A summary of the benefits of urban trees accompanied by a selection
of research papers and pamphlets.

The Benefits of Urban Trees
Introduction
Trees in towns bring with them both benefits and costs. Whilst many of the costs are well
known to managers of urban trees, who watch the budgets and answer the phone to
disgruntled residents, the benefits can be seen as nebulous and difficult to quantify or justify.
Never the less, a considerable and expanding body of research exists on the benefits that
urban trees bring. This briefing note is an attempt to summarise some of the benefits of
urban trees. A number of papers relevant to the subject of the benefits of urban trees have,
with the kind permission of their authors, been included in the appendices.

Economic Benefits
Consumer behaviour

A study by the University of Washington established a number of benefits in terms of
consumer experiences of business districts with trees (Wolf, 1998(a), Wolf, 1999 and Wolf,
2003). Consumers reported consistently higher ratings for a number of categories related to
their perception of business districts with trees. They reported a willingness to pay more for
parking in landscaped car parks and on average reported a willingness to pay an average of
about 11% more for goods in a landscaped business district than a non landscaped district,
with this figure being as high as 50% for convenience goods.
Both the business community and consumers were found to favour business districts with
good landscaping (Wolf, 1998(b)).
The quality of landscaping along approach routes to business districts has also been found
to positively influence consumer perceptions (Wolf, 2000).
Inward investment

The attractiveness of an environment is an important factor in attracting inward investment.
Both consumers and businesses have been found to favour districts with high tree cover and
the increase in retail prices that can be commanded in well landscaped areas can
reasonably be assumed to be a positive benefit in attracting businesses to the district.
Property values

Several studies in the USA have analysed the effect of tree cover on the price of residential
house sales, finding that values of properties in tree lined areas may be up to 6% greater
than in similar areas without trees (Wolf, 1998 (c)).
The market in the UK is different and a direct translation of these data is not possible. Never
the less, an informal telephone survey of estate agents in the Warwick area suggests that
tree cover has a positive effect on saleability, if not directly on price. Properties on tree lined
street were said to be in more demand and to sell faster.

Social Benefits
Crime reduction

The conventional wisdom has been that trees and other vegetation have a negative impact
on crime because they provide cover for criminals and reduce opportunities for casual
surveillance.
Research in a particularly deprived area of inner city Chicago has suggested that this is in
fact not the case and that appropriate vegetation cover can lead to reduced crime rates (Kuo
and Sullivan, 2001(a)). The study dealt largely with mown grass and high canopy trees,
which do not provide cover in the same way as, for example, shrub planting. It looked at an
area with relatively homogenous architecture and a relatively homogenous population but
with differing levels of vegetation. Areas with higher vegetation cover were found to have
lower rates of crime, as measured by reports to the police.
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Two mechanisms are suggested by which crime rates might be reduced by trees. The first is
through an increase in surveillance, essentially because public open space with trees tends
to be used much more than space without trees. The second mechanism relates particularly
to violent crime and relates to evidence that vegetation has a mitigating effect on mental
fatigue, itself often a precursor of outbursts of anger and violence (Kuo and Sullivan,
2001(b)).
Other social benefits

A wealth of research has been undertaken by the Human-Environment Research Laboratory
at the University of Illinois and has identified numerous beneficial effects that trees have on
society. A good summary of these is a paper by Frances E. Kuo, “The Role of Arboriculture
in a Healthy Social Ecology”, which is attached (Kuo, 2003).
Many of these benefits relate to encouraging people out of their homes and into public open
space, where they react more with others and build stronger social relationships. An
additional benefit of interest is the positive effect that contact with nature can have on
children with Attention Deficit Disorder (ADD) (Taylor, Kuo, Sullivan, 2001).
Dr Rachel Kaplan has found that desk workers who can see nature from their desks
experience 23% less time off sick than those who can not see any nature. Desk workers who
can see nature also report greater job satisfaction (reported by Wolf, 1998(d)), whilst hospital
patients with views of trees have been found to recover significantly faster than those who
can not see any natural features.

Environmental Benefits
Pollution interception

Research undertaken in the West Midlands by Lancaster University (Hewitt et al, undated)
has established that trees can remove a number of pollutants from the atmosphere,
including ozone, nitrogen dioxide and particles. The news is not all good though. Trees also
produce volatile organic compounds, VOCs, which in combination with some man made
pollutants can lead to an increase in ozone, particulates and other pollutants.
Different species of tree have different net effects on air quality. Willows, poplars and oaks
can potentially worsen air quality during hot weather, whilst ash, alder and birch have
amongst the greatest beneficial effects.
The study estimates that doubling the number of trees in the West Midlands would reduce
excess deaths due to particulate pollution by up to 140 per year.
Carbon sequestration

It is well known that trees, in common with all vegetation, absorb carbon dioxide (one of the
principal greenhouse gases) and release oxygen during the process of photosynthesis. The
carbon absorbed by trees in this process is stored in the wood.
Whilst this most well known of benefits is real it seems it is often overstated. The study by
Lancaster University of trees in the West Midlands estimated that the total amount of carbon
stored in trees within the conurbation represents the equivalent of about three weeks worth
of CO2 emissions. Never the less, trees do have an important role to play in reducing the
effects of greenhouse gases, not only through carbon sequestration but perhaps more
importantly through the effects that careful planting can have on fuel use.
Fuel use

Careful tree planting can reduce the amount of fuel used on both heating and cooling
buildings. A considerable amount of research has been undertaken to quantify this in the
United States, but little such research has been undertaken in the UK. Clearly differences in
climate mean that figures here can not be directly related to any part of the USA.
Trees provide shelter and reduce windspeed, thus reducing heat loss from buildings during
winter. They also provide shade in the summer, whilst the evapo-transpiration of water from
the leaf surface has a general cooling effect on surrounding air. This can significantly reduce
the need for air conditioning during hot weather.
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Noise reduction

Trees and other vegetation can play an important role in attenuating noise through reflecting
and absorbing sound energy. One estimate suggests that 7db noise reduction is achieved
for every 33m of forest (Coder, 1996) whilst other reported field tests show apparent
loudness reduced by 50% by wide belts of trees and soft ground (Dwyer et al, 1992).
Hydrology

Trees have a number of hydrological effects. These include reducing erosion and improving
water quality through interception of pollution. Perhaps the most important effect in Britain at
present, given the trend for increasing winter flooding, is the reduction in ground water runoff. One study has estimated that for every 5% increase in tree cover area, run-off is reduced
by 2% (Coder, 1996).

Wildlife Benefits
Trees are an important wildlife habitat. They provide nesting sites for birds and support a
wide range of insects that are an important food source for birds and other wildlife. Trees
that bear berries are also a direct source of food for many bird species.
In an urban setting, linear corridors of habitat are among the most important, connecting
otherwise isolated areas to each other and out to the rural surroundings. Trees and other
vegetation along highways, waterways and railways are particularly important to wildlife in
the respect.

Other Benefits
Road safety

Trees can help improve road safety in a number of ways.
Trees lining streets give the impression of narrowing the street and encourage slower
driving.
The stress reduction effects of trees (Wolf 1998(d), Kuo and Sullivan 2001(b)) are likely to
have the effect of reducing road rage and improving the attention of drivers.
Trees along streets also provide a buffer between pedestrians and vehicular traffic.
Road surfaces

Managers of both trees and highways are well aware of the detrimental effects that trees can
have on the surface of footways and carriageways through direct damage by roots. Less well
known is the fact that the shade cast be trees can significantly increase the life of road
surfaces by reducing the temperatures which the surface reaches during hot weather.
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Appendices
The following factsheets, pamphlets and scientific papers provide some of the background to
the topics discussed here. They are reproduced with the kind permission of the authors and /
or publishers.
Copyright in all these papers remains with the original copyright holder. This entire document
may be distributed for non-commercial, educational purposes. If you wish to use any part of
the document for any other purposes you should obtain permission from each author.
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Identified Benefits of Community Trees and Forests
by Dr. Rim D. Coder, University of Georgia
October 1996
Community trees and forests are valuable. To the 75% of the United States population that now live in
urban and suburban areas, trees provide many goods and services. Values are realized by the people that
own the trees, by people nearby, and by society in general. People plant, maintain, conserve, and covet
trees because of the values and benefits generated.
Tree benefits can be listed in many forms. The bottom-line is humans derive not a single-user value from
community trees and forests, but a multi-product multi-value benefit. Some of these benefits stem from
components and attributes of a single tree, while other benefits are derived from groups of trees functioning together. What is the value of these multiple benefits? A 1985 study concluded that the annual ecological contribution of an average community tree was $270.
Values, functions, goods and services produced by community trees and forests can be evaluated for
economic and quality of life components. While quality of life values are difficult to quantify, some of the
economic values can suggest current and future negative or positive cash flows. In assessing changes in
dollar values, concerns for tree evaluation are most prevalent within: risk management costs (liability and
safety); value-added / capital increases to tree values; appreciation of tree and forest assets; maintenance
costs of tree and forest assets; and, level of management effectiveness and efficiency (total quality management of community trees and forests -- TTQM).
Below are listed a selected series of goods, services, and benefits community trees across the nation and
forests provide. These bullets of information are taken from a diversity of individual research projects
and, as such, are individually meaningless except under similar conditions. These items together do
suggest trends and concepts of value.

OUTLINE OF SELECTED BENEFITS
Environmental Benefits
Noise Abatement
Temperature and Energy Use

Shade
Wind Control
Active Evaporation
Air quality

Oxygen Production
Pollution Reduction
Carbon Dixoide Reduction
Hydrology

Water Run-Off
Water Quality / Erosion

Glare Reduction
Animal Habitats
Economic / Social / Psychological Benefits

Economic Stability
Property Values
Product Production
Aesthetic Preferences
Visual Screening
Recreation
Health
Human Social Issues

Environmental Benefits
Temperature and Energy Use

Community heat islands (3 to 10 degrees F warmer than surrounding countryside) exist because
of decreased wind, increased high density surfaces, and heat generated from human associated activities,
all of which requires addition energy expenditures to off-set. Trees can be successfully used to mitigate
heat islands. Trees reduce temperatures by shading surfaces, dissipating heat through evaporation, and
controlling air movement responsible for advected heat.

Shade
- 20 degrees F lower temperature on a site from trees.
- 35 degrees F lower hard surface temperature under tree shade than in full summer sun.
- 27% decrease in summer cooling costs with trees.
- 75% cooling savings under deciduous trees.
- 50% cooling energy savings with trees. (1980) 20 degrees F lower room temperatures in uninsulated house
during summer from tree shade.
- $242 savings per home per year in cooling costs with trees.
- West wall shading is the best cooling cost savings component.
- South side shade trees saved $38 per home per year.
- 10% energy savings when cooling equipment shaded (no air flow reduction).
- 12% increase in heating costs under evergreen canopy
- 15% heating energy savings with trees, (1980)
- 5% higher winter energy use under tree shade
- $122 increase in annual heating costs with south and east wall shading off-set by $155 annual savings in
cooling costs.
- Crown form and amount of light passing through a tree can be adjusted by crown reduction and thinning.
- Shade areas generated by trees are equivalent to $2.75 per square foot of value (1975 dollars).

Wind Control

- 50% wind speed reduction by shade trees yielded 7% reduction in heating energy in winter.
- 8% reduction in heating energy in home from deciduous trees although solar gain was reduced.
- $50 per year decrease in heating costs from tree control of wind.
- Trees block winter winds and reduces “chill factor.”
- Trees can reduce cold air infiltration and exchange in a house by maintaining a reduced wind or still
area.
- Trees can be planted to funnel or baffle wind away from areas -- both vertical and horizontal concentrations of foliage can modify air movement patterns.
- Blockage of cooling breezes by trees increased by $75 per year cooling energy use.

Active Evaporation

- 65% of heat generated in full sunlight on a tree is dissipated by active evaporation from leaf surfaces.
- 17% reduction in building cooling by active evaporation by trees.
- One acre of vegetation transpires as much as 1600 gallons of water on sunny summer days.
- 30% vegetation coverage will provide 66% as much cooling to a site as full vegetation coverage.
- A one-fifth acre house lot with 30% vegetation cover dissipates as much heat as running two central air
conditioners.
Air Quality -- Trees help control pollution through acting as biological and physical nets, but they are also
poisoned by pollution.
Oxygen Production -- One acre of trees generates enough oxygen each day for 18 people.
Pollution Reduction

- Community forests cleanse the air by intercepting and slowing particulate materials causing them to fall
out, and by absorbing pollutant gases on surfaces and through uptake onto inner leaf surfaces.
- Pollutants partially controlled by trees include nitrogen oxides, sulfur dioxides, carbon monoxide,
carbon dioxide (required for normal tree function), ozone, and small particulates less than 10 microns in
size.
- Removal of particulates amounts to 9% across deciduous trees and 13% across evergreen trees.
- Pollen and mold spore, are part of a living system and produced in tree areas, but trees also sweep out
of the air large amounts of these particulates.
- In one urban park (212 ha), tree cover was found to remove daily 48 lbs particulates, 9 lbs nitrogen
dioxide, 6 lbs sulfur dioxide, and 1/2 lbs carbon monoxide. ($136 per day value based upon pollution
control technology).
- 60% reduction in street level particulates with trees.
- One sugar maple (one foot in diameter) along a roadway removes in one growing season 60 mg cadmium, 140 mg chromium, 820 mg nickel and 5200mg lead from the environment.
- Interiorscape trees can remove organic pollutants from indoor air.

Carbon Dioxide Reduction

- Approximately 800 million tons of carbon are currently stored in US community forests with 6.5
million tons per year increase in storage ($22 billion equivalent in control costs).
- A single tree stores on average 13 pounds of carbon annually.
- A community forest can store 2.6 tons of carbon per acre per year.

Hydrology

- Development increases hard, non-evaporative surfaces and decreases soil infiltration -- increases water
volume, velocity and pollution load of run-off -- increases water quality losses, erosion, and flooding.

- Community tree and forest cover intercepts, slows, evaporates, and stores water through normal tree
functions, soil surface protection, and soil area of biologically active surfaces.
Water Run-Off
- 7% of winter precipitation intercepted and evaporated by deciduous trees.
- 22% of winter precipitation intercepted and evaporated by evergreen trees.
- 18% of growing season precipitation intercepted and evaporated by all trees.
- For every 5% of tree cover area added to a community, run-off is reduced by approximately 2%
- 7% volume reduction in six-hour storm flow by community tree canopies.
- 17% (11.3 million gallons) run-off reduction from a twelve-hour storm with tree canopies in a mediumsized city ($226,000 avoided run-off water control costs).
Water Quality / Erosion
- Community trees and forests act as filters removing nutrients and sediments while increasing ground
water recharge.
- 37,500 tons of sediment per square mile per year comes off of developing and developed landscapes -trees could reduce this value by 95% ($336,000 annual control cost savings with trees).
- 47% of surface pollutants are removed in first 15 minutes of storm -- this includes pesticides, fertilizers,
and biologically derived materials and litter.
- 10,886 tons of soil saved annually with tree cover in a medium-sized city.
Noise Abatement
- 7db noise reduction per 100 feet of forest due to trees by reflecting and absorbing sound energy (solid
walls decrease sound by 15 db)
- Trees provide “white noise, " the noise of the leaves and branches in the wind and associated natural
sounds, that masks other man-caused sounds.
Glare Reduction
- Trees help control light scattering, light intensity, and modifies predominant wavelengths on a site.
- Trees block and reflect sunlight and artificial lights to minimize eye strain and frame lighted areas where
needed for architectural emphasis, safety, and visibility.
Animal Habitats
- Wildlife values are derived from aesthetic, recreation, and educational uses.
- Lowest bird diversity is in areas of mowed lawn -- highest in area of large trees, greatest tree diversity,
and brushy areas.

- Highest native bird populations in areas of highest native plant populations.
- Highly variable species attributes and needs must be identified to clearly determine tree and community
tree and forest influences.
- Trees are living systems that interact with other living things in sharing and recycling resources -- as
such, trees are living centers where living thing congregate and are concentrated.

Economic / Social / Psychological Benefits
Economic Stability Community

- Community trees and forests provide a business generating, and a positive real estate transaction
appearance and atmosphere.
- Increased property values, increased tax revenues, increased income levels, faster real estate sales turnover rates, shorter unoccupied periods, increased recruitment of buyers, increased jobs, increased worker
productivity, and increased number of customers have all been linked to tree and landscape presence.
- Tree amenity values are a part of real estate prices.
Property Values -- Real Estate Comparisons

- Clearing unimproved lots is costlier than properly preserving trees.
- 6% ($2,686) total property value in tree cover.
- $9,500 higher sale values due to tree cover.
- 4% higher sale value with five trees in the front yard -- $257 per pine, $333 per hardwood, $336 per
large tree, and $0 per small tree.
- $2,675 increase in sale price when adjacent to tree green space as compared to similar houses 200 feet
away from green space.
- $4.20 decrease in residential sales price for every foot away from green space.
- 27% increase in development land values with trees present.
- 19% increase in property values with trees. (1971 & 1983)
- 27% increase in appraised land values with trees. (1973)
- 9% increase in property value for a single tree. (198 1)

Property Values - Tree Value Formula (CTLA 8th edition)

- Values of single trees in perfect conditions and locations in the Southeast range up to $100,000.
- $100 million is the value of community trees and forests in Savannah, GA
- $386 million is the value of community trees and forests in Oakland, CA (59% of this value is in residential trees).
Product Production

- Community trees and forests generate many traditional products for the cash and barter marketplace
that include lumber, pulpwood, hobbyist woods, fruits, nuts, mulch, composting materials, firewood, and
nursery plants.

Aesthetic Preferences

- Conifers, large trees, low tree densities, closed tree canopies, distant views, and native species all had
positive values in scenic quality.
- Large old street trees were found to be the most important indicator of attractiveness in a community.
- Increasing tree density (optimal 53 trees per acre) and decreasing understory density are associated
with positive perceptions.
- Increasing levels of tree density can initiate feelings of fear and endangerment -- an optimum number of
trees allows for visual distances and openness while blocking or screening developed areas.
- Species diversity as a distinct quantity was not important to scenic quality.
Visual Screening

- The most common use of trees for utilitarian purposes is screening undesirable and disturbing sight
lines.
- Tree crown management and tree species selection can help completely or partially block vision lines
that show human density problems, development activities, or commercial/ residential interfaces.
Recreation

- Contact with nature in many communities may be limited to local trees and green areas (for noticing
natural cycles, seasons, sounds, animals, plants, etc.) Trees are critical in this context.
- $1.60 is the willing additional payment per visit for use of a tree covered park compared with a maintained lawn area.
Health

- Stressed individuals looking at slides of nature had reduced negative emotions and greater positive
feelings than when looking at urban scenes without trees and other plants.
- Stressed individuals recuperate faster when viewing tree filled images.
- Hospital patients with natural views from their rooms had significantly shorter stays, less pain medicine
required, and fewer post-operative complications.
- Psychiatric patients are more sociable and less stressed when green things are visible and immediately
present.
- Prison inmates sought less health care if they had a view of a green landscape.

Human Social Interactions

- People feel more comfortable and at ease when in shaded, open areas of trees as compared to areas of
hardscapes and non-living things.
- People’s preferences for locating areas of social interactions in calming, beautiful, and nature-dominated areas revolve around the presence of community trees and forests.
- Trees and people are psychologically linked by culture, socialiition, and coadaptive history.
Reference for most of this material: Literature Review for the QUANTITREE computer program -“Quantifiable Urban Forest Benefits and Costs; Current Findings and Future Research.” In a white paper
entitled Consolidating and Communicating Urban Forest Benefits. Davey Resource Group, Kent, OH.
1993. Pp.25.
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Grow
for the
Gold
By Kathleen L. Wolf, Ph.D.
Center for Urban Horticulture
University of Washington

Trees
in Business
Districts

Consumers said they would be willing

Category A. Little / No Vegetation

Trees and business — it’s a
love-hate relationship!
There are certainly costs that
come with having trees on
streets. Yet, a new study
provides evidence that trees
Category B. Naturalistic

GROW FOR THE GOLD

have positive effects on
consumers. Despite their

costs, trees do provide indirect benefits to businesses.
About 70% of America’s gross domestic product is
attributed to purchases of individuals. Consumers
consider many factors when deciding on what
products and services to buy. Value, quality and
convenience are major messages that marketers
Category C. High, Open Canopy

communicate about their products. Often overlooked
is the importance of the retail place on shopping
decisions. A pleasant, welcoming retail environment is
important to consumers.
How does the community forest influence consumers?
A national study, conducted by social scientists at the
University of Washington, used survey questionnaires
to investigate public perceptions about the role of
trees in revitalizing business districts. Surveys were

Category D. Low, Dense Canopy

sent to selected districts in cities of the Pacific
Northwest, Austin, Los Angeles, Chicago, Pittsburgh
and Washington DC.
The project outcomes can help us plan and manage
urban forests to better meet business needs. They also
will help businesses focus their green investment for
highest returns. Here are highlights of the research
results.

Category E. Formal Foliage

to pay, on average, 12% higher for products in districts with trees.

Exploring Public Preferences
Preference surveys are a proven tool used to assess public values. The
survey showed retail settings with different amounts and arrangements
of vegetation. People were asked to rate scenes on how much they liked
them (1 = not at all, to 5 = very much). The ratings do express an aesthetic
judgment, but the basis of the judgment is very important — the capacity
of a place to meet the needs and concerns of a person.
Low and High Ratings

Ratings were averaged for each of 32
scenes. Scenes with the lowest and highest mean ratings differ significantly in
visual content. Highly valued scenes
contain trees and accessory vegetation,
including light and shade patterns associated with the plants. This result is
consistent with preference evaluations of
many landscape settings; the presence of
trees generally enhances public judgment of visual quality. In this case a
three point difference in means between
the highest and lowest rated scenes is a
striking example of how plants can
affect consumers’ judgments of place.

taining trees. Meanwhile, larger trees are
associated with higher preference, as in
Categories “C”, “D” and “E.” Both open
and dense canopied trees are valued.
Finally, the latter three categories also
appear more ordered; both trees and
accessory vegetation are placed and managed to create distinct visual patterns.

Lowest Rated Scene

Perception Categories

Ratings of business
people and the general public
were statistically compared
to better understand how their
values for the urban forest
may differ.

f

Comparing Business
and Visitors

Both business and consumer survey
groups gave higher ratings to scenes with
trees. Yet, within all but one category
(Category “E”) business respondents
significantly differed from visitors in their
assessment of visual quality. Business
ratings of Category “A” scenes were
higher than visitor ratings, despite the
grim, hard-featured character of the street
setting. Meanwhile, business people
consistently rated landscaped scenes on
Categories “B” through “D” lower than
visitors, suggesting that merchants have
less appreciation for trees than the people
they wish to welcome to their shops.
ALL PHOTOS BY KATHLEEN L. WOLF

Analysis also reveals categories of images
based on similar patterns of response.
Typically, differences in the categories
can be attributed to both the content of
the images and how the image elements
are arranged. Five visual categories were
identified (see photos at left).
Mean Ratings

Preference ratings increase with the
presence of trees in the streetscape. Category “A” was rated lower, by far, than
the other categories even though its
images contain some vegetation. Category “B” images contain the most complex landscape plant blend, yet were
valued least of the image categories conResearch support provided by the USDA Forest Service and
National Urban and Community Forestry Advisory Council.

Highest Rated Scene

Categories can be attributed to both the content of the images
TreeLink, Spring 1999

Consumer Perceptions and Behavior
Often taken for granted, our surroundings, both outdoor and indoor, affect
the course of our daily lives. Physical features define how we move and get

Growing Trees and
Revenue for Business

around in any space. In addition, elements of an environment send cues that

A goal of 15%

can influence our attitudes and behavior within a place. The study evaluated
how the character of a place influences shoppers’ behavior in a business

tree canopy cover
is recommended

district. People were asked a series of questions about three hypothetical
business districts. What do consumers read from the visual cues of a place?

by American

Here are some of the results.

Place Perceptions

Four perception categories emerged from
participants’ ratings of the three business
districts:
❚ amenity and comfort,
❚ interaction with merchants,
❚ quality of product,
❚ maintenance and upkeep
Consumers’ ratings for each of the categories were significantly higher for districts
that had street trees and other landscape
improvements. For instance, amenity and
comfort ratings were about 80% higher for
a tree lined sidewalk compared to a nonshaded street. Also, quality of product ratings were 30% higher in districts having
trees over those with barren sidewalks.
Interaction with merchants items included
customer service issues; ratings were about
15% higher for districts with trees.
Patronage Behavior

Actions follow our impressions of a place.
Respondents were asked to give opinions of
their behavior within the three shopping
districts, including travel time, travel distance, duration of a visit, frequency of visits
and willingness-to-pay for parking. Again,
trees make a difference. Considering all

Forests for busi-

behaviors, higher measures were reported
in the districts having trees. For instance,
respondents claimed they would be willing
to pay more for parking in a well landscaped business district. This suggests
greater revenues from shaded parking
could offset the costs of parking space loss,
a frequent objection to trees by merchants.

most American retail environments have 5% or less. How
can we encourage business
leaders to become advocates
for trees? While there are few
direct cost benefits, support of

Pricing Patterns

the urban and community

Do trees influence how much people are
willing to pay for goods? Contingent valuation methods were used to assess how amenity values relate to customers’ price valuations. Survey respondents were asked to
specify a price for each of 15 items in a
basket of goods in the business districts. The
survey participants consistently priced goods
significantly higher in landscaped districts.
Prices were, on average, about 12% higher
for products in the landscaped district compared to the no-tree district. This was true
of low-price, impulse-buy convenience
goods (e.g. lunch sandwich, flower bouquet), as well as bigger ticket, comparisonshopped items (e.g. sports shoes, new
glasses). Given the low profit margins of
most retail businesses, trees appear to provide a significant amenity margin.

forest provides other indirect
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ness districts;

returns. A healthy, vital urban
forest sends messages that
welcome shoppers. Other
studies confirm that the presence of trees may boost
worker productivity and that
trees boost property values.
The community forest is an
asset for entire retail communities, as well as individual
business owners. A tree program should be a part of
any business improvements
campaign.
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Urban Forest Values:
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Trees in Business Districts:
Positive Effects on Consumer Behavior!
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Trees in Business Districts:
Comparing Values of Consumers and Business
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Community Image:
Roadside Settings and Public Perceptions
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G H IJLKMNPOQ RTSUHVN/WX IYX SZH[ZWOYX Q\ Q^]`_a[^Q:_cbZWP\ _dI_eeMZ[X W,R
KQ^WPW X [Uf KH [U]gN H W/Q^]JZ_Y\heMUIJW,JZQ R H fYN Q^Q^]\6X WPJHiKQjNX QK_ab
KWPHWPQje$Q^[UWPKkH lU_aMUWjW,JZQmI _c[UKMe$QjNaQ[^OaX N _a[ne$Q[ZWj_abUWPJUQ
So H I QnpqJUQ:KWPH W/Qje$Q^[UWPKI_a[UWPHYX [UQ^]FX [Ub _Ne$H W X _c[:H lZ_aMUW
e$QjN IJUH [UWPKrSnN _a]ZMUIW,KrH [U]KQjN,OaX I Q^KUpUs WPHWX KWX I HYoH [UHYo R KUX K
SN _c]ZMUIQ^]:W,JN Q^Q IH W,Q^f_NX Q^KnlZHKQ^]:_Y[6N Q^KSU_c[UKQtSUH WPW,QjN [UK^u
vjwjxYy z|{ax x}gwj~ y 
`j|{a~ y zjj~P~YU{
 jc y zjLzc^{az y {azjU{

Å

° MN/W,JZQ|Ne$_N QZre$Q^H [FN H WX [Uf K_a[LQH IJLIHWPQ^f_$N/RT]nX b b QjN Q^]
K^X f [X bX IH [UW o R`± Sn²|p ³Z³´µ/r\6X WPJ:WPJUQtI_ee$MU[nX WPR¶X eiHf Q^K
I_a[UWPHYX [X [UfLei_N QtfYN Q^Q[:KSUH I QTJZHOYX [Zf$JX f JUQjNYO HYo MUQ^K^p
· H WX [Uf K_cb¸$SZSUQ^HYo X [Zfi¹tJUHYN H IWPQcNc\TQ|N QmºZ³U»¼JnX f JUQjNYb _$NaW,JZQ
e$_$N Q6o H[Z]UKI HSZQ]KQ^W,WX [UfYpn½_aW/Q^[ZW X HYoI _c[UKMe$QjN KkSN _clUH lo R
X [Ub QjNa_cW,JZQ|NaIJUHYN H IW,QjNX KWX IK_abUH I _$eeMZ[X WPR lZHKQ^]L_a[
OaX KMUHYoI MZQ^Kp · H W X [Uf Kk_cbUlU_cW,J¿¾ MUKUX [ZQ^KKÀdMUHYo X W,R H[Z]
s JZ_aSUSnX [Uf$¹T_c[OQ^[nX Q[ZI Qm\TQ|N QÁ´ÂUÃ,ÄZ³U»8JnX fJZQjNX [:WPJ^Q
I _$eeMZ[X W/RTJUHOaX [Uf¶e$_N QmfYN QQ[LKSUH IQmH [Z]OQ^f Q^W,H WX _c[p

987:ÆV5C<¿7:7ÈÇÉ5(Ê6ÆV>$3658;=<658Ë

qnJU_cKQ:KMN,OQRQ]\ QjN Q:HVo K_dHKUÌQ^]JU_a\heMUIJW,JZQRTHfYN QQ]
\6X W,JLH`o X KWj_cbUKW,HWPQje$Q^[UWPKH lU_aMZWjJU_a\ÍlZMUKUX [UQ^KKQ^K:X [UWPQ|N H IWPQ^]
\6X W,JLWPJUQ:I_ee$MU[X WPR¶X [LWPJUQ:WP\T_ÁKQ WPWX [Zf K^pq \T_ÁKWPH W X KW X I HYo
IH WPQf _$NX Q^Kk\TQ|N QdX ]ZQ^[ZW X bX Q^]nu
gy ny mTÎÍÎF{/Z{
TÎ¼Î¿wjziy gÏm{a~ 

¹dX OaX Ii¹t_eLe$QjN I Q6X [ZIYo MZ]ZQ^]:KW,HWPQje$Q^[UW,KKMZI J:H KQYeQjN Ã
IJUH [UWPKkIHVN QTH lU_cMUW|WPJUQtI_e`eM^[nX W,RcH [U]. SUMUlno X IiH [U]
SnNX OHWPQt_$N fH [X yH W X _c[UKk\i_$NÌnWP_Yf Q^W,JZQjN p zmX f JUQjNo QOQco Kk_cb
H fYN Q^Qje$Q^[UWjb _$NaWPJX KIHWPQ^f_N/RT\TH KH KK_aIaX H W,Q^]\dX WPJ:WPJUQ
fYN QQ^[LKQ^W,W X [UfYpgþ KKMUQ^K_abL¹t_eeMU[nX W,,
R zkQ^HYo WPJ¿± Qp fYp
bX [ZH [UIaX HVoI_Y[Z]nX W X _c[UrIaNX e$Q¿N H WPQµj\ Q|N Q:HVo K*
_ {,MZ]Zf Q]`W/_dlUQ
lZQWPWPQ|NX [LW,JUQmfVN Q^Q[ZQjNYI_e`eMU[X WPRp

û

>TÆVüdÆV58ý
û

DFËZËU<¿>m5C7

¹T_c[UWX [Zf Q[ZWjOHVo MUH W X _a[FX KH¶e$Q^W,JZ_a]QI _c[U_$eX KWPKMZKQmWP_
O HYo MUQ:WPJX [Uf KW,JZHWIH[[U_cWjlUQ:lU_cMUf JUWjH [U]K_o ]_c[LW,JZQ
e$HYNÌPQ^Wpþ [WPJX KKWPMU]VR SZQ^_aSno Q:\tQ|N QmH K^ÌQ^]WP_dKSZQIaX b RT\tJUH W
W,JZQR \ _cMo ]SUHR b _NaH I _$o o QIWX _c[L_abZf_a_c]ZKH [Z]LKQjN,OaX I Q^KUp
· Q^KMo W X [ZfiSNX IaX [^fiSUH WPW,QjN [UKHYN Q6X [U]nX N QIW X [U]nX IH W,_$N K_abUWPJUQ
O HYo MUQ:_cbZfYN Q^Q^[KSZHIQ:WP_ÁI_ee$MU[X W X Q^K^pÿ_dW N QQ^KLX [Ubo MZQ[UIQ
JU_c\ eMZIJLSZQ^_YSo Q:HYN Q:\dX o o X [Uf WP_dSUHRTb _$Naf_c_a]ZK  qJUQ
H [UK\ QjNYbN _eCWPJjX KkKW,MZ]ZR`X 
K R Q^K^ù  ° _NYHYo oQ|X f JUW o X KWPQ]FX WPQ|e$Kr
JX f JUQjNcKWPH W,Q^]SNX IQK\ QjN Q:fYX OQ^[Lb _$NYf _c_a]ZKLX [LWPJUQ

fYN QQ^[LI_eLe$MU[X WPRp ° _N$X [ZKWPH [UIQZrKSZ_N/WPKKJU_cQK\ QcN Q
SnNX IQ]öZ»8JX f JUQjNX [LWPJUQ:fYN Q^Q^[:KQ^WPWX [Zf r\mJX o QmH K^X WPÃ,]U_Y\m[
]kX [Z[UQjNa_$NaH$bo _Y\TQjNalU_cMU÷ZMUQ^Wj\iQjN Q:H KKUX f [UQ^]g´³Z»8JX f JUQjN
SnNX IQKUpYø¿N Q^Q^[FeiHYÌ,Q^KH ]nX b b QjN Q[UIQjùcqnJUQ:SnN Q^KQ[ZIQm_abVW N Q^QK
H [U]fYN QQ^[:KSUH IQ6eiHR SU_cK^X WX OQjo R¶X [Ubo MZQ^[UIQmlZ_aW,JI _c[^KMe$Ã
QjN K^úH W,WX W,MZ]UQ^KH lZ_aMUWWPJUQ:IJUHYN HIW,QjNa_cbZH So H IQmH [Z]W/JZQ
SnNX IQKW,JZH W|KJU_cSUSUQjN KHYN Q:\dX o o X [^f W,_ÁSZHR H KW,JZQRTKJZ_YS
W,JZQ|N Qp
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PUBLIC RESPONSE TO THE URBAN FOREST IN
INNER-CITY BUSINESS DISTRICTS
by Kathleen L. Wolf

Ê0ËÌHÍFÎ>ÏÐ!Í!Ñ « ^¡  5D  ¢^5  %¤D!>9HDfY^!uPPQ^ ¬MH
 PP!¯wM £YP9 ^I.P =£! ^£L5.fFMf=5!^IcF¤H!>H!DÒDD
*D% ¤>F5DDD DDDu %^!D> HD%M¤P¤PDM  HDLHIu^
DH¡  !PMH5>P^ u^P5PJ*MH9 P^HD%*¤D! >! £f  ¡ M
>ªPP5ªP^!*!*5 5D%MH¤PªH99 DM ¤H!>¡DDH£YPMDH9
ÓBªP !^9D^HDª¡ D u^5DY5ªPQ! f=PcHD^R M HIuF·
DH¡ H PDDu M>!D5  H95=^P9 D B5ª*P I£! ^£ P
¤HPJ    HY¤DH>¡ PD*f5ªP*DfuP £YI>!I>5Ô^5  D
=PF¡^e¡ D u^>>W¤DP  Y¤P!DD¤H5 LHL¤P^£! P^ QJDª^¡  >
 H5MH5 H9LD¬¤D!H^    HPcI5R¤P *HD 5  M9ªP ¤*5
¡ ^! DW¤H!^9DPDf5c!M^, .!^5D HF£!D^£9DD¤P^9P« ^= £
=P9^=>ª^uDD=u^QDª^¡  >f f¤P>9 5 ¡ D M>F!D 5DBW 5ª
=£!D^£9DD¤PQ!!MDP H¿ D >P5ªP^!fD>P 5 ¡ fDYJMªP^¡  >!D
P DHL  H9 « 9D^!Dª>>D^R> 9,^I>  Lª J^! J=>
¤P^w5PF9ª ¤D 5ªB9 P^IYM fP 5 !^^HP DYFJD
=>H^I¤P DP H%DP¬MP^DDH5
ÕBÖ9×%ØºÙ ÎMÚ ÌÑ QwDH·ID Yu  RI>!^IcF´¤DP  B¤P^HDD¤P¯
5  D9´=!5M 5! I9
MM%B 99 c*M = !9 LMMI H cFf I D c fcHP%5D  M
55H*H¡ ¡ML>*H¡ 5M  ¢= L£%¤DH5¡MMD£fMMMfH
MM!¥¦ J   M*¤M!DM!IF H>50! > R %¤DD=¡PM%MM !
9> 5c5 =!M H  !¥§M,¤ M>u¨9 HMM>DB   5>
!!5HM9©B!¤ =5ª0MD¡ HMM=M5JMI £Y¤DH5¡ M*
£HM. %M = !> DM*¤DH5!HMf.H*5 =M%5u0ªP ª%¤DH =H £YI5
cHMªMM B uF ^!P  D* ! FB5%fJ = c!
 wMB DM^f¤DM5¡ =* JMDMLH=J 0¤DMDJ£=ª
MH=* DMD£!DY% D¡F5%MDI5Q! I!9L« 5ªI
  HMM^I £BHu  M %M¬H I  5.I9F9=
!!MHMª¤DH£®HMcRMD=MY=,¡M 5 5ªB¤55MM= M
DM 0MD£D  5 DY5  !MQ5JH=M =9£= D!f *Hc¡ =M  ¢¯
 Df 9 Ff w£H  9LIPw¡%5P=>QI!I=ª HMYH
 ¤5w=MDJ>¤>D£B5QPM >% DL>¤¤MM  D%MMF
DD¡ HMD5LIMª¬ HI5H= ¬M>¬M *FM*I5HI w
^MM YM%¤DD5II! M Y ¬ I5w 5RM  I 9 F
I¤¤5wPI5YD>= DMfF5M MBM £J° wJMBI5MI=
BACKGROUND AND LITERATURE

±²ª  *DDYF£ ^Yª^¡* u>H5MB5ª*fu = ¤P D^I £
DPf9^5 I=D>  D.>PFJDB¡ ^ ^5^=  %^©Q.^Y^uM  | ³MH
>IuªP^¡  = ^9D¤P^HD.DPBH^9 PDH5 D>9^£5 H!
wLf^D  | ´MªH!DP | MD>¡ !    Hf5ª
 ¤>F>MPDY>P5ªPFJD.I>!^I >,¤H! ¡ ^5YDH5^!¤H! 9f^©QY ^

^M  | MD µ c5 * . P>%^J>P>ª*¤P!DM ¡ M BMP^= £
DB¡ D u^R>5ªP PwMf=5!^=u f!^5D  DD 
 ^!D D
P I£H ^£9  ¡   %DPH!^F9Df.5ªP J!^9D^!MªP
¶MIDªP  >  DD>5ªPD>F5¤P^wL D·=DH¡  ! PMHuH PD ^
DD=5 c>Df5ªPBM>HB55ªP I£uHD> 5ªf=PRD HIu^F·
MH¡P ! MH D5^HD^5 LPLD D59M DD5 I£fP I5 H!u 9ª*5ªP
¤ªH!9 DM ¯ 5DD  J *P %D %5JD%MH¡  DPMH D ¸ H5^!¤^5¯
9DDB9 M  ^ c!M M HY^=>   |  }¹ ´5±ºD¤P
|  ¹} D L *¤P^wL D·=MH¡  ! PDHPH^LM^HDª% .¤HHD LD%
I5 Bu 9¯ !L¤ D9*II¤H5 H9´55ªPf M¡ ^I5 ^5 H
D D>D %D% H5^!D^5 PD¤P^F9¤PD> ¡ * U>! |  ¹} H
«PcH¤ 9MHIY5>¡P >9%5M *£D H£ >9»J¤ cH9*
° BDD 5
£wH wH%5> B= u¤ ªMDH =>IH£ I >P9¼JDc¡P£^* >I£D¤>D£ D£Iª c
  Fc>>!>ª cM>£I£D wI c*= ¤ >5IY%5D®^J5%5M *=L J £I L
£>  wD>ª 99w¡FIPuª ID¤  I5 I%£Dw    >PM¼JLH£^¡£05 HB¬5L
5L =I£I ¡J=u >F£M>>I > ®^M%5> *£Q= 9IªJ½5>   ,=
5ª£>>£IcuI J¤  >5J> JIªJ¤ >9¤ %ª f ª£Q Q Qc¾f£Hc |  ¹ 5
¶L>!¤  5IP  F ¡> =¡£M £¤ ªMDH >5^FIM2% Fª.¬>5  >D0I
M5¤M>£H5MI£I 9>HH MI£DMcF M¬5 £I M >w=>¬cF LJ5  >J ML
IH ^¡cH°I¤>D Iu£¨¤ cM 5 >£HwH9> >H 5cM MH> .c I   cH
« 5D  F!D B5ª 5DD  J M ¤ªH99 D>>9c5 H55ªPD 
P! ^=5¬^c£!D^0D DIuFu5*>ªD .¤DH Hu^£MP
9F¡ M^9=PH¤HH 9 D  D=5ª^D* Y  £> 0 H=5!%^5  ¬^J>5ªP
D  B5u>P5P >YDH¡  DPDD0 D HIuMªP^¡  >5P^9¤P 5
^¨L5MH9 ¡f^!^> HWMPf!>D M9D DPD I£P R fI>5!
 H5! >F.DP%¤HH Hu^£95±²ªP   D^!D ¤PwL D·=DH¡  ! PMH
 H5!D^5  ªP^JDDYFcP DfL PDQ5ªP | ³M9D5ªPf^!Mf>
DD=^F·=DH¡ !PDDB H5^!D^5  ¿ª^,£c!D>D.!D ^5 ¡D 
=º!LD!DªW^ =5Fc^À!¡^!^£BBM  | ³DM
Consumer/Environment Interaction

ÁP5 DH f>PFJDfcHDQJDP^= £MY9^F¡  D^RªP^
9H>%D H9 P^!^J  B!DMDHuPDDD^L ÀP^9  >9^F¡D
M=!^5P¡ D uDDIuMªu5ªP>9f^¨ ¤H!^I9MY>ªD!>P ª!
¤D! > HHPM 9PR5^¨  I=5QIDª¬¤DJ    H
^Â^9  ¬D%µ   MªP  | Ã´¶MH^5 |  ¹ D
¼,¡ H ¿> H^= c*!wLHw!HªR=wP¬ ¿HH¡  9 WD!5H
 ¤H9>¡ HH!c,HP¿DPªDHDWHH 5uHªw0=I=HHWw>w
Hw HHH0DH Y½M0D  c¿ ÄH¶ªPwFL  | ÅDH©Y   w
¡ H uwªPw¡ QuDHWPw9 ¡ H.£!Æ^¨c9H¤P w> !>0HH¡  9P¯
HD>HMHPw5 cRHPY>ªQ==> c>^   cMP=M!w=>¯w^9 ¡ D
Ç w£HH°0LwI¡  H^LÈP5MJ  !,H.^=¡  D^,ªw¡  HÉW^9w>¯
^9Df¡ D uw.w©fD   |  } H
Urban Trees and Public Goods

ñPñDò

óõô ö ÷=øùMúPûJö ü ý*þ ÿô9ÿ5ô  Pÿ

"$##Pü 5ü 
ô %& Pÿ' $ý Pô&9ô ýDü Dö>ûJÿPÿ^÷=ü (  DýDýwúÿ)
PÿDôPö ÿfÿ$PýDô5ú =ÿ!ÿDÿ*$#cúHÿBü ýDü 5ü ÿ*!ÿfÿ+,5ÿLü - ÿ$.
/ ýDü ÿ$5ü ÷=ü ýfÿ- ü #PÿPýDÿfýDôD÷=ü 01 &0ÿ+2Pÿ!ü ÿ$PýDÿRô>÷ £úHÿ!!ÿ
39ô ýMü >
ÿ #)4Wü  ¬ÿ$$PýDÿ #)4Wô 5ÿ)!ô#Dúuý5ü - ü 678$ö $
ñ 9:9;<$%&(^÷ ÷=ü =ý 3 !ÿ !$ÿ #Húý >ü ô "6w:ù >9ô.ÿ Dö .$ñ 9:9$ò <$%$ÿ 0ô 
$
>ü 
ô D&ö !ÿ !0ü 5ü ?5ü @ô "6ABö !ü $ý 2ñ9:ò B<$%$#)!ÿ 5&ô 5ü @ô %ô5÷
ýD&ô ?=Pü >ü - ÿ*$ý $Dý>ü 5ü ÿ CPÿD$ÿ #P$ÿ #B÷=&ô Q
û Lü ý ÷ ú Pý 5ü @ô Pü $?D$#
H@
ô #Dúý =ü -ü  E67ö #7$ö $eñ 9ò 9:F,0ü 0EHü $ý Éñ99:;&<$.
ùMúûö ü =ý ?ô ô #Yÿ5ü 0E5ü ô $C#ÿ Hü -P$ÿ #B÷ !ô 0¸$ÿ -ü !ô 0$ÿ $ Dö
$#"3$
ý Pô&9ô ýMü Dö>ûJ$ÿ Pÿ^÷=ü (!0Pô PûJ'
ÿ >5ü ý^úö Hö !GMö ü $ÿ >ô
ûú Lü ÿ !^ú #Pü ÿ ýDÿ ,.@'!ÿ  Dü @ö $#%ýMô 0E0ÿ !ýDü Dö 9ÿ5ü ?G%  Pÿ
úF8
û .÷=ô !ÿ *ü .ô>÷ 5$ÿ !!ÿ ?=#Pÿ #DMö @ô $?HGPÿDý Fú 0é÷ !ô 0
$P&
ô =$ýDÿB&ô !Dúuü ,PýD2ÿ >I
ô Mý cú MöMû ú 9ü Pÿ C#Pÿ !ü 0$ÿ  6 óÔô ö ÷
ñ 9:9$ò <$. / úu$ý "5ü £ú #Pÿ .ü PýMü 5ÿ ûJ$ÿ -ü &ô A uÿDö ü 0ü 5ÿ0&ô 
$
!ÿDýDö ú #Pÿ 
ú F8
û B÷=&ô Hÿ 3 $!&ô ?G$0!Yü "0$!!ÿ  Dü &ö 9ÿ5ü $?,.
J 0ÿ !ü $
ý $EPô !ÿ C6Hñ 9:99<2!ÿDýDô 00%$ÿ #&ú F
û $1Hÿ &Dü ö $#
ýDô 00ÿ !ýMü D@ö #Pü >!ü ý (C- )
ÿ ¬ñ KL¸$ý $P@ô WýDô - ÿ F& Pÿ 5ü ô Mö
- ÿ ?ÿ*ü !$$Hô +Qü 0E5ÿDö EKLE.


-Hü ÿ ô5
÷ 9ýMü &ÿ $=ü ÷Iü '
ý 0ÿ 3ô@#$!-PÿûJÿMÿ ¬ÿ 0Eö ô ÿ #'=*
ô >9ÿ>
Húûö ü ý1$Hÿ÷IÿHÿýMÿ1#EÿHýMÿ$£ú8Mö&Hÿô@!ÿ2!ÿ?#ü $?D#ü -ÿA9ÿ
ö &#$!ý&ÿ )6Bö Dü &ý Éñ&9ò BFG7ö M&#M78&ö É&ñ 9 ò 9&<$.GNýM,ô @ô 
0ü >1(-ÿ Mö 9ô!#ÿ -ÿMö @
ô ÿ #,ýM@ô $5ü $?Pÿ $:-Mö 8
ú 5ü @ô I0ÿ  ô@#$
6OQP<%34Eü &
ý RCS Bô@ÿA "6D&ñ 99:B&<Dÿ ?$#$1) TA0%@ô ÿ Iü Uÿ #
5ÿM
ý ü VMúÿP÷Iô *ÿMö ü ýMü 5ü $?"DúûJö ü ý $Hÿ÷I(ÿ Dÿ ýMÿ G. W=u@ô $5ü $?ÿ 
-Mö 
ú 5ü @ô  FúA-ÿ )-ÿPûJÿM&ÿ *:ú 9ÿ# IC
ô !ÿ>1DúûJö ü ý 4ü ö ö ü $?ÿ >
5I
ô .÷Iô ú 9ÿ%ýMô $!ÿA-5ü @ô %ô QHÿ >=ô 5ü @ô ô5÷Pú wQû "#
F:
ú M3ö Hÿ 9ô5ú HýMÿ .GX.@ô ÿ 3ÿMö ÿ >G%Lÿ 0"ü Hü ý M,ö ö ü ý =ü @ô $fô=÷ OQP
5ô.ÿMö ü ýMü :-Mö úÿ Q÷Fô )Dúûö ü 
ý ?ô@ô #$1>!ôLýDü 5ÿ # 4ü 3*úwQû 
÷=ô Dÿ >>EHÿ÷Iÿ 4Y6 ZA-[Mü ÿ #)O![&[[ÿ 2&ñ 9:9&ò <$.
Z ÿ $Hô5ûö 
ÿ 0)Bô5÷ OQP\FúA-ÿ "# ÿ 9ü ?I:-ÿPûÿMÿ  4%ü #ÿMö 
#ü !ý
ú >9ÿ&#&#,&ý Hÿ÷ úö ö E#ôLý8
ú 0ÿ $Iÿ #I6 PUü =ý ÿMö ,ö #I (A!ô@
ñ 9 ò 9FL&ù (=ôW&ñ 9:9&ò <.Gü ô@M#I]Yÿcûÿ Hö ÿ>ü M6Mñ 99^&<0ü #ÿ =ü ÷ )!ü +

#ÿ !ü ?,ÿMö &
ÿ 0ÿ $ ÷Iô  0EMü $3Mü ü ?)3ÿHÿ>ö ü ûü ö ü ¬ô5÷ OP\Fú-ÿ 
# H(ÿ Fúö  .Gü AA3%G53
ô 4_4Eô3!ÿ :# 4Eü ý ->ö ú(ÿ 24ü ö öIûQÿ
ÿ =ü 0"5&
ÿ #. J ö 9ôG%3Hÿ @ô #ÿ $ 10Bú ûJÿ $Hô -Pü #ÿ # 4ü  MuýMö ÿ 
#I0
ÿ ü $?!÷ úGö #ÿ !ýHü $=ü @ô ,ô5@÷  ÿ?Pô@ô #. J Dÿ Mö ü >=ü ý :#
ÿ
ú M,ö 0ÿ 0%ÿ  ô@#I0fú  ûJÿP:ú 9ÿ# 5C
ô 5 -Mö 8
ú =ü ,ô 
VMúÿ >5ü @
ô $G. J IúJü 3ûJö ÿ V>úÿ =ü @ô 0÷Iô 0"0fú >ûJÿ #ÿ -ÿMö ,ô ÿ #'3
?ü -ÿ 2DÿMö ü ûö 
ÿ ->ö úÿ . J #:#ü =ü @ô >ö ö &%ÿIú:>-Pÿ )ô=úö #,ý>ôLö ö ÿ>ý 
ü D÷Iô 0E5ü @ô %@ô ¬ô 3ÿQ÷ Mý 5ô AQ3 c÷ ÷IÿMý -Mö úÿ .@ü Mö ö &% 3ÿ
#  0f
ú >ûÿ &:Mö U&ÿ #*ú !ü $?1-Mö ü # 35ü >5ü ý M,ö $Hôý>ÿ #Dú Dÿ .
Tree Amenity Valuation

J



0Yúuö >ü 9ÿ$%5ü ôDö&!ÿ9ÿ$!ý$E$Hô&?G$0`4.ýDô#HúJý>ÿ$#)>ô
ÿ-=Dö ú 5ÿQ9ÿ- ÿMö#Pü 0ÿ$$Lü ôRô>÷uýDô@Iú 0ÿ>,SHÿ+2Pÿ!ü ÿ$ýDÿRô>÷
ü Pÿ  ^ýDü fûú9ü ÿ!#ü !ü ýG.@auú Mö ü  5ü -ÿ*ü $5ÿ>- ü ÿ4!G%,Dÿ÷=ÿ&
ÿ$PýDÿfÿ -Dö ú >ü ô $G%:$#Pÿ !ýD$ÿ £ú D&ö !ÿ GPô 9ÿ84ÿ !ÿfÿDö ü ýDü 5$ÿ #F
P
ÿ !ýD$ÿ £ú Dö !ÿ =úö !8
ÿ !ÿ P&ô >5$ÿ #Hÿ!$ÿ .Pô>ú  !ÿ 9ÿ$!$ý DVDúuÿ ,
>ü 
ô *!&ô - ü #P$ÿ #"Q÷ $0ÿ 4W&ô 5f÷=&ô Q&ÿ2!ÿ 9ÿ$!$ý #ÿ Lü ?=ø
ñ .b
ó ü Q ÿ=HÿDö 5ü ô $Gü BûJÿ 4ÿDÿ )HÿDÿ ö $#9ý&P'
ÿ #
ýD@ô Iú80ÿ GSGÿ HýDÿ 5ü @ô $,ô5'
÷ >9ôýDü 5$ÿ #.ûú 9ü Pÿ !ÿc
J

Research Program

Fû

Pô H ÿü Pÿ uü Dú9ü Pÿ!fü !ü ý

 

Hÿ Pÿ !ÿ
ü ÷ ÷IÿHÿ$ýDÿü ýMô$Iú80ÿ>GS!ô@?ÿ
ûÿ$-ü ô DÿDö 5ÿ#'=ôMGôü ?ÿ-ü Mô@0ÿ$$ Q-S ü Iú Mö
0
ÿ ü 5ü ÿ>c
e .CBô
ÿ 8 ÿ)Hÿ 9ÿýMÿBô>÷ !ÿMÿ Rü 1!ÿ  Dü ö ÿ $- ü Hô 0ÿ$
ü D÷=ö ú$ÿ ýMÿ 4EJýM,ô Fú80ÿ A4ô5úö #*ûÿ 4ü ö ö ü ?)5*
ô f÷Iô 
$!
ô #Húuý (c
f .JY
ó  #$ÿ 0ô ?G$ü ý ÷ Dý 5&ô A*D)
ÿ 9ôLýDü 5ÿ #!4ü  E#ü ÷ ÷=ÿ  
ÿ ýDÿ Rü E#Pü >!ü ý  ÿ DýDÿ 5ü @ô $G%: D@ô ? ÿ ûJÿ -ü &ô 3%$#

$Hü ýMü $?)-Mö 8
ú =ü @ô c
J 4
ÿ >85'
ô  Pÿ9ÿ1V>úuÿ >ü ô *H1
ÿ #Pü !ÿDý =ö C!ÿDö 5$ÿ #!5'
ô  Pÿ
T ûJô& >@
ô 0²ö ü P$ÿ W ÷=ü LýDöü =ÿ !ÿ (.ô>÷ûú Lü Pÿ C$#ýMô 00ÿ !ýM1
ÿ #
$!&
ô -Pü #ÿ*ü 9ü ?=$(!5*
ô ô&4Ô÷=&ô Hÿ ûJ$ÿ Pÿ÷=ü !0EMö ü ?)4ü &
!ÿ &Mü ö$
ÿ 5ÿ $!ü 9ÿ$.
;,. J  Q3  1d#

RESEARCH METHODS

ùý$Pô0ÿ(!ü ý1$#ÿMýDô@Pô0ÿ(!ü ýIú>- ÿd0%ÿ&ô# 4ÿ!ÿ
ÿ$0Eö ô  $ÿ #*5E
ô Lÿ,ýD@ô Iú 0ÿ 8!ÿ GPô 9ÿ5ô)3!ÿDÿ9ý$$Pÿ
ýMô :#ü 5ü ô $Yü 'Hÿ - ü  Mö ü Uü $?ü ÿ 3^ýDü fûú 9ü ÿ !#ü !ü ý G. Z'DÿDÿ
&
ô  Pÿ5ü $ý Dö 9ýD$ÿ !ü &ô .ô>÷ PÿDü ?=HûJ&ô Pô @ô #fûú Lü Pÿ M#ü !ü ý 
!ÿM
ÿ Lý$Pÿ 4ÿ !!
ÿ Hÿ 9ÿ$$>$ÿ #Yú 9ü $?eýDô 0&ô Lü 5ÿ ô>÷ Pô&5ô 
?G$Pü ý*ü 0E? 
ÿ !$#" Pö $)- ü ÿ 4g,5ÿ 5$ý . Z'Pÿ= !ÿD=ÿ 9ýD$ÿ Hü &ô
#ü ÷ ÷I
ÿ Hÿ #)4ü  )Hÿ ,ÿDý 5ô  Pÿ'VMú 5ü % ö ô $ý (>ü ô %$#%ýDô 0EPö ÿ +=
ü ¿ô5÷ - ÿ ? ÿ  5ü ô .:R  PÿQLýM$ÿ PÿfýD@ô >ÿ 4RýMô !ô ö ö $ÿ #
ûJÿMý ^ú 9ÿ=9ÿMýDô #>1- ü Iú8Mö5÷=$ÿ £ú Hÿ !6^$ÿ . ?. %5ûúü ö #Pü $??$ÿ %5ú 5ü ö ü 
ö ü Pÿ <Y$ý $Yû1
ÿ #Pü 3Dý >ô >*$#^÷ ÷=ÿDý =-ü ÿ 4ÿ !ÿ GPô 9ÿ
6 / 0"#
ô  ñ 9ò:ò F@].ÿ AUô ?E$# / ü ÿ 1;:^:^:^<.
() Pÿh1i j$kl l m9ýM$
ÿ :!ü *
ô 6Pü ?!ú Dÿ¬ñ <= Pÿ #Pü !ü ý ü !#Pÿ - ô ü #,ô>÷
- ÿ ?
ÿ  >ü ô %:$#!9ýD$ÿ Pÿ .ýDô  Dü Yú Pü 5ÿ >F8
ú 5$ÿ #AGRô>÷
5&
ô Dÿ÷ Dô $G.&Z'Pÿj$knoGp q p i$r,nsGjkl l m@LýM$ÿ !ü C
ô 6Aü ?9ú H'
ÿ ;<'#Pÿ Pü ý 1
9ü 0ü ö Q!ÿDÿ 9ýD$ÿ P2ÿ 4ü &%ÿ$VDúuü #Pü &$$>ö DPö DýD$ÿ #)3!ÿDÿ !ÿDÿ .ô>÷
0$
ÿ #ü ú 0YPÿDü ?= .@XRôýD@ô D÷=ö ü ý Yô>:÷ (HÿDÿ Q4Wü 3)3Fúý cú !ÿ Yô&
ü H÷ Fúuý £ú Hÿ H'
ÿ #Pü Hÿ>ý 5ö $H$ÿ $&.@ü Mö ö $%  Pÿtp uGl3o
v l w&l3q nGq p i$r'9ýD$
ÿ !ü M
ô 6Pü ?9ú Dÿ e <*ýDô  Dü !- ÿ ? ÿ  5ü ô %ýDô 0ö &ÿ 
0$
ÿ $uô5
÷ 0ü + $ÿ #)GPÿDýMü ÿ fýDô 0EP&ô 9ü 5ü ô "$##ü - ÿ >Lÿ=Fúuý £ú !ÿ .
J ýMýM$
ÿ  ö $$>ÿ A,% ,$FúP:û G%@$#)(HÿDÿ CHÿBü =ÿ 0ü + $ÿ #"$#
ü D÷=ô 0Mö ö EPö DýM$ÿ #'4Wü  ü ' Pÿ P$ÿ #ÿ !ü )U@ô Pÿ .
ND$
ý >>ü ýDü $!(ÿ ,P@ô #P$ÿ #!5'
ô 4ô¬ô>:÷ &Pÿ2&$!ÿDÿ 9ýD$ÿ 
Hü ô ,.:Pô .$
ÿ Dý %:>5ü ýDü (4Wÿ !)
ÿ G5ÿ #15
ô $!&ô - ü #Pÿ >ü ?
ô EQ

û $5ô>÷ Pÿ !ýD$ÿ £8
ú Dö #ÿ LýHü 5&ô >G. J !ÿDýDô #!9ÿ*ô5÷
-=!ü ^ûJö 
ÿ ÿDö ü ýDü 5$ÿ #!@ô ?ÿûJ$ÿ - ü &ô !ÿ Pô 9ÿ$.þ ÿ ,ô #P$ÿ $
Mö 9ôGÿDýMü ÷=ü $
ÿ #' ÿDü 24ü ö ö ü ?Pÿ 5M
ô 6 g
ó Z*ù < ÷I&ô Bü 5ÿ 01Yü 
ö ü 3ô>÷ ? ô ô #C$#1Lÿ>- ü ýDÿ ,.x34Wÿ Hÿ -!ü ûö ÿ 85I
ô #Pÿ 5ÿ 0ü Pÿ
>=ü ýMü ,S9ô ýDü ô ÿDýD@
ô ô 0ü =ý 9ü £ú >ü ô % Gôü $?Yû$ÿ - ü &ô 
(=
ÿ G%#%ý^úuö cú Mö5
û D$ý 5$?!ô>ú #.
ô ö ö &
ô 4ü $?$!ÿ >ÿ 5ü $?%  PÿIú>-ÿ 141#ü !ü ûú 5ÿ #)5ô
H
ÿ 9ü #$ÿ .ô5:÷ !ÿ - ü  Dö ü Uü $?PÿMü ?HûJ&ô Pôô #Bûú 9ü ÿ C#ü !ü ý Yü 
9ÿDö ÿ>ý 5$ÿ #"). / .ýDü 5ü ÿ !-Pü $?P@ô Húuö 5ü ô $?H$ÿ >ÿ  $2ñ ^:^:% ^^^ø
x ô J $?ÿMö ÿ G%, Mö ü ÷Iô ü &F=y
ó ü $?=@ô %,). 8. F, ü ý ?@ô %,cö ö ü ôü F
ùô >=ö #%@R Dÿ ?ô Fùü  Iûú ?%ùÿ $ö -=&Pü F J ú 5ü %3Z ÿ +2GF
# / 
ÿ 5ö ÿ %5z
ó GPü $?5@ô . Z)ÿG$0EPö ü ?f÷ $$0ÿ÷=ô Iú>- ÿ 
0EDü ö ü ?!4C#
ÿ 5ÿ 0ü P&ÿ #B:û !9ýHÿM$ÿ Pü $?ý Hü >ÿ !ü '&ÿ*ýDü %  Pÿ&
 ÿû
ú 9ü ÿ !#Pü Hü ý ö ÿ -ÿDö .þ ÿ GP@ô #Pÿ G&0ö ü $?Y÷I&ô Bÿ  ü ý
#,ý^úö £
ú D@ö #ü - ÿ >9ü 14E!Dú AIúuÿ #.

}&~&$~&>Q~&   () |:$$

D:: 

{{$|

:~$> >M D$$
~&: ' & QD)
E " $ 8,  $$   
 C    ) ~@$  ~3~&
A"E   $"
~@>A3 $EE$   $E  
&*$  '


G$!Q $) ~Y~&>=$ &
3 ~@IE&1A I   G
1  $ $ $~&G,$"  >
:~¡:"$G!,
~)¢'£(¤I$~G&¥  3 $
~¦G  ~&
G  =$&$
§ " &  > &:& 
>:2E($&$:3~
$( &&(=E 3: 8:&& > &
: A  (   8" (

{ ||@¨ 

© :M&   $="$
>~,  ~3E   &" ::( &$&
3:&"=$&~,:"ª&(>3 ~,::& $
    &:§ ~G(&Q@& 
(&$ 1&(~,: &~@"
: (3 ª&Q(>3 ~@::& $E(

±G² ³3´1µ¶ ·3¸º¹»G·¼ ½3¾1¿ÀG¹¼ Á·3· ¼ ¹½ ³3Â,·3ÃÄ´G¿¼,¼ ¿'¹½3³ ² ·,Å

$( :: :E:     | E($
:~,:&  ($ )~3Q$( ::&

Æ2Ç(ÈGÉ2Ê ËDÌÍ$Î8É2ÏÇ Ð2ËÏÏ1Ñ2ÇÏÒ>Ê&ÇÓGÒQÏÓËÐ=Ô:Ê&Ç(ÕÏÖ$×IÕEØ=Ê ËËÏ1Ï$ÓËÐ2ÔÊ&ÇÕ Í

" :~3:G$(:~,&>§ :

{ @«

$(:~@$' ! ~3E(3:&
  G $ >G>G
E$()3C~ ¬:«g~
¬«

 : M:

{&|@¨|® ©    &

 & &

{&||¯& G(&

~@$ ( $C 
3Q~31 3 1>
($>Q&   ~3E( °

   "

:  

ANALYSIS AND
RESULTS

&)$$ GG * *G$ $

°

 )3~ 2G$  ~G&!$ G  
 =  & ~3~&!$$
 8 ,8 $  $
, $  =2&& 3  G:&
   ~H~$$,$
D G$$ ~D$~$ 
~$G

Trees and Perceptions

¥, ~&8: ¡:>G$$ $
±G² ³3´1µ¶ ·3¸º¹»G·¼ ½3¾1¿À¹¼ Á·3·3¼ ¹½3³3Â@·3ÃÛ´,¿¼,¼ ¿'¹½3³3² ·@Å

G~$G   $1!   $
 38C~  $'~~"$
G & G~ $~E 

Æ2ÇÈ,É=Ê ËÙÍ$Î8É=ÏÇ Ð2ËÏÏ1Ñ=ÇÏÒ>Ê Ç(ÓÒQÏ$ÓËÐ=Ô:Ê&ÇÕÏÖ$ØÊ&Ô:Ñ2ÇÒ>ÇÕÐ2ÔÚØÊ&ËËÏ)ÏÓËÐ=ÔÊ&ÇÕ8Í

ÜÝÞ

ß`àá â3ã@äåæá ç è'é=êëìàíëGêî à î ïê ðñ>æòíóà ñêëî8ç íôííêñ õö ç î÷ø$åëGç íêëë!ù1ç ëîñç èîë



ô î ç ë!ê ìê$èî ê$û)î ïòîî ïê
è$àí$î(ñòë>î1à&â=î(ñê$êëà&ñIíà
îñê$êë*ç íEò)è$àíëå üêñ

'



êí ç ñà@íüEêíî à å á û

BQ
R å8û$þüEê&í$îë1à â ! üEê$íç î÷Eòíû
ö à@ü!â3à ñAî ý / ïê'è$à@íîñç æ:åî ç à@í
à&âP=
' êþ=êî òî ç à@í*î à"à&î&ïêñ
ìêñè$êìî å ò$á R å ûþüê$í$îëCà â
ñêî ò$ç áìá ò$è$ê1üêñç îëMè$á à&ë,êñ
òîî&êíî&ç à@íýé=ê$ìñêëGê$íî òî ç =
'ê
ç üòþ=êëêñê'è$òñêâ å á á ÷
è$ïà ë,êí'î&àMê$á ç üç íòî ê3:
" íàEí
èàí$â3à åíû$ëGú@ç íèá å ûç í$þá ê
' êá
à&âî ê$íû:ê$ûíêëë TS êñ@
0 à&þHò$í:û
U òá êIÜ $) ò$íû)å ì" êê$ì
 ) òëGòñ"Ü$ ý@ù)êëGìç î ê
ê
V å ç =' òá ê$íè$ê"à&â ëîñê$êîë,è$òìê
î ç ûç íêëëú$î ïê!ìñêë,êíè$ê!à â
' êþ=êî òî3ç à@í"ìà&ëGç î ç ' ê$á ÷

ç íâ3á å ê$íèê$û"ò$ììñò$ç ëGò$á ë!à&â
 ò$ç íî&êíò$íè$ê'ò$íû"ð1ì#:" ê$ê$ìý
_
 ë8ñ$ê' ê$ò$á êû1æ:÷%_
Q
 êñ&õ
ç íâ3á å êíè$ê è$àíëå8üêñ>ë

è$ïò$í$î'ô(í$î&êñòèî&ç àíò$íû



Bq r s:t!uv w xzy{Bw8| }:~>By| w:w:| y}:s:Fw tB|F| 3y}:s:r w
YOZ,[F\O] ^_P`a5\cbZ dO^<bb!ecZ,bf@]Z,g<fbg<^<dPh]Z,i#bjklZnm^<epoP^<[<^<f@hf@Z,i#dpbg<^<dOh]Zni5`

å ò$á ç î÷à&â8ä$ñàûå èîë
è$òî êþ=à&ñ$ç êëGú,î ïêIì$ñêëGê$íè$êMà â

îñê$êë!ïòëëGç þ=íç âç è$òíî

'

ìà ëGç î ç ê'ç í$â3á å êíèêë!àí
è$àí$ë3å ü"êñEç íâ3êñê$íè$êë

'
M

 <"
B

'

ç æç á ç î÷ú@ò$íû"üEêñè$ïòíîîñò$ç î(ëGý@é2òî ç íþëQâ3à ñî ïê'Ý:ÿìêñ$è$êì$îå ò$á

òæ8à3åî8ò=ëGïàììç íþê$í =ç ñàíüê$í$î&ý _òñ :êî&ç í$þ1ë3îå8ûç êë!ïò ê

ç î ê$ü1ëñòíþ=êû)â ñàü

ê òá å8òî&ê$û!î ïêñàá ê1à&â Aòî üà&ëGìïêñç èë àíEè$àí$ë3å üEêñCç íî ê$íõ

 ç íûç è$òî ç íþ ëîñà@íþ=á ÷ûç ëGòþGñê$ê î à
 ëGìê$è$ç â ÷ç í$þ ëîñà@íþ=á ÷òþGñêê $ ú ç î ï òëCò íêåî(ñò$á@ìàç í$î&ý
ð2ëGç íþEò$è$èê$ìî ê$û"ûê$èç ëGç à@í)ñAå á êë  òìá òí"ò$íû
òìá òí¥Ü
Ü

î&àIûêâ3ç íê)ò$íûEí:ò$üê2å íûêñá ÷=ç í$þDè$òî êþ=à&ñç êëGúûòî&ò=ñê$ûå8èî ç àí



 òñç üòCñ$à&î òî ç à@íý
óà&åñ!èòî&êþà&ñç êë!ê$üêñ>þ=êû!üê$íç î(÷ò$íû"ö àü!â3à&ñ>î úÄêñè$ïò$í$î
ôíî&êñò$èî ç àíú  å8òá ç î÷Dà&âä$ñà@ûå èîë,ú@ò$íû!_
 ò$ç íî&êíò$íè$ê'òíû
ð1ì#"êê$ì
ò$è$è$à&å8í$î&ç íþ*â3à&ñ%$:ÿ&
à&âî ïêî à&î ò$á=
' òñç òæá ê(' òñç ò$íè$ê$ý
) ê*'=òñç òæ8á êë+êñê)è$àíëîñ>å èî ê$û1æ÷DòþGþGñêþ=òî&ç íþDüEê$òí!'=ò$á å êë
ò$èñà&ëëIò$á áè$òî êþà&ñ>÷Hç î ê$ü!ë â3à&ñ*ê$ò$èïCñêë,ìà@íûê$íî ýö òî êþà&ñA÷
üê$ò$íë+Dêñê)è$à@üìòñê$û1æ8êî,ê$ê$í1ëè$ê$íòñç à&ëåëGç íþDàíêõ ò÷
 ).- #`ò$íû"øà@íâêñ>ñ$àíç@ìà&ëî8ïàèî êëîë  / òæá êÜ$ ý
ù)ç ëî3ç íèî'ìòîîêñíëMà âñòî3ç í$þë ñêëìà@í$ëGê1èïòñòèî3êñç :
0 êî3ïê
ñêá òî ç à@í$ëGïç ì$ëCà âî ïê'ûç ëî ñç èîë!òíû)î ï:ê=âà åñ1ìêñèêì$îå8òá,èòî3êþà@õ
ñç ê(ëGý / ïê132546787:,
9 ëGè&êíòñç à+Eòë)èà@íëç ëî3êí$î3á ÷)ñòî3êûIá à "êë>îà@í
ê$òèï"à âî3ïê)ìêñè&êì$îå8òá&ëèòá êëýé=êëGì:à@íûêí$îëCûêëèñç æQê$û'î ïê
ûç ëî ñç èî òëæêç íþ; ëî3òñ<
" ú ( æòñAñêíú  òíû= æá êò" ý 
 êò$íïç á êú3î ïê'ûç ëîñç èîë!è$à@íî ò&ç íç í$þ>' êþêî òî ç à@íú46@?BA<C D C 2EF?<G
_
467:7:Q9 òíû.H;C I<7:AKJ 7:L7:D ?<D C 2:E ú,ïòûïç þïêñ2ñòî3ç í$þGëGú,òþ=òç íIòèñà&ë>ë!òá á
ìêñ$è$ê$ìîå ò$áè$òî êþ=à&ñç êëGý:é2êëGìàíûê$í$îë*ûêë,èñç æê$û1î ïêM46@?BABC D C 2EN?<G
467:7:Q9 ûç ë>îñç èîòë! êá èàüEç í$þú O â ñç ê&íûá ÷&ú 2 òíû'æêç í$þ
 íê$ç þ=ïæà&ñïààû$÷PQ òíû"à&æëGêñ@=' ê$û)î ïòîî ïê5HC IB7:A;J 7 L7:D ?BD C 2E
>
ûç ëîñç èî8ò$ììê$òñê&û= ñê$á ò2
 ç íþú O> ç í=' ç î3ç íþú  òíûK ê$á á õ:" ê&ìî ý 
ê$íî ò$ç á ê$ûìñç íè$ç ìòáò 2ç ëQâò$èî à&ñ)ò$íòá ÷ëGç ë Dç î ï

'

'

'

î ç à@í$ë!ò$íû)æêïò ç à&ñ ú âç íûç í$þ!î ïòî8ç íûàà ñ1ê&í =ç ñàíüêíî ò$á
êá êüEêíîëëå èïòë1ü!åëGç èú@ìñà@ûå8èîá ò÷à åî ú,òíû"á ç þ=ï$î ç í$þòá á

W

U àá ûê$í¥Ü$ý@ôí
 ù1àûû$ë
BQ
êî òá ý8ÜÜý:ä$ñç à&ññêëGêòñè$ïàííòîåñê1ò$íûè$ç î÷*ë3îñê$êîë
ëå ììà&ñ>îëî ïê=â3ç íûç í$þ!î ïòîæà&î ï"ê'=òá å8òî&ç =
' ê òììñò$ç ëGò$á ë  ) òë,òñ
ÜCòíûDòâ â3ê$èî&ç '=êQñêëGìàí$ë,ê X ïê$êîëIòíû%_
 ò$í0 êñdÜ8ÜCòñê
æàà ëî ê$û*æ÷Mî&ïêCì$ñêëGê$íè$êCà&â=îñê$êëGý
/ ïê_
 êñè$ïò$íî)ôíî êñò$èî&ç àíDè$òî êþ=à&ñ>÷Hèà@íâ3ç ñü!ë î ïòî
ëGïà@ììêñ>ëMç í$â3êñ8ëGàè$ç ò$á$âò$èî à&ñ>ë â ñàü
ìï÷GëGç è&ò$áòî(îñç æåî&êëMà&â ò
ìá ò$èêýz
 ìêñ>ëGàí#ë*Q è$à&þ=íç î ç =' ê1ç íî êñìñêî òî&ç àí$ë*ò$íû!ñê$ìñ$êë,êíî&ò$õ
î ç àí$ëCà âìá òè$ê'ê,
 î&ê$íû1î3àMç íè$á å ûê=î ïê3V å ò$á ç î÷à&â:ëGàè$ç ò$áç íî êñò$èõ
î ç àíòíû)ñêëGìàí$ë,êî ïòîïê'à ñëGïê'ê
 ìê$èîëý / ïç ëQâ3ç íûç í$þüò÷
æê!à â ìòñ>î&ç èå á òñ*ç üìà&ñAî ò$íè$êî&à)æ:åëGç íêë3ëGêë î&ïòî)òñêQë,êñ@=
' ç èê
à ñç êíî ê$ûýô î üEò÷òá ëGàMï:ò=
' ê'ì$ñç è$ê=æê$ïò=' ç à&ñ'ç üEìá ç è$òî ç àíëGã
U ñêò$áòíû"øò:" êñ  Ü =â3à&å íû'î&ïòîëî à&ñê=ëGêîî ç í$þGë+ç î ï
ç íî êñò$èî ç =
' ê$ú&â ñç ê$íûá ÷CëGòá êëCìêñ>ëGàííê$áìñà@û$å è$ê$û"ïç þïêñ!ìñç è$ê
èàíîñç æ:åî ê=î à8ëî à&ñê ç üEòþ=ê

ç üüEêñ)ò$íû

îåñíú ë3î à&ñê'ç üòþê)ç íâ3á å8ê$íèêëCè$à@íë3å8üêñ>ë ìêñè$ê$ìî ç àí$ë

òè$è$êìî òæç á ç î÷ç í"è$àí$ë3åüêñ>ëGý

' M'

Patronage Behavior

'

ä:òîñàíòþ=êæê$ïò =ç à&ñ =òñç òæá êëèàíëGç ëî ê$ûHà3â2â3ç =êCè$òî êþ=à&ñç è$ò$á

!Vå

ñêë,ìà@íë,ê

5

B"

êëî ç àí$ë,ý:ä:òñ>î&ç è$ç ìò$íîë Dêñê)òë :ê$û!î à'ëGìê$è$ç â ÷

#<# +@< M n<     

5

bc"de@fhgi"j k f lcnmEo@prqf m#k f qs3o@p9l!tuvk c"s3f wp9mEo@f tc9lxTkp9yzqc"mEo@tpBlt9i

NÔ Õ:Ö × ØÙ#Ö:Õ:× Û áØÙà Û:Ü#Õ:ÞFâ>à × Û ã%Ü
ò#ó ô õö÷ ø ùõ#úûPü ó»ýü,þ÷
BØ<Üà × à åÛ5à ã%Õ áÛ
ïP× × ÙÕ Ö:× à åÛM× Ø>× Ø FÙà Ü× Ü
MÕ:Ü#Õ(ÝFä Û:Õ:ÜÕ:ÞF×BÕ × ã%ØÜ
Ý NÛ:ÙnÛ
 ØØ<â!ÝNä Õ:Ö:Û× Ø»Û îÝFä Ø<ÙÛ
<ä Õ:Ö:ÛO× Ø <ÙØ +Ü!Û  Ø"Ù  F× FÙnÛOÝ FÙnÖ#BÕ:ÜÛ8Ü
$FÜà ÞFÛ8ÜÜÛ8ÜÕ8Ùn!
Û  Ùnà Û8ÞBâFä %Õ:ÞBâÕ8ÝFÝBÙØÕ:ÖFÕ<ä Û
÷ ) õ#÷ ô þ*ù '÷ öü õ
& ô þ ' (ùõ
 ØØâFÜ#Õ8ÞFâ!ÜÛ:Ùåà Ö@Û:Ü#Õ8Ù!
Û  Õ:à Ùä %5ÝBÙà Ö:Û:â
*FØ<
Ý +<Û:Û:ÝFÛ:ÙÜÕ:ÙÛOà Þ  Ø<Ùnã%Õ:× à åÛ
 ØØ<â!#Ö NÜ× Øã%Û ÙÜÛ:Ùåà Ö:Û
ßà åÛ:ÙnÜ!Û  BÜà ÞFÛ8ÜÜÛ8ÜÕ8ÞFâÜÛ:Ùnåà Ö8Û:Ü
,.-0ù / ö÷ ø%ü ý 1Bþü *ú -'÷ 2
Mà *á 465FÕ:ä à × %7BÙÕ8ÞFâFÜPÕ:ÙÛ(Õ:åÕ:à ä #Õ Bä Û
<ÙØâ FÖ8× ÜÕ:Ùn8Û 5Û:ä ä 4,ã%Õ:âFÛOÕ:ÞFâ!ÙnÛ:ä à #Õ Bä Û
í.Û8ÙÖ FÕ:ÞF× 9Ü 5à ä äâBØMÜÝFÛ8Ö:à Õ8äØÙnâFÛ:ÙnÜ
õ 'Tôùõ#;
ú :"<*= ô@ô <
& ùö õ#÷ ô õù9
? ä Û:Õ:Þ!Õ:ÞFâ!ä à × × Û:Ù 4@ ÙnÛ:Û
? ØA
ã  Ø<Ùn× #Õ Bä ÛÜ× ÙÛ8Û:×FÜÝFÕ Ö:Û:Ü
CEDFEGH I3J@J FEGK.LFEM@NPOFEQAQ3FERLS3J@K M6FEGTFEHPRUI3S3GM6V

ÔFÕ8Ö8× ØÙ
ä Ø<Õ:âNà ÞFá
Pì
Pì 
Pì 
Pì 
Pì 
Pì


Ú 8Û ÜÝFØÞFÜÛ
åÕ:Ùà Õ ÞFÖ Û!æ ç%èêé»Ø!× ÙÛ:Û Ü
ÿ ì 

í.Û@Õ8Þ
Pì 
Fì ÿ ß

ì


#ì


Pì
Pì ÿ
Pì  
Pì



Pì
Pì 
Pì

3



 

Pì
Pì

 
 B

#ì




ß+à Ü× Ùà Ö ×NÜTÖ:Û:ÞFÕ Ùà Ø
ëÙÕ âOì@× Ù,Û:Û:Ü
í à îÛ âKåÛ:áì
í.Û8Õ8Þ
í.8Û Õ8Þ
ì
ì 
Bì ß
Bì  ß

ïé5ð»ñBï
Ô ÿ  ì
ÝKì    ÿ â
æ ÿ ÞNØ3ÜTà áì "#è

í.Û@Õ8Þ
Pì ÿ
Oì ß

í.Û8Õ8Þ
#ì  ÿ
cì ß

í.Û8Õ8Þ
Pì 
cì ß

Ô ÿ ì ÿ 
ÝKì   ÿ â
æ ÿ ÞNØ3ÜTà áì "#è

í.Û@Õ8Þ
Pì 
Fì  ß

í.Û8Õ8Þ
#ì 
Bì ß

í.Û8Õ8Þ
ì 
Bì ß

ÔBì 
ÝKì   ÿ â
æ ÿ ÞNØ3ÜTà áì "#è

í.Û@Õ8Þ
Pì ÿ
Fì  ß

í.Û8Õ8Þ
ì 
Bì 8ß

í.Û8Õ8Þ
ì
cì ß

Ô>cì 
ÝKì   ÿ â
æ ÿ ÞNØ3ÜTà áì "#è

$ WTX*Y X"Z\[T] X*Y X*^\_0`\aY

n<P  ,<# # ¡8#N#<:  =c ¡F   <¢M
c¡B ,¡BN=£#<¤  ¥>8c¦¨§©ªN«¡B  ¡B£#N¡B3 ¡:,  N¡B
¡F ;OP< 5 3 ¥c< ¡+¬   £¡B#ª §¬pN ¬   #
¥c## B¡F ¡+:5 ¡%c M ®O<    ¡F®# £=P< + ¡
# ¡8,< #¡F< ¡+#¡F ¥ !¯ ¡8,¡>#;°#<<¡5± ²l¡8   ¡:  ¡
 §(+   ª ³O¡F£ ¡B3 =  £#, #¥Pcc< + ¡¬¡+8 M# 
5c¡F ¥c# :   !<  ! # ¡8,< c¥c    =  :ª
³c¡F£ ¡Bc 5®cn¬Mc¥PK# ¡8,< ,¡+¬¡>¥c 3¡B ;  
#K#  8=    ¤c¬<¡  ¨ ®+´µM¶·¸ ¸:¹N#  Nª >
 c@¡FO¡F£#N¡B£n <; ¡%c # ªF´µ3¶·¸ ¸ ¹¡B£# ¡B¡.<
 #,< #®! ¬º# »®# ®#(c< + ¡B±
 ¥c  T<B¡>#= ; # ¡B®= 3 <¢MP ¥! ¬p<
 ®#®# ¥c®#  ®#!@<B¡Bª°» P@¡B ¡B£# ¡B¡.¡@¡B  
¬;  ®.¶·8¼<½B¾ ¿ ¾ µÀF¼BÁ¶·¸:¸:¹.Â;¾ Ã<¸ ½=Ä:¸:Å ¸ ¿ ¼B¿ ¾ µÀ» ¡8¡ ¢55
 ®# ¬¡8»#;®!@<<¡F #¡F > <¢M#:®#
¡B  ¥P®  ;#  » ®#Pc + ¡B±®# ¥P®#(c M» P ¡ 
 =M®# ¥c®#( ¢M# ¡+ ®#3 ®#M´µ»¶·¸ ¸ ¹¡B< Nª
> :®+¡£N¡B£, ; ¡%#  ª© ,N¥POn¡B£N¡B
 ¡@¡. ¡<n  ¡. ¡5¥< >»= T<p ¥P  ¡ª©®£¡
:®3c ®¡B®N ¡+:MP ¡< :  N= P+®P  ¡8¡<N 
n »¬  ®»:®P #£»: : F# N;+£ :ª
ÆO@5>:<¡@c  ¡<> :p®#  ¥c% =; #
¡8,< ( ®#O: ¡F<,#<¡.¡:¡B   ¬p  ®>,< ¡:      ;#
;  #3Çc£#¡B¡% <  ¡B   ¥B¡Bª §®#3£,< #n¥c
P< 5 ¡5¡B£#  p ¡8M5®#P @¡5 ®#»;£#     
# @¥c!!¡: N5¡B(: %# ¡:,< ,¡®#c ¥.n¡B£ 
    >¥c<  ¥#    # <c5¡FªNÈ#! ¡: #¥<< 

,<P# ¡: #¡M¬p<£#@ %:5 ®#+¬; ® ,<¡M¡F#< ¡<É
=ÇO£##n<<c<# #¡+¬  ®# =#¡BO@5=£#N£M 
   ¡¡8#¥B¥c¡8,¡>3 @¥c¡:  ;!£# N ªNÊK#   <¡F£ #
#n¡5<£#@ >¥B¦*§©: %£#<¤ ¥p >c¥c
# ¡8 < ,¡BÉ   >¡>+£#¤ ¥><cM¡% ¡85McM¡B£#¡++ ¥
# ¡B£ >n¡%;!53  ¡F# ¡85T¡F±¦*§© ®# ¥P®#
:¡. >:<¡8# ¡:,< ,¡Fª
§®3 ¡8#¡F»¡F£#N¡B3  >¡%¡8¡F¡8¡B! ®# #;<¤
 #    ,!c M¡> ,¡>   NP <N;,¡#¡B ¥°#²  ª
 ¤ @¡  #¡8 £<NM,¡K#%¡F@P ¡   !®<+¥c#
 ¡8¡B¡ Ë  ##!5 ª Ì ª °M P# c¥P  ¡>c¬ # 
c  + »K£<®#¡B3¬  ®=  ,  3  +n<   ªNÍF®#N£#£ ¥
¥cNN¡>£#<®#¡B  %£# ## ¥Î#; £< ¡B #
¡B   P  ¡8,  ªNÈ #   ¡B£  ,!¥PNN¡>®c»® ¥c®
3<¥P#    K# N¡8M;  c n#É  ®#¡BN  ,  3 
£# ¡B !¡F®#N£#£# ¥Î ¡. #(+:!£#<®¡Bª
ÏP # ; ¡8,¡% ¡B3 ## ¡ c¡@  ¥P3;<¤
£#n:<¡  ª ¥Pª  ®3°» ¡8M!©< 3Ê##ÇpÐ +¡B¤5¥c  ¡FÑ  ª
³O¡B£#N##,¡+¬p<¡B¤ !   ##  O ®#3£ c®%¬M !
¬    ¥> £>8!®  Ì   >¡Bª §®<M #Ç.P< 5 ¡
¬ ¡8,@M !p¥B¥<<¥c  ¥.¡8  ># 5¡5:>  >¡
¬ ® =®=£ M5 #ÇÎ ¡8¡:!®K£#@  £#  §5 
 ªN©< ( ¥B¥B<¥P  N   (c M¡¬<3   : 
PN %¡8,< ¥c 5®c . :,¡BÉ#£#£<ÇO ; ¡Bc¡F¡
£#> ¡8n M£#>£< +nÒ ¡B@P  Ó¬O<;c#ª
Products Pricing

{|9|

}~n #*BP  0 9~n~UB8P*>B~\7 >\9B00U @;B B\ @  \@

} B r*>9 @  0E9~nBB ~n~n¢¡h0 B \E\
E9r~£*B 9*~n~¤T BE  @~n~~n¡h¡h9B 
EBB B\#9#0#£ U0¥E¦90  @ B0 *~n #
¤T >¡;\ §"0 r  0 \@B ¨0©7 BB*\07 ¥8{*ª"ª"«*¬ 9\B9
~n~n¢* 00P@B   ;~n r~nU\6¢~709B *¢£* U*
 U*  @9r*~  U*# * *¥
® ¯~n¡rB0  ~nP0@¤T*¢*B0  ~E°¨0~nB ¤;0
±¢²A³U´± *BrB~#\~nBn9~EUB~n0@#¬B  ~E B # *
B  0 B0¥"!0 B~nB9@7 B~E*}¦r 0#7#~¢  7 £ 
~n~n¢ 99 90¢B @  \6P¤; B~E9B@ 0¥n  B  #\B0
70@¤;¢@ 9;B~n 6 *~n9B  ~¯0 ~n B0 0. *
± B ~µ! ¡h0* h«"¶"·¸~E*~n£9 "¹"¶"·¸~E!B~n99 
9rº"«"·»~E!9*  @~~n¥ ± BE   .B ¤; E
#BB0A*~E 0¯0 ~E°  ~nU\@B0 \ET¢¡;~E
~n0£0 £T{"{*¥ ª"«"·¼B  #0 BP.0@¤T*A6¢B½9~n @ 
4658769(:;6<8=3>3:3?@58A-B CED

%F

*~n9B  ~¥n¾#0     B # *U9  #090B¡;~60E
;¿0¡;B @z¡h0 BÀ"#B0 * 0@¯B~E#  \£U07#~E
"B  B\#B @  0@B>¡h0 *B6¥
Respondent Comparisons

Á  £BB07B~BB~n ¡hB 0.¤T\ 0¤h ~n¡Â 9B03* @
B* 7~E 9~n~nnU90µ!B\Er¹9«"·Ã~E"0B~nBB@¢B
9UnB~EBB~n h B*~n¡h0A~7¾Ä9«"¶" ¶"¶"¶>~E. 00¥nB~E@
~n9B0 U~E9 0B~n9B TB~B9~n A9@¤;~°B0~n
B\B.  \E hU* 0 B~n¡; 670 ~n¥ ³ B*3B\~
9~E9*B~n .E*   *r\Uºnº"·h¥n0\ 9 9~B9     7B\
#~¢B~n~n0A~n~nAB03£ *09¹"¶9· B~E3E;~nB.~
@¤;~7 ¡;\¢908¤;*§9EBr¹"«"· B9 *0> \#    U96 ¥
± B0#0£~E ~EU\B~n9 ¤; r¹n|"· B* ¹"¶*¢*9
«"¶* *B>¹9|"·Â 9 º"¶*~E!~E70#¥

58GACE?@5IH:5?@5I9(JDB DE<

Í 0É Î Ê ÌEÈ*É3ÏÇÐÉ0ÈÉ3Ñ ÒÓ@Ë Ó
ßà á!âPãnà ä ä à åæ7ç èUç é6êë3â\äç èUé6â6ê#ì6íî#ä êì6â*ï
Õ Í ÇÉ3Ê Ó6ÌEÈ
Ú õEõöB÷rø>Ú ù*ùù*öú"Ê@É3ûUÇ3Ê@ü Ó7ý
Ú þ*ÿ\×
! ñóûò*Ë ò0È ô Î Ç0Ó
ñ
 Ç3Ó6ÓUÎ É3È ð*ù>
ù>Î Ì
ûUò Ë È Î Ç3Ó
*ùò >Î Ì ò  ûUË È Î Ç3Ó
ÿ*ù;ûUË È  Î Ç3ÓÌEÊûUÌEÊ@Ç
ØÌ*Î ÉÑ

õ


þò ù


ÿò

ô

ÿ

ßà á!â7ãnèä  î#â\å#é6à åæUë3à  à ç0ï
Õ Í ÇÉ3Ê Ó6ÌEÈ
ÿ*þÚ õ*ö÷>ø°Ú ùù*ù*öBú9Ê É3ûÇ3Ê ü Ó7ý
Ú õ*ù ×
ñ
ô
÷rÎ Ì¯ÿ*ù°!
ûUð Ë Èñ Î ò Ç3Ó ò
ÿ*ù>Î Ì°õ ûUË È Î Ç3Ó
Î
Ì  Ì Ê@Ó
ò ÌEÊ@ÇÎ É3
ûU
È Ì Ê Ó
ØÌ*Î ÉÑ

ò

È 

ò

*ù

Èò

ùô ù
ñzò

ò-
ùù

Èò



ò

ñ 6ò ô
ùùrÙ3Ç¢Î ÌrÊ Ì ÈÙË ÈÏ#Ú



Èò

Èò

ñ ò 

þ

þþ
ÿ

ò#ù
ô ù

ò 
ñzò

ÿõ
ÿ ù

ÿ

ñ ò

Õ Í Ç É3Ê Ó6ÌEÈ
þÿ*Ú EöB÷>ø°Ú ù*ù*ùöBú"Ê@É3ûUÇ3Ê@ü ÓPý
Ú \×
!ð ñ

ñ
) Ê6Ç#Ç
* ÷rÎ Ì +*ù*Ú *õ>÷Ç3Ê,Ì-Ê
+*ù*Ú *õrÎ Ì.+ù*Ú õr÷ÇÊ,ÌÊ
ÛÌEÊ@Ç¢Î É3/
È +*ôù*Ú õh÷Ç00
Ê Ì Ê
ô
ØÌ*Î ÉÑ

ÿ 
ò#ùô

þþ

ñ ò 

ÿò

Èò

ñ ò6ô

ùù

Èò



ÿ



&.à ä ä à åæ7ç èUî#êç èîê#é(' ï

ñzò

ÿò

Èò

ò

ÿ

Èò

ñ ò6ô*ô

òò
ùù

Õ Í ÇÉ3Ê Ó6ÌEÈ
þ Ú ÿEöB÷>ø°Ú ù*ù*ùöBú"Ê@É3ûUÇ3Ê@ü ÓPý
Úÿ ×
ð ñÌEÊPÑ  Ç3Ó6Ó
ñ
ò ò
".ÈÆ3ÇÉ!ÒÇ!É3Ê.
ÅÇ3Þ#Ç3Ê É3ÑÎ Ë ûUÇ3ÓUÉ!ÒÇ3É3ÊPÎ Ì¯ûUÌEÈÎ Ñ Ò
Ø #ÌAÎ Ì¯Î Ê Ç3ÇÎ Ë ûUÇÓ7÷*Ç3ÊPûUÌEÈÎ 
".ÈÆ3Ç$
É #Ç3Ç %>ÌEÊûUÌÊ Ç
ØÌ*Î ÉÑ

ÿþ

òù ù

ò

*é6ââ\å#ì Aè!!ë3à  à ç ï

õ

ÿò
ÿ ÿ


ùù

Èò

ñzò

ÿ ò
ù
È ò ò
ñ ò 

ù

þô
ÿò

ÿ

Èò

È 

Õ Í Ç É3Ê Ó6ÌEÈ
þ*Ú *öB÷rø°Ú ùù*ù*öú"Ê@É3ûUÇ3Ê@ü Ó7ý
Úÿ ×
!
ñ
* ô
 Ç3Ó6ÓUÎ É3È ðñûUË Ñ Ç ô
ò
Î Ì¢õAûUË Ñ Ç3Ó
ò Î Ì ùAûUË Ñ Ç3Ó
õA
ÛÌEÊ@Çò Î ÉÈ ùrûUË Ñ Ç3Ó
ò
ØÌ*Î ÉÑ

ÿ òò

ò#ùô ù

ñ ò6ô

à  ç ê#å#ì6âã"à ä ä à åæç èç é@êëâ\ä@ï

ú9ÌEÑ ûUÈ;Î ÌEÎ É3Ñ!÷Ç3Ê@Æ3Ç0ÈÎ É3ÏÇÓûUÉ Ò21*Ç¢ûUÌEÊ ÇÎ É3È

ÅÆ3ÇÈÉ0Ê@Ë Ì
Ø#Ê ÉÙÚÎ Ê Ç3ÇÕ ÖB×ÜÛË ÝÇ3ÙrÞ#Ç3Ï#ÚÕ ÖB×

Ô8Ì>Î Ê Ç3Ç3ÓÕ ÖB×

ò
ÿ

õ

ùò ù

Èò

ò

ñ ò



ò

ùò ù
ñzò

ÿ

Èò

ùô

ò
ñ ò ô

NOP6QSR6TUIOVEWXQY$OQSZ [\P]U ^ PEQS_ LE`8a\Mbcd

T\e L8f8fEM

KLEM

g@_\h _TQS[i/jk_\^-i6OIlhnm_\QS_ol6_h Z pqR6_l^-Orp@_R6_\QST\^-_oZ R3V_\QS_R6[_\h
\T YXOP6^,l6Z s@_Qh_@PEQY,TRt6Ot3P]U T\^-Z OIRh u^-i3PEh vT0tQSOYXT\YXZ U Z ^ erh Tjt6U _
m/ThoT\^(^-_jkt3^-_l6w xP6hZ R6_hhol6Z h^(QSZ [^(hoiET\sqZ R3pk_\^-i6REZ [0tEOIt3PXU T\^-Z OR
[OIR6[_R3^(QST\^-Z OIR3h a _w pqw v-WXV Q3Z [TRrWj_ QSZ [TR6v-WXhZ TRrWjk_\Q3Z [TR6vOQ
yZ htETREZ [ b m_\Q3_]Z l6_R3^Z VZ _l0VO-QjkTZ U Z R3pShwzOIRE_\^i6_U _\hhv{ M8| OV
^i6_}QS_\ht6OIR6l6_R3^(h]m_\QS_}~i6Z ^-_\nT\P,[Th Z TR6wE8OmQS_t3Q3_\h_R^T\^-Z OIR
OV,tE_OIt6U _0OV,[OU O-QojkT\eoY,_0l3P]_@^-O]^-i6_0[Ojt6OhZ ^-Z OIROV$jTZ U Z R3p
U Z h^(hOQo_\^-i6R6Z [Z ^(e@\T\hhOI[Z T^_lR6OIR3Q3_ht6OIR3h_ YX_i6T\s@Z OQ-w
 ^-T^Z h^-Z [TU8[O jktETQ3Z hORhO-V6Q3_hSt8ORElE_R^n[iET\Q3T[^_Q3Z h^Z [\h,^O
t6_Q3[_t^Z OREvtET^ QORETp@_v TREltQ3Z [Z RprsqTQ3Z TYXU _h$mk_QS_n[O RElP,[^-_lEw
zO,Q3_U T^-Z ORhiEZ th}mk_Q3_nZ lE_R^-Z VZ _l0Y}_^(mk__R.lE_jO-pSQ3TtEi8Z [
[T^_pqO-Q3Z _hTREl^iE_0tE_QS[_t^Z ORVT[^O-QhvhPEpSpq_h^-Z R3po^-iET^,tE_OtEU _
O-V$lEZ sq_QhS_nT pq_vp6_RElE_QvhSiEOtEtEZ RpY}_iETsqZ O-Qv TREl Z RE[Oj_]Z RV_Q
hZ jkZ U TQrtE_Q3[_t^(PXTU^(Q3TZ ^(hoTY$O-PE^,[ORhP,jk_QtEU T[_hw
]OIR3hZ l6_QSZ R3p^-i6_qVZ s@_0t6T^(QSOIRET\pq_@sqT\QSZ T\YXU _\hvZ ^6mT\h$VO-P]R6l
^i6T\^EQS_\ht6OIR6l6_R^(hXmi6O]h iEOItV QS_PX_R3^-U eZ R6l6Z [T\^_lkT0U O-m/_\Q
t6T\^ Q3OIR6T\p@_ V QS_P,_R6[\e/Z RVOQS_h^-_lY8P6hZ R6_\hhl6Z h^(QSZ [\^ h a
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 V$tIT Q^Z [(PXU T(Q0Z R^_ Q_ h^8m_ Q_qQ_(h3tIORIl8_-R^X[iIT(QT-[ ^_(QZ h^Z [(hTRIl
tQZ [-Z Rp]Q_(h3tIORh_-w0O Q_(h3tIO RIlI_-R^ hv3Z RoT$ieEt8O^iI_(^Z [-TU\h3Z ^ P$T(^Z ORIv
^T_,Z R^OoT[-[-OP$R^I^iI_-Z Q0T(Y}Z U Z ^ e0^OtIT erT(h^IQ_(h3_T(Q[-i]hP8ppE_(h^ h ^iIT ^
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jZ RIZ j.T-UT-RIlZ h]j OQ_$_(sEZ lI_-R^miI_-Rj T OQ,T-RIl[-Oh^U etQOpQT-jrh]OQ
tQOlP$[(^ h]T Q_s6T-U P}_-l a d Z ^[-iI_-U UT-R8loXT(Qh3OR K` { `-b w3 RX^i8Z h6h\^ P$le-v
j_-TR tQZ [_(h}VOQntQO lP$[ ^$[T(^_(p6OQZ _(h h__-j_-lnmZ ^iIZ RnQ_T(h3OSR8T(Y}U _
QT-RpE_ h3w  R8U e [-O R-s6_-R8Z _RI[_8p6OOlh0lIZ htIU T eE_l,h3Z pER8Z VZ [-TR^}lZ V V_ Q_RI[-_ h
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EZ R6TU U ev[OIjktET\QSZ Rpk[P]U ^(PEQSTU-pQOP,t3hvyoZ ht6TREZ [@Q_\htEOIREl6_R^(h
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^-O,^-iE_0U Z jZ ^-_l.[\P,U ^(PEQSTU lEZ sq_\Qh Z ^(ekOV8Q3_\ht6OREl6_R3^(hw
DISCUSSION

P6Y$U Z [T\^(^-Z ^(P]l6_\hT\YXOP6^]TR3eRET\^ PEQSTUQS_\hOPEQS[_Z hhP]_rOQX^-OIt6Z [
[TRoht6TRT}ht6_[\^(QP]j V QOIj¡OIt6t6OIRE_R3^(h]^-O.Tl3s@OI[T\^-_\hw¢ _\^@^-i6_
Y8P6hSZ RE_\hhXh_[\^-OQOVXTR3ek[OIjkjoP]R6Z ^(ejT\eoQ3_U eOIRT0R6T\QQ3Om
QSTR3pq_oOVnZ R3^-_\QS_\h^ hTR6lt6_\Q3[_t3^-Z OIRh T\hToiE_\P6Q3Z h^-Z [$YXT\h_$VOQ
tP6Y$U Z [0lEZ TU OpkOIR0^(QS__hZ R[Z ^-Z _hwIxP6hZ RE_\hht6_OItEU _\h£T\^(^-Z ^(P]lE_\h
jkT\^(^-_\QvVOQ}^-i6_0_R3^ Q3_t3Q_R6_\P6Q3Z TUI[OIjkjoP]R6Z ^(e[TRrYX_0t6OIU Z ^Z [TU U e
T[\^-Z sq_nTRElZ R3VU P]_RE[_n[Z ^(emZ l6_nt3Q3OpQ3Tjhw
 OIj_qYEPEh Z R6_hho[OjkjoP]REZ ^-Z _\h$m_U [OIjk_@^(QS__\hoT\hT
[OIRhP,j_Q-\OQ3Z _R^-_lTj_REZ ^(ew-¢ _^,Z R.jTR3eZ Rh^-TRE[_hv-hjkTU U
Y8P6hSZ RE_\hhOmR6_\QhTREljkTR6T\p@_\QhOs@_\Q3U OIOI0^iE_o[OIR3^(QSZ Y8P6^-Z OR3h
OV6^ Q__\h]^O0QS_\^-TZ U3hP][[_hhwri6_\eVOI[\P6hOIRo^-iE_oTR6R6O-e@TR6[_\hOV
^(Q3__h¤¥Q3_l3P][_l0h Z pqR6T\p6_@sqZ hZ YXZ U Z ^(ev-h_Th OR6TUIlE_\Y8QSZ hvTREl
h_[\P8QSZ ^ eZ hhP,_\hwIx3PEh Z R6_hhot6_OItEU _0[TRrY,_@Y$Z T\h_lrY8eo^iE_
hZ ^ P,T^Z OIRkO-V,TrtET\Q^-Z [\P,U TQ}^ Q3__rOQ}^ mO Z RrV QSOR3^]OVXT hi6OIt6vVTZ U Z Rp
^-OnQ3_[Op@REZ E_ ^-i6_rl6Z h^(QSZ [^ mZ l6_}YX_R6_\VZ ^(h,^-i6T^n[TRoYX_rT\^ ^-TZ R6_lY8e
lE_\sq_U OIt6Z R3pkT0P,TU Z ^(eoPEQY,TR0VOQS_\h^-w
ni6Z h$h^(P]leZ hoT@VZ Qh^8h^-_t.Z R.l6O[\P,j_R^Z R3pY,_R6_VZ ^(hoT\hhO[Z 
T^_l0m/Z ^-ii6Ts@Z R3po^(QS__\hZ RrQS_\^-TZ U-h^(QS__\^(h [TtE_h w¦qjt6Z QSZ [TU
QS_h _T\Q3[i[TRYX_XP6h_l^-OrYX_\^ ^-_\Q,P]R6l6_\Qh^-TREl/i6Om§[OIR3hP]j_\Qh
TRElr^iE_ P6QYXTRVOQS_\h^]Z R3^-_\QST[^vIt3QSOs@Z l6Z R3pZ R3VOQSjkT\^Z OIRkOIR
YXO^io^-i6_rt3P6YXU Z [ s@TU P]_0OVE^ Q3__\hTR6lkjTR6T\pq_j_R^nt3QST[\^-Z [_\h,^-O
Ot^Z jkZ E_qQ3_^(P6Q3RhoOR.t3P8YXU Z [0Z R3sq_h^-jk_R^-w0iEZ h}h^(P,l3ePEh_l
joPXU ^-Z t6U _Tt6t3QSOIT[iE_\hO-V6QS_h OPEQS[_}s@TU P]_T\hh _\hhj_R3^q^O
P,R6lE_Qh^-TRElt3PEY,U Z [@Q_htEOIRh _q^-O]^(Q3__\hoZ RZ R8R6_\Q-\[Z ^-Z _\hwnOIRhP]jk
_Qh$sqTU P,_@^(QS__\hvTR6l.l6O,hOT[\Q3OhhojoP]U ^-Z t6U _]l6Z j_R3hZ OIR3hw
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:<;>= ?"@BAC6DE= F GIHJK)L$;>M5K.JNO;PNOQ6JSR TUDEVMXW6;OT5J KNYF MXZ M$M6JTO[\PF N]^C6K.F M6J KK`_aF KNT)F G NK

G;-bM6F N-F cJ`L5T);>GJ K"K.JKd;O?IL$= VGJ[ DEVK.Je

G;>MKCPfiJT DEJQ6VcF ;OTaF K`fi;-KNPe$F T5JGNO= ]F M5?"= CYJM$GJetD]`NOQ6J

G;>M5KCPfJTYT)JK.L6;BM5K.Jg

h ;BGF V=BLK"]GQ$;>= ;Ob)]F K`e6J?F M6JeID$]i^5T5JQ6fjJNYV= gBk7l$llmSVK`n NOQ$J

e6F GQ$;ON-;>fa];-?IL5T)J KyJM$GJw;-TdV D$K.JM6GJw;-?NT)JJK.sF TUT)JK.L6JGNOF cJw;-?

K.GF JM5NOF ?F GKNCYe5]o;-?+Q$;-pqF M6e$F cF eCYV= K NOQ$F M$rsO?"JJ= sBVM$eID+JQ$VcJSF M

NOQ6JSe6JK.F bMie$JN-VF = F Mb

T)JbVT5etNO;4;ONOQ6JTIL6J;>L$= JSVM$eoQ$;-pqF M$e$F cF e5CYV= K.u NOQ6;OC6bQ5N K.s

F K`MJJe6JetNO;1e6J NOJT5fF M$JSF ?>NOQ6F K+?"F M$e6F MbF K`G-;>MK.F KNOJMN$pF NOQ

?"JJ= F M5b.K.sVM6e`DEJQ6VcF ;-TUK4VT5J`V ? ?"JGNOJe`D$]v;ON-Q6JTwL$J;>L6= Jg x

VG NCYV=DYJQ6VcF ;-Tw;OTwF K1VMiVTUNOF ?"VGNS;-?$NOQ6J&K"CTUcJ]

VMeiVGGJKKy;-T}]

L6= VM5NOF M5bg>W5C$NC6T)JT)JK.JVT5GQ

F M5KNTUCPfJMN-g

h ;>GF V=>L6J T)GJF cJTUKwVKK.Jf`DE= JcVT5F ;-C6KEDEF NKw;O?YF M5?";-T)fiV N-F ;>M
VM6e$s>fiJe6F V N-JetD>]L$JT)GJF cJTte6F K.L6;-K)F NOF ;>M5K.sO?";OT)fqF fiL5T)JKKyF ;BM5K

CONCLUSIONS

;-?Y;-NOQ6JTUK.g>zJ]JM5K`VM6eoW6F K.rJtk7l$l9sBL6g>9${mtM6;-NOJN-Q$VNYnUL6J;>L$= J

\Y;yM-KUCEfoJ TILCT5G-QVK)F MbIT5J-LTJ K5JMN KaVD+;"C$N>N po;y[ N"QF TeKa;"?BN"QJ
h N"VN"JK)g)ZM$e>J-LJMeJ-MN+foJTGQV-MN K

G;BM5NOF MCP;OC$K.= ]aDCYF = eXF fiL5T5JKK.F ;>MINOQJ;OT)F J K`VM6eIC6K)JNOQ$JfjF M

J-G-;yM;yfoF GYV-GN"F cF N ]X;"?yN"Q>JYRIMF N"J-e

N-Q6JF TwG;>fifJT)GJ pF NOQ;-NOQ6JTwL6J;>L$= Jg xE|PD$K.JTUcJe`NT)VF NK1VT)J NOQ6J

F M4F M>MJT"[ G-F N ]XMJ-F b6QD ;"TQ>;B;yeYD>CK)F MJKUKIeF K}N TF GN K5s);yMGJEr>J]ITJNVF =

F M6e6F T5JGNPGCPJKEC6K)JetN-;4F M5NOJT)L5TJN6?"JJ= F Mb.Kys>L6J TUKy;BM6V= F N]s>GQ$VT)VG[

L= V]$JT}K5s.M;"p

N-J TOs>VM$eo= F rJ= ]`D+JQ$VcF ;-T}K.g>_aF cJTUK.JSF M5?";OT)fV N-F ;>MXVDE;-C6NEV

n D+F bSD+;"x)TJ NVF = JT}K5s.V-Me1J-[ N"V-F = J TK)g)¢`;Op£e;yJ KN"QJY= ;yG-V-=.foJT5G-QV-MN

?UV-GJYG-;yfoLJNF N"F c6JYLTJ K}KUCT5J$? T;.f¡T5Jb6F ;yMV=)foV-= = K)s

L6JTUK.;>MiF KwF M5NOJb.T5VNOJeaNO;S?";-T)f~VtG;BQ$JT)JM5NPF fL5T)JKK.F ;>MoVM6e

LTJK5JT}c6JS;OT&TJ K}N";"TJIQF Ka;"TaQJT K5= F G-JS;O?>N"QJIJOG-;yM$;yfoF GSLF J¤
h NCPe5]`T5JKCP= NK+KC6b.bJ KN6NOQ6VNYQ6F bQ$JTaL5T)F GJcV= CPVNOF ;>M5K`VT)J

b.CPF e6JIe6JGF K.F ;>M5KaVDE;-C6NYQ6;-p<NO;4F M5NOJ T)VG N6pF N-QoVIL$JTUK.;>MXk :]JT
VM6eXz$Vf`DEJT}N47l>l9mg>\P;>M5K.JCYJMNYF M?";-T5fVNOF ;>MXVM6eXJL6J T)F [

fJe$F V N-Je`D$]vL5K]GQ6;>= ;ObF GV=$F M?"JT)JM6GJ Kd;O?Pe6F K"NT)F GNIGQ6VT)VGN-JT

JM6GJ&pF = =-DEJ&C6K)JetD$]`N-Q$Jt;-DKyJ TUcJT NO;4G;>M5?"F T)f~;OT`f;>e$F ? ]`N-Q6J

VM6eXL5T;>eCPGNYCPV= F N]g

F fiL5T)JKK.F ;BM6g>HVL6F eoG;-bM6F N-F cJIV K"K.JKUK.fJMNP;-?E;ON-Q$JTUK`L5T5;-cF e6J KwV

?";OT)J K"NSGVM6;>L5]vfV]vJM6Q$VM$GJ+T)J cJM5CPJKP?;-TEDC6K.F M6J K"K.JK4F MwT5JN-V-F =

DYVK.F KS?;-T1F M5?"JT)JM$GJ`VM6eJcV= CPVNOF ;BM;-?SM$JpVGCPVF M5N-VM$GJK.g

e6F KNT5F GNKPNOQ6VNI;-? ?"J T1e6F cJTUK.JaL5T);>e5CPG NK4VNcV T)F Je

^CPF = N$K.JNNOF Mb)K`VL6L$VT)JM5NO= ]iJc;BrJK.F fiF = VTaJ cV= CPV NOF cJ

QC6K.s>G T5JV N-F MbVM6etKUNOJpVTe$F MbVMtC$TUDEVM

L5T5F GJ Kyg

\S;BMK"CYfJT1L5C6T5GQ6VK.JK1L5T);-cF e6J`G;>fiL6JM5K.V NO;-TU]4T)JNC6T)M5KP?";-T

T)JKyL$;>M5K.JKyg6H&J KyL$;BM6e6JM5NK.uy;BL6JM6[JM$e6JewKyGJM6VT)F ;ie6J KyGT5F L5NO;-TUK

e$F KN T)F GNpF e6JIG;OK"NK`;-?NT5JJIL6= VM5NOF M5bVM6eofiVF MN-JM6VM$GJsBVK+p

b;PDYJ];BM6eoL6Q5])K.F GV=-NT)VF NK`VM6eoF M6G= CPe6JIF M?"JT)JM6GJ KwVDE;OC6N

V KET5J cJM5CYJIJM6Q6VM6GJfiJM5N$?";-TaF M6e6F cF e5CYV=-D>C6K.F M6JKK.JK.g

Ky;BGF V=>VM6eoL5K]G-Q6;>= ;-bF GV=>F M5NOJT5VGNOF ;>M5K.g h ;BGF V=BL5K]GQ6;y= ;ObF GV=
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ÊÅØPÌ ÝÅ5Ï5Î$Ì ÏÎNÅ+ÊÐ5Í+Î Ì ÁÏ^Ð ÏÝ^Ì Ï5ÜÌ Î Å\ÍÊÌ ×4Å5ÛNÃ\ÄÅ\ÚÊÅØÅ5ÏÍ ÅÁNÈÎCÊÅ ÅØ
Ð5ÏÝ\Þ4Å Ç Ç å×^Ð5Ì ÏÎ Ð5Ì ÏÅ5Ý\ÕÊÐØ,Ø7Í5Ð5ÏÎ2ÊÐ Ï5Ø È,ÁNÊ× Î ÄÅØÅÏÁ¦×RÐ5Ïû Ø
Ç Ð ÏÝ5Ø8Ì Ï5Î ÁVÚÇ Å ÐØÐ5Ï5Î Ù Þ^Å5Ç Í5Á ×^Ì Ï5ÕÙ Þ^Å Ç Ç å ÀØÅ ÝØÚÐ Í ÅØ<Û ;7Ì Î Ð Ç Ù Þ4Å Ç Ç å
ÀØPÅ5Ý4ÏÅ Ì ÕÄ5Ë-ÁNÊÄWÁÁÝ4Í5Á×4×4Á ÏVØÚÐ Í ÅØ!ØÅÊ'ÜÅ&ÎNÁËÁNÎ Ä
Ø Î2ÊÅ5ÏÕÎ ÄÅ5Ï8Î Ì Å+ØVÐ5×4ÁÏ5ÕeÊÅØPÌ ÝÅ5Ï5ÎCØVÐ ÏÝ^ÝÅÎ ÅÊ7ÍÊÌ ×^Å5Ù Î ÄÅÊÅËWÒ
ÍÊÅ5ÐÎ Ì Ï5Õ´ÄÅ5Ð5Ç Î ÄÌ ÅÊÙØPÐ+È ÅÊ¦ÏÅ Ì ÕÄËÁNÊÄÁÁÝØÛ
=?>3@ACB -0D$*24 Ó Á Í5Ì Ð5Ç Å5Í ÁÇ ÁNÕÒùNØ,Î ÊÅ ÏÕÎ ÄRÁ ÈÍ5Á×^×7À!ÏWÌ ÎCÒù
ÍÊÌ ×^Å5ù ØÁ Í5Ì Ð5Ç ËÅNÏÅ+È Ì Î2Øù ÊÅ+ØÌ ÝÅ5Ï5Î Ì Ð5Ç Û

Ö\
Ï ÀÊ'ËÐ5Ï*Í5Á×^×8À!ÏÌ Î Ì ÅØÙ ÐÊ'ËÁNÊÌ ÍÀ-Ç Î ÀÊÅÚÇ ÐÒØVÐ5Ï*Ì ×^ÚÁNÊÎNÐ ÏÎÊÁÇ Å
Ì Ï\Î ÄÅÄÅ5Ð5Ç ÎNÄ*ÁNÈÎ ÄÅË-Ì ÁÇ ÁNÕÌ Í Ð5ÇÅ Í5ÁNØ'ÒØ,Î Å5×4Û Ö Î!Ú5ÊÁNÜÌ ÝÅØ8ÄÐËÌ Î ÐÎ
È ÁNÊOÞ4Ì Ç ÝÇ Ì È,Å\Ð5ÏÝ*ÍÊÅ5ÐÎ ÅØVÐ\×4Á ÊÅ\ÄÁ ØÚÌ ÎNÐ+Ë-Ç Å>ØÅÎ2ÎNÌ ÏÕVÈ,ÁNÊ8×4Ð5Ï5Ò
ØPÚÅ5Í Ì ÅØVß È Á ÊVÐ>ÊÅ+ÜÌ ÅÞàÁ È!Å5Ï5ÜÌ ÊÁ Ï×^Å5ÏÎ Ð5ÇWÌ ×4ÚÐ5Í+ÎCØVÁNÈÀÊMË-Ð5Ï
È ÁNÊÅØ,ÎCÊ,Ò Ù ØÅ5Å8á>Þ7ÒÅÊ7ÅÎ$Ð5Ç Û¼5âWâWã5ä5ÛWá\ÁÅØeÐÊ'ËÁNÊÌ ÍÀ!Ç Î2ÀÊÅ\Í5Á ÏÎCÊÌ Ëå
ÀÎNÅÎNÁ!ÎNÄÅ\ÄÅ5Ð5Ç Î Ä^ÁNÈWÎNÄÅØPÁ Í5Ì Ð ÇWÅ Í5ÁNØ'ÒØ Î Å5×¬ÐØÞYÅ5Ç Ç æ
ç ÅÈ ÁNÊÅÅè>Ð5×^Ì ÏÌ ÏÕ*é-êë ì êë íÎCÊÅ5Å+ØVÍ5Á ÏÎCÊÌ ËWÀÎ ÅÎNÁ¦ÐÄÅ Ð5Ç Î ÄÒ
ØÁ Í5Ì Ð5Ç Å5Í5ÁÇ Á ÕÒ5ÙPÌ Î!×^Ì ÕÄÎËÅÊÅ5Ð+ØPÁ ÏÐ+ËÇ ÅÎ Á¦ÐØîVêï éYÎ ÄÅ+Ò^×4Ì ÕÄ5Î
ÝÁØÁÛWð¦ÏÅ\ÚÁNØ'ØPÌ ËÇ Å\Ð5ÏØ,Þ4ÅÊVÍ Á×4Å+Ø-È ÊÁ ×àÐ>ËÁÝÒYÁNÈÞ^ÁNÊî\Î ÄÐÎ
ÄÐØOÎ2ÊÐ5ÝÌ Î Ì ÁÏÐ Ç Ç Ò4ÄÐ5ÝRÏÁ ÎNÄÌ Ï5Õ7Î Á¦ÝÁ!Þ4Ì Î Ä\ÎCÊÅ5ÅØÂ ÎNÄÅÇ Ì Î Å+ÊÐÎ2ÀÊÅ
Á Ï^ñ'ÝÅÈ Å5ÏØÌ Ë-Ç ÅØPÚÐ5Í5Å5Û òá\ÅÈ Å5ÏØÌ Ë-Ç ÅØPÚÐ Í5Å\ßMá8Ó ä>ÎNÄÅ5Á Ê'Ò7Ø ÀÕÕÅØ,ÎCØ
Î ÄÐÎÎ ÄÅ8ÚÄ5ÒØPÌ Í Ð5Ç È Å5ÐÎ2ÀÊÅØeÁNÈ-Ð&ÊÅØÌ ÝÅ ÏÎNÌ Ð5ÇWÏÅ5Ì ÕÄËÁNÊÄÁÁ Ý4Í5Ð5Ï
ÄÐÜÅÌ ×4ÚÁNÊ'Î Ð5Ï5Î-Ì ×4ÚÐ5ÍÎ2Ø7ÁÏ\Ø Î2ÊÅ5Ï5ÕÎNÄRÁ ÈÍ5Á×4×7À-ÏÌ Î2Ò4Ð ÏÝ\ÊÐÎNÅ+Ø
Á ÈÍÊÌ ×^ÅÌ Ï\Î ÄÐ+Î-ÏÅ5Ì ÕÄ5Ë-Á ÊÄÁ ÁÝRßóVÅ+Þ4×4Ð5Ïl¼5âWôWã ä5Ûá\ÅÈ,Å ÏØÌ Ë-Ç Å
ØÚÐ5Í Å>Î ÄÅ5ÁNÊ'Ò4ÚÁ ØPÌ Î2ØPÙÐ5×^ÁÏÕYÁNÎ ÄÅÊ>ÎNÄÌ ÏÕØÙNÎ ÄÐÎÎNÄÅ\ÐÊÍ5ÄÌ Î Å5Í5å
Î2ÀÊÐ5Ç È Å5Ð+ÎCÀÊÅØ7Ð ÏÝ*ÚÄÒØÌ Í5Ð5Ç Ç ÐÒÁ ÀÎÁNÈWÊÅ+ØPÌ ÝÅ ÏÎ Ì Ð5Ç ËÀ-Ì Ç ÝÌ ÏÕØ

Ø,ÀËØ Î Ð5ÏÎ Ì Ð5Ç Ç ÒYÌ ÏÈ Ç À!Å5ÏÍ ÅÚÐÎ2ÎNÅ+ÊÏØVÁNÈ-Ì ÏÈ ÁNÊ×RÐ5ÇWÍ ÁÏÎ Ð5ÍÎ!Ð5×4ÁÏÕ
ÏÅ5Ì ÕÄ5Ë-Á Ê'Ø7Ð5ÏÝRÌ ÏÈ Á Ê×RÐ5Ç Ø,ÀÊ'ÜÅ5Ì Ç Ç Ð ÏÍ5Å Û õ$Á Ï5Î Ð5ÍÎ-Ð5×^ÁÏ5Õ
ÏÅ5Ì ÕÄËÁNÊMØVÐ ÏÝRÌ ÏÈ,ÁNÊ×RÐ5Ç Ø ÀÊ'ÜÅ Ì Ç Ç Ð5ÏÍ5ÅÐÊÅ5ÙPÌ ÏÎCÀÊÏÙ îWÏÁNÞ4Ï\Î Á
ËÅÇ Ì ÏîWÅ5Ý\Î Á!Ø,ÎCÊÅ5ÏÕÎ ÄRÁ ÈOÍ5Á×4×8À!ÏÌ Î2Ò4Ð5ÏÝ*Ç ÅÜÅ5Ç ØVÁ ÈÍÊÌ ×4Åß ØÅ5Å
Ã&ÐÒÇ Á Ê^¼ âW¾¾$È Á Ê&ÊÅÜÌ Å+Þ7ä5Û ÉVÇ Î ÄÁ ÀÕÄ*ÏÁNÎ-Ð5Ç Ç Ì ÏÎ ÅÊ'ÜÅ5ÏÎ Ì ÁÏ5Ø
ËÐØÅ5Ý^ÁÏ^á\Ó!Î ÄÅ5Á Ê'ÒYÄÐ+ÜÅ>ËÅ5Å5Ï\Ø À!Í Í5ÅØ,Ø È À-Çßõ$Ì ØPÏÅÊÁNØY¼5âWâWö5ä5Ù
Î ÄÅ$ÚÊÁ×4Ì ØÅÅ ×7ËÁÝÌ Å5Ý*Ì Ï*Ì Î2ØOØÁ×^ÅÎ Ì ×4Å+ØOØÚÅ5Í+ÎNÐ ÍÀ-Ç Ð+Ê&Ø,À!Í å
Í5Å+Ø ØÅØ7ÄÐØ7Ç Å Ý\ÎNÄÅ÷\Û ÓPÛPá8Å5ÚÐÊMÎN×^Å5ÏÎ!Á ÈÑeÁ ÀØÌ ÏÕ4Ð5ÏÝR÷>Ê'Ë-Ð Ï
á\ÅÜÅ5Ç Á Ú×^Å5Ï5Î-ßÑV÷8á>äÐ ÏÝRÁ Î ÄÅ+Ê'Ø&Î Á¦Ì Ï5ÜÅ+Ø'Î-×4Ì Ç Ç Ì Á ÏØ8ÁNÈOÝÁ Ç Ç ÐÊØ
Ì ÏÊÅ ÄÐËÌ Ç Ì Î Ð+ÎNÌ Ï5Õ4Ú5ÀËÇ Ì ÍÄÁNÀØÌ ÏÕ^Ð5ÏÝRÁNÎ ÄÅ+Ê\ÏÅ Ì ÕÄËÁ ÊÄÁÁ ÝØ7Ì Ï
Ç Ì ÏÅÞ^Ì Î ÄAáÓOÕÀ-Ì ÝÅ Ç Ì ÏÅ+Øß+÷\Û ÓPÛÑV÷áø¼ ââ¾ùóVÅCÞ4×RÐ Ï´¼NââWúNä Û
Ö ÈÝÅ+È Å5ÏØÌ ËÇ ÅØPÚÐ Í5ÅÎNÄÅ5ÁNÊ'Ò4Ì ØVÍ5Á Ê'ÊÅ5ÍÎ ÙNÎ ÄÅ5Ï\ÜÌ Î Ð5Ç ÙNÞ4Å5Ç Ç å ÀØÅ Ý
ÊÅ+ØPÌ ÝÅ5ÏÎ Ì Ð5ÇÁNÀÎ ÝÁÁNÊOØÚÐ5Í ÅØØPÄÁ À!Ç ÝRÚÇ ÐÒYÐÍ+Ê'À!Í5Ì Ð5ÇNÊÁÇ Å\Ì Ï
Ø,Î2ÊÅNÏÕÎ ÄÅ5ÏÌ ÏÕ^Í Á×^×8À-ÏÌ Î2Ò^Ð5ÏÝ*ÝÅ+Î Å+Ê'ÊÌ Ï5Õ^Í+ÊÌ ×4Å Û É7Ç Î ÄÁNÀÕÄ
ÝÅ+È Å ÏØÌ ËÇ Å&ØÚÐ5Í5Å&Î ÄÅ5ÁNÊMÒVØPÐ+ÒØ!ÜÅÊ'Ò¤Ç Ì Î2Î Ç Å\ÐËÁ ÀÎÜÅÕÅÎ ÐÎNÌ ÁÏ^ÚÅ+Ê
ØÅ5Ù Î ÄÅÎ ÄÅ5ÁNÊMÒ4Í5Ç Å5ÐÊÇ Ò4ÄWÐØVÌ ×4ÚÇ Ì Í5Ð+ÎNÌ ÁÏ5ØÈ Á Ê\ÏÐÎ2ÀÊÐ Ç Ù ÐØOÞ4Å5Ç ÇÐØ
ËWÀ!Ì Ç Î Ù5È Å ÐÎCÀÊÅØ¦ÁNÈÊÅØÌ ÝWÅ5ÏÎ Ì Ð5ÇWÁNÀÎ ÝÁÁNÊØPÚÐ Í5ÅØÛ Ö ÈÎNÄÅ7ÚÊÅØPÅ ÏÍ Å
ÁNÈÎCÊÅ5Å+ØAÐ5ÏÝVÕÊÐØ,Ø¦Ì ÏVÎ ÄÅØÅOØÚÐ5Í5ÅØ¦Å5ÏÍ ÁNÀÊÐÕÅØ!ÊÅØÌ ÝÅ5ÏÎ2Øû,ÀØÅ
ÁNÈÎ ÄÅØÅOØÚÐ5Í5ÅØÙÚÅÊÄÐ ÚØ!Î ÄÅØÅOÈ Å ÐÎCÀÊÅØ!Î ÁÁRÍ Ð5ÏYÚÇ ÐÒ¤ÐOÊÁ Ç Å\Ì Ï
Ø,Î2ÊÅ Ï5ÕÎ ÄÅ5ÏÌ Ï5Õ4Í Á×^×7ÀÏÌ Î2Ò^Ð5ÏÝRÝÅÎ Å+Ê'ÊÌ Ï5Õ^Í+ÊÌ ×^Å5Û
á8ÁÅ+Ø¦ÐÊ'ËÁNÊÌ ÍÀ!Ç ÎCÀÊÅ ÙÌ Ï7È Ð5ÍÎ ÙÍ5Á ÏÎCÊÌ ËWÀÎ Å&ÎNÁÎ ÄÅ8ÄÅ5Ð5Ç Î Ä4ÁNÈ
Î ÄÅØÁÍ5Ì Ð5Ç Å5Í5ÁNØ,ÒØ,Î Å5×7æ Ö ÏRÐ5Ï\ÀÊ'Ë-Ð ÏRÏÅ5Ì ÕÄËOÁNÊÄÁÁÝÙ ÞYÅ×^Ì ÕÄÎ
Ð ÚÚ5Ê5ÁÐ5Í Ä\ÎNÄÌ Ø7ü À!ÅØ,Î Ì Á Ï*Ì ÏRÐÜÐÊÌ ÅÎ2Ò4ÁNÈWÞ4Ð+ÒØÛ ýdÅ×^Ì ÕÄÎ!Ð+ØPî
Þ4ÄÅ+Î ÄÅÊÎ2ÊÅ5ÅØeÚÇ ÐÒ¤Ð>ÊÁÇ Å8Ì Ï8ÎNÄÅ8ÚÐÎ2ÎNÅ+ÊÏØVÁNÈ!Ì ÏÎNÅ+Ê'ÊÅ5Ç ÐÎNÌ ÁÏ
Ð ×4Á Ï5Õ4ÝÌ È È Å+ÊÅ5ÏÎÊÅ+ØPÌ ÝÅ ÏÎØ,ÀËÚÁ ÚÀ!Ç Ð+ÎNÌ Á ÏØÛ ýdÅ$×4Ì ÕÄ5Î!Ð+Øî
Þ4ÄÅ+Î ÄÅÊÎ2ÊÅ5ÅØeÐÈ È Å5Í+ÎÚÐ+ÎCÎ ÅÊÏØeÁNÈÎ ÅÊ'ÊÌ ÎNÁ Ê'ÒVÞYÌ Î ÄÌ Ï7ÎNÄÅ8ÏÅ5Ì ÕÄå
ËÁNÊÄÁÁ Ý4ÁNÊ7ÚÐÎ2Î ÅÊÏØeÁ ÈÊÅØÁNÀÊÍ5Å\Åè>Í5ÄÐ5ÏÕÅ5Û ÉVÏÝ8ÞYÅ\×4Ì ÕÄÎ
ÐØî\Þ4ÄÅÎ ÄÅÊÎ2ÊÅ5ÅØ¦Å5ÏÄÐ5ÏÍ5Å&ÊÅØÌ ÝÅ5ÏÎÚÁ ÚÀ-Ç ÐÎNÌ ÁÏØûÍ5Ð ÚÐ5Í5Ì ÎCÒeÎ Á
ÊÅØÌ Ø Î$Ì ÏÍÀÊMØPÌ ÁÏ^ÁNÊVÁ ÀÎ2ØÌ ÝÅ&Î ÄÊÅ ÐÎCØÛ Ã>Á$ÎNÄWÅ8ÅèPÎ Å5ÏÎÎ ÄÐÎ
ÐÊMËÁNÊÌ ÍÀ!Ç Î2ÀÊÅ8Í5ÁÏÎ2ÊÌ ËWÀÎNÅØ-Î Á*Ð8ÄÅ5Ð5Ç ÎNÄ5ÒeØPÁPÍ5Ì Ð5ÇWÅ5Í5ÁNØ,ÒØ,Î Å5×4Ù5Þ4Å
Þ4ÁNÀÇ ÝRÅè>ÚÅ ÍÎ-ÁNÎ ÄÅ+Ê'Þ4Ì ØÅØPÌ ×^Ì Ç Ð+Ê&ÀÊMË-Ð ÏRÐÊ5Å5ÐØOÞ4Ì ÎNÄ*Ð5ÏÝ
Þ4Ì ÎNÄÁ ÀÎÎCÊÅ5ÅØ-ÎNÁAÝÌ È È ÅÊ8Ì Ï8ØÁ×4Å8Á ÊVÐ5Ç ÇWÁNÈÎ ÄÅØÅ>ÊÅØÚÅ5ÍÎ2ØPÛ
Ã!ÄWÌ ØÐCÊÎ,Ì ÍNÇ ÅWÊ5ÅCÜÌ ÅCÞ\ØÈ'Ì ÏWÝWÌ Ï ÕØÈ Ê5ÁP×þÐ-Ç Ì ÏWÅOÁ ÈÌ Ï ÜÅCØ'Î,Ì ÕÐCÎ,Ì ÁPÏ
ÐNÝWÝNÊÅCØ'ØÌ Ï ÕRÚ5Ê5ÅNÍNÌ ØÅNÇ Ò\Î,ÄWÅCØÅ!ü À-ÅCØ'Î,Ì ÁPÏ ØÛ É¤ØÅ+Ê Ì ÅCØ\Á È&Ç Ð+ÊÕÅNå ØÍNÐNÇ Å
ØMÎ ÀOÝÌ Å2Ø$ÍNÁÏWÝNÀÍ2Î,ÅNÝVÌ ÏVÌ ÏÏÅCÊ,åCÍ Ì Î ÒAõÄWÌ Í ÐCÕÁÙ Ö Ç Ç Ì ÏÁPÌ ØÙ÷$Û ÓÛ ÙMØMÒØMÎ,Å ×RÐ2Î'Ì å
ÍNÐNÇ Ç ÒAÍNÁP×RÚWÐCÊ5ÅNÝ!ËÀÌ Ç ÝWÌ ÏNÕØÐNÏWÝ!ØÚÐNÍNÅCØÞ^Ì Î ÄÜÐ+ÊÒÌ Ï5ÕAÇ ÅCÜÅNÇ ØÁ ÈPÎ Ê5Å Å
ÐNÏWÝ-ÕÊ5ÐCØ'Ø\ÍNÁ ÜÅ+ÊÞ^ÄWÌ Ç Å!Í ÁPÏ Î Ê5ÁPÇ Ç Ì Ï ÕÈ'Á Ê$Ï À×RÅCÊ5Á ÀWØ>ØÁPÍNÌ ÐNÇÐNÏÝ
ÅNÏ ÜÌ Ê5Á ÏW×RÅNÏ Î ÐNÇ È'ÐNÍ+Î,Á ÊMØÛñÿÊ5Å ÅNÏWÅCÊò ØÅCÎ Î Ì Ï ÕØOÞ^ÅCÊÅÍ ÁP×RÚWÐCÊÅNÝ8Î,Á
ÐCÊ5ÍNÄWÌ Î ÅNÍ+Î ÀÊ5ÐNÇ Ç ÒRÍ ÁP×RÚWÐCÊ5ÐCËOÇ Å$Á Ê\Ì ÝWÅNÏ Î Ì ÍNÐNÇ ÍNÁ ÀOÏ5Î,Å+Ê5ÚWÐCÊMÎ Ø8Ì ÏÎ ÅCÊ5×\Ø
Á ÈÎ ÄÅNÌ Ê\ÚWÅCÊÈ,Á Ê5×RÐNÏÍNÅ$ÁPÏAÐÞRÌ ÝWÅÊ5Ð Ï ÕÅ$Á ÈOÅNÍNÁ Ø'ÒØMÎ ÅN×Ì ÏWÝWÌ ÍNÐ+Î,Á ÊØÛ
É GENERAL
l
ÜÐ+ÊÌ Å+ÎCÒYÁNÈ-×^METHOD
Å5ÐØ,ÀÊÅØÙNÊÅØÅ5ÐÊÍ5Ä^ÝÅØÌ ÕÏ5ØPÙ Ð5ÏÝ8Ø,ÎNÐ+ÎNÌ Ø,ÎNÌ Í5Ð5ÇNÎNÁ ÁÇ Ø
Þ4ÅÊÅÀØÅ5Ý^Ì Ï\ÎNÄÌ ØVÇ Ì ÏÅÁNÈWÞYÁ ÊîùNÎ ÄÅÚÐÊ'Î Ì Í+À!Ç ÐÊ'ØVÁNÈÝÌ È È,ÅÊÅ5ÏÎ

I0J0KML3NMOGPQJ0R2SL.TUJ0L3V WXKP YZK2L3[?\ H7]X^G_G`a OXbc\7d7d ^

e Y Kf7V [ ehg V Y<i7V NYji7V e P V N7[J<RhV NGk[ e YjV lOZYjV JmNf2V R Rn[ZLG[fWJN e V fQ[oL,OoTUP bp
qMJ<L$Y<i2[)rGK2L,r2J e [J<RQYji2V e LG[okV [ g?s JmN2P bOTQL,V [oRUJ<k[oL:kV [ g JjR
t [oY<i2Jmf2JmP J<l3bV e rGL,J<kV f2[fi2[oL,[pu?[ZYjOV P [ff2[ e WoL,V rGYjV JmN e J<RQYji2[
t [oY<i2Jmf2JmP J<l3bvRnJjL$Y<i7[)WJmN e Y<V YwK[NGY e Y Kf2V [ evt Oob?T[MRnJ<KN7fV N)Y<i2[
J<L,V lV N7OP x,J<K7L3N7OP3OoLXYjV W0P [ e p&y&V t V P OoL,P b s Yni2[ e r2[W0V RnV W e YjOoYjV e YjV W0O0P
[XkV f2[N2W[KN2f2[oLGP bV NGl[OWiP V N2z)L,[r7J<L:Yj[fi2[oL,[)WON{T[MR.J<KN2fV N
Y<i2[J<LGV lV N2O0P x,J<K2LGN2O0POoL:YjV WP [ e p&|ZN t ONbW0O e [ e&s OP V N2zT[oY g [[N
YwL,[[{WJ<k[oLvON2fO0NJ<K2Y<WJ t [)V e f2JmWoK t [NGY<[fN2J0YJmN2P b}Tmb
e YjOoY<V e YjV WOP&[okV f2[0N2W[J<RhOL,[P OoY<V JmN e i2V r)T7K2YUOP e JTQb t [f2V OZYjV JmN
Y<[ e Y e [o~$O t V N7V Nl{Y<i7[rGL,Jr2J e [f t [W0i7ON2V e3t ON2fT7bNK t [ZL,J<K e3s
e J t [oY<V t [ e f2J<7[0N e J<R s<e Y<OoYjV e Y<V WGOP<Yj[ e Y e RnJ<Lvr2J<Y<[NGYjV OPmWJmNRnJ<KN2f2
V NGl?RnOWoYjJ<L e pni7V P [OP PnRnV N2f7V NGl e L,[r2JjL:Y<[0fi2[oLG[ g [oL,[ e YjOoYnV e Y<V WOP P b
e V lN2V RnV WONGY s V Y e i7J<KP f{TU[)N2J<Yj[f{Y<i2OoYQTUJ<Y<i[oR Rj[WoY e V 7[ e ON7f
WG[oL:YjOV NGY bP [ok[P e kOoL,V [f#OWoL,J e.e f2V R Rn[oLG[NGY)ON2OP b e [ e ON2ff7V R Rn[oL,[NGY
e Y Kf2V [ e pj{i7[)rK7L,r2J e [J<RmYji2V e L,[okV [ g V e Y<J V NGY L,Jm
f,KW[MY<i2[)WJ tt JmN2OP V YjV [ e J<RQYji2[ g J<LGzO e O g i2JmP [
OGN2f{YjJOf2fGL,[ ene O{P OoL:l$[oLYjiM[ t [)N2J<Y7R KP P bvYwL,[OoY<[fV N
OGNGbJ<RQYji2[)WJmN e YjV YwK[NGY e YwKf2V [ en Y<i7[ML,[P OoYjV JmN e i2V r
T[oY g [[N?Y LG[[ e O0N2fO{i2[OP Y<iGb e JmWV OP[WJmP J<l3b0p

EGF2H

OGN2fvL3[ e V fM[GN,Y e i2OXk$[?NMJV N,RjP K[GN2WG[vJ<k$[XLUY0iM[{P JQWGOXY<V JQN#J<L
t OV N,Y<[GNMONMWG[?J0R2YwL3[G[ e J<LUl&L3O ene OXY)[V Y<iM[XL}f2[ok$[GP Jmr t [GN,Y<p0?i,K e&s
Y<i,LGJ<KMl$iMJ0K2YY0i2V e LG[Xk$V [ g?s OGP PQWGJ t rMOXL3V e JQN e T[XY g [G[N# l&LG[G[GN2[XL3
OGN2f.P [ eje l&L3[[GNM e [XYwY0V NGl e L3[XRj[oLY0J e [XYwY<V NGl eg iMV WGi#OoL3[v[GV Y0i2[XL
L3J<KMliMP b t OXY<WGiM[GfJ<L}V f7[GN,Y<V WGOGPQV NO?iMJ e YJ<ROXL3WGi2V Y<[GWXYwKML3OGP
WGi2OXL,OGWXY<[XL3V e Y<V W e OGNMfL3[ e V f2[GN,Y WGiMOXL,OGWXY<[XL3V e YjV W e p
| Y e iMJ0KP f?T[{NMJ0Y<[Gf{Y<iMOXY s V N?Y<iM[ e YZKfMV [ e L3[rMJ0L.Y<[GfiM[oL3[ s
L3OoY0V N,l e J0R{ l&L3[G[NMNM[ ene ONMf l&L3[G[GNcWGJ0k$[XL3 t OXbT[L,[Xl$OXL3fM[Gf
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Õ ¿MÉhÇjË ÎMÖMË Î,Ô,××n¿MÔ&Ô$ÄX×nÍ2Í0Ã2ÏXÍ0ØmË Î?ÇnÏGÌXÍ<Ø0É3Äo×Ë ÖMÄGÎGÍZ×&ÙXÉ,ÄX×Ú7ÀQÎ,×&Ä$Í0À
ÍZÉ,ÄGÄX×}Ë ×}ÄXÛÍwÉ,ÄGÜ#Ä0Æ Ñ#ÚMÀ<×&Ë Í0Ë ÝÄ{ÞX¾2¿ÀÄoÍÏGÆ ßh»à2à7áâGß Õ ÎMÄ{ÃG¿Î2Ö,É3ÄÖ
É3ÄX×&Ë ÖMÄÎ,Íw×}À0ÇÏ{ãÃMË ÌGÏoÔ$ÀÚG¿MÊÆ Ë Ì)ÃMÀ0¿7×&Ë Î,Ô#Ö2ÄXÝ$ÄÆ ÀmÚMÜ#ÄÎ,Í7ä#ÄXÉ3Ä
ÏX×&å2ÄÖ?Í<ÀÉ3Äo×Ú2ÀQÎ2Ö{Í<ÀË Ü#ÏXÔÄX×}ÞXÚMÃMÀ0ÍjÀ<×Ë Üv¿Æ ÏXÍ<Ë ÀQÎ,×nâ{ÖMÄÚMË ÌXÍ<Ë Î,Ô
Í0ÃMÄGË É}ÌGÀ0¿2É.ÍZÑ$ÏoÉ3Ö?äcË Í<ÃÏGÎMÖvä#Ë Í<ÃMÀ0¿MÍ2ÍZÉ,ÄGÄX×&Øä#Ë Í<ÃÀ0Í<ÃMÄXÉUÇnÏGÌXÍ<À0É.×
Þ:Æ Ë ÔÃ,Í<Ë ÎGÔ$Ø<ä#ÄÏXÍ<Ã7ÄXÉjØmÚMÄÀQÚ2Æ Ä{Ë Î{Í<ÃMÄ)ÌÀ<¿MÉ:ÍZÑÏXÉGÖ2ØmÄXÍ<Ìß â{ÃMÄÆ Ö
ÌGÀQÎ,×nÍ0ÏGÎGÍ0ßQÅÄo×Ë Ö2ÄGÎ,Íw××nÍZÉ3ÀmÎ,Ô$Æ Ñ#Ú,É3ÄXÇnÄoÉ.É3ÄGÖË Ü#ÏoÔ$ÄX×äcË Í<ÃvÍ É3ÄGÄX×næ
ÏGÎMÖ Í<ÃMÄ}Ü#À0É3ÄUÍwÉ3ÄGÄo×Ø,Í<ÃMÄ×nÍwÉ3ÀQÎ,Ô$ÄoÉÍ<ÃMÄGË ÉÚ,É3ÄXÇnÄXÉ3ÄGÎMÌGÄGß,çÄGÏGÎ
É3ÏXÍ0Ë Î,Ô&×UÇjÀ0ÉUÍ<ÃMÄ{Ã2Ë Ô$Ã?ÍZÉ3ÄÄ?ÖMÄÎ,×Ë ÍwÑcË ÜÏXÔ$Äo× Þ:¼7è{ÍwÉ3ÄGÄX×}ÚMÄXÉvÃ2ÏXâ
äcÄXÉ3Ä{é?×nÍ<ÏGÎMÖMÏXÉ,ÖÖMÄXÝ$Ë ÏXÍ<Ë ÀQÎG× Ã2Ë Ô$Ã2ÄXÉhÍ<ÃMÏGÎvÍ<ÃMÄ?Ü#ÄÏGÎvÉ3ÏoÍ<Ë Î,Ô&×ÇjÀ0É
ÍZÉ3ÄGÄÆ ÄX×n× Ë Ü#ÏXÔ$ÄX×vÞ çc× ê7ßn»$Ý$ÄoÉ.×j¿2× ½2ß ëÀQÎÏ?½{Í<Àè{×ÌÏGÆ ÄØ<Ç É3ÀQÜ
ì ÎMÀ0ÍÏXÍÏGÆ Æ ímÍ<À ì ÝMÄXÉnÑ#Üv¿ÌGÃ2í â,ßmî,¿2É.Í<Ã2ÄXÉ<ØmÏGÚMÚ,ÉGÀ<ÛhË Ü#ÏoÍ0ÄÆ ÑÀmÎMÄGï
Í0ÃMË É3ÖÀ0Ç7É,ÄX×&Ë ÖMÄÎGÍw××n¿MÉ.Ý$ÄoÑ$ÄGÖÌGÆ ÏGË Ü#ÄÖ?Í<ÃMÏXÍ2Í0Ã2ÄXÑ}ä#À0¿Æ Ö{¿M×&Ä
Í0ÃMÄGË É ÌGÀ0¿MÉ:ÍZÑ$ÏXÉ,ÖÜ#À0É3ÄvË ÇÍwÉ3ÄGÄX×ä#ÄXÉ3Ä?ÚMÆ ÏÎ,Í0ÄÖMß
Â{ÃMÄo×&Ä$ÇnË ÎMÖ2Ë ÎGÔ&×h×n¿MÔ&ÔÄX×nÍ2Í<Ã2ÏXÍ<ØmË Î)¿MÉ:ÊÏGÎÎMÄË ÔÃ,ÊÀ<É3Ã2ÀmÀmÖ,×&Ø
ÍZÉ,ÄGÄo×}Ü#Ë Ô$ÃGÍÚMÆ ÏoÑÏ{Ú2Ë Ý$À<Í<ÏGÆ<É3ÀmÆ Ä{Ë ÎÖÉ3Ïoä#Ë Î,Ô}É,ÄX×&Ë Ö2ÄGÎ,Íw×}Àj¿MÍw×&Ë ÖMÄß
Â?ÃMÄoÑ}Ç ¿MÉ:Í<ÃMÄXÉh×n¿7Ô&Ô$Äo×nÍÏäcÏoÑ#Ë Î?ä#Ã2Ë ÌGÃÏXÉ.ÊÀ0É,Ë ÌX¿Æ Íw¿MÉ,Ä{ÜË Ô$ÃGÍ
ÌGÀQÎ,ÍwÉ3Ë Ê7¿MÍ<ÄÍ<ÀÏ{Ã2ÄGÏGÆ Í0Ã,Ñ}×&ÀQÌGË ÏGÆQÄGÌGÀ0×.Ñ&×nÍ0ÄÜ}æðÊ2Ñ#ÄGÎMÃMÏGÎ7ÌGË ÎGÔ
É3ÄX×&Ë ÖMÄGÎGÍZ×&Ùo¿M×&Ä{ÀjÇ7Í<ÃMÄ$×&ÚMÏGÌÄX×Qñ.¿M×nÍÀ<¿2Íw×&Ë Ö2Ä$Í<ÃMÄGË ÉhÊ7¿Ë Æ ÖMË ÎGÔ3×&Ø
Í0ÃMÄoÉ3ÄXÊ2Ñ#ÚGÉ3ÀQÜ#À<Í<Ë Î,Ô#Ë ÎGÇjÀ0É3Ü#ÏÆQÌGÀQÎ,ÍjÏGÌXÍÏGÜ#ÀmÎ,Ô#ÎMÄGË Ô$Ã,ÊÀ<É.× ÏÎMÖ
Ë Î,ÍwÉ,ÀQÖG¿ÌË ÎGÔ#Ë ÎGÇnÀ<É3ÜÏÆ<×n¿MÉ:ÝÄGË Æ Æ ÏÎMÌÄß
ò MÃ À<Í0À<×Ë Ü}¿Æ ÏoÍ0Ë ÀmÎG×ØmÃMÀ0ä#ÄXÝÄXÉ<ØmÏXÉ,Ä{Ï0ÚMÚ,ÉGÀ0ÛË ÜÏXÍ<Ë ÀmÎ,× À<Ç7ÉGÄGÏGÆ Ë ÍwÑGØ
ÏGÎMÖÚ,É3ÄÖMË ÌoÍ0Ë ÀQÎ,×}À<Ç2¿2×Ä{ÏXÉ,Ä{Ü#ÄXÉGÄGÆ Ñ#ÚGÉ3ÄÖMË ÌoÍ0Ë ÀQÎ,×&ß0ÂÀä#Ã2ÏXÍ
ÄXÛmÍ<ÄGÎ,ÍMä#ÄXÉ,Ä?Ë ÎMÎ2ÄXÉ<ï:ÌGË ÍwÑ É,ÄX×&Ë Ö2ÄGÎ,Íw× Ï0ÌGÌX¿MÉ3ÏXÍ<Ä?Ë ÎÚ,ÉGÄGÖMË ÌXÍ0Ë Î,Ô Í<ÃMÏXÍ
Í0ÃMÄXÑä#À0¿Æ Ö ¿M×&Ä ì Ô&É3ÄGÄGÎMÄXÉ,íÀ0¿2Í0ÖMÀmÀ<É×ÚMÏÌGÄX×Ü#À<É3Ä À<Ç Í0Ä0Î,ó
ô ¿Ë ÍjÄ)ÏÌÌo¿2ÉGÏoÍ<ÄØË Í7ä#À<¿Æ ÖÏÚ2Ú2ÄÏZÉnßî2Ë Î2Ö2Ë ÎGÔ3×hÇ ÉÀmÜõÍjÃÉGÄÄ
ÖMË Ç ÇnÄoÉ,ÄÎGÍM×nÍ ¿Ö2Ë Äo×}Ë Î2Ö2Ë ÌÏoÍ<Ä$Í<Ã2ÏoÍMÔ3É,ÄÄ0Î2ÄoÉUÉ,Äo×3Ë Ö2ÄÎGÍjË ÏÆQÀ<¿2ÍjÖ2ÀmÀ<É
×&Ú2ÏÌÄo×UÉ3ÄÌÄË ÝÄ{ÜÀ<É,Ä$¿2×&ÄÇ É3ÀmÜöÏÖG¿Æ Í2É,Äo×&Ë Ö2ÄÎ,Í ×UÍ<Ã2ÏÎ?ÍjÃ7ÄË É
ÊÏoÉ:É,ÄÎÌÀ<¿ÎGÍ<ÄoÉ,Ú7ÏoÉ:Í ×&ß÷ZÎÀmÎ2Ä×.Íw¿ÖGÑ0ØnÉ,Äo×3Ë Ö2ÄÎGÍ ×vÆ Ë ÝË ÎGÔË Î)Ô3ÉGÄGÄÎ2ÄoÉ
Ã2Ë ÔMÃ2ï É,Ë ×&ÄÏ0Ú2ÏoÉ:ÍjÜÄÎÍ7ÊQ¿Ë Æ Ö2Ë ÎGÔ3×É,ÄÚ2ÀjÉXÍ<Ä0Ö)×&Ë ÔÎ7Ë Ç.Ë ÌÏ0ÎGÍjÆ ÑÜÀ<É,ÄM¿2×3Ä
À<ÇmÍjÃ2ÄÏoÉ,Ä0Ï,ñ:¿2×.ÍUÀ<¿7Íw×3Ë Ö2ÄMÍjÃ2Ä0Ë ÉÊ7¿Ë Æ Ö2Ë ÎGÔ?ÍjÃ2Ï0ÎÖ2Ë Ö)É,Äo×3Ë Ö2Ä0ÎÍ ×vÆ Ë ÝË ÎGÔ
Ë Î)ÊQ¿Ë Æ Ö7Ë ÎGÔ,×äË ÍnÃÆ ÄZ×.×ÝMÄoÔMÄoÍjÏZÍjË ÀÎÞo¾Q¿À}ÄZÍUÏÆ ß»0àQàQá0âß&÷wÎ)Í äÀ
À0ÍjÃ2ÄoÉ×nÍw¿Ö2Ë Äo×&ØÏÖG¿Æ Í2¿2×3Ä{À<ÇQÉ,Äo×&Ë Ö2ÄÎGÍjË ÏÆ<×&Ú2ÏÌÄo×UäÏo×UÇnÀ<¿Î7Ö{Í<ÀÊÄ
ÖMË ×&ÚGÉ,ÀmÚ2À<É:ÍjË ÀmÎ2ÏoÍjÄÆ Ñ¥ÌÀmÎ2ÌÄÎGÍwÉ,ÏoÍ<ÄÖ#Ë Î Ô3É,ÄÄÎ2ÄoÉÝÄoÉ:×n¿2×ÜÀ<É,Ä
ÊÏZÉ:É,Ä0Î)×3Ú2ÏÌ0Äo×?ÞoãÀmÆ ÄZÑÄoÍUÏÆ ß$»0àQà7øQù&Òn¿Æ Æ Ë ÝÏÎÄoÍÏ0Æ ß Ø&Ë ÎÚGÉ,Äo×.×jâß÷ZÎ
Í<Ã2Ä)ãÀmÆ ÄXÑÄoÍÏÆ ßj×.Íw¿ÖGÑ0ØjÍ<Ã2ÄÔ3ÉGÄÏoÍ<ÄoÉÍnÃ2Ä)ÎG¿ÜvÊÄoÉ?À<ÇQÍ ÉGÄÄo×ÇnÀ<¿Î2ÖË Î
Ï×3Ú2ÏÌÄØ0Í<Ã2Ä$Ô3É,Ä0ÏoÍ<ÄoÉhÍjÃ2Ä{Î,¿ÜvÊUÄoÉvÀ<ÇÚ2ÄÀmÚ2Æ Ä$ä#Ã2À¿2×&ÄÖ?ÍnÃ2Ä×3Ú2ÏÌÄ
×&Ë Üv¿Æ Í<ÏÎ2ÄÀ<¿2×3Æ Ñß<çÀ<ÉGÄÀ<ÝÄXÉjØ0ÍjÃ2Ä?ÌÆ À<×,ÄoÉUÍ ÉGÄÄX×äÄoÉGÄÍjÀÏÚ7ÏoÉ:Í<ÜÄÎGÍ
Ê7¿Ë Æ Ö2Ë ÎGÔ,×3ØÏ0Î2ÖÍnÃG¿2×ÍjÃ7ÄÜÀjÉ,Ä2ÝË ×.¿Ï<Æ Æ ÑÏÎ2ÖÚ2ÃÑ3×3Ë ÌÏ0Æ Æ ÑÏ0Ì0ÌÄo×.×3Ë ÊUÆ Ä
Í<Ã2ÄoÑ?äÄoÉ,ÄØjÍjÃ2ÄÜÀ<É,ÄÚ2ÄÀmÚ2Æ Ä×3Ú2ÄÎGÍQÍjË ÜÄÀ<¿2Íw×3Ë Ö2Ä)Î7ÄÏoÉÍjÃ7ÄÜß&÷ZÎ
Í<Ã7ÄÆ Àjäï ÉGË ×3ÄÖ7ÄoÝMÄÆ ÀmÚ7ÜÄÎÍ7×.Í ¿Ö2Ë ÄÖ7Ø&Î7À ÏÖG¿Æ Í ×?ÏoÍUÏÆ ÆjäÄoÉÄ
À0ÊQ×&ÄoÉ:ÝÄÖË ÎÏoÉ3Ä0Ïo× Ö2ÄoÝÀmË Ö#À<Ç2ÍwÉ,ÄÄo×&ß
Adults’ Use of Outdoor Spaces

ú vÄ ÏGÆ ×&À{ÇjÀ0¿ÎMÖÖMË Ç ÇjÄXÉ,ÄGÎMÌGÄo× Ë ÎÌGÃMË Æ ÖÉ,ÄGÎM×Ù ¿M×&ÄvÀ<ÇÀ0¿MÍ<ÖMÀmÀ<É
×ÚMÏGÌÄX× ÏX× ÏhÇ ¿Î7ÌXÍ0Ë ÀQÎÀ0ÇMÍwÉ,ÄGÄvÌÀ0Ý$ÄXÉ<ßQã)Ã2Ë Æ Ö,É,ÄGÎM×Ù ¿M×&ÄvÀ0Ç2ÉGÄX×&Ë Ö2ÄGÎMï
Í0Ë ÏGÆ2À0¿MÍ<ÖMÀQÀ0É×&Ú2ÏGÌGÄo×)ä#ÏX×ÖMË ×ÚGÉ3ÀQÚMÀ0É:Í<Ë ÀQÎMÏXÍ<ÄGÆ Ñ¥ÌGÀQÎMÌGÄÎ,ÍZÉ,ÏoÍ0ÄGÖ#Ë Î
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Children’s Access to Adults Outdoors
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Vital Municipal Functions
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ß3É é é7ÔßQÓÌ7ßQÉ Ð"ß3Ó3ÌË-Ó4Ñ ÌÍ Í ÛPÔÞ8ê ÌËÝ ÔÝDÒÈËÒÔê-Ó<ÉÌÍ Ñ "ÌÓ4Ñ ÈËDä\ÌÛ=ÐÔ
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Î3ÈÊ ÔßQÓß â Ó4ã Ñ ß2èPÈ4Ê û=Ê ÔÑ Ë-Î3ÈÊ Ò'ÔßOÌË ÝPÔÞFÓÔ'Ë Ý-ß2Ó4ã ÔÊ Ôß0ÔÌÊ-Òã*ÈË
ÓÊ-ÔÔß=Ì'Ë ÝSãÔÌÍ Ó4ãÛ\ã-ÉäPÌËTÎ ÉËÒÓ4Ñ ÈËÑ Ëé7ç 8Ô'ÒÔËÓÔAà7Ñ Ý Ô'ËÒÔ2Í Ñ Ë û'ß
é0Ê ÔÔËBÊ ÔAßFÑ Ý ÔË-Ó4Ñ ÌÍßFÔÓ<Ó4Ñ Ëé0ßÓÈÊ ÔÝ-ÉÒ'ÔÝSÌé0é0Ê ÔßQß0Ñ È;Ë\× ÉÈKÌË Ý
3ÉÍ Í Ñ à7Ì'ËSÕÜ"Ü ÄAØ FÔ'Ë ãÌ'Ë Ò'ÔÝDÒ'Èé1Ë Ñ Ó4Ñ à1Ô1Î ÉËÒÓ3Ñ ÈËÑ Ëé â Í Ñ Î3Ô Î ÉËÒü
Ó4Ñ È;ËÑ Ëé â Ì'ËÝTèPÔÍ Í3ÐÔ'Ñ Ëé\×Ô'ç é1ç â "ÉÈcÕ"ÜÜ Ä Ì'êÍ Ì'ËOÕ"Ü"Ü ÄAØ FÌ'ËÝ





















é0Ê-ÔÌÓÔÊBÒ'Ìê ÌÒÑ Ó<ÛcÎQÈÊUßFÔÍ Î3üÝ Ñ ß0ÒÑ êÍ Ñ Ë ÔT× ÌÐÔÊ UÌÛ7Í ÈÊBÔÓÌÍ çÕ"ÜÜ"Õ Ø ç
8È4é1ÔÓ4ã ÔÊ â Ó4ã ÔBÔAà7Ñ Ý Ô'Ë ÒÔ7Ê-Ôà7Ñ ÔèPÔÝPãÔÊ-ÔUßQÉ é é1Ôß3Ó<ßVÌ8à7Ñ ÓÌÍÊÈÍ Ô
ÎQÈÊUÓ Ê-ÔÔAßcÑ ËTÓ4ã ÔTãÔÌ'Í Ó4ã-ÛBÎ ÉËÒÓ4Ñ ÈËÑ Ë-éPÈ4ÎËÈ4ÓÈËÍ ÛPÑ Ë ÝÑ à7Ñ Ý-ÉÌÍ ß â
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Ú ÈÊ-Ô7é1ÔË ÔÊ-ÌÍ Í Û â Ó4ã Ô1Î3Ñ ËÝ Ñ Ë-é0ßÊ-Ôà7Ñ ÔèPÔÝOã ÔÊ-ÔTÒÈ;äPê Í Ôä\ÔË-Ó
ÌËÝSÔÞFÓ4ÔË ÝBÓ4ã ÔTÍ ÌÊ5é7ÔÊBÍ Ñ ÓÔÊ-ÌÓÉ Ê-ÔÝ ÈÒAÉäPÔËÓ4Ñ ËécÓ4ã Ô8Î ÉË ÒÓ4Ñ ÈËß
Ó<Ê Ô'ÔAß=ê-Ê'Èà7Ñ ÝÔTÑ ËÉÊÐÌËDÒ'ÈäPäBÉËÑ ÓÑ ÔAßFç 7Èé ÔÓ4ã ÔAÊUèPÑ Ó4ãÓ4ã Ô
Ôà1Ñ ÝÔ'Ë ÒÔÍ Ñ Ë û"Ñ Ë-écÓ<Ê ÔÔß=ÌË Ý\ÈÓ4ã ÔÊUà7Ôé7ÔÓ4ÌÓ3Ñ ÈËÓÈOÒ'Í ÔÌËSÌÑ ÊBÌË Ý
ÒÍ ÔÌËè*ÌAÓÔAÊ â Ó4ã Ñ ß=Ë ÔètÔAà7Ñ Ý ÔË Ò'ÔTÍ Ñ Ë û"Ñ Ë-é=Ó<ÊÔÔßÓ4ÈKã ÔÌÍ Ó4ã Ñ ÔÊ
êÌÓ<Ó3ÔÊ ËßcÈ4ÎÑ Ë ÝÑ à1Ñ Ý-ÉÌ'Í;Ì'Ë ÝSËÔÑ é7ãÐÈ4Ê ãÈÈÝTÎ ÉËÒÓ4Ñ ÈË Ñ Ë-é\ê ÈÑ ËÓ<ß
Ó4ÈKÌTäBÉÒãSÍ ÌÊé1ÔÊÓ4ã ÔäSÔýsÓ<Ê ÔÔAßcÌË ÝSê-É ÐÍ Ñ ÒTã ÔÌÍ Óãç ÌÊUÎ Ê Èä
ÐÔ'Ñ Ëé\ÌËDÌä\Ô'Ë Ñ Ó<Û â Ó4ã Ô'Ë â Ñ ÓÌêê Ô'ÌÊ5ßÓ4ã ÌAÓÓ<Ê'ÔÔAß=êÍ ÌÛ\ä=ÉÍ Ó4Ñ ê Í Ô â
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ËSÍ Ñ Ëû"Ñ Ëé=Ó<Ê-Ô'ÔßèPÑ Ó3ãTß0È;äPÔ2È4ÎÈ4É Êä\ÈßÓÒãÌÍ Í Ô'Ë-é1Ñ ËéPÌ'Ë Ý
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à1ÌÍ ÉÌÐÍ Ô â Ó4ã Ô1Î3ÌÒÓÊ Ôä\Ì'Ñ Ë-ßÓãÌÓÎ3Ôè»É ÊÐÌËDêÈÍ Ñ Ó4Ñ ÒÑ ÌË-ßà7Ñ Ôè
Ó4ã Ôß ÔTÑ ßQßQÉÔßcÌßcÒÔ'Ë-ÓÊ-ÌÍ4Ó4È2Ó4ã ÔÑ Ê=ÌAé7ÔË Ý Ìß0ç QÓÊ-ÈË-é7ÔÊBÒÈäPäBÉË Ñ ü
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ßQÉ é0é1ÔAß3Ó1Óã ÌAÓ7É ÊÐÌË=Î3ÈÊ-ÔAß3Ó<ÊÛwã ÔÍ ê-ßKÌ'Ý Ý-Ê Ôßßß0ÈäPÔBÈÎÈÉÊVä\ÈßQÓ
Ê Ô'ÒÈ4é7ËÑ Ô'ÝSÌË ÝSäPÈ4ß3ÓÒ'ã Ì'Í Í ÔË-é1Ñ Ëé=ßFÈ;ÒÑ ÔAÓÌÍË Ô'ÔÝ-ß0ç

















Tighter Integration into the Residential Urban



Fabric

Ë Ô ßQÓÊ-Ñ û"Ñ Ë-é\Ñ äPê Í Ñ ÒÌAÓÑ È;ËSÈÎ"Ó4ã Ñ ßÐÈÝÛPÈÎ"è\ÈÊ-ûDÑ ßÓ4ã ÌAÓ Ó4ã Ô
Í ÈÒÌAÓ4Ñ ÈË\ÈÎ"Ó<Ê ÔÔßcäPÌÓ<Ó4ÔAÊßcÌÓÌ8ßQÉ Ê ê-Ê-Ñ ß0Ñ Ë-é7Í Û=Î3Ñ Ë Ôü é0Ê ÌÑ Ë ÔÝßFÒÌ'Í Ô'ç
"ÌÊÓ3Ñ Ò'Ñ ê Ì'Ë-ÓßcÑ ËBÓ4ã Ôß0Ô8ßQÓ<ÉÝ Ñ ÔßcÌÍ Íã Ìà7Ô8Ê ÔÌ'ÝÛ*ÌÒÒÔAß3ßÓ4È
ËÔÑ é ã-ÐÈÊ ã È;ÈÝé0Ê Ô'ÔËß ê ÌÒÔAßcÌËÝSÍ Ñ à1Ô7è*Ñ Ó4ãÑ ËSÌ7Î3ÔètäPÑ Í Ôß=ÈÎ
ÈËÔTÈ4ÎÓ4ã ÔTäPÈßQÓÔÞFÓ4ÔË-ß Ñ à7ÔTÔÞ8ÌäPê Í Ôß=ÈÎÉÊ5ÐÌËSË ÌAÓÉ Ê ÔTÑ Ë
þVÈ4Ê5ÓãÏ=äPÔÊ Ñ ÒÌý Ì'ûÔ Ú Ñ Òã Ñ é7ÌËSÌË ÝÓ4ã Ô2ê ÌÊ û'ßcÌ'Í ÈËé
2ãÑ ÒÌAé7È ß "Ìû"Ô Fã ÈÊ-Ô2øUÊ Ñ à7Ôç -É Ê5ÓãÔÊ â Ó4ã Ô2ê ÌÊÓÑ ÒÑ ê ÌË-Ó<ß=Ñ ËSÔÌÒã
ßQÓ ÉÝ'Û\Í Ñ à1Ô1èPÑ Ó4ãÑ ËTÓ4ã Ô1ß-Ìä\Ô2Ë Ô'Ñ é1ã-ÐÈÊ-ã È;È;Ý â èPÑ Ó4ãTÓ4ãÔ1ß0Ì'äPÔ
Èà1ÔÊ-ÌÍ ÍÍ Ôà7ÔÍÈÎ"Ó<Ê-ÔÔTÒÌ'Ë Èê-Û'ç4ÿUÔÓÑ ËßQÓÉÝ-ÛPÌAÎ ÓÔAÊßQÓ<ÉÝ-Û â Ó4ã Ô
ÎQÑ ËÝÑ Ë-éPÑ ßÓãÌÓã Ìà1Ñ Ëé=Ó Ê-ÔÔß=Ý Ñ Ê-Ô'ÒÓ4Í Û\ÈÉ Ó<ß0Ñ Ý ÔTÈËÔ ß=ÈèPË
Ð"ÉÑ Í Ý Ñ Ë-é\Ñ ß=Ý Ñ Î ÎQÔÊ Ô'Ë-ÓÓã"ÌËSãÌà7Ñ Ë-é=Ó4ãÈß0Ô7ß0Ì'äPÔ1ÓÊ-ÔÔß É ßQÓ
È4É Ó<ß Ñ Ý ÔTËÔÑ é7ã-ÐÈ4Ê-ã È;ÈÝTÐ"ÉÑ Í Ý Ñ Ëé0ß0ç 8ÈÎ ÉÍ Í ÛBÊ-ÔÌ'êÓ4ã Ô7ß0È;ÒÑ ÌÍ
ÐÔËÔÎ3Ñ Ó<ßKÈÎ1Ó<Ê ÔÔAßÓã Ô'Ë â ÓãÔÉ ÊÐÌË=Î3ÈÊ ÔßQÓTä\ÌÛwË ÔÔÝ=Ó4ÈÐÔ
ßQÉÐ"ßQÓ4Ì'Ë-Ó4Ñ ÌÍ Í ÛPäPÈ4Ê Ô1ÓÑ é1ãÓ4Í ÛPÑ Ë-Ó4ÔAé0Ê ÌAÓÔ'ÝSÑ Ë-Ó4ÈÓãÔ7Ê-Ôß0Ñ Ý ÔËÓ4Ñ Ì'Í
É Ê5ÐÌËBÎ3ÌAÐÊ Ñ Ò8ÓãÌË\Ñ ßcÒÉÊÊ Ô'Ë-ÓÍ ÛcÊ ÔÒÈä\äPÔËÝ ÔÝç
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Working with Citizens

ÎQÈ;ÒAÉß=È4ÎÓ3ãÑ ßUÊ-ÔAà1Ñ ÔAèsã ÌAßUÐÔ'Ô'ËDÈ;ËTÓ3ãÔ2ê"ãÛ ß0Ñ ÒÌ'ÍFêÊ-È;ÝÉÒAÓ<ßBÈ3Î
ÌAÊ5ÐÈ3Ê Ñ ÒAÉÍ Ó ÉÊ-Ô â Ð"ÉÓ Ó4ãÔTêÊ-È;Ò'ÔAßQßVÈ4ÎÌAÊ5ÐÈ4Ê-Ñ ÒAÉÍ Ó<ÉÊ-Ô8ßÉÊ-ÔÍ Û*ãÌAß
Ñ ä\ê"ÌÒAÓ<ßÈ;Ë2Ó3ãÔ ß È;Ò'Ñ Ì'ÍFÔ4Ò'È4ßÛ ßÓ4ÔäsÈ4ÎUÌÒ'È;ä\äTÉËÑ Ó<ÛSÌßUè\Ô'Í Í ç TãÌÓ
Ñ ß â É"Ê5ÐÌ'ËBÎQÈ4Ê-ÔAßÓ<Ê5ÛPêÊ-È4é Ê-Ì'äBß=ÒÌ'ËÐÔ8ßÓ<Ê5ÉÒAÓ<É"Ê-Ô'ÝßQÉÒ'ãÓ3ãÌÓÓ4ãÔAÛ
êÊ-ÈFä\È4Ó3ÔAýxÈ4ÊUÉËÝÔAÊ-ä\Ñ ËÔAývÊ-ÔAß0Ñ Ý Ô'ËÓ ß 'Ì'êê'Ê-È;êÊ-Ñ ÌAÓ4Ñ È;ËSÈ4Î"Ó4ãÔ'Ñ Ê
ËÔ'Ñ é ãÐÈ4ÊãÈ;È;ÝSÈ4ÉÓ3ÝÈ;È4Ê8ß0êÌ'Ò'ÔAß ç 8ÈÓ4ãÔ2ÔAÞFÓQÔ'ËÓÓ4ãÌAÓé ÊÔ'Ô'ËÑ ËéPÑ ß
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ENVIRONMENT AND
CRIME IN THE INNER CITY
Does Vegetation Reduce Crime?

FRANCES E. KUO is an assistant professor and codirector of the Human-Environment Research Laboratory at the University of Illinois, Urbana-Champaign. Her research focuses on attention, defensible space, and novice-friendly information.
WILLIAM C. SULLIVAN is an associate professor and codirector of the HumanEnvironment Research Laboratory at the University of Illinois, Urbana-Champaign.
His research focuses on the psychological and social benefits of urban nature and citizen participation in environmental decision making.

ABSTRACT: Although vegetation has been positively linked to fear of crime and
crime in a number of settings, recent findings in urban residential areas have hinted at
a possible negative relationship: Residents living in “greener” surroundings report
lower levels of fear, fewer incivilities, and less aggressive and violent behavior. This
study used police crime reports to examine the relationship between vegetation and
crime in an inner-city neighborhood. Crime rates for 98 apartment buildings with
varying levels of nearby vegetation were compared. Results indicate that although
residents were randomly assigned to different levels of nearby vegetation, the greener
a building’s surroundings were, the fewer crimes reported. Furthermore, this pattern
held for both property crimes and violent crimes. The relationship of vegetation to
crime held after the number of apartments per building, building height, vacancy rate,
and number of occupied units per building were accounted for.
The highway from one merchant town to another shall be cleared so that no
cover for malefactors should be allowed for a width of two hundred feet on either side; landlords who do not effect this clearance will be answerable for robberies committed in consequence of their default, and in case of murder they
will be in the king’s mercy.
—Statute of Winchester of 1285, Chapter V, King Edward I

AUTHORS’ NOTE: A portion of these findings was presented in invited testimony to
the National Urban and Community Forestry Advisory Council (NUCFAC). This
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There is a long tradition of addressing crime in problem areas by removing
vegetation. As early as 1285, the English King Edward I sought to reduce
highway robbery by forcing property owners to clear highway edges of trees
and shrubs (Pluncknett, 1960). Today, that tradition continues as park authorities, universities, and municipalities across North America engage in active
programs to remove vegetation because it is thought to conceal and facilitate
criminal acts (Michael & Hull, 1994; Nasar & Fisher, 1993; Weisel, Gouvis,
& Harrell, 1994).
One of the settings in which crime is of greatest concern today is the
inner-city neighborhood. To combat crime in this setting, should vegetation
be removed? This article suggests the opposite. We present theory and evidence to suggest that far from abetting crime, high-canopy trees and grass
may actually work to deter crime in poor inner-city neighborhoods.
COULD THERE BE EXCEPTIONS TO THE RULE?

As a rule, the belief is that vegetation facilitates crime because it hides perpetrators and criminal activity from view. Here, we review the evidence in
support of this “rule” and suggest conditions under which it might not apply.
Although no studies to date have examined whether crime rates are actually higher in the presence of dense vegetation, a variety of evidence links
dense vegetation with fear, fear of crime, and possibly crime itself.
It is certainly the case that many people fear densely vegetated areas. In
research on urban parks, densely wooded areas have consistently been associated with fear. In one study, safety ratings for 180 scenes of urban parks
showed that individuals felt most vulnerable in densely forested areas and
safest in open, mowed areas (Schroeder & Anderson, 1984). And in another
study, individuals who were asked for their open-ended responses to photo-
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graphs of urban parks indicated that heavily vegetated areas seemed dangerous (Talbot & Kaplan, 1984). Although neither of these studies specifically
probed fear of crime (as opposed to more general fear), it was clear that at
least some participants had crime in mind; one respondent specifically suggested that weedy areas gave muggers good hiding places (Talbot & Kaplan,
1984).
Dense vegetation has also been linked specifically to fear of crime. In
safety ratings for 180 scenes of parking lots, the more a photo was covered by
vegetation, the lower the perceived security (Shaffer & Anderson, 1985).
And in research examining fear of crime on a university campus, dense
understories that reduced views into areas where criminals might hide were
associated with fear of crime (Nasar & Fisher, 1993). In these and other studies, view distance seems to be an important factor. Fear of crime is higher
where vegetation blocks views (Fisher & Nasar, 1992; Kuo, Bacaicoa, &
Sullivan, 1998; Michael & Hull, 1994).
Not only has dense vegetation been linked to general fears and to fear of
crime in particular, but two studies have pointed more directly at a facilitative
role of vegetation in crime. In the first study, park managers and park police
indicated that dense vegetation is regularly used by criminals to conceal their
activities (Michael & Hull, 1994). In the second, burglars themselves lent
support to this notion. In this study, automobile burglars described how they
used dense vegetation in a variety of ways, including to conceal their selection of a target and their escape from the scene, to shield their examination of
stolen goods, and finally, in the disposal of unwanted goods (Michael, Hull,
& Zahm, 1999). At the same time, Michael and his coauthors made it clear
that vegetation was neither necessary nor sufficient for a crime to take place.
The clear theme in all these studies is that dense vegetation provides
potential cover for criminal activities, possibly increasing the likelihood of
crime and certainly increasing the fear of crime. Large shrubs, underbrush,
and dense woods all substantially diminish visibility and therefore are capable of supporting criminal activity.
But, not all vegetation blocks views. A well-maintained grassy area certainly does not block views; widely spaced, high-canopy trees have minimal
effect on visibility; and flowers and low-growing shrubs seem unlikely to
provide cover for criminal activities. We suggest that although the rule that
vegetation aids crime may hold for visibility-decreasing forms of vegetation,
there are systematic exceptions to this rule. To wit, we propose that widely
spaced, high-canopy trees and other visibility-preserving forms of vegetation
do not promote crime.
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MIGHT VEGETATION DETER CRIME? THEORY

Furthermore, we propose that in some settings, visibility-preserving
forms of vegetation may actually deter crime. Specifically, we propose that in
poor inner-city neighborhoods, vegetation can inhibit crime through the following two mechanisms: by increasing surveillance and by mitigating some
of the psychological precursors to violence. Let’s look at each of these in
turn.
Increasing surveillance. Surveillance is a well-established factor in criminal activity. Jane Jacobs (1961) suggested that the simple presence of more
“eyes on the street” would deter crime, and this concept was prominent in
Oscar Newman’s (1972) classic Defensible Space and appeared in Jeffery’s
(1971) Crime Prevention Through Environmental Design. Since then, many
studies have shown that perpetrators avoid areas with greater surveillance
and greater likelihood of intervention (e.g., Bennett, 1989; Bennett &
Wright, 1984; Cromwell, Olson, & Avary, 1991; Poyner & Webb, 1992).
And, substantial research has shown that criminals avoid well-used residential areas where their activities might easily be observed (Coleman, 1987;
Macdonald & Gifford, 1989; Merry, 1981; Rhodes & Conley, 1981).
There is some evidence to suggest that in inner-city neighborhoods, vegetation might introduce more eyes on the street by increasing residents’ use of
neighborhood outdoor spaces. A series of studies conducted in inner-city
neighborhoods has shown that treed outdoor spaces are consistently more
well used by youth, adults, and mixed-age groups than are treeless spaces;
moreover, the more trees in a space, the greater the number of simultaneous
users (Coley, Kuo, & Sullivan, 1997; Kuo, Sullivan, Coley, & Brunson, 1998;
W. C. Sullivan, Kuo, & DePooter, 2001). Not surprisingly then, a recent study
found that children were twice as likely to have adult supervision in green
inner-city neighborhood spaces than in similar but barren spaces (A. F. Taylor, Wiley, Kuo, & Sullivan, 1998). Thus, in these settings, higher levels of
vegetation not only preserve visibility but may also increase surveillance.
Perhaps just as important as actual surveillance in deterring crime is
implied surveillance. Newman (1972) suggested that criminals might be
deterred by environmental cues suggesting that surveillance is likely even
when no observers are present (also see Jeffery, 1971; R. B. Taylor, 1988).
Consistent with this, territorial markers have been empirically linked to lower
rates of incivilities and crime (Brown & Altman, 1983; Perkins, Brown, &
Taylor, 1996; Perkins, Wandersman, Rich, & Taylor, 1993; R. B. Taylor,
1988). (And even those E&B readers who are not criminals may have
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experienced the power of implied surveillance—on the highway after passing an empty police car.)
There is some evidence to suggest that residential vegetation can act as a
territorial marker. Chaudhury (1994) showed front views of houses to students
and examined how a host of environmental features affected their ratings of
territorial personalization. He found that the presence and maintenance of
vegetative features was the strongest predictor of territorial personalization,
with an R-squared of .65. Similarly, Brown and colleagues (Brown &
Altman, 1983; Brown & Bentley, 1993) found evidence suggesting that
plants and other territorial markers make properties less attractive for burglary. We suggest that well-maintained vegetation may constitute a particularly effective territorial marker. Well-maintained vegetation outside a home
serves as one of the cues to care (Nassauer, 1988), suggesting that the inhabitants actively care about their home territory and potentially implying that an
intruder would be noticed and confronted.
Mitigating psychological precursors to violence. Another mechanism by
which vegetation might inhibit crime is through mitigating mental fatigue. S.
Kaplan (1987) suggested that one of the costs of mental fatigue may be a
heightened propensity for “outbursts of anger and potentially . . . violence”
(p. 57), and three proposed symptoms of mental fatigue—irritability, inattentiveness, and decreased control over impulses—are each well-established
psychological precursors to violence. Irritability is linked with aggression in
numerous studies (e.g., Caprara & Renzi, 1981; Coccaro, Bergeman,
Kavoussi, & Seroczynski, 1997; Kant, Smith-Seemiller, & Zeiler, 1998;
Kavoussi & Coccaro, 1998; Stanford, Greve, & Dickens, 1995). Inattentiveness has been closely tied to aggression in both children (Stewart, 1985) and
adolescents (Scholte, van Aken, & van Leishout, 1997). And, impulsivity is
associated with aggression and violence in a variety of populations (for
reviews, see Brady, Myrick & McElroy, 1998; Markovitz, 1995; Tuinier,
Verhoeven, & Van Praag, 1996).
A considerable body of studies indicates that vegetation aids in the recovery from mental fatigue. Contact with nature in a variety of forms—wilderness areas, prairie, community parks, window views, and interior plants—is
systematically linked with enhanced cognitive functioning as measured by
both self-report and performance on objective tests (e.g., Canin, 1991;
Cimprich, 1993; Hartig, Mang, & Evans, 1991; R. Kaplan, 1984; Lohr,
Pearson-Mimms, & Goodwin, 1996; Miles, Sullivan, & Kuo, 1998; Ovitt,
1996; Tennessen & Cimprich, 1995). To the extent that irritability, inattentiveness, and impulsivity are symptoms of mental fatigue, as first proposed in
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S. Kaplan (1987) and recently elucidated in Kuo and Sullivan (in press),
reductions in mental fatigue should decrease violent behavior.
In sum, we propose that vegetation can deter crime in poor urban neighborhoods in any or all of the following ways: by increasing residents’ informal surveillance of neighborhood spaces, by increasing the implied surveillance of these spaces, and by mitigating residents’ mental fatigue,
thereby reducing the potential for violence. Next, we review empirical work
pointing at a negative relationship between vegetation and crime.
MIGHT VEGETATION DETER CRIME? CIRCUMSTANTIAL EVIDENCE

There are a number of scattered hints in the empirical literature that vegetation might have a negative relationship to crime in residential settings.
A few studies have used images to examine the relationship between vegetation and sense of safety in residential settings. The findings from residential
settings are in direct contrast to those obtained in studies of nonresidential
settings: In residential settings, the more vegetation there is, the less fear of
crime. One study used photographs of residential sites to examine effects of
architectural and landscape features on fear of crime and found that higher
levels of vegetation were associated with less fear of crime (Nasar, 1982).
Another study used drawings of residences and found that properties
appeared safer when trees and shrubs were included than when they were not
(Brower, Dockett, & Taylor, 1983). And, similar results were obtained from
an experiment using computer-based photo simulations. In that study, an
inner-city courtyard was depicted with varying densities of trees: The more
dense the tree planting was, the greater the sense of safety (Kuo, Bacaicoa,
et al., 1998).
One study used controlled comparisons of real residential settings to
examine the relationship between vegetation and sense of safety. In a public
housing development where residents were randomly assigned to architecturally identical apartment buildings with varying levels of vegetation immediately outside, those residents who lived in buildings with more trees and
grass gave systematically higher endorsements to the statement “I feel safe
living here” than did their counterparts living in relatively barren buildings
(Kuo, Sullivan, et al., 1998). That is, not only do images of green residential
settings evoke a greater sense of safety, but individuals living in such settings
report a greater sense of safety as well.
There is some indication that this greater sense of safety is warranted. A
few studies have examined the relationship between vegetation and “incivilities.” R. B. Taylor, Gottfredson, and Brower (as cited in R. B. Taylor, 1988)
compared street blocks with higher and lower levels of high-maintenance
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gardening and found fewer problems reported on street blocks with higher
levels of high-maintenance gardening. And in another study, Stamen (1993)
surveyed landscaped and nonlandscaped areas in a community and found
that the incidence of vandalism or graffiti in sites without plantings was 90%
as compared to 10% in sites with plantings. Similarly, Brunson (1999) examined both physical and social incivilities in public housing outdoor spaces
with trees and grass versus in similar spaces without vegetation. Resident
reports indicated that graffiti, vandalism, and littering were systematically
lower in outdoor spaces with trees and grass than in comparable, more barren
spaces (Brunson, 1999). Furthermore, resident reports indicated that social
incivilities, such as the presence of noisy, disruptive individuals, strangers,
and illegal activity, were also systematically lower in the greener outdoor
spaces (Brunson, 1999).
Additional evidence that vegetation may reduce crime comes from two
studies that examined the relationship between residential vegetation and
residents’ levels of aggression and violence. Mooney and Nicell (1992) compared violent assaults by Alzheimer patients during two consecutive summers in five long-term care facilities—three without gardens and two in
which exterior gardens were installed. In Alzheimer patients, increases in the
number of aggressive assaults each year are typical because of the progressive deterioration of cognitive faculties; and indeed, in the facilities without
gardens, the incidence of violent assaults increased dramatically over time.
By contrast, the incidence of violent assaults in the other facilities stayed the
same or decreased slightly after gardens were installed.
Another study compared levels of aggression and violence in an urban
public housing neighborhood where residents played no role in planting or
maintaining the vegetation outside their apartments and were randomly
assigned to levels of greenness. Levels of aggression and violence were systematically lower for individuals living in green surroundings than for individuals living in barren surroundings; moreover, lack of nature significantly
predicted levels of mental fatigue, which in turn significantly predicted
aggression. Mediation testing indicated that the relationship between vegetation and aggression was fully mediated through attention (Kuo & Sullivan,
in press).
In sum, there is a variety of evidence suggesting that vegetation may be
linked to lower levels of crime in residential neighborhoods, particularly
poor inner-city neighborhoods. Residential vegetation has been linked with a
greater sense of safety, fewer incivilities, and less aggressive and violent
behavior. Of these findings, the most direct evidence of a negative link
between vegetation and crime comes from residents’ reports of illegal
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activities in the space outside their apartment building and from residents’
self-reports of (criminally) aggressive behavior.
The study presented here is the first to examine the relationship between
vegetation and crime in an inner-city neighborhood using police crime
reports. Although police crime reports are far from infallible (O’Brien,
1990), one advantage of such reports is that they are based on actual counts of
crimes reported over the course of a year and thus are less subject to the distortions introduced by having residents estimate the frequencies of such
events from memory. Thus, the convergence of findings from resident reports
and police reports would lend confidence to a negative link between vegetation and crime. In this study, we examined the relationship between the vegetation outside of apartment buildings and the number of police crime reports
for those buildings over a 2-year period. We collected police data on property
crimes, violent crimes, and total crimes for 98 apartment buildings in one
inner-city neighborhood and used the amount of tree and grass cover outside
each building to predict crime.

METHOD

Data presented here were collected as part of the Vital Neighborhood
Common Spaces archive, a multistudy research effort examining the effects
of the physical environment on the functioning of individuals, families, and
communities residing in urban public housing.
POPULATION, SETTING, AND DESIGN

Ida B. Wells is a large public housing development in Chicago. Wells provides housing for approximately 5,700 individuals, of which 65% are female,
97% are African American, and 44% are children younger than 14 years old
(Chicago Housing Authority, 1995). Ida B. Wells is one of the 12 poorest
neighborhoods in the United States (Ihejirika, 1995). At the time of this
study, approximately 93% of the people living at Wells were officially unemployed, and roughly 50% of the families received Aid to Families with
Dependent Children (Chicago Housing Authority, 1995).
The amount of nature outside apartment buildings at Ida B. Wells varies
considerably. When the development was originally built in the 1940s, trees
and grass were planted around each of the low-rise buildings. Over time,
many of these green spaces have been paved in an effort to keep dust down
and maintenance costs low; this paving has killed many of the original trees,
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Figure 1: Ground Level View at Ida B. Wells Showing Apartment Buildings With
Varying Amounts of Tree and Grass Cover

leaving some areas completely barren, others with small trees or some grass,
and still others with mature high-canopy trees (see Figure 1). Because shrubs
were relatively rare, vegetation at Ida B. Wells was essentially the amount of
tree and grass cover around each building.
A number of apartment buildings at Wells were excluded from this study.
First, the high-rise and midrise (seven-story) buildings were excluded to keep
the buildings sampled similar in size, number of residents, and amount of
outdoor common space. Second, of the 124 low-rise (one to four stories)
apartment buildings, those buildings adjacent or nearly adjacent to the police
station within the development were excluded because the presence of police
officers would be expected to be a significant deterrent to crime. And finally,
a small cluster of low-rise buildings was excluded because the buildings’
irregular placement with respect to each other and the street made it unclear
where the common space associated with one building ended and the next
began. The final sample included 98 buildings.
Ida B. Wells offers a number of rare methodological advantages for investigating the relationship between residential vegetation and crime. Although
levels of vegetation outside the apartment buildings vary considerably, the
residents are strikingly homogeneous with respect to many of the individual
characteristics that have been shown to increase vulnerability to crime—
income, education, and life circumstances. This similarity among residents
coupled with the consistent low-rise architecture decreases the sources of
extraneous variability in crime. This increases the power to detect differences
in the amount of crime associated with differences in the level of vegetation
outside each apartment building.
Perhaps more important, the apartment assignment procedures and landscaping policies of public housing work to ensure that there are no systematic
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relationships between the vegetation outside an apartment building and the
characteristics of its residents. Applicants for public housing at Ida B. Wells
(and elsewhere in Chicago public housing) are assigned to individual apartments without regard for the level of nearby vegetation. And although residents have some choice in accepting or rejecting a particular apartment in
theory, in practice the level of nearby vegetation is not a significant factor in
residents’ choices, and most residents simply accept the first available apartment (Kuo, Sullivan, et al., 1998). Moreover, residents play little or no role in
decisions to introduce or remove trees. Thus, in this study, there were no a priori reasons to expect a relationship between the level of vegetation outside an
apartment building and the characteristics of its inhabitants—more “responsible” residents might just as likely live in barren buildings as in green
buildings.
MEASURES

Crime reports. Chicago Police Department year-end Uniform Crime
Reports were analyzed for this study. These crime reports summarize for
each address at Ida B. Wells the specific crimes (e.g., aggravated assault and
strong-armed robbery) that were reported during the year. These reports
include both citizen-initiated complaints and those filed by an officer without
a citizen complaint.
When a crime is reported to the police, an officer is dispatched to interview
the victim or victims and any witnesses. The officer then files a report about
the incident describing the specific crime or crimes, the date, the address
where the crime(s) occurred, and other pertinent information. Details from
this report are then summarized in the year-end crime reports.
From 2 years of crime reports, we created three summary variables indexing crime for each low-rise apartment building at Ida B. Wells, following the
classification scheme used by the Department of Justice (Bureau of Justice
Statistics, 1999). In this scheme, property crime is the sum of simple thefts,
vehicle thefts, burglaries, and arson; violent crime includes assaults, batteries, robberies, and homicides; and total crimes is the sum of all crimes
reported.
Vegetation. To assess the density of trees and grass around each of the
low-rise buildings, we took dozens of 35mm slide photographs of the development by helicopter, passing over each cluster of buildings from a number
of vantages (see Figure 2). We also took ground-level photographs of many of
the outdoor spaces. All the slides were taken in June when the tree canopy
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Figure 2: Aerial View of a Portion of Ida B. Wells Showing Buildings With Varying
Amounts of Tree and Grass Cover

was full and the grass was green. For each building, the aerial slides were put
together with slides taken at ground level; there were at minimum three different views from aerial and ground-level photos of each space (front, back,
left side, and right side) around each building. Five students in landscape
architecture and horticulture then independently rated the level of vegetation
in each space. Each of the individuals rating the spaces received a map of the
development that defined the boundaries of the specific spaces under study.
The raters viewed the slides and recorded their ratings on the maps. A total of
220 spaces was rated, each on a 5-point scale (0 = no trees or grass, 4 = a space
completely covered with tree canopy). Interrater reliability for these ratings
was .94.1 The five ratings were averaged to give a mean nature rating for each
space. The nature ratings for the front, back, and side spaces around each
building were then averaged to produce a summary vegetation rating. Ratings
of vegetation for the 98 buildings ranged from 0.6 to 3.0.
Other factors likely to affect crime. Four additional variables possibly
related to vegetation and the number of crimes reported per building were
assessed through (a) on-site analysis, (b) Chicago Housing Authority floor
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TABLE 1
Simple Ordinary Least Squares Regressions
Using Vegetation to Predict Crimes Per Building

Total Crimes
2

β

Predictor

R

Vegetation

.08 –2.2

Property Crimes
2

p Value

R

< .01

.07

β
–1.0

p Value
< .01

Violent Crimes
2

R

β

p Value

.07

–1.3

<.01

plans of each building type in the development, and (c) Chicago Housing
Authority apartment vacancy records.
Number of units is the number of apartment units in a building; the range
was from 4 to 20.
Number of occupied units is the average number of units rented in a particular building during the 2 years of the study; the mean was 7.8, and the range
was from 0.5 to 15. We were able to obtain data on 84 of the 98 buildings in
this sample.
Vacancy is the 2-year average of the number of vacant apartments divided
by the number of units in the building; the mean was 13%, and the range was
from 0% to 92%. We were able to obtain data on 84 of the 98 buildings in this
sample.
Building height is the number of floors in a building; the range was from 1
to 4.

RESULTS

If vegetation reduces crime, then we would expect to find that the greener
a building’s surroundings are, the fewer crimes reported. Perhaps the most
straightforward test of this possibility is to conduct simple regressions with
vegetation as the independent variable and the three summary crime indices
as dependent variables (see Table 1). Results from these ordinary least
squares regressions indicate that vegetation is significantly and negatively
related to each of the measures of crime. The greener a building’s surroundings are, the fewer total crimes; this pattern holds for both property crimes
and violent crimes. For each of the three indices, vegetation accounts for 7%
to 8% of the variance in the number of crimes reported per building.
Figure 3 provides a more concrete sense of the amount of crime associated
with different levels of vegetation. For this figure, the continuous vegetation
variable was recoded into the following three categories: low (ratings from
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Figure 3: Mean Number of Crimes Reported Per Building for Apartment Buildings With Different Amounts of Vegetation (each icon represents one
reported crime)

0.0 up to 1.0), medium (from 1.0 up to 2.0), and high (from 2.0 up to 3.0,
inclusive). Figure 3 shows the average number of total, property, and violent
crimes reported for buildings with low, medium, and high levels of vegetation. Compared to buildings with low levels of vegetation, those with
medium levels had 42% fewer total crimes, 40% fewer property crimes, and
44% fewer violent crimes. The comparison between low and high levels of
vegetation was even more striking: Buildings with high levels of vegetation
had 52% fewer total crimes, 48% fewer property crimes, and 56% fewer violent crimes than buildings with low levels of vegetation. Fisher’s protected
least significant difference analyses indicate that for each measure of crime,
low and medium buildings were significantly different at p < .05. The same
pattern held for comparisons between low and high buildings. Although
buildings with high levels of vegetation had 17% fewer total crimes, 13%
fewer property crimes, and 21% fewer violent crimes than buildings with
medium levels of vegetation, these differences were not statistically
significant.
These data reveal a clear negative relationship between vegetation and
crime and hint that this relationship is strongest when comparing buildings
with low levels of vegetation to buildings with either medium or high levels.
Although these findings are exciting and intriguing, they do not control for
other important variables. The analyses that follow provide a closer look at
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TABLE 2
Multiple Regressions Using Number of Units
and Vegetation to Predict Crimes Per Building

Total Crime
Predictors
Number of units
Vegetation

β
0.70
–1.44

p Value
< .0001
< .05

Property Crimes
β
0.31
–0.63

p Value

Violent Crimes
β

< .0001 0.39
< .05
–0.81

p Value
< .0001
< .05

NOTE: The multiple regressions for total crimes: adjusted R 2 = .52 (N = 98, p < .0001); for property
2
2
crime: adjusted R = .45 (N = 98, p < .0001); for violent crime: adjusted R = .44 (N = 98, p < .0001).

the relationship between vegetation and crime, taking into account other factors likely to affect the number of crimes per building.
TESTING POTENTIAL CONFOUNDS

Controlling for number of apartments. Perhaps one of the most important
variables to control for in predicting the amount of crime in a setting (e.g., a
building, neighborhood, or city) is the number of people in that setting.
Because more apartments per building mean more potential perpetrators and
more potential victims, one would expect more crimes in buildings with more
apartments. Indeed, previous research has shown the number of units in a
building to be related to the number of reported crimes (Newman & Franck,
1980). Thus, it is not surprising that in this sample, strong positive linear relationships exist between the number of units and the number of property
crimes (r = .62, p < .0001), violent crimes (r = .63, p < .0001), and total crimes
(r = .67, p < .0001). That is, the more apartments in a building, the more
crimes reported for that building.
To examine whether the relationship between vegetation and crime still
held when the number of apartments in a building was controlled, a series of
multiple regressions were conducted in which both vegetation and number of
units were used to predict the number of crimes reported per building. As
Table 2 shows, when the number of units per building is controlled, vegetation continues to be a significant negative predictor of total crime, property
crime, and violent crime. In other words, the level of greenness around a
building at Ida B. Wells predicts the number of crimes that have occurred in
that building even after the number of apartments in the building has been
accounted for.
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TABLE 3
Intercorrelations Among Possible Predictors
of Crime and Three Crime Scales

Number
Number of
of
Vacant Occupied Building Property Violent
Vegetation Units
Rate
Units
Height
Crime
Crime
Vegetation
Number of units
Vacancy rate
Number of
occupied units
Building height
Property crime
Violent crime
Total crime

–.15
–.02

.26

.12
–.48**
–.27**
–.27**
–.29**

.82**
.67**
.62**
.63**
.67**

–.31**
.40**
.01
.25**
.16

.35**
.38**
.30**
.38**

.53**
.58**
.60**

.72**
.91**

.95**

**p < .01.

Other potential confounds. To identify other potential confounds between
vegetation and crime, correlations were conducted between vegetation and
the following three factors that have been shown in other studies to be associated with crime: vacancy rate (R. B. Taylor, Shumaker, & Gottfredson, 1985),
the number of occupied apartments per building (Newman & Franck, 1980),
and building height (Newman, 1972; Newman & Franck, 1980). As the first
column in Table 3 shows, vegetation is not related to either vacancy rate or
number of occupied units but is strongly and negatively related to building
height; the taller the building is, the lower the level of vegetation. The fourth
column in Table 3 indicates that building height has a strong positive relationship to total crime, property crime, and violent crime. Thus, the relationship
between vegetation and crime is confounded by building height: Taller buildings are both less green and have more reported crimes than shorter buildings.
These findings raise the possibility that vegetation predicts crime only by virtue of its shared variance with building height.
To test for this possibility, we examined whether vegetation still predicts
crime when building height and number of units are controlled. Table 4 provides the results of a series of multiple regressions in which vegetation, building height, and number of units were used to predict crime. If vegetation
predicts crime by virtue of its relationship with building height, then vegetation should no longer predict crime when building height is controlled, and
building height should predict crime with vegetation controlled. As Table 4
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TABLE 4
Multiple Regression Using Three Independent Variables (number of
units, vegetation, and building height) to Predict Crimes Per Building

Total Crime
Predictors
Number of units
Vegetation
Building height

β
0.69
–1.41
0.05

Property Crimes
β

p Value
.0001
< .05
ns

0.33
–0.69
–0.13

p Value

Violent Crimes
β

.0001 0.34
< .05
–0.55
ns
0.18

p Value
.0001
.07
ns

NOTE: The multiple regressions for total crimes: adjusted R 2 = .51 (N = 98, p < .0001); for property
2
2
crime: adjusted R = .44 (N = 98, p < .0001); for violent crime: adjusted R = .43 (N = 98, p < .0001).

shows, however, this is not the case; vegetation remains a significant or marginally significant predictor of crime with building height and number of
units controlled. Moreover, building height has no predictive power when
vegetation and number of units are controlled. These findings indicate that
although building height is confounded with vegetation, it cannot account for
the link between vegetation and crime.
Thus far, the analyses have established that (a) there is a reliable association between the amount of vegetation outside a building and the number of
crimes recorded for that building by the police, (b) these relationships are
independent of the number of units in a building, and (c) these relationships
are independent of building height. These analyses show that vegetation predicts crime and that this relationship cannot be accounted for by these other
confounding variables.
DOES ADDING VEGETATION IMPROVE THE
CURRENT ARSENAL OF CRIME PREDICTORS?

To determine whether vegetation makes any unique, additional contribution to the current arsenal of predictors, we conducted a multiple regression
in which all available significant predictors of crime were entered (i.e., vegetation, other predictors that were confounded with vegetation, and other predictors that were not confounded with vegetation). This kitchen-sink
multiple regression, in which vegetation and number of units, building
height, vacancy rate, and number of occupied units were entered as predictors, indicated that vegetation does make a unique contribution to the current
arsenal of predictors. Vegetation was a significant predictor of total crime (β
= –1.1, p = .05) even when all other crime predictors have been accounted for.
Moreover, the relatively low variance inflation factor for vegetation in this
regression (1.31) indicates that vegetation is relatively independent of the
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other predictors. In addition, comparison of the adjusted R s of the kitchensink multiple regressions with and without vegetation indicated that the additional predictive power gained by adding vegetation outweighs the loss of
degrees of freedom incurred in increasing the total number of predictors. The
adjusted R2 for the model with only the current arsenal of predictors was .23;
2
the adjusted R for the model with the current arsenal of predictors plus vegetation was .26. Although this increase represents only 3% of the total variance
in crime, it represents a sizable proportion of the current predictive power
(13%). Together, these findings indicate that adding vegetation improves the
current arsenal of predictors, adding unique explanatory power.
A Cuthbert plot (Cp) analysis yielded additional evidence of the predictive power of vegetation. Cp analysis is a technique for determining the most
powerful, most parsimonious model out of a set of multiple predictors (SAS
Institute, 1998). Essentially, given a set of predictors, Cp analysis tests all
possible combinations of predictors and selects the best model. An alternative to comparing adjusted R2s, Cp analysis is particularly helpful when there
is multicollinearity between predictors, as was the case here. Cp analysis
indicated that the best model for predicting total crime, selecting from the
entire set of available predictors (number of units, building height, vacancy
rate, number of occupied units, and vegetation), comprises only two predictors—number of units and vegetation (Cp = 1.32). Thus, in these data, the
best possible model of crime comprises only vegetation and one other
predictor.

DISCUSSION

This study examined the relationship between vegetation and crime for 98
apartment buildings in an inner-city neighborhood. Analyses revealed consistent, systematically negative relationships between the density of trees and
grass around the buildings and the number of crimes per building reported to
the police. The greener a building’s surroundings are, the fewer total crimes;
moreover, this relationship extended to both property crimes and violent
crimes. Levels of nearby vegetation explained 7% to 8% of the variance in the
number of crimes reported per building. The link between vegetation and
crime could not be accounted for by either of the two confounding variables
identified. Vegetation contributed significant additional predictive power
above and beyond four other classic environmental predictors of crime. And
out of all possible combinations of available predictors, vegetation was identified as one of the two predictors in the best possible model of crime.

360

ENVIRONMENT AND BEHAVIOR / May 2001

The findings contribute to our understanding of the relationship between
vegetation and crime and suggest opportunities for intervention and future
research.
CONTRIBUTIONS TO THE UNDERSTANDING OF VEGETATION AND CRIME

One contribution of this work is to propose a systematic exception to the
rule that vegetation promotes crime. The rule in both folk theory and environmental criminology has been that vegetation promotes crime by providing
concealment for criminals and criminal activities. If the mechanism by which
vegetation affects crime is indeed concealment, then one implication of this
rule is that vegetation should not promote crime when it preserves visibility.
The contribution here is simply to point out that many forms of vegetation
preserve visibility and therefore ought not promote crime. Indeed, we found
that in this sample of inner-city apartment buildings, buildings with widely
spaced, high-canopy trees and grassy areas did not experience higher rates of
crime. These findings suggest that at the very least, crime prevention concerns do not justify removing high-canopy vegetation in inner-city neighborhoods. They demonstrate that one of the classic suspects in environmental
criminology does not always promote crime.
Moreover, the findings indicate a large and systematically negative link
between levels of vegetation and police reports of crime in this setting.
Although this is the first study to demonstrate such a link, the findings are
consistent with previous work linking vegetation with lower levels of incivilities (Brunson, 1999; Stamen, Yates, & Cline, as cited in S. Sullivan, 1993) as
well as previous work linking vegetation with lower levels of aggression and
violence (Kuo & Sullivan, in press). The results obtained here were based on
police crime reports, whereas the Brunson (1999) and the Kuo and Sullivan
(in press) findings were based on residents’ memories and self- reports. The
convergence of findings from such different measures lends confidence that
in inner-city residential settings, the relationship between vegetation and
crime is negative—the more vegetation, the less crime.
A third contribution of the work here is to help resolve a puzzle in previous
work on residential vegetation and sense of safety. A number of studies have
found that residential vegetation is associated with greater sense of safety
(Brower et al., 1983; Kuo, Bacaicoa, et al., 1998; Kuo, Sullivan, et al., 1998;
Nasar, 1982). In combination with the old rule that vegetation promotes
crime, such findings raised the disturbing possibility that residents systematically misperceive green areas as safe. And yet other research has found good
concurrent validity between measures of fear, perceptions of disorder, and
media reports of crime (e.g., Perkins & Taylor, 1996). The finding here that
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vegetation is systematically linked with lower levels of crime suggests that
individuals are accurate in their perception of green areas as safer.
A final contribution of this work is to propose two mechanisms by which
vegetation may deter crime in inner-city neighborhoods. Specifically, we
propose that vegetation may deter crime both by increasing informal surveillance and by mitigating some of the psychological precursors to violence.
Although neither of these mechanisms—nor the more general question of
causality—can be addressed in these data, there is clear empirical support for
these mechanisms in other work. Substantial previous research has shown
that surveillance deters crime and that in inner-city neighborhoods, greener
outdoor spaces receive greater use, thereby increasing informal surveillance.
Moreover, Kuo and Sullivan’s (in press) work showed that for residents randomly assigned to apartment buildings with different levels of vegetation,
higher levels of vegetation systematically predicted lower levels of aggression, and mediation analyses indicated that this link was mediated via
attentional functioning. In addition, we can address a number of alternative
interpretations for the findings here. Public housing policies in this setting are
such that levels of income, education, and employment among residents are
largely held constant; residents are randomly assigned to varying levels of
vegetation; and the amount of trees and grass outside an apartment is not
under residents’ control. And the confound analyses conducted here indicate
that the link between vegetation and lower crime could not be explained by a
number of classic environmental predictors of crime—vacancy rates, building height, the number of apartments, and the number of occupied apartments
in a building.
POSSIBILITIES FOR INTERVENTION AND FUTURE RESEARCH

The findings in this study set the stage for more ambitious explorations of
the relationship between urban residential vegetation and crime. Now that
there is good reason to think that visibility-preserving vegetation does not
necessarily promote crime and may even inhibit crime in inner-city neighborhoods, it seems appropriate to attempt an intervention study or two. Intervention studies employing true experimental designs might be used to answer a
number of important questions with regard to the effects of vegetation on
crime. Urban public housing communities might be especially amenable
sites for such research as housing authorities tend to have centralized control
over landscaping for dozens and even hundreds of identical buildings.
A study in which identical or matched apartment buildings in a poor urban
area were randomly assigned to receive different levels of vegetation could
help address the question of causality and the question of the shape of the
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relationship between vegetation and crime. Would crime rates decrease linearly or curvilinearly with increasing vegetation? In this sample, the difference between low and moderate green cover buildings was 3.1 crimes, but the
difference between moderate and high green cover buildings was only 0.7
crimes. One possible interpretation of this pattern is that the relationship
between vegetation and crime is nonlinear with diminishing returns. Another
is that the 0.7 crime difference between the moderate and high vegetation
conditions is a poor estimate because of the relatively low number of
high-vegetation buildings in the sample, and the relationship between vegetation and crime is actually linear across the entire range of vegetation.
Future studies might systematically vary the arrangement and maintenance of vegetation and examine the rates of crime associated with these factors. The vegetation in this study was not configured to provide symbolic
barriers or to mark the territory of particular apartment buildings. Would
arrangements that create symbolic barriers and delineate the territory of particular residences (e.g., with small hedges) be more effective in decreasing
crime than other arrangements? Brown and colleagues (Brown & Altman,
1983; Brown & Bentley, 1993) found evidence suggesting that plants and
other territorial markers may make a property less attractive for burglary, but
no study has yet randomly assigned different planting arrangements to different buildings and compared the resulting rates of property crime. Analogously, well-maintained vegetation seems to be a particularly effective
territorial marker (Chaudhury, 1994), but research has yet to systematically
examine the effect of different levels of maintenance on crime.
Future research might also look more closely—and more broadly—at the
outcomes of planting interventions. In this sample, vegetation predicted levels of both property crime and violent crime. This is noteworthy given that
studies in environmental criminology often find that the relationship between
the physical environment and crime depends on the specific category of
crime (e.g., Brantingham & Brantingham, 1993). It would be interesting and
useful to examine the relationships between vegetation and more specific categories of crime or other categories altogether. For instance, does vegetation
have more of an effect on impulsive crimes than on “rational” crimes? We
might expect impulsive crimes committed out of frustration or rage to be
reduced through the beneficial effects of vegetation on mental fatigue. And to
the extent that perpetrators consciously calculate risks in selecting their targets, more “rational,” premeditated crimes might be reduced through the
beneficial effects of vegetation on informal surveillance.
In examining the outcomes of planting interventions, it will be important
to address the possible displacement of crime. One of the standard concerns
in efforts to combat crime is that although interventions may reduce crime in
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targeted locations, the effect may be to simply displace crime to other areas,
yielding no overall decrease in crime (Gabor, 1981). Would adding vegetation and decreasing crime in one part of an inner-city neighborhood simply
increase crime in another part of the neighborhood? The answer may depend
on the type of crime in question. By reducing the irritability, impulsivity, and
cognitive deficits associated with mental fatigue and hence preventing minor
conflicts from spiraling out of control, vegetation might inhibit violent
crimes in some residences without increasing violent crimes in others. On the
other hand, by increasing informal surveillance of some outdoor spaces without reducing the actual impetus for burglary and other premeditated crimes,
vegetation might serve to simply shift such crimes to more vulnerable targets.
Future research should examine rates of crime both in and around the intervention areas.
Such comparisons might shed light on the mechanisms by which vegetation affects crime. To further address the question of mechanism, levels of
informal surveillance and mental fatigue might be measured in buildings
receiving the planting intervention and in matched buildings selected as controls. Mediation analyses could then be conducted to examine the joint links
between vegetation, crime, and the proposed mediators. Does vegetation
affect crime only when it increases residents’ use of outdoor spaces and levels of informal surveillance?
Finally, one exciting possibility for future work would be to compare the
outcomes from intervention studies in which residents were either involved
or uninvolved in the greening process. The question here would be whether
the process of tree planting could enhance residents’ territoriality, thereby
deterring crime over and above the direct effect of the presence of vegetation.
Active involvement in tree-planting programs has been claimed to enhance a
community’s sense of territoriality (Dwyer, McPherson, Schroeder, &
Rowntree, 1992), and the community greening lore is replete with stories in
which greening efforts have been accompanied by dramatic decreases in
crime and incivilities (e.g., Hynes, 1996; Lewis, 1980; Littman, 1996; Trust
for Public Lands, 1996). Previous research in inner-city neighborhoods suggests that residents would be willing to help plant and care for trees (Kuo,
Bacaicoa, et al., 1998). As planting is the single largest cost associated with
the care and maintenance of the urban forest (McPherson, Nowak, &
Rowntree, 1994), involving residents would substantially defray the already
low costs associated with a planting intervention.
Ultimately, the largest reductions in crime will come from strategies that
address the factors underlying crime (e.g., intense poverty and the availability of guns). In the meantime, this study offers a ray of hope by identifying an
easily manipulable environmental feature that has a systematic, negative
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relationship with property crimes, violent crime, and total crimes. The work
presented here suggests the exciting possibility that in barren inner-city
neighborhoods, planting a few trees may work to inhibit crime, creating safer
neighborhoods for poor families and their children.

NOTE
1. In these data, agreement between raters is analogous to the reliability of items in a scale;
the hope is that different raters will respond to a particular building in a similar fashion. Thus, to
assess interrater agreement, a Cronbach’s alpha was calculated with individual raters treated like
individual items in a scale and individual buildings treated like individual respondents.

REFERENCES
Bennett, T. (1989). Burglars’ choice of targets. In D. Evans & D. Herbert (Eds.), The geography
of crime (pp. 176-192). New York: Routledge.
Bennett, T., & Wright, R. (1984). Burglars on burglary: Prevention and the offender. Brookfield,
VT: Gower.
Brady, K. T., Myrick, H., & McElroy, S. (1998). The relationship between substance use disorders, impulse control disorders, and pathological aggression. American Journal on Addictions, 7, 221-230.
Brantingham, P. L., & Brantingham, P. J. (1993). Nodes, paths and edges: Considerations on the
complexity of crime and the physical environment. Journal of Environmental Psychology,
13, 3-28.
Brower, S., Dockett, K., & Taylor, R. B. (1983). Residents’ perceptions of territorial features and
perceived local threat. Environment and Behavior, 15, 419-437.
Brown, B. B., & Altman, I. (1983). Territoriality, defensible space and residential burglary: An
environmental analysis. Journal of Environmental Psychology, 3, 203-220.
Brown, B. B., & Bentley, D. L. (1993). Residential burglars judge risk: The role of territoriality.
Journal of Environmental Psychology, 13, 51-61.
Brunson, L. (1999). Resident appropriation of defensible space in public housing: Implications
for safety and community. Unpublished doctoral dissertation, University of Illinois, UrbanaChampaign.
Bureau of Justice Statistics. (1999). National crime victimization survey: Criminal victimization
1998, changes 1997-98 with trends 1993-98 (NCJ 176353). Washington, DC: Department of
Justice Office of Justice Programs.
Canin, L. H. (1991). Psychological restoration among AIDS caregivers: Maintaining self-care.
Unpublished doctoral dissertation, University of Michigan.
Caprara, G. V., & Renzi, P. (1981). The frustration-aggression hypothesis vs. irritability.
Recherches de Psychologie Sociale, 3, 75-80.

Kuo, Sullivan / VEGETATION AND CRIME

365

Chaudhury, H. (1994). Territorial personalization and place-identity: A case study in Rio Grande
Valley, Texas. In A. D. Seidel (Ed.), Banking on design (pp. 46-54). Oklahoma City, OK:
EDRA.
Chicago Housing Authority. (1995). Statistical profile: The Chicago Housing Authority 1994 to
1995. Chicago: Author.
Cimprich, B. (1993). Development of an intervention to restore attention in cancer patients.
Cancer Nursing, 16, 83-92.
Coccaro, E. F., Bergeman, C. S., Kavoussi, R. J., & Seroczynski, A. D. (1997). Heritability of
aggression and irritability: A twin study of the Buss-Durkee aggression scales in adult male
subjects. Biological Psychiatry, 41, 273-284.
Coleman, A. (1987). Utopia on trial: Vision and reality in planned housing. London: Shipman.
Coley, R. L., Kuo, F. E., & Sullivan, W. C. (1997). Where does community grow? The social context created by nature in urban public housing. Environment and Behavior, 29, 468-492.
Cromwell, P. F., Olson, J. N., & Avary, D. W. (1991). Breaking and entering: An ethnographic
analysis of burglary. Hillsdale, NJ: Lawrence Erlbaum.
Dwyer, J. F., McPherson, E. G., Schroeder, H. W., & Rowntree, R. A. (1992). Assessing the benefits and costs of the urban forest. Journal of Aboriculture, 18, 227-234.
Fisher, B. S., & Nasar, J. L. (1992). Fear of crime in relation to three exterior site features: Prospect, refuge, and escape. Environment and Behavior, 24, 35-65.
Gabor, T. (1981). The crime displacement hypothesis: An empirical examination. Crime and
Delinquency, 27, 390-404.
Hartig, T., Mang, M., & Evans, G. W. (1991). Restorative effects of natural environment experience. Environment and Behavior, 23, 3-26.
Hynes, H. P. (1996). A patch of Eden: America’s inner-city gardeners. White River Junction,
VT: Chelsea Green.
Jacobs, J. (1961). The death and life of great American cities. New York: Random House.
Jeffery, R. C. (1971). Crime prevention through environmental design. Beverly Hills, CA: Sage.
Kant, R., Smith-Seemiller, L., & Zeiler, D. (1998). Treatment of aggression and irritability after
head injury. Brain Injury, 12, 661-666.
Kaplan, R. (1984). Wilderness perception and psychological benefits: An analysis of a continuing program. Leisure Sciences, 6, 271-290.
Kaplan, S. (1987). Mental fatigue and the designed environment. In J. Harvey & D. Henning
(Eds.), Public environments (pp. 55-60). Washington, DC: Environmental Design Research
Association.
Kavoussi, R. J., & Coccaro, E. F. (1998). Divalproex sodium for impulsive aggressive behavior
in patients with personality disorder. Journal of Clinical Psychiatry, 59, 676-680.
Kuo, F. E., Bacaicoa, M., & Sullivan, W. C. (1998). Transforming inner-city landscapes: Trees,
sense of safety, and preference. Environment and Behavior, 30, 28-59.
Kuo, F. E., & Sullivan, W. C. (in press). Aggression and violence in the inner city: Impacts of
environment and mental fatigue. Environment & Behavior, 33(4).
Kuo, F. E., Sullivan, W. C., Coley, R. L., & Brunson, L. (1998). Fertile ground for community:
Inner-city neighborhood common spaces. American Journal of Community Psychology, 26,
823-851.
Lewis, C. A. (1980). Gardening programs promote improved maintenance and community relations in public housing developments. Journal of Housing, 37, 614-617.
Littman, M. (1996). Green city. The neighborhood works: Building alternative visions for the
city [Online]. Available: www:http://cnt.org/tnw/193grnci.htm

366

ENVIRONMENT AND BEHAVIOR / May 2001

Lohr, V. I., Pearson-Mimms, C. H., & Goodwin, G. K. (1996). Interior plants may improve
worker productivity and reduce stress in a windowless environment. Journal of Environmental Horticulture, 14, 97-100.
Macdonald, J. E., & Gifford, R. (1989). Territorial cues and defensible space theory: The burglar’s point of view. Journal of Environmental Psychology, 9, 193-205.
Markovitz, P. (1995). Pharmacotherapy of impulsivity, aggression, and related disorders. In
E. Hollander (Ed.), Impulsivity and aggression (pp. 263-287). Chichester, UK: Wiley.
McPherson, E. G., Nowak, D. J., & Rowntree, R. A. (1994). Chicago’s urban forest ecosystem:
Results of the Chicago urban forest climate project (Report NE-186). Washington, DC:
USDA Forest Service, Northeastern Forest Experiment Station.
Merry, S. E. (1981). Defensible space undefended. Urban Affairs Quarterly, 16, 397-422.
Michael, S. N., & Hull, R. B. (1994). Effects of vegetation on crime in urban parks. Blacksburg:
Virginia Polytechnic Institute and State University, College of Forestry and Wildlife
Resources, Department of Forestry.
Michael, S. N., Hull, R. B., & Zahm, D. L. (1999). Environmental factors influencing auto burglary: A case study. Manuscript submitted for publication.
Miles, I., Sullivan, W. C., & Kuo, F. E. (1998). Prairie restoration volunteers: The benefits of participation. Urban Ecosystems, 2(1), 27-41.
Mooney, P., & Nicell, P. L. (1992). The importance of exterior environment for Alzheimer residents: Effective care and risk management. Healthcare Management Forum, 5(2), 23-29.
Nasar, J. L. (1982). A model relating visual attributes in the residential environment to fear of
crime. Journal of Environmental Systems, 11, 247-255.
Nasar, J. L., & Fisher, B. S. (1993). “Hot spots” of fear and crime: A multi-method investigation.
Journal of Environmental Psychology, 13, 187-206.
Nassauer, J. I. (1988). Landscape care: Perceptions of local people in landscape ecology and sustainable development. In Landscape and land use planning: Proceedings from the 1988
International Federation of Landscape Architects World Congress (pp. 27-41). Washington,
DC: American Society of Landscape Architects.
Newman, O. (1972). Defensible space: Crime prevention through urban planning. New York:
Macmillan.
Newman, O., & Franck, K. (1980). Factors influencing crime and instability in urban housing
developments. Washington, DC: Law Enforcement Assistance Administration, National
Institute of Law Enforcement and Criminal Justice.
O’Brien, R. M. (1990). Estimating the reliability of aggregate-level variables based on individual-level characteristics. Sociological Methods and Research, 18, 473-503.
Ovitt, M. A. (1996). The effect of a view of nature on performance and stress reduction of ICU
nurses. Unpublished master’s thesis, University of Illinois.
Perkins, D. D., Brown, B. B., & Taylor, R. B. (1996). The ecology of empowerment: Predicting
participation in community organizations. Journal of Social Issues, 52, 85-110.
Perkins, D. D., & Taylor, R. B. (1996). Ecological assessments of community disorder: Their
relationship to fear of crime and theoretical implications. American Journal of Community
Psychology, 24, 63-107.
Perkins, D. D., Wandersman, A., Rich, R. C., & Taylor, R. B. (1993). The physical environment
of street crime: Defensible space, territoriality and incivilities. Journal of Environmental
Psychology, 13, 29-49.
Pluncknett, T.F.T. (1960). Edward I and criminal law. Cambridge, UK: Cambridge University
Press.

Kuo, Sullivan / VEGETATION AND CRIME

367

Poyner, B., & Webb, B. (1992). Reducing theft of shopping bags in city center markets. In R. V.
Clarke (Ed.), Situational crime prevention: Successful case studies (pp. 99-107). New York:
Harrow & Henston.
Rhodes, W. M., & Conley, C. (1981). Crime and mobility: An empirical study. In P. J.
Brantingham & P. L. Brantingham (Eds.), Environmental criminology (pp. 167-188).
Beverly Hills, CA: Sage.
SAS Institute. (1998). Users guide, Volume 2, Version 6 (4th ed.). Cary, NC: Author.
Scholte, R.H.J., van Aken, M.A.G., & van Leishout, C.F.M. (1997). Adolescent personality factors in self-ratings and peer nominations and their prediction of peer acceptance and peer
rejection. Journal of Personality Assessment, 69, 534-554.
Schroeder, H. W., & Anderson, L. M. (1984). Perception of personal safety in urban recreation
sites. Journal of Leisure Research, 16, 178-194.
Shaffer, G. S., & Anderson, L. M. (1985). Perceptions of the security and attractiveness of urban
parking lots. Journal of Environmental Psychology, 5, 311-323.
Stamen, T. (1993). Graffiti deterrent proposed by horticulturalist [Press release]. Riverside:
University of California, Riverside.
Stanford, M. S., Greve, K. W., & Dickens, T. J. (1995). Irritability and impulsiveness: Relationship to self-reported impulsive aggression. Personality and Individual Differences, 19,
757-760.
Stewart, M. A. (1985). Aggressive conduct disorder: A brief review. Aggressive Behavior, 11,
323-331.
Sullivan, S. (1993, July 21). Anti-tagger idea that grows on you. The Press Enterprise, p. 1.
Sullivan, W. C., Kuo, F. E., & DePooter, S. (2001). Tree cover and social activities in inner-city
neighborhood common spaces. Manuscript in preparation.
Talbot, J., & Kaplan, R. (1984). Needs and fears: The response to trees and nature in the inner
city. Journal of Arboriculture, 10, 222-228.
Taylor, A. F., Wiley, A., Kuo, F. E., & Sullivan, W. C. (1998). Growing up in the inner city: Green
spaces as places to grow. Environment and Behavior, 30, 3-27.
Taylor, R. B. (1988). Human territorial functioning. New York: Cambridge University Press.
Taylor, R. B., Shumaker, S. A., & Gottfredson, S. D. (1985). Neighborhood-level links between
physical features and local sentiments: Deterioration, fear of crime, and confidence. Journal
of Architectural and Planning Research, 2, 261-275.
Tennessen, C., & Cimprich, B. (1995). Views to nature: Effects on attention. Journal of Environmental Psychology, 15, 77-85.
Trust for Public Lands. (1996). Healing America’s cities: How urban parks can make cities safe
and healthy. San Francisco: Author.
Tuinier, S., Verhoeven, W.M.A., & Van Praag, H. M. (1996). Serotonin and disruptive behavior:
A critical evaluation of the clinical data. Human Psychopharmacology Clinical and Experimental, 11, 469-482.
Weisel, D. L., Gouvis, C., & Harrell, A. V. (1994). Addressing community decay and crime:
Alternative approaches and explanations (Final report submitted to the National Institute of
Justice). Washington, DC: The Urban Institute.

Kuo,
ENVIRONMENT
Sullivan / AGGRESSION
AND BEHAVIOR
AND VIOLENCE
/ July 2001

AGGRESSION AND VIOLENCE
IN THE INNER CITY
Effects of Environment via
Mental Fatigue

FRANCES E. KUO is an assistant professor at the University of Illinois, UrbanaChampaign. Her research examines effects of the environment on healthy human
functioning in individuals, families, and communities.
WILLIAM C. SULLIVAN is an associate professor at the University of Illinois,
Urbana-Champaign. His research focuses on the psychological and social benefits of
urban nature and citizen participation in environmental decision making.

ABSTRACT: S. Kaplan suggested that one outcome of mental fatigue may be an
increased propensity for outbursts of anger and even violence. If so, contact with
nature, which appears to mitigate mental fatigue, may reduce aggression and violence. This study investigated that possibility in a setting and population with relatively high rates of aggression: inner-city urban public housing residents. Levels of
aggression were compared for 145 urban public housing residents randomly assigned
to buildings with varying levels of nearby nature (trees and grass). Attentional functioning was assessed as an index of mental fatigue. Residents living in relatively barren buildings reported more aggression and violence than did their counterparts in
greener buildings. Moreover, levels of mental fatigue were higher in barren buildings,
and aggression accompanied mental fatigue. Tests for the proposed mechanism and
for alternative mechanisms indicated that the relationship between nearby nature and
aggression was fully mediated through attentional functioning.

The power of the physical environment to influence human aggression is
well established. Crowding, high temperatures, and noise have all been
linked to aggression and violence (Baker, 1984; Baum & Koman, 1976;
Donnerstein & Wilson, 1976; Rule, Taylor, & Dobbs, 1987). Each of these
features of the physical environment has been associated with heightened
levels of aggression; are there features of the physical environment that work
to diminish levels of aggression and violence? This study examines whether
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natural elements such as trees and grass can decrease aggression. In addition,
it tests a potential mechanism by which natural features—and by extension
other environmental features—may affect aggression. In doing so, it suggests a new role for environment and behavior research in an important public
policy domain—addressing aggression and violence in inner cities—and
contributes possible new insight into the psychological factors underlying
human aggression.
There are hints in the literature that exposure to nearby nature, for
instance, a garden or a grassy area with trees, may reduce aggression. For
instance, violent assaults by Alzheimer patients were compared during two
consecutive summers in five long-term care facilities, two in which exterior
gardens were installed and three without gardens (Mooney & Nicell, 1992).
In Alzheimer patients, increases in the number of aggressive assaults each
year are typical as a consequence of the progressive deterioration of cognitive
processes; and indeed, in the facilities without gardens, the incidence of violent assaults increased dramatically. By contrast, in the other facilities, the
incidence of violent assaults stayed the same or decreased slightly after gardens were installed. More recently in another study, some subsets of prison
inmates reported less hostility after participating in a gardening project than
before, although these findings were not consistent across different analyses
(Rice & Remy, 1998).
Why might we expect the findings from these two studies to reflect a more
general, systematic phenomenon? By what mechanism might exposure to
nearby nature leave individuals in a less aggressive state? Here, we review
AUTHORS’ NOTE: A portion of these findings was presented in invited testimony to
the National Urban and Community Forestry Advisory Council (NUCFAC) and at the
27th International Conference of the Environmental Design Research Association,
Salt Lake City, Utah, May 1996. The data for this study were drawn from the Coping
With Poverty archive, a multistudy research effort supported by a grant from NUCFAC
(F. E. Kuo and W. C. Sullivan, principal investigators). This work was also supported
by the Cooperative State Research, Education and Extension Service, U.S. Department of Agriculture, under Project No. ILLU-65-0387. Thanks go to Rebekah Coley
for training and supervising resident interviewers, Esther Davis and Doris Gayles for
recruiting and interviewing participants, the Robert Taylor Homes residents for their
participation, and the management of the Chicago Housing Authority for their assistance throughout. Ann Schlosser suggested the Conflict Tactics Scale and made
many contributions during the early stages of this project. Correspondence concerning this article should be addressed to Frances E. Kuo, Human-Environment Research Laboratory, University of Illinois, 1103 S. Dorner, Urbana, IL 61801; e-mail:
f-kuo@uiuc.edu.
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theory and evidence suggesting first that natural settings assist in recovery
from mental fatigue and second that aggression may increase with mental
fatigue and decrease with its recovery. We then present an analysis suggesting that residents of disadvantaged inner-city neighborhoods may be subject
to chronic mental fatigue. Finally, we test the possibility that, in an urban
public housing community, the presence of trees and grass lowers the incidence of aggressive and violent behavior among residents living nearby.
NATURE AND MENTAL FATIGUE

Attention restoration theory (S. Kaplan, 1995) proposes that exposure to
nature reduces mental fatigue, or more precisely, directed attention fatigue.
S. Kaplan (1995) noted that many settings, stimuli, and tasks in modern life
draw on the capacity to deliberately direct attention or pay attention. The
information-processing demands of everyday life—traffic, phones, conversations, problems at work, and complex decisions—all take their toll, resulting in mental fatigue, a state characterized by inattentiveness, irritability, and
impulsivity. In contrast, natural settings and stimuli such as landscapes and
animals seem to effortlessly engage our attention, allowing us to attend without paying attention. For this and a number of other reasons, S. Kaplan suggested, contact with nature provides a respite from deliberately directing
one’s attention.
Indeed, there is growing empirical evidence of the attentionally restorative effects of natural settings. Evidence of cognitively rejuvenating effects
comes from a variety of “natural” settings, including wilderness areas
(Hartig, Mang, & Evans, 1991; R. Kaplan, 1984), prairies (Miles, Sullivan, &
Kuo, 1998), community parks (Canin, 1991; Cimprich, 1993), views of
nature through windows (Ovitt, 1996; Tennessen & Cimprich, 1995), and
even rooms with interior plants (Lohr, Pearson-Mims, & Goodwin, 1996).
Moreover, these studies have demonstrated links between contact with nature
and more effective attentional functioning in a variety of populations—AIDS
caregivers, cancer patients, college students, prairie restoration volunteers,
participants in a wilderness program, and employees of large organizations.
MENTAL FATIGUE AND AGGRESSION

If contact with nature is attentionally restorative, how then might
attentional restoration mitigate aggression? S. Kaplan (1987) suggested that
one of the costs of mental fatigue might be a heightened propensity for “outbursts of anger and potentially . . . violence” (p. 57). The following analysis
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shows how each of three symptoms of mental fatigue might contribute to
aggression.
First, mental fatigue may contribute to aggression because of its effects on
cognitive processing. A common theme in some recent theories of aggression
is that information processing plays a central role in managing social situations, especially potential conflicts (e.g., Crick & Dodge, 1994; Dodge &
Crick, 1990; Dodge & Schwartz, 1997; Martinko & Zellars, 1998). For
example, Dodge and Crick (1990) proposed that a child’s behavioral
response to a social stimulus is a function of the following five steps of information processing: encoding of social cues, interpretation of social cues,
response search, response evaluation, and enactment. The proposal here is
that in problematic social situations, relatively automatic, effortless cognitive
processing (e.g., “Bob took my computer station!”) is more likely to generate
conflict-escalating behavior than is more reasoned, effortful, reflective processing (e.g., “Hmm . . . did I leave any clues that I was working there?”). As
the individual’s willingness and ability to engage in more reflective, effortful
processing decreases with mental fatigue, social behavior is likely to become
increasingly thoughtless, tactless, and unstrategic, allowing conflicts to spiral out of control (see Rubin, Bream, & Rose-Krasnor, 1991, for a similar
proposal with respect to children’s social problem solving).
There is some evidence to suggest that deficits in effortful processing are
indeed associated with aggression. In school settings, deficits in effortful
processing are likely to manifest in inattentiveness, and inattentiveness has
been closely tied to aggression in both children (Stewart, 1985) and adolescents (Scholte, van Aken, & van Lieshout, 1997). Indeed, the tie between
attention deficits and hyperactivity on one hand and conduct problems and
aggression on the other has been so strong that there has been some debate as
to whether these disorders are distinct (see Hinshaw, 1987, for a meta-analysis
indicating that these disorders are distinct although correlated). Conversely,
Rabiner, Lenhart, and Lochman (1990) found that when aggressive children
were encouraged to be more reflective in their responses to problematic
social situations, their generation of conflict-escalating responses dropped to
the same levels as their nonaggressive, nonrejected peers. Thus, it seems
plausible that the deficits in effortful processing that are symptomatic of
mental fatigue may contribute to aggression.
Mental fatigue may also contribute to aggression because of its effects on
emotion—specifically, heightened irritability. Irritability appears to be a frequent side effect of mentally fatiguing tasks, such as the vigilance tasks
involved in air traffic control (Thackray, Bailey, & Touchstone, 1979; Warm &
Dember, 1986). Not surprisingly, irritability is linked with aggression in
numerous studies (e.g., Caprara & Renzi, 1981; Coccaro, Bergeman,
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Kavoussi, & Seroczynski, 1997; Kant, Smith-Seemiller, & Zeiler, 1998;
Kavoussi & Coccaro, 1998; Stanford, Greve, & Dickens, 1995). Irritable
individuals are prone to aggression when faced with frustration (Caprara &
Renzi, 1981), and pharmacological treatments that reduce aggression also
reduce irritability (Kant et al., 1998; Kavoussi & Coccaro, 1998). Thus, it
seems plausible that the irritability symptomatic of mental fatigue might contribute to aggression.
Finally, mental fatigue may also contribute to aggression because of its
effects on behavior—specifically, decreased control over impulses. S. Kaplan (1987) noted that one of the hallmarks of mental fatigue is a difficulty
inhibiting behavioral impulses. Impulsivity in turn is associated with aggression and violence in a variety of populations (for reviews, see Brady, Myrick, &
McElroy, 1998; Markovitz, 1995; Tuinier, Verhoeven, & Van Praag, 1996).
Violent parolees are more impulsive than nonviolent parolees (Cherek,
Moeller, Dougherty, & Rhoades, 1997), maritally violent men are more
impulsive than maritally nonviolent men (Barnett & Hamberger, 1992), and
among depressed males, impulsive individuals are more likely to be aggressive than nonimpulsive individuals (Hynan & Grush, 1986). Not surprisingly,
then, Luengo and colleagues (Luengo, Carrillo-de-la-Pena, Otero, &
Romero, 1994) found in their 1-year longitudinal study that present
impulsivity ratings predict future antisocial behavior, including aggression.
In sum, each of these factors—impairments in effortful cognitive processing, irritability, and impulsivity—has been independently implicated in
aggression. To the extent that mental fatigue combines these three factors,
mental fatigue seems likely to contribute substantially to aggression.
INNER CITIES AND CHRONIC MENTAL FATIGUE

Poor, inner-city neighborhoods may be an especially promising context in
which to study the effects of nature and attentional restoration on aggression.
As the following analysis, drawn from Kuo (1992), suggests, the attentional
demands associated with poverty and the inner-city environment are likely to
place this population at special risk for chronic mental fatigue and
fatigue-related aggression. As a consequence, residents of poor, inner-city
neighborhoods may have a special need for the mental respite provided by
nearby nature.
The attentional demands of poverty are many and unremitting. For the
poor, even basic concerns such as rent, utilities, and food are ongoing challenges that require effortful problem solving and reasoning. Added to these
are the attentional challenges posed by major life events. Poverty brings
with it a greater susceptibility and vulnerability to drastic life changes.
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Underinsured and having no financial cushion against setbacks, even a minor
temporary trauma such as a child’s illness can have far-reaching effects,
eventually necessitating major readjustments in life, family, and work
domains. Making these adjustments requires sustained, high levels of mental
functioning.
Moreover, the environmental characteristics of inner-city neighborhoods
place additional demands on attention. First and foremost, the ever-present
possibility of crime or violence places high demands on attention (see
Cohen & Spacapan, 1978, for an analysis of the attentional demands imposed
by unpredictable stressors). Danger requires individuals to be vigilant for
signs of impending trouble, to continuously consider possible responses to
new situations, and to consider the ramifications of those responses. Second,
the home environment may place further demands on attention; lack of adequate space and facilities makes purposive functioning more effortful as
more problem solving is required to accomplish goals in unsupportive or
inadequate settings. Problem solving may be made all the more fatiguing by
the lack of quiet, safe settings in which to think. And finally, for the many
inner-city residents who lack natural settings in their everyday environment
(nearby parks, views to green spaces, and gardens), recovery from mental
fatigue may be especially rare.
Over time, the ongoing and acute attentional demands of poverty, in combination with the mentally fatiguing characteristics of the inner-city environment, seem likely to yield chronic high levels of mental fatigue. Thus, among
inner-city inhabitants lacking ready access to attentionally restorative settings, we might expect chronic high levels of mental fatigue and a heightened
propensity for aggressive behavior. Conversely, among residents with ready
access to nature, we might expect comparatively low levels of mental fatigue
and aggression.
Two questions are central to this study. First, does nearby nature reduce
aggression and violence? And second, if so, is this effect mediated via
attentional restoration? To examine these questions, structured interviews
and attentional tests were conducted with urban public housing residents.
Because official adult residents are predominately single mothers, the structured interviews focused on intrafamily aggression and violence rather than
other forms of violence. Attentional performance and self-reports of aggression were then compared for residents living in buildings with relatively high
versus relatively low levels of nearby nature, and mediation tests were used to
examine whether attentional restoration might account for a relationship
between nature and aggression.
To explore possible alternative accounts for a nature-aggression relationship, a number of additional tests were conducted. A test for spuriousness
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(Evans & Lepore, 1997) was conducted to guard against alternative accounts
in general. In addition, the following three particular alternative accounts
were given specific attention: (a) Positive mood, (b) stress recovery, and
(c) social support were each identified as theoretically plausible explanations
for a link between nature and reduced aggression. Positive mood has been
linked directly with contact with nature (Hull & Michael, 1995), and it seems
plausible that positive moods could reduce the propensity for aggression
(Pihl & Zacchia, 1986, tested this notion but found no evidence for it). Similarly, stress (or more precisely, recovery from stress) has been linked directly
with contact with nature (Ulrich et al., 1991), and stress also appears to contribute to aggression (Bolger, Thomas, & Eckenrode, 1997; Chang, 1994).
And finally, there is some indication that neighborhood social ties and support networks are stronger around greener neighborhood spaces (Kuo,
Sullivan, Coley, & Brunson, 1998; Kweon, Sullivan, & Wiley, 1998); in turn,
child abuse is less prevalent among parents who have social support
(Garbarino & Sherman, 1980; Roth, 1986).

METHOD
THE SITE: A NATURAL EXPERIMENT
ON THE EFFECTS OF NEARBY NATURE

A number of methodological criteria were employed in the selection of a
site for this research. Robert Taylor Homes (RTH) in Chicago was rare in that
it simultaneously met each of these criteria.
First, although the amount of vegetation outside the buildings at RTH varies considerably from building to building, other environmental features are
held remarkably constant from one building to another. Because the buildings are architecturally identical, at RTH, building size, building layout,
building facilities, architectural detail, and the number of residential units per
building are held constant (see Figure 1). Moreover, because the buildings are
placed in single file along a 3-mile corridor, the features of the surrounding
landscape are similar from one building to another. Each building is bordered
on the west by an interstate highway and railroad tracks and bordered on the
east by a six-lane municipal thoroughfare and wide sidewalk.
Second, public housing policies result in de facto random assignment of
residents with respect to levels of nearby nature at RTH. Although housing
applicants to the Chicago Housing Authority can specify their choice of
development (e.g., RTH vs. some other development), they have little choice
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Figure 1: Attrition Has Left Some Buildings Surrounded by Only Concrete and
Asphalt and Others With Pockets of Green
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of where they will be assigned within a development (i.e., this apartment vs.
another apartment within RTH).1 Moreover, the scale of the Chicago Housing
Authority precludes the placement of “better” (e.g., more responsible and
less aggressive) residents in “better” (e.g., greener) locations. Clerks in a central office handle all assignments of residents to apartments for 40,700 units
in 1,479 buildings across 17 developments throughout the city. They generally have never met or seen the applicants for housing and most likely have
never set foot in most of the Housing Authority’s developments. It is implausible that anyone could remember the characteristics of so many buildings, let alone take them into account in assigning apartments.
Third, residents at RTH have little role in the landscaping outside their
building. When RTH was originally built in the 1960s, trees and grass were
planted around each of the 28 high-rise buildings. Over time, the majority of
these green spaces have been paved in an effort to keep dust down and maintenance costs low; this paving has killed many of the original trees, leaving
some buildings with completely barren common spaces, others with a few
scattered trees, and still others with leftover pockets of green. Ongoing landscape maintenance at RTH is handled entirely by a small landscaping crew
serving all of the developments managed by the Chicago Housing Authority;
residents are not involved in maintenance, and funds are inadequate to fulfill
special requests from residents. Thus, a relationship between greenness of
common spaces and aggression in this setting cannot be explained by a process in which especially effective or cooperative residents have made their
surroundings greener.
In sum, RTH constitutes a naturally occurring experiment on the effects of
residential vegetation, with random assignment of residents to vegetation
conditions, no control of residents over levels of vegetation, and a host of
environmental variables held constant. An additional methodologically
desirable feature of RTH for this study is that the residents are strikingly
homogeneous with respect to many of the individual characteristics that
might be expected to affect aggression—income, education, life circumstances, and perhaps most important, economic opportunities.
PROCEDURE, PARTICIPANTS, AND DESIGN

To maximize participants’ ease in responding, interviewers were selected
to be as similar to interviewees as possible. Three African American female
residents of RTH were hired and trained to conduct the recruitment, interviewing, and testing for this research. All three were longtime residents of
RTH (19 years or more) residing in buildings outside the study sample. Thus,
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interviewers were matched to interviewees not only in major demographic
characteristics such as race, gender, and socioeconomic status but also in life
circumstances, background, and more subtle social cues such as patterns of
speech and dress.
In preparation for interviewing and testing, interviewers completed extensive training (50 hours of general training in interview methods, 12 hours
learning the specific interview measures used, and 14 hours of supervised
and unsupervised practice in performing practice interviews). In addition, an
on-site research supervisor met regularly with the interviewers to review procedures and address any difficulties or questions. Interviewers did not interview individuals with whom they were previously familiar, and interviewers
were counterbalanced for nature condition.
Recruitment was conducted door to door in buildings spanning the range
of vegetation of RTH. Sampling was restricted to 18 buildings—buildings
adjacent to parks, police stations, and other relatively unique features were
excluded to minimize effects of extraneous factors on residents’ access to
nearby nature. Within buildings, sampling was restricted to apartments on
Floors 2 through 4, where residents had maximal physical and visual access
to the trees outside their building (there are no residences on the first floor).
Recruitment criteria included not only environmental factors but also resident characteristics. Women heads of household younger than the age of 65
were invited to participate in a University of Illinois study about life at RTH.
Recruitment focused on women because official adult residents in urban public housing are overwhelmingly female—80% in RTH (Chicago Housing
Authority, 1995).2 Participants were told that they could refuse to answer any
question and could stop the interview at any time and that they would receive
$10 on completion of the interview.
Of the 158 qualified residents invited to participate, 92% chose to participate, yielding a final sample of 145 residents, 69 with relatively low levels of
nearby nature and 76 with relatively high levels of nearby nature. The composite participant profile is that of a 34-year-old African American single
woman with a high school or high school equivalency diploma raising three
children on an annual household income of less than $10,000.
Individual interviews were conducted during summer and fall months in
participants’ apartments. Residents’ attentional capacity, aggression, and a
number of control variables likely to be associated with aggression were
assessed as part of a 45-minute structured interview.
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Figure 2: Plan View of an Apartment Building at Robert Taylor Homes With
Nearby Trees
NOTE: The numbers within the building indicate apartments. The arrows indicate the position from
which photographs were taken (for each building) that were then rated by 22 independent raters.
Note that despite the presence of trees outside a building, residents in particular apartments may
have little or no visual access to trees.

MEASURES

Nearby nature. Levels of nearby nature were assessed using standardized
sets of photographs and multiple independent raters. For each of the 18 buildings to be sampled, a standardized set of photographs was taken from eye
level of the area immediately surrounding the building. As Figure 2 shows,
each standardized set comprises 16 photographs taken from specified vantage points; most showed views looking out from the building, and the
remaining showed views looking across the building.
To obtain ratings of the nearby nature for each building, the photographs
were arranged at 18 stations (drawing tables in a design studio), with each
station showing all 16 photographs for a given building. Undergraduate and
graduate students in horticulture then independently rated levels of nearby
nature for each of the 18 buildings. First, raters visited each of the stations to
familiarize themselves with the range of vegetation in the 18 buildings. Second, they visited each station again in turn and provided a single greenness
rating for each building based on the 16 photographs. Raters were encouraged to use the entire response scale from 0 to 4 (0 = not at all green , 1 = a
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little green, 2 = somewhat green, 3 = quite green, and 4 = very green). For
each building, greenness ratings from the 22 raters were averaged to produce
a summary greenness rating. These averaged greenness ratings ranged from
0.8 for the building with the least nearby nature to 3.6 for the greenest
building.
With these data, agreement between raters is analogous to the reliability of
items in a scale; the hope is that different raters will respond to a particular
building in a similar fashion. Thus, to assess interrater agreement, a
Cronbach’s alpha was calculated, with individual raters treated as individual
items in a scale and individual buildings treated as individual respondents.
This procedure yielded an alpha of .97, indicating a high level of agreement
between raters with regard to building greenness.
Greenness ratings were used as the basis for assignment to conditions.
Buildings whose ratings fell below the midpoint of the range were designated
barren; buildings whose ratings were at or above the midpoint were designated green. Greenness ratings for the 7 buildings in the barren condition
ranged from 0.8 to 1.7, with a mean of 1.2. Greenness ratings for the 11 buildings in the green condition ranged from 2.0 to 3.6, with a mean of 2.6. In interpreting these ratings, it should be noted that because raters were encouraged
to use the entire response scale, even a high greenness rating of 3.6, or very
green, is relative to the range of vegetation at RTH; as Figure 1 shows, even
the greenest pockets at RTH are neither especially large nor especially lush in
vegetation.
There were no systematic differences between barren and green buildings
in environmental factors such as pedestrian or automobile traffic, nearness to
parking, or nearness to parks, schools, or other facilities. There was no systematic pattern in the sequence of green and barren buildings along the 3-mile
corridor; green and barren buildings were not clustered but rather haphazardly interspersed. Some barren buildings were oriented north-south, others
east-west; similarly for green buildings. For barren buildings, in the places
where trees or grass might have been, there was only bare dirt or asphalt, and
even the green buildings were surrounded by large areas of bare dirt or
asphalt.
To check for possible condition differences in participant characteristics
for barren versus green buildings, a series of t tests was conducted. As would
be expected given random assignment of residents to nature conditions, no
significant condition differences were found in demographic characteristics,
household characteristics, or other variables potentially related to aggression. Specifically, green and barren participants did not differ in age, education, employment, income, size of household, marital status, number of
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children, years in apartment, years in public housing, health ratings, health
symptoms, alcohol use, prescription drug use, or other drug use.
Attentional functioning. The capacity for directed attention was assessed
with the Digit Span Backwards (DSB) test. Digit Span Backwards is a standardized neurocognitive measure and is used in the measurement of
attentional fatigue (Cimprich, 1993; Schwartz, 1994; Tennessen &
Cimprich, 1995) and in the clinical measurement of attention (Lezak, 1983;
Mesulam, 1985). DSB is particularly useful for field settings because it is
easy to administer: The administrator reads aloud a series of digits (e.g., “2, 5,
1”), and participants are asked to repeat back the series in reverse order (e.g.,
“1, 5, 2”). Series are administered in increasing length; if a participant fails a
series of a given length, a second series of equal length is administered.
Scoring was based on the longest series performed correctly within two
attempts.
Aggression. The Conflict Tactics Scale (CTS) (Straus, 1979) is a widely
used self-report measure designed to assess levels of intrafamily aggression
and violence. It has been used in more than 100 studies (see bibliography in
Straus, 1995). The CTS has a test-retest reliability of .97 (parent-to-child
aggression) (DuRant, Pendergrast, & Cadenhead, 1994), an internal consistency of .88 (wife-to-husband aggression) (Straus, Gelles, & Steinmetz,
1980), and good concurrent validity with other measures of parental
psychosocial distress (Wissow, Wilson, Roter, Larson, & Hope, 1992).
To elicit reports of aggressive behavior, participants are asked to think of
situations in which they had a disagreement or were angry with a specified
family member and to indicate how often they used each of 18 conflict tactics, beginning with socially acceptable tactics (e.g., reasoning) and ending
with violent tactics. Table 1 shows the 14 aggressive conflict tactics from the
CTS. The responses to these 14 items provide an index of overall aggression.
The first 6 items index psychological aggression: verbal and symbolic acts
intended to cause psychological pain or fear. The remaining 8 items index
violence: the use of physical force or violence. These 8 items comprise both
mild violence (3 behaviors unlikely to cause injury) and severe violence (5
behaviors likely to cause injury).
For each of the specific conflict tactics, participants are asked to indicate
how often they have used it in the past 12 months on a 7-point scale (0 = never
to 6 = more than 20 times, with X = don’t know). If participants reply never or
don’t know, they are then asked, “Did you ever . . . ?” (yes/no). These questions are asked in reference to two specified family members—first the
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TABLE 1
Overall Aggression Items From the Conflict Tactics Scale

Psychological aggression
Insulted or swore at the other
Sulked or refused to talk
Stomped out of the room or house
Did or said something to spite the other
Threatened to hit or throw something
Threw or smashed or hit or kicked something
Violence
Mild violence
Pushed, grabbed, or shoved the other one
Slapped the other one
Threw something at the other one
Severe violence
Kicked, bit, or hit with a fist
Hit or tried to hit with something
Beat up the other one
Threatened with a knife or gun
Used a knife or gun

respondent’s partner (or the adult with whom they are closest) and then their
child (or if they have more than one, the child with whom they have the most
conflicts).
This procedure yields estimates of both the frequency of specific aggressive behaviors used in the past year and the range of aggressive behaviors
employed over the respondent’s lifetime. In general, more aggressive persons employ a wider range of aggressive behaviors; for instance, Person A
might only use verbally aggressive tactics, whereas Person B might use not
only verbally aggressive tactics but also physically aggressive tactics. For
each of the different categories of aggression (overall aggression, psychological aggression, and so forth), the range of tactics a respondent has used in
that category is calculated by taking the proportion of the number of different
tactics employed out of the total number of different tactics. For instance, an
individual who has employed each of the 14 different overall aggression tactics would have an overall aggression range of 1.0; an individual who has
employed only 7 of those tactics (typically, the less serious ones) would have
an overall aggression range of 0.5. Similarly, the range of violent tactics
would refer to the proportion of the 8 violent tactics that a respondent had
employed. It should be noted that the term range is not used in the statistical
sense here; the different conflict tactics are not assumed to be on an interval
scale.
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Other factors likely to affect aggression. Three additional variables that
seemed likely to be related to nearby nature, attention, or aggression were
assessed through self-report using a 5-point scale (0 = not at all, 1 = a little, 2 =
a medium amount, 3 = quite a lot, and 4 = very much). Positive mood was
assessed with the Positive Mood subscale of the Profile of Mood States
(POMS). Participants rated themselves on six adjectives (lively, active, energetic, cheerful, full of pep, and vigorous). The POMS has been shown to be a
valid and reliable instrument for the measurement of mood (McNair, Lorr, &
Droppleman, 1981). Stress was assessed with the question “How stressful is
this period in your life?” And social integration was assessed with an 8-item
scale, alpha = .80, that included items such as “How well do you know the
people next door?”; “Are people here concerned with helping and supporting
one another?”; and “Is there a strong feeling of belonging here?” (see Kuo
et al., 1998, for details).

RESULTS

Results are presented in three subsections. First, descriptive statistics on
intrafamily aggression and participants’ attentional resources are presented.
Second, the central hypothesis is tested. And third, potential mechanisms
underlying the relationship between nearby nature and aggression are
explored.
AGGRESSION AND MENTAL
FATIGUE AT ROBERT TAYLOR HOMES

Consistent with previous research, levels of aggression in this population
were much higher than in national samples. A majority of participants in this
sample (61%) reported having engaged in a violent act against their partner at
least once in their lives, a rate approximately 4 times that reported in two
national probability samples of couples in the United States (Straus, 1979;
Straus & Gelles, 1988) but consistent with rates from a sample of formerly
married African American women (57%) (Neff, Holamon, & Schluter,
1995). Aggression against children showed much the same pattern. A majority of the participants in this sample reported hitting their child with something at least once in their lives (56%), approximately 4 times the rate
reported in a national sample of two-caretaker households with at least one
child (Straus & Gelles, 1986).
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Participants’ DSB scores provide an index of attentional resources in this
inner-city population. According to Lezak (1983), scores of 4 or 5 on this version of the DSB test are within normal limits, depending on the individual’s
educational level. In this sample, the mean DSB score was 4.8, with a standard deviation of 1.1, indicating substantial variation in attentional
functioning.
TESTING THE CENTRAL HYPOTHESES

If the availability of nearby nature reduces the propensity for aggression,
then residents living in green conditions should report less aggression than
their counterparts living in barren conditions: less frequent aggression in the
past year and a narrower range of aggressive tactics used over the course of
their lifetime. A series of planned, one-tailed t tests were conducted to examine condition differences in frequency and range of aggression, first against
the respondent’s partner and then against their child.
Aggression against partner. Tables 2 and 3 show the findings with respect
to the frequency of aggression against partner in the past year and the range of
aggressive tactics used against partner over the lifetime.
As the first row of Table 2 shows, there was a significant condition difference in the frequency of overall aggression against partner during the past
year. That is, residents living in green conditions reported significantly less
overall aggression against their partners than did their counterparts living in
barren conditions. The following rows in Table 2 show the findings for specific forms of aggression. The second row indicates that there was a significant condition difference in psychological aggression against partner;
residents living in green conditions were significantly less likely to have
engaged in psychological aggression against their partners than were residents living in barren conditions. Does this effect extend to more violent
forms of aggression? Because the violence indices produce extremely
skewed distributions, Straus (1979) recommended dichotomizing these indices into violent and nonviolent categories. If a participant had engaged in at
least one of the eight violent conflict tactics during the past year, they were
designated violent; otherwise, they were designated nonviolent. As rows 3
through 5 of Table 2 show, nearby nature is related to the use of violence
against partner during the past year. Violence scores were significantly lower
for residents living in green conditions than those living in barren conditions.
Furthermore, this pattern held for both the more mild forms of violence and
the more severe forms of violence. Both mild violence rates and severe
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TABLE 2
Mean Rates of Aggression Against Partner
During Past Year in Green Versus Barren Condition

Barren

Overall aggression
Psychological aggression
Violence
Mild violence
Severe violence

Green

M

SD

M

SD

t

p

1.04
1.47
0.73
0.73
0.48

0.88
1.20
0.45
0.45
0.50

0.76
1.00
0.49
0.49
0.31

1.07
1.26
0.50
0.50
0.47

1.68
2.24
2.99
3.06
2.10

< .05
.01
< .01
.001
< .05

NOTE: The response scale for the original items in this table was from 0 (never ) to 6 (more than 20
times). Because the violence, mild violence, and severe violence indices were skewed, we followed
Straus’s (1979, p. 80) recommendation that these scales be dichotomized into violent and nonviolent categories. Thus, for these three indices, 0 indicates having engaged in none of the specific tactics during the past year, and 1 indicates having engaged in at least one of the tactics during the past
year. Degrees of freedom ranged from 136 to 140.

TABLE 3
Range of Aggression Tactics Used Against Partner
in Lifetime in Green Versus Barren Conditions

Barren

Overall aggression
Psychological aggression
Violence
Mild violence
Severe violence

Green

M

SD

M

SD

t

p

.44
.58
.32
.52
.19

.28
.36
.27
.39
.24

.32
.44
.24
.35
.16

.30
.35
.32
.40
.29

2.39
2.46
1.54
2.50
0.80

< .01
< .01
.06
< .01
.22

NOTE: In response to questions about having ever used specific aggressive conflict tactics, participants responded never (0) or yes (1). Standard deviations are in parentheses; degrees of freedom
ranged from 136 to 140.

violence rates were significantly lower in the green condition than in the barren condition. Mean differences between the green and barren conditions for
the various aggression subscales ranged from one third to one half of a standard deviation.
Table 3 shows the findings with respect to the range of aggressive conflict
tactics used against partner over the participant’s lifetime. As the first row
shows, there was a significant condition difference in the range of overall
aggression tactics used. That is, residents living in green conditions report
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using a narrower set of aggressive conflict tactics against their partners over
their lifetime than did their counterparts living in barren conditions. The
following rows in Table 3 show the findings for specific forms of aggression. The second row indicates that there was a significant condition difference in psychological aggression against partner; residents living in green
conditions used a significantly narrower set of psychologically aggressive
conflict tactics than did residents living in barren conditions. The third row of
the table suggests that nearby nature may be related to the range of violent
conflict tactics used against partners. For residents living in green conditions,
the set of violent tactics used was 25% smaller than for those living in barren
conditions, a marginally significant difference (p = .06). Although there was
no difference in the range of severe forms of violence used against partners,
there was a significant condition difference in more mild forms: Residents
living in green conditions report using a smaller set of mildly violent conflict
tactics against their partners over their lifetime than did their counterparts living in barren conditions. Mean differences between the green and barren conditions ranged from more than one quarter to one half of a standard deviation.
Aggression against a child. The conditions leading to aggression against
an adult family member may be quite different from those leading to aggression against one’s child. Conflicts with children are likely to be more frequent than those with adult family members and often center around
disciplinary issues. At the same time, some forms of aggression may be less
socially acceptable against children than against adults. Does the relationship
between nearby nature and aggression found for women and their partners
exist for women and their children? Condition differences were examined for
aggressive conflict tactics used with children, specifically, the child with
whom the participant had the most conflicts. A t test showed that greenness
was related to the range of psychologically aggressive tactics used against
children: Lifetime scores for proportion of psychologically aggressive tactics
used were significantly lower for participants living in the green condition
than for their counterparts living in the barren condition (.54 vs. .62), t(140) =
1.83, p < .05. But the effect did not hold for the frequency of psychological
aggression during the past year or for the frequency or range of more violent
forms of aggression against children.
In sum, there were a number of indications that nearby nature has a mitigating effect on aggression and violence: Nearby nature was systematically
related to lower scores on multiple indices of aggression against partners and
one index of aggression against children.
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TESTING FOR UNDERLYING MECHANISMS

What mechanism or mechanisms might underlie the association between
nearby nature and aggression? The following analyses tested for each of the
following: the proposed mechanism, the possibility that some unspecified
mechanism might be at work, and three specific alternative mechanisms.
If effects of nearby nature on aggression operate through attentional restoration, a number of predictions follow. First, residents living in green conditions should show higher levels of attentional functioning than their
counterparts living in barren conditions. A planned student t test showed that
indeed, mean DSB scores were significantly higher in the green condition (M =
5.0, SD = 1.0) than in the barren condition (M = 4.6, SD = 1.2), t(138) = 1.74,
p < .05, differing by more than one third of a standard deviation.
Second, if effects of nearby nature on aggression operate through
attentional restoration, then attentional functioning should be systematically
related to aggression. Using the lifetime measure of overall aggression
against partner as a summary index of aggression, an ordinary least squares
regression was conducted using DSB scores to predict levels of aggression.
As predicted, there was a significant negative relationship between DSB performance and overall aggression (β = –.26, R2 = .07, F = 9.9, p < .0025). By
this summary measure of aggression, the better a participant’s attentional
functioning, the less aggression she had engaged in.
And finally, if effects of nearby nature on aggression operate through
attentional restoration, the relationship between nature and aggression
should statistically depend on the relationship between attention and aggression. These interdependencies are important to examine when hypothesizing
mediation because significant associations among three variables are possible without there being a mediation relationship between them. For example,
in this case, nearby nature might enhance attention and reduce aggression but
influence aggression through some other mechanism than attention. In that
case, the nature-aggression relationship would most likely be statistically
independent of the nature-attention relationship. If, on the other hand, contact with nearby nature reduces aggression via the restoration of attentional
resources, we would expect the nature-aggression relationship to diminish or
disappear when attention is statistically controlled.
Accordingly, a multiple regression was used to test for the joint relationships among nearby nature, attentional performance, and levels of aggression. When DSB (the proposed mediator) was controlled in a regression
between greenness and overall aggression, greenness was no longer a significant predictor (β = –.13, p = .11, R2 = .09, F = 6.5, p < .0025). Complete, or
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“perfect,” mediation requires that the independent variable has no additional
predictive power when the mediator is controlled (Baron & Kenny, 1986);
thus, these findings indicate that attentional restoration could be the sole
mechanism underlying the nature-aggression relationship found here.
Could the links among nature, attention, and aggression be explained by
some unspecified confounding variable or some alternative mechanism?
Evans and Lepore (1997) suggested addressing what they referred to as “the
spuriousness problem” by conducting an analysis in which the relationship
between the hypothesized mediator and the outcome variable is examined
while the independent variable is controlled. By their reasoning, if there is
some unspecified confounding variable responsible for the relationships
among nature, attention, and aggression, then attention will not be significantly related to aggression when nature is controlled. In fact, the multiple
regression described earlier addresses this possibility: DSB was a significant
predictor of overall aggression (β = –.24, p < .01) when greenness was controlled. This finding indicates that some unspecified mechanism cannot
account for the relationships among DSB, greenness, and overall aggression.
These findings were echoed in follow-up analyses examining the following three specific, theoretically plausible, alternative mechanisms: positive
mood, stress, and social integration. Planned student t tests showed that
greenness was unrelated to positive mood, t(142) = –.04, p = .48, and stress,
t(140) = .17, p = .43, but was related to social integration, t(140) = 2.7, p < .01.
Correlational analyses showed that overall aggression was related to neither
mood, r(141) = –.07, p = .48, nor stress, r(139) = .135, p = .11, nor social integration, r(142) = –.06, p = .48. Together, these results indicate that neither positive mood, nor stress, nor social integration mediate the nature-aggression
relationship found here. Moreover, these analyses reinforce the aforementioned mediation and spuriousness findings, indicating that the effect of
nature on aggression found here may be wholly mediated through attentional
restoration.

DISCUSSION

In 145 adult women randomly assigned to a series of architecturally identical apartment buildings, levels of aggression and violence were significantly lower among individuals who had some nearby nature outside their
apartments than among their counterparts who lived in barren conditions.
Furthermore, as would be predicted if this relationship were mediated by
mental (attentional) fatigue, (a) residents living in greener settings
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demonstrated reliably better performance on measures of attentional functioning, (b) attentional performance predicted scores on a summary index of
aggression, and (c) the relationship between nearby nature and aggression
scores became nonsignificant when attention was controlled. Finally,
follow-up analyses examining potential alternative mediators revealed no
significant relationships between aggression and mood, stress, or social integration, and a test for unspecified mediators similarly ruled out alternative
mechanisms.
It should be noted that the predicted relationship between nearby nature
and aggression was not consistently found for more violent forms of aggression or for aggression against children. Of the various forms of aggression
examined in this study, these may be the most susceptible to social desirability effects. Future research might use other strategies to examine the
nature-aggression relationship for forms of aggression that are most difficult
to assess through self-report.
To what extent can the nature-aggression relationship found here be interpreted as an effect of nearby nature on aggression? The following considerations lend confidence in a causal interpretation of these data: the random
assignment of residents to nature condition; the consistently negative findings across numerous checks for condition differences in participant, household, and interviewer characteristics; the consistency of architectural and
other environmental features over the two conditions; the use of multiple
buildings per condition; and the use of double-blind measures for both
nearby nature and aggression. Numerous tests were conducted to identify the
particular causal pathway between nature and aggression. Results from all of
these tests were of one accord: The mediation tests indicated a pathway
through attention, and the spuriousness test and direct tests of alternative
mediators all worked to rule out other possible pathways. Although other
possibilities cannot be ruled out entirely, the only interpretation consistent
with the complete set of findings here is that nearby nature reduces aggression by supporting attentional functioning. At this juncture, attention restoration theory (S. Kaplan, 1995) provides the best explanation for the link
between nature and aggression.
Having addressed the question of internal validity, we turn now to external
validity. To what extent do the relationships found in this study generalize to
the real world? External validity depends in large part on how the constructs
in a study are operationalized. In this study, the constructs were
operationalized as directly as possible; to the extent we could, we avoided
using surrogates or proxies. For example, measuring the vegetation around
participants’ homes was a more direct way to assess the effects of residential
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nature than, say, showing slides of nature in a classroom. Similarly, using a
performance measure of attention provided a more direct measure of
attentional functioning than asking participants to rate how attentive they
feel. And, asking participants to estimate the actual frequency of specific
aggressive behaviors in the past year provided a more direct measure of in
situ aggression than obtaining ratings of feelings of aggression in a laboratory setting or eliciting hostile attributions in hypothetical contexts. Relying
on relatively direct measures of nature, attention, and aggression lends
greater confidence that the relationships found here are true outside of this
study. The large sample size employed (145 participants) further strengthens
the case for external validity.
At the same time, there is reason for caution in assuming that these effects
generalize to forms of aggression not studied here or to aggression in other
populations and settings. Although the mental fatigue hypothesis should
apply to many forms of aggression and it is quite clear that both men and
women are subject to mental fatigue, this work examined only intrafamily
aggression by women. Future research should examine effects of nature on
aggression by men and other forms of aggression (e.g., road rage and gang
violence).
These qualifications notwithstanding, domestic violence is an important
topic in and of itself, and findings with regard to domestic violence have
far-reaching implications. A substantial literature has established that compared with children from nonviolent families, children of violent families are
more likely to grow up to be violent. This increased risk for violent behavior
includes not only children who were victims of abuse but also those who witnessed abuse (Bandura, 1973, 1978; DuRant et al., 1994; Rice & Remy,
1998; Wissow et al., 1992; Wolfe, Jaffe, Wilson, & Zak, 1985). Thus, identifying possible avenues to reducing domestic violence may pay benefits for
generations to come. By reducing intrafamily aggression and thus children’s
socialization into aggressive and violent behaviors, green neighborhood
spaces may indirectly reduce aggression in future generations.
This work has implications for understanding and preventing aggression
and for our understanding of the psychological effects of natural
environments.
UNDERSTANDING AND PREVENTING AGGRESSION

One contribution of this work is to suggest a potential explanation for a
number of poorly understood phenomena in the environment-behavior literature on human aggression. Mental fatigue might help account for the relationships found between crowding and aggression (Ani & Grantham-McGregor,
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1998; Nijman & Rector, 1999; Palmstierna, Huitfeldt, & Wistedt, 1991) and
noise and aggression (Donnerstein & Wilson, 1976; Gaur, 1988; Geen &
McCown, 1984; Sherrod, Moore, & Underwood, 1979), and for urban-rural
differences in aggression (Fingerhut, Ingram, & Feldman, 1998). Noise and
crowding both seem likely to place demands on attention (Cohen &
Spacapan, 1978), and urban environments tend not only to be noisier and
more crowded than rural environments but also less green than rural environments. Thus, urban environments seem likely to be more attentionally fatiguing and less attentionally restorative in general than rural environments.
Future research might examine whether these phenomena are indeed fatigue
related.
This work may also offer insight into some phenomena in human aggression that do not necessarily involve the physical environment. For example,
both the extremely high rates of aggression and violence in poor families
and the link between stressful life events and aggression (Guerra,
Huesmann, Tolan, Van Acker, & Eron, 1995; Hammond & Yung, 1991;
Patterson, Kupersmidt, & Vaden, 1990; Spencer, Dobbs, & Phillips, 1988;
Straus et al., 1980) might be explained at least in part by mental fatigue. As
described in the introduction, poverty is likely to place relatively high, unremitting demands on attention. And stressful life events such as moving to a
new home or having a family member become seriously ill can involve substantial amounts of problem solving, contingency planning, and other attentionally demanding, mentally fatiguing forms of cognition. If the relatively
high rates of aggression associated with poverty and stressful life events are
indeed partially attributable to mental fatigue, future research should find
links between poverty and mental fatigue as well as links between stressful
life events and mental fatigue.
This work also suggests a number of possible interventions for addressing
aggression and violence in the inner city. Specifically, efforts to improve conflict behavior might involve preventing, detecting, and treating attentional
fatigue. For example, conflict behavior might be improved by preventing
attentional fatigue through reducing the attentional demands of the environment by means of soundproofing, reducing crowding, and increasing safety.
Similarly, providing insurance against the drastic life changes to which the
poor are most susceptible might also help prevent fatigue and fatigue-related
aggression. DSB and other tests of attentional functioning might help detect
fatigue and let individuals know when they are most at risk for aggressive or
violent behavior. Finally, strategies for treating attentional fatigue, including
taking green breaks and getting more sleep, might help prevent
fatigue-related aggression.
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UNDERSTANDING THE EFFECTS OF NATURAL
ENVIRONMENTS ON HUMAN BEHAVIOR

This work contributes to our understanding of the psychological effects of
natural environments in a number of ways. First, the findings provide strong
evidence for a potential effect of nature that has been largely unexplored—
reducing aggression and violence. Previous research on the effects of nature
has focused on its effects on mood, recovery from stress, everyday functioning, and attention (e.g., Cimprich, 1993; Hartig et al., 1991; Hull & Michael,
1995; Ulrich et al., 1991), and only two previous studies have hinted at a
potential effect of nature on aggression (Mooney & Nicell, 1992; Rice &
Remy, 1998). This study demonstrates a link between nature and reduced
aggression in an experimental design and provides clear support for the proposed mechanism of attentional restoration. In doing so, it extends attention
restoration theory and shows that the theory has implications for a concern as
important and socially relevant as levels of aggression and violence in
inner-city neighborhoods.
A second contribution is to raise an interesting question with regard to the
benefits of residential nature. In these data, the vegetation around apartment
buildings was significantly related to measures of attentional functioning but
not to measures of stress or positive mood. This is consistent with the previous literature: Other studies have found significant relationships between
residential vegetation and measures of attention (R. Kaplan, 2001 [this
issue]; Tennessen & Cimprich, 1995), and to date we are unaware of any studies demonstrating links between residential nature and either stress or positive mood. Are there in fact no relationships between residential nature and
stress or residential nature and mood? Perhaps these relationships exist and
the procedures in this study simply failed to uncover them. It also seems possible that mood and stress are simply not affected by highly habituated forms
of nature. This seems a fascinating question for future research.
A third contribution of this work concerns the density and extent of nature
necessary to convey benefits. It might seem implausible that a few trees and
grass in relatively small areas outside public housing apartment buildings
could have any clear effects on residents’ levels of aggression. Yet this low
dose of vegetation has been shown to have far-reaching and positive effects
on a number of other important outcomes, including residents’ management
of major life issues (Kuo, 2001) and neighborhood social ties (Kuo et al.,
1998; Kweon et al., 1998). Future research might explore how the benefits of
contact with nature vary as a function of the density of vegetation.
A final contribution of this work is to suggest that the geographic distribution of natural areas matters. Although large central or regional parks are
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clearly important components of urban design, the results of this study suggest that a few major parks are not enough. All residents of RTH live within 2
miles of one of the most extensive examples of urban nature in North America—Lake Michigan and the parks along Lake Shore Drive in Chicago. Yet
the proximity to these tremendous natural resources is apparently insufficient
to keep all residents of RTH at similar levels of attentional functioning. Perhaps, as Rachel Kaplan (1985) suggested, cities should be designed with
nature at every doorstep.

NOTES
1. Given that residents do have some choice of apartment within Robert Taylor Homes
(RTH), it seemed possible (although not likely) that better functioning and therefore potentially
less aggressive residents might self-select into greener buildings. As a check on that possibility,
participants were asked what criteria were important to them in choosing a place to live: Of 118
responses, 93% were clearly unrelated to levels of vegetation (47% of respondents “just needed a
place;” 12% desired safety or cleanliness; 10% were concerned about access to work, school, or
family; 9% were concerned about cost; 8% were concerned about space or number of bedrooms;
6% wanted an apartment on a “low floor,” perhaps because of the frequency of elevator malfunctions; and 1 participant mentioned sense of community). Seven percent of respondents expressed
concerns that might be interpreted as related to levels of vegetation (e.g., location, neighborhood, area, and environment), and 1 participant of the 145 specifically reported that a “natural
setting” was important to her. However, analyses indicated that these participants lived in no
greener areas on average than the remainder of the participants in this study. Thus, the level of
nearby nature does not seem to be an important criterion in residents’ selection of apartments
within RTH; moreover, it appears that the level of choice residents have in selecting an apartment
is sufficiently low that even residents who might strongly value access to nature are no more
likely to be assigned to a green area.
2. Eligibility requirements for public housing and some other forms of public aid favor single
mothers. This creates a pressure for families not to list adult males as official residents (and for
these unofficial residents not to participate in studies about life at RTH).
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ABSTRACT: Attention Restoration Theory suggests that contact with nature supports attentional functioning, and a number of studies have found contact with everyday nature to be related to attention in adults. Is contact with everyday nature also
related to the attentional functioning of children? This question was addressed
through a study focusing on children with Attention Deficit Disorder (ADD). This
study examined the relationship between children’s nature exposure through leisure
activities and their attentional functioning using both within- and between-subjects
comparisons. Parents were surveyed regarding their child’s attentional functioning
after activities in several settings. Results indicate that children function better than
usual after activities in green settings and that the “greener” a child’s play area, the
less severe his or her attention deficit symptoms. Thus, contact with nature may support attentional functioning in a population of children who desperately need
attentional support.

Over 2 million children in the United States alone are struggling to cope
with a chronic attentional deficit, Attention Deficit Disorder (ADD) (Barkley,
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1995). ADD reduces children’s attentional capacity and in doing so, has detrimental effects on many aspects of life (e.g., school, interpersonal relationships, personal growth). Unfortunately, of the available treatments, some
have costly side effects, and the remaining have limited effectiveness. Surprisingly, the physical environment has not been examined as a potential
source of support for children with ADD. Attention Restoration Theory
(Kaplan, 1995) proposes that nature may support attentional functioning, and
a growing body of evidence indicates that, in adults with regular attentional
capacity, nature is supportive of attentional functioning. Could natural environments support attentional functioning in children with attention deficits?
The study presented here examined the effects of children’s afterschool and
weekend activity settings on their attention deficit symptoms.
In this section, we describe ADD and its treatment, review the previous
work on nature and attention, and present the central questions motivating
this study.
ATTENTION DEFICIT DISORDER

Attention Deficit Disorders are surprisingly common and have far reaching consequences. ADD occurs in about 3% to 7% of school-age children
(Barkley, 1997; Bender, 1997; Hinshaw, 1994). Moreover, there is substantial evidence that ADD in childhood can disrupt cognitive and social development in several pivotal areas. First, children with ADD tend to have poor
academic performance (for reviews, see Barkley, 1997; Bender, 1997;
Hinshaw, 1994). Second, they are at increased risk for problems in the social
arena as well. For example, they tend to have poor peer relationships and are
often rejected by their peers (Alessandri, 1992; for reviews, see Bender,
1997; Berk, 1994; Hinshaw, 1994). They also tend to have poor relations with
their parents and have a higher rate of family conflict (Barkley,
Anastopoulos, Guevremont, & Fletcher, 1992). In addition, children with
ADD tend to display more aggressive and antisocial behavior (for reviews,
University of Illinois, Urbana-Champaign. This research was supported by a grant
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see Barkley, 1997; Hinshaw, 1994). Perhaps it is not surprising, then, that
children with ADD are often also at greater risk for low self-esteem, anxiety, and
depression (for reviews, see Barkley, 1997; Bender, 1997; Hinshaw, 1994).
ADD is essentially defined as a developmental lag in the specific area of
attentional control. Thus, diagnosis involves evaluating a child’s attentional
control relative to their same-age peers (American Psychiatric Association,
1994). Specifically, the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) defines ADD as a persistent pattern of inattention “that is
more frequent and severe than is typically observed in individuals at a comparable level of development” (American Psychiatric Association, 1994, p. 78).
Barkley (1998) suggests that children with ADD can be expected to display
attentional control at a level 30% behind their same-age non-ADD peers; for
example, a 10-year-old ADD child generally displays behaviors more typical
of a 7-year-old child.
Current evidence suggests that this lag in attentional development is due
to biological factors (Barkley, 1995; Shue & Douglas, 1992). For example,
physiological recordings obtained through magnetic resonance imaging
show physical differences in the brain morphology of children with ADD.
Specifically, the right frontal lobe, which plays a key role in directed attention
(Foster, Eskes, & Stuss, 1994), was found to be smaller in children with ADD
(Hynd, Semrud-Clikeman, Lorys, Novey, & Eliopulos, 1990) than in children with age-appropriate attentional control. Thus, although folk theory
holds that the immaturity of behaviors in ADD children is the product of
social factors such as poor parenting, the evidence suggests that ADD is a
biologically based disorder and not the product of the social or physical environment (Barkley, 1998; National Institute of Mental Health [NIMH], 1994).
HOW IS ADD TREATED?

Current treatments for ADD are limited in effectiveness and have many
shortcomings (for reviews, see Fiore, Becker, & Nero, 1993; Hinshaw, 1994).
Stimulant medications, such as Ritalin, Dexedrine, and Cylert, are the primary treatment for ADD (Hinshaw, 1994; NIMH, 1994; Swanson et al.,
1993). In 9 out of 10 children, these medications help sustain attention and
provide temporary gains in academic productivity (NIMH, 1994), but unfortunately, they fail to improve children’s long-term social and academic outcomes (for review, see Hinshaw, 1994). In addition, these medications have
serious side effects. They often suppress appetite and disrupt sleep (Hinshaw,
1994; NIMH, 1994), and in some children, they induce extreme depression
and unusually flattened affect (Douglas, 1972).
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Behavioral therapies are a second form of treatment for ADD. These
include direct contingency management, in which children earn or lose
points for specific behaviors, and cognitive behavioral procedures, in which
children learn how to self-monitor attention and impulsive behavior (for
review, see Fiore et al., 1993; Hinshaw, 1994). Unfortunately, these therapies
are typically not sufficient to bring children into normal ranges of functioning
(Fiore et al., 1993; Hinshaw, 1994).
Given the difficulties associated with medication and behavior therapy-based treatments, there is a clear need to explore alternative means of
treating ADD. Could contact with nature support the attentional functioning
of children who have ADD? Both theory and evidence regarding the relationship between contact with nature and attentional functioning suggest it
might.
NATURE AND ATTENTION

Attention Restoration Theory (Kaplan, 1995) proposes that natural environments can assist attentional functioning. To understand how this might be
so, let us review James’s (1892/1962) theory of attention, and then Kaplan’s
(1995) application of that theory to Attention Restoration Theory.
James proposed that humans have two types of attention: voluntary and
involuntary. Voluntary attention, or what Kaplan (1995) calls directed attention, is the kind of attention we use when we deliberately pay attention. This
form of attention is employed in attending to tasks (e.g., problem solving) or
situations (e.g., driving in heavy traffic) that require sustained attention and
that are not inherently easy to attend to. After prolonged and intense use,
directed attention becomes fatigued (Glosser & Goodglass, 1990; Kaplan,
1995). By contrast, involuntary attention is easy and does not require effort
(James, 1892/1962). James suggested that certain elements in the environment draw on our involuntary attention: “strange things, moving things, wild
animals, bright things, pretty things, words, blows, blood, etc. etc. etc.”
(James, 1892/1962, p. 231). Reliance on involuntary attention can be useful
for the rest and recovery of fatigued directed attention. Kaplan (1995) proposes that stimuli and environments that draw primarily on involuntary attention give directed attention a chance to rest. Attention Restoration Theory
suggests that natural environments assist in recovery from directed attention
fatigue in part because they draw on involuntary attention rather than directed
attention (Kaplan, 1995).
A number of studies in adult populations support Attention Restoration
Theory. Several studies have shown that nature draws on involuntary attention (e.g., Kaplan, 1973, 1983; Kaplan & Talbot, 1983; Ulrich, 1981). In
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addition, a number of other studies have shown that exposure to natural environments can be effective in restoring directed attention from fatigue (Canin,
1991; Cimprich, 1990; Hartig, Mang, & Evans, 1991; Kuo, in press; Lohr,
Pearson-Mims, & Goodwin, 1996; Miles, Sullivan, & Kuo, 1998; Ovitt, 1996;
Tennessen & Cimprich, 1995). In one study, exposure to natural environments through leisure activities was shown to be related to attentional functioning in adults. A study of AIDS caregivers found that nature activities and
quiet activities were associated with robust attentional functioning, whereas
activities such as TV watching, shopping, and watching or playing organized
sports were associated with poorer attentional functioning (Canin, 1991).
NATURE AND ATTENTION IN CHILDREN

Could contact with nature support attention in children? Theoretical and
empirical work in landscape architecture and environmental psychology has
addressed numerous possible other benefits of nature for children, including
providing privacy, mental stimulation, and sensory stimulation and supporting important developmental activities such as play, creative forms of play,
and exploratory and divergent thinking (Heseltine, 1987; Jansson, 1984;
Kirkby, 1989; Miller, 1972; Moore, 1986, 1989; Nabhan & Trimble, 1994;
Senda, 1992; Striniste & Moore, 1989; Taylor, Wiley, Kuo, & Sullivan, 1998;
Trancik & Evans, 1995). Only one article has raised the question of nature’s
potential impacts on children’s attention (Trancik & Evans, 1995). Trancik
and Evans (1995) suggest that the design of day care settings should include
spaces supporting “restoration,” such as natural areas, because preschool
children may be susceptible to mental fatigue as they adapt to a new preschool environment. However, this idea has not been empirically examined.
There are reasons to think that Attention Restoration Theory extends to
children. Like adults, children may become attentionally fatigued. For example, children’s schoolwork requires extended periods of deliberate, effortful
attention. And like adults, children often must carry out these tasks in a context filled with powerful distractions that constantly demand attention,
making it extremely difficult to concentrate on the task at hand. In addition,
because children’s attention is not fully developed (Mackworth, 1976; Shaffer,
1985), they may be fighting off distractions with less attentional control than
adults. Thus, children may need attentionally supportive environments
where they can go to restore. It seems plausible that natural environments
might support attention in children, including children with ADD.
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This study examined whether contact with nature assists attentional functioning in children with ADD. Two hypotheses were formulated and tested:
one regarding the immediate aftereffects of contact with nature, and the other
regarding the general effects of nature on the severity of a child’s ADD symptoms. Specifically, we proposed that
Hypothesis 1: Attention deficit symptoms will be more manageable after activities
in green settings than after activities in other settings.
Hypothesis 2: The greener a child’s everyday environment, the more manageable
their attention deficit symptoms will be in general.

To address these hypotheses, we conducted a survey of parents of children
with ADDs. For each child, we collected information about the aftereffects of
leisure activities conducted in different settings, the amount of nature in their
everyday environment, and the severity of their symptoms in general. In addition, six possible alternative explanations for a nature-attention relationship
were examined.

METHOD

The questionnaire and procedures for this study were developed through a
multifaceted qualitative data collection effort. The methodology was guided
by interviews with children with ADD, their parents, and a variety of professionals with expertise in ADD (pediatricians, a professor of special education, and a fifth-grade teacher). The methodology was also guided by
classroom observations of four ADD children (10-11 years old).
The questionnaire was pretested with four different families, one family at
a time. As parents completed each section of the questionnaire, the following
concerns were addressed: (a) whether the activities included in the survey
adequately covered the range of activities 7- to 12-year-olds engage in, (b)
whether parents understood the concept of post-activity attentional functioning, (c) whether the rating scales were appropriate, and (d) whether the nature
measures were easily interpretable and usable. After each pretest, revisions
were made to the questionnaire before further pretesting.
It is worth noting that an effort was made to develop a questionnaire for the
ADD children themselves; however, pretesting indicated that the children
were not able to reliably report on any aftereffects of their activities on their
attention deficit symptoms.
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QUESTIONNAIRE

The final version of the questionnaire was printed as a small booklet that
took about 30 to 40 minutes to complete. On the cover, the following narrative introduced participants to the idea that children’s activities might have
aftereffects on their attention.
Think about how you feel after a difficult week. You may find it more difficult
than usual to pay attention. On the other hand, after a good vacation, you may
find that it’s relatively easy to focus your attention.
We suspect that the same may be true for children. There are many different
ways children can spend their time outside of school. For children with attention deficits, it’s possible that some activities leave children functioning better
than usual, while other activities leave children in worse shape.
In other words, perhaps during the hour or so after your child does a certain
activity, you find that their ADD/ADHD symptoms are worse than usual. Or
vice versa; perhaps after doing another activity, you find that your child is functioning better than usual.

To make the concept attentional functioning more concrete, four specific
attention deficit symptoms were listed:
•
•
•
•

Can’t stay focused on unappealing tasks (homework or chores)
Can’t complete tasks
Can’t listen and follow directions
Easily distracted

These symptoms are modified selections from the diagnostic criteria for
Attention Deficit/Hyperactivity Disorder (pp. 83-84 of DSM-IV; APA,
1994). Because Attention Restoration Theory suggests a relationship
between nature and attentional functioning, but not necessarily between
nature and hyperactivity-impulsivity, only symptoms of inattention were
selected. In addition, because parents rarely observe their children in the
classroom, only symptoms readily apparent in a home setting were
presented.
In the first section of the questionnaire, participants were asked to nominate up to two afterschool and weekend activities that they felt left their
child functioning especially well and up to two activities that they felt left
their child functioning especially poorly. Parents completed the sentence,
“After ____ my child’s ADD symptoms are much less noticeable than usual.
My child is in good shape.” Parents were asked to nominate up to two best
activities. Parents then did the same for worst activities: “After ____ my
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child’s ADD symptoms are much more noticeable than usual. My child is in
bad shape.” For both items, parents had the option of marking none, if they
had not noticed any activities that were particularly helpful or harmful for
their child’s attention. About 66% of parents were able to nominate at least
one activity that was best for their child; 68% were able to nominate at least
one that was worst. Parents’ nominations were later coded in terms of their
likely settings by an individual blind to the best and worst labels. Each of the
activities was classified as either Green (likely to take place in a relatively
natural setting), Not Green (unlikely to take place in a relatively natural setting), or Ambiguous (ambiguous with respect to physical setting). For example, camping trip, fishing, and soccer were coded as Green, whereas video
games, TV, and homework were coded as Not Green. Activities such as playing outside and rollerblading were coded as Ambiguous.
In the second section, participants were presented with a list of afterschool
and weekend activities and asked to rate each activity in terms of any aftereffects of that activity on their child’s attention deficit symptoms. These
postactivity attentional functioning ratings, or PAAF ratings, were made on a
5-point Likert-type scale from 1 = much worse to 5 = much better, with a midpoint of 3 = same as usual; don’t know was also an option. Twenty-five activities were presented in three lists: 11 activities conducted indoors, 6 activities
conducted in built outdoor spaces (defined as mostly human-made areas—
parking lots, downtown areas, or just a neighborhood space that doesn’t have
much greenery), and 8 activities conducted in green outdoor spaces (defined
as mostly natural areas—a park, a farm, or just a “green” backyard or neighborhood space). Each activity was rated for two social contexts: after the
activity was conducted alone, or with one person, and after the activity was
conducted with two or more people.
In the final section of the questionnaire, parents answered a series of general questions about their child, their household, and the child’s everyday surroundings. Parents answered the question, In general, how severe would you
say your child’s ADD or ADHD symptoms are (when not on medication)?
using a 5-point Likert-type scale, from 1 = very mild to 5 = very severe. They
reported their child’s age, sex, grade in school, diagnoses other than ADD/
ADHD, number of adult caregivers, and the household income. In addition,
parents assessed the greenness of their child’s everyday surroundings.
To assist parents in assessing the level of nature in their child’s everyday
surroundings, parents were first presented with a set of six photo pairs of possible play settings ranging from places indoors where it feels very much
indoors (two photos of windowless rooms) to places where there might be
“wild” things: flowers, trees, animals, etc. (two photos of relatively untamed
landscapes). The photo pairs were independently rated by 21 horticulture

62

ENVIRONMENT AND BEHAVIOR / January 2001

students for greenness or naturalness on a scale of 1 = low to 10 = high), with
an interrater reliability of .994. To avoid collecting information about play
spaces used during other seasons (e.g., winter), parents were asked to select
one photo pair description as representative of where their child played during the previous week. Parents were then asked whether their child’s activities in the previous week were representative of their normal routine (yes/no).
In addition to assessing the level of nature in their child’s typical play settings, parents were asked to assess the overall greenness of their family’s residence, the amount of tree cover in their yard, and the amount of grass in their
yard. Overall greenness around the home was rated on a 5-point Likert-type
scale (1 = not at all green, 5 = very green). To assess tree cover, parents were
shown four photos depicting yards with different levels of tree cover and
asked to select one that best represented the amount of tree cover in their front
yard and one that best represented the amount of tree cover in their back yard.
The amount of grass was measured through the same procedure.
PARTICIPANTS AND PROCEDURE

Participation was limited to parents or legal guardians of children 7 to 12
years old who had been formally diagnosed with ADD or ADHD (i.e., diagnosed by a physician, psychologist, or psychiatrist).
Participants were recruited through flyers distributed to pediatricians’
offices, medical clinics, schools, and parent support groups such as Children
and Adults with Attention Deficit/ Hyperactivity Disorder (CHADD). Participants were also recruited through advertisements placed in major newspapers. Newspaper advertisements were restricted to the midwestern United
States to ensure roughly comparable climate and vegetation across the sample. The flyers and advertisements invited parents to participate in a
mail-back or Internet-based survey about the effects of ADD/ADHD children’s afterschool and weekend activities on their symptoms. Two incentives
were offered: a list of recommendations based on the study’s findings and a
choice of a pizzeria gift certificate or a children’s book about ADD.
Questionnaire data were collected, as suggested by a pediatrician and special education professor, when the attentional demands of school would make
potential effects of nature on attention most salient to parents. Data were
collected from mid-September, after children’s school routines were well
established, through the end of October, before inclement weather might significantly limit outdoor play. Paper copies of the questionnaire were mailed
to parents who volunteered by phone or by e-mail, and an electronic version
of the questionnaire was also made available on the Internet. The Dillman
(1978) follow-up methodology was employed to encourage participants to
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return the mail-back questionnaire within the time frame of the study. By the
deadline, 77 paper copies of the questionnaire were returned, or 58% of those
mailed. An additional 19 questionnaires were completed on the Internet, for a
total of 96 completed questionnaires.
Given the use of convenience sampling, it is important to note that this
sample was similar to other samples of children with ADDs. The ratio of boys
to girls with attention deficits in the general population is estimated to be 3:1
(Barkley, 1990; Bender, 1997) or even 4:1 (American Psychiatric Association, 1994); the ratio of boys to girls in this sample was 3:1. Overall, this sample had more children with ADHD (61%) than ADD (39%). The ratio of
ADD to ADHD in the general population is estimated at 1:1.7 for boys and
1:2.2 for girls (Szatmari, Offord, & Boyle, 1989); the ratio of ADD to ADHD
in this sample was 1:1.6 for boys and 1:1.5 for girls. The percentage of ADD
or ADHD boys having at least one comorbid disorder in the general population is 44%, whereas 29% of girls have at least one comorbid disorder
(Szatmari et al., 1989); in our sample, 52% of boys had one comorbid disorder, and 36% of girls had one comorbid disorder. The mean age of children in
this sample was 9.4 years, with a standard deviation of 1.5 years. About 63%
of the parents reported their household income to be $50,000 or greater.
After the questionnaire data from the complete sample were analyzed, a
subset of questionnaire participants was invited to a focus group dinner to
discuss the findings. Eight questionnaire participants who had indicated
interest in a follow-up interview attended. Focus group participants first
briefly reacquainted themselves with the questionnaire and were asked to
discuss any parts of the questionnaire they had found difficult to understand
or complete. They were then asked if they had any guesses about the central
hypothesis of the study, or “what the study was after.” Some of the major findings were then presented, and participants were asked to describe any experiences they had had related to each of these findings, either in keeping with the
findings or in contrast to the findings. Finally, participants were asked to
describe their observations regarding different activities, different activity
settings, and their aftereffects on their children’s symptoms

RESULTS

Does contact with nature assist attentional functioning in children with
ADD? First, we present tests of the central hypotheses, along with relevant
quotes and anecdotes from interviews with parents. Then, we present tests of
several alternative explanations for the central findings.
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TABLE 1
Activities Nominated as Best and Worst for
Attention Deficit Disorder Symptoms, Classified by Likely Setting

Likely Setting
Green (e.g., fishing, soccer)
Ambiguous (rollerblading, playing outside)
Not Green (video games, TV)

Best

Worst

85% (17)
56% (43)
43% (53)

15% (3)
44% (34)
57% (69)

NOTE: Numbers in parentheses are ns for each group.
TESTING OF CENTRAL HYPOTHESES

Each of the two central hypotheses was tested in multiple ways. Tests of
the first hypothesis involved within subjects comparisons; tests of the second
hypothesis involved between subjects comparisons.
Hypothesis 1. The first hypothesis was that attention deficit symptoms
will be more manageable after activities in green settings than after activities
in other settings. This hypothesis was first tested by examining the activities
nominated by parents as particularly helpful (best) or harmful (worst) for
their children’s attention deficit symptoms: 113 best activities and 106 worst
activities were nominated. If green settings are more attentionally supportive, then activities typically conducted in green settings should be
overrepresented among the activities nominated as best and
underrepresented among the activities nominated as worst. Indeed, as Table 1
shows, of the 20 Green activities (activities judged by an independent coder
as likely to take place in a relatively natural setting), 17 were nominated as
best, and 3 were nominated as worst (85% vs. 15%). Furthermore, Not Green
activities were overrepresented among the activities nominated as worst
(57%; 43% best). A chi-square confirmed that the likelihood that an activity
would be nominated as best or worst significantly differed for different settings, χ2(2) = 12.74, p < .01. This finding raises the possibility that participants nominated Green activities as best because they had guessed the central
hypothesis of the study. However, during the focus group, questionnaire participants said they had not guessed that the study was about the relationship
between nature and attention.
The first hypothesis was then tested by examining parents’ ratings of their
children’s attention deficit symptoms after participating in various activities
in one of three settings. The mean PAAF rating for all activities was 3.22
(between 3 = same as usual and 4 = better than usual) with a standard deviation of .48. Mean PAAF ratings for specific activities ranged from 2.14, for
homework with others indoors, to 3.80, for riding bike alone in green set-
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Figure 1: Mean Postactivity Attentional Functioning Ratings for Indoor, Built
Outdoor, and Green Outdoor Activities

tings. If nature is supportive of ADD children’s attentional functioning,
activities conducted in green outdoor settings should receive higher PAAF
ratings, on average, than activities conducted in indoor settings or built outdoor settings. In fact, a repeated measures ANOVA indicates that PAAF ratings do differ by setting, F(2, 82) = 15.51, p < .0001 (see Figure 1). Green
activities received a significantly higher PAAF rating on average than indoor
activities, Fishers PLSD d = .30, p < .0001, (M = 3.53 versus 3.22, respectively) and a significantly higher rating than built outdoor activities, Fishers
PLSD d = .28, p < .0001, (M = 3.53 versus 3.24, respectively).
In the comparison of PAAF ratings for indoor versus green outdoor settings reported above, homework was included as one of the indoor activities
because it constitutes an important afterschool and weekend indoor activity.
However, whereas the other activities rated in the survey are truly leisure
activities, homework is not a leisure activity, and is particularly attentionally
demanding. Thus, it seems unfair to compare indoor activities to outdoor
activities with homework included as an indoor activity. Hence, we compared PAAF ratings for indoor versus green outdoor activities, excluding
homework from the analysis. Even with homework excluded, the pattern
held, with green outdoor activities still receiving significantly greater PAAF
scores than indoor activities, Fisher’s PLSD d = .25, p = .0001.
The aftereffects of activities on children’s attention deficit symptoms
were further explored in the focus group. Participants were asked if they had
had any experiences, either positive or negative, related to any aftereffects of
green settings on their child’s attention. One parent said she had recently
begun taking her son to the local park for 30 minutes each morning before
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school because the weather was nice, and they “had some time to kill.” She
then said,
Come to think of it, I have noticed his attitude toward going to school has been
better, and his school work has been better this past week. I think it’s because
spending time at the park is pleasurable, peaceful, quiet, calming.

Another parent suggested that his son, although usually struggling against his
attention deficit symptoms, can “hit golf balls with me for 2 hours at a time,”
and “he fishes for hours at a time alone.” This father reported that, after these
activities, his son’s attention deficit symptoms “are minimal,” and “he’s very
relaxed.” “When I read the results of your study, they hit me in the face,” continued this parent. “I thought, yes I’ve seen this!” (referring to the positive
effects of nature on ADD children’s attentional functioning). In contrast,
none of the focus group participants could report any instances in which
green outdoor activities exacerbated their child’s attention deficit symptoms.
Hypothesis 2. The second central hypothesis in this study was that the
greener the child’s everyday environment, the more manageable their attention deficit symptoms will be in general. This hypothesis was first tested by
examining the relationship between the greenness of the child’s play setting
during the previous week and the severity of their attention deficit symptoms.
The mean rating of children’s overall severity of symptoms fell between
average and severe (M = 3.53, range = 1-5). Many (39%) were rated as having
average severity of symptoms, whereas half (50%) had symptoms that were
rated as severe or very severe. Most parents reported that their children
played in places with big trees and grass (44%), or indoor places without windows (16%), or places where there is a lot of open grass (13%). If greenness
of play environment affects attentional functioning, then children who play
in greener settings should receive lower severity of symptoms ratings.
Indeed, a regression analysis between horticulture students’ greenness ratings of the play setting categories and parents’ severity of symptoms ratings
revealed a significant positive relationship, R2 = .08, F(1, 91) = 8.18, p < .01.
The greener the child’s play environment during the previous week, the less
severe their symptoms.
Does this relationship hold when children were excluded from the analyses if their play environments during the previous week was atypical of their
2
usual play environments? Yes, the relationship still held; R = .06, F(1, 70) =
4.48, p < .05.
To further explore this relationship, Figure 2 shows the mean severity of
ADD symptoms associated with different play settings, excluding the built
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Figure 2: Mean Severity of Attention Deficit Symptoms for Five Play Settings

outdoors setting due to the few children in that category. The pattern of means
reinforces the regression findings. In addition, the pattern of means raises the
intriguing possibility that indoor settings with windows may be more supportive than indoor settings without windows and that there are minimal differences between open grassy settings and settings that include trees.
This hypothesis was also examined by testing for a relationship between
various measures of residential greenness and the overall severity of symptoms. Most children’s residential surroundings (overall greenness) were
rated as being quite green (M = 4.26, on a 5-point scale). Most children had a
large area of grass in their front yard and in their back yard (M = 2.91 and
3.27, respectively, on a 1 to 4-point scale). Children also had large amounts of
tree cover in front and in back of their homes (M = 2.92 and 3.15, respectively,
on a 4-point scale). Based on our second hypothesis, children who live in residential areas rated as highly green should receive lower overall severity of
symptoms ratings than children who live in less green residential settings.
However, we did not find this to be the case; regression analyses indicate that
measures of overall greenness, grass cover, and tree cover in the front and
2
back yards were not significantly related to severity of symptoms.
Given that three measures of nature were found to be related to attention,
why didn’t we find a relationship between residential nature and severity of
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symptoms? One possible explanation is that the children in this sample do not
gain much exposure to the nature surrounding their homes. It is plausible that
these children do not spend much time in their yards, especially because there
was such a clear, significant relationship between the greenness of where
they played and the severity of their symptoms. The fact that most of the sample (75%) were boys may explain the nonsignificant relationship between
residential nature and these children’s attentional functioning (severity of
symptoms). Interviews with parents during pretesting, as well as comments
from the focus group, indicate that boys rarely play in their own yards; they
generally choose to play elsewhere.
The effects of extended contact with nature on overall severity of symptoms were further explored in the focus group. Parents were asked, “Has anyone taken your ADD child on a ‘pure’ nature experience, such as camping, hiking, fishing, biking, etc. in a State park, National park, or other natural area? If
so, what happened? Anything memorable?” One parent’s response was “Pure
nature vacations are the only vacations we can take! Theme parks are a nightmare. Two weeks camping in a pop-up camper is just bliss. We have a great
time. He’s great.”
TESTING OF ALTERNATIVE EXPLANATIONS

The findings above indicate that there is a relationship between nature and
attentional functioning in children with ADD. This is consistent with
Kaplan’s theory that contact with nature leads to attentional restoration.
Might it be, however, that the correlations reported above were obtained in
the absence of any real relationship between nature and attentional functioning? In other words, does the nature-attention relationship exist merely
because both nature activities and attentional functioning are related to some
other, third, factor? In search of a potential third factor, six alternative hypotheses are considered below.
First, could it be that green activities enhance attentional functioning not
because they are green, but because they are conducted outdoors? If so, we
would expect that green outdoor activities and built outdoor activities to have
average PAAF scores that would not differ significantly. However, a paired t
test examining differences in PAAF scores between green outdoor activities
and built outdoor activities indicates that green activities received significantly higher average PAAF scores than built outdoor activities, t(82) = 4.38,
p < .0001 (M = 3.54 versus 3.24, respectively). Not only did built outdoor
activities receive lower PAAF scores than green outdoor activities, but a
paired t test indicates that built outdoor activities’ PAAF scores are not significantly greater than indoor activities’ PAAF scores, t(82)= .29, p = .77, (M =
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3.24 and 3.24, respectively). Thus, green activities’ relationship to attention
cannot be explained by green activities taking place outdoors.
Second, could it be that green activities enhance attentional functioning
not because they are green but because they are conducted in a particular
social context, either alone or with one person, or with larger groups? If so,
we would expect that when social context is controlled, the physical environment in which an activity takes place would have no effect on attention deficit
symptoms. A 2 × 2 (2 physical settings × 2 social contexts) repeated measures
ANOVA indicates that green outdoor activities received higher PAAF scores,
on average, than did indoor activities, F(1, 85) = 44.69, p < .0001, or built outdoor activities, F(1, 72) = 13.04, p < .01. Furthermore, no interaction was
found between physical setting and social setting in either of these analyses.
Thus, the social environment cannot explain the relationship between PAAF
scores and green settings.
Third, could it be that green activities enhance attentional functioning not
because they are green, but because they are physically active? If so, we
would expect that physically active green outdoor activities would receive
higher PAAF scores than passive green activities. To examine this possibility,
an independent coder coded all the activities as active or passive. For example, reading books or magazines and creative activities were coded as passive, whereas bike, skate or skateboard, explore, climb tree, or play in tree
houses were coded as active. A paired t test indicates no significant difference
between PAAF scores of active and passive activities done in green settings,
t(83) = 1.13, p = .26. Thus, green activities’ relationship to attention cannot
be explained by green activities being either active or passive.
Fourth, could it be that green activities enhance attentional functioning
not because they are green, but because these activities are qualitatively different from activities done in other settings? Could it be that the activities we
selected to measure PAAF for green outdoor settings happen to be uniquely
supportive of attentional functioning whereas the activities selected for the
indoor and built outdoor settings are uniquely unsupportive of attentional
functioning, thus making the differences found not due to setting but due to
the activities themselves. If so, we would expect that we would not find setting differences when comparing PAAF ratings for a single set of activities
after a child does the activities in each of the three settings. The activities
matched across setting were creative activities (art, music, models, Legos,
collections, etc.), pretending (house, action figures, Power Rangers, etc.),
and organized sports. A repeated measures ANOVA comparing three different physical settings and controlling for two social settings indicates that
attentional functioning differs systematically by physical setting, F(2, 62) =
3.06, p = .05. Moreover, paired comparisons indicated that the same
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activities, when conducted in green outdoor settings, were associated with
better attentional functioning than when they were conducted in either built
outdoor settings or indoor settings, F(1, 63) = 6.17, p < .05, and F(1, 81) =
4.14, p = .05, respectively). Thus, the differences in attentional functioning
between green activities and activities conducted in other settings seem to be
due to setting rather than activity.
Fifth, could it be that green activities enhance attentional functioning not
because they are green but because they are preferred? If this is the case, then
preferred activities should be attentionally supportive. Consistent with this
idea, attentionally supportive activities were indeed preferred; a t test indicated that the mean preference rating for activities nominated as attentionally
best for ADD children was significantly greater than 3.0 (a neutral preference
rating), t(62) = 29.70, p < .0001 (M = 4.70). However, preferred activities
were also nominated as attentionally worst for ADD children, t(64) = 3.03,
p < .01 (M = 3.45). Thus, worst activities were preferred as well as best activities. Both means are more positive than neutral. Thus, preference does not
appear to be responsible for making an activity attentionally supportive, and
the relationship between green activities and attention cannot be explained
by green activities being preferred.
Finally, could it be that some activities are more supportive of attentional
functioning because they coincide with medicated periods? Although our
data do not permit a direct test of this possibility, we can test for a relationship
between medication effects and activities nominated as best and worst. If medication effects are related to activities being nominated as attentionally supportive, then we would expect best activities to have been conducted while a
child was medicated and worst activities to have been conducted while a child
was unmedicated. However, parents’ reports indicate that most activities
(64%) nominated as best occur while medications are no longer effective (the
dose has worn off). Conversely, 54% of activities nominated as worst occur
while medications are still effective. Thus, the relationship between green
activities and attention cannot be explained by green activities coinciding
with medicated periods.
These analyses indicate that of the six alternative explanations tested, none
could explain the nature-attention relationship found.

DISCUSSION

Does nature support attentional functioning in children with ADDs? Several analyses suggest that contact with nature is systematically related to less-
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ened attention deficit symptoms. Activities nominated as helpful in reducing
attention deficit symptoms were disproportionately likely to take place in
green outdoor settings. Conversely, activities nominated as exacerbating
symptoms were disproportionately likely to take place in non-green outdoor
settings. Parent ratings of PAAF were also systematically higher, on average,
for activities conducted in green outdoor settings than for activities conducted in either built outdoor or indoor settings. Although the greenness of a
child’s residential setting was unrelated to the severity of their ADD symptoms, the greenness of their play setting was related to symptom severity;
ADD symptoms were milder for those children with greener play settings.
Children who played in windowless indoor settings had significantly more
severe symptoms than children who played in grassy outdoor spaces with or
without trees did.
Multiple alternative explanations for these findings were tested. The relationship between nature and attention could not be explained by confounds
between contact with nature and any of the following factors: being outdoors,
social environment, amount of physical activity, types of activity, preference
for nature, or timing of medication.
Although these findings are based on correlational data, the design of this
study provides more support for a causal interpretation than is typical for
correlational work. First, most correlational work gives no confidence in the
temporal order of the relationship found, establishing only that A is related to
B. This study not only establishes a strong nature-attention relationship, it
also suggests a direction to that relationship. Because this study specifically
focuses on attentional functioning after activities, it seems more plausible
that participation in green activities causes improved attentional functioning
than that improved attentional functioning causes participation in green
activities. Remember that parents had the option of indicating that their
child’s attentional functioning was the same as usual, if indeed the child did
not improve after the activities. Second, most correlational work involves
between-subjects comparisons, in which individual differences may account
for the findings. This study establishes a strong nature-attention relationship
within subjects. We found that green activities are associated with better
attentional functioning within the same individual. Such within-individual
fluctuations in attentional functioning cannot be accounted for by
between-individual differences such as intelligence or wealth. Moreover, the
combination of between- and within-subjects comparisons in this study overcomes the limitations of a within-subjects comparison alone. For example,
parents might rate their child as functioning better attentionally after activities in green settings simply because they believe spending time in green settings is good for children. This would explain the within-subjects findings
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but not the between-subjects findings. Thus, although definitive evidence of a
causal relationship awaits a true experiment, we believe the current findings
strongly merit a causal interpretation.
GENERALIZABILITY

Before we discuss the contributions and implications of these findings, a
few cautions regarding their generalizability are in order. The sample used
here, although relatively representative of the general population of ADD
children, does have some potential limitations. The children in this sample
were perceived by their parents to have relatively severe attention deficit
symptoms. Also, the families were relatively wealthy, with 63% earning an
annual household income of $50,000 or more. And the majority of this sample lived in relatively green residential areas. Thus, the findings may not generalize to children with milder symptoms, who have families with lower
incomes, or who live in relatively barren residential surroundings.
In addition, the location and timing of the data collection may pose some
limitations regarding generalizability. The data were collected from a limited
geographic region, the midwestern United States. Thus, the question arises,
do these findings apply to children living in regions without green trees and
grass? For example, children in desert settings may not receive the same benefits from contact with nearby natural outdoor settings. Furthermore, this
study was conducted within a short period of time during a single season,
autumn. Is the nature-attention relationship still as strong during the summer
months, when children have fewer attentional demands (i.e., no schoolwork)? Is the nature-attention relationship as strong during the winter
months, when there is very little green vegetation available?
CONTRIBUTIONS

This work contributes to the research on nature and attention in three
ways. The work here extends Attention Restoration Theory, expands the literature concerning children and nature, and provides a potential new methodology for studying directed attention in children.
This study extends Attention Restoration Theory to a new population, providing evidence that the theory may apply to children. Whereas Attention
Restoration Theory suggests that nature supports directed attention functioning in all humans, previous research has only provided evidence that the theory applies to adults (Canin, 1991; Cimprich, 1990; Hartig et al., 1991; Kuo,
in press; Lohr et al., 1996; Miles et al., 1998; Tennessen & Cimprich, 1995).
This study is the first to indicate that the theory applies to at least a subpopu-
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lation of children, children with ADD. Thus, there is now evidence that
Attention Restoration Theory applies to both adults with normal attentional
functioning and children whose attentional functioning is compromised.
Together, these findings provide some indication that the nature-attention
relationship may apply to all children.
This study also extends the literature on the benefits of nature for children.
The previous literature has provided some evidence that green spaces foster
play and—of particular importance—creative play (Kirkby, 1989; Moore, 1989;
Taylor et al., 1998). In addition, previous investigators have suggested that
contact with nature supports children’s general well-being by providing children with privacy and mental and sensory stimulation (Heseltine, 1987; Jansson,
1984; Miller, 1972; Nabhan & Trimble, 1994; Senda, 1992; Striniste & Moore,
1989). To date, however, no studies have examined the effects of contact with
nature on children’s attentional functioning. Trancik and Evans (1995) did
speculate that, for preschoolers, the stress of the new school environment
might cause attentional fatigue and that, therefore, preschoolers might benefit from opportunities to play in green settings. The findings here suggest that
Trancik and Evans’s ideas are worth testing.
Finally, this study provides a potential new methodology for studying
directed attention in children. The consistent and statistically significant differences between different activities found here suggest that parents are able
to systematically assess the aftereffects of activities on their children’s
attentional functioning and can estimate the magnitude of these effects on a
Likert-type scale. Furthermore, it appears that most parents are able to nominate activities that have especially positive and negative effects on their
child’s attention. Future research should assess the reliability and concurrent
validity of these measures.
IMPLICATIONS FOR PRACTICE AND FUTURE RESEARCH

The findings here have a number of implications for practice and future
research. For children with ADD and their parents, these findings have a clear
and inexpensive implication: Children with ADD can support their
attentional functioning and minimize their symptoms simply by spending
time in green settings. More specifically, children with ADD might use these
findings in the following ways. First, before engaging in attentionally
demanding tasks such as schoolwork and homework, ADD children might
maximize their attentional capacity by spending time in green settings. Second, ADD children might reduce the overall severity of their symptoms by
spending time in green settings on a daily basis. According to parents in the
focus group, children with ADD who engage in green activities function
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better both during the activity and for some time afterward. It is worth noting
that children with ADD can follow these recommendations at little or no
financial cost by using public and private green areas.
The findings of this study have implications for the design of children’s
environments such as school yards. Given that maximal attentional functioning is necessary for optimal academic performance, one implication of these
findings is that green schoolyards could play an important role in children’s
academic pursuits. For example, recess may be more than just a time for
releasing physical energy but also an important time for restoring attention.
Children with ADD, and possibly all children, may perform better throughout the school day if given breaks in a green environment. In addition, perhaps something as simple as a view out the classroom window onto a green
space may be providing children with much needed rest of their directed
attention.
The findings of this study also have a number of implications for future
research. Future research might replicate these findings both in similar settings (children’s afterschool and weekend play environments), with other
populations (e.g., ADD children in the southwest United States, non-ADD
children), and in other settings. For example, do children who attend schools
with particularly green school yards function better attentionally throughout
the day than children who attend less green schools? Does the physical setting of summer camp affect ADD children’s attention deficit symptoms? Perhaps, summer camps in natural settings (e.g., camping in a state park) are
more beneficial for children with ADD than indoor summer camps (e.g.,
indoor sports camps or arts camps). Furthermore, future research might
explore which specific elements of green settings are crucial in supporting
attentional functioning.
Future research might also explore the temporal characteristics of the
nature-attention relationship. In this study, we examined functioning immediately after participation in green activities but did not measure the duration
of the activities or the duration of the effects. Is it necessary to spend some
minimum amount of time in nature-related activities to experience the restorative benefits of nature? For children with ADD, how does a 10-minute walk
in the park compare to a 30-minute walk in the park in terms of restoring
attentional functioning? Kuo (in press) has proposed that future research
should determine the shape of the dose response curve for nature and attention. For example, perhaps attentional functioning increases with increasing
exposure to nature only up to a point, after which the benefits level out and
additional exposure to nature produces little additional benefit. Another issue
that deserves investigation concerns the duration of the effects. How long do
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they last? Do the effects degrade in a linear fashion or do they degrade
suddenly?
This study has shown that nature may support attentional functioning in
children with ADD. These finding have tremendous implications for a large
number of children (more than 2 million in the United States alone) struggling day-in and day-out with attention deficit symptoms. These children and
their families could potentially benefit from something as simple as spending
time in green areas. In addition, these findings hold potential value for children who do not have ADD. Optimal levels of attentional functioning are
essential for all children so that they maximize learning and achievement in
school. Thus, all children’s attentional functioning may benefit from something as inexpensive and direct as incorporating vegetation into places where
children live, learn, and play.

NOTES
1. The acronym ADD will be used throughout this article because this research theoretically
hinges on children’s attention deficits. However, the information also applies to ADHD, as
ADHD is a broader diagnostic term under which a child can be diagnosed as predominantly inattentive (attention deficit), or inattentive and hyperactive/impulsive (American Psychiatric Association, 1994).
2. It is striking that in spite of a small n and thus low power for analysis, girls’ severity of
symptoms were significantly related to several measures of residential greenness.
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You don’t have to be a tree surgeon to appreciate the value of urban trees. They
affect our lives in more ways than we realise. Did you know that patients recover
more quickly from major surgery if they can see trees from their hospital bed?
Trees can improve the environment by
• benefitting human health
• affecting air quality
• providing shade and humidity
• having aesthetic qualities
• increasing biodiversity
• creating a sense of community
• increasing property prices
But they can also damage property and require
maintenance. Trees are all different. It would
therefore be useful to have a system that can
show which tree species are best and which are
bad for the urban environment.

People plant trees for
so many reasons that it
is not possible to produce a scoring system
that considers all the
factors. Here, we focus
on the ability of urban
trees to improve air
quality. Some trees are
better than others at
doing this.

To do this, we have developed an Urban Tree Air Quality Score (UTAQS), using the
West Midlands as a typical urban region in Great Britain. This pamphlet describes
• the way trees affect air quality
• the system we have developed to test the ability of trees to influence air quality
• the final tree ranking or UTAQS.
We hope urban planners and policy makers will consider the effects trees can have
on air quality and that UTAQS will be a useful tool for them.


   

  

 

Most people assume that trees only benefit air quality. In fact, some tree
species can have a negative effect and actually help to form pollutants in
the atmosphere.

Trees can emit gases

Trees can remove pol-
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treat this separately on page 9.
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the earth’s climate.

The removal of pollutants by trees is a local effect, whereas the formation
of pollutants from compounds emitted by trees happens downwind of the
trees themselves. To generate an Urban Tree Air Quality Score, we need to
weigh the local benefits against the remote costs. In order to do this, we
have used a case study, and this is described in the rest of the brochure.



  


 

       








The West Midlands urban area is 900 km2 in
size. We divided it into eight different urban
land classes using maps of land cover in the
area. Each km2 belongs to one of the eight
classes as shown on the left. The descriptions
of the land classes give a general idea of the
dominant land cover in the class, but don’t
mean that the whole km2 is covered with that
land cover type. For example, on average only
42% of woodland (land class 8) is actually covered with woodland.

   

We surveyed 32,000 randomly chosen trees in the
West Midlands in 1999, recording tree age, condition,
height and trunk diameter.
The survey process is described on the right.
Using these results, we were
able to predict the tree population of each urban land class and hence the species composition and size of
the whole West Midlands tree population. The pie chart shows the composition
of species in the West Midlands and the table shows the number of trees in
each land class and in the West Midlands conurbation as a whole.



 





 

 

 







  



We calculated leaf area, foliar biomass and stored carbon from the tree size data
collected in the West Midlands survey for each land class and scaled the leaf attributes monthly to account for the growth cycle of deciduous trees. These maps show
the distributions of these attributes in the West Midlands during the month of August.
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The emissions of volatile organic compounds that would take place at a temperature
of 30oC in bright sunlight were calculated by multiplying the foliar biomass of each
tree species by the relevent emission potential for each species, found at
www.es.lancs.ac.uk/cnhgroup/iso-emissions.pdf. Isoprene and the monoterpene family
are the most important naturally
emitted VOCs so the assignment
was limited to these compounds.
Summing the EPs for each land
class gives the isoprene and
monoterpene emission distributions shown here.
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The proportions of grass, water, trees and
built-up land in each land class are unique.
Each surface has a unique capacity to capture chemical species (i.e. has a unique deposition potential). The DPs of five chemical
compounds important to urban air quality
(ozone, nitric oxide, nitrogen dioxide, nitric
acid and carbon monoxide) were weighted in proportion to the land cover areas to
generate land class DPs. This map shows the distribution of ozone DP in the West
Midlands in August, the highest values being in the most vegetated areas.


 







   

   

CiTTyCAT (the Cambridge Tropospheric Trajectory model of Chemistry and Transport) is a computer model that simulates the chemistry of the lowest part of the
atmosphere by picking up emissions, performing chemical reactions and depositing some of the products of the reactions at the earth’s surface. The diagram below
shows the way CiTTyCAT works.

We used CiTTyCAT to simulate atmospheric chemistry over the current West Midlands tree population for a five-day period. This gives the model enough time for the
chemistry to reach a steady daily cycle. We then tested the effects of planting different tree species on the air quality in the region. We selected the 30 most common
tree species in the West Midlands, making up 90% of the total population, and
added 20% more trees of each of the 30 species in turn to the existing population.
We recalculated the biomass and leaf area of each land class for each new tree
population, and then calculated new emission and deposition potentials.

Finally, we ran the CiTTyCAT model for five days for each scenario and simulated
air quality in the West Midlands with each of the different tree populations.





 





  

To rank the ability of the different tree species to affect air quality, we compared the
concentrations of pollutants with each new tree population against those produced
by the current one. We used a simple equation that takes into account the effect of
changing tree species on pollutant formation and deposition, using ozone to represent all the relevant pollutants. The change
in ozone concentration with each tree population was compared to the air quality standard for ozone* to estimate the significance
of the change.
We grouped the tree species according to
their effect on air quality. They are grouped below as
•

trees that have the greatest capacity to improve air quality

•

trees that have a smaller capacity to improve air quality

•

trees that have the potential to worsen air quality.



   

* The air quality standard for ozone in the UK is an 8-hour running mean of 50 ppb not to be
exceeded on more than 10 days in one year. This is set as part of the government’s National Air
Quality Strategy. Details are found at www.aeat.co.uk/netcen/airqual/index.html.






  

 






  

 





   

  

Trees are popularly believed to remove pollution from the atmosphere, removing both gases and particles. However, this idea has developed largely without
careful measurements in real-life conditions to show
a) how large the effect is,
b) what processes control it and
c) how it might be exploited to improve air quality in urban areas.
To try to answer some of these questions, we measured the long-term (50
year) average deposition rate of airborne particles in urban air, such as those
emitted by cars, on woodland, grassland and other short vegetation in the West
Midlands conurbation. We did this by measuring the amount of naturally occurring radioactive compounds, found as particles in the atmosphere and soils,
and then worked out the effect of trees on the rates of pollutant deposition.
The measurements show that
 mature,

mixed woodland cap-



trees on the edge of woodland are

tures airborne particles at approxi-

more effective at capturing airborne

mately three times the rate of

particles than the trees in the centre

grassland.

of the wood because they have larger
leaf areas and are exposed to the
wind.



 

      

We wanted to see the effect of various tree-planting schemes on the deposition of pollutants in the West Midlands so once again we used computer models that simulate atmospheric dispersion, transport and deposition.
In our tree survey of West Midlands, the area of land in each sampled hectare
that was potentially available for tree-planting in the future was noted. This was
used to caluate a land class average ‘future planting potential’ area, or FPP.
We used the computer models to plant the FPP areas with ‘instant’ mature
woodland, and then calculated the change in atmospheric concentration of
PM10 (particles smaller than about 10 m aerodynamic diameter)*. There were
reductions in PM10 concentration with each scenario as shown below.

 

 



The main concern over airborne particles in cities is their effect on human
health. A number of epidemiological studies have shown that a rise in PM10
concentrations of 10 g m-3 (as a 24 hour average) is associated with an increase in mortality of 1%. The reduction in PM10 concentrations which would
result from future tree planting would therefore be beneficial to human health.
Quantifying this benefit is more difficult. However, using these health statistics
and our predictions of the effects of tree planting on urban air quality, we estimate that doubling the number of trees in the West Midlands could reduce
excess deaths due to particles in the air by up to 140 per year.
*We used PM10 because the Government’s air quality standard for particles (50 g m-3
as a 24 hour running mean) is based on this definition of size. These particles are believed to be small enough to reach the lungs.



  





The total amount of carbon stored in the West Midlands tree population is equivalent to only 6% of the carbon dioxide emitted to the atmosphere from the West
Midlands in a single year. In other words, all the trees in the West Midlands hold the
equivalent of three weeks worth of emissions of CO2 from the conurbation. Given
the relatively small amount of carbon stored in the trees, we have not included
carbon storage (sequestration) in our tree score. However, we have grouped the
thirty species considered in our score into those that have high, medium or low
growth rates, i.e. carbon sequestration rates, so that this factor can be considered
when developing planting schemes.


  

 



  

 



 





We calculated the total amount of
carbon stored by each tree species in the West Midlands. The top
ten carbon storing species are
shown on the right. By far the most
important is the English oak
(Quercus robur) with 36% of the
total stored carbon because these
trees are so big. However, it is slow
growing so it has taken longer to
accumulate it s carbon than some
of the other species listed.
*In all of this, we have not considered the effect trees have on the storage of carbon in soils
(soils are a major store of carbon).




Trees are an integral part of the urban environment, affecting communities
ecologically, socially, economically and physically and they benefit human health.
We have looked at the effects of trees on air quality, trying to answer two questions:
1. Which trees are the best to plant to sustain and improve air quality?
2. How big is the effect trees have on urban air quality?
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THE EFFECTS OF URBAN TREES ON AIR QUALITY
David J. Nowak
USDA Forest Service, Syracuse, NY
Urban vegetation can directly and indirectly affect local and regional air quality by altering the
urban atmospheric environment. The four main ways that urban trees affect air quality area:
Temperature reduction and other microclimatic effects
Removal of air pollutants
Emission of volatile organic compounds and tree maintenance emissions
Energy effects on buildings
Temperature Reduction: Tree transpiration and tree canopies affect air temperature, radiation
absorption and heat storage, wind speed, relative humidity, turbulence, surface albedo, surface
roughness and consequently the evolution of the mixing-layer height. These changes in local
meteorology can alter pollution concentrations in urban areasb. Although trees usually contribute
to cooler summer air temperatures, their presence can increase air temperatures in some
instancesc. In areas with scattered tree canopies, radiation can reach and heat ground surfaces; at
the same time, the canopy may reduce atmospheric mixing such that cooler air is prevented from
reaching the area. In this case, tree shade and transpiration may not compensate for the increased
air temperatures due to reduced mixingd. Maximum mid-day air temperature reductions due to
trees are in the range of 0.04oC to 0.2oC per percent canopy cover increasee. Below individual
and small groups of trees over grass, mid-day air temperatures at 1.5 m above ground are 0.7oC
to 1.3oC cooler than in an open areaf. Reduced air temperature due to trees can improve air
quality because the emission of many pollutants and/or ozone-forming chemicals are temperature
dependent. Decreased air temperature can also reduce ozone formation.
Removal of Air Pollutants: Trees remove gaseous air pollution primarily by uptake via leaf
stomata, though some gases are removed by the plant surface. Once inside the leaf, gases diffuse
into intercellular spaces and may be absorbed by water films to form acids or react with inner-leaf
surfacesg. Trees also remove pollution by intercepting airborne particles. Some particles can be
absorbed into the tree, though most particles that are intercepted are retained on the plant surface.
The intercepted particle often is resuspended to the atmosphere, washed off by rain, or dropped to
the ground with leaf and twig fallg. Consequently, vegetation is only a temporary retention site for
many atmospheric particles.
In 1994, trees in New York City removed an estimated 1,821 metric tons of air pollution at an
estimated value to society of $9.5 million. Air pollution removal by urban forests in New York
was greater than in Atlanta (1,196 t; $6.5 million) and Baltimore (499 t; $2.7 million), but
pollution removal per m2 of canopy cover was fairly similar among these cities (New York: 13.7
g/m2/yr; Baltimore: 12.2 g/m2/yr; Atlanta: 10.6 g/m2/yr)h. These standardized pollution removal
rates differ among cities according to the amount of air pollution, length of in-leaf season,
precipitation, and other meteorological variables. Large healthy trees greater than 77 cm in
diameter remove approximately 70 times more air pollution annually (1.4 kg/yr) than small healthy
trees less than 8 cm in diameter (0.02 kg/yr)k.
Air quality improvement in New York City due to pollution removal by trees during daytime
of the in-leaf season averaged 0.47% for particulate matter, 0.45% for ozone, 0.43% for sulfur
dioxide, 0.30% for nitrogen dioxide, and 0.002% for carbon monoxide. Air quality improves with
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increased percent tree cover and decreased mixing-layer heights. In urban areas with 100% tree
cover (i.e., contiguous forest stands), short-term improvements in air quality (one hour) from
pollution removal by trees were as high as 15% for ozone, 14% for sulfur dioxide, 13% for
particulate matter, 8% for nitrogen dioxide, and 0.05% for carbon monoxideh.
Emission of Volatile Organic Compounds (VOCs): Emissions of volatile organic compounds by
trees can contribute to the formation of ozone and carbon monoxide. However, in atmospheres
with low nitrogen oxide concentrations (e.g., some rural environments), VOCs may actually
remove ozonei,j. Because VOC emissions are temperature dependent and trees generally lower air
temperatures, increased tree cover can lower overall VOC emissions and, consequently, ozone
levels in urban areasl.
VOC emission rates also vary by species. Nine genera that have the highest standardized
isoprene emission ratem,n, and therefore the greatest relative effect among genera on increasing
ozone, are: beefwood (Casuarina spp.), Eucalyptus spp., sweetgum (Liquidambar spp.), black
gum (Nyssa spp.), sycamore (Platanus spp.), poplar (Populus spp.), oak (Quercus spp.), black
locust (Robinia spp.), and willow (Salix spp.). However, due to the high degree of uncertainty in
atmospheric modeling, results are currently inconclusive as to whether these genera will
contribute to an overall net formation of ozone in cities (i.e., ozone formation from VOC
emissions are greater than ozone removal). Some common genera in Brooklyn, NY, with the
greatest relative effect on lowering ozone were mulberry (Morus spp.), cherry (Prunus spp.),
linden (Tilia spp.) and honey locust (Gleditsia sp.)n.
Because urban trees often receive relatively large inputs of energy, primarily from fossil fuels,
to maintain vegetation structure, the emissions from these maintenance activities need to be
considered in determining the ultimate net effect of urban forests on air quality. Various types of
equipment are used to plant, maintain, and remove vegetation in cities. These equipment include
various vehicles for transport or maintenance, chain saws, back hoes, leaf blowers, chippers, and
shredders. The use and combustion of fossil fuels to power this equipment leads to the emission of
carbon dioxide (approximately 0.7 kg/l of gasoline, including manufacturing emissionso) and other
chemicals such as VOCs, carbon monoxide, nitrogen and sulfur oxides, and particulate matterp.
Trees in parking lots can also affect evaporative emissions from vehicles, particularly through
tree shade. Increasing parking lot tree cover from 8% to 50% could reduce Sacramento County,
CA, light duty vehicle VOC evaporative emission rates by 2% and nitrogen oxide start emissions
by less than 1%q.
Energy Effects on Buildings: Trees reduce building energy use by lowering temperatures and
shading buildings during the summer, and blocking winds in winterr. However, they also can
increase energy use by shading buildings in winter, and may increase or decrease energy use by
blocking summer breezes. Thus, proper tree placement near buildings is critical to achieve
maximum building energy conservation benefits.
When building energy use is lowered, pollutant emissions from power plants are also lowered.
While lower pollutant emissions generally improve air quality, lower nitrogen oxide emissions,
particularly ground-level emissions, may lead to a local increase in ozone concentrations under
certain conditions due to nitrogen oxide scavenging of ozones. The cumulative and interactive
effects of trees on meteorology, pollution removal, and VOC and power plant emissions
determine the overall impact of trees on air pollution.
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Combined Effects: Changes in urban microclimate can affect pollution emission and formation,
particularly the formation of ozone. A model simulation of a 20 percent loss in the Atlanta area
forest due to urbanization led to a 14 percent increase in ozone concentrations for a modeled dayl.
Although there were fewer trees to emit VOCs, an increase in Atlanta’s air temperatures due to
the urban heat island, which occurred concomitantly with tree loss, increased VOC emissions
from the remaining trees and anthropogenic sources, and altered ozone chemistry such that
concentrations of ozone increased.
A model simulation of California’s South Coast Air Basin suggests that the air quality impacts
of increased urban tree cover may be locally positive or negative with respect to ozone. The net
basin-wide effect of increased urban vegetation is a decrease in ozone concentrations if the
additional trees are low VOC emitterst.
Modeling the effects of increased urban tree cover on ozone concentrations from Washington,
DC to central Massachusetts reveals that urban trees generally reduce ozone concentrations in
cities, but tend to slightly increase average ozone concentrations in the overall modeling domain.
Interactions of the effects of trees on the physical and chemical environment demonstrate that
trees can cause changes in pollution removal rates and meteorology, particularly air temperatures,
wind fields, and mixing-layer heights, which, in turn, affect ozone concentrationsu.
Urban Forest Management: Urban forest management strategies to help improve air quality
includev:
•
•
•
•
•
•
•
•
•
•
•
•
•

Increase the number of healthy trees (increases pollution removal).
Sustain existing tree cover (maintains pollution removal levels).
Maximize use of low VOC emitting trees (reduces ozone and carbon monoxide formation).
Sustain large, healthy trees (large trees have greatest per tree effects).
Use long-lived trees (reduces long-term pollutant emissions from planting and removal).
Use low maintenance trees (reduces pollutants emissions from maintenance activities).
Reduce fossil fuel use in maintaining vegetation (reduces pollutant emissions).
Plant trees in energy conserving locations (reduces pollutant emissions from power plants).
Plant trees to shade parked cars (reduces vehicular VOC emissions).
Supply ample water to vegetation (enhances pollution removal and temperature reduction).
Plant trees in polluted areas or heavily populated areas (maximizes tree air quality benefits).
Avoid pollutant sensitive species (increases tree health).
Utilize evergreen trees for particulate matter reduction (year-round removal of particles).
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