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Comment Summary
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Part A: Committee Comments

Note: District 5 received after Planning Commission
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DISTRICT 5 ADVISORY COMMITTEE

MEETING ACTION AGENDA/MINUTES
Monday, October 12, 2015 -- 4:00 P.M.

Room 3054, Third Floor, Fresno City Hall 2600 Fresno Street, Fresno CA 83721-3604

1.

AGENDA
ROLL CALL

This meeting was called to order at 4:00 p.m.
APPROVAL OF AGENDA/MINUTES

a. Agenda for October 12, 2015
b. Minutes for September 28, 2015

Present : Barraza (vice chair), Pattanumotana and Nachtigal
Absent: Gonzales, Kiran, and Rabara (chair)
Staff: Israel Trejo

Nachtigal moved and Pattanumotana seconded the motion to approve the minutes for
September 28, 2015, and agenda for October 12, 2015, motion carried (vote 3-0).

PROJECT REVIEW

_ Review of the draft of the Citywide Development Code (Fresno Municipa! Code

Chapter 15).
Staff Dan Zack explained the project.

The Committee asked various gquestions, including: density, Ventura Corridor and
mixed use.

Nachtigal moved and Pattanumotana seconded the motion to recommend approval of
the project; motion passed (vote 3 yes, O no).

COMMITTEE COMMENTS
PUBLIC COMMENTS
UNSCHEDULED MATTERS

ADJOURNMENT
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COUNCIL DISTRICT 1 PLAN IMPLEMENTATION COMMITTEE

PROJECT REVIEW - September 29, 2015

s
Project Record

Item 4c¢

PROJECT INFORMATION

The Development Code. The Development Code, also known as the Zoning Ordinance, is the
DNA of the city. It provides rules for development which ensure that Fresno’s growth will take
place in an attractive, orderly manner. What parts of the city should have housing, and where
are retail businesses allowed? Where can they be mixed together? The Development Code
establishes these rules. In December of 2014, the City Council adopted a new General Plan,
which is the grand vision for Fresno’s next twenty years. The Development Code is an essential
tool for implementing this vision, but it hasn’t been updated since the early 1960s. Tastes and
needs have changed over the past five decades, and the Development Code should change
with them. Although there have been several piecemeal efforts to make modifications since
the current Code was adopted in 1962, such amendments have resulted in a fragmented code
that is often difficult to comprehend. A fresh start is in order. The new code will reflect
contemporary planning and business practices, and will set clear but fair criteria for new
development. Proposals which conform to the new vision will have a streamlined approval
process, which will boost economic development, and infill has never been as feasible in Fresno
as it will be under the new Development Code, ensuring that we grow inward as well as outward
in the coming years. CITYWIDE

COMMITTEE RECOMMENDATION

APPROVE APPROVE WITH CONDITION(S) DENY NO ACTION

Barrett Bennett Mangum Miller Prakash Ryle Sidhu Yang-Johnson
Approve Y M Y i
Deny
Abstain
Absent X X X X

COMMITTEE CONDITIONS / COMMENTS

The District 1 Plan Implementation Committee reviewed the update on May 19, 2015 and voted to
approve and support it (5-0). On September 29, they reiterated their support (4-0) with no further
comment or concerns.

Staff facilitator: CHRISTOPHER PRECIADO Date: 9-29-15
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COUNCIL DISTRICT 2 PLAN IMPLEMENTATION COMMITTEE
September 28, 2015

———

Project Review Record
PROJECT INFORMATION
PRESENTATION ON NEW CITY-WIDE DEVELOPMENT CODE by Dan Zack, DARM Assistant Director

In December of 2014, the City Council adopted a new General Plan and the proposed new Development
Code is an essential tool for implementation of the General Plan. The Development Code is scheduled
for presentation to the Planning Commission on September 30 and is expected to go before the City
Council for its adoption on October 29, with Council workshops preceding the meeting

COMMITTEE RECOMMENDATIONS
[ o : Rodriguez Hendry Scott | Singh Benevedes | Feath

X X X X

Approve
w/Conditions

Deny

No Action

Abstain

Absent X X

COMMITTEE COMMENTS / CONDITIONS

Assistant Director Zack provided background on the process; other council district advisory committees
have been brought up to speed on the process; Staff expects PC on 9/30/15 to make a recommendation to
City Council with a workshop on 10/22/15; public hearing on 10/29/15. Zoning Map adoption by the City
Council expected on 12/10/15.

Committee members asked for explanation of the new zoning classifications being revised and if the older
classification will no longer be the norm; that the new Code will implement the General Plan; that the new
Code will be easier for everyone to understand the requirements; and the new Code will help make the
project review process faster.

This was a presentation item with committee consensus for its consideration and approval by the PC and
City Council. No motion was needed.

Staff Liaisonzw% W/}MW’J pate:_ 9 /2.9 ((S/ |
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DISTRICT 6 PLAN IMPLEMENTATION COMMITTEE

PROJECT REVIEW

e
Project Record

PROJECT INFORMATION, Agenda item 3b.

Council District 6 Plan Implementation Committee review of the revised draft of the
Development Code (dated September 11, 2014) and the staff response to the Committee’s
comments on the March 31 draft of the Development Code.

COMMITTEE RECOMMENDATION

/ET/A/F’PROVE (0 APPROVE WITH CONDITIONS O DENY 1 NO ACTION
. | Forrest | Brown |Engleman| Linder | Sidhu | Vecchiarelli| Walker
M/S = /
ool ] SOOI | Yk 17
Deny 17 7
Abstain
Absent 2 X X

COMMITTEE CONDITIONS / COMMENTS .
See AMmcied tomrents Gov folay A (Sweg

/)
Staff Liaison: _%LJLQ(  pate_ TLAR///S



Council District 6 Plan Implementation Committee
Comments on the Revised Draft Development Code

Section/
Table

Comment or question

The Council District 6 Plan Implementation Committee met on August 17" to consider the staff
responses to the Committee’s comments on the March 31% version of the draft Development
Code. On September 21, the Committee considered those responses and the revised draft of
the Development Code, and would like to submit the following comments. These comments
relate to sections of the Development Code which were not modified after the first public draft:

Table 15-703

§15-1701.D etc.

The Development Code should require adequate common on-site open
space for play in all multi-family projects at the level of triplexes and above.
The minimum common on-site open space percentage should be 20% for
all projects, higher density projects as well as lower-density projects.

Only requiring 10% on site open space for higher density projects, while
requiring 20% for lower-density projects, does not make sense. Higher
density projects are MORE in need of recreational space.

Public park development in Fresno tends to trail residential development in
a neighborhood by a period of years. For that reason, the City can’t rely on
off-site open space to meet recreational needs of the residents of higher
density projects. The only time a multi-family development project should
be able to reduce its common on-site open space below 20% (and it should
never be lower than 10%) is when the multi-family project is proposed within
2 mile of an already developed and operational public park, or a Flood
Control District ponding basin already improved and open as a public park.

Streets in planned [unit] developments need to be wide enough to be safe,
and should comply with Public Works standards. Just because a fire engine
or garbage truck can ease through does not mean the streets are safe for
the people who live there. An absence of sidewalks forces people to walk in
roadways, and there is not enough visibility to protect pedestrians
(especially children) when there is curbside parking on these private streets.

In developments with “private” streets, sidewalks should be provided on at
least one side of those streets; or, the widths of the private streets should be
increased by at least four feet to provide a margin of safety for children and
pedestrians. (continueq)



September 21, 2015
Page 2

Council District 6 Plan Implementation Committee Comments on the Development Code

Section/
Table

§15-1907

§15-2015.B

§15-2212

Comment or question

Common interest developments may not carry enough liability coverage to
cover pedestrians killed or badly injured. These developments also do not
have the capacity to enforce “no parking” areas, even if they do have
CC&Rs and red-painted curbs or “NO PARKING” signs in certain areas.
That leaves design of these projects as the best way to ensure pedestrian
safety by building adequate walking space along and in the private roads.

The Development Code should clearly state that street trees are not allowed
to be removed without City permission.

The City of Fresno does not enforce Homeowner Association rules.
Therefore, it does not seem proper for the Code to require prior approval by
a Homeowners Association for a tree removal application filed with the City.
The Homeowners Association itself (not individual property owners in the
development) should be the party that applies for tree removal (and files
modified landscape plans showing proposed changes in trees) within the
common interest development.

The Code’s proposed requirement for only one electric vehicle charging
station per 250 parking spaces does not seem sufficient to meet future
needs, especially when California is requiring over 15 percent of cars to be
“zero emission” vehicles by year 2025.

The City should enforce its rules relating to signs, especially those posted
on utility poles or other improper structures.



Tower District Design Review Committee — Meeting Notes for September 18, 2015

Attendees:  Michael Clifton, Committee Chairman
Committee members Stephan Mintz, Kiel Schmidt, Annalisa Perea and Bill Simon

Lauren Filice, Planner I
Mike Clifton opened the meeting, with 4 committee members present.
The following item was discussed:

612 E. Weldon Ave. — Applicant was not prepared and will re-schedule.

1133 E. Olive Ave. — Lauren Filice presented the project and Committee members had the following concerns:
Annalisa ~Concern that the applicant is transferring an existing adult use called the ‘The Bunker’ and located at
Railroad Avenue to the proposed site. Are ‘adult uses’ allowed in the C-P? Lauren replied that fitness centers
were allowed in C-P zone by Director’s decision with a CUP. Adult uses are not allowed.
Bill & Annalisa — Plans show separate male and female bathrooms but not dressing areas.
s Plans should show details for use of space, including gym equipment layout, separate male and female
dressing rooms, ‘socializing’ areas layout,
Kiel — A more comprehensive project description is required prior to making a decision.
e Applicant to identify whether the proposal is for a co-ed or single-sex gym. If not, identify how limiting
membership to a single sex is not discriminatory. Describe the proposed ‘socializing’ activities.
Mike - The proposed 24-hour use is not feasible located so close to residential uses, having multi-family
apartments adjacent to east and north sides of project site.
Bill - What is the total occupancy of the building for the use? Was an office use, proposing a fitness center -
Does proposed use require a ‘change of occupancy’? Will there be ‘special events’?
o If so, identify the total number of members and describe the type of events, including duration and
hours.
Steph — What kind of conditions of approval can the Committee require? Lauren responded that...
e No adult uses or sales to be allowed.
e No alcoholic beverage sales or service be allowed.
e Limit hours to daytime and evening (i.e. 6 am to 10 pm)}.
e Require a 500-foot notice be sent to the neighbors upon project approval.
The project is to be re-scheduled for another meeting (tentatively Oct. 2, 2015). Applicant is to provide
requested information and any revisions that can make the project more amenable to the Tower District.

Development Code (Code) —

Dan Zack, Assistant Director, Long-range Planning, introduced himself and passed out a copy of the Code Users
Guide to each committee member. Dan recalled to the committee that he was Planner on the original Tower
District Specific Plan, knows the area well, and lives there now.

Changes were made to the proposed Code based on responses to comments, issues identified by staff, some
re-organization, downtown integration and Articles were reserved for future use. Noted there will be a
separate Downtown Code this coming spring. A city-wide rezone will follow adoption of the Code. All
documents are available online at fresno.gov/code.

K:/Common/Council District & Plan Committees/Tower District Design Committee/2015/Meeting Notes/TDDRC Notes
159.18



For the Tower District — The 3 main land use designations are:

e Commercial Mixed Use (comprised of ‘Main Street Commercial along Olive Ave. and Neighborhood

Mixed-Use along Blackstone Ave.

¢ Residential Medium Density — the proposed RS-5 zone district;

e Residential High Density — the proposed RM-3 zone district.
LF Note - Some areas of ‘Commercial Community’ and ‘Commercial General’ land use designations occur at
major intersections, ‘Office” along Shields Ave., and ‘Residential Medium-High Density’ near City College
remain to reflect existing development patterns.

Existing ‘Tower District Specific Plan’ (TDSP) design requirements have been incorporated into the Code as
zone district development requirements, and include:

Commercial - design criteria for buildings fronting on the sidewalk, parking areas located to rear of site, and
allowance for reduced parking are incorporated.

