have not yet absorbed enough heat to make the temperatures rise. At 3.00 p.m., the temperature difference is
still slight—in this instance, only 2°F. By 9:00 p.m., however, after the sun has set, there is a marked 7°F difference between
downtown and the area surrounding the city, because the pavements and other dark areas are releasing the heat stored there
throughout the day. That difference continues throughout the evening and into the early morning hours. Indeed, the 6:00 a.m.
frame shows a significant, lingering heat island of 6°F for this city.
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RN for cvery four removed in American

Population can
be seen as one
indicator of a
heat island's
intensity. This
“can be particu-
larly trouble-
some for cities
in the tropical
areas of the
world, where
- populations are
expected to
skyrocket in the

o , City Size and Heat Island Intensity
cities, For example, New York City =

has lost 175,000 trees, or 20 percent

of its urban forest, in the past ten years. | _

This loss of vegetation and its replace- %i

ment by buildings or pavement causes gé '
-]
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the urban heat island to intensify.

Population also can be seen as
one indicator of a heat island’s inten-
sity. Several studies of different cit-+ | |
ies in North America and Europe }"‘,“.? : o oo w0
have shown that cities with larger | ' Populstion
populations tend to have more ‘in-
tense heat islands (See Fig%[ure 1-87.
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Source. Oke. 1987

Figure 1-8.
. Maximum difference in urban and rural temperatures: Re-
searchers have found correlations between city size and

. {
This does not bode well for the ¢
o city temperature.

future. Already, the number of urban .
dwellers has risen from 600 million in 1900 to 2 billion'in 1986. If this growth con-
tinues, more than one-half of the world's population will live in cities by the end
of this century, where 100 years ago, only 14 percent lived in cities. In the United
States, 90 percent of the population is expected to be living in, or around, urban areas
by the year 2000 (Brown, 1987).

The situation will be even more dramatic in developing countries. Already, twenty-
one of the thirty-four cities with more than 5 million inhabitants are in developing
countries. Current projections estimate that eleven of those cities will have populations
of between 20 and 30 million by the year 2000. In other words, our cities may be
hot now, but they are going to get even hotter (Brown, 1987).

What Do Historical Records Show About Urban Temperature Trends?

Complete historical records of urban temperatures are not available at this time for
a number of reasons. First, not all cities have maintained temperature records. Second,
available records are usually only a century old, and contain so many changes in weather
station location and instrumentation that comparisons are extremely difficult. Third, most
temperature data taken in the last forty years have come from airport, rather than urban,
weather stations. These data may underestimate urban temperature trends, because airports
are usually located in the outskirts of cities, where temperatures are generally cooler.
Fourth, data on summer temperatures have not always been compiled for all cities.

Despite these data limitations, climatologists and researchers can still see that
cities across the planet are getting progressively hotter than their surrounding areas.
Since the turn of the century, average annual temperatures in many cities have increased
by as much as 5°F. The next section discusses first historical trends in absolute urban
temperatures in several cities in California, selected cities elsewhere in the United
States, and several cities abroad. It then focuses more closely on the relative differences
between urban and rural temperatures, or the urban heat island. In the absence of
summer data, we used average annual and maximum annual temperatures.

12
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Absolute Urban Temperatures

The historical data for several Californian cities with mild to warm climates show
an obvious warming trend. Figure 1-9 shows that the maximum yearly temperatures
in Los Angeles dropped 0.5°F per decade from the late 19th century until 1930. Summer
temperatures began rising, and have continued to rise at a steady rate of 1.3°F per
decade. Today, maximum temperatures in downtown Los Angeles are about 5°F higher
than in 1940. Average yearly temperatures in Los Angeles since the 1940s have risen
by about 0.8°F per decade.

The cooling trend in the first third of the century probably was a result of irrigation
and agricultural development on what had been sparsely vegetated ground. The pro-
fusion of fields and orchards had the inadvertent, but beneficial, effect or cuoling
the city. After the 1930s, however, as the urban population began to expand, agricultural
areas were replaced by buildings and dark roads. As these surfaces heated and cooling
effects of vegetation were lost, city temperatures began to rise.

Other cities in California are also warming. San Francisco’s average August
temperatures are increasing at a rate of 0.2°F per decade, as shown in Figure 1-
10. This rate is lower than that in Los Angeles, but still significant, especially if
we remember that San Francisco is well ventilated and open to the ocean. Other
cities in California, including Oakland, Sacramento, and San Diego, are also warming
at significant rates. Figures for these cities are located in Appendix A at the back
of this guidebook.

Maximum Daily Temperatures San Francisco, California
Los Angeles, California — Downtown 0.2 °F/decade
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Source Akbari, et al, 1990 Source: Taha, 1991
Figure 1-9. Figure 1-10.

Los Angeles (CA) temperature record: Meteo-
rological records show that yearly maximum
temperatures have beenrising 1.3°F per decade since
1940. Today, peak downtown temperatures are about
5°F higher than they were 50 ycars ago.

San Francisco (CA) temperature record: Even
though this city is located on a peninsula, average
August temperatures for San Francisco show a
0.2°F rise in temperature per decade.
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Warming trends are also evident in other parts of the country. Figure 1-11 shows
annual mean temperatures for Washington, D.C. from 1871 to 1987. Since 1900, the annual
mean temperatures have risen by a steady 0.5°F per decade, resulting in a total increase
of about 4°F over 80 years. The actual increase is probably higher than indicated in this
figure, since the weather station was moved from downtown to cooler airport locations
in 1942 (indicated by the vertical line in Figure 1-11). Similarly, Ft. Lauderdale’s (FL)
summers have been warming at about 0.2°F per decade, as shown in Figure 1-12.

Data from foreign countries indicate similar, if less drastic, temperature increases.
Figure 1-13 shows that the annual mean temperatures in Shanghai (China) have increased
by 1.2°F over the last 100 years. Figure 1-14 shows that the annual mean temperatures
in Tokyo, Japan, have increased by 3°F between 1915 and [965. Table 1-1 summarizes
the observed temperature trends for cities mentioned in this section and in Appendix A.

Ditferences Between Urban And Rural Temperatures

Because of the scarcity of data directly comparing urban and rural temperatures,
it is often difficult to ascertain how much of the urban warming trend resulted from
changes in régional weather, and how much is the result of the urban heat island effect.
But the available data indicate that urban temperatures are rising faster than tem-
peratures of surrounding rural areas.

In California, comparisons of 31 urban and rural weather stations show that urban
sites were all relatively cooler before 1940, as illustrated in Figure 1-15, because
cities were the centers of irrigation, After 1940, however, urban temperatures became

Washington, D.C. Fort Lauderdale
) 0.5;F/decade 0.19;F/decade
Rural | E—— Airports n - ]
stations ¢ stations
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Annual Annual
Swurce Taha, 1991 Source Taha, 1991
Figure 1-11. Figure 1-12.

Washington, D.C. temperatures. Since 1900, annual
mear. temperatures in Washington, D.C. have risen
by a steady 0.5°F per decade.
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Fort Lauderdale (FL) temperatures: Average August
temperatures for Fort Lauderdale show a 0.2°F rise in
temperature per decade. The increase is lower in this
city because it is oceanside.
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Figure 1-13. Figure 1-14.

Shanghai (China) temperatures. Annual mean tem-
peratures in Shanghai have increased by 1.2°F since
1860. See also Figure 1-16 which shows a record of
the "temperature difference” between urban and
rural areas of Shanghai during 1960 and 1980.

Tokyo (Japan) temperatures: In Tokyo, the annual
mean temperatures increased by 6°F between 1915 .
and 1965.

Table 1-1. Measured temperature trends in selected cities

Trend
City {° F/decade) Type of Recording

Los Angeles 1.3 highs

Los Angeles 0.8 means
San Francisco 0.2 means
Oakland 0.4 ' means
San Jose 0.3 means
San Diego 0.8 means
Sacramento 0.4 means
Washington ‘ 0.5 means
Baltimore 0.4 means
Ft. Lauderdale ‘ 0.2 means
Shanghai 0.12 means
Shanghai ‘ 0.2 minima
Tokyo 0.6 means

Sources: For identification of individual sources see description under Further Reading.
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Temperature Trend in 31 California Urban and Rural Stations
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Figure 1-15.

California heat islands. Since 1940, the temperature difference between urban
and rural stations has shown an increase of 0.67 “F per decade.

Shanghai Urban and Rural Temperatures
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Shanghai heat :sland Since 1960, the temperature difference between urban
and rural Shanghar has increased by 0 2 F per gdecade
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as high, if not higher, than those in the
suburbs. After 1965, this trend became
quite obvious; temperatures ros¢ at about
0.7°F per decade.

Similarly, the difference between an-
nual mean urban and rural temperatures
in Shanghai grew from 0.4°F in 1962 to
1°F in 1980 (See Figure 1-16). Under
ideal conditions (clear and calm nights,
for example), a heat island of 10°F has
been measured in that city.

Tropical cities provide exceilent ex-
amples of increasing heat island intensity.
Indeed, it is not unusual for average tem-
peratures in tropical and subtropical cities
to be as much as 10 to 18°F higher than
surrounding areas. Heat islands of 16°F
have been measured in Mexico City
(Mexico), and of 11°F in Bombay and
Poona (India).

Urban Heat Islands And Energy Use

Heat islands can have either beneficial
or detrimental impaclts on energy use, def‘g
pending on geography, climate, and other
factors. In a cold climate, an urban heat
island is a moderate asset because it raises!
wintertime temperatures and lowers heating |
bills. In warm to hot climates, however, it
exacerbates cooling energy use in the sum-
mer. For U.S. cities with populations larger
than 100,000, peak utility loads will in-
crease 1.5 to 2 percent for every 1°F in-
crease in temperature, Since urban tempera-
tures during summer afternoons in the
United States have increased by 2 to 4°F
in the last four decades, it can be assumed
that 3 to 8 percent of the current urban elec-
tricity demand is used to compensate for
the heat island effect alone.

The negative effects of urban heat
islands should be a concern for all cities
with significant cooling seasons. Figure |-
17 shows the United States separated into
four general climate zones: Cold. Temper-
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ate, Hot-Arid, and Hot-Humid. Cities in the first zone typically have cold long winters
and mild short summers. The effect of urban heat islands in these locations is generally
positive, with some improvement of winter conditions and small increases in energy
use during the short summer. Current thinking suggests that lightening surfaces and
planting trees, however, will probably have little effect on winter heat islands. Hence,
mitigation strategies for summer heat islands would still be a benefit in these areas.

Cities in the second zone have moderately cold winters, and mild to hot summers
varying in length from three to four months. The effect of urban heat islands in these
locations are generally detrimental, since their winter benefits do not compensate
for their significant degradation of summertime conditions and increased air-con-
ditioning demand. Cities in the last two zones have short mild winters and long hot
summers. There, the urban heat island definitely intensifies temperatures and increases
demand for air conditioning.

