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Designing With Climate:
Using Parking Lots to Mitigate Urban Climate

By Amanda Meredith Harris

(ABSTRACT)

Urban areas are known to have different climatic conditions than their rural counterparts including
higher temperatures, greater wind speeds, and increased precipitation otherwise known as urban heat
islands, urban wind, and urban precipitation. These phenomena are all caused by the design and form of
the city. Large amounts of impervious surface area, obtrusive buildings, and a lack of vegetation in the
urban landscape all contribute to these problems. Landscape architects have the potential to mitigate
urban heat islands, urban wind, and urban precipitation by understanding what causes these phenomena
and knowing a few key principles by which to mitigate them.

Parking lots can cover up to half of the land area in cities and offer a great opportunity to correct
urban climate problems. This thesis looks at current United States parking lot ordinances to determine if
and how well principles of designing with climate have been incorporated. Guidelines are then given to help
in the construction of a parking lot ordinance that aims to ameliorate the city’s mesoclimate. A design is
then created that shows how these parking lot guidelines could be incorporated into a functional, aesthetically
pleasing parking lot.




Dedication:

To my grandparents, who think | can do anything.




Acknowledgements:

I would like to thank my three thesis advisors - Dean Bork, Brian Kane, and Ben
Johnson - not only for the time they took to read countless drafts of this edition, but also for
their insightful remarks, constructive criticism, and encouragement through what has become
a very long process. Thank you all for your reassurance and boosts of confidence through
what can be a very intimidating and daunting task.

| am also indebted to all of the scholars who came before me and dedicated their
careers and lives to researching the topics covered in this thesis. Their hard work and
discoveries have made this thesis possible.

I would also like to thank Brian Katen for always checking up on me to make sure
that | was on the path to graduation. | appreciate the encouragement and advice. Thanks
also to Christine Calorusso, who has been with me since day one. Thanks for all of the
ideas, references and laughs throughout all those long nights in studio. Thanks to all of my
fellow LA students whose thoughts and ideas have all contributed in one way or another to
this thesis.

I would especially like to thank my parents who have continued to support me
throughout my life. Thanks for always being there when | need you and | promise this will be
the end of my academic career!

Not least, perhaps, | should thank my husband, Jason, for his patience and
forbearance while | have spent countless hours in the studio working on finishing this thesis.
Thanks for all your support (and pushing) over the last year. I'm glad to finally be over with
this phase of my life so | can move on to a new one with you.

I have had all the help that | could possibly wish for, thanks again to everyone. | hope
that you find it to be worthwhile, helpful and insightful. Enjoy the read!

-AHJ




Table of Contents:

TITLE PAGE
ABSTRACT
DEDICATION i
ACKNOWLEDGEMENTS v
TABLE OF CONTENTS \Y
LIST OF FIGURES Vil
CHAPTER 1: INTRODUCTION 1
CHAPTER 2: IMPACTS OF FAILURE TO DESIGN WITH CLIMATE 3)
Human Thermal Comfort 6
Urban Heat Islands 7
Urban Wind 9
Urban Precipitation 10
CHAPTER 3: PRINCIPLES FOR DESIGNING WITH CLIMATE 12
Heat Mitigation 13
Surface Albedo
Porous Surfaces
Orientation
Vegetation
Wind Mitigation 14
Precipitation Mitigation 15
Vegetation in the Urban Landscape 15
CHAPTER 4: PARKING LOT ORDINANCES 17
The Climatic Adequacy of U.S. Parking Lot Ordinances 18
Heat Mitigation
Wind Mitigation
Planting Standards and Maintenance Guidelines
The Climatic Adequacy of Mid-Atlantic Parking Lot Ordinances 25




CHAPTER 5: MID-ATLANTIC PARKING LOT ORDINANCE GUIDELINES

Guidelines for Mid-Atlantic Parking Lot Ordinances
Heat Mitigation
Wind Mitigation
Planting Standards
Plant Maintenance

CHAPTER 6: ILLUSTRATIVE DESIGN

Project Site

Site Analysis

lllustrative Designs
Design One
Design Processes
Design Two

CHAPTER 7: MAJOR FINDINGS AND CONCLUSIONS

CHAPTER 8: REFERENCES

APPENDIX A: PLANTING GUIDELINES AND MAINTENANCE STANDARDS
APPENDIX B: SACRAMENTO, CALIFORNIA'S SUPPLEMENTAL MANUAL

Vi

31
32

37

38
39

48
51
58
66




Figure 1.1.
Figure 2.1.
Figure 2.2.
Figure 4.1.
Table 4.1.
Figure 4.2.
Figure 4.3.
Figure 4.4.
Table 4.2.
Figure 4.5.
Figure 4.6.
Table 4.3.
Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 6.1.
Figure 6.2.
Figure 6.3.
Figure 6.4.
Figure 6.5.
Figure 6.6.
Figure 6.7.
Figure 6.8.
Figure 6.9.

Figure 6.10.
Figure 6.11.
Figure 6.12.
Figure 6.13.
Figure 6.14.
Figure 6.15.
Figure 6.16.
Figure 6.17.
Figure 6.18.

Figure 6.19.

List of Multimedia:

Percentage of Cities Devoted to Parking Lots.
Urban Heat Island Profile.

4
8

9

Example of Urban Albedos.
Case Study Bioclimatic Charts.

19

Matrix of Case Study Parking Lot Ordinances.

21

lllustration of Case Study Parking Lot Ordinances.

Study of Sacramento Parking Lots.

22

23

Mid-Atlantic Bioclimatic Charts.

26

Matrix of Mid-Atlantic Parking Lot Ordinances.

27

lllustration of Mid-Atlantic Parking Lot Ordinances.

Existing Parking Lot in Charleston, SC.

28

29

Comparative Parking Lot Ordinance Matrix.

30

32

Mid-Atlantic Context Maps.
Typical Wind Patterns.

34

36

Existing Parking Lot in Norfolk, VA.
Project Context Maps.

38

38

Existing Conditions of Project Site.
Shadow Patterns for June 21 — 10am.

39

Shadow Patterns for June 21 — 3pm.

39

Shadow Patterns for December 21 — 10am.
Shadow Patterns for December 21 — 3pm.

39
39

40

Design One Perspective.
Design One.

40

41

Headlight Block - Design One.
Wind Breaks - Design One.

41

Shadow Study - Design One.

41

42

Solar Radiation in the Parking Lot.
Porous Pavement in the Parking Lot.

43

44

Wind in the Parking Lot.
Design Two Perspective.

45

Design Two.

45

Wind Breaks - Design Two.

46

Headlight Block - Design Two.

46

Shadow Study - Design Two.

46

Vi




Chapter 1: Introduction

A trip to the central business district of most cities in the
United States will quickly convince the reader that urban climate
modification in urban parking lots is, as a general rule, ignored.
Parking lots typically are designed to accommodate as many
automobiles as possible. The common result is an expanse of
asphalt lacking vegetation that negatively affects the urban
mesoclimate. This thesis stresses that parking lots can serve as
more than just a storage space for automobiles. A well-designed
lot wherein climate modification has been considered from the
initial design stages will serve as a positive contributor to the urban
ecosystem.

The benefits of designing with climate can be divided into

the following classifications: environmental, economic, human




health, and sociability of the city. The environmental benefits of
climatically sensitive design include improvements in water and
air quality. Air quality can be improved by reducing the amount of
ground-level ozone and other air pollutants being emitted by
automobiles and other man-made machinery (Akbari, Martien, &
Rosenfeld, 1992; Huang, Ritschard, Sampson, & Taha, 1992;
Spirn, 1984). Water quality will be improved with the introduction
of stormwater infiltration areas and vegetation capable of filtering
out pollutants (Huang et al., 1992).

The economic benefit of designing with climate is lower
energy consumption for the city (Moffat, Schiler, & Staff of Green
Living, 1993; U.S. Environmental Protection Agency, 2000).
Protecting buildings from extreme heat and cold can reduce the
need for heating and air conditioning. Reducing the use of HYAC
units also reduces global warming by lowering the amount of
pollutants the power plants that run these units release into the
atmosphere (Akbari, Davis, Huang, Liu, & Taha, 1992).

Designing with climate can also improve the health of the
city dweller (U.S. Environmental Protection Agency, 1997; U.S.
Environmental Protection Agency, 1998). Designing with climate
can increase urban ventilation and cleanse the city of many
airborne diseases. Reducing air temperatures in the city during
summer months can also help to reduce the occurrence of heat-
related illnesses. Designing with climate also reduces lower-level

ozone pollution, a cause of serious health risks for children, the

elderly, and those with asthma (U.S. Environmental Protection
Agency, 2003).

Finally, the quality of community life can be enhanced by
designing with climate (Spirn, 1984). Creating comfortable spaces
for pedestrians can help to encourage more sociable cities and
improve the lifestyle of its inhabitants. Lengthening the time of
year in which people may comfortably remain outdoors will help
to enrich urban life by allowing for a greater amount of activities.

It is important for designers to realize that the design of a
site affects the microclimate of that site and can make an impact
on pedestrian comfort within that site. Designing with climate in
only one site, however, will have little effect on the mesoclimate of
the city. In order to have a noticeable effect citywide, multiple sites

within the city must be designed to improve climate.

Three major phenomena account for most climatic problems
in the city: urban heat islands, urban wind, and urban precipitation.
The goal for the landscape architect, when designing with climate,
is to decrease the negative effects these phenomena have on the
city and its inhabitants. This can be accomplished by learning
what causes these phenomena and understanding the
relationship between them and the physical form of the city. Urban
heat islands, urban wind, and urban precipitation are all caused
by high amounts of impervious surface coupled with the lack of

vegetation found in urban areas (Akbari, Davis, et al., 1992).




Therefore, decreasing the amount of impervious surface area and
increasing the amount of vegetation throughout the city are key
aspects of designing with climate.

Impervious surfaces in the city include buildings, roads, and
parking lots. The use of greenroofs on buildings to reduce
impervious surface area in the city is already receiving a great
deal of attention and will not be discussed within this paper. Parking
lots and streets can cover 35% to 50% of the land in U.S. cities
(Levinson, 1982). Parking lots alone can cover from 6% to 40% of
our downtown central business districts as Figure 1.1 illustrates
(Childs, 1999). With so much of the city being devoted to the
storage of cars, parking lots appear to be the logical place for
landscape architects to begin to reduce impervious surface area
and increase vegetative cover within the city. Eliminating the
contribution of parking lots to urban heat islands, urban wind, and
urban precipitation has the potential of reducing those climatic
phenomena by, up to, one half. It is for this reason that parking

lots have been chosen as the main focus for this thesis.

This paper provides a review of the literature on designing
with climate as well as a review of selected U.S. parking lot
ordinances. The parking lot ordinances selected have been
indicated in the literature review as ordinances that promote
climate improvement. Findings from the literature and ordinance

case studies are then used to create guidelines for developing a

generic parking lot ordinance for the Mid-Atlantic region of the
United States that places a strong emphasis on improving urban
climate.

One reason for choosing the Mid-Atlantic region is that,
according to the U.S. Census Bureau (2003), this region has one
of the fastest growing populations in the United States. This
population growth creates the need for new developments. To
prevent these new developments from aggravating urban climate
problems, measures need to be taken to ensure they are designed
in a climatically sensitive way. Creating and enforcing adequate
parking lot ordinances in the city are one way to control this

expanse in development.




Charleston, SC

Washington, DC

Savannah, GA

Figure 1.1. Percentage of Cities Devoted
to Parking Lots. Aerial photos of Mid-
Atlantic cities showing the amount of area
devoted to parking lots. Central business
districts are outlined in red with parking
lots highlighted in yellow.




Chapter 2: Impacts of Failure to
Design With Climate

Historically, cities and villages were designed based on the
local climate. Before mechanized heating and air conditioning was
available, architects had to rely on building design and the layout
of villages to naturally cool buildings and outdoor open spaces.
Vitruvius (1914) and Palladio (1977) wrote books on the best way
to lay out villages in order to naturally heat and cool buildings and
open spaces. These design ideas were forgotten after the
Industrial Revolution and cities would simply become clusters of
buildings and roads with little or no attention given to designing

with climate.




The design of a city can have a great impact on its climate.
The 1970’s energy crisis in the United States brought about the
need to study the city, its form, and how that form may have an
effect on climate. Urban climates are known to be very different
from rural climates. Annually, urban areas can “have an average
of 12% less solar radiation, 8% more clouds, 14% more rainfall,
10% more snowfall, and 15% more thunderstorms than their rural
counterparts” (Taha, 1997, p. 1). Three phenomena occur in urban
areas caused by the layout and form of the city: urban heat islands,
urban wind, and urban precipitation.

Many times architects, landscape architects, and urban
planners are only concerned with site specific microclimate and
give little attention to the affect their designs have on the
mesoclimate of the city. Golany (1996) suggests that climatic
character should be considered at two major levels when designing
city spaces: the microclimatic scale (single site) and the
mesoclimatic scale (entire city). A working knowledge of how
climate is affected by the form of the city is necessary in order to
understand what changes will occur at the site scale.

Along with a knowledge of how form affects climate, it is
also vital to understand how climate affects the pedestrians who
use that space. Understanding the human body’s physiological
responses to thermal stimuli will assist the landscape architect in

designing a more thermally comfortable urban landscape.

Human Thermal Comfort

The American Society of Heating, Refrigerating and Air-
Conditioning Engineers Handbook (1992) defines thermal comfort
as “that condition of mind which expresses satisfaction with the
thermal environment” (p. 1). The majority of research on human
thermal comfort has revolved around indoor environments which
have fairly stable climates (Givoni, 1963; Olgyay, 1963). The
constantly changing climatic conditions of the outdoor environment
make designing for human thermal comfort much more difficult.
The overall concepts and factors determining thermal comfort,
however, are the same for both indoor and outdoor environments
and can be used to estimate a person’s comfort in the outdoor
open spaces of the city.

The human response to the thermal environment is
impossible to express as a function of only one environmental
factor (Givoni, 1963). Several factors go into determining human
thermal comfort including: air temperature, wind, humidity,
metabolic rate, age, sex, and clothing levels. All of these elements
will differ from person to person and place to place, making it
difficult to please everyone all the time.

Warner (1991) suggests that landscape architects should
design spaces to create optimal thermal comfort or comfort for
the majority. When designing for optimal thermal comfort, one

should try to eliminate climatic extremes because these are the




conditions pedestrians most want to avoid. This means designing
to provide cooler spaces in the summer and mitigating harsh
elements, like strong winds, during the winter.

Radiant air temperature and wind are the two factors that
designers have the greatest ability to manipulate and will be the
two climatic aspects covered here. The amount of radiation and
wind a person comes into contact with can drastically affect that
person’s thermal comfort levels (Spirn, 1984).

Radiant air temperature is the temperature created by the
radiant heat exchange from one surface to another. Any object
with a temperature greater than -459°F (-273°C) emits radiant
energy (Brown, 1982). The second law of thermodynamics states
that energy will flow from an object of greater energy to one of
lesser energy until those energy levels are equaled. A cool object
will absorb heat energy from any object warmer than itself, thereby
warming the cooler object, and cooling the warmer object. So,
radiant air temperature is the temperature created by a surface
gaining or losing radiant energy to the air.

The air above an asphalt parking lot, for example, is hot in
the summer because the asphalt is radiating heat energy from
itself into the air directly above it, creating warmer air temperatures.
This warm air is then absorbed by pedestrians using that space,
assuming that the air temperature is warmer than the pedestrian’s
body temperature. This can cause the pedestrian to feel

uncomfortably warm.

Wind is the second climatic element that can and should
be manipulated by the landscape architect in order to create more
thermally comfortable spaces. Wind has the ability to carry heat
energy either to or from a given surface. On a hot summer day, a
breeze comes as a pleasant relief as it carries heat energy away
from the body leaving the body feeling cooler. The effect of wind
on human thermal comfort during the winter will have the opposite
effect as it increases the rate at which the body loses heat. Wind
itself does not change the actual temperature of the air surrounding
the body, it only speeds the transfer of heat from the body to the
air.

The energy between a person and their environment must
be equalized in order for that person to be comfortable (Brown,
1982). The variable outdoor climate makes itimpossible to create
a constant balance of energy, but efforts can be made to decrease
the energy difference. By mitigating elements that have the greatest
effect on body temperature, landscape architects have the ability
to extend the length of time that pedestrians use a site throughout

the year.

Urban Heat Islands

Studies have shown that temperatures can be 2°F to 8°F
warmer in cities than in the surrounding countryside (Akbari, Davis
et al., 1992). For more than a century, climatologists have been

studying this phenomenon known as the urban heat island effect.




The degree of temperature increase due to the heat island effect
varies from city to city depending on the climatic region of the city
as well as its physical characteristics. A tightly clustered city in a
cool region like New York City, for example, can be up to 10°F
warmer than its surrounding countryside. Tropical cities, like
Mexico City, experience the greatest heat island effects and can
be up to 18°F warmer (Akbari, Davis et al., 1992). While this
temperature rise may be a welcomed effect during cold winters,
the warmer summers create conditions that are uncomfortable
to pedestrians and lead to higher energy consumption in order to
cool buildings.

The primary causes of urban heat islands are higher
concentrations of air pollution, automobiles, heat-producing
machinery, and impervious surfaces, as well as lower amounts
of vegetation (Akbari, Davis et al., 1992). Air pollution can influence

heat island buildup in different ways depending on the time of day.

Figure 2.1. Urban Heat Island Profile.
Source: Akbari, Davis et al., 1992.

Atmospheric pollution acts as a dome surrounding the city. During
the day, this pollution reflects more radiation back into space
meaning less solar energy will reach the earth’s surface, therefore,
reducing heat island buildup. After sunset, however, just the
opposite occurs; pollution traps heat in the city, preventing it from
escaping back into the upper atmosphere (Akbari, Davis et al.,
1992). The use of automobiles and heat producing machines such
as HVAC units, add to the amount of pollution in the atmosphere.

Dark, impervious surfaces, such as buildings and roads,
absorb most of the solar radiation that comes into contact with
them and store that heat energy for long periods of time until it
can be released. The overwhelming heat storage capacity of paved,
impervious surfaces may be the greatest contributor “to the
magnitude and evolution of the heat island” (Asaeda, Ca, & Wake,
1996, p. 425). The amount of solar radiation that a surface is
capable of absorbing depends on that surface’s albedo.

The albedo of a surface is determined by measuring the
amount of solar radiation reflected from a surface and then
measuring the amount of solar radiation coming into contact with
that surface. The ratio of the two is the albedo. In other words, a
surface with an albedo of 0.1 is reflecting 10% of the solar radiation
coming into contact with it and absorbing the other 90%
(Pomerantz, Pon, Akbari, & Chang, 2000). A general rule of thumb
is that dark colored or wet surfaces have lower albedos while

light colored or dry surfaces have higher albedos. Asphalt, for




Figure 2.2. Examples of Urban Albedos.
Source: Akbari, Martien et al., 1992.

example, may have an albedo as low as 0.05 while fresh snow
may have an albedo as high as 0.9 (Lynch & Hack, 1984).
Albedos not only indicate how much radiation a surface
absorbs, but also how rapidly that surface releases radiant heat.
“Albedo may therefore be imagined as the relative permeability of
a surface to radiant energy flowing in either direction” (Lynch &
Hack, 1984, p. 46). Surfaces with a low albedo radiate heat energy
more rapidly than a surface of high albedo.
Studies have been conducted to determine the amount of
cooling energy that could be saved by using surfaces of higher
albedo on buildings and roads. An average albedo change of 0.07

can result in a decrease of up to 3.6°F while higher modifications

in albedo (0.13) can lead to an increase of 6.3°F (Taha, Douglas,
& Haney, 1997). This study also showed that such a change would
reduce electricity demands which could help lower the heat island
effect in urban areas by reducing air polluting emissions.

The lack of vegetation in urban areas exacerbates heat
islands as vegetation helps to cool the surrounding air through a
process called evapotranspiration. Evapotranspiration is the
process in which a plant, tree, or shrub absorbs water and nutrients
into its system through the roots and uses what it needs for growth.
Any excess water the plant does not need is converted to water
vapor and transpired into the surrounding air. The conversion of
water to water vapor uses heat energy and helps lower the
surrounding air temperature.

These cooling effects, however, are most pronounced
where trees are planted in groups, not singly (Heisler, 1986). The
effects of evapotranspiration are most noticeable in arid climates
like Davis, California where temperatures in neighborhoods with
mature trees can be 3°F to 6°F cooler than neighborhoods with

young or no trees (Huang et al., 1992).

Urban Wind

Urban wind is a condition created by high-rise buildings,
the relatively smooth surfaces of cities, and large amounts of open
spaces. Wind is the movement of air from areas of high pressure

to areas of lower pressure. Wind speed is determined by the




difference of the two pressures; the greater the difference in
pressure, the faster the wind speed. Air movement is also caused
by temperature differences as air moves from cooler areas to
warmer areas. The physical form of urban areas has a large effect
on wind speeds and patterns.

Buildings and surface roughness alter wind patterns in
various ways. Upper level winds will be slowed due to drag caused
by buildings of various heights. Wind in rural areas moves freely
at higher elevations, but when that wind reaches the city and
comes into contact with taller buildings, it is slowed considerably.

Lower level winds are more dramatically affected by city
form. Buildings alter wind by creating solid barriers through which
wind cannot penetrate. When wind meets a solid surface, like
that of a building, it is forced to find another path in which to flow.
This causes wind to move in unpredictable patterns and creates
higher air pressure around the buildings, increasing wind speeds.
The taller the building, the more noticeably the wind speed
increases. Wind tunnel studies have shown that buildings up to
four stories have the ability to shelter the city and its streets from
uncomfortable winds. High rise towers, on the other hand, will
increase city wind speeds by up to 150% making it difficult for
pedestrians to navigate (Bosselmann, 1998).

Unlike buildings, open spaces allow wind to penetrate easily
with little friction. The smooth surfaces of roads and parking lots

in the city create little friction for the wind, compared to the tree-
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filled landscape of the countryside. If aligned improperly, the
building-lined streets of the city can act as wind flumes allowing
winds to reach top speeds.

The way in which wind behaves within the city is difficult to
predict. Without wind tunnel testing, there is no way to predict
wind turbulence, direction, or speed within the varying built
patterns. Designers can use wind tunnels or water flumes to show
how a section of a city will react to wind and make decisions
based on the findings. Bosselmann (1998) has suggested that
the best way to reduce urban wind is to mimic natural settings.
The skyline of the city should look more like rolling mountains
than a choppy clustering of blocks. This will reduce the amount of
blunt objects wind comes into contact with, allowing wind to flow

smoothly over the city.

Urban Precipitation

The third phenomenon that occurs in cities is urban
precipitation. Studies have shown that urban areas receive more
precipitation than rural areas (Taha, 1997). This precipitation is
diverted into stormwater systems, carrying pollutants from roads
and parking lots with it. The excessive amounts of stormwater
could then cause flooding and pollution problems in lower stream
systems.

Landsberg (1981) explains that there are several factors

that cause increased precipitation in cities. The first cause is the




urban heat island effect. Heat islands produce a constant rise of
warm air which leads to the formation of clouds. As these clouds
rise, they begin to collect water vapor. The higher the clouds rise,
the cooler the air becomes, condensing the water vapor and
creating rain.

The second cause for increased precipitation in cities is
urban wind. As discussed earlier, when upper level wind reaches
the tall buildings of the city, wind speed decreases. This wind
decrease will slow the movement of precipitation systems over
the city, increasing the amount of rain a city receives.

The third cause of urban precipitation is increased pollution
in cities. Pollution contributes to cloud formation in cities and these
clouds could lead to precipitation. Exactly how much of an effect
pollution has on urban precipitation has yet to be determined. The
exact degree of increased precipitation in cities is also difficult to
determine because of the unpredictability and unevenness of
precipitation systems (Landsberg, 1981). This unpredictability
makes it difficult to compare rain accumulation in different areas
because precipitation systems do not continuously release a

consistent amount of rain.

Urban heat, wind, and precipitation are the result of urban
design decisions and increased concentrations of polluting

machinery and industries. The use and placement of different

construction materials will result in different climatic situations.
Knowing how specific materials will influence climate leads the
designer to draw conclusions on how to correct urban climate

problems.
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Chapter 3: Principles for Designing
With Climate

One way for cities to improve the quality of pedestrian life
is to design to ameliorate urban heat islands and urban wind, as
well as take better measures to compensate for higher levels of
precipitation. Lowering the amount of impervious surfaces
(especially those of lower albedo), and increasing vegetative cover
will reduce near-ground air temperatures and temperatures of
those areas downwind from the site (Taha et al., 1997). The
following principles will focus mainly on the redesign of parking

lots to reduce their negative effects on urban climate.




Heat Mitigation
Urban heat can be drastically reduced by modifying heat-

absorbing, impervious surfaces throughout the city (Akbari, Martien
etal., 1992). The temperature of an outdoor surface is mainly due
to the amount of solar radiation that a surface absorbs. Surface
temperatures throughout the city can be lowered by using
alternative surfaces with higher albedos, using more permeable
surfaces, and using vegetation to shade surfaces from solar

radiation.

Amount of Impervious Surface Area:

Perhaps one of the best ways to reduce the impact
impervious surfaces have on climate is to reduce the overall
impervious surface area of the city. Cities could try and cut back
on the amount of paving that occurs in downtown areas. Surface
parking from several lots could be combined into one parking
garage with a greenroof. Not only would this lessen the amount of
impervious area within the city, but those vacant lots could then
be turned into small pocket parks, adding extra vegetation to the

urban landscape.

Surface Albedo:
The contribution of roads and parking lots to urban heat
islands can be dramatically reduced if materials of higher albedo

are used in their construction. Studies estimate that if “the sunlight
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absorbed by all the pavements [within the city] were reduced from
90% to 65%, the peak air temperature would decrease by about
1°F (0.6°C)” (Pomerantz et al., 2000, p. 2).

Using surfaces of higher albedo, like concrete as opposed
to asphalt, will reflect, rather than absorb the majority of solar
radiation that comes into contact with it. This is not to say, however,
that concrete is the best material for city paving. The reflected
solar radiation from concrete can be absorbed by neighboring
buildings and passing pedestrians. Asaeda, Ca, and Wake (1996)
tested various paving materials and their effects on the lower
atmospheric air temperature. The study showed that asphalt
surfaces, as well as their surrounding air temperatures, were
much warmer in late afternoon and during the night hours than
concrete surfaces. Temperatures taken at noon, however, found
the air temperatures above concrete surfaces to be much higher
than those above asphalt surfaces. This is due to the high
reflectivity of concrete surfaces to solar heat. To avoid both of
these situations, designers may want to choose a surface with
an albedo in between that of black asphalt and concrete.

The albedo of surfaces can be altered by resurfacing
pavements with colored seals. Chip-seals are often used to cover
asphalt surfaces to give them a lighter color and decrease their

heat absorption.




Porous Surfaces:

One of the reasons that the countryside remains cooler
during the summer is that water is constantly being evaporated
from subsurface levels, cooling the air above it (Davis, Martien, &
Sampson, 1992; Huang et al., 1992). This process is lost under
the impervious materials of the city as surfaces are designed to
drain water into stormwater systems instead of allowing it to
percolate into the ground. Removing that water causes the city to
forgo on a great opportunity for natural evaporative cooling. Paving
with surfaces that are permeable to the exchange of water from
surface to subsurface, and vice versa, will allow this process to
take place.

Porous pavements are materials that allow water and air to
move through them. There are three basic types of porous
pavements that are commonly used in areas such as parking
lots. These include: concrete-lattice grass pavements, plastic-
lattice grass pavements, and porous pavements of asphalt or
concrete (Pomerantz, Akbari, Chen, & Taha, 1997).

The first two pavement types are made with grass and some
type of supportive frame. Using grass instead of traditional paving
materials will help to create an environment similar to the rural
landscape. Water is easily absorbed into the ground and the
cooling effects of evaporation will be felt in the surrounding air.
These types of pavement also lead to cooler above ground air

temperatures as the grass absorbs and uses heat energy in the
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process of evapotranspiration. This type of porous pavement
would be well suited in an area that does not receive heavy daily
traffic like a residential driveway or church parking lot.

Asphalt or concrete porous pavements allow for the
penetration of water through their surfaces into an underground
holding area until that water can be absorbed into the ground or
evaporated back into the atmosphere. The flow of water through
porous pavements occurs in both directions facilitating the
evaporative cooling process. These types of pavements permit
heavy traffic and are feasible to use in most situations.

It should be noted, however, that, as with any design
decision, local needs must be considered. This includes the local
climate. Porous pavements may increase the amount of humidity
in a parking area because of the evaporation that occurs over
these surfaces. Cities which already have high rates of humidity
may wish to avoid adding more humidity to the air and, therefore,

may want to avoid porous pavements.

Vegetation:

Trees can be used in urban areas to intercept solar
radiation before it can be absorbed by impervious materials.
Vegetation shades heat-absorbing surfaces and also helps to cool
air temperatures through evapotranspiration, especially when trees
are located in large groups. The more vegetation that is provided

in parking lots, the greater the cooling effects of evapotranspiration




will be felt.

The shade created by trees can also improve urban heat
islands by reducing air pollution. Shading cars in parking lots can
reduce the amount of hydrocarbons that are evaporated from gas
tanks, therefore, reducing air pollution and heat islands (Scott,
Simpson, & McPherson, 1999).

Wind Mitigation

Urban open spaces and buildings should be designed to

facilitate summer cooling by permitting breezes while minimizing
chilling winds in winter. Summer and winter winds generally prevail
from different directions, allowing for the design of both. While it
is impossible to predict how the installation of a new building will
affect wind patterns without wind tunnel testing, it is possible to
design roads and parking lots to ameliorate wind by following a
few basic principles.

Vegetation can be used as wind barriers on the periphery of
open spaces or next to buildings. Closely planted evergreen shrubs
create screens which can divert winter winds over or around
buildings and open spaces. Evergreen barriers can also be used
to direct winds into a space during the summer for cooling.
Vegetation can also be used to decrease wind speeds. Planting
vegetation along streets and within parking lots and open spaces

will create drag, slowing wind speeds through the city.
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Precipitation Mitigation

The two major causes of urban precipitation are urban
heat and urban wind, therefore, designing to reduce urban heat
and urban wind is the best strategy landscape architects can use
to reduce urban precipitation. Beyond that, landscape architects
can only design to accommodate excessive stormwater. Providing
on-site filtering and storage of stormwater will reduce problems
associated with urban precipitation. This can be accomplished
by using porous surfaces and/or vegetated filter strips. Both
solutions allow for the slow infiltration of stormwater while removing
pollutants. Allowing stormwater to percolate into the ground will
also help to recharge the groundwater system.

The use of vegetation in the urban environment can also
help to mitigate the amount and rate of falling precipitation. Trees
slow the impact velocity of precipitation, expediting infiltration and
evaporating some precipitation back into the atmosphere
(Trowbridge & Bassuk, 2004).

Vegetation in the Urban Landscape

As shown, vegetation has the potential of making an impact
on all three urban climate phenomena. The inclusion of vegetation
within the city creates an environment more similar to that of rural
areas where such phenomena do not exist. In order to make

noticeable improvements in urban climate, however, trees must




reach significant sizes. Rarely do trees reach these sizes in urban
areas, especially along roadways and in parking lots. Many trees
do not live for more than their first two years and the average
street tree lifespan is approximately ten years (Day, Bassuk, &
van Es, 1995). The reasons for this poor survival rate are improper
planting techniques and little or no maintenance.

Parking lots provide harsh growing conditions for plants.
More attention is given to making a paved surface that will last
over time than ensuring the presence of vegetation. The typical
parking lot design creates desert-like soils that are extremely
compacted lacking any of the nutrients or water that plants need
to survive (Whitcomb, 1987).

Some of these unfavorable conditions can be relieved by
implementing the principles for mitigating urban heat islands.
Porous pavements, for example, will allow for the transfer of
oxygen and water to subsoils for root growth. To ensure the survival
and health of urban vegetation, information needs to be provided
on planting techniques and maintenance guidelines for vegetation
in parking lots. Municipalities must require that vegetation be
planted and maintained in an acceptable manner. Appendix A
provides more detailed information on the needs of urban
vegetation and discusses proper planting techniques and
maintenance guidelines. These requirements can be enforced
through parking lot ordinances and will be discussed further in

the next chapter.
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The design principles outlined in this chapter should be used
to help ameliorate the extreme climatic elements within the city.
These principles can be easily incorporated into the design of the
city to reduce the effects of urban heat, urban wind, and urban
precipitation.

Educating the public on the benefits of designing with climate
is one way to encourage the implementation of the above design
strategies. Cities can also include these principles in their zoning
ordinance in order to require the use of climatic design strategies
in parking lot development. The following chapters will look at some
examples of current parking lot ordinances to determine if and

how well these principles are currently incorporated.
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Chapter 4: Parking Lot Ordinances

Traditionally, parking lot ordinances have been used to
require developers to provide ample off-street parking for
employees and customers. This requirement helps to alleviate
traffic congestion on the street and promotes the welfare of local
businesses by making driving more convenient for the consumer
(Longstreth, 1992; Owens, 1978). Off-street parking facilities,
however, can lead to unwanted problems for the city like the
creation of “dead space” along city streets as well as an increase
in impervious surface area, which exaggerates urban climate
problems.

The overall purpose of city ordinances is to promote the

health, safety, and welfare of the public. Because ordinances have




the ability to regulate the design of buildings, roads, and parking
areas, they offer a great opportunity for cities to begin a climate
control program. The scope of ordinances should be expanded
to include the reduction of urban climate problems.

A review of the literature on parking lot ordinances and
parking lot landscaping highlights a group of cities that all have
climate improvement as a major objective in their parking lot
ordinances (Corwin, 1978; Smith, 1988; Wolf, 2004). The cities
chosen include: Fairfax, Virginia; Lexington-Fayette County,
Kentucky; Orlando, Florida; Portland, Oregon; and Sacramento,
California. These cities are located throughout the United States
in a variety of climatic regions. The parking lot ordinances from
these cities are studied below and analyzed for their content to
determine how adequate they are at improving the mesoclimate
of the city.

Principles of designing with climate from the previous
chapter are used as the basis for examining the parking lot
ordinances in order to determine their potential for mitigating urban
heat and urban wind. Because urban precipitation is the direct
result of urban heat and urban wind, separate mitigation strategies
for urban precipitation are not needed in the parking lot ordinance.
Cities, however, may want to encourage the use of infiltration beds
in their parking lot ordinances in order to help control excessive

stormwater.
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The Climatic Adequacy of U.S. Parking Lot Ordinances

Before an adequate analysis of the ordinances can be
made, a climatic study of the cities must be done. Bioclimatic
charts have been used in designing with climate since the mid-
1900s. The purpose of these charts is to illustrate the effect of
local climatic conditions on human comfort. The charts include
variables such as air temperature, humidity, solar radiation, and
wind. Within this chart lies an area designated to be the range of
human comfort based on a person of normal activity level and
typical clothing types. Once a city’s air temperature and humidity
levels are drawn on the chart, the designer can see how often
and when the city’'s temperature falls within the comfort zone.
The chart also illustrates ways to extend the comfort zone by
adding wind or solar radiation and how much of each would be
needed.

A bioclimatic chart has been created, based on historical
weather data, for each of the cities chosen for this project (Figure
4.1). As expected, the bioclimatic charts show that the climates
of the selected cities vary greatly. Sacramento and Orlando have
climates that remain near the comfort zone for most of the year
while the other cities have a much broader climatic range. These
bioclimatic charts can be used to influence the creation of parking
lot ordinances by illustrating which areas of climate mitigation will

need to be stressed for that particular city.
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Radiation Needed

Orlando, FL

Figure 4.1. Case Study
Bioclimatic Charts. Adapted
from Lynch & Hack, 1984.




The results of this climatic analysis will be used to help
determine the adequacy of the following parking lot ordinances. A
matrix (Table 4.1) of the case study parking lot ordinances has
been created in order to compare their content and Figure 4.2 is

used to illustrate these ordinance requirements.

Heat Mitigation:

Reducing the amount of impervious surface area in cities
should be a major goal in designing with climate. Orlando, Portland,
and Sacramento all regulate a maximum number of parking
spaces that can be provided in parking lots depending on the use
that lot serves. It is unclear whether maximums are determined
based on local needs or national surveys.

Fairfax, Orlando, and Sacramento permit the use of
alternative paving materials allowing for the use of porous
pavements. Orlando allows for parking lots to remain unimproved
for parking areas that are infrequently used. A second reason for
allowing unimproved lots is for the protection of existing trees within
the parking area.

Landscaping is required in all five ordinances, but in
different fashions. Lexington-Fayette, Orlando, and Portland
require a percentage of landscaping based on the size of the lot.
Fairfax requires a specific number of islands based on the number
of parking spaces in the lot. Landscaping requirements for these

four cities means only required island area, not amount of
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vegetation. Each ordinance has a separate requirement for the
number of trees to be provided based on the required amount of
island area.

Sacramento, on the other hand, requires a specific
percentage of shading to be created within a specified time frame.
While the provision of landscaping in the lot may slightly cool the
air, the greatest cooling benefit comes from the creation of shade.
It may not be sufficient to only require a specified number of trees
within the parking lot for several reasons. First, different types of
trees will result in a different amount of shade. Second, since
trees rarely reach mature heights in the urban landscape, they
may never provide sufficient shade but are still able to satisfy the
code requirements by simply remaining in the parking lot.
Requiring a percentage of shade forces the developer to plant
and maintain trees that will grow to provide adequate shade. The
requirement of a specific amount of shade within a parking lot
may be the most straight-forward way for a city to ensure that
adequate shading requirements are met.

Sacramento was one of the first cities to enact a parking lot
shading ordinance and has since received a great deal of attention
in determining its effectiveness. The requirements of the parking
lot ordinance are that 50% of the parking lot area had to be shaded
within 15 years of completion. McPherson (2001) studied
Sacramento to see how many of the city’s parking lots were

meeting the requirements of 50% shade cover. He found that the




Ordinance

. Fairfax, VA Lexington-Fayette, KY Orlando, FL Portland, OR Sacramento, CA
Requirements
landscaping 1island per 12 parking 5% 2.5% 10% -
spaces
shade 50% w/in 15 years
distance between .
< < <
Heat islands <12 parking spaces <120 feet <100 feet
H H 2 i 2 2
Mitigation # of trees >1 per island 1 every 25th of 1 tree point per.100ft of 1 every 129ft of
landscaping landscaping landscaping
size of parking lot regulates max. size regulates max. size regulates max. size
permits alternative
surface type .
paving
Wind perimeter screen >30" 3 30" 3 3
Mitigation  [oeidht
perimeter trees 1 per 500ft? every 40ft 3 tree points per 100ft every 30ft
island size min. 9ft by 18ft regulates rsr:lzl and max. min. 5ft radius from tree regulates min. regulates min.
island type recommends clustered strips betxsvezsn parking recommends clustered
. tree size at planting regulates min. regulates min.
Planting - -
Standards planting instructions manual illustrates meet current nursery meet current nursery manual illustrates
planting methods standards standards planting methods
-soils
-drainage \ \
-irrigation \ \ \
-mulching \ \ \
maintain healthy, weed, remulch, maintain maintain irrigation
growth management . o T
growing condition irrigation system system
. manual provides manual provides
-pruning . . prune as needed prune as needed . .
instruction instruction
Plant -topping prohibited prohibited
Maintenance b manual provides manual provides
-fertilization

instruction

instruction

damage management

protect from cars

protect from cars

protect from cars

protect from cars

protect from cars

insect & disease
control

manual provides
instruction

manual provides
instruction

Table 4.1. Matrix of Case Study Parking Lot Ordinances.
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Fairfax, VA
Interior:
-lisland (9'X18’) per 12 parking spaces
-1 tree per island
Perimeter:
-screens at least 30" high
-1 tree per 500ft2 of buffer required

Portland, OR

Interior:

-10% landscaping

-1 tree per 120ft2 of landscaping
Perimeter:

-screens at least 3’ high

-1tree every 30’

Lexington-Fayette, KY
Interior:
-5% landscaping
-1 tree per 250ft2 of landscaping
Perimeter:
-screens at least 3’ high
-1tree every 40’

Interior & Perimeter:

-50% shade within 15 years
Perimeter Screens:

-at least 3’ high
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Orlando, FL
Interior:
-2.5% landscaping
-1 tree point per 100ft? of landscaping
Perimeter:
-screens at least 30” high
-3 tree points every 100’

Figure 4.2. lllustration of Case
Study Parking Lot Ordinances.




Figure 4.3. Study of Sacramento Parking Lots. McPherson’s study
showed that after 15 years, the stunted trees in Sacramento’s parking
lots produced less than half of the shade required.

average shade coverage on parking lots after fifteen years was
22%, less than half of what was required (Figure 4.3). He goes on
to list some possible reasons why shading requirements were
not met. These include:

-Overlapping tree shade being counted twice in the shade
estimation provided on the tree plans.

-Planners and designers using trees that were not on the
recommended tree list resulting in trees that are not capable
of providing the required shade.

-Crown dimensions on the plan being overestimated.

-Crown dimensions in the tree list being overestimated
suggesting that certain trees would reach a specific diameter
at fifteen years that those trees were incapable of meeting.

-Trees that were drawn on the plans not being installed or being
removed shortly after installation.
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-Trees that were not listed on the plan being used instead of
those that were listed.

-Parking lot areas being built to hold more spaces than were
allowed by the ordinance.

Since this study, Sacramento has modified its parking lot
shading ordinance to increase the likelihood of parking lots
reaching their goal of 50% shade in 15 years. Some of the changes
include providing a more complete tree list and requiring that the
majority of trees used in the parking lot come from that list. Steps
have also been taken to better enforce and monitor parking lots in
order to ensure that the end result looks as it should based on the
landscaping plans approved by the city. The biggest improvement
Sacramento made was providing examples of how to calculate
shade in a parking lot. Sacramento’s current parking lot tree
shading ordinance has been provided for reference in Appendix
B.

Wind Mitigation:

All of the ordinances require interior landscaping in the
form of trees, shrubs, and ground covers which will create drag
and slow wind speeds. Perimeter landscaping is also required by
all five cities and has the greatest potential to modify wind.
Perimeter landscaping requirements include a wall, fence, and/
or vegetated screen along the edge of the site to a height of at

least thirty inches. Depending on the adjacent use, the requirement




for perimeter screens may reach up to eight feet tall. All ordinances
also require trees to be installed at varying distances along the
perimeter.

While all of the ordinances included requirements for
vegetation that could have an effect on wind, those requirements
were not included for that purpose. Required screens along the
perimeter of the parking lot are solely for the purpose of screening
views between the parking lot and neighboring buildings and/or
roadways. While visual screens may be an important aspect in
parking lot design, wind mitigation also needs to be considered
when specifying requirements. Taking both objectives into account
will result in more appropriate screens.

The type of screen required in parking lots will depend mainly
on the local climate of the city. Cities like Orlando, for example,
may choose not to require screens, or require the lowest screen
possible, because cooling breezes will be welcomed year round.
Fairfax, on the other hand, with its cold winters, may want to require
a more clustered perimeter landscaping screen in certain cases

in order to lessen the intensity of winter winds.

Planting Standards and Maintenance Guidelines:

All five parking lot ordinances include varying amounts of
information on planting standards and maintenance guidelines.
Minimum island sizes are regulated by each city and all cities

require that landscaping be protected from automobile

24

encroachment. Lexington-Fayette, Portland, and Sacramento are
the only cities that recommend or require clustered planting or
planting strips between rows of parking spaces. Only Orlando
and Portland prohibit tree topping in their tree ordinances. In
general, no parking lot ordinance included all of the necessary
planting standards and maintenance guidelines discussed in
Appendix A.

Lexington-Fayette and Sacramento stood out among the
rest by providing a supplemental manual on planting and
maintenance standards. One of the reasons Sacramento began
to provide this information was because of the lack of initial
success their shading ordinance was having in parking lots. A
large part of the problem was that trees were not reaching their
ideal sizes and, therefore, were not producing the expected
percentage of shade (Figure 4.3).

The manuals also allowed the cities to include specific
planting techniques without cluttering the parking lot ordinance
itself. These manuals provide room for the cities to include
drawings that illustrate planting standards, drainage strategies,
pruning instructions, and design suggestions. Providing manuals
outside of the parking lot ordinance appears to be a clear and
concise manner in which to regulate vegetation planting and

maintenance guidelines.

The most noticeable finding in the comparison of these




ordinances is that even though their climates are so different they
are all relatively similar in their requirements. Some of the
requirements, like shade coverage, should be a similar goal
throughout the United States. But because the cities studied are
all from different climatic regions, the ordinances should be
noticeably different in other areas. Orlando, for example, would
want to encourage year-round breezes through their parking lots
and possibly forgo perimeter screens while Fairfax and Lexington-
Fayette will want to require more screens to limit winter winds.
The use of porous pavements is another area that may differ
from region to region. While evaporative cooling does have the
potential to cool above ground air, it also adds to humidity levels.
Higher humidity levels in the southeastern region of the U.S. would
create more uncomfortable conditions for the pedestrian and would
want to be avoided. In these areas it may be more suitable to
require a specific albedo range in which paving should fall than to

recommend the use of a permeable surface.

The Climatic Adequacy of Mid-Atlantic Parking Lot Ordinances

Five coastal cities were chosen in the Mid-Atlantic region
of the United States to determine if and how well they include
climatic design in their ordinances. The cities chosen include
Charleston, South Carolina; Norfolk, Virginia; Savannah, Georgia;
Washington, D.C.; and Wilmington, North Carolina. The mid-

Atlantic cities’ bioclimatic charts (Figure 4.4) illustrates that all five
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cities look very similar with the exception of a few extreme
temperatures. This indicates that the cities experience similar
climatic situations and should have similar goals and requirements
in their parking lot ordinances. It should be noted, however, that all
cities have certain climatic characteristics specific to that individual
city and those should be taken into account when creating parking
lot ordinance requirements. A brief summary of the contents of
the Mid-Atlantic parking lot ordinances are included in Table 4.2
followed by a visual summary in Figure 4.5.

With the exception of Washington, D.C., the Mid-Atlantic
ordinances were similar in content to the case study ordinances
reviewed in the last section. All five cities require a minimum amount
of landscaping and none of them require a specified amount of
shade. Perimeter screening standards for the Mid-Atlantic were
also similar to the case study ordinances.

Washington, D.C. had the most inadequate parking lot
ordinance in that it never mentions anything about a tree
requirement in the parking lot ordinance. Requiring landscaping
in the parking lot does not ensure that trees will be planted. If an
ordinance is only going to require a specific amount of landscaping,
then it becomes necessary to require a specific number of trees
to be planted within that landscaping.

Planting standards and maintenance guidelines for the Mid-
Atlantic cities were also very vague. Planting instructions for most

cities are almost non-existent and the maintenance guidelines
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Figure 4.4. Mid-Atlantic
Bioclimatic Charts. Adapted
from Lynch & Hack, 1984.
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Ordinance

Requirements Charleston, SC Norfolk, VA Savannah, GA Washington, DC Wilmington, NC
landscaping 1island per 7 parking 10% 5% 8%
spaces
shade
Heat :jslls’; sgge between <15 spaces evenly dispersed <12 spaces evenly dispersed
Mitigation # of trees 1 per island 1 per 1441‘.’[2 of 1200 .tree quality tree 1 per 1441‘.’[2 of
landscaping points per acre landscaping
size of parking lot regulates max. size regulates max. size
surface type permits alternative permits alternative permits alternative permits alternative permits alternative
paving paving paving paving paving
Wind EZ:"T}‘fter screen 3t 2.5ft 3t 42in 3ft
Mitigation g
perimeter trees 1 per 50ft 1 per 25ft 1 per 18-27ft
island size regulates min. regulates min. regulates min. regulates min.
island type recommends clustered [ recommends clustered
tree list provided \ \ \ \
tree size at planting regulates min. regulates min. regulates min. regulates min.
Planting planting instructions meet current nursery gives planting seasons
Standards standards
-info on soils N
-info on drainage
-info on irrigation \
-info on mulching N
growth management maintain healthy, maintain healthy, maintain healthy, maintain healthy,
growing condition growing condition growing condition growing condition
-pruning
-topping
Plant -fertilization required

Maintenance

damage management

protect from cars

protect from cars

protect from cars

protect from cars

insect & disease
control

Table 4.2. Matrix of Mid-Atlantic Parking Lot Ordinances.
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Charleston, SC
Interior:
-lisland (9'X18’) per 7 spaces
-1 tree per island
Perimeter:
-screens at least 3’ high
-1 tree every 50’

Washington, DC
Interior:
-5% landscaping
-no requirement for trees
Perimeter:
-screens at least 42” high
-no requirement for trees

Ao/ Z7 3
<:»‘h§" 2>

Norfolk, V. Savannah, GA
Interior: Interior & Perimeter trees:
-10% landscaping -1200 tree quality points per acre
-1 tree per 144ft2 of landscaping Perimeter screens:
Perimeter: -at least 3’ high
-screens at least 2.5’ high
-1tree every 25’

Figure 4.5. lllustration of Mid-
Atlantic Parking Lot Ordinances.
Plans showing minimum
landscaping requirements for
parking lot ordinances in the Mid-
Atlantic region.

Interior:

-8% landscaping

- 1 tree per 144ft2 of landscaping
Perimeter:

-screens at least 3’ high

-1ltree every 18'-27’
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only require that plants remain in a healthy, growing condition and
be protected from the encroachment of cars.

Table 4.3 ranks the requirements of the Mid-Atlantic
ordinances based on the strongest and weakest requirements
from the case study ordinances. This comparison shows that the
requirements for the Mid-Atlantic ordinances falls well below the
standards set by the best case study ordinances. In order to make
a change in urban climate, cities need to write strong ordinance
requirements across the board. Planting standards and
maintenance guidelines should be given more attention in parking
lot ordinances and should always be included.

None of the ordinances, case study or Mid-Atlantic,
contained thorough information in all of the areas of designing
with climate. Some lessons, however, can be taken from the
positive aspects of these ordinances. For example, requiring a
certain percentage of shade cover instead of a percent of
vegetation. These positive techniques, along with principles
learned from the literature review, will be used in the next section

to create guidelines for writing a Mid-Atlantic parking lot ordinance.
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Figure 4.6. Existing parking lot in Charleston, SC showing current
parking lot ordinance requirements.




. . Charleston, Savannah, Washington, | Wilmington,
Most Strict (5) Least Strict (1) SC Norfolk, VA GA DC NC
Sacramento, CA Lexington-Faygtte,. KY
_ requirement of % —5% landscaping is not
Heat shading will produce :in%?f?:atn?[ Q]ane e 3 2 1 0 2
Mitigation better results thana | toog few trees areg
requirement of % . > °
landscaping required wlthln the
landscaping
Portland, OR Lexington Fayette, KY
Wind —requires solid (95% — 6’ tall screen is too
Mitigation opaque) screen high to admit 3 4 2 2 4
—requires perimeter summer breezes into
trees the site
Lexington-Fayette, KY
—supplemental manual | Fairfax, VA
Planting provides instructions | —does not require any 3 2 2 0 1
Standards and diagrams on information on
proper urban planting
planting standards
ooyt K, | e ua
Plant provides information | contains little 1 1 0 1 1

Maintenance

on the care of urban
plants

information on plant
care

Table 4.3. Comparative Parking Lot Ordinance Matrix. The matrix lists the

most and least strict case study ordinances in the first two columns and

gives a brief explanation of why that ordinance is the most or least strict.
The five columns to the right list the Mid-Atlantic ordinances and rank their
ordinances based on the most and least strict case study ordinances; most

strict is ranked a five and least strict is ranked a one. For example,

Norfolk’s inclusion of heat mitigating principles in their ordinance ranks a

two because its requirements are only slighty more strict than those of

Lexington-Fayette. Washington, DC, however, recieves a zero because they
require less heat mitigating principles than Lexington-Fayette.
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Chapter 5: Mid-Atlantic Parking Lot
Ordinance Guidelines

This chapter discusses elements that should be included
in every Mid-Atlantic parking lot ordinance. These elements were
introduced by the literature review and case study ordinances and
have been adapted to the climate of the Mid-Atlantic region. The
climate of the Mid-Atlantic region of the United States can be
classified as having hot, humid summers with milder winters. The
cities chosen for this project have similar temperature ranges with
the northern cities being slightly cooler than the southern cities.
Winds for all cities generally prevail from the same direction and

precipitation is common year round.
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Mid-Atlantic Climate: Washington, DC Savannah, GA

Average Jan. temp. range- 27°F to 43°F 38°F to 60°F
Average July temp. range- 70°F to 88°F 72°F to 92°F
Average days/year above 90°F- 37 69
Heating degree days- 4923 1766
Cooling degree days- 1075 2471
Average morning humidity- 83% 87%
Average afternoon humidity- 55% 54%
Average yearly rainfall- 42 inches 50 inches
Average yearly snowfall- 22 inches 0.5 inch
Average winter winds- NW 10mph W 9mph
Average summer winds- S 9mph S 7mph

Figure 5.1. Mid-Atlantic Context Maps. Annual climatic information has
been provide for the most northern and southern cities with the
remaining cities’ climates falling somewhere in between.
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Guidelines for Mid-Atlantic Parking Lot Ordinances

The following guidelines are based on principles for
designing with climate and issues raised during the analysis of
current U.S. and Mid-Atlantic parking lot ordinances. As shown by
the Mid-Atlantic bioclimatic charts in the previous chapter, the
climates of these cities are similar and, therefore, these cities
can all use the same guidelines in writing their parking lot
ordinances. These guidelines provide information that should be
included in all Mid-Atlantic parking lot ordinances in order to help
limit unwanted climatic elements. These guidelines pertain only
to aspects of a parking lot ordinance that address climate
amelioration and do not directly deal with other important issues
such as safety or aesthetics. These guidelines have been divided
into the four primary concerns for climate amelioration: heat
mitigation, wind mitigation, planting standards, and plant

maintenance.

Heat Mitigation: The major parking lot design decisions that have
an effect on urban heat islands are parking lot size, surfacing, and
shading.
-Parking lot size: Specifying maximum sizes for parking lots
can help to prevent businesses from creating enormous lots
that are greatly underutilized during most of the year. Both
minimums and maximums should be developed based on

the adequacy of the public transportation system and the




results of parking surveys for that specific city. In cities where
there is an excellent public transportation system, it may be
feasible to require less parking. Cities without public transit
may need to require more spaces to service downtown
business districts.

The parking needs of one city cannot be decided based on

national parking demand surveys because each city will have
different parking needs. Every city needs to survey its own
parking needs to determine the amount of parking area
needed to sustain local businesses. More accurate numbers
will also be realized if the city conducts separate surveys for
each individual district. Once minimum standards are
created, maximums can be estimated based on the capacity
of local street systems.
-Alternative surfacing: One of the easiest ways to regulate
surfaces may be to require a range of surface albedos that
parking lots must be paved with. This range can restrict
developers from using dark surface material while still leaving
them with choices.

Ordinances should also allow for and encourage the use
of alternative paving materials in parking lots. Lots that are
infrequently used (churches, sports stadiums, etc.) could
have much more strict regulations that require porous or
unimproved surfaces. Cities may wish to require overflow

lots to remain grass or be paved with grass pavers.
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Reductions in other requirements, such as landscaping, could
be given to lot owners as an incentive for using alternative
paving materials.

-Shading parking areas: In order to make a noticeable
difference in urban heat islands, a large percentage of shading
needs to be required for each parking lot. American Forests
(n.d.) recommends that an average of 40% canopy cover
needs to exist in urban areas. Much of this canopy cover
demand needs to be met in open spaces and parking lots as
they provide the most reasonable spaces. It is suggested
here that at least 50% shading be required in all parking lots.

The shading requirement should be met within an
acceptable time span depending on the types of trees that
are planted in the lot. Grouped trees should be recommended
to provide better shade, but it should be required that shade
be spread evenly throughout the lot.

Cities should require the submittal and approval of shade
plans along with other construction drawings before permits
are issued. Instructions, preferably in the form of a
supplemental manual, should be provided to illustrate how
to calculate shade and providing examples would be
beneficial. Manuals also need to include tree lists of species
that are capable of providing sufficient shade, withstanding
the harsh environment of parking lots, and cause little mess.

Cities could use Sacramento’s manual (Appendix B) as a




guide to writing their own supplemental manual.

Wind Mitigation: The use of perimeter and interior landscaping

will be used to manage wind movement through the site.

-Perimeter landscaping: It is not recommended that Mid-
Atlantic cities require tall, solid screens around the perimeter
of parking lots even in the case of different adjacent uses.
The high humidity levels in the Mid-Atlantic region make winds
a necessary element during warm periods, especially in hot
spaces such as parking lots. Tall screens restrict this airflow
creating stagnant spaces. For this reason, it is recommended
that only low screens (three feet tall) should be required for
perimeter landscaping. Low hedges are capable of providing
the necessary screens for safety purposes as well as
providing separation between adjoining uses. Trees can be
used in conjunction with the low hedge if more of a visual
barrier is required. The line of trees will also help to slow
wind through the site while still leaving space between the
shrubs and the bottom of the tree canopy for air circulation.
Figure 5.2 illustrates different vegetation patterns that could
be used along parking lot perimeters to manage wind.

If winter winds are a severe problem for particular parking
lots, taller screens could be used on a case-by-case basis.
In the Mid-Atlantic region, winter winds generally prevail from

a northwesterly direction while summer winds come from
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Figure 5.2. Typical Wind Patterns. The combination of trees and shrubs
will allow some wind to enter the parking lot (top). The use of large
shrubs will restrict aiflow into the parking lot (bottom).

the southwest. Taller screens could be used on the northern
perimeter of the site to obstruct winter winds leaving the
southern end open to summer winds. A negative aspect of
this design is that the tall screen can also prevent summer
winds from moving into adjoining lots. Plan approval should

also be required in this circumstance before construction




permits are obtained.

-Interior landscaping: Along with the shade trees required for
heat mitigation, shrubs and ground covers should be required
to fill islands. Understory evergreen shrubs throughout the
parking lot will slow winds through the site. Shrubs should
be kept to a height of approximately three feet, to still allow
summer breezes to filter through. A height of three feet, as
was the average height required by the case study
ordinances, appears to be an appropriate height for several
reasons. First, the lower height of the shrubs will allow winds
to filter through the site (See Figure 5.2). The second reason
is that three feet is tall enough to be prevent most headlights

from leaving the parking lot and creating a nuisance.

as trees with messy fruits or invasive roots.

-Planting season: Allowances should be made for the timely
planting of vegetation in parking lots. Planting should generally
be done in either the fall or spring, but some species may
transplant better during other times of the year. The ordinance
should allow parking lots to go unplanted until the proper
transplant time to ensure higher survival rates.

-Island size: The size of the islands used in parking areas
will greatly depend on the amount and type of vegetation that
is planted in those islands. Ordinances should recommend
clustered planting areas or planting strips. Minimum island
sizes should be contingent on the number and type of trees

planted in each island. The tree list could specify minimum

Planting Standards: Appendix A discusses important planting island sizes for specific tree species based on canopy size.

standards for urban vegetation. Planting standards for parking lot The recommended suggestion is two cubic feet of soil for
every square foot of tree canopy for adequate growth
(Lindsey & Bassuk, 1991).

-Soils: Soils should be tested for nutrients, minerals, and

vegetation should be provided in a supplemental manual so as
not to clutter the parking lot ordinance. The following is a minimum

amount of information that should be provided in the manual:

-Tree list: The tree list should include trees that are capable
of providing dense shade, are tolerant of urban environments
(high temperatures, pollution levels, etc.), are pest and
disease resistant, and require little maintenance. It may also
be helpful to provide a list of shrubs and ground covers that
are acceptable for parking lot landscaping. There should also

be a list of vegetation prohibited for use in parking lots, such
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drainability. Soils that do not meet minimum requirements
should be replaced with well-balanced soils. The manual
could recommend the use of structural soils and educate
developers on the benefits of using such soils.

-Aeration: If soils are too compacted to “breathe” then they
should be replaced with less compacted, well drained soils.

-Drainage: All landscaped islands should be provided with a




means of draining excessive water, especially in stormwater
filter strips.

-Irrigation: All landscaped islands should have irrigation
systems installed for at least the first two years. Mulching

should be required to assist the irrigation system.

Plant Maintenance: General maintenance that should be
mentioned in the parking lot landscape ordinance include: weeding,
remulching, replacement of dead or damaged materials, and any
other practice that will ensure the health of the plant. Other
maintenance elements that will require more instruction include:
pruning, fertilizing, and pest and disease control.

-Pruning: Topping trees should be prohibited. All pruning should
be administered in accordance with standard horticultural
practices and should be administered by someone with
experience.

-Fertilizing: Fertilizer should only be applied as needed
according to soil testing and should never be applied within
the first two years.

-Pest and disease control: Requiring that trees from the tree
list be used in parking lots should minimize this problem.
Problems that do occur should be treated appropriately as

needed.

Once the parking lot ordinance has been created from these
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guidelines, it must be enforced in order to reach its goals. The
first step will be to make sure that parking lots are installed exactly
as they are depicted on the approved plans. Once those parking
lots are in use, cities will need to monitor them regularly to ensure
that plants remain healthy and functional. Fines should be issued
to those who do not maintain their parking lots.

Educating the public of the benefits of designing with climate
may be the easiest way to ensure that parking lot ordinances are
followed. Climate mitigation should be included in the statement
of purpose followed by a brief section describing some of the
benefits of designing with climate. This could include such things
as economic savings for neighboring buildings as their heating
and cooling loads will be reduced. An educational approach may
be sufficient in convincing parking lot owners in the downtown

business district to comply with ordinance regulations.

Figure 5.3. Example Parking Lot in Norfolk, VA. This existing municipal
parking lot illustrates the need for the regulation and enforcement of
ordinance requirements.
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Chapter 6: lllustrative Design

The parking lot ordinance guidelines from the previous
chapter have been incorporated into two parking lot designs to
illustrate their effect on the climate of the parking lot and surrounding
areas. The site for the illustrative designs is located in Norfolk,
Virginia. The site is first analyzed to determine its specific climatic
needs and those results are then used in conjunction with the
parking lot ordinance guidelines to produce a more climatically
comfortable pedestrian space. Process drawings are provided to
show how the new parking lot designs will effect and help to

mitigate climate.




Figure 6.1. Project Context Maps.

Project Site
Norfolk, VAis a coastal city located towards

the middle of the Mid-Atlantic area studied in this
thesis. The chosen site is located in the downtown
business district and is only a few blocks from one
of the three large rivers that surround the city. The
site is currently used as a privately owned parking
lot and is approximately 38,000 square feet holding
56 parking spaces. The site has buildings along
its east and west sides and streets along the north
and south. It is currently paved with black asphalt
and has only a few small planting areas containing

small trees.

Norfolk Climate:

Average January temperatures-
Average July temperatures-
Average days/year above 90°F-
Heating degree days-

Cooling degree days-

Average morning humidity-
Average afternoon humidity-
Average yearly rainfall-
Average yearly snowfall-
Average winter winds-

Average summer winds-
Average yearly wind speeds-

Project Site.

Figure 6.2. Existing Conditions of

32°F to 48°F
71°Fto 87°F
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Site Analysis
Shadow studies were created for the site during summer

and winter seasons to determine the amount of solar radiation
the lot receives throughout the year. Figures 6.3 - 6.6 show that
the site receives full sun during the most intense hours of the day.
Without receiving any shade from surrounding buildings during
the summer, the parking lot will collect and store large amounts
of heat during the summer creating uncomfortable situations for
pedestrians. Winter sunlight for the site also proves to be
problematic as there are only a few hours of the day that receive
direct sunlight. With so little solar warmth reaching the parking lot
during the winter, it is important to try and reduce chilling winds.

As discussed earlier, wind patterns will be difficult to predict
without wind tunnel testing, but for the purpose of this project a
few general assumptions have been made about wind movement
through the site. Winter winds in Norfolk prevail from the north
and summer winds prevail from the southwest. With the north
and south ends of the parking lot being open to streets, wind will
gust through the site with little or no obstruction. There are also
water bodies within a few blocks to the west and south of the site
which can lead to thermal breezes throughout the year.
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Figure 6.3. Shadow patterns Figure 6.4. Shadow patterns
for June 21 - 10am. for June 21 - 3pm.

/

Figure 6.5. Shadow patterns Figure 6.6. Shadow patterns
for December 21 - 10am. for December 21 - 3pm.




Illustrative Designs

Both designs for the site illustrate different ways in which to
incorporate the ordinance requirements. The parking lot ordinance
guideline requirements from chapter five have been met in both designs
although the overall objective of each design is different.

Design One:

The goal of the first design was to create a parking lot for the
pedestrian providing safety and a sense of belonging. The following
are key elements of the design:

-Curved, narrow driving isles slow the speed of motorists.
-Central, raised sidewalk through the site creates safe pathway for
pedestrians and speed bumps for motorists.

-Tree canopies bring the scale of the large site to the pedestrian

gy =

Figure 6.7. Design One Perspective. Clustered trees provide plenty of shade for
the parking lot as well as bringing the scale of the lot to the pedestrian level.
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Figure 6.8. Design One.




level.

-Landscaping strips are used instead of individual tree pits to
provide more growing room for trees.

-Shrubs along the perimeter are used to block the nuisance of
headlights blinding street traffic.

-Large planting beds in the center and along the perimeter of
the parking lot are used to filter stormwater.

-Prevailing northern winter winds will be slowed by the shrubs
on the north end of the site as well as the trees. The lack of
shrubs on the southern end of the site will allow prevailing
summer winds to cool the site.

-A variety of trees planted throughout the site provide at least a
50% shade cover for the parking lot.

-Paving for the site is a light-colored porous pavement that will
help to filter stormwater and reduce this parking lot’s impact
on the city’s stormwater system. The large amount of trees
on the site will also help to intercept much of the rain water

falling on the site.

Figure 6.9. Headlight Block - Design One. Shrubs planted along the
perimeter of the site help to block hazardous headlights.
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Figure 6.10. Wind Breaks - Design One. Tree branches will help to slow
gusting winter winds while summer breezes will still be allowed into the
site under the tree canopies.

Figure 6.11. Shadow Study - Design One. Shadow
patterns calculated for August 8th at 2:00 p.m.




Design Processes:

The use of vegetation and porous pavement within the parking lot will help manage
heat in several ways. First, vegetation will provide shade for the lot reducing the amount of
radiation that reaches the parking surface by either reflecting or absorbing it. Cooler air will = - L 4
also be released by the vegetation through evapotranspiration which is found to be most ZA) I
effective when trees and shrubs are planted in groups. Porous pavement also allows for the ? ;' ’ \‘* L
flow of cooler air from subsurface soil levels to the surface of the lot. Lighter colored aggregate

used in the porous surface will also increase the surface albedo.
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Figure 6.12. Solar Radiation in the Parking Lot. The use of vegetation and lighter porous pavements in the parking lot will reduce the amount of heat
stored in the parking lot. Porous pavements will allow the cooler subsurface air to move into the parking lot.
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Figure 6.13. Porous Pavement in the Parking Lot. Porous pavements allow for the transfer of air and water through its surface which is beneficial to
climate control and plant growth. Larger aggregate materials reduce surface area, decreasing the absorption of solar radiation.

Porous pavement is used in the site to reduce the amount
of stormwater pumped into local stormwater systems. Stormwater
filtered and then stored beneath the surface of the pavement. This
water can then be taken up by the roots of local vegetation and
used for growth. Water not used by plants will then begin to
evaporate up through the pavement, using heat energy in the
process and cooling the air just above the surface of the lot.

Using structural soils along with porous pavement will further

enhance root growth and tree survival rate. With structural soils,
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the tree roots will be able to easily manipulate their way through
the soil beneath the parking lot to access the stormwater. Structural
soils will also help to prevent damage to the parking lot surface by
reducing buckling.

Porous pavements also use larger aggregates in the surface
layer than do traditional asphalt pavements. The large aggregates
diminish the amount of surface area capable of absorbing solar

radiation.




The use of a combination of large shade trees with Large amounts of trees planted in the parking lot will also

underlying shrubs will benefit the parking lot by allowing wind to help to ameliorate winter winds. Even the bare branches of
pass through the site. Allowing winds to pass through the site deciduous trees in the winter will cause drag and slow wind
during the summer will help to cool the lot by allowing cooler air speeds.

into the lot. As heat rises from the surface of the parking lot, the
wind will carry the heat away from the site eliminating stagnant

hot air above the parking lot surface.
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Figure 6.14. Wind in the Parking Lot. Any radiated .heat from the surface of the parking lot will be carried off the site by wind. Leaving space between
tree canopies and underlying shrubs allows wind to move through the site.

44




Design Two:

The design for the second site was meant to provide a
parking lot that could hold as many parking spaces as possible; a
common goal of many parking lot owners. This design illustrates
that it is possible to create a parking lot with maximum parking
spaces while still incorporating the elements of designing with
climate. These are the key elements of the second design:

-Angled parking allows this narrow lot to hold its maximum

number of cars.

-Shade sails are used to cover the entire paved area providing

Figure 6.15. Design Two Perspective. Design Two creates a maximum amount

of shade for the parking lot while still allowing for the maximum number of
parking spaces. Figure 6.16. Design Two.
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well over the recommended 50% shade. These shade sails
can also help to slow the rate of stormwater entering the
site.

-Grass areas along the edge of the paved areas are used to
hold and filter stormwater falling on the site.

-Benches are use at both ends of the site to provide some
buffer for winds. The shade sails will also help to obstruct

and slow winds.

-Benches are also used to help diffuse headlights from within _ _ _ .
Figure 6.18. Headlight Block - Design Two. Benches placed in front of

the parking lot. parking spaces will help to diffuse headlights.

Figure 6.19. Shadow Study - Design Two. Shadow
patterns calculated for August 8th at 2 p.m.

Figure 6.17. Wind Breaks - Design Two. Leaving the shade sails up year-
round will help to create drag slowing the velocity of winter winds. Cars parked
in the lot will also help to slow winds.
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The design of a parking lot can have a dramatic effect on a
city’s climate. Good designs can improve the climate, making it
more comfortable for humans; bad designs can aggravate existing
climatic problems, making pedestrians much less comfortable.
The parking lot design guidelines given in the previous chapter
will begin to improve climate in the Mid-Atlantic region if
implemented properly. Since every site is unique, the principles
will need to be incorporated in a manner suitable for each site. A
site analysis of climatic needs will help to inform the designer on
how to incorporate these principles. Only through a combination

of all the design principles will the climatic results be realized.
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Chapter 7. Major Findings and
Conclusions

The climate of the city is not only affected by local weather
patterns, but also by the built form of the city. Failure to take climate
into consideration when designing the city may lead to higher air
pollution, poor water quality, higher energy consumption, and poor
human health. Landscape architects have the ability to lessen
these effects by designing with climate. All that is needed to
accomplish this task is a working knowledge of climatic processes
and the affect urban form has on those processes.

Three common phenomena occur in every city: urban heat

island, urban wind, and urban precipitation. These phenomena




are the direct result of the built form of the city. Gross amounts of
impervious surface area and the lack of vegetation contribute to
making the urban climate different from its rural counterpart.
Impervious surfaces lead to heat buildup within the city and the
lack of vegetation causes the city to lose out on natural cooling
processes that are present in rural areas.

Landscape architects can use design to decrease
impervious surface areas and increase vegetation throughout the
city. Vegetation, especially in the form of shading species, can be
used throughout the city to limit the amount of impervious area
susceptible to heat gain. Alternative surfaces with higher albedos
could be used to lower heat storage within the city. Strategically
placing vegetation along streets and in open spaces in the city
can help to minimize gusting winds. Urban open spaces provide
great potential for landscape architects to use principles of
designing with climate.

Parking lots are one of the most abundant open spaces
found in urban areas, yet little thought is given to their design.
Parking lots can constitute over one-third of the impervious
surface area of cities, contributing greatly to urban heat build-up.
The redesign of all parking lots in a single city to comply with
climatic design standards will dramatically improve the state of
that city’s urban climate. Parking lot ordinances can be used to
facilitate this change.

This thesis found that current parking lot ordinances in
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several cities throughout the United States are inadequate in terms
of designing with climate. Ordinances from different climatic
regions of the country have almost identical ordinance
requirements indicating that those ordinances are not responding
to their local climate. Different climatic regions should have region
specific climatic objectives in their ordinances. This thesis did
find, however, that within the same climatic region it is possible
for cities to have very similar ordinances mainly because the
climatic needs of the region will be the same throughout.
Unhealthy, dying vegetation is one of the primary reasons
that most parking lot ordinances do not have an impact on local
climate. Parking lots provide a very harsh environment in which
plants are expected to survive. For this reason, vegetation within
the lot has special needs in terms of planting and maintenance.
Instructions for proper planting standards and plant maintenance
need to be provided as part of the parking lot ordinance in order to
ensure the plant’s survival. If the vegetation does not survive, there
is no chance that the climatic goals of the parking lot will be met.
This thesis is based primarily on the results of other urban
climate studies. Further research needs to be done to determine
the effectiveness of the principles discussed here. These studies
would include:
-wind testing to determine the ability of specific trees and
shrubs to block/reduce wind speeds

-using methods other than computer modeling to determine




the effect higher albedos have on mesoclimate.
-determining the extent to which evaporative cooling and

evapotranspiration can have on parking lot temperatures.

Understanding the basic processes of climate and the
principles of designing with climate will provide the landscape
architect with the knowledge to create a set of design principles
for any open space. Designing with climate will help to eliminate a
city’s climate problems while creating a cleaner, healthier

environment for its inhabitants.
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Appendix A: Planting Guidelines
and Maintenance Standards

Planting Guidelines

Research has been done to illustrate the best way to plant
an urban tree in order for it to reach its full potential in size and
lifespan. Several factors go into good tree planting including: digging
a good planting hole, soil conditions, aeration, drainage, and

irrigation.

Planting Holes- Compacted soil is probably the biggest
problem hindering tree growth in parking lots. Roots need loose
soil to provide growing room, aeration, and drainage. Whitcomb

(1987) suggests that the key to digging a hole for planting trees




and shrubs is that wider is better than deeper. His reasoning behind
this suggestion is that the roots for most plants only grown within
the upper ten to twelve inches of soil. Holes only need to be dug to
the depth of the root flare and should be dug two to three times
the width of the root ball depending on the type of plant (Harris,
Clark, & Matheny, 1999). Digging deeper holes will allow the soil
to settle, leaving the top of the plant a couple of inches below
ground level. This depression will allow water to settle in the planting
hole leading to rotting stems and/or roots, disease problems and
plant stress (Whitcomb, 1987). Harris et al. (1999) have
recommended digging vertical walls for the planting pit instead of
sloping walls. This would prevent excessive water from washing

into the pit and drowning the lower portion of the root ball.

Soils- Providing enough soil volume for roots to grow is
essential for the health of the tree considering that is where the
tree finds water, nutrients, and oxygen for acquisition (Grabosky,
Bassuk, & Trowbridge, 2002). Proper soils are a major key to the
health of a plant. The soils need to be rich in water, minerals, and
nutrients and the plant needs to be able to use those soil
characteristics to grow. Many times the problems with soils are
that the tree or shrub is unable to acquire the nutrients from the
soil because they are “locked in.” Iron and manganese are
chemically bound in alkaline soils, for example, and the roots

cannot separate the minerals from the soil in order to use them
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(Neely, 1978).

Soils in planting pits should be tested to ensure that they
are well balanced; poor soils should be removed and replaced
with better soils. Good soils are those that are well aerated, have
the capacity to hold plenty of nutrients, have the ability to hold
water but also be able to drain well. Amending compacted soils
with organic materials is not recommended because this
procedure has not been shown to have any beneficial effect on
the growth of the tree (Harris et al., 1999; Whitcomb, 1987). A
better solution is simply to till up the compacted soil, allow it to
settle back into the pit, and then planting in the loosened soil.

The amount of soil that a typical tree needs to grow in the
urban environment is an issue of high debate. Much is written
about the size of the hole in which a tree is to be planted, but
perhaps a better way to determine the size of the hole to dig is to
decide how much soil the plant needs. Horticulturists at Cornell's
Urban Horticulture Institute have indicated a general rule of thumb
for the amount of soil a tree needs for optimal growth. This rule of
thumb is two cubic feet of soil for every one square foot of crown
projection to a depth of about three feet (Grabosky et al., 2002).
Supplying this much soil underneath the canopy of a newly planted
tree will ensure the tree will receive proper room to grow and anchor
itself into the ground. Providing this much soil for one tree in the
urban landscape may seem like an impossible task because of

the small amount of room allotted for trees in the landscape, but




planting trees in groups can help solve this dilemma.

Planting grouped trees in the urban landscape is a great
way to provide plenty of soil for trees to grow. Grabosky et al.
(2002) suggest taking a look at rural trees in order to assess the
needs of urban trees. Trees in the forest, for example, do not
need to be spaced out far from each other in order to survive.
They can grow in fairly close proximity to one another as long as
their roots can intertwine in the quest to find enough soil volume
to sustain growth. The same should be true in the urban
environment. Grouped trees can be planted in clusters within larger
planting islands in order to provide more soil for the tree’s roots.
Clustering, however, is not the only way to provide more soil area
for roots. New soils are being developed for use under roads,
sidewalks, and parking lots that will allow for roots to easily
penetrate through them, facilitating water and nutrient uptake.

Recently, a new soil has been created and tested at Cornell
University that has the capability of being compacted to standards
suitable for parking lots and roads, while still allowing roots to
easily penetrate. This type of soil is called CU structural soil. CU
structural soils are “a designed medium which can meet or exceed
pavement design and installation requirements while remaining
root penetrable and supportive of tree growth” (Bassuk, Grabosky;,
Trowbridge, & Urban, 1998). The supportive structure of these
soils are large aggregates that can be compacted to the strength

necessary to support roads, sidewalks, and parking lots. Yet there
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is plenty of space between these aggregate layers where soil can
fill the gaps bringing nutrients and holding water for the vegetation
to use.

Structural soils can be used under any rigid paving surface
and can be compacted to whatever strength is required by local
codes. Because of the large porous nature of the soil, roots can
easily find room to grow through the compacted soil, unlike the
typical compacted soils found under roads, sidewalks, and parking
lots. Giving roots room to grown underneath the surface of the
pavement will allow for a better root system for the growing tree
as well as decrease the amount of damage roots cause to

sidewalks and roadways.

Aeration- The compacted soil under parking lots prevents
oxygen from reaching plants roots leading to suffocation. Porous
pavements as well as structural soils that allow for compaction
but still contain air holes are great for providing the vertical
movement of air down to the roots of trees and shrubs. As long
as the soil is well-drained, oxygen will be able to penetrate through
the pavement and soil to the roots. Drainage is a large part of
ensuring that roots are provided with an adequate amount of

oxygen.

Drainage- To determine whether the planting bed needs to

be equipped with extra drainage, a percolation test should be




administered. If the soil does not drain well, then an internal
drainage system must be provided to carry water away from roots.

Many times planting beds are used as a water retention
area in the urban landscape. These retention areas can be very
beneficial to stormwater treatment systems and downstream
ecosystems because the planters help to filter pollutants out of
the water before it is either sent to the city’s stormwater treatment
plant or returned to the groundwater. If the soils in the planter are
not able to drain this stormwater properly, then other options should
be made for the excess water removal. Any time soils do not drain
well, or are being used for water retention areas, specific plants
that can tolerate high levels of soil moisture should be used. These
types of plants should be listed in a master tree list to help the

developer choose the proper types of vegetation.

Irrigation- The oppressive heat caused by parking lots during
the summer months can take a toll on parking lot landscaping.
Plants need to have plenty of water during this time to ensure
their survival. Irrigation may be required in areas with hot, dry
summers but needs to be controlled so as not to drown the plants.

Factors determining the amount of water needed for
vegetation in the urban landscape include: weather patterns, length
of day, amount of previous irrigation or rainfall, depth and spread

of roots, and size of canopy (Harris et al., 1999). There are various
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types of sprinkler systems that can be installed in order to keep
vegetative beds thoroughly watered throughout the growing
season. Plants with similar watering needs should be planted
together to ensure the most effective watering practices.

Many municipalities are concerned with water conservation
efforts, especially during summer months when rainfall is slight.
In these cases, it is important to know how much water is needed
for the plants to sustain themselves. During critical growing
seasons, more water can be provided to ensure health and vigor,
but other times may receive less water. It is also important when
choosing which plants to include in urban areas, such as hot, dry
parking lots, to choose plants that can handle hot, dry situations.
Many plants can thrive with little irrigation and should be considered
for planting in such land uses.

Another option to reduce the amount of water needed in the
urban landscape is by mulching. Mulching is beneficial to keeping
planting beds moist in several ways. First, mulching helps to
insulate the planting bed so that moisture cannot escape into the
air by means of evaporation. Secondly, using mulch instead of
grass around the base of trees will eliminate the competition
between the two species for water and nutrients.

Other benefits of mulching include: reduced soil compaction,
reduced erosion, and improving soil tilth by supplying plant
nutrients as they decompose (Trowbridge & Bassuk, 2004). The

use of organic mulches like bark, pine needles, and compost will




benefit planting beds the most and should be encouraged over
the use of gravel or brick chips. Mulching depth should be anywhere
from three to four inches (Lilly, 2001; Trowbridge & Bassuk, 2004).

Another important factor that should be taken into
consideration when planting urban vegetation is the time of year
that trees and shrubs are planted. Many times trees and shrubs
are simply planted when the construction allows them to be
planted. This is often during summer or winter months when
conditions are not suitable for planting. Trees should mainly be
planted during spring or fall months when soil and air temperatures
are moderate and rainfall is frequent. Studies have shown that
planting in the spring will give a ten percent higher survival rate
than planting in the fall for bare-root and ball and burlap trees and
shrubs (Cool, 1978). Whitcomb (1987), however, states that plants
that are container grown in the nursery have a better chance of
survival if planted in the fall. The choice between these two
seasons is one that will highly depend upon the climatic zone in

which the planting is being done.

Plant Maintenance

Properly planting vegetation in the urban landscape is only
half of the battle when striving to provide the proper growing
atmosphere for urban vegetation. Trees need to be maintained

and cared for in the urban environment in order to remain strong
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and healthy. Healthy trees will have a better chance of resisting
disease and pest infestation and will provide more environmental
benefits to the landscape. Keeping trees healthy will also reduce
costs in the long run as tree removal and replacement practices
are not cheap. Also, maintenance of young trees is much less
expensive and easier than maintenance of mature trees. The small
initial investment in plant maintenance early on will benefit the
property owner lately by reducing maintenance problems and
increasing plant benefits.

The most important decision in planting successful
vegetation is choosing the proper plant or tree for the location
(Lilly, 2001). Planting an appropriate species in the urban landscape
will minimize the amount of maintenance one has to administer.
Maintenance of the urban vegetation includes everything that must
happen in between planting the tree and when the tree will need
to be removed. Plant maintenance can be divided into three
categories: growth management, damage management, and

insect and disease management (Grey & Deneke, 1986).

Growth Management- There are two types of growth control
that can be used to manage the urban landscape if needed: the
first type is that which controls, or redirects, the growth of the
urban vegetation, and the second is the type of control which
stimulates the growth of trees (Grey & Deneke, 1986). The first

type of growth control involves pruning trees and shrubs to either




contain their growth or keep it from growing in the way of
pedestrians or traffic. Keeping trees and shrubs properly pruned
will not only protect people and automobiles from being injured by
overextending branches, but will also protect the tree or shrub
from being injured. Pruning is not a task that should be done
without proper training because it can have devastating effects
on the tree or shrub.

Topping, for example, is an act of severe pruning that can
have devastating effects on the tree itself and is not an acceptable
pruning practice (American National Standards Institute, 2001).
Topping is a term used for completely pruning the entire canopy
from the tree resulting in stubs instead of limbs. This has been a
practice performed by many municipalities in order to reduce the
amount of limbs that fall into roads or onto houses during winter
storms. This practice is hazardous to the tree’s health because it
leaves open wounds in the tree for disease and pests to enter.

Pruning is not necessarily a process that needs to be
administered every year. Pruning trees is a practice that is vital to
the welfare of a tree when the tree is young. Making sure that a
tree develops a good structure when young will almost ensure
that that tree will grow into a nicely shaped, problem-free tree.

Pruning can be done on mature trees to thin out thick
canopies. Thinning canopies can improve the life of the tree in
several ways. First, thinner canopies allow sunlight to penetrate

deep into the canopy of the tree making sure that the center
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receives sufficient sunlight. Allowing more light to penetrate through
the tree will also allow plants beneath the canopy of the tree to
receive adequate sunlight for growth. The second benefit to
pruning a tree’s canopy is that it will allow some wind to pass
through the canopy instead of being trapped. This will reduce the

risk of trees being blown over by strong winds (Harris et al., 1999).

The second type of management is growth enhancement.
Growth enhancement includes anything that will support and
facilitate the tree or shrub in surviving in the urban environment.
This includes irrigation, fertilization, and the removal of other weeds
and vegetation that may compete for nutrients and water (Grey &
Deneke, 1986).

Fertilizer should be applied on an as needed basis in order
to amend soils that may have been stripped of nutrients as the
plant uses them. Fertilizer should be applied so that they are
available for roots when they are in a growing stage. The fertilizer
should be of a slow-release type and should be placed near the
trunk to the dripline or just beyond (American National Standards
Institute, 1998).

Damage Management- Damage control includes anything
that needs to be done in order to correct a problem that has
occurred, like removing broken branches after an ice storm. Many

times damage control can be prevented if the proper steps in




growth control have been taken. Pruning trees is a great way to
prevent damage to trees and shrubs by keeping them out of
harm’s way. Along with pruning, damage control includes:
“construction and grade change precautions, cabling and bracing,
wrapping, mulching to discourage damage by lawnmowers,
construction of physical barriers, posting of signs, and policing,”
as well as education (Grey & Deneke, 1986, p. 166).

Damage control begins with the proper planting of a tree,
shrub, or other vegetation in the landscape. Properly planting a
tree or shrub in the landscape can dramatically reduce the need
for maintenance later on by ensuring that a tree or shrub recovers
from transplant shock. Any time a plant is damaged in some way,
damage control is required to make sure that the plant is tended
to in order to prevent further damage.

Another damage control device, especially for trees and
shrubs within parking lots, is wheel stops and/or curbing. Providing
these devices around vegetated islands in parking lots will keep
the plants protected from automobile overhangs, opening doors,
and wheels. If necessary, curbing can also prevent polluted
stormwater from entering certain planting islands that may be

sensitive to pollutants or excessive amounts of water.

Insect and Disease Management- Insect and disease
management includes the following elements: “knowledge of insect

and disease life cycles, monitoring, decision making, physical
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capability for control application, and legal authority for action”
(Grey& Deneke, 1986, p. 166). Knowledge of insect and disease
life cycles will help to determine the appropriate action to take. It
is also important for the person checking the vegetation to know
the difference between pests and diseases that are harmful to
the plant and those that are beneficial (Harris et al., 1999). Many
insects and diseases have little adverse effect on the tree or shrub
they are infecting. In these cases, treatment may not be necessary
as many diseases do not cause permanent injury to the plant. It
may be sufficient to simply allow the life cycle of the insect or
disease to run its course and not worry about treating the
vegetation. After the life cycle is complete the plant may be able to
correct itself, especially if the tree was healthy to begin with.

Monitoring is a great way to catch a pest or disease
problem before it gets out of control. Monitoring will allow the city
to detect problems early and treat them before that problem
becomes an issue city-wide. It will be much easier to treat a single
tree or clustered group of trees than to treat every tree within the
city.

Treating insect pests and diseases with chemicals is not
always the best method to manage them. Not only can this be
hazardous to the health of humans, but chemicals can also Kill
predators that feed on the pests. Other options are available for
the elimination of noxious pests. William and Helga Olkowski of

the Department of Biological Control, University of California,




Berkeley, have studied and suggested ways to combat insect and
disease problems in Berkeley through the understanding and
management of ecosystems (Grey & Deneke, 1986). What they
have found is that many insects can be eliminated by knowing
what those insect’s natural enemies are and introducing those
enemies into the city. This avoids the use of chemicals and sprays
to eliminate pests and rids the city of the problem safely. Other
options that can be administered that do not require the use of
chemicals and sprays are the use of pruning to remove and rid
the city of those parts of the tree that are heavily infested. Using
high-powered water sprays and insect tapes are also safe
management practices to remove pest from the city.

The city can take a pro-active stand in fighting problems
with pests and disease by providing a master tree list for use
throughout the city. The tree list should include trees that are
resistant to pest and diseases but still provide the necessities
needed in the urban environment (shade, screening, etc.) By
requiring landscapes to include only, or primarily, trees from the
provided lists, cities and property owners could save money that

would otherwise have been used on treating pests.
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City of Sacramento Parking Lot Tree Shading

Design and Maintenance Guidelines

INTRODUCTION / PURPOSE:

This document provides standards and guidance for the planting, maintenance,
protection, removal and replacement of trees planted pursuant to the parking lot tree
shading regulations as defined in the City Code. The purpose of the Parking Lot
Tree Shading Design and Maintenance Guidelines is to improve the effectiveness of
the City’s parking lot shading ordinance. The standards and recommendations in
this documents will help to encourage achievement of the City’s 50 percent shading
requirement for a greater number of parking facilities.

SHADING REQUIRMENTS AND CALCULATIONS:

The parking lot tree shading ordinance requires that all new parking lots include tree
plantings designed to result in 50 percent shading of parking lot surface areas within
15 years.

The shading requirements calculations apply to all new impervious surfacing on
which a vehicle can drive including:

= Parking stalls

= All drives within the property line (regardless of length)

= All maneuvering areas (regardless of depth)

Exceptions to the shading calculation include:

= Single family and two family residential parking areas

= Parking structures

= Truck loading areas in front of overhead doors

= Truck maneuvering and parking areas unconnected to and exclusive of any
vehicle parking

= Surfaced areas not to be used for vehicle parking, driving or maneuvering,
provided they are made inaccessible to vehicles by a barrier such as bollards,
curb, or fencing

= Vehicle display, sales, service, and storage areas (parking facilities for these
uses are subject to shading requirements)

Shading Calculations:

1. If a site has two or more unconnected parking areas, shade is calculated
separately for each area. If they are connected by a joining drive, they are
calculated as one lot.

2. The amount of shade provided by a given tree is determined by using the
appropriate percentage and square footage of the tree crown as indicated on the
approved shade tree list (see Appendix A). Shading credit is given in 25 percent
increments based on the amount of the tree crown that shades the parking area
(see Exhibit A).

3. Overlapping shade does not count twice.
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4. Street trees and existing on-site trees that shade parking lots will be given credit.

5. Parking areas under covered stalls (carports) and in garages may be counted
toward the amount of required shading provided if these areas are included as
part of the total square footage of the surfaced area to be used in the shading
calculations. Calculations of how these areas meet shade requirements must be
shown and all areas and their dimensions used in shading calculations must be
shown on the shading and/or landscaping plan.

6. Provide shade calculations and shade legend. The planting plan may be used as
the shade plan provided all required information is listed and the trees are drawn
to scale at the size indicated on the approved shade list (see Appendix A).

Shade calculations should indicate:
1. Tree Symbols
Tree Type
Tree Quantity
Surfaced Area (including carports, garages, etc.)
Shade Area Required
Shade Area Proposed
Shading Credit Accorded to Each Tree (F or 100%, TQ or 75%, H or 50%, Q or
25%)

NoOOMON

Sample Parking Lot Shade Calculation Table:

Botanical Name/ Quantity @ Full Quantity @ % Quantity @ ¥z Quantity @ s
Symbol Common Name Shade / Sq. Ft. Shade / Sq. Ft. | Shade/Sq.Ft. | Shade/Sq. Ft. Total (sq. ft.)
T e oo 1@491 | 2@368 | 5@246 2457
Sweet Bay
Quercus agrifolia
T2 | Quercus agiok 2@722 | 2@481 | 2@240 | 2886
Pinus Patula
) Pinus Patuia 1@530 | 7@354 3008
TOTAL TREE SHADE 8351
Parking Lot TOTAL
Surfaced Area: ‘ 9 ‘ 16240 | SURFACED 17740
‘ Covered Stalls (garages, carports, etc.) ‘ 1500 | AREA =
SHADE AREA REQUIRED = 8870
If applicable, TOTAL AUXILIARY SHADE* = 1450
TOTAL SHADE PROVIDED = 9801
PERCENT SHADE = 55.2%

*NOTE: Auxiliary shade is the total parking area under covered stalls (carports, garages, etc.), not the total covered area.

This method allows easy follow-up and coordination when a discrepancy is found in the
plan check process.
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TREE PLANTING PRACTICES:

Proper planting practices are essential in achieving the best growth of a tree and
shall be utilized in the development of each new parking lot. These practices
include, but are not limited to, the following measures:

1. Inside dimensions of tree wells should be a minimum of 6 feet by 6 feet (see
Exhibit B). Smaller dimensions may be considered for end island planters that
have a minimum surface area of 36 square feet subject to the approval of the
City Landscape Architect.

2. Trees should be planted at a distance of one half the required planter size behind
a curb. Where a walk falls adjacent to a curb, any 35' crown diameter tree within
10' of the curb face receives 50 percent shade credit. The tree should be planted
at a distance of one half the required planter size behind a walk for this credit to

apply.

3. Two feet of vehicle overhang into a planter area is allowed, provided the planter
is the correct minimum width of six feet (see Exhibit B). Vehicle overhang is not
allowed into required setback areas.

4. Provide a mix of tree types (species or cultivars) if more than ten trees are
required.
= |f 20 to 40 trees are required, no more than 50 percent of the trees may be of
the same type.
= If more than 40 trees are required, then no more than 25 percent of the trees
may be of the same type.

5. The City encourages 20 percent of the tree selection for a site to be oak or other
native tree species.

6. Parking lot lighting should not conflict with required shade tree locations or
growth.  Light standards no greater than 16 feet in height are strongly
encouraged. Buildings located close to streets will reduce potential conflicts
between trees and free-standing signs.

7. Trees should be planted and soil volume should be amended as described below

and shown in Exhibit C.

= Tree wells should be excavated to a depth of 3 feet or greater before being
backfilled.

= Root barriers should be of a material specifically designed for containing tree
roots.

= Irrigation in tree wells shall be adapted for deep watering.

= Backfill in planting pit shall be 75 percent native soil and 25 percent soil
amendment.

= Fertilizer tabs should be of slow-release design lasting for a minimum of 10
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months.

= Entire planters, including backfill, shall be free of aggregate base (or other
materials or construction debris detrimental to optimal plant growth).

= Tree stakes shall be two inches below the lowest scaffold branch and be
made of rot resistant material.

= Trees should be tied loosely in a figure-8 pattern at the lowest point required
to keep the tree in an upright position. Trees with trunks too weak to stand
alone may be tied at two positions. If a single stake is used, it should be on
the side of prevailing wind. If two stakes are used, they should be parallel to
prevailing winds.

= Tree wells and continuous planting islands should include root barriers (24
inches deep) to prevent potential root damage to parking lot surfaces.

. Continuous planting islands are encouraged to allow for multiple tree plantings

and increased rootable soil volume. These islands might also be designed to
incorporate surface water runoff treatment measures such as bio-swales (see
Exhibits D and E).

. Irregular tree well design may be allowed if a minimum of 36 square feet of

surface area is provided and adequate rootable soil volume (minimum 85 cubic
feet) is incorporated into the tree well planting.

10.The use of structural soil mixes is encouraged to promote root growth, especially

where irregular tree wells are proposed, or extra shading credit is desired.

Note: The use of structural soil mixes is encouraged as they will increase the rootable

soil volume as well as reduce the potential for root invasion into parking lot
paving.
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EXHIBIT A

PARKING LOT

. This diagram is intended to reflect the manner in which shade is eredited
under varous conditions. It is not necessanly an illustration of 50% coverage.

NOTES:

2

. Trees may receive 25%, 50%, 75% or 100% credit as shown,

=

. Shade overlap is not counted twice.
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TYPICAL PLANTER SPECIFICATION

-

.

Ty

6

i
6" typ.

e 4

standard
stall

N

END ISLAND PLANTER

— &

TREE WELL/PLANTER

TYPICAL POURED CURB WITH OVERHANG
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EXHIBIT C

TYPICAL ISLAND/MEDIAN
TREE PLANTING

Tree stake on side of prevail-
ing wind {or double stake as
directed by the City.)

47 bark mulch Ve Root Ball 2" above grade.

or equal
l_l centered o:q tree
Planting pedestal recompact All backfill to be clean
to 90% to minimize settling. soil (preferably native) o be placed
firmly but uncompacted.
(no imported gravel,)
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DRAINAGE / WATER QUALITY OPTIONS:

With early planning and design it is possible for areas required for tree planting to
also be used to satisfy the City’s requirement to provide on-site treatment of
stormwater. In accordance with the Federal Water Pollution Control Act, the City is
required to implement a Comprehensive Stormwater Management Program in order
to reduce pollutants in urban runoff to the maximum extent practicable.

Parking lots which are part of new developments with one (1) acre or more of
impervious area are generally required to provide treatment control measures that
capture and treat stormwater runoff through settling, filtration, and/or biodegradation.
The treated runoff is then released to the storm drain system or percolated into the
ground.

Integrating treatment control measures within areas used for tree shading may
significantly reduce land requirements and costs. The following figures (Exhibit D
and Exhibit E) describe criteria for vegetated swales and filter strips which can be
integrated effectively with tree shading. The Department of Utilities’ Stormwater
Management Program should be referred to for specific design criteria. Contact the
Department of Utilities for plan approval requirements related to stormwater
treatment control measures.

Trees planted within stormwater runoff areas should only be species adapted to
heavy to moderate irrigation, such as riparian species.
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EXHIBIT D EXHIBIT E

PAVEMENT LENGTH FILTER STRIP LENGTH
A ' rarLy

—RIPRAP - ENERGY DISSIPATOR 4
=]

RAILROAD CHE
/" TFOR SLOAES

INSTALL FLOW SPREADER
{F NECESSARY,

INLET - /L0 SPREADER i

§_SLOPE: LESS THAN 3%m——te
- L ——.

I —

My = TROBUTARY AREA
(MUST BL % ACRES OF LESS)

MPERVIOUS AREA
5 15% sk — ! 4
TS

R ; ..:C,\
TIFFaR

7
\/)W\ :
Foorer 1o~ 'L FiLTER £pGE TO 8E PLACED
PREVENT

CONTOUR AND EVEN

SLLMPING WITH CONTRIBUTING AREA
31 SLOPE Max
ONSITE FLOW CONTROL
YA FILTER STRIP LENGTH
- 1 e 0 MMM
=— INSTALL UNDER DRAIN SYSTEM COBBLE, 12" =, - e
GEDTEXTILE WRAPPED PVE PIPE
WIDTH AS REQUIRED WHEN BOTTOM SLOFE 2 1%
@@ FT. MM / j /
NOTES: CONCENTRATED
s i FLOW —
1. An energy dissipator and flow spreader should be installed at the entrance to the e e

—- =

entrance to the swale to reduce velocity and evenly distribute flows across the swale. 045 BCRES ///

2. Maximum allowable side-slope 3:1.

3. ,Grass height maintained in accordance with design specifications. r
Design grass height between 4 to 6 inches. .

4. Flow height to be one-inch below design grass height for water quality design storm flow.
(2-year - 6 hour storm) Use a Mannings roughness coefficient of 0.2 to design for flow
through the swale vegetation. ’

5. If the swale bottom slope exceeds 4% or soils very permeable, install check dams every CONCENTRATED FLOW CONTROL
50 feet to slow the velocity to prohibit scouring and promaote infiltration.

6. It the swale bottomn slope is less than 1% install under drain system to prevent standing waler.

7. Flows in excess of water quality volume should be diverted around the swale. If necessary

NOTES:
Masirnum contributing drainage area 5 acras.

1.
s : 2 Madrmum slope of contributing area 15%.
for swale to oumrzy ¢ flood waters, grwl_smns shall be made to ensure conveyance in 3. Situale upstream ecige of filter on cantour 1o prevant channelization.
accordance with City Standards. Provide 1 ft. freeboard if necessary for flood control. . Ingtall a fovel spreader at top edge of fter.
8. nvalue above water quality height determined based on type of vegetation used. 5. Siope of fitter should be as level as possible yat permit drainage, not to excead 5%,
Typical value: 0.035 6. Minirmarn length of filter for grass or turf 10 feet, for forested (shrubs and trees) 50 feet.
7. Fillor 1o b a5 wide s conibuing area.
DEPARTMENT B e Pomwac 4 aapath desin
OF UTILITIES 8. Flow height o be ane-inch height for stormwater quality volume,

balow design grazs
Use a Mannings roughness coefficient of 0.2 to design for flow through vegetation.

VEGETATED SWALE 10, City coda for maxdimum drainage areas allowed to sheet flow off-site must be met. f
T - ADAPTED FROM URBAN STORM DRAIN CRITERIA MANUAL
ADAPTED FROM PUGET SOUND STORMWATER MANAGEMENT MANLIAL h'ﬁlem“?"‘ LS PO B T e ek DSTRICT, SEPT. 1802
_'. 5 . 'lu =i dng
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GENERAL SHADING PLAN REQUIREMENTS:

All projects submitted for building permits must include site grading plans, landscape
planting plans and irrigation plans with irrigation calculations. All plans that include
parking must also include a shade plan. The planting plan may be used as the
shade plan provided the trees are drawn to scale at the size indicated on the
approved shade list, and shade calculations are included. Plans will not be
accepted into the building permit plan check process unless these items are
included. If the parking area under covered stalls (carports, garages, etc.) is to be
counted toward the amount of required shading provided, these areas should be
included in the calculations as part of the total square footage of the surfaced area,
and calculations of how these areas meet shade requirements must be shown.

All landscape, irrigation and shade plans shall be approved by the City of
Sacramento (Landscape Architect) or authorized representative. This approval
occurs as part of the building permit plan check process.

All plan submittals must include the following information:

1. Name and address of project, assessor’s parcel number(s) and locator/vicinity
map

2. Property lines and easements (Project limits if other than property lines)

3. All site dimensions (This includes planters, parking layout, walks, building
distances, covered parking areas, etc. Planter dimensions must be indicated on
the inside of the face of curb).

4. Adjoining property use(s) and existing building setbacks

5. Structures (existing and proposed)

6. Walls and fences

7. Roads, walks, curbs and wheelstops

8. Mowing strips and header boards

9. Drop inlets, catch basins, maintenance holes, power poles, etc.

10.Mounds, banks and swales

11.Location of lighting fixtures
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Each sheet must include the following information:
1. Sheet number and title
2. Scale of drawing
3. North arrow
4. Date drawn
5. Date of revision (Each revision must be submitted with clouds, deltas and dates).
6. Tree legends, plant legends, and/or shade calculations where appropriate

7. Appropriate stamp and signature

A. Irrigation Plans:

1. Sprinkler spacing shall not exceed the manufacturer’'s recommendation.

2. Include irrigation legend defining all symbols used. For each sprinkler head,
provide diameter of throw, GPM, precipitation rate and type of head. Denote
any other pertinent information such as low angle spray, adjustable spray,
diameter, etc.

3. lIrrigation system should be designed to meet the City standard pressure flow
of 40 psi.

4. Provide backflow prevention device in accordance with the list of approved
devices published by the University of California Foundation of Hydraulic
Research and Cross-Connection Control. This list is on file in the Building
Inspections Division, Commercial Permits counter.

5. Install all valves with threaded unions for easy replacement.

6. Provide controller with at least two (2) programs and at least three (3) start
times per station.

7. Provide an irrigation schedule.
8. Provide shut-off valve at point-of-connection.

9. Show locations of all irrigation components and points of connection. Include
symbols for each component in a legend (i.e., quick couplers, hose bib and
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washer boxes).
10.Indicate all main and lateral line sizes. Include class or schedule.
11.Provide Maximum Applied Water Allowance (MAWA) calculations.

12.No sprinklers on risers shall be installed next to walks, streets and/or
pavement. Sprinklers in hazardous locations shall be flush mounted or only
high-pop models mounted on single or double swing joints are to be used.

13.Irrigation systems shall comply with the City Water Conservation Ordinance.

B. Landscape Plans:

1. Identify any existing tree species, street trees, or covered parking on site for
consideration in shade credit calculations.

2. Show location and size of all existing trees and identify those that are to be
removed. Existing trees shall be preserved whenever possible and shall be
given shading credit, if applicable. No tree over two (2) feet in diameter at
breast height shall be removed without specific approval of the City Arborist.
A tree removal permit is required for City street trees and heritage trees.

3. Planters in parking lots shall be protected with minimum six (6) inch high/wide
concrete curbs. Identify type of curb (extruded or poured). If extruded
curbing is used, a detail must be provided to clarify planter width available.
All reference to planter size is to clear inside soil width, excluding surrounding
curbing and asphalt or foundation intrusions (see Exhibit B).

4. Show location of all proposed trees and shrubs. All shrubs shall be drawn to
reflect the average specimen size at maturity. All shade trees shall be drawn
to the size indicated on the Shade Tree List (Appendix A) which shows the
specimen size at 15 years of age.

5. The soil surface of all planters shall be covered with living groundcover and/or
mulch within two (2) years. Exceptions include areas covered with pedestrian
pathways and decorative hardscape (i.e. art, archways, arbors, etc.). If mulch
is used, spread two (2) inches to six (6) inches of shredded mulch (no wood
chips), not to exceed curb or retaining device. Bark muich is not allowed in a
planter area adjacent to a public right-of-way unless six (6) inch curbing is
provided.

6. Show the types, quantities and sizes of all trees, shrubs and groundcover.
Parking lot shade trees shall be a minimum 15 gallon size.
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7. All plants and trees shall be listed by correct botanical name and common
name.

8. Lawn shall be indicated by common name of species and method of
installation (seed, sod or hydromulch). Sloped areas specifically designed for
grass shall be sodded or hydromulched.

9. All parking lots must be screened from view of City streets by either a three
(3) foot high earth berm or shrubbery that can be easily maintained at thirty
(30) inch height. Minimum inside planter width is four (4) feet.

10.No tree shall be planted within the sight clearance area of driveways or
street/alley intersections. Coniferous trees shall not be planted within five (5)
feet of the sight clearance areas.

11.Shrubs must be maintained at a 30" maximum height in site clearance areas.

12.Provide landscape details (i.e., soil preparation, tree staking, etc.) where
appropriate.

Note: When planting under power lines, consider tree height. Use species with a

maximum height of 25 feet.

C. Grading Plans:

1. Grading plans showing drainage of all planting areas and heights of mounds
shall be provided. Include contour intervals.

2. Mounds shall not exceed a three-to-one (3:1) slope.

3. Mounds over 30 inches high shall not be placed in sight clearance areas.

D. Maintenance:

1 Tree trimming and removal permits are required from City of Sacramento
Tree Services to prune or remove parking lot shade trees. There is no cost
associated with these permits.

2. All pruning work shall be completed pursuant to International Society of

Arboriculture (ISA) and American National Standards Institute (ANSI)
standards.
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3. Removed trees must be replaced. The formula for replacement shall be as
follows:

Any required trees or other plantings that die or are improperly maintained
shall be replaced with healthy specimens of similar species and size.
However, replacement trees shall not be required to exceed 48" box size.
Removal and replacement of trees that have caused damage to city
sidewalks or other city infrastructure shall be reviewed and approved by
the City Arborist prior to tree removal. If the removed tree is greater than
48" boxed tree size, then a 48" box tree shall be planted.

TREES FOR PARKING LOT SHADING:

The list of trees for parking lot shading, identified in Appendix A, was compiled to aid
in species selection. Any trees proposed to be planted that are not on the list must
receive approval from the City Landscape Architect or the City Arborist. Such
requests must be submitted through the City Building Division of the Planning and
Building Department.

Selection of the trees listed is based on adaptability to parking lot conditions. The
characteristics identified in the tree list are provided to help select a good shade
tree. The species listed are not suitable for all situations. Consultation with a
nursery representative or landscape architect is desirable before any selections are
made. Professional guidance is recommended to assure that optimal design is
achieved to meet the needs of each development. Proper planting procedures,
optimal spacing distance, soil, water requirements and maintenance programs
should be ascertained at the start of the landscape project. It is important to note
that proper planting procedures may include digging past the hardpan layer to
assure deeper and proper growth.

All other energy conservation ordinances, resolutions and measures are available
from the Planning and Building Department. Building permit plan approval will be
based on these guidelines.

Note: The use of structural soil mix within the planters is encouraged in planting

locations requiring supplemental root growth area. Structural soil mixes
should be considered in proposals for irregular shaped tree wells.
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35' DIAMETER TREES
Shading Calculations:  100% = 962 SQ. FT.

Tree List

75% =722 SQ.FT  50% =481 SQ. FT.
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25% =240 SQ. FT

Minimum
Botanical Name Planter
COMMON NAME Width
Celtis australis 6'
EUROPEAN HACKBERRY
Celtis sinensis 6'
CHINESE HACKBERRY
Celtis occidentalis 6'
COMMON HACKBERRY
Fraxinus americana 6'
‘Autumn Purple’, ‘Chicago
Regal’
WHITE ASH
Fraxinus pennsylvanica 6'
‘Patmore’, ‘Leprechaun’,
‘Centerpoint’
GREEN ASH
Fraxinus uhdei 6'
EVERGREEN ASH
Platanus acerifolia 6
‘Yarwood’, ‘Bloodgood’,
x hispanica ‘Columbia’
LONDON PLANE TREE
*Platanus racemosa 6'
CALIFORNIA SYCAMORE
*Quercus agrifolia 6'
COAST LIVE OAK
Quercus coccinea 6'
SCARLET OAK
Quercus ilex 6
HOLLY OAK
*California native

Height

To: Growth

50 Moderate

40' Moderate

60' Moderate

40' Fast

40' Fast

40' Fast

70' Fast

60' Moderate

40' Moderate

60' Fast

50' Moderate
Page 18

Roots

Deep

Deep

Deep

Shallow

Shallow

Medium

Shallow

Medium

Deep &
greedy

Deep

Deep

Remarks

Deciduous, mod.
irrigation, fruit

Deciduous, avoid
clay soils

Deciduous

Deciduous,
fall color,
Mod. irrigation

Deciduous,
some insect and
disease damage

Evergreen, prone
to insect and disease
damage

Deciduous, red
spider, powdery
mildew,
anthracnose,
smog tolerant

Deciduous, red
spider, powdery
mildew, anthracnose

Evergreen, drought
tolerant

Deciduous
Evergreen, has

caterpillars, drought
tolerant
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*Quercus lobata 6'
VALLEY OAK

Quercus macrocarpa 6'
BUR OAK

Quercus robur 6'
ENGLISH OAK

Quercus rubra 6
RED OAK

Quercus suber 6
CORK OAK

Quercus virginiana 6'

SOUTHERN LIVE OAK

30' DIAMETER TREES

Shading Calculations:

100% =706 SQ. FT.

60'

50'

50'

60’

70'

60’

75% =530 SQ. FT.

Parking Lot Tree Shading
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Moderate Deep
Moderate Deep
Moderate Deep
Moderate Deep
Moderate Deep
Moderate Deep
to Fast

50% =354 SQ. FT.

Deciduous, litters

Deciduous, litters
Deciduous, litters
Deciduous, avoid
clay soils

Evergreen, drought
tolerant

Evergreen,
tolerates moisture

25% =177 SQ. FT.

Minimum
Botanical Name Planter
COMMON NAME Width

Acer fremanii ‘Autumn Blaze’ 6'
AUTUMN BLAZE MAPLE

Acer platanoides ‘Crimson 6'
Sentry’
CRIMSON SENTRY MAPLE

Acer rubrum ‘October Glory’ 6'
OCTOBER GLORY RED MAPLE

Eucalyptus microtheca 6'
Coolibah
Ginkgo biloba 6'

MAIDENHAIR TREE

Koelreuteria paniculata, 6'
bipinnata, elegans

GOLDENRAIN, CHINESE

FLAME, FORMOSAN FLAME

Magnolia grandiflora 6'
SOUTHERN MAGNOLIA

Pinus patula 6'
JELECOTE PINE

*California native

Height
To:

50'

40"

50'

40'

40'

35'

50'

30'

Growth Roots
Moderate Deep
Moderate Shallow
Moderate Medium
Fast Medium
Slow Deep
Slow Deep
Moderate

Slow Deep
Fast Medium
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Remarks

Deciduous, fall
color, mod. irrigation

Deciduous, fall
color

Deciduous, deep
watering to keep
roots down

Drought and soil
tolerant

Deciduous, gawky
when young, use
male tree only

Deciduous, mod.
irrigation, flowers,
litters

Evergreen, litters,
Moist, well drained,
slightly acid soil

Evergreen,
drought tolerant

City of Sacramento

Pistacia chinensis 6'
CHINESE PISTACHE

Quercus frainetto 6'
‘Forest Green’
FOREST GREEN OAK

Quercus shumardii 6’
SHUMARD RED OAK

Taxodium distichum 6'
BALD CYPRESS
Tilia americana 6'

AMERICAN LINDEN

Tilia cordata 6'
LITTLE LEAF LINDEN

Ulmus ‘Frontier’, ‘Prospector’ 6'

FRONTIER, PROSPECTOR ELM

Ulmus parvifolia ‘Athena’, ‘Allee '6'
ATHENA, ALLEE CHINESE ELM

Zelkova serrata ‘Green Vase’ 6'
GREEN VASE ZELKOVA

25' DIAMETER TREES
Shading Calculations: 100% = 491 SQ. FT.

50'

70

50'

50'

40’

40

40

50'

75% = 368 SQ. FT.

Moderate

Fast

Moderate

Moderate

Slow to
Moderate

Slow to
Moderate

Fast

Fast

Moderate

Parking Lot Tree Shading
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Deep

Deep

Medium

Deep

Deep

Deep

Medium

Medium

Medium

50% =246 SQ. FT.

Deciduous,
drought tolerant, fall
color, young tree

lopsided and gawky

Deciduous, drought
tolerant, acorns

Deciduous, more
drought tolerant than
other red oaks

Deciduous, mod.
irrigation

Deciduous, deep
rich soil, plenty of
water, aphids

Deciduous, aphids
Deciduous,

mod. irrigation,
Disease resistant
Deciduous,

mod. irrigation,

Frequent pruning

Deciduous, drought
tolerant

25% =123 SQ. FT.

Minimum
Botanical Name Planter
COMMON NAME Width
Carpinus betulus 6'
EUROPEAN HORNBEAN
Laurus nobilis 6'
SWEET BAY
Nyssa sylvatica 6'
TUPELO OR SOUR GUM
Pyrus calleryana ‘Trinity’, 6'
*California native

76

Height
To: Growth
40' Moderate
30' Slow
40' Slow
40' Moderate to
Page 20

Roots

Medium

Deep

Deep

Medium

Remarks

Deciduous, densely
pyramidal, availabil-
ity problems

Evergreen, good
drainage, drought
tolerant

Deciduous, fall color
tolerate poor drain-
age

Deciduous,
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‘Chanticleer’, ‘Redspire’ Fast flowers
CALLERY PEAR

*Umbellularia californica 4-6' 25' Slow Medium
CALIFORNIA BAY

Evergreen, drought
tolerant, deep soil

20" DIAMETER TREES
Shading Calculations: 100% = 314 SQ. FT. 75% =236 SQ. FT. 50% = 157 SQ. FT. 25% =79 SQ. FT.

Minimum
Botanical Name Planter  Height
COMMON NAME Width To: Growth Roots Remarks
Acer buergerianum 6' 25' Moderate Shallow Deciduous
TRIDENT MAPLE
Acer campestre 6' 30' Slow Shallow Deciduous
HEDGE MAPLE
Acer palmatum 4-6' 30' Moderate Shallow Deciduous, fall color,
JAPANESE MAPLE part to full shade
Acer truncatum ‘Norwegian Sunset’ 6' 30' Slow Deep Deciduous,
NORWEGIAN SUNSET MAPLE fall color
Cercis canadensis 6' 35' Moderate Medium Deciduous,
EASTERN REDBUD moderate irrigation
Lagerstroemia indica x 4-6' 25' Slow Shallow Deciduous,

L. faurei clones
CRAPE MYRTLE
(Catawba, Cherokee, Pecos, etc.)

full sun, mildew.
summer flowers

Prunus ‘Cascade Snow’ 4-6' 20' Moderate Medium Deciduous, white
CASCADE SNOW CHERRY flowers, ample water
Prunus cerasifera 4-6' 20' Fast Medium Deciduous, dark
‘Krauter Vesuvius’, purple leaves, white
CHERRY PLUM flowers, fruit
Quercus buckleyi 6' 30' Moderate Deep Deciduous, fall
TEXAS RED OAK Color, drought
tolerant
Vitex agnus-castus 4-6' 20 Fast Deep Deciduous, drought
CHASTE TREE tolerant, flowers
Pyrus kawakamii 4-6' 20' Fast Medium Deciduous, white
EVERGREEN PEAR flowers, moderate

irrigation.
Note: Other tree species may be considered on a case by case basis, subject to the

approval of the City Landscape Architect or City Arborist.

*California native
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Definitions
Amended Soil - Soil that is brought to the site to enhance plant growth and typically
contains approximately 33 percent clay, 33 percent silt and 33 percent sand.

Clone - Asexually propagated plants with distinguishing characteristics identical to the
parent plant.

Continuous Planting Island - Long strips of pervious material that contains trees,
shrubs, and ground covers.

Crown - The leaves and branches of a tree or shrub; the upper portion of a tree from
the lowest branch on the trunk to the top.

Cultivars - Seed propagated plants that have certain distinguishing characteristics such
as fruitlessness, form and pest/disease resistance.

Irregular Tree Well - Tree wells with less than a 6 feet by 6 feet (square) interior
dimension.

Native Top Soil - Top soil from the construction site. Native soil may not be suitable for
growing plants if it has been altered by previous construction.

Root Barrier — a tool used to deflect tree roots downward as they grow in order to
prevent and mitigate damage to land and hardscapes caused from migrating roots that
may uplift streets and sidewalks.

Rootable Soil Volume - The volume of soil in and around tree wells and planting
islands that tree roots utilize.

Structural Soil- Soil mix that is a load bearing matrix of coarse stone aggregate,
topsoil, and binding polymer (to bond top soil with aggregate) that can be extended out
under asphalt from the tree well to increase rootable soil volume.

Tree Well - An isolated planting area for a tree to provide limited soil volume for tree
roots and rainfall infiltration.

22




	Title Page
	Table of Contents
	Chapter 1: Introduction
	Chapter 2: Impacts of Failure to Design With Climate

	Chapter 3: Principles for Designing With Climate

	Chapter 4: Parking Lot Ordinances

	Chapter 5: Mid-Atlantic Parking Lot Ordinance Guidelines

	Chapter 6: Illustrative Design

	Chapter 7: Major Findings and Conclusions

	Chapter 8: References Cited

	Appendix A: Planting Guidelines and Maintenance Standards

	Appendix B: Sacramento, California's Supplemental Manual