Residential — For development of vacant lots, the setbacks are to match those existing.in the vicinity rather
than Code requirements. Facades are to be consistent with and to complement existing buildings in the
vicinity. Garages to be located at rear of site.

Other allowances include offsets for parking requirements that allow for evening versus daytime uses in the
same development (i.e. theatre/restaurant versus office use). Sidewalk improvements and ADA requirements
will be required for development projects.

Multi-family Residential — Densities as allowed throughout City RM-1 zone, created an ‘Overlay’ zone for
Apartment Houses to maintain small parcel pattern and orientations per TDSP.

Timing - Development Code is scheduled for review by Planning Commission on September 30, to City Council
for adoption on October 29", with Council Workshops preceding the meeting. Map adoption to follow 30
days later on December 10™. Planners will use ‘Transition Tables’ until the map is adopted, printed and
posted to the public page.

Questions from the Committee:

Kiel — Any exceptions to the ADA requirements for Tower? None except for historical buildings. City is looking
at improvements to the Building Code regarding flood requirements.

Bill - Any economic incentives to build small apartment buildings on Tower area sized lots (4-8 units)? No
minimum lot sizes required. Onsite open space is limited, allows use of rooftops, patios and balconies on lots
less than 20,000 square feet. Priority is to develop an ‘Infill Map’ with the Tower District identified as an Infill
Opportunity Zone. Looking into back-funding to allow incentives and reduce fees.

Steph — What is the effect on the TDSP? The Code repeals some requirements, others to be amended.

Can the City Council still over-rule TDSP decisions? Yes ~ there is no change to the review and approval
process. How will land use violations be handles? Code enforcement division is ramping up, adding new staff.

How does the Code affect the proposed project at 1133 E. Olive?
Code shows East Olive as RS-5 zone. Proposing map change to Main Street Commercial like Van Ness strip to

north. The existing office and commercial uses would fit, as would the project site.

No other applications scheduled and no other proposals to be reviewed, the meeting ended at 4:20 p.m.

K:/Common/Council District & Plan Committees/Tower District Design Committee/2015/Meeting Notes/TDDRC Notes
15-9.18
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DISTRICT 4 PLAN IMPLEMENTATION COMMITTEE

MEETING ACTION AGENDA/MINUTES

MEETING
MONDAY, May 11, 2015 -- 4:30 P.M.

Room 3078N, Third Floor, Fresno City Hall 2600 Fresno Street, Fresno, CA 93721-3604

AGENDA

1. ROLL CALL

This meeting was called to order at 4:30 p.m. by R. Clark.

Present: Larson, Nelson, Poulter, Timken
Absent: Clark
Staff: McKencie Contreras & Arnoldo Rodriguez (Development and Resource

a.
b.

Management Department)

APPROVAL OF AGENDA AND MINUTES

Agenda for May 11, 2015
Minutes for April 27, 2015

Timken moved and Nelson seconded the motion to approve the agenda and
minutes; motion carried (M/S/C, vote 3-0-2). Larson arrived after the vote of the
agenda and minutes.

3. PROJECT REVIEW — CONTINUED ITEMS

None.

a.

PROJECT REVIEW - NEW ITEMS

Conditional Use Permit Application No. C-15-049 was filed by Garbis Kataroyan
and pertains to +1.73 acres of property located on the north side of E. Gettysburg
Ave. between N. Blackstone and N. Effie Avenues. The applicant proposes to
repurpose an existing +21,000 square-foot building on the northern part of the
property for an auto body shop and paint booth and construct a 1,000 square-foot
building for an auto sales office and establish a new auto sales lot on the southern
part of the property fronting E. Gettysburg Ave. The property is zoned C-6 (Heavy
Commercial).

APN: 427-171-21 ZONING: C-6 ADDRESS: 1821 & 1825 E. Gettysburg Ave.

Vahagn Bznouni, Givan Biznouni, and Garbis Kataroyan were in attendance
representing the project.



District

4 Plan Implementation Committee

Action Agenda for May 11, 2015

Page 2

Garbis Kataroyan stated the entire property was 1.83 acres and the site for the auto
sales was 0.5 acres.

Committee member Nelson was concerned with parking, the use of residential
streets for use of test driving cars, and the substantial use of car lots on Blackstone.
Garbis Kataroyan stated there was adequate parking on-site and residential streets
would not be used to text drive cars. He also stated they had surveillance on the
site. Vahagn Bznouni stated the project would bring economic growth to a vacant
site.

Larson moved and Timken seconded the motion to approve -this project; motion
carried (M/S/C, vote 4-0-1).

b. Development Code Update Review — For access to the Development Code
Update please visit the City of Fresno website. The link is provided below.

http://www.fresno.gov/iGovernment/DepartmentDirectory/DARM/AdvancedPlan
ning/DevCodeUpdate.htm

Arnoldo Rodriguez, Planning Manager, was in attendance and presented the
Development Code update.

COMMITTEE COMMENTS
None.

PUBLIC COMMENTS

None.

UNSCHEDULED MATTERS
None.

ADJOURNMENT

Meeting adjourned at 5:17 p.m.
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ARISIAN GROUP

389 Clovis Avenue, Ste.200
Clovis CA 93612
559-797-4359
559-260-2070

June 1, 2015

City of Fresno, DARM Department
Dan Zack

Re: Development Code Update
2600 Fresno Street

Fresno, CA 93721

Re: Comments on Proposed Citywide Development Code Update

Dear Dan,

Thank you for the opportunity to provide comments on the proposed Fresno Development
Code update. | am working with.a number of property owners and development entities in the
City of Fresno and would like to provide our comments to the proposed code.

Comments related to Article 7 - Residential Multifamily Districts (MF)

1. Section 15-704 A2 — Setbacks.

a. Clarify the intent and interpretation of the front setback — how is it applied when
multifamily units are facing the rear of single family residential?

b. Consider reducing the front setback to 30 feet and rear setback to 20 feet, as the
additional setback requirement may create unusable areas and/or increase
water usage. One alternative is to offer reduced setback requirements if lower
density multifamily units (e.g. townhomes) are placed adjacent to single family.

c. Clarify if enclosed patios are included in the setback requirements.

2. Section 15-704 C - Parking.
a. Consider including “other alternative exceptions to the parking setback will be
allowed as approved by the Development Director” for the 30 foot setback.
b. For Section 15-704 C4e
i. Clarify that this section only applies to carports?
ii. Consider increasing the uninterrupted parking spaces to 10 spaces, so
long as landscape pockets are provided between stalls.

3. Section 15-705 C2 Window Design.
a. The proposed vertical proportions may have the unintended consequence of
significantly limiting window sizes and styles that can be used — consider
rewording to allow for appropriate flexibility.
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4. Table 15-705-F Facades.
a. Reduce the minimum depths on all fagade elements to 3 feet minimum, as

minimums of greater depth may require extra structural reinforcement and/or
unwanted columns.

Comments related to Article 8 ~ Mixed-Use Districts (MX)

5. Mixed-Use Districts — Definitions -
a. Clarify the definition of “automobile-oriented uses” as expressed in the
definition of the mixed-use districts.

i. Ensure that the definition does NOT include drive-thru’s, which may be
required by certain desirable tenants (e.g. banks, pharmacies, and coffee
shops). This is particularly true for the CMX Corridor/Center Mixed-Use,
which by nature will be locations appropriate for such tenants.

6. Table 15-803 Density, Intensity, and Massing Standards
a. Clarify that densities can be averaged between various product types to achieve
the target density range.
b. Consider allowing for reduced minimum frontage coverage (%) for multifamily
residential uses, as compared to commercial uses.
i. Reduce the proposed minimum requirements by 10-20%.

c. Clarify that the minimum on-site open space standards apply equally to all land
uses within a mixed—use district.

7. Section 15-804 Site Design Development Standards

a. 15-804B RS Transition
i. Same as Comment #1 above.
ii. Section B3 — Reduce the landscape planting minimum to 5 feet in width

where multifamily uses abut single family residential.
b. 15-804C —allow for buildings to be located further than 5 feet if the area is being
activated by other uses (e.g. patios, plazas, gardens).
€. 15-804D —same as comment #2a

8. Section 15-805 C Window Design.
a. C2-Ground Floor Commercial Transparency
i. Confirm if this requirement is applied to each building individually or to a
project collectively.
ii. Consider allowing a reduction from the 60% with Development Director
approval — window requirements are tenant specific in nature.
b. Section 15-805 C continued: C3 — Same as comment #3
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9. Table 15-805 — D Fagades.
a. Same as comment #4.

Comments related to Article 10 — Employment Districts (E)

10. Table 15-1002: Land Use Regulations

a. Include entertainment and recreation uses in the allowed uses, particularly for
the Business Park zone district. :

11. Table 15-1003-2: Building Form and Location Standards

a. Consider allowing building heights above the maximum, subject to a conditional
use permit.

General Comments

12. Food trucks — allow food trucks in all residential multi-family, commercial, mixed-use,
employment, public and semi-public, and planned development districts.

13. Farmers markets - allow farmers markets in all residential multi-family, commercial,
mixed-use, employment, public and semi-public, and planned development districts.

14. Development along trails and easements
a. Separate development standards should be provided for projects located along
public trails. We request to be part of this process and be allowed time to review
any proposed regulations for development along trails and other easements.
b. In cases where specificity regarding development adjacent to trails is not
provided, the Development Director should have the discretion to make the
appropriate determinations regarding applicability of the code.

Thank you for the opportunity to comment and be a part of the development code update
process. We are available to provide additional details and/or clarification on our comments
and look forward to the opportunity to discuss these comments in person.

Sincerely,

Arakel A. Arisian
Arisian Group
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From: Arakel Arisian

To: Codecomments

Cc: Daniel Zack; Leland Parnagian (leland@fowlerpacking.com); Ricchiuti, Vincent (vincent@prfarms.com);
ross@fowlerpacking.com; Trai Her

Subject: RE: Comments on the proposed development code

Date: Monday, June 01, 2015 5:00:14 PM

Hello,

Please include an additional comment on 15-804 B2b. We would like you to consider reducing the
interior side and rear setback to 10 feet for areas where multifamily is adjacent to single family
residential.

Thanks,
Arakel

Arakel A. Arisian

AICP, LEED AP

Arisian Group

389 Clovis Avenue, Ste. 200
Clovis CA 93612

Office: 559-797-4359
Mobile: 559-260-2070

http://www.arisiangroup.com

From: Arakel Arisian

Sent: Monday, June 01, 2015 4:55 PM

To: ‘codecomments@fresno.gov'

Cc: Daniel Zack; Leland Parnagian (leland@fowlerpacking.com); Ricchiuti, Vincent
(vincent@prfarms.com); ross@fowlerpacking.com; "Trai Her'

Subject: Comments on the proposed development code

Hello,
Please find attached my comments to the proposed development code.

Thank you,
Arakel

Arakel A. Arisian

AICP, LEED AP

Arisian Group

389 Clovis Avenue, Ste. 200
Clovis CA 93612

Office: 559-797-4359
Mobile: 559-260-2070

Development Code Public Review Draft - Comment Letters 4/216



Cramitzr

June 1, 2015

Daniel Zack

Assistant Director

Development and Resource Management Department
2600 Fresno St., Rm. 3076

Fresno, CA 93721

Re: Comments on 2015 Draft Development Code

Mr. Zack:

Thank you for the opportunity to comment on the public review draft of the proposed 2015 Citywide
Development Code (the proposed Development Code). Below please find a list of Granville Homes’ concerns,
followed by a list of comments and recommendations on specific sections of the proposed Development Code.
Granville Homes will provide further comments on the proposed Development Code once the city-wide rezone
map is released to the public.

Should you need any additional information, please contact me, Jeff Roberts, or Claudia Cazares at {559) 436-
0900.

Sincerely,
W
Darius Assemi
President

\ ~
wo cattomis st C APV IE (AOMES
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Concerns

4.