Correlations between temperature and energy use can be established by comparing
utility-wide electricity loads to temperatures at the same time of day. Selecting the
same hour each day is necessary to minimize non-climate related effects on electricity
demand, such as those from utility-imposed schedules. Most utility districts experience
peak electricity demands around 4:00 p.m. in the summer. (When hourly temperature
data are not available, we correlate daily temperature averages with peak loads. This
difference in method seems to have little effect on the results.)

Comparisons of temperatures to utility loads for the Los Angeles area have con-
sistently shown that the two are interrelated. There are two electric utilities serving

B e e o W
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Figure 1-17.

Climate regions basedon
heating and cooling re-

quirements.
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the metropolitan area, the Los Angeles Department of Water and Power (LADWP)
and Southern California Edison (SCE). The 1986 data for LADWP showed that the
peak demand increased by 72-75 megawatts (MW) or 2 percent for each 1°F increase
in temperature (See Figure 1-18). Similarly, the data for the larger SCE district showed
peak demand increases of 225 MW, or about 1.6 percent, for each 1°F increase in
temperature (See Figure 1-19).

If we combine the data for the two districts, the net rate of increase in Los Angeles
is 300 MW/°F. Therefore, the 5°F increase in Los Angeles’ peak temperatures since
1940 translates into an added electricity demand of 1.5 gigawatts due to the heat island
effect. Since peak electricity is worth approximately 10 cents per kilowatt-hour (kWh),
this added burden costs the Los Angeles basin $150,000 per hour.

In Washington, the increase in electricity demand is reported to be 100 MW or
2 percent for each 1°F increase in temperature. This means that the 4°F increase over
the past 80 years has contributed 400 MW to the utility load, at a cost of $40,000
per hour. Since there are approximately 1300 hours of air conditioning in Washington,
the increase in yearly energy costs approaches $50 million. Table 1-2 and Figure 1-
20 present data from various utility districts showing similar relationships between
demand and temperature.

These rates of increase may not seem very high. But their impact on the national
energy bill is impressive. The total electricity consumption for residential and com-
mercial air conditioning in the United States is estimated at about 260 billion kilowatt
hours per year, worth over $20 billion. Our initial calculations indicate that the elec-
tricity costs for summer heat islands alone could be as much as $1 million per hour,
or over $1 billion per year. Hence, the nation-wide response of peak-cooling electricity
load to temperature in the United States could range from 0.5 to 3 percent for each
1°F rise in temperature. Figures 1-21 and 1-22 show the results from a computer study
of the potential energy impacts of rising temperatures in the southern part of the United
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Figure 1-18 and Figure 1-19.

Electricity Load These plots show 4:00 p.m. electricity loads—maximum, mean and minimum loads—for two utility districts correlated
with air temperatures. Los Angeles Department of Water and Power (Figure 1-18) and Southern California Edison (Figure 1-19). Note that
as air temperatures rise, electricity loads also increase, due to increased demand for air conditioning
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Table 1-2. Correlation between temperatures and electricity demand for
selected utility districts based on measured data for 1986.

Increase Increase
Utility District (MW/®F) (% /[°F)
Los Angeles (LADWP) 75 2.0
Los Angeles (SCE) 225 1.6
Washington, D.C. 100 2.0
Salt River Project (Phoenix) 56 2.0
Dallas-Ft. Worth (TX) 250 1.7
Tucson (AZ) 12 1.0
Colorado Springs (CO) 4 1.0

Source Taha, 1991

Figure 1-20 . Electricity records for four cities: These plots also show the correlation of air temperatures with electricity load in the cities
of Dallas (upper left), Colorado Springs (upper right), Phoenix (lower left), and Tucson (lower right). Again, notice that as temperatures rise,
50 does the increase in electricity demand from increased air-conditioning use.
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Figure 1-21.

Estimated temperature
increases in the United
States: Estimated in-
creases in average and
peak temperatures in
various regions in the
United States due to glo-
bal climate change, un-
der the assumptions of
one study.

Figure 1-22,

Estimated electricity in-
creases in the United
States: Estimated in-
crease in peak and an-
nual electricity use in
various regions of the
United States with in-
creases in regional tem-
peratures.
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States. Figure 1-21 shows the estimated
changes in average temperatures due to
global climate change, although results
are speculative until climate change mod-
els provide better regional resolution. Fig-
ure 1-22 shows the estimated impacts of
these temperature changes on electricity
use in the same regions.

The increasing demand for electricity
will continue if our cities continue to warm,
either from heat islands or global warming.
Such warming can affect a utility in two
ways. First, it can increase the amount of
new generating capacity that a utility has
to build and maintain to meet increased
cooling demand. Second, logistical prob-
lems arising from the reallocation of re-
sources, in terms of scheduling, importing,
and exporting, could cost utilities across
the country millions of dollars.

Urban Heat Islands and Smog Levels

In addition to increasing cooling en-
ergy use, heat islands and long-term urban
warming affect the concentration and
distribution of urban pollution, because
heat accelerates the chemical reactions
in the atmosphere that lcad to high ozone
concentrations.

Polluted days may increase by 10
percent for each 5°F increase. In Los An-
geles, for example, ozone levels are not
likely to exceed the current National Am-
bient Air Quality Standard (NAAQS)’
when temperatures are below 74°F.
Above that threshold, however, peak
ozone levels increase. At 94°F and above
they reach unacceptable levels (Figure 1-
23). A similar threshold phenomenon
was found in 13 cities in Texas (Figure
1-24). There, high urban temperatures
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Figures 1-23 and 1-24.
Ozone concentrations compared to daily peak temperatures in downtown Los
Angeles in 1985 (Figure 1-23), and ozene concentrations compared too daily peak
temperatures in 13 cities in Texas (Figure 1-24). Note that as temperatures rise,
ozone concentrations reach dangerous levels (levels above the current National
Ambient Air Quality Standard-—NAASQ—of 12 parts per hundred million.)

"The current National Ambient Air Quality Standard (NAAQS) is an ozone concentration of 12 parts per hundred million
(pphm). Ozone concentrations that exceed this measurement are considered problematic.
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associated with the heat island effect also increase the probabilities of exceeding
the NAAQS.

The relationship between air temperature and air pollution levels, however, is
not simple. Other characteristics of city air, including dew point (the temperature
at which air becomes saturated and begins producing dew), air pressure, cloud cover,
and wind speed, also affect pollution levels. Emissions and concentrations of acidic
gases and particles also are greater in urban areas. And the deposition of acidity in
urban areas may be increased locally by enhanced rain volume due to heat-island-
generated differences in air circulation.

To add to the complexity of these interactions, urban geometry also plays an
important role in the transport and removal of pollutants. On the one hand, the
roughness of urban buildings and landscapes increases air turbulence, thereby en-
hancing the dispersion of pollutants. On the other hand, if pollutants land in sheltered
areas—like street canyons—they may reside longer than they would in a breezy
rural environment.

Heat island effects on urban winds also influence the concentration and dispersal
of pollutants. When incoming winds are fairly slow, winds within cities actually
increase, due to heat-island-generated differences in temperatures. Conversely, when
incoming winds move more quickly (a condition when heat islands cannot develop
as fully), winds within the city slow down, due to the roughness of the buildings and
urban structures.

Heat islands also affect urban pollution in less direct, but equally important, ways.
Increased air-conditioning results in an increase in power generation, which produces
larger amounts of pollutants. Average daily emissions from a representative (500
megawatt electric) coal-fired power plant consist typically of about 28 tons of sulfur
dioxide (SOz). two tons of carbon monoxide (CO), 28 tons of nitrous oxides (NO,),
and 1.4 tons of suspended particulates. These latter two are the major constituents
of urban smog.

Urban Heat Islands And The Greenhouse Effect

The data just described show that temperatures in cities, especially large ones,
have been increasing for at least the last four decades. There is no evidence that this
warming trend will stop, or even slow. Indeed, based on results that scientists have
obtained from computerized climate models, this trend may even accelerate because
of the greenhouse effect.

The greenhouse effect occurs when the atmospheric concentration of greenhouse
gases (carbon dioxide, methane, and nitrous oxides, among others) forms a blanket
over the earth’s surface. This blanket reduces heat loss through re-radiation from
the planet’s surface, which leads to increased globul temperatures.

A natural greenhouse effect has existed for millions of years. Without it, the earth
would be 50 to 60°F colder than it is. Human activities, however, particularly the
burning of fossil fuels, are now changing the concentration of greenhouse gases radi-
cally. (This may cause the carth to warm at a rate that could far exceed any other
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experienced on earth.) Researchers and analysts are working to understand the potential
impacts of global climate change in an effort to learn possible methods for adapting
to and slowing changes, such as reducing the emissions of greenhouse gases.

Scientists from organizations all over the world are forecasting that if current
trends continue, we could see an increase in the mean global temperature of 2 to 5°C
(3.6 to 9°F) by the end of the next century (IPCC, 1991). This could alter ocean and
atmospheric currents, shift precipitation patterns, raise sea levels, and lower the levels
of inland waterways. There could be reductions in the range of existing forests, the
loss of significant portions of the U.S. coastal wetlands, and regional adjustments
in agriculture due to a northward shift in productive regions. Finally, the higher tem-
peratures could require increases in the production of electric power to meet additional
air-conditioning needs. This generation could cause increases in the concentrations
of ozone in the troposphere, that part of the atmosphere within 8 to 10 kilometers
of Earth's surface (Morgenstern, 1991). In short, changes in climate have the potential
to alter social, economic, agricultural, political, and ecological systems,

Important greenhouse gases include carbon dioxide (CO,), methane (CH,), chlo-
rofluorocarbons (CFCs), nitrous oxide (N,O), and tropospheric ozone. Among these
gases CO, is considered the primary factor affecting global warming. This gas is
a by-product of both fossil fuel combustion and deforestation. On a global scale,
world energy use represents the largest anthropogenic source of CO,; it exceeds the
amount released from deforestation by two to five times. Taken together, the burning
of fossil fuels combined with deforestation has quadrupled global rates of anthro-
pogenic CO, emissions over the past 150 years. Atmospheric concentrations of CO,,
for example, have risen from about 315 parts per million to about 350 parts per million

Figure 1-25.

The Greenhouse Effect:
Greenhouse gases in the
entire atmosphere warm
the earth just as glass
traps warm air in a real
greenhouse.
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Figure 1-26.

Electricity use and car-
bon dioxide (CO,) emnis-
sions: Turning on the air
conditioner at home in-
creases CO, emissions
at the power plant
where they are released
into the atmosphe e.

this century, up sharply from estimates of approximately 290 parts per million in
the 1800s (Lashof and Tirpak, 1991). The U.S. Department of Energy estimates that
the CO, emissions in the United States could increase by 380 million tons of carbon
by the year 2010, and by 900 million tons of carbon by the year 2030, 66 percent
above current emission levels (IPCC, 1990). If emissions remained constant at 1985
levels, the atmospheric concentration of CO, might reach 440-500 parts per million
by 2100 (Lashof and Tirpak, 1991).

Heat islands also may contribute to global warming. Scientists do not know what
the direct impact of urban temperature increases may be on global temperatures. As
the temperature of urban areas rises, they demand increased energy for cooling, which
requires additional power generation. Each kilowatt hour of electricity generated,
in turn, releases about one half pound carbon—in the form of carbon dioxide—into
the atmosphere. (The average city of 100,000 people uses approximately one billion
kilowatt hours per year.) An unchecked cycle of increasing temperatures leading to
increased electricity demand followed by increased power generation, atmospheric
emissions, and higher temperatures, might begin. This means that if encrgy demand
can be reduced by alleviating heat islands, the amount of CO, released into the at-
mosphere also can be reduced.

Whatever global climate change does occur would amplify an increase in urban
temperatures, if current trends continue. Preliminary work by a number of researchers
indicates that if the current trends of heat islands continue, cities would be 10°F hotter
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in 50 years. As mentioned earlier, Figure 1-21 shows the results obtained by one
research group of estimated increases in temperatures for various regions of the United
States. This heating would result in greater discomfort, higher ozone levels, more
electricity use, and more carbon dioxide emissions. An effective program of heat-
island mitigation could help curb this dramatic urban warming.

If urban temperatures are not lowered in the near future, both energy and smog
generation will continue to increase, as will the costs associated with that generation,
This increase may occur whether global warming happens or not, and it could result
in some social and economic consequences.

The America the Beautiful
Urban and Community Forestry Assistance Program

In 1990, Congress passed President Bush's America the Beantiful
Act as part of the 1990 Farm Bill. The President's goal for the program
is to plant one billion trees per year. The Community Forestry element
of the America the Beautiful program calls for a nationwide, multi-year
effort to plant and maintain trees in all 40,000 cities, towns, and com-
munities throughout the country. The goal of the program is to plant 30
million trees, the largest community tree planting and maintenance pro-
gram in history. It seeks to reverse the current trend of defarestation in
the Nation's cities and towns, where on average only one tree is planted
for every four that die or are removed.

The Act gives leadership to the U.S. Forest Service in the Department
of Agriculture and creates a non-profit foundation called the National Tree
Trust. The Forest Service, working with state forestry agencies and other
partners, is providing technical advice and support to communities and
volunteer groups in their tree planting and tree care endeavors. The Na-
tional Tree Trust Foundation is bringing the public, private, and civic sectors
together, soliciting funds to assist communities, and encouraging volunteer
community tree-planting programs. Funds raised by the Foundation can
be used to assist communities in preparing sites, and selecting, planting,
and maintaining trees.

To get involved with the America the Beautiful Urban and Community
Forestry Assistance Program, or for more information, contact your state
forester, or write to the National Tree Trust, 1455 Pennsylvania Avenue
NW, Suite 250, Washington, D.C., 20005.

—Source: USDA Forest Service, 1991
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Further Reading

Several books by climatologists describe urban climate and the heat island effect,
including The Urban Climate by H. Londsberg (1981), and Boundary Layer Climates
by Oke (1978). The technical papers by Oke (1975, 1987), and Duckworth and
Sandberg (1954) describe measurements of heat island intensities. The paper by Myrup
(1969) describes a simple computer analysis of the urban heat island. The proceedings
from the Urban Climatology Workshop in Mexico City (Oke, 1986) has numerous
articles by Oke, Landsberg, and others on urban heat islands in tropical cities.

The proceedings from the Heat Island Workshop by LBL (Garbesi, ed. 1989)
contain numerous articles on various aspects of the urban heat-island issue, including
computer analyses of urban climates, estimated costs of heat islands, and the energy
saving potentials of and implementation methods for mitigation strategies. In ad-
dition, there are several LBL reports by Akbari and others on the energy costs and
potential mitigation strategies of urban heat islands.

The papers by Hartig, Hull and Harvey, Schroeder, Ulrich, and Verderber describe
the psychological effects of trees on humans,

Urban temperatures and heat island discussions in this chapter were based on data
from Goodridge (1987, 1989) and Karl et al. (1987, 1988, 1990). The historical
temperature data from California urban and rural weather stations were obtained from
Goodridge (1987, 1989) and further discussed in a paper by Akbari et al. (1989). The
weather data for Washington, D.C. were obtained from the Potomac Electric Power
Company whereas the temperature data for Baltimore and Ft. Lauderdale were obtained
from Karl et al. (1990). The urban temperature data for Shanghai and Tokyo are based
on studies by Chow (in Oke 1986, pp. 87-109) and Fukui (1970). The heat island data
for Mexico City, Bombay, and Poona are taken from Oguntoyinbo (in Oke 1986, pp.
110-135) and Jauregui (1973), The computer-based estimates of future changes in
annual and peak temperatures for various parts of the United States are taken from
a report by Linder and Inglis (1989),

Utility load data for the two Los Angeles area utilities were obtained from the
Los Angeles Department of Water and Power and the Southern California Edison
Company. The utility load data for Salt River Project, Dallas-Ft. Worth, Tucson, and
Colorado Springs were obtained from their respective utilities. The estimated
temperature sensitivity of peak demand and energy use for various parts of the country
are again taken fron. the Linder and Inglis report (1989).

Comparisons of smog levels to temperature in Los Angeles are based on data from
the California Air Resources Board. Comparisons of ozone levels to temperature in
Texas cities are based on data from Argento (1988). Estimated amounts of power plant
emissions are taken from a Department of Energy report (1988). General data on the
relationship between heat islands and urban pollution can also be found in Feng (1990),
Summers (1966), and NAPAP reports (1990). information on heat islands and wind
speeds can be found in Balling and Cerveny (1987), Bornstein et al. (1977), and Lee
(1979). Finally, analyses of urban air quality modeling are available in Bennett and
Saab (1982), Freeman et al. (1986), and Ivanyi et al. (1982).
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The Benefits of Urban Trees

Vegetation is one of the simplest ~tive ways to cool our commu-
nities and save energy. Trees, -urubs, auu  .os can protect individual buildings
from the sun’s heat in the summer, and from frigid winds in the winter. On hot, sunny
days, evapotranspiration from trees and shrubs also can reduce temperatures and
energy use for whole neighborhoods, even entire citics. Indeed, this collective cooling
can have a greater influence on energy use than shading and wind shielding.

BRANCHES,
LEAVES: provide

LE;:::‘;LV!;GS { o ‘ shade and reduce
absorb sound and . O wind speed.
block erosion- ) . g v,

causing rainfall.

EVAPOTRANSPIRATION:
o from leaves cools
surrounding air.

ROOTS, LEAVES

TRUNKS:
provide habitat
for birds, LEAVES: filter
animals, and dangerous
insects. pollutants from
the air.
ROOTS:
stabilize soil,
prevent
erosion,

Figure 2-1.

The numerous ecological
qualities of trees. Indeed,
almosteverypartofatree
provides a beneficial func-
tion. The leaves alone can
provide cocling from
evapotranspiration, shel-
ter from wind, sound ab-
sorption, and sequester-
ing of carbon dioxide.
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Vegetation has other benefits as well. Tt is cheap, fairly simple, and aesthetically
pleasing (nobody raves about the appearance of insulation or air conditioners), It can
increase property value, block noise, and stabilize soil. These benefits increase as
trees get older and bigger.

The effectiveness of vegetation, of course, depends on its density, shape, dimen-
sions, and placement. But in general, any tree, even one bereft of leaves, can have
a noticeable impact on energy use.

Direct Effects Of Vegetation

Trees affect urban climates and building energy use in two ways. Shading and
lowering wind speeds modifies the interaction between a building and its surroundings.
These are called “direct” effects. “Indirect” effects, like evapotranspiration, are those
that change the surrounding urban environmental conditions. In general, direct effects—
like shade—accrue to one building while the benefits of indirect effects accrue to
a whole neighborhood or city.

During the winter, shading is not desirable in temperate and cold climates, because
it will increase heating needs. Blocking the wind, however, is a benefit in the winter.
During the summer, the opposite is true: shading helps reduce energy needs, while
wind screening can reduce cooling breezes. With strategic planting, we can maximize
the positive effects in both seasons, while minimizing the negative ones.

Shading

Trees in full leaf can be very effective in blocking the sun’s radiation, While the
full extent of a canopy’s shade depends on the species, vegetation of the right shape
and density can block up to 95 percent of the incoming radiation, Even leafless trees
(such as deciduous trees in winter) can intercept up to 50 percent of the sun’s energy.

Tree shade reduces cooling energy use inside a building in three ways. First, shad-
ing windows helps prevent direct solar radiation from entering the structure. Second,
shading walls, windows, and roofs keeps them from getting hot, thereby reducing
the amount of heat reaching the interior. Third, shade similarly keeps the soil around
a building cool, which can then act as a “heat sink” for the house.

The shade of trees actually does a better job cooling a building and its interior
than Venetian blinds, plastic coatings, or heavy, reflective coatings on glass. Figure
2-2 illustrates the dynamic relationship between deciduous shade trees and incoming
solar radiation. |

Several studies have shown that trees can increase property values by 3 per-
centto 20 percent. The American Forestry Association in 1985 estimated that the
future value of an urban tree is $567,000 for a 50 year-old mature specimen. This
estimate includes an average annual value of $73 for air conditioning, $75 for soil
benefits and erosion control, $50 for air pollution control, and $75 for wildlife habi-
tats. The total value over the tree's lifetime would be the total annual value of
$273 (1985 dollars), compounded at 5 percent interest for 50 years.

— Neil Sampson
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Source: Heisler, 1986

Shade And Energy Use

Field measurements have found that the shade of trees and shrubs planted immediately
adjacent to buildings can directly reduce cooling needs. Dr. John Parker, a researcher
at Florida International University, estimated that trees and shrubs planted next to a
South Florida residential building can reduce summer air-conditioning costs by 40 percent
(Parker. 1983). Reductions in summer power demand of 3 kilowatts (59 percent) during
mornings and 5 kilowatts (58 percent) in afternoons were also measured. Parker noted
that the most effective position for trees is close to windows and glazed areas. He also
indicated that directly shading the air conditioner can increase its efficiency by up to
10 percent during the warmest periods. Measurements taken in Central Pennsylvania
suggest that shading a small mobile home can reduce air conditioning by up to 75 percent
(Heisler, 1986). See Chapter 6 for more exact steps on landscaping for energy conservation.

Tree shading is beneficial during the summer, but not in the winter, when the
warming rays of the sun are desirable. The penalties from tree shading in winter,
however. are not as significant as the benefits are during the summer. The sun is less
intense in winter, and deciduous trees shed their leaves which allows most of the
sunshine to reach the house.

Figure 2-2,

Shadling characteristics of
deciduous trees during
the summer and winter.
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Changes in Expenditures for Energy:
Shading Effect
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Figure 2-3.

The effects of shading from a 30 percent increase in tree cover on the heating and
cooling energy use of older houses, based on computer simulation.

Wind Speed Reductions in Residential

Neighborhoods Compared to an Open Field
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Figure 2-4.
Tree cover and wind speed reduction Measured studies show that an added 10
percent tree cover can reduce urban wng speeds by 10-20 percent Even in
wianter, wing-speed reductions are as muct s 50-80 percent of the summer
reductions
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Figure 2-3 shows the results of com-
puter simulations of the impact »f addi-
tional tree shading on the heating and cool-
ing energy use of typical houses in seven
cities. Although tree shading increased
winter heating bills. these increases are
more than offset by the much larger sav-
ings in cooling energy use.

Even the heating penalties shown in
Figure 2-3 must be interpreted with care,
since they relate only to the effects of tree
shading. In reality, trees also reduce wind
speeds, which is a benefit during the win-
ter, as described in the following section.
Consequently, the ne: impact of added
trees on building energy use is beneficial,
even in the winter.

Wind Reduction

Trees also reduce wind speeds. Indeed,
the area within a single crown or stand of
trees can be very calm, even when the wind
is strong outside the stand. Houses in
neighborhoods also help keep wind speeds
down. Increasing the number of trees, how-
ever, can help get wind speeds down even
further. This is a benefit in the winter, but
a detriment in the summer when cooling
breezes are welcomed.

How much toliage does it take to reduce
wind speeds? Dr. Gordon Heisler, of the U.S.
Forest Service, has found that even scattered
trees can significantly decrease the wind
speed in residential neighborhoods. Figure
2-4 shows the results from Heisler's study
of wind speeds in various neighborhoods.
Depending on the density of housing, an
added 10 percent tree cover in a residential
area can reduce wind speeds by 10 percent
to 20 percent, while an added 3() percent tree
cover can reduce it by 15 percent to 35
percent. The study also showed that even
in wintertime, when most trees are leafless,
wind speeds can be reduced by as much as
50-90 percent of their summer values.
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In the winter, such wind reductions help
keep a building warmer. In the summer,
blocking the wind sometimes has the unde-
sirable effect of blocking cooling breezes,
too. It is possible, however, to plant trees
around buildings to channel winds and
create cooling ventilation. (Chapter 6, pre-
sents additional information on strategic
planting to channel wind.)

Wind and Energy Use

Wind-speed reductions resulting from
tree planting can either decrease or increase
both cooling and heating energy use, de-
pending on local weather conditions. In
Figure 2-5, for example, we can see that
wind-speed reductions simulated in com-
puter models lowered both heating and
cooling energy use in Chicago, IL, Miami,
FL, and Washington, D.C. In Phoenix, AZ,
Pittsburgh, PA, Sacramento, CA, and Min-
neapolis, MN, however, the heating energy
use was reduced but the cooling energy con-
sumption was increased.

Field measurements have also indicated
that reduced wind speeds can be beneficial
to heating-energy users. Houses monitored
in South Dakot.:, for example, consumed 25
percent less fuel when located on leeward
sides of windbreaks than when exposed.
With wind breaks on three sides of houses,
fuel consumption was reduced by an aver-
age of 40 percent. Between January and
February, exposed houses used 442 kilo-
watt-hours per month to keep the tempera-
ture at 60°F, but only 270 kilowatt-hours
per month when sheltered by vegetation.

Net Energy Impacts of Trees

Since the direct effects of planting
trees around a house include both shading
and wind shielding, it is important to
evaluate the net impact of these two effects
on a building's heating and cooling energy
bill. In Figure 2-6, we have simulated both
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Figure 2-5.
The effects of wind shielding from a 30 percent increase in tree cover on the
heating and cooling energy use of older houses, based on computer simulation.
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Figure 2-6.

The net direct effects of windshielding and shading from a 30 percent increase
in tree cover on the heating and cooling energy use of older houses, based on
computer simulation.
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the wind-shielding and shading effects from planting three trees around a typical
house built before 1973. The estimated energy savings shown in the figure combine
those estimated for the individual effects shown earlier in Figures 2-3 and 2-5. When
the wind-shielding and shading effects are considered together, trees are shown to
reduce both the heating and cooling energy use in both hot and cold locations. During
the winter, trees reduce heating costs through their wind-shielding effects, while
du\ring the summer, trees reduce cooling costs through their shading effects. In fact,
the computer study shows annual energy cost savings from three additional trees to
be $75 to $175 per household in all seven cities.

Indirect Effects of Vegetation

Evapotranspiration, the process by which plants release moisture in the form
of water vapor, requires energy from solar radiation or warm air. When solar energy
is expended for evapotranspiration instead of directly heating the air, the increase
in temperatures during the day will be reduced.

This process can have a significant effect on air temperatures. Trees can transpire
up to 100 gallons of water a day. In a hot, dry location, this produces a cooling effect
similar to that of five average air conditioners running for 20 hours. In a hot, humid
location, however, evapotranspiration is not an effective cooling process.

Evapotranspiration and shading effects together can reduce air temperatures by
as much as 9°F, LBL researchers have found. Even cropped surfaces can be 5°F cooler
than their denuded surroundings. Temperature measurements by LBL in suburban Davis
and Sacramento, CA, indicate that the air temperature in neighborhoods with mature
tree canopies are 3 to 6°F lower in the daytime than newer areas with no trees.

Even more pronounced cooling effects have been measured in large urban parks,
where evapotranspiration is increased by wind. In such parks—referred to as oases—
temperatures can be up to 7°F lower than surrounding neighborhoods. The cooling
influence of these oases extends far beyond the immediate foliated area. In experiments
in Davis, for example, LBL researchers found that temperatures of the air leaving
an orchard remained low for a distance five times the height of the trees.

The indirect effects trees have on reducing air temperatures through evapotrans-
piration are much more difficult to predict using computers than are the direct effects
of shading and wind-shielding. Preliminary results produced by researchers, however,

The American Forestry Association's Giobal Rel.eaf Utility Program is suc-
cessfully convincing utility companies to plant trees for energy conservation.
The Utility Program invites companies to sponsor Global Releaf as part of
a customer education/community and public relations program. Individual cus-
tomers learn how to plant trees to save energy and money. Communities are
encouraged to develop tree-planting projects—and to support them. The program
also gives utility employees background on the savings potentials of trees
and strategic landscaping methods, and coaches utility companies on corporate
outreach and the development of citizen-based environmental activities.
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corroborate the previously mentioned field
measurements. These simulations pre-
dicted that increasing the tree cover by 25
percent in Sacramento and Phoenix would
decrease air temperatures at 2 p.m. in July
by 6 to 10°F (Figures 2-7 and 2-8).

Evapotranspiration and Energy Use

Researchers at LBL have also used
computer simulations to study the com-
bined direct and indirect effects of veg-
etation on the energy use of typical one-
story buildings in Sacramento, Lake
Charles (LA), Phoenix, and Los Angeles.
In these simulations, the effects of trees
on building energy use were categorized
either as direct effects due to shading and
wind shielding or indirect effects due to
evapotranspiration. The effects of 10
percent and 25 percent increased vegeta-
tion cover (corresponding to one and
three trees per house) were simulated
first separately, to test the contribution
of each effect, and then in combination,
to yield comprehensive, more realistic re-
sults. Figure 2-9 summarizes these re-
sults. Because of the difficulty in simu-
lating the indirect effects of evapotrans-
piration, the results should be regarded
as more hypothetical than those shown
in Figures 2-3, 2-5, and 2-6.

In Los Angeles, the reductions are
small because the base cooling energy
use is relatively low (only 65 cooling
hours per year), and it is assumed that
natural ventilation is used whenever
possible. Therefore, the results for Los
Angeles have been omitted from Figure
2-9. A 10 percent increase in tree cover
in the other three cities (corresponding
to one tree per house), however, pro-
duced savings of 24 percent in Sacra-
mento and 12 percent in Phoenix and
Lake Charles. corresponding to dollar
savings of $40 to $90. The corresponding

Sacramento

98 Existinq tree cover
10% additional cover

25% additional cover

Temperature (°F)

Source Huang et al, 1987
Figures 2-7.

Temperature reductions in Sacramento due to added tree cover on a typical
summer day in July, based on computer simulations.

Phoenix
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Figure 2-8.

Temperature reductions in Phoenix due to added tree cover on a typical summer
day in July based on computer simufations. Increasing tree cover can significantly
decrease city-wide temperatures.
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Figure 2-9.

Estimated Cooling En-
ergy savings in a typical,
well-insulated, new
house from the com-
bined direct and indirect
effects of trees. Note
that direct effects pro-
vide a relatively small per-
centage of the total en-
ergy savings for new
housing stock.

If we were to
plant 100 mil-
lion trees, and
implement light-
surfacing pro-
grams, we could
reduce our
electricity use by
50 billion kilo-
watt hours per
year (2 percent
of annual elec-
tricity use in the
United States),
and reduce the
amount of CO,
dumped into the
atmosphere by
as much as 35
million tons per
year.
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savings in peak electricity use vary from 9 percent in Phoenix to 20 percent in Sac-
ramento and Los Angeles.

A 25 percent increase in tree cover (corresponding to three trees per house) was
estimated to have an even more dramatic impact on summer cooling bills, with re-
ductions in cooling energy use of 57 percent in Sacramento, 17 percent in Phoenix,
and 23 percent in Lake Charles. The monetary value of these energy savings are from
$100 to $250 a year, per household.

According to this study, the direct effects of shading account for only 10 to 35
percent of the total cooling energy savings, The remaining savings result from tem-
peratures lowered by evapotranspiration. The ratio of these two savings is also affected
by how well a house is insulated and caulked. Older houses (which have a lower thermal
integrity) will show greater savings from shading than newer, tighter houses.

These simulated and measured findings indicate that trees can be of potential
benefit to the urban dweller if care is taken in positioning them. Trees can save both
heating and cooling energy use particularly if properly considered during the building
design stages.

Trees And The Greenhouse Effect

By reducing cooling energy use, trees do more than save residents money. They
also can help mitigate, even reduce, the greenhouse effect, which many scientists
think could cause widespread disruptions and dislocations in the next 100 years,

As discussed in Chapter 1, scientists now believe that if all 100 million urban
tree spaces were filled, and if rooftops and parking lots were painted light colors,
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we could reduce our electricity use by 50 billion kilowatt hours each year, thereby
reducing the amount of CO, dumped into the atmosphere by as much as 35 17?1illion
tons per year (NAS, 1991). Scientists call this benefit “avoided carbon.” In a?dcli.il‘ion,
trees absorb carbon dioxide for photosynthesis and store some of the carbon. This
process, called “sequestering,” helps mitigate the amount of carbon dioxide emitted
by power plants when they generate power for air conditioning. Figure 2-10 illustrates
the cycle of potential carbon sequestering by trees.

Rural Versus Urban Trees

One obvious question that comes up when we talk about planting trees—whether
to reduce energy costs or the amount of carbon dioxide in the atmosphere—is “why
not plant trees in rural areas?” After all, there are more spaces for trees in the coun-
tryside than in urban areas, and rural conditions support tree longevity far more than
do urban conditions.

It's actually not an either/or question. Both urban and rural planting programs have
benefits. For heat island mitigation and global warming reduction, however, urban trees
are far more efficient.

A tree planted in the countryside sequesters CO, from the atmosphere. A tree
planted in the city also sequesters CO,, yet its cooling effects have an additional ben-
efit: by shading and reducing air temperatures around buildings, it reduces the need
for air conditioning, thereby reducing the amount of CO, dumped into the atmosphere

Trees absorb _
C0, diectly "

]
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fossil fuel Trees :l

produces €O, ’ / reduce G0y
. g energy use
r/ i i ///
Soutce Adspred from Amencan Forastty Avsouaghon

Figure 2-10.

Trees can help reduce the
greenhouse effectin two
ways. First, trees directly
absorb CO,~—the primary
greenhouse gas—from
the atmosphere during
photosynthesis. Second,
shade from trees can re-
duce air-conditioning en-
ergy use, which reduces
the amount of CO, emit-
ted by power plants.

(18]
(£,]



Cooling Our Communities

A Guidebook on Tree Planting and Light-Colored Surfacing

On a carbon
savings basis
alone, urban
trees provide
greater benefits
than rural trees,
because they
reduce carbon
emissions by
reducing cooling
energy consump-
tion. Research-
ers estimate that
an wurban tree
can save five to
ten times more
overall carbon
than a rural
tree.

"

at the power plant. Indeed, the annual amount of carbon saved per tree from cooling
encrgy savings (88 pounds saved per tree per year) is five to ten times greater than
the amount of carbon sequestered on a per tree basis,!

Researchers have developed indicators such as the "Cost of Conserved Enerpy"
(CCE) to compare the potential savings in energy conservation with the cost of the
investment. To establish these costs (which are expressed in dollars per kilowatt
hour), researchers divide the annualized cost of a conservation measure by the annual
energy savings.

Rescarchers use a similar formula to calculate the Costs of Conserved Carbon
(CCC). To make this calculation, rescarchers divide the cost of conserved energy
by the amount of carbon burned in a power plant to generate onc kilowatt hour of
electricity. The result is expressed as dollars per ton of carbon.

In fact, if enough trees are planted, we can reduce our cooling energy use enough
to avoid the costly and unsightly construction of new power plants and the burden
of their cconomic, social, and environmental cosis. See Appendix B for 4 more detailed
discussion of calculating these costs and efficiency incasures.

Using Trees To Reduce Urban Air Pollution

The air in many of America’s larger communities fails to meet air quality standards
much of the time, although many communities have made significant improvements
in recent years. In Los Angeles, the air was classed as “unhealthful™ about one-third
of the time in 1979: this was down only 100 to 110 days a year by 1983, In New York
City, unhcealthful air was recorded over 150 days in 1979 and dropped only to 80 in
1983, Clearly, in spite of intensive efforts and pollution control, the quality of the
urban community as human habitat remains threatened by air pollution.

This is a complex problem that demands considerable attention. But there is a
role here for trees, as well, in addition to reducing energy use and CO, emissions,
trees act as free-standing air purifiers.

Tree leaves and needles precipitate significant amounts of particulates from the
air. One researcher estimates that a street lined with healthy trees can reduce air-
borne dust particles by as much as 7,000 particles per liter of air (Bernatsky, 1978).
In addition, some nitrogen oxides (NO and NO,) and airborne ammonia (NH ) can
be taken up by foliage, with the nitrogen going to plant use. Trees can also utilize
some sulfur dioxide (SO,) and ozone (O), but many species suffer severe damage
from exposure to high concentrations.

Most of the pollution reduction ability of trees is, however, finally related to
the soil, since pollutants are either washed to the ground from leal surfaces or fall
directly as the result of having collided with tree structures or entering wind eddies
caused by the vegetation, The ability of soils to neutralize pollutants and prevent
subsequent water contamination varies considerably, Species and sub-species of trees
also vary in their sensitivity to different poliutants, Some handle high poltution levels

"I'he estimated average carbon savings of 88 Ibs. carbon are the product of the energy savings per tree
(220 kitowatt hours) and the number of pounds of carhon saved per Kilowatt hours 44 pounds).
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reasonably well; others serve as sensitive indicators of the degree of environmental
deterioration,

Thus, it is possible to utilize trees and other vegetation as part of a pollution re-
duction scheme, but only within limits. Such a strategy cannot replace efforts to reduce
pollution at its source. Where trees and forests have been stunted or killed by pollution,
the basic environmental life machine has been reduced in capacity, and all life on
earth is affected by this change.

Trees And Urban Noise

Trees also filter another type of pollution: urban noise. This is a pervasive and
troublesome feature of the urban environment. Trees can be a significant factor in
reducing unwanted sound levels. The leaves, twigs, and branches absorb sound, par-
ticularly high frequency sounds that are the most bothersome to humans. Indeed,
a belt of trees 98 feet wide and 49 feet tall has been shown to reduce highway noise
by 6 to 10 decibels—a sound-energy reduction of almost 50 percent.

In addition to reducing unwanted noise, trees produce alternative sounds that
can “mask” other noises and make them less noticeable. With the wind rustling through
leaves and with birds singing, the drone of a nearby freeway is less noticeable and
less bothersome.

Psychological Benefits Of Trees

While it is difficult to quantify what philosophers, naturalists, and theologians
have been telling us for centuries about the soothing aspects of natural landscapes,
enough research has been done to prove that a qualitative effect does exist. That is,

Figure 2-11.

Benefits of berm: A row
oftrees canbe particularly
effective inscreening un-
desirable urban noise.
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Figure 2-12.

Researchers have found
that trees in urban areas
can significantly enhance
our sense of well-being.

trees significantly reduce that familiar feeling of being severely stressed, while they
increase feelings of peace and well-being,

A number of researchers have examined the effects of trees on emotional states,
Roger Ulrich, the Associate Dean for Research at Texas A&M University, for instance,
~tudied subjects’ reactions to color slides of rural scenes and urban scenes. He found

at subjects were more interested in, and felt more positively about, the rural scenes
than urban ones. Ulrich also recorded the subjects’ brain alpha waves (which have
been correlated with feelings of relaxation) during the slide presentation. Alpha am-
plitudes were higher when subjects saw rural scenes than when they saw urban ones.

A number of studies also have linked recreation in nature areas to psychological
well-being. One study found that visitors to Chicago’s Morton Arboreteum associated
feelings of peacefulness, quiet, and tranquility with their stay. Similarly, research
has found that the mostly low-income, inner-city dwellers visiting Detroit’s Belle
Isle Park experienced significant stress reduction. Finally, one study had encouraged
subjects to spend 40 minutes walking in an urban area with trees, 40 minutes walking
in a denuded urban area, or 40 minutes relaxing with magazines and music. Those
subjects who walked under the trees reported more positive feelings than did those
doing other activities.

In a more recent study, Ulrich first showed 120 subjects a stressful movie and
then showed them one of six different videotapes of urban and natural settings. As
the subjects watched the tapes, researchers took readings on their heart rates, muscle

>
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tension, skin conductance, and pulses. Both psychological self-ratings and the
physiological measurements showed that subjects recuperated from the stressful movie
more rapidly, and more thoroughly, with exposure to natural settings.

Physiological benefits related to trees can be equally striking. One study of hospital
patients recovering from surgery found that individuals had shorter post-operative
stays, fewer negative evaluative comments in nurses’ notes, fewer post-surgical com-
plications, and fewer painkillers needed when they saw trees from their window, rather
than a brick wall. Similarly, prisoners with cell window views of nature had fewer
stress syndromes (including head-aches and digestive upsets) than those looking at
buildings or other prisoners.

Wildlife And Recreation

It is a well-documented fact that humans seek forested areas for recreation. What
is less well understood is that, for many of America’s urban residents, the most im-
portant recreational forest (either by choice or necessity) is the forest that is around
them every day.

Forest and park managers are faced with the fact that not all people want or need
the same kind of experiences. A study by researcher J.F. Dwyer found that people
in downtown Chicago preferred more intensively developed and managed parks as
a location for visiting and other social interaction, while suburbanites wanted more
natural, undeveloped areas to “get away from people.”

One of the major attractions of either kind of forest is wildlife. Trees may provide
colors, shapes, sounds, and other sensory pleasures, but wild animals provide the
animation that particularly delights most forest visitors. From the ubiquitous gray
squirrel and pigeon of the central city to the shy deer or rabbit of the greenway,
people enjoy watching the wildlife that characterizes trees, forests, and their sur-
rounding environs.

Water Quality And Hydrology

Trees intercept falling raindrops and moderate their passage to the ground. Runoff,
erosion, and flooding during intensive rainfall can be significant problems in an en-
vironment largely dominated by concrete, asphalt, and rooftops, and lacking the mod-
erating canopy of trees. Water flows concentrated by impervious surfaces hit un-
protected soils or stream channels with terrific force, causing accelerated soil erosion
and significant water pollution along with very high flood flows. Trees that shelter
impervious areas can cut the rate at which water hits the surface, and tree roots can
provide protection that slows water flows and reduces soil erosion, Gary Moll, urban
forester at the American Forestry Association, estimates that a city with 30 percent
tree cover has a leaf and branch surface area that adds up to four times as much in-
tercepting surface as provided by the city’s buildings and concrete, As a result, cities
with maximum tree cover can experience significant reduction of peak flood flows,
This translates into less construction cost and land dedicated to floodways and storm
sewers, less instances of overflow and resulting damage to life and property.
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It also results in less pollution flushed into rivers, lakes and estuaries—pollution
which can eradicate important economic fisheries, destroy recreational opportunities,
and even poison the drinking water supplies of millions of people. These problems
can almost always be traced to the use and management of the land in the water-
shed. If that land is urbanized, the existence and condition of its trees will have a
significant impact on the condition of the watershed.

Forested areas in urban regions may also become significant in waste-water treat-
ment, Partially treated urban wastewater has been sprayed on forest lands with good
effect in several cities. This not only provides a least-cost way of providing ter-
tiary water treatment, but also has beneficial effects on forest productivity, aquifer
recharge, and stream flow. In State College, Pennsylvania, for example, a number
of researchers have reported that 16 years of spraying partially treated sewage on
a forest watershed did not contaminate groundwater, but did return 90 percent of
the water to the aquifer, Different forest ecosystems, different soils, and varying
aquifer characteristics need be factored into such a program, and intensive monitoring
is needed to assure that performance is meeting health standards. But this method
of waste-water treatment is almost certain to appeal to more and more communi-
ties as water supplies get scarcer and conventional waste treatment facilities be-
come more expensive to operate.

Conclusion

Trees save energy by shading, wind-shielding, and evapotranspiration. But they
shouldn’t merely be seen as green air conditioners, Trees also help mitigate the green-
house effect, filter pollutants, mask noise, prevent erosion, and calm their human
observers. These are all benefits that air conditioners simply cannot provide. In ad-
dition, trees and shrubs enhance our environment, provide recreation for our children,
and through group planning and planting, can sponsor a feeling of community within
neighborhoods.

Indeed, people all over the country have begun planting trees, not just for energy
conservation, but for all these other reasons as well. In cities ranging from Atlanta
to San Francisco, and Chicago to Los Angeles, people are planting trees both near
their homes and in their neighborhoods. Planting for energy conservation can easily
become a part—or the foundation—of such efforts.

Few cities have implemented urban forestry programs for the sake
of energy conservation. Those cities which have done so, however, have
had high rates of success. In Nanjing, China, for instance, after 34 million
trees were planted in the late 1940s, average summer temperatures
dropped 5°F. Similarly, fingers of green open space convey cool night
air into downtown Stuttgart, in West Germany, and help reduce day-
time temperatures,
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The Trees for Tucson/Global Releaf reforestation program proposes

planting 500,000 desert-adapted trees before. 1996. An economic-ecological
model calculated the costs and benefits associated with the program.

The computer simulation accounted for planting locations, planting rates, -

growth rates, and mortality rates when projecting average annual benefits
and costs, Costs modeled included planting, pruning, tree removal; and
irrigation water, Benefits accounted for include cooling 'energy savings,
and avoided dust and stormwater runoff costs. The simulations do not
include the effects of trees on property values (generally considered to
be positive), aesthetics, wildlife habitat, human stress, nor on factors
that are not local.

Projected net benefits are $236.5 million for the 40-year planning
horizon. The benefit-cost ratio and internal rate of return of all trees are
2.6 and 7.1, respectively. Trees planted in parks are projected to pro-
vide the highest benefit-cost ratio (2.7) and trees along residential streets
the lowest (2.2). Tree removal costs are the most important manage-
ment expense and energy savings for air conditioning provide the greatest
benefits (attributed mostly to house or “yard” i-ees). Average annual
cooling energy benefits per tree are projected to be 227 kWh ($16.34)
for evapotranspirational cooling and 61 kWh ($4.39) for direct shade. Ninety-
seven percent (464 Ib.) of the total carbon conserved annually per mature
tree is attributed to reduced powser plant emissions.
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Figure 2-13.
Projected annual costs and benefits of the Trees for Tucson/Global Releaf reforestation
program.
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Figure 2-14,

Consider the seasonal
path of the sun when
planning landscaping
improvements. Strategic
placement of deciduous
trees on the southwest
and west sides of a build-
ing can help maximize
the cooling effects of
shadeinsummerandcan
allow sunlight to reach
the building in winter.

Source: Missouri Natural Resources Department {Koon, 1989)

Further Reading

There have been numerous studies on the wind-shielding and shading effects
of trees by Heisler (1981, 1984, and 1986) and DeWalle (1983 and 1988). The mi-
croclimate effects of different amounts of tree cover have been measured by McGinn
(1982), Taha et al. (1988), Rainer et al. (1989) and Heisler (1989).

McPherson measured the effect of different landscaping treatments on building
energy use using scale models (1989). Computer studies of the energy savings from
the direct effects of trees were done by Huang et al. (1989) and McPherson et al. (1988).
Another study by Huang et al. (1987) modeled the indirect effects of tree evapotrans-
piration on temperatures and building energy use.

Two very informative books published on the subject of tree planting in urban
communities are: Shading Our Cities (Island Press, 1989) by Moll and Ebenreck, a
thorough discussion of urban forestry for both general and professional readers, with
guidelines for program development; and The Simple Act of Planting A Tree (Jeremy
P. Tarcher, Inc., 1990) by Lipkis and Lipkis, directed especially to citizens, also with
detailed guidelines for community programs,
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Using Light-Colored Surfaces

to Cool Our Communities

The practice of using light-colored surfaces to keep buildings and outdoor urban
areas cool is not new. In many tropical countries, particularly those with large
amounts of sunshine, the traditional architecture has many examples of light-colored
walls, roofs, and streets. In this country, architects and urban planners have overlooked
this energy-conscious design principle relying instead, on mechanical air conditioning
to maintain comfort during the summer months. Unfortunately, the dark-colored surfaces
commonly used here increase air-conditioning costs for individual houses—because
their walls and roofs get hot, and for all buildings in the city—because temperatures
of the entire area rise. Yet computer models of urban climates have shown that the
use of light-colored surfaces in cities can reduce air conditioning costs for everyone,
most often without additional cost.

Groek National Tourist Agency, 1990

Computer mod-
els of urban
climates have
shown that the
use of light-
colored surfaces
in cities can
reduce air-
conditioning
costs for every-
one, often with-
out additional
cost.

Figure 3-1.

Traditional light surfaces:
In sunny countries, such
as Greece, walls, roofs,
and streets have been
painted in light colors for
centuries.
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Studies done at
Oak Ridge
National Labo-
ratory in Ten-
nessee have
found that dark-
colored roofs
routinely exceed
160°F, on
summer days,
while surfaces
with flat white
paint reach
135°F and those
with glossy
white paint
seldom exceed
120°F.

Figure 3-2.

Surface contrast Simply
changing the surface
colors of our urban com-
munities could signifi-
cantly decrease their
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Because no urban community in the United States or abroad has yet initiated a
formal program of albedo modification, we have no experience with successful imple-
mentation practices, potential drawbacks, and conflicts with other urban issues. This
chapter, then, is more theoretical. and less specific than those on tree planting, which
benefit from a wealth of programs and written materials. We would like to stress,
however, that our preliminary analysis indicates that the energy and environmental
benefits of albedo modifications are high, while the costs and potential risks can be
strikingly low.

What Is Albedo?

Urban landscapes consist of myriad surfaces, including building roofs and walls,
streets, freeways, parking lots, paved walkways, driveways, school yards, and play-
grounds. Each of these surfaces either absorbs or reflects a significant portion of the
sunlight falling on it. Scientists use the term albedo to « efine the ability of a surface
to reflect incoming solar radiation. The opposite of albedo is “absorptivity,” or the
ability of a surface to absorb incoming radiation.

Albedo is measured on a scale from O to 1. A surface with a relatively high albedo
of 0.75 reflects most of the incoming solar energy, while one with a low albedo of
0.25 or 0.10 will absorb most of it.
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In general, light-colored surfaces have high albedo, and dark-colored surfaces
have low albedo. However, there are cases where a light-colored surface will absorb
so much near-infrared radiation that it will have a low albedo. Similarly, other surfaces
which appear quite dark to the eye, such as green grass, are good reflectors of infrared
radiation and have albedos from 0.25 to 0.30. Texture and geometry also affect a
surface’s albedo. A complex, bumpy surface tends to absorb more radiation than does
a flat surface made of the same material. Figure 3-3 shows the albede for a number
of typical urban surfaces.

Solar energy that is not reflected is absorbed by the surface (unless it allows the
radiation to penetrate, as water or glass do). That means that albedo directly determines
the effect solar radiation has on surface temperature. A light-colored surface with high
albedo will absorb less sunlight and remain cooler than a dark-colored surface of lower
albedo and similar thermal properties. Buildings with dark- or low-albedo surfaces will
tend to have higher air-conditioning loads, because the heat from the hot walls and roofs
eventually seeps inside. Studies done at Oak Ridge National Laboratory in Tennessee
have found that dark-colored roofs routinely exceed 160°F on summer days, while
surfaces with flat white paint reach 135°F, and surfaces with glazed white paint seldom
exceed 120°F. Similarly. on a 90°F day. the surface temperature of asphalt can reach
140°F (See Figure 3-4). This can increase air temperatures by 5°F and more. Figure
3-5 shows that during the summer, light-colored surfaces are, on average, 15°F cooler
than dark-colored ones.

Modifying the albedo of a building will lower the heat build-up from sunlight
on the walls and roofs, and reduce the amount of electricity needed for air conditioning.
Computer simulations of a typical house in Sacramento, California indicate that its
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Roof 0.60 - 0.70 Colored White Paint  0.08-0.18
Paint 0.50 - 0.90
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Figure 3-3.

Surface albedo values:
The more solar radiation
a surface absorbs, the
hotter it gets. The more
radiation it reflects, the
cooler it stays. Today's
urban communities con-
tain surfaces with many
different albedo values.
Surfaces with high albedo
values reflect more solar
radiation and are gener-
ally cooler.
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Figure 3-4.

Daily surface tempera-
ture: Dark-colored roofs
get much hotter through-
out the day than do light-
colored roofs.
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total air-conditioning bill can be reduced by up to 20 percent if the aibedo of the
roofs and walls are increased from a typical 0.30 to a light-colored 0.90.

We call this kind of energy saving from albedo modifications “direct savings,”
since they relate solely to the individual house. If similar albedo modifications are
implemented on a large number of urban surfaces, the collective albedo of a neigh-
borhood or city will be changed and the air temperatures lowered as a result. This
will then reduce the amount of cooling energy needed for all houses in that city or
neighborhood. These are “indirect savings.”

In general, changing the albedo of a building produces direct savings only for
houses, single story industrial buildings, or small commercial buildings. Changing
the albedo of large buildings will not produce significant direct savings because they
have small surface-to-volume ratios and tend to generate a lot of internal heat.
However. even large buildings will realize significant indirect savings from city-
wide albedo modifications. That is. while large buildings do not gain direct savings
from increasing albedo, they do gain indirect savings from the generally lowered
temperatures procuced by wide-scale reductions in altbedo.

Will Changing Surface Colors Save Energy?

Muiny studies exist which show that increasing surface albedos lowers surface tem-
peratures. To date, there is little measured data on the direct energy savings from changes
in building albedo. Measurements of the indirect energy savings from large-scale changes
in urban albedo are. for obvious reasons, even more difficult and have not been at-
tempted. However. both the direct and indirect effects can be estimated using computer
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programs that model building energy use and urban climate conditions. These show
that increasing the albedo of urban surfaces can significantly reduce both energy con-
sumption for individual buildings and the outdoor temperatures of cities.

For example, researchers at Lawrence Berkeley Laboratory have used a detailed
computer program to simulate the energy use of a typical one-story ranch house in
Sacramento, California, with an average albedo of 0.25, roughly equivalent to grey
walls and a dark-shingled roof. When they increased the wall albedo by 0.13 (painting
the walls off-white for instance). the amount of energy needed for cooling dropped
by 2.7 percent. When they increased the building’s albedo by 0.60, by perhaps using
a light-colored shingle roof, its cooling energy use dropped by almost 19 percent.

Figure 3-5.

Year-round ground sur-
face temperatures: Dark-
colored surfaces are also
hotter throughout the year
than light-colored sur-
faces oreven groundveg-
etation.
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In a poorly
insulated house,
such as those
built before
1970, increased
albedo could

reduce cooling-

energy use by 5
percent for each
0.01 increment
in albedo. For
better insulated
houses like
those built
today, increased
albedo can
reduce cooling-
energy use by 3
percent for each
0.0] increment
in albedo.

Figure 3-6.

Cooling energy savings
fromthe direct effects of
increased albedo Com-
puter models project sig-
nificant energy savings
from albedo increases in
cities alfacross the coun-
try. Note higher dollar
savings in sunbelt cities

In other computer simulations, researchers found that the energy savings from
increased albedo are much larger for poorly insulated houses, as insulation helps to
block the heat from the outside surfaces, They simulated both poorly and well-insulated
houses, with an initial albedo of 0.30, and then increased it by 0.40. In the poorly
insulated house, cooling-energy use dropped by 11 to 22 percent. In the well-insulated
house, cooling-energy use dropped by 8 to 13 percent. Although the total savings
are two times larger for the poorly insulated house, they are significant even in the
well-insulated house (See Figure 3-6).

Albedo also has indirect effects. These seem to be larger than the direct ones.
An urban climate model has been used to simulate how changing a city's collective
albedo affects air temperature. The results showed that the indirect cooling energy
savings for typical houses could be 3 percent to 5 percent for each 0.01 increase in
overall city albedo. In a poorly insulated house, such as those built before 1970, in-
creased urban albedo can reduce the cooling-energy use by 5 percent for each 0.01
increment in albedo. For better-insulated houses like those built today, increased aibedo
can reduce cooling-energy use by 3 percent for each 0.01 increment in albedo.

Researchers have also found that the albedo of a typical U.S. city can be increased
realistically by up to 0.15. Based on computer simulations, this albedo increase will
reduce a city’s air temperature by 5°F, which, in turn, would produce indirect energy
savings of around 40 percent. When the direct and indirect savings of albedo changes
are combined, the simulated total energy savings approach 50 percent during average
hours and 30 percent during peak cooling periods.

Direct Cooling Energy Savings from Increased Albedo
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On a national level, rescarchers estimate that increased albedo can save annually,
in residential and commercial building, 22 billion kilowatt hours (0.25 quads), with
annual monetary savings over $2 billion. This estimate assumes that only half of the
surfaces in a typical city are available for albedo modifications.

How Much Will Aibedo Modifications Cost?

Albedo programs can be implemented at little cost, because they can be incor-
porated into routine maintenance schedules and budgets. While no model programs
have been implemented so far, extrapolations from individual buildings show that
increasing albedo can be an extremely cost-effective strategy for reducing summer
electricity usage on a city-wide scale.

As mentioned before, changing albedo in the course of routine maintenance is very
cost effective, since in many cases it may cost nothing extra at all. Researchers estimate
that the Cost of Conserved Energy (See Appendix B) for repainting and resurfacing
is between 0 and 6 cents per kilowatt-hour. This compares quite favorably with the
cost of peak power residential electricity, which is about 10 cents per kilowatt-hour.

Potential Problems With Albedo

Perhaps the greatest problem with albedo modification at this time is that no
community or institution has initiated a program yet. Computer models can make
worthwhile estimates of the energy and environmental benefits of albedo modification,
but they cannot hypothesize about the potential problems of such programs. And, because
of the paucity of materials, a number of researchers have challenged the viability of
albedo modification, based on questions of soiling, glare, and citizen cooperation.

Wiil Light Urban Surfaces Cause Too Much Glare?

Some researchers worry that lightening the color of a city’s streets and buildings
will cause uncomfortable glare for city dwellers. There are no reports, however, of
residents complaining about too much brightness in Mediterranean and Middle East
cities, many of which have predominantly white surfaces. It may also be possible
to develop materials that create less glare than those currently available.

Similarly, some researchers have questioned whether traffic markings on lightened
strects would be as visible as those on dark roads. Researchers at LBL, however,
believe that new marking designs (perhaps a dark median strip with traditionally white
markings) can be developed to ensure public safety.

Will Light Urban Surfaces Soil Too Quickly?

On the other end of the spectrum. some question exists as to the durability of
white surfaces, espectally under the wear and tear of weathering and soiling. In some
parts of the country. for instance, light-colored roofs may discolor from leaves, tree
secretions, and air-borne dust and dirt. In that case, even a high-albedo roof would
become 4 low-albedo roof in a matter of time, thereby mitigating both the energy
and aesthetic benefits of the original conversion. Studies done at Oak Ridge National
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Figure 3-7.

Residents of cities in
tropical and mediterra-
nean areas have white-
washed their buildings
forcenturies, sometimes
repainting outside walls
annually to ensure com-
fort. Today, we can look
to that example to learn
how to cool our cities
and save energy, with a
method that is both aes-
thetically pleasing and
easy to implement.

Laboratory, however, have shown that even soiled, highly reflective roofs have a higher
albedo than dark roofs.,

Weathering from the oil drippings and tire scuff marks of vehicles could pose
more serious problems for light-colored streets. Again, while no studies have been
done on this potential issue, common sense observations of currently existing concrete
roads show that the soiling does not significantly alter the surface color. If we move
to lighter surfaced asphalt. we may want to fighten the color of auto tires as well,

Will Light Surfaces Increase Heating Bills In The Winter?

I light-colored surfuces reflect solar radiation, we may lose in the winter by paying
increased heating bills, even as we gain in the summer when cooling bills drop. Except
for computer simuiations. no rescarchers have investigated. in a carefully designed
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experiment, whether or not changing surface colors will result in a net benefit or
net cost on an annual basis. This is an issue primarily for areas subject to cold
winters, however. Areas where air conditioning is used most of the year will benefit
from light-colored surfaces because the ¢ost of that space cooling will be kept
down throughout the year.

Will Citizens Resist Changing Surface Colors?

One final question that arises in the course of discussions on albedo modification
is “How will we convince citizens that this is an appropriate measure?” Questions
of implementation—including citizen action and ordinances are discussed in Chapter
7 of this guidebook.

How Can We Implement Urban Albedo Modification Programs?

Just as some states have building energy standards that specify minimum re-
quirements for window shading, awnings and shades, it is also possible to stipulate
minimum albedo values for building surfaces such as roofs or walls, or to give energy
credits or tax rebates for using materials with high albedos.

Different approaches are needed to promote high-albedo materials, depending
on whether it is private or public property. For private property (such as homes
or commercial property), the best approach is probably a combination of public
information, energy credits, or ordinances. Specifically, we recommend that com-
munity officials, school districts, and materials manufacturers:

1. Promote greater awareness of the potential for energy conservation in the se-
lection of building materials and surface colors.

o

Provide information to the public on the albedo (reflectivity) of different

building products.

3. Increase awareness among financiers, developers, and homeowners of the lower
operating costs, energy savings, and greater return on investment possible from
lightening surface colors.

We also recommend that professional schools and other educational programs
incorporate these principles in the training of builders, engineers, architects, city
planners, and urban and landscape designers.

For public property, such as roads or sidewalks, the approach should be to con-
vince the responsible city departments and school districts of the costs and benefits
(financial and environmental) in the use of alternate materials with higher albedo.
Finally, considerably more technical research needs to be done in order to:

1. Gain a better understanding of the feedback mechanism of large-scale al-
bedo modification,

9

Document existing urban albedos in various cities by combining data on land-
use patterns with those on the albedo of various urban surfaces.

3. Study the long-term albedos of building materials under typical urban conditions
to account for wear and urban grime.




Cooling Our Communities
A Guidebook on Tree Planting and Light-Colored Surfacing

4. Evaluate the trade-offs between reductions in cooling energy use and possible
increases in heating energy costs with the use of light-colored surfaces.

See Chapter 7 for suggestions on developing ordinances and other legislation.

Further Reading

As we discussed in the text, no formal albedo modification programs have been
implemented to date. Therefore, there is a dearth of measured data on the energy
savings from albedo changes, particularly as related to indirect effects of neighborhood-
wide albedo programs.

There have been, however, a number of technical studies documenting the re-
lationship between surface temperatures to the surface color and texture by Kusuda
(1971), Givoni (1981), and Griggs (1989), Computer studies of the impact of albedo
changes on building energy use were done by Taha et al. (1988). Studies of the overall
albedo of the urban landscape were done by Myrup (1972) and Aida (1982), while
Reagan (1979) measured the albedo of typical building materials, Practical information
on building and road materials can be found in trade journals, including Concrete
Construction, American City and Country, and publications of the Asphalt Institute,
in Maryland. In addition, much of the information on material availability and viability
can be obtained by directly contacting manufacturers in this country and abroad.
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Water Use, Landfills, and Smog

W idespread tree planting has a number of beneficial effects, including shading,
conserving energy, reducing pollutants in the atmosphere, enhancing visual
appeal, and sequestering carbon dioxide. Such a program can also raise questions—
and potential problems—for the communities involved.

Several questions that may arise in the early planning stages of heat-island
reduction include whether tree planting programs conflict with water conservation
programs, whether trees pollute, and whether they create municipal solid-waste
problems. Much research remains to be done on these issues. The following dis-
cussions, however, will give policymakers some guidelines for their own analyses.

Will Urban Tree Planting Waste Valuable Water?

As discussed in previous chapters, trees can help reduce energy used for cooling
in buildings, both by shading and evapotranspiration. In recent years, increased public
awareness of these benefits, coupled with concerns about the environment, have led
to numerous proposals to plant trees. The American Forestry Association, for example,
has proposed planting 100 million trees in U.S. cities in its Global ReLeaf Cam-
paign, Similarly, in October of 1988, the Mayor of Los Angeles announced a proposal
to plant two to five million trees in the city.

Trees, however, need water to survive, and ground water can be a scarce resource
in arid communities such as in the West or Southwest.' Planners and residents in
these communities may be concerned that tree programs will increase water use, and
that the costs and burdens of this increase will override energy benefit. Similarly,
it may appear that tree planting programs tailored to arid climates will reduce water
usage—which is good—but simultaneously will reduce cooling from evapotrans-
piration and thereby reduce its beneficial effect.

' While no clear distinction has been made in this chapter between groundwater and city water generally
speaking, however, it concerns only groundwater.

With proper

landscape design,

residents can

save both water

and energy.
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Tree planting
need not always
result in in-
creased water
use. Appropri-
ate landscaping
strategies can
actually reduce
water use, even
as the amounts
of shade or
vegetation cover

Is there a trade-off between energy savings and water use in arid urban areas?
Urban environments are too complex to expect precise calculation of landscape water
usage and its effects on urban climates. It is possible, however, to estimate the relative
water usages of different landscape scenarios. It is also possible to identify planting
strategies that maximize cooling energy benefits while minimizing water consumption,
Research shows that residents can save water and energy with proper landscape design.

Landscaping In Arid Climates

Early settlers in the American Southwest tried to mold their new environment
in the image of the lush green landscapes of Europe and the Eastern seaboard. Planted
in the dry and desert regions of the West, however, these imported landscapes of
deciduous trees and green lawns created a large demand for water. With popula-
tion increasing and the specter of water shortage looming ever closer, a new trend
is emerging. This trend emphasizes replacing imported "artificial” landscapes with
native ones that use less water and are more in keeping with local climates and water
availability.

Many cities now have ordinances that encourage water-conserving landscapes.
Some water districts even offer cash incentives to homecowners who replace high-
water-use lundscszcs with low-water-use ones, or with gravel. In Arizona, local gov-
ernments use landscape ordinances to comply with a state law to eliminate groundwater
overdraft. The city of Mesa offers a $231 rebate if 50 percent of the total landscaped
area is covered with inorganic mulch, such as decomposed granite. Similarly,
California's Urban Water Management Act of 1983 pressures water retailers to conserve
water. The Act emphasizes landscape walter conservation, because landscapes consume
30 to 50 percent of residential water. In fact, the state is counting on landscape water
conservation to help meet future water demands in the state,

Many landscape water conservation programs are already under way. Of 166 water
retailers responding to a questionnaire by the California Department of Water Resources
in 1986, at a local level, 39 percent had existing landscape-water conservation programs
and 23 percent had proposed programs. The North Marin Water District, for example,
in northern California, offers $50 for cach 100 square feet of lawn removed and re-
placed with water-conserving plant materials,

The existence of such policies suggests a strong institutional resistance to tree
planting programs that threaten to increase landscape water use. [t is important to
point out, however, that tree planting need not always increase water usage. Indeed,
appropriate landscaping can actually reduce water use, even as the amounts of shade,
or in some cases, total vegetation cover, increases.

Estimating Urban Water Needs

A number of factors must be considered when estimating the effect that tree
planting programs will have on urban water use. First, which elements of the landscape
will be displaced by the trees? If trees are planted in parking lots, for instance, their
influence will be much different than if they replace lawn arcas. Second, will the
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trees replace or supplement existing vegetation, That is, the water use of an area in

which trees replace fawn will be different than that in which trees are added to lawn,

In a recent study by researchers at Lawrence Berkeley Laboratory, urban vegetation
was divided into three broad classes: turf (or lawn); trees and palms; shrubs and
groundcovers (referred to simply as "turf,” "trees,” and "shrubs"). Based on available
data on the water use of other plants, each class received a "typical water use” rating.
Changes in urban landscape water use were estimated by simulating changes in the
amount of arca covered by cach vegetation class, The calculations, assumptions, and
methodology of the simulation are discussed in detail in Appendix C.

Trees, Shrubs, And Grass: Which Uses More Water?

LBL researchers found, and landscapers agree, that, in general, lawns use more water
than trees, and trees more water than shrubs and groundcovers (See Figure 4-1).!

The lower water usage of trees means that if trees replace grass, landscape water
requirements typically will decrease. If shrubs and groundcovers replace trees, still
more water savings can occur (See Figure 4-2). In this case, however, energy savings
will decrease, because these vegetations provide less shading for cooling,

Water Usages For Different Landscape Scenarios

The ways in which changes in landscapes affect water use were estimated be-
ginning with a base case scenario, in which grass occnpiced 13 percent of the total
urban area, trees took up 10 percent, and shrubs took up 4 percent. (This made a total
vegetated area of 27 percent, as was the case in Los Angeles in 1986.) Scenarios were
developed by modifying the landscape three ways, First, the total vegetated arca
remained constant, but lawn arca was replaced with varying amounts of trees and

shrubs. Second, the total vegetated area was increased, while varying the arcas of

tawn, trees, and shrubs, Finally, lawn area was reduced by replacing it with drought-
adapted trees and shrubs, thereby simulating low-water-use practices, also called
"Xeriscape.” The lollowing examples illustrate these scenarios,

Replace lawn area with typical trees and shrubs. In this scenario, the total
vegetated arca remains the same. But the area covered by trees is doubled (1o 20 percent
of the total urban arca), the area covered by shrubs stays the same, and the lawn area
is reduced from 13 to 3 percent. In this case, water use actually decreased by 18
percent. That means that in the hypothetical city of the study, water use could decrease
by I8 percent, while doubling tree cover to replace existing tawn arca.

Increase total vegetated area, while varying the relative cover of lawn, trees,
and shrubs. In this scenario, the total vegetation cover increases from 27 to 33 percent
by doubling the tree and shrub cover, and reducing the lawn arca from 13 to S percent,

Watering trees at the same level as grasses can harm them in some cases. A joint report by the
Municipal Water District of Orange County and the Department of Landscape Architecture at Cal
Poly University revealed that the average lifespans of 44 tree species in Southern California were
shortened by 58 percent when nlanted in lawns, For one drought-adapted species of Eucalyptus
(red iron bark), the estimated tree litespan in a lawn was reduced by 90 pereent.

R
Researchers
have found that
turf generally
uses more water
than trees, and
trees use more
water than
shrubs or
groundcovers.
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Relative water usage of different types of plants

shrubs and
groundcovers

grass trees

Figure 4-1.
Estimated typical water usage of varying plant types in relative amounts: The
amount of water needed by plants varies with location and climate. Generally,

lawns use more water than trees, and trees use more water than both shrubs and
groundcovers.

/
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Extensive Turf

Ground Cover

Source McPherson and Sacamano, 1989

Figure 4-2.
Water consumption and turf: Extensive turf area consumes more water than turf
area combined with groundcover.
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This would be the case, for example, in
a planting program in which shade trees
are planted near houses, and some lawn
areas are replaced with trees and shrubs,
In this case, landscape water use stayed
the same. When typical trees and shrubs
are used to expand the amount of total
vegetation, landscape water use increased.

Xeriscape (minimize lawn area and
use low-water-use trees and shrubs). In
this scenario, low-water-use trees, shrubs,
and groundcovers replace the total veg-
etated area, which is expanded from 27 to
47 percent, by tripling tree cover, more
than doubling shrub cover, and reducing
lawn area from 13 to 7 percent. Even with
this increase, water use was held constant.
But when total vegetation area increased
to 33 percent of the total urban area (by
doubling tree and shrub areas, and re-
ducing lawn area to 5 percent), water use
was reduced by 30 percent.

In identical distributions, low-water-
use plants save 20 to 43 percent of the water
used by typical plants. This is in keeping
with the results of landscaping studies on
Xeriscape design (low-water-use landscap-
ing) which show savings of as high as 50
to 60 percent over traditional designs.

Multi-layered canopy (lawn shaded
by shrubs and trees). The most inter-
esting case of a multi-layered canopy is
that of lawn shaded by trees. In such a
case, we cannot simply combine the con-
tributions of tree and lawn, as if they were
on different plots of land, because the
shading of the lawn will modify its water
requirements. We found that on a hot,
sunny day, tree shade can reduce lawn wa-
ter requirements by as much as 95 percent.
In other words, even the combined water
use of tree and lawn can be lower than that
of an unshaded lawn.

Importantly, the numerical results of
both the study's vegetation distribution
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model and its calculation of the water needs for a multi-layered landscape are rough
estimates, based on the assumed starting conditions of the models. In order to obtain
numerically meaningful estimates for a given location, appropriate initial conditions
must be used. For example, if an area starts with a lot of turf and high-water-use
trees, tree planting programs which replace lawn area and other high-water-use species
with low-water-use species are likely to reduce landscape water use significantly.
Areas which already have low-water-use species will not show large water savings.

Trees, Energy, And Water: Implications For Urban Temperatures

Any trees planted near occupied structures of modest height should mitigate
cooling energy needs in hot communities by shading. But it is the total landscaping
strategy which will determine if evapotranspiration increases or decreases, and, there-
fore, if the net evapotranspiration will lessen or increase the existing savings from
shading. That is, if water use by vegetation is increased, cooling is enhanced. If water
use decreases, the energy savings from evapotranspiration will also decrease.

The extent to which changes in evapotranspiration affect changes in near-ground
air temperature (and hence cooling-energy needs) depends on a number of factors,
including the density and geometry of the urban canopy (including buildings), wind
conditions, and temperature. The data are not yet available to back up such detailed
modeling of the urban climate system. It is impossible, therefore, to exactly calculate
the energy/water trade-offs. However, field experiments by E.'Gregory McPherson
and his colleagues at the University of Arizona demonstrate that both water and energy
can be saved by planting low-water-use trees and shrubs around residences. This
indicates that the losses from reduced evapotranspiration do not seriously threaten
the benefits of trees and shrubs in dry cities.

Planning Ahead

It is clear from the analysis above that trees can be added to most urban landscapes
without increasing water use—if trees, or some combination of trees, shrubs, and
groundcover, replace lawn area. If total vegetated area remains constant, landscape
water requirements can decrease rapidly as trees replace lawns. As a result, tree
planting programs to conserve cooling energy are not only consistent with current
landscape water conservation programs, but ought to be an integral part of planning.
That is, we can save water, while we save energy, with proper landscape design.

Plant A Diversity Of Species

One word of caution: It we find—as is likely—that we need to choose low-water-
use species for our tree planting programs in arid cities, we should not repeat the
historical mistakes of agriculture and forestry. Too often, planners in these sectors
sought out and planted the single most effective species available. Unfortunately,
monocropping has proven highly susceptible to pest outbreaks—which could destroy
the positive economics of the planting program. Instead, we should maximize the
many other positive environmental benefits by planting a diversity of species.

[ ]
Even the com-
bined water use
of tree and lawn
can be lower
than that of an
unshaded lawn.

On a hot, sunny
day, tree shade
can reduce lawn
water require-
ments by as 