The proposed Development Code Is overly prescriptive, inflexible, and costly to implement.
Overly prescriptive, inflexible, and costly to implement -- the proposed Development Code will
drive jobs, housing, and economic development opportunities away from Fresno.

The current draft does not adequately solicit the participation of our local contractors,
developers, and business owners. The City must incorporate the expertise of our local
contractors, developers, and business owners into the Development Code and the
Development Code Update process.

The City needs to re-circulate the 2014 Master Environmental Impact Report (MEIR). The
proposed Development Code should not and cannot be certified by an MEIR that was adopted
last year.

As part of the Development Code Update process, the City plans to rezone all properties within
the City limits. The City, however, does not have a working plan or a timeline for the city-wide
rezone. The City’s failure to have a city-wide rezone map and fallure to execute a city-wide
rezone at the time it adopts the proposed Development Code raises the following issues:

a. Toimplement the proposed Development Code, the City needs a city-wide rezone, A new
Development Code that has no properties included in the code is absurd.

b.  Given that the City does not have a city-wide rezone map, property owners do not know
how the proposed Development Code will affect their specific properties. Without a
Rezone Map, property owners lack notice and the opportunity to adequately and fully
comment on the Development Code.

c.  The City needs to study, quantify, and share with property owners any additional costs
associated with a city-wide rezone, including, but not limited to, property insurance,
recording fees, and other administrative expenses.

The City, and starting on the adoption day of the proposed Development Cade, should provide
property owners a 6 months window to file no-cost applications to rezone properties consistent
with the 2035 Fresno General Plan.

The City needs to create a comprehensive and workable plan to address the existing properties
and businesses that will become “Legal Non-Conforming Uses” when the proposed
Development Code is adopted. The adoption of the proposed Development Code cannot
impede:

a. A homeowner from adding a new room or additional living space to an existing house

without having to rezone and rebuild the entire house to conform to the standards of the
new Development Code.
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b. A business owner from expanding the physical space of an existing business without
having to rezone and rebuild the entire property to conform to the standards of the new
Development Code.

The City should retain the C-M Zone District. The C-M Zone District was the catalyst in the
development of numerous business parks (e.g. Palm Bluffs) and quality retail shopping areas
(e.g. the west Shaw Avenue area). If retained, the C-M Zone District will continue to be the
catalyst of future development and economic growth in Fresno.

The timelines and essence of Business Friendly Fresno (BFF) should be codified in the proposed
Development Code. The codification of BFF will ensure that future administrations and future
city planners will observe not only the Development Code but also BFF.

Granville Homes will continue to work with the City of Fresno and other stakeholders on the
development of a cost-efficient and market-driven public transit solutions for the Fresno
Metropolitan area. The development of public transit, however, cannot negatively impact
small business owners, economic development opportunities, and new homebuyers. In a
metrapolitan area where less than 2% of the population commutes by mass transit, the City of
Fresno cannot have a Development Code that forces businesses, economic development
opportunities, and residents to conform to and subsidize an experimental public transit vision.
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Single-Family - Comments on Specific Sections of the Draft Develop. Code

1.

3.

Minimum Required Lot Depths and Widths ~ Restrictive and Inefficient. The minimum
required lot depths and widths in the proposed Development Code are restrictive and
inefficient. Shorter depths and narrower widths or a flexible range of depths and widths
should be permitted to promote housing and the efficient use of residential land. For
example, the RS-5 district lot dimensions are prescribed at 40 feet wide by 80 feet long.
Allowing for a range of lot lengths from 70 feet to 85 feet and a range of widths from 35 feet
to 50 feet will facilitate more efficient lot layouts, promote more efficient housing
development, and allow for greater housing density. See proposed Development Code Page
I1-9 Table 15-603-1. '

Interior Side Yard Setbhacks — Set to California Building Code Requirements. The proposed
minimum interior side yard setbacks should be reduced to 3 feet, as allowed in the California
Building Code. Shorter side yard setbacks will facilitate more efficient lot layouts, promote
more efficient housing development, and allow for greater housing density. See proposed

'Development Code Page II-10 Table 15-603-2.

Corner and Reverse Corner Lots — Re-tuned. The proposed minimum lot widths for corner
lots and reverse corner lots in RS-4 and RS-5 districts need to be re-tuned to more closely
comply with the requiremients and vision of the proposed Development Code. Re-tuning the
minimum widths of corner lots and reverse corner lots will facilitate more efficient lot layouts,
promote mare efficient housing development, and allow for greater housing density. See
proposed Development Code Page -9 Table 15-603-1 and Page I-10 Table 15-603-2.

Lot Coverage Ratios — Re-tune and Allow Flexibility. The City needs to re-tune the proposed
Development Code’s maximum lot coverage ratios to promote more efficient housing
development and allow for greater housing density. For example, in a RS-5 district with a
required minimum 4,000 sq. ft. lot, 60% lot coverage (or a 2,400 sq. ft. home) is allowed. In
a RS-4 district with a required minimum 7,000 sq. ft. lot, 40% lot coverage (or a 2,800 sq. ft.
home}) is allowed. When upgrading from an RS-5 district to an RS-4 district, the minimum lot
size increases by 75% (3,000 additional sq. ft. of lot space) while the maximum allowed living
space only increases by 17% (400 additional sq. ft. of living space). A re-tuning of the
proposed Development Code’s Maximum Lot Coverage ratios will promote more efficient
housing development and allow for greater housing density. See proposed Development
Code Page I1-10 Table 15-603-2.

Restrictive Garage Design Standards - Allow Flexibility, Ranges, and Attractive
Architecture. Overly prescriptive and inflexible, Section 15-604-F of the proposed
Development Code limits the garage width on lots less than 101 feet wide to 50% of the
length of the front fagade of the house. Without negatively impacting the character, charm,
and architecture of a proposed single-family neighborhood -- allowing for a range of garage
lengths depending on the density of the housing will facilitate more efficient lot layouts,
promote more efficient housing development, and allow for greater housing density.
Flexibility in the layout of garages will facilitate the development of attractive denser single-
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family neighborhoods targeted at first-time homebuyers and young families. See proposed
Development Code Page II-12 Section 15-604-F.

Restrictive Facade Standards — Allow Flexibility, Ranges, and Attractive Architecture. The
Development Code’s facade standards for single-family homes are overly restrictive. To
ensure a flexible Development Cade, Section 15-605 should provide a range of requirements.
Otherwise, Section 15-605 should be deleted. For example; Section 15-605-A dictates that
exterior walls cannot have a continuous plane more than 8 feet long without an opening - a
window, a door, a projection, or a recess. Adding needless windows, needless doors, and
needless recesses and projections every 8 feet significantly increases the cost of building and
maintaining a house, while adding little value to the architecture of the house. Such a
prescriptive requirement will be costly to build and to maintain, will add little value to the
architecture of the house, and will promote the inefficient use of residential land. See
proposed Development Code Page 11-12 and 13 Section 15-605-A to 15-605-D.

Multi-Family - Comments on Specific Sections of the Draft Develop. Code

1

Strict Parking Requirements — Allow Flexibility. The proposed Development Code’s strict
parking requirements, parking requirements limiting parking stalls to a maximum of 8 stalls
in a row, and parking requirements discouraging parking courts and garages is
counterproductive to the City's goal of higher density. To promote mutti-family
development, the City needs to increase parking flexibility, allowing for increased parking
efficiency (larger parking courts are usually more efficient than small courts due to traffic
flow). Increased parking efficiency will be vital to achieving the City’s desired higher
densities. Like in the City of Santa Monica, the City of Pasadena, and other TOD centers —
parking can be concentrated and the negative aesthetics of parking garages and courts should
be addressed by encouraging developers to beautify, add a fagade, and add landscaping to
parking garages and courts. See proposed Development Code Section 15-704.

Housing for All Segments of Fresno’s Population — Allow Flexibility. The Development Code
must allow, facilitate, and encourage multi-family housing units for all segments of Fresno’s
population. As proposed, the cumulative effect of costly Development Code requirements
including: (1) 75% of units required to have large private open space, {2} 120 cubic feet of
lockable storage space, (3) concentrated common open space, and (4) other costly items will
significantly increase the basic per unit cost (i.e. the per door cost) of housing, discouraging
the development of workforce housing and smaller units. See proposed Development Code
Section 15-704.

Size of Private Open Space - Costly and Infiexible. For the private open space that is required
by the proposed Development Code, the proposed Development Code dictates a minimum
area of 30 sq. ft. and a minimum dimension of 6 feet. Large private open space requirements
Increases the cost of providing private open space significantly {i.e. the per sq. ft. cost of a 15
sq. ft. balcony is much lower than the per sq. ft. cost of a 30 sq. ft. balcony). Requiring large
private open space areas will significantly increase the basic per unit cost (i.e. the per door
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cost) of housing, discouraging the development of workforce housing and smaller units. See
proposed Development Code Page II-23 Section 15-704-D.1.a,

Comman Open Space - Density and Flexibility. The proposed Development Code requires
that denser multi-family housing provide less open space than less dense multi-family
housing (e.g. 20% of lot for 16 u/a and 10% of lot for 45 u/a). According to City staff, requiring
less open space for denser housing development will encourage denser housing
development. The City should not limit itself to encouraging only denser housing
development. In a metropolitan area where nearly 60% of tenants are overburdened by
rental payments, the City should encourage multi-family housing development across the
board. If 10% open space is sufficient for 45 u/a and will encourage the development at 45
u/a, then it should be sufficient for 16 u/a and it should encourage development at 16 u/a.
See proposed Development Code Page 11-20 Table 15-703.

Common Open Space - Concentration. The proposed Development Code requires
concentrated common open space in center courts, Under the proposed Development Code,
small open space areas will not count towards the common open space requirement. GV’s
experience and market research shows that tenants prefer common open space that is close
to their units, not in large center courts. When compared to large central courtyards --
tenants prefer paseos, nooks, dog walking strips, walkirig paths, and cozy courtyards close to
their units. To promote multi-family development and greenspace in multi-family
development that is attractive to tenants, the proposed Development Code must allow for
flexibility in the-provision of open space. See proposed Development Code Page Ii-23 Section
15-704-D.1.b.

Common Open Space — In Required Set Backs Areas. As provided in the proposed
Development Code, common open space cannot be located in a required set back area. Such
a restrictive requirement is counter-productive to the City’s vision of denser TOD
development. First, having attractive open space abutting streets and sidewalks and within
a required set back area encourages TOD, walking, and tenant interaction with the city.
Allowing open space to be placed in required set back areas will encourage the development
of attractive sidewalks and public paseos, as desired in the Development Code. Second, and
especially important for a City that seeks to densify, open space strips in required set back
areas that abut streets and sidewalks provide permeable surfaces to help prevent flooding.
As the City grows denser, having green and permeable set back areas abutting streets will

facilitate flood control efforts. See proposed Development Code Page !1-24 Section 15-704-

D.

Public Plazas - Uabllity Concerns. The proposed Development Code calls for the
development of Public Plazas within private property to be used by the general public, as well
as tenants of the project. As envisioned by the City, Public Plazas will be available to the
general public through the use of Public Access Easements on private land. A significant
liability issue, Public Plazas and Section 15-704 should be deleted from the proposed
Development Code. See proposed Development Code Page I1-24 and 25 Section 15-704-
D.1.c.
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8. Bicycle Infrastructure - Encouraged. The proposed Development Code needs to encourage
bicycle infrastructure. For example, the City can encourage bicycle infrastructure by reducing
parking requirements or open space requirements when bicycle infrastructure is provided.

9. Lockable Storage Requirements — Needless Cost. The proposed Development Code requires
at least 120 cubic feet of lockable storage space per dwelling unit. The fockable storage space
requirement for each individual unit is unnecessary and costly. The lockable storage space
requirement should be deleted. If the City wants to reduce clutter on balconies and open
areas as explained by City staff, the City should either (a) enforce fire and code enforcement
rules or (b) empower landlords to issue fines for clutter on balconies and open areas.
Reducing clutter on balconies and open areas should not come at the cost of making housing
more expensive. See proposed Development Code Page II-26 Section 15-704-E.

10.  Facade Design Development Standards ~ Allow Flexibility. The requirements in Section 15-
705 are too restrictive. To ensure a flexible Development Code, Section 15-705 should
provide a range of design development standards. Otherwise Section 15-705 should be
deleted. See proposed Development Code Page I-27 and Section 15-705-A to 15-705-F
(including Table 15-705-F). Examples:

15-705-A — Building Articulation. Requires all street-facing fagades to include at least one
horizontal or vertical projection or recess at least four feet in depth (or two projections or
recesses at least 2.5 feet in depth) for every 25 horizontal feet of exterior wall. This section
is overly prescriptive, inefficient, and costly. The projections should be identified as a goal,
not as a requirement.

15-705-B — Building Materials and Finishes. Requires a minimum of two exterior wall finish
materials. This section is overly prescriptive, inefficient, and costly. The City should continue
to allow for a single finish material. Additional materials add cost and uncertainty to projects,
failing to account for design fiexibility, market forces, financial feasibility, and personal
preferences. Additional wall finishes should be identified as a goal, not as a requirement.

15-705-E — External Pedestrian Access. Requires external stairways to either be located 30
feet of a public street or fully enclosed within the building. These standards are too restrictive
and costly. Design standards need to be flexible enough to allow for a variety of design
concepts. Enclosing stairways should be identified as a goal, not as a requirement.

Mixed-Use - Comments on Specific Sections of the Draft Develop. Code

1. Lockable Storage Requirements — Needless Cost. See multi-family comments. See proposed
Development Code Page 1i-45 Section 15-804-E
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2. Building Materials — Allow for Attractive Stucco and Flexibility. Section 15-805 is too
restrictive and costly. For example, and while not allowing for stucco, section 15-805 requires
the exterior materials on the ground floor of Mixed-Use Districts to be finished in in brick,
stone, ceramic tile, precast concrete, or similar materials. On facades more, than 300 feet in
length, the proposed Development Code requires a minimum of three exterior wall finish
materials. This section is overly prescriptive and costly to both build and maintain. Section
15-805 should be deleted, or identified as goals. See proposed Development Code Page 1-48
and 11-49 Section 15-805-B.

3. Mixed Use Frontage Near BRT Stations — Allow Flexibility. The proposed Development Code
dictates that 70% of frontage near BRT stations shall be artist’s studios, restaurants and bars,
personal services, and general retail. The City should allow business owners and property
owners to determine the best and highest use of land near BRT stations. For example -- and
although not allowed by the proposed Development Code -- a bank, a child care facility, or
doctor’s office may be the best and highest use of a property near a BRT station. Flexibility
will allow for the highest and best use of land, allowing individual neighborhoods and BRT
stations to more easily enhance or develop their unique character. For example, properties
surrounding a BRT station near a hospital may be developed with a higher percentage of
medical related business and properties to serve the medical patients and medical
professionals commuting to the area by transit. See proposed Development Code Page I
Section 15-804-A.

4, Accessory Dwelling Units (ADUs) and Granny Flats Near Transit - Allowed, Facilitated, and
Encouraged. ADUs and Granny Flats should be allowed, facilitated, and encouraged in transit
rich neighborhoods. Most of the residential land in Fresno’s transit rich neighborhoods is
zoned for single-family residential units. Without altering neighborhood character —
allowing, facilitating, and encouraging ADUs in single-family neighborhoods served by transit
will allow for higher densities near transit, increase the housing stock of smaller units, and
add value to existing single-family properties.

Overarching Items - Comments on Specific Sections of the Draft Develop. Code

1. Concept Plan — Unrealistic and Expenslve. Article 17 should be deleted in its entirety.
Concept Plans are unrealistic, serving only to waste resources and time. See proposed
Development Code Page 111-24 and Article 17 - Concept Plan

2. Paths Between Commercial and Residential Areas — When Safe and Suitable. Pedestrian
and bicycle access between commercial and residential areas should be optional and
encouraged only when safe and suitable. Both commercial operators and homeowners view
pedestrian and bicycle connections between commercial and residential areas as a safety
problem. To promote safety and encourage development, access between commercial and
residential areas should be optional and encouraged only when safe and suitable. See
proposed Development Code Page IV-65 Section 15-3412.
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7.

Pedestrian Ways — Width. Pedestrian ways should be built at 4 feet, not the proposed 5
feet. Without negatively impacting pedestrian connectivity and safety — pedestrian ways
constructed at 4 feet allows for greater housing density, additional greenspace and
permeable surfaces, lower maintenance costs, and promotes housing development by
reducing development costs. Please note that the City of Clovis requires 4 feet wide
sidewalks for residential streets (5 feet wide sidewalks are used for arterial streets).
Similarly, the City of Santa Monica requires a range of sidewalk widths based on individual
streets, allowing sidewalks to be as narrow as 4 feet. See proposed Development Code
Page IV-65 and 66 Section 15-3412.

Pedestrian Ways - Access Points. Overly prescriptive and costly, Section 15-3412 of the
proposed Development Code requires.pedestrian access points into a subdivision every 150
feet. Similarly, the proposed Development Code also requires pedestrian access points évery
600 feet when a subdivision abuts a major street. Access points every 150 feet and 600 feet
will impact lot layouts, creating significant inefficiencies and increasing housing costs. The
City can promote pedestrian connectivity with a more flexible range of options that can be
tailored to individual subdivisions. The access points at every 150 feet and 600 feet should
be a goal, not a requirement. See proposed Development Code Page IV-65 and 66 Section
15-3412,

Complete Streets — Allow Flexibility. Section 15-3415-D: Complete Streets is excessively
restrictive. To ensure a flexible Development Code, Section 15-3415-D should be replaced
with a flexible Street Cross Section requirement, allowing for a range of alternatives
depending on neighborhood design, attributes, and character. See proposed Development
Code Page IV-66 and 67 Section 15-3415-D.

Cul-de-Sacs — Allow for Cul-de-Sacs. Defined as “dead-end streets,” the proposed
Development Code actively seeks to limit the development of cul-de-sacs. The proposed
Development Code’s prohibition of cul-de-sacs ignores the fact that families (especially
families with children) and homebuyers in Fresno like the safety and quaintness of cul-de-
sacs. Homeowners should have the option live and raise families in quiet cul-de-sac streets.
See proposed Development Code Page IV-67 and 68 Section 15-3415-K.

Cul-de-Sacs — Paths to Streets and Trails. The proposed Development Code requires that cul-
de-sacs provide pedestrian and bike connectlons to neighboring streets and/or trails. To safeguard
the safety and quiétness of cul-de-sacs, pedestrian and bike connections between cul-de-sacs
and neighboring streets and/or trails should be optional and encouraged only when safe and
suitable. See proposed Development Code Page IV-67 and 68 Section 15-3415-K,

Sidewalks — Allow for Flexibility and Connectivity. The proposed Development Code
requires sidewalks on both sides of the street. Without negatively impacting pedestrian
connectivity, neighborhood character, and pedestrian safety — requiring both (a) pedestrian
connectivity and (b) sidewalks on one-side of the street (instead of sidewalks on both sides
of the street) will promote more efficient housing development, facilitate more efficient lot
layouts, allow for greater housing density, create additional greenspace and permeable
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10.

11.

12.

13.

surfaces, and promote housing development by reducing development costs. Requiring both
pedestrian connectivity and sidewalks on one-side of the street (instead of sidewalks on both
sides of the street) will facilitate the development of attractive denser single-family
neighborhoods targeted at first-time homebuyers and young families. See proposed
Development Code Page IV-68 Section 15-3416.

Parks and Playgrounds — Flexible Accessibility Standard. Section 15-3419.8 of the proposed
Development Code requires that 60% of the perimeter of a park abut a street. Requiring that
60% of a perimeter of a park abut a street will encourage the development of skinny

efficient lot layouts, more efficient housing development, and greater housing density.
Section 15-3419-B should be identified as a goal, not a requirement. See proposed
Development Code Page (v-68 Section 15-3419-8. :

Annexation of Land — New Requirements. The new financial guarantee requirement in
Section 15-5104 is not needed and should be deleted. Given the oscillations in the real estate
market, a property owner should not be penalized if a proposed development plan annexing
land into the City takes longer than expected. The City can more effectively and fairly prevent
premature annexation of land into the City by limiting or even decreasing its Sphere of
Influence. See proposed Development Code Page V-54 Section 15-5104.

Effective Date of Zoning and Time Limit (Annexations) — Clarification Needed. Section 15-
5105 is confusing and does not appear to apply to any of the current zoning scenarios. The
City needs to clarify Section 15-510s. See proposed Development Code Page V-55 Section
15-5105.

Conditional Use Permit - Flexibility. The City should continue to allow the use of Conditional
Use Permit applications for buildings up to six stories tall in selected higher density areas of
the Copper River Ranch project. Allowing the flexibility to develop taller buildings in selected
higher density areas of the Copper River Ranch project will allow for greater density in
selected North Fresno areas as desired by the City.

Vesting Maps — Delete New Requirements and Reduce Risk. Expressly allowed by California
state law, vesting maps encourage housing development by reducing development risk. The
proposed Development Code adds numerous and significant requirements to the filing of a
vesting map. To both comply with state law and to encourage housing development, the City
should delete the new requirements for the filing of a vesting map. See proposed
Development Code Page IV-21 and 22 Section 15-2701 to 15-2705,
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From: Daniel Zack

To: Codecomments
Subject: FW: Micro Brewery zoning
Date: Tuesday, April 14, 2015 4:08:33 PM

This gentleman suggests that microbreweries shouldn’t be required to have a CUP.

Dan

From: Brandon Broussard [mailto:bbroussard@yhmail.com]
Sent: Tuesday, April 14, 2015 4:06 PM

To: Daniel Zack

Subject: RE: Micro Brewery zoning

Thanks. A Nano Brewery produces even less than micro. http://www.craftbeer.com/craft-beer-
muses/nano-breweriesmdash-talk-of-the-craft-beer-nation

We are in the CM zone and | know that brewing beer is allowed in the CM zone district as a “by-
right” use, i.e. no conditional use permit required, my 2 cents is that if you are updating code that
you allow micro-breweries to sell only their own product that no CUP is required. Hours of
operation are more day time hours and not open past 6pm. Our ABC license allows us to sell. It just
makes it tough for smaller companies to pay 10k to sell out of their facility. Clovis just passed new
ordinance allowing local beer or wine places to have a tasting room by rights as a permitted use. As
of now | am looking at trying to open a tasting room in Clovis however | would like to sell it here in
Fresno but | cannot justify the 10k CUP. 1 am brewing in my office here on shields, as part of the
engineering building. We brew once a month and are getting ready to sell kegs to local restaurants
and bottles to stores. You should stop by and check us out. It is called Black OPS Brewing, Inc.
Thanks for any help or feedback.

P ents/Ci il/Agendas/201 150120/1-

Brandon A. Broussard, P.E.

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell

From: Daniel Zack [mailto:Daniel.Zack@fresno.gov]
Sent: Tuesday, April 14, 2015 3:34 PM
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To: Brandon Broussard
Subject: RE: Micro Brewery zoning

Hi Brandon,

A microbrewery (or any other type of business that sells alcohol) requires a CUP. What location are
looking at? We should make sure you have the right zoning.

Also, what is the difference between a nano brewery and a micro brewery?

Dan

From: Brandon Broussard [mailto:bbroussard@yhmail.com]
Sent: Friday, April 10, 2015 2:24 PM

To: Daniel Zack
Subject: Micro Brewery zoning

Hi Dan,

| was in the meeting with you the other morning that had Leland, Scott, and Larry. We were talking
about the code for industrial land use. | was wondering if | could talk to you about requirements for
nano and micro brewery’s for selling product on premises, whether or not a CUP is required. | am
available to sit down with you or if interested you can come check out my nano brewery. Thanks

Brandon A. Broussard, P.E.

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell
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From: Daniel Zack

To: Codecomments
Subject: FW: Micro Brewery zoning
Date: Friday, May 29, 2015 5:26:39 PM

From: Brandon Broussard [ mailto:bbroussard@yhmail.com]
Sent: Friday, May 29, 2015 2:31 PM

To: Daniel Zack

Subject: RE: Micro Brewery zoning

Do you think there is a chance that you might update the code to give microbreweries the right,
without CUP, to sell their own product at the production facility? | know the closing date in June 1.
Thanks

Brandon A. Broussard, P.E,

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell

From: Daniel Zack [mailto:Daniel.Zack@fresno.gov]
Sent: Tuesday, April 14, 2015 5:50 PM

To: Brandon Broussard

Subject: RE: Micro Brewery zoning

Thanks, Brandon. I'll add your suggestion to our comments for the new Development Code. This is
something we should consider.

From: Brandon Broussard [mailto:bbroussar: hmail.com]
Sent: Tuesday, April 14, 2015 4:06 PM

To: Daniel Zack

Subject: RE: Micro Brewery zoning

Thanks. A Nano Brewery produces even less than micro. http://www.craftbeer.com/craft-beer-
muses/nano-breweriesmdash-talk-of-the-craft-beer-nation

We are in the CM zone and | know that brewing beer is allowed in the CM zone district as a “by-
right” use, i.e. no conditional use permit required, my 2 cents is that if you are updating codé that
you allow micro-breweries to sell only their own product that no CUP is required. Hours of
operation are more day time hours and not open past 6pm. Our ABC license allows us to sell. It just
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makes it tough for smaller companies to pay 10k to sell out of their facility. Clovis just passed new
ordinance allowing local beer or wine places to have a tasting room by rights as a permitted use. As
of now | am looking at trying to open a tasting room in Clovis however | would like to sell it here in
Fresno but | cannot justify the 10k CUP. | am brewing in my office here on shields, as part of the
engineering building. We brew once a month and are getting ready to sell kegs to local restaurants
and bottles to stores. You should stop by and check us out. It is called Black OPS Brewing, Inc.
Thanks for any help or feedback.

http://www ci.clovis.ca.us/Portals/0/Documents/CityCouncil/Agendas/2015/20150120/1-B.odf

Brandon A. Broussard, P.E.

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell

From: Daniel Zack [mailto:Daniel.Zack@fresno.gov]
Sent: Tuesday, April 14, 2015 3:34 PM

To: Brandon Broussard
Subject: RE: Micro Brewery zoning

Hi Brandon,

A microbrewery (or any other type of business that sells alcohol) requires a CUP. What location are
looking at? We should make sure you have the right zoning.

Also, what is the difference between a nano brewery and a micro brewery?

Dan

From: Brandon Broussard [mailto:bbroussard@yhmail.com]
Sent: Friday, April 10, 2015 2:24 PM

To: Daniel Zack
Subject: Micro Brewery zoning

Hi Dan,
I was in the meeting with you the other morning that had Leland, Scott, and Larry. We were talking
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about the code for industrial land use. | was wondering if | could talk to you about requirements for
nano and micro brewery’s for selling product on premises, whether or not a CUP is required. | am
available to sit down with you or if interested you can come check out my nano brewery. Thanks

Brandon A. Broussard, P.E.

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell
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From: Brandon Broussard

To: Amoldo Rodriguez
Subject: RE: HEY
Date: Friday, May 29, 2015 2:45:09 PM

Come on by and | can show you our production facility. | was at Tioga today talking with them about
production.
thanks

Brandon A. Broussard, P.E.

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell

From: Arnoldo Rodriguez [mailto:Arnoldo.Rodriguez@fresno.gov]
Sent: Friday, May 29, 2015 2:43 PM

To: Brandon Broussard

Subject: RE: HEY

And not open past 6?

From: Brandon Broussard [mailto:bbroussar hmail.com]
Sent: Friday, May 29, 2015 2:42 PM

To: Arnoldo Rodriguez

Subject: RE: HEY

On site and off. Sell a glass on site and then you can buy a bottle or growler to take home. Only
your product though.

Brandon A. Broussard, P.E,

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell

From: Arnoldo Rodriguez [maiito:Arnoldo.Rodriguez@fresno.gov]
Sent: Friday, May 29, 2015 2:41 PM
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To: Brandon Broussard
Subject: RE: HEY

Do they allow on-site consumption or off-site?

From: Brandon Broussard [mailto:bbroussard@yhmail.com]
Sent: Friday, May 29, 2015 2:26 PM

To: Arnoldo Rodriguez

Subject: HEY

Clovis past an ordinance that allowed local production of alcohol not require a CUP to sell their own
product.

Do you think it is possible to add to the new land use that breweries or wineries can by right and no
CUP sale their own product at their production facility?

am in the CM zone and | know that brewing beer is allowed in the CM zone district as a “by-right”
use, i.e. no conditional use permit required, | would like to make a change while you are updating
code that you allow micro-breweries to sell only their own product and that no CUP is required.

Hours of operation are more day time hours and not open past 6pm. Our ABC license allows us to
sell. It just makes it tough for smaller companies to pay 10k to sell out of their facility. Clovis just
passed new ordinance allowing local beer or wine places to have a tasting room by rights as a
permitted use. As of now [ am looking at trying to open a tasting room in Clovis however | would
like to sell it here in Fresno but | cannot justify the 10k CUP. | am brewing in my office here on
shields, as part of the engineering building. We brew once a month and are getting ready to sell
kegs to local restaurants and bottles to stores. You should stop by and check us out. It is called
Black OPS Brewing, Inc.

Thanks for any help or feedback.

thanks

Brandon A. Broussard, P.E.

"A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8759 Cell
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From: Brandon Broussard

To: Codecomments
Subject: Mico Breweries
Date: Friday, May 29, 2015 2:28:16 PM

Do you think it is possible to add to the new land use that breweries or wineries in CM zoning can by
right, with no CUP required, sale their own product at their production facility?

Brandon A. Broussard, P.E.

“A committed team providing high quality engineering
services for our clients and community"

Yamabe & Horn Engineering, Inc.

2985 N Burl #101

Fresno, Ca 93727

559-244-3123 Phone

559-313-8753 Cell
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From: John Cinatl

To: Codecomments

Cc: Harpreet Kooner; Brenda Veenendaal; Clark Thompson; Nick Paladino; Scott Mozier; Renee Mathis; David (Air
Dist) Lighthall; Mark Keppler; Jill Gormley

Subject: Replies to Draft Development Standards

Date: Monday, May 04, 2015 10:04:11 PM

Greeting Fresno Planning Department

Thank you for allowing citizens of the immediate area to make comments in regard to your updated Development
Standards/Plan.

As the former Bicycle Coordinator for Caltrans' District 6 (Fresno Area) for 12 years I wish to make the following
comments.

First of all thank you for the abundance of bicycle related features that you have incorporated into this draft plan.
I do have several concerns and did find one humongous oversight in regard to bicycle facilities.

In regard to Sections 15-3408 (Layout & Residential Density), 15-3409 (Circulation Plan) and 15-3411(Gated
Communities) it would be appropriate to use the words "Open Cul-de-Sacs" and "Closed Cul-de-Sacs) in your
discussion. Closed Cul-de-Sacs are just that dead-end bulbs where no one can escape from where as Open Cul-de-
Sacs have some sort of outlet for pedestrians and cyclists so that they can access out- of-development sidewalks,
transit stops and bike paths and trails. These two terms are being used more and more by City Planners throughout
the country to distinguish between the two types of facilities.

Now, in regard to your humungous oversight.

In Section 15-2028 you list all sorts of standards for bicycle parking - thresholds, number of spaces, location,
anchoring & security, vehicle parking offset set.

The one thing you do not discuss is the installation of appropriate types of bike racks. The "popular” WAVE RACK
- the most installed bike rack type in the Fresno area IS A TOTALLY USELESS BIKE RACK AND SHOULD
NEVER BE INSTALLED IN ANY LOCATION IN FRESNO. But if you do not set up requirements for good
racks, and there many types of good racks, the wave rack will continue to be installed in Fresno forever and forever.

I therefore suggest mention being made of, or maybe even require its mandatory use it by its incorporation within
the Plan, the APBP Bike Parking Guide (Second Edition) be use as a guide for determine the appropriate type of
bike rack for each installation. Its available from the APBP (Association of Pedestrian & Bicycle Professionals)
organization at www.apbp.org for $40.00. Its an 83 page guide devoted entirely to the topic of bicycle parking and
storage.

Another thought - entirely delete your Table 15-2028-D and require the use of the various Tables within the APBP
Guide. They offer many other detailed tables that surpass what is included in your Table 15-2028-D.

The APBP Guide should also be in the hands of your Plan Reviewers and Building Inspectors so that, when
reviewing plans for approval, or inspecting under-construction projects, they can review the bike racks being
proposed for this project and if improper, direct the architect/contractor to install the appropriate type rack(s).

Other than those two comments I commend you on your incorporation of bike and pedestrian facilities within this
updated Development Plan.

Sincerely,

John F. Cinatl, MCRP (Fresno State)
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Caltrans - Bicycle Coordinator - Retired
Clovis, CA
(559) 348-1633

Licinatl@sbeglogal.net
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From: Dianne Dalich

To: Codecomments
Subject: Water use
Date: Friday, May 01, 2015 9:26:24 AM

| urge you to ban the use of turf (i.e. lawns) and impose the use of drought tolerant plants and drip
irrigation in new developments.

Thank you,

Dianne Dalich
Fresno, CA
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Council District 6 Plan Implementation Committee
Development-Code Review Comments

Section/
Table

Page

Comment or question

Please provide responses to the Council District 6 Committee on the issues raised in these
review comments, and let us know whether (or not) any of the following Code sections are
being modified in response to these or other comments. The Committee will consider the
changes and responses prior to voting on a final recommendation on the proposed
Development Code.

§15-604.A etc.

§15-604.B.4 etc.

1I-11 etc.

II-11 etc.

Wherever the Development Code specifies setbacks for
garages or establishes standards for driveways, it should
state that driveways shall be deep enough to park a pickup
truck or full-size sport-utility vehicle outside of the garage
(so that sidewalks would not be blocked or impeded with
vehicles pulled up to a closed garage door), because there
just is not enough enforcement capability to require that
people consistently park their vehicles inside garages. In
addition to this, where will additional resident vehicles and
guest vehicles be parked? This is a particular problem in
small-lot developments where there would barely be enough
room in front of a house to park a single vehicle.

There are no standards proposed for on-site usable open
space for single family residential districts. This omission
should be addressed, because families need space on their
own properties. This is important for safety (to provide an
alternative to children playing in the street) and to meet the
need for recreational open space in developments where
there is no park included or nearby. (Article 30 of the Draft
Development Code and §15-3419 may result in common
open space in residential subdivisions, if the developer
doesn'’t pay fees in lieu of making dedications, but that does
not address the need for private recreational area at the
individual family level and for very young children and.)

If the Development Code is requiring or encouraging more
“alley-loaded” development (parking structures and lots
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May 29, 2015
Page 2

Council District 6 Plan Implementation Committee Development Code Review Comments

Section/
Table

§15-704.A.3, B

§15-704-C.4.e

Table 15-703

§15-704.D

Page

II-21

I1-23

I1-20

I1-23

Comment or question

accessed by alleys instead of streets) as part of “Enhanced
Streetscapes,” then it should include a mechanism for
maintaining the paving, lighting, sweeping, police patrolling,
etc .of the alleys. Otherwise, these provisions of the
Development Code are not sustainable.

What is the derivation of the five-foot landscaped planting
area requirement? This seems like a higher amount of
landscaping than the current zoning ordinance would
require, and would conflict with reduced setbacks allowed for
accessory structures, planned developments, etc. where
three-foot setbacks have been deemed sufficient.

What is the derivation of the 8-space limit for enclaves of
parking spaces in multi-family projects? Limiting the amount
of clustered parking spaces could result in an overall higher
amount of paved area devoted to parking on a multi-family
site, because more driveways and backup spaces would be
needed to serve multiple parking enclaves. That would
leave less room available for private and recreational on-site
open space.

The Development Code should require adequate on-site
open space for play in apartment complexes (multi-family
projects at the level of triplexes and above). Only requiring
10% to 20% of lot area for on-site open space for residential
multi-family development does not seem adequate.

The Development Code should require adequate on-site
open space for personal use in apartment complexes (multi-
family projects at the level of triplexes and above). Personal
spaces 50 square feet in size and only 6 feet wide/long do
not seem adequate.
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May 29, 2015

Page 3
Council District 6 Plan Implementation Committee Development Code Review Comments
Section/
Table Page Comment or question
Table 15-805-D 1I-50 “Water features” could include high-consumption features,

and would not be drought-responsive.

§15-1701.D etc. III-24 etc. Reduced street widths, in combination with curbside parking,
reduces the margin of safety for children and pedestrians. It
is not OK to allow this in private, gated communities, either
because they have no requirement to carry adequate liability
coverage for a killed or badly injured child. They also have
limited capability to enforce parking rules even if they do
have CC&Rs that mandate parking controls.

§15-1901 I11-41 The City needs to plan for long-term drought conditions as
far as landscaping goes. Future landscaping should be
drought-tolerant, and this should not be reversed when we
have wet years (because it would only die or have to be
changed in ensuing dry years).

§15-1902.E ITI-41 - 42 If a homeowner is required to prepare iandscape plans for

§15-1903.A, B.7 1II-42 - 43 property that they own, who will review and approve those
plans, and who will inspect to see that the plants and
irrigation fittings approved on those plans are actually
planted/installed per plan? What will the plan check and
permit fees be? Currently, no plans or permits are required
for single-family landscaping or irrigation equipment installed
by a homeowner. If the new Code wants to ensure that
plans are required, there has to be a balance between the
goal of water conservation and the burdens of bureaucracy.

§15-1903.A I11-42 Why allow “water features” that would consume high
amounts of water (e.g., fountains)? They’re not drought-
responsive.

§15-1904 I11-44 The City should encourage more desert landscaping for new

commercial development, less live turf grasses, more desert
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May 29, 2015
Page 4

Council District 6 Plan Implementation Committee Development Code Review Comments

Section/
Table

§15-1904

§15-1906.A

§15-1907

Page

I11-44

IT1-48 — 49

ITI-50 - 58

Comment or question

plants, and more hardscaping (rocks). ONLY water-wise
landscaping should be allowed on City projects and new
developments.

Median islands should be planted, with low-water demand/
low-maintenance trees, shrubs, and desert ground cover; no
turf or annual flowers. Decomposed granite (‘DG") and/or
river rocks could be used as could artificial turf (due to
“concrete jungle” [heat island] effect and flood control issues,
it is understood that medians can’t all be paved over with
decorative concrete). Currently, the median islands that get
planted are not maintained and the City doesn’t have
enough water to keep it green; therefore, the standards
should not waste resources or staff time, which would be
better directed toward keeping parks and other recreational
open spaces better maintained.

The draft Development Code states, “Paved or graveled
surface areas may not exceed 25 percent of the area
required to be landscaped” (subsection 1). However, below
that in subsection 3, it states that Synthetic lawns may
“cover no more than 75% of the required landscape area,”
and allowed in the all settings except parks as equivalent to
turf. Paved or graveled surfaces should be allowed up to the
same 75% as “syn-lawns,” because the base used under
“syn-lawns” is sand, dg and gravel. Some people may prefer
to use decorative gravel, “DG” or mix of those materials to
cover more than the 25% allowed area.

The posting process for designating Heritage trees, and the
overall process for removing trees from multi-family and
nonresidential properties, are burdensome and probably
ineffectual. For instance, on-site notices currently posted for
plan amendments, etc. are either not seen by drivers
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May 29, 2015
Page 5

Council District 6 Plan Implementation Committee Development Code Review Comments

Section/
Table

§15-1909

Page

ITI-58 — 59

Comment or question

passing by, or are vandalized and removed so quickly after
posting that no one could see them.

Even though street trees and one front yard tree are required
for each residence, the proposed ordinance does not protect
those required trees because it allows a single family
homeowner to remove trees without asking any permission.
The tree removal permit process is too full of red tape to be
applied to trees other than special “Heritage” trees, and
would pose bureaucratic barriers to a multi-family or
nonresidential property owner who wanted to change
plantings to respond to drought. Why not just require the
property owner to submit revised landscape plan exhibits for
their special permit?

The City does not currently have the staff to enforce its
existing tree removal rules/fees, and it is unclear how
additional professional staffing would be provided to enforce
the detailed, multi-step procedure in the draft Code.

If a tree is deemed an emergency or safety risk, no arborist
report or certification is required; therefore, no arborist report
should be required for removal of other trees.

The City of Fresno does not enforce Homeowner
Association rules. Therefore, it does not seem proper for the
Code to require approval of a Homeowner Association for
tree removal desired an owner in a common interest
development. The Association itself should be the party that
files modified landscape plan/entitlement exhibits showing
proposed changes in plantings within the development.

Someone needs to be held accountable for lack of attention
to the drought, especially on City property (ie., over
watering; broken sprinklers; watering on improper schedules;
watering landscaping that has deteriorated and consists only
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May 29, 2015
Page 6

Council District 6 Plan Implementation Committee Development Code Review Comments

Section/
Table

§15-2015.B

§15-2027

§15-2212

Page

IT1-74

ITI-81

ITI-109 - 110

Comment or question

of weed). |If private property owners are going to be
penalized for breaking drought rules, then the City should
also face enforcement action.

Will one charging station per 250 parking spaces be
sufficient to meet future needs (especially when this
requirement is only proposed for large parking lots having at
least 250 spaces)? How will this formula be applied when
some sections of the Development Code call for parking
areas to be broken up into smaller lots distributed in different
portions of a property (such as, in multi-family projects)?
Or when a shopping center consists of multiple separate
parcels?

Shopping carts should not be able to leave shopping center
properties: they should be equipped with automatic wheel
locks (most of the big stores are now installing this
technology). New shopping centers should be subject to this
requirement, and older centers should have to upgrade
when they repave or re-stripe parking lots. There should be
a minimum store size for this requirement, so as to not
impose extra costs on small business owners.

The City should enforce its rules relating to political signs.
We are tired of seeing multiple campaign signs on street
poles and utility poles, signs left up too long, etc. in violation
of current rules. Some candidates play by the rules, but the
ones who don’'t seem to escape City enforcement action.
The offending campaign committees should be automatically
and promptly fined, and the Development Code should
explain how political sign rules will be consistently enforced.
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May 29, 2015
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Council District 6 Plan Implementation Committee Development Code Review Comments

Section/
Table

§15-2223.A

Page

I1I-119

§15-2308.B.1.f III-132

§15-2312.A

IT1-137 - 138

Comment or question

Neon signs (made from neon tubing, not light-emitting
diodes/LEDs) with movement/flashing parts should be
allowed in locations away from residential areas.

Residential areas are not suitable for keeping bee hives.
Even if based on a lot roughly 3% acre in size, bees would
have to forage for blocks around any hive, and could never
be confined to the property where the hives are (unlike all
other types of household pets). With over 20,000 worker
bees per hive, keeping a single hive—let alone five hives—
on these parcels would create a nuisance and would
seriously endanger the health and safety of people and pets
in the neighborhood who are allergic to bee stings.

Car washes should be required to use a minimum
percentage of recycled water (it is unknown whether there is
a minimum percentage requirement now).
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May 27, 2015
RE: Development Code Update
To Development and Resource Management Department:

On behalf of the Disability Advisory Commission (DAC), | am writing to submit comments
on the proposed development code update.

Garage Setbacks (15-603)

The DAC strongly supports the requirements for 18 foot garage setbacks as written. We
would like to emphasize that decreased garage setbacks are problematic for all
pedestrians and functionally discriminatory against people with disabilities.

Garage setbacks as specified create more inclusive neighborhoods for residents and
guests. Standard garages typically do not have enough room inside of them for
accessible van lifts to be deployed. Residents with disabilities who utilize vans with lifts
typically park within full length driveways to deploy their lift. Shorter 7- or 8-foot setbacks
do not provide enough space for many accessible vehicles, so in such instances
individuals with disabilities would need to park on the street, which may or may not be in
close proximity to the homes or in a location in which a lift could be safely deployed.
Communities that are designed with shorter setbacks create neighborhoods that are
unwelcoming to and exclusive of people with disabilities.

Another key issue with decreased setback length is that of parked vehicles overhanging
the driveway into the sidewalk. Overhanging vehicles are merely a nuisance for able-
bodied pedestrians, including those who push their babies and young children in
strollers. For pedestrians with disabilities, particularly those who use mobility devices or
are blind, this nuisance turns into an actual barrier. The shorter setback also means that
residents exiting the garages will not have an adequate view of the sidewalk from inside
their vehicle prior to backing out.

For these reasons the DAC strongly supports section 15-603 of the code in regards to
18 foot garage setbacks.

Pedestrian Access (15-804G, 15-904E, 15-1004E, and others)

In such instances where the Development Code makes reference to providing
pedestrian circulation and access in accordance with the California Building Code (CBC)
Title 24, it should additionally make reference to the Americans with Disabilities Act
Accessibility Guidelines (ADAAG). While we recognize that in 2013 the CBC integrated
the Federal ADAAG standards into Chapter 11B of the code, we believe that specific
mention of the ADAAG would acknowledge that overarching compliance with the federal
regulations must also be maintained. Such instances where this can be found include
but are not limited to 15-804.g, 15-904.E, and 15-1004.E.
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Pedestrian Access and Circulation Systems (15-1708.D, 15-1004.E)

The DAC is supportive of circulation systems that provide access to all parts of a
planned area, be they within a residential, mixed use, or an employment district.
Continuous and direct circulation systems are not only easier for the whole community to
navigate, they are particularly important for individuals with limited mobility and
blindness/low vision.

We recommend the expansion of the pedestrian access and circulation requirements of
15-1004.E to not only include Office (O) districts, but also Business Park (BP), Regional
Business Park (RBP), Light Industrial (IL) and Heavy Industrial (IH) districts.

The Development Code needs to take into account that all members of our community
may be employed or utilizing services in all kinds of employment districts and will benefit
from connected accessible circulation systems. The City of Fresno will continue to see a
rise in the number of individuals with disabilities working in all forms of industries
because of ongoing nationwide initiatives to increase employment for people with
disabilities, ranging from the Vocational Rehabilitation Act of 1964 to the Americans with
Disabilities Act (ADA) of 1990 to the Workforce Innovation and Opportunities Act of
2014,

Sidewalks (15-3416)

The DAC strongly supports the requirements as written for sidewalks on both sides of
the street in all zoning districts. Communities that are designed with no sidewalks or
sidewalks on only one side of the street are prohibitive, and do not allow for adequate
access for individuais with disabilities.

Whether due to the nature of their disability or other contributing factors, individuals with
disabilities are considerably more likely than those without disabilities to utilize a
combination of pedestrian and public transit means of travel to access goods, services,
employment, and/or employment related education/training.

People with disabilities must be afforded the same opportunities as any other citizen in
this community, which includes the ability to access and utilize all zoning districts
throughout the City. The argument that people with disabilities may not be found or have
a need to be in certain types of zones is invalid. A person with a disability can be found
in any place where a person might go to work, play, or utilize a service.

For these reasons the DAC strongly supports section 15-3416 of the code requiring all
streets in all zoning districts to have sidewalks constructed on both sides.

Document Formatting

Individuals with a wide range of disabilities may use assistive technology to access,
read, and navigate through digital documents. For the Development Code document
itself, we recommend the use of a sans serif font, such as Arial, which is typically easier
for an individual with low vision to read with or without assistive technology. We also
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recommend that the charts and tables be accompanied by text of the content. Text
content is generally more compatible with and readable by assistive technology; tables
and charts may not be read by assistive technology or read in an illogical or confusing
order. It is further recommended that prior to publishing the final electronic document to
the website that it be made accessible in keeping with Administrative Order 8-16 and the
Web Content Accessibility Guidelines (WCAG) 2.0 AA success criteria.

It is the pleasure of the DAC to have the opportunity to provide input on the proposed
Development Code update. If you have any questions or would like to discuss this
matter further, please feel free to contact Shannon M. Mulhall, DAC Secretary and
Americans with Disabilities Act Coordinator, at 559-621-8716 or

Shannon.Mulhall@fresno.gov.

Sincerely,

Ken Elvington
Development Code Recommendations Task Force

City of Fresno Disability Advisory Commission
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DEVELOPMENT

May 29, 2015

Development and Resource Management
Jennifer K. Clark

Director Sent via electronic mail and U.S.
2600 Fresno Street Postal Service
Room 3065

Fresno, California 93721
Jennifer,

Please accept this letter as notice from Zinkin Development and the Zinkin Offices that we have
the following concerns related to the text of the new Development Code:

1. The text includes a reference that preserves all prior entitlements and development rights
under the prior code where zoning, CUPS and other entitlements have been obtained and not
expired. That is how I read the code and please confirm that that is your understanding as
well. So to the extent that zoning has been obtained, all land uses and development standards
under the prior code would apply to that property, and all rights gained under any CUP or other
entitlement would remain in effect and not be changed by the adoption of the new code.

2. Tknow that I previously had discussions with your Department about the elimination of
the Mid-Rise/ High-Rise Overlay in connection with the General Plan update. 1 was assured that
the same building square footage and building heights could be obtained under the FAR
rules. We would like to see that position continued in the new code.

3. Atticle 9, section 15-901. This provides that Automobile-oriented uses are not
permitted” in the Commercial-Main Street district. If they intent is to eliminate drive-up window
for restaurants in the CMS district, we would ask that that policy be reversed.

4. Itis a little difficult to track current permitted uses and uses with CUPs in the current
zone districts with the uses which will be permitted either of right or with a CUP in the newly
classified districts. A matrix that compares the two would be very helpful, or a statement that
assures that there will be consistency, or if not, where it will not.

(559) 224-8100 OFFICE | 5 RIVER PARK PLACE WEST, SUITE 203 | FRESNO,
CALIFORNIA 93720
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5. Is there a map showing the specific zoning classification of properties under the new code
that is of sufficient size to be reviewed and understood. If you could provide me with a link to
such a map, that would be appreciated.

6. The public plaza requirements in section 15-904 should be left to Director discretion
rather than minimum standards set because many factors can play into the proper size, such as the
area of walkways and pedestrian paths, the number of gathering areas throughout the center, etc.

7. The transparency or window provisions of Section 15-905 should be left to Director
discretion. There are factors such as Title 24 that play into design, and the requirement of 60%
may not be achievable at an affordable price. In addition, the city should not be setting forth
design elements of building facades. Styles and tastes vary from location to location and from
time to time and this is a matter that should be left to agreement between the City and the
developer.

8. Can you provide us with an explanation of what happens to the current RP and CP zone
districts and whether there is consistency between the old and new codes with respect to land uses
and development standards? This is one of the areas where the matrix mentioned above would be
helpful.

9. If signs that currently exist under the old code need to be repaired and revamped and then
reinstalled, are they going to be subject to the new requirements of Section 15-22017?

10. Signage is very important to development. Without sufficient signage, tenants will go
elsewhere. I noticed that in section 15-2201 there are limitations on the number of signs per
street frontage, which is a major departure from present practice and can have a very detrimental
effect upon properties in the City. We strongly suggest that existing signage provisions be
continued in the new code.

Thank you for your consideration of these points. We reserve the right to comment further on
any additional points. We appreciate your consideration and comments.

ely,

Kathy Copeland, on behalf of
Richard Fairbank

cc: Mike Sanchez — Assistant Director

(559) 224-8100 OFFICE | 5 RIVER PARK PLACE WEST, SUITE 203 | FRESNO,
CALIFORNIA 93720
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From: Brad Greenbury

To: Codecomments
Subject: Code Update Community Workshops
Date: Thursday, April 16, 2015 1:59:23 PM

| would like to participate in the City upcoming workshops on the new Citywide development codes.
When and where are expected to be held | dont see them on the City’s calendar. Will city staff from
other departments be on hand to answer question as to how these code changes will impact their
respective departments and design standards.?

Brad Greenbury
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From: reenb

To: Codecomments
Subject: Code comments
Date: Wednesday, May 13, 2015 1:51:13 PM

I would like to see the comments submitted regarding the new Development Code draft. Where can
| go at the City’s website to review them?
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From: gradbury@comcast.net

To: Codecomments

Subject: DRAFT OF NEW DEELOPMENT CODE
Date: Monday, June 01, 2015 3:49:05 PM
Attachments: www.ufei.org files pubs cufr 151.pdf

cool surfaces and shade trees to improve air quality.pdf
Design Shading Parking Lots.pdf

Sacmmgn;g tree shade ordlnancg MgghgrﬂnZOOI Qdf

t = 2 21 . AL =
Www. forgﬁqmatgrshggg grg storage Planyng Trgg in Pgﬁqng Lots pdf

New Development Code Comments

It was pleasing to see that the City of Fresno has decided to update the City’s
Development Code. The world has changed greatly since the last Development
Code was approved. Things like complete streets, sustainable design, and climate
change were not a part of the dialogue in the early 1960s. But, today all of these
issues should form the basis for any new development code.

Unfortunately, in reading through the draft for the new development code | can’t
identify any language which addresses the key issues. With any document which is
attempting to cover a vast topic like the development it is difficult to get too specific
about the various elements to be addressed. But, at the very least there should be
clearly defined methods to be employed to meet the City’s General Plan. There are
many sections within the draft that are too vague with no reference to current
established sustainability standards.

Building site design is nothing more than a list of setback to be used. There is nothing
mentioned about building orientation to achieve minimum energy use.

The parking lot standard based on building use and required parking spaces does not
address the important issue of minimizing asphalt on the site. The standard for site
development allows for maximum building footprint and a corresponding parking lot.
The parking lot standard should take into consideration the typical size of today’s
cars not the standard set in the 1950s. A 10’ wide by 20’ long space an outdated size
to use. In Section 15-2009 A. & B. maximum number of spaces are set at 130% and
110%. Most parking lots rarely ever are filled to capacity sot to allow more parking
and more asphalt is only adding more heat to an already hot city.

The current parking lot shading standard is far too lenient in how it is calculated.
Allowing 100% coverage to all trees adjacent to parking allows for trees on the north
perimeter of a site to be given credit for shading when in fact the tree shadow will
never cover any asphalt. If only half of a tree’s canopy shades any asphalt then it
should be given half credit. The minimum Planter size does not take into
consideration the necessary area a tree’s roots need to reach the mature size
required in the shading standard. A large tree in the current planter size with no room
to expand into the surrounding soil will never reach full size.

The current street section which has a 5’ wide planter strip behind the curb does not allow for
tree’s roots growth. The City has many examples of tree roots in these areas showing tree
roots dominating the space to the exclusion of shrub planting.
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Enclosed is reference material to consider in any changes you wish to make to the draft.
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n a hot summer day,
would you rather sit down in a nice shady

spot or broil unprotected in the blazing sun?

Your car feels the same way. And you know how

~ uncomfortable it is to climb back into the driver's seat

after it's been baking in the heat. But. ..

Center for
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Parking lots occupy about 10% of the land in many of our cities, and

since the 1970s energy crisis there has been an increasing interest in
parking lot shade ordinances. We chose Sacramento, CA as the test

case to investigate how well one “pretty good" ordinance was working,

SHADE FALLS FAR SHORT

The shade required by the Sacramento ordinance is 50% of the total
surface of the parking lot. Not one of the lots we surveyed even came
close to achieving this target. [n fact, the effective shade provided by
existing trees was only 8.1%.

After computer “growing" trees to their projected 19-year size, tree
shade increased to only 21%. Many of the lots planted with large-
statured trees will probably exceed this figure, and, as expected, the

lots with crab apple, crape myrtle and pear will never come close.

One interesting finding was that trees in retail lots produced
more shade per tree than trees in office or apartment complex
lots. A major reason is that retail lots tend to be larger and
contain more double-loaded spaces, and their ratio of

interior to perimeter trees is greater.

Many other parking lot ordinances specify one tree for a
certain number of parking spaces or a certain amount of
landscaped area per space rather than the 50% shade rule.
However, under these ordinances, trees can be clustered In
islands or along the lot perimeter, often resulting in large areas

of unshaded pavement.

Development Code Public Review Draft - Comment Letters

HOW TO DO

Increasing Effectiveness

First, to get more extensive shade it will be
necessary to increase tree numbers, provide more
soil volume for tree roots, and provide information
to property managers and arborists on tree care

practices that increase tree canopy cover.

Second, and perhaps more important, it will be
necessary to make key planning decisions prior to
starting the retroﬁtting process.

Proper Planning

O Avoid double-counting tree shade where tree
shade overlaps.

I_:lDo not allow planting of trees not on the
ordinance's RecommendedTree List. Improve the
Tree List if necessary.

1 Be sure crown diameters on parking lot plans cor-
rectly reflect crown diameters specified in the
Tree List. Correct diameters in the Tree List if
necessary.

(3 Be sure crown diameters for mature trees are not
overstated in the Tree List, thus allowing parking
lot plans to reflect more shade than they can
actually achieve. Correct if necessary.

O Follow-up to ensure trees are actualijr‘ planted,
and not removed shortly after planting, especially
at sites near store fronts where trees could obstruct
signs.

T Do not allow substitutions after the plans have
been approved. ) ;

O Do not allow parking lot ratios to exceed those
stipulated in the ordinance.

KEYS TO SUCCESS

L. Provide planning sttt with adequate
time ‘and training to review shade plans
and parking lot ratios. 2, Require landscape atchitects
to certify wma me parking spaces and
trees are located as per the ordifiance. 3. 'feach
inspectors how to identify common

pr Obl.ems and insist they make system-

atic and thorough site checks.
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PARKING LOTS RIGHT... #

Proper Site Design

O Promote tree growth, reduce paved surfaces and increase environmental benefits.
O Reduce parking ratios to decrease the number of unused parking spaces.

d Identify peripheral and overflow parking areas, especially in retail lots, and
determine the appropriate landscape treatment (e.g., pervious paving,
stormwater infiltration areas) (Girli_ng et al., 2000)

O Narrow the width of aisles between rows ‘
of spaces. In many cases aisle widths Annual benefits provided by the current
exceed the standard. i

parking lot trees (8.1% shade) was valued at
3 Increase soil volume and reduce soil compaction. . . . .
approximately $700,000 for improved air quality.

aE adequate species diversity. . . . } ,
B S By increasing shade to 50% in all parking lots in

T Use structural soil mix under paving to

. ; . ; . Sacramento, the annual benefits will increase to
retain parking spaces while increasing soil 9,

volume (Grabosky and Bassuk, 1996). 3 J $4 million.

7 Convert double-loaded full- -size spaces (
compact spaces with a tree in betwee )
increase shade without reducing lht_:-_
number of spaces.’

0 Increase use of oné-way,aisles, angled
parking spaces, and shared parking to
reduce overall imperviausness - (ULI,
1983; Center for Watershed: Pmtecllon.-
1998).

7 Increase the ratio of compact to full-sized spaces.

O Increase tree well arld plam]ng island minimum
dimensions to:8 Feel;

O Require soil in tree: wells to bé excavdu,d toa depth of
J feet and amended as necessary

| Use vegetated swales instead of Lree We[ls or con\rex«shap('d

T Reduce conflicts between trees, lightinf’ ‘and signage by coordlna ng
location of trees, light poles, and-signs. 1) Reg!uw I.he maxlmurﬁ%e gﬂlv

2’) Amend sign ort Bye-le

?m

aarices to aILQw monum&ﬂ:ﬁiguﬁ )
.' 'ﬁﬁm@ b

near the street) ;

I I
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More Information

Center for Watershed Protection. 1998. Better
site design: a handbook for changing develop-
ment rules in your community. Center for

Watershed Protection. Ellicott City, MD. 174 p.

Girling, C.; Kellett, R.; Rochefort, J.; Roe, C.
2000. Green neighborhoods: planning and

design guidelines for air, water, and urban forest’

quality. Center for Housing Innovation,
University of Oregon, Eugene. 132 p.

Grabosky, J.; Bassuk, N. 1996. Testing of struc-
tural urban tree soil materials for use under
pavement to increase street tree rooting
volumes. ). Arbor. 22: 255-262.

McPherson, E.G. 2001. Sacramento's parking lot
shading ordinance: environmental and economic
costs of compliance. Landscape and Urban
Planning 57:105-123.

McPherson, E.G.; Simpson, J.R.; Scott, K.I. 2000.
Actualizing microclimate and air quality benefits
with parking lot tree shade ordinances. Wetter
und Leben. 50: 353-369.

Richman, T. 1997. Start at the source: residential
site pfanning and design guidance manual for
stormwater quality protection. Bay Area

Stormwater Management Agencies Association.

Oakland, CA. 75 p.

Scott, K.l.; Simpson, J.R.; McPherson, E.G. 1999.
Effects of tree cover on parking ot microclimate
and vehicle emissions. ). Arbor. 25: 129:141.

Scott, K.I.; Slmpson J.R.; McPherson,

EG. 1999. Green parking lots: can trees
improve air quality? In‘McPherson, E.G.; Mathis,
S., editors. Proceedings of the Best of the West
Summit. CAES. University of California, Daws,
Davis, CA; 86 87.

Urban Land Institute. 1983. Shared parking.
Urban Land [nstitute, Washington, D.C. 86 p.

The United States Department of Agriculture (USDA) prohibits dis-
crimination in all its programs and activities on the basis of race, color,
national origin, gender, religion, age, disability, political beliefs, sexual
orlentation and marital or family status, {Not all prohiblted bases apply
to all programs,} Persons with disabilities who require alternative
means for communication of program information (Braitle, large print,
audlo-tape, etc,) should contact USDA's TARGET Center at: (202)
720-2600 (volce and TDD) To file a complaint of discrimination, write:
USDA Director, Office of Civit Rights, Room 326-W, Whitten

Avenue, SW, Weashi DC 20250-
9410, or call: (202) 720-5964 (volce or TDD)

Building, 14th and |

USDA is an equal opportunity provider

and employer. - August 2002

Center for Urban Forest Restarchﬁ 2
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HOW TO DO PARKING LOTS RIGHT

After Installation
O Promote adequate tree care after installa-

tion to increase tree vigor, crown growth

Strengthen Ordinances
Develop an enforcement and monitoring
program that records information on the

and shade density. management needs of every tree, and results in
a letter sent to the property manager requesting
0 Remove stakes as scon as young trees can \ L ] .

corrective action in a spec1ﬁed time.
support themselves.

T Link inspection fees to the issuance of a
™1 Prune young trees early to train their - )

" building permit.
growth.

71 Establish a mechanism to collect fines or
O Allow tree crowns to reach their full potential. ) ) .

place a lien on the property if the owner fails
0 Make property owners, managers and to make the requested improvements.
arborists aware of shade benefits as well as
the benefits of a

professional care on a regular and long-

3 Require interest-bearing bonds to pay for
commitment to - ]
landscape improvements throughout the life

of the project.
term basis.

O Enforce the ordinance to
ensure that trees are grow-

FILTER STRIP SECTION

ing at acceptable rates, are
properly pruned and
watered, and promptly

replaced after removal.

O Require that_proper’ tree
care practices are used by
qualified professionals.

PERYIOUS CONCRFI'F
O Replace removed trees

with trees of equivalent

size or value,

BASE MATFRIAL MULUH

e 3 PLANTING SO0
RESERVOIR LAYERK ')ﬁ ¥
—%t1 7 INFILTRATION TRENCH

_ Another Benefit

Reducing the amount of impervious surface in parking lots can reduce polluted
runoff and the size and costs of stormwater facilities needed to store and treat
that runoff. The quantity of pollutants in parking lot runoff is related to
vehicular traffic, vehicle condition, and atmospheric deposition. Parkjng lot

runoff has relatively high concentrations of trace metals, oil and grease.

We conduct T€SEATC that demonstrates new ways in which TIrees add value «©
your community, converting results into ﬁnanCIal terms to assist you in stimulating
more iNVestment in trees.
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COOL SURFACES AND SHADE TREES TO REDUCE ENERGY USE AND
IMPROVE AIR QUALITY IN URBAN AREAS

H. AKBARIT, M. POMERANTZ and H. TAHA
Lawrence Berkeley National Laboratory, Heat Island Group, Berkeley, CA, USA

Abstract—Elevated summertime temperatures in urban ‘heat islands’ increase cooling-energy use and
accelerate the formation of urban smog. Except in the city’s core areas, summer heat islands are created mainly
by the lack of vegetation and by the high solar radiation absorptance by urban surfaces. Analysis of
temperature trends for the last 100 years in several large U.S. cities indicate that, since ~ 1940, temperatures in
urban areas have increased by about 0.5-3.0°C. Typically, electricity demand in cities increases by 2—4% for
each 1°C increase in temperature. Hence, we estimate that 5-10% of the current urban electricity demand is
spent to cool buildings just to compensate for the increased 0.5-3.0°C in urban temperatures. Downtown Los
Angeles (L.A), for example, is now 2.5°C warmer than in 1920, leading to an increase in electricity demand of
1500 MW. In L.A., smoggy episodes are absent below about 21°C, but smog becomes unacceptable by 32°C.
Because of the heat-island effects, a rise in temperature can have significant impacts. Urban trees and
high-albedo surfaces can offset or reverse the heat-island effect. Mitigation of urban heat islands can
potentially reduce national energy use in air conditioning by 20% and save over $10B per year in energy use
and improvement in urban air quality. The albedo of a cify may be increased at minimal cost if high-albedo
surfaces are chosen to replace darker materials during routine maintenance of roofs and roads. Incentive
programs, product labeling, and standards could promote the use of high-albedo materials for buildings and

roads. Similar incentive-based programs need to be developed for urban trees. Published by Elsevier Science
Ltd.

1. INTRODUCTION cities were cooler than their surroundings. After
1940, when built-up areas began to replace vege-
tation, the urban centers became as warm or
warmer than the suburbs, and the warming trend
became quite obvious, so that, from 1965 to 1989,
urban temperatures have increased by about 1°C.

Regardless of whether or not there is a tem-
perature difference from rural conditions, data
suggest that temperatures in cities are increasing.
Fig. 1 depicts the summertime monthly maximum
and minimum temperatures between 1877 and
1997 in downtown Los Angeles. It clearly indi-
cates that the maximum temperatures at dow-
ntown Los Angeles are now about 2.5°C higher
than they were in 1920. The minimum tempera-
tures are about 4°C higher than they were in 1880.
In Washington, DC, temperatures increased by
about 2°C between 1871 and 1987. The data
indicate that this recent warming trend is typical
of most U.S. metropolitan areas, and exacerbates
demand for energy.

Akbari et al. (1992) have found that peak urban
electric demand in six American cities (Los
Angeles, CA; Washington, DC; Phoenix, AZ;
Tucson, AZ; and Colorado Springs, CO) rises by
2-4% for each 1°C rise in daily maximum

Modern urban areas have typically darker surfaces
and less vegetation than their surroundings. These
differences affect climate, energy use, and
habitability of cities. At the building scale, dark
roofs heat up more and, thus, raise the summer-
time cooling demands of buildings. Collectively,
dark surfaces and reduced vegetation warm the air
over urban areas, leading to the creation of urban
‘heat islands’. On a clear summer afternoon, the
air temperature in a typical city is as much as
2.5°C higher than in the surrounding rural areas.
We have found that peak urban electric demand
- tises by 2—4% for each 1°C rise in daily maxi-
mum temperature above a threshold of 15 to
20°C. Thus, the additional air-conditioning use
caused by this urban air temperature increase is
responsible for 5-10% of urban peak electric
demand, at a direct cost of several billion dollars
annually.

In California, Goodridge (1987, 1989) showed
that, before 1940, the average urban—rural tem-
perature differences for 31 urban and 31 rural
stations in California were always negative, i.c.,

" Author to whom correspondence should be addressed. Tel.:
+ 1-510-4864287;, fax: +1-510-486-4673; e-mail:
h akbari@lbl.gov
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temperature above a threshold of 15 to 20°C (the
case of Los Angeles is shown in Fig. 2). For the
Los Angeles Basin, it is estimated that the heat
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Fig. 1. Ten-year running average summertime monthly maxi-
mum and minimum temperatures in Los Angeles, California
(1877-1997). The ten-year running average is calculated as
the average temperature of the previous four years, the current
year, and the next five years. Note that the maximum
temperatures have increased by about 2.5°C since 1920.

island increases power consumption by about 1—
1.5GW, costing the rate-payers over $100 million
per year. Nationwide, the additional air-condition-
ing use caused by urban air temperature increase
is responsible for 5-10% of urban peak electric
demand, at a direct cost of several billion dollars
annually.

Not only do summer heat islands increase
system-wide cooling loads, but they also increase
smog production because of higher urban air
temperatures (Taha et al., 1994). For example,

4 P.M. Power (GW) for

Probablli
Southern Calitornia Edison ty of Smog

(percent)
N 100
14
ul
121 Peak Power (left scale} L 5o
1"
Smog (right scale)
1.l
L 0
e, P
:\r’ + 1 + ¢ u i i 3
] & 70 75 0 85 20 95 100

4 P.M. Temperature °F

Fig. 2. Ozone levels and peak power for Southern California
Edison versus 4 p.m. temperature in Los Angeles, California.
(Source: Akbari ef al., 1990).

Development Code Public Review Draft - Comment Letters

H. Akbari et al.

Fig. 2 also shows the probability of smoggy days
in Los Angeles, as measured by ozone concen-
tration vs. temperature. At maximum daily tem-
peratures below 22°C, the maximum concentra-
tion of ozone is below the California standard of
90 parts per billion (ppb); at temperatures above
35°C, practically all days are smoggy.

2. HEAT ISLAND MITIGATION

Use of high-albedo' urban surfaces and the
planting of urban trees are inexpensive measures
that can reduce summertime temperatures. The
effects of modifying the urban environment by
planting trees and increasing albedo are best
quantified in terms of ‘direct’ and ‘indirect’
contributions. The direct effect of planting trees
around a building or using reflective materials on
roofs or walls is to alter the energy balance and
cooling requirements of that particular building.
However, when trees are planted and albedo is
modified throughout an entire city, the energy
balance of the whole city is modified, producing
city-wide changes in climate. Phenomena associ-
ated with city-wide changes in climate are re-
ferred to as indirect effects, because they indirect-
ly affect the energy use in an individual building.
Direct effects give immediate benefits to the
building that applies them. Indirect effects achieve
benefits only with widespread deployment.

There is an important distinction between direct
and indirect effects: while direct effects are
recognized and accounted for in present models of
building-energy use, indirect effects are ap-
preciated far less. Accounting for indirect effects
is more difficult and the results are comparatively
less certain. Understanding these effects and
incorporating them into accounts of energy use
and air quality is the focus of our current research.
It is worth noting that the phenomenon of summer
urban heat islands is itself an indirect effect of
urbanization.

The issue of direct and indirect effects also
enters into our discussion of atmospheric pollu-
tants. Planting trees has the direct effect of
reducing atmospheric CO, because each individ-
ual tree directly sequesters carbon from the at-
mosphere through photosynthesis. However,
planting trees in cities also has an indirect effect

'"When sunlight hits an opaque surface, some of the energy is
reflected (this fraction is called the albedo = a), and the
rest is absorbed (the absorbed fraction is 1 —a). Low-a
surfaces of course become much hotter than high-a sur-
faces.
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Cool surfaces and shade trees to reduce energy use and improve air quality in urban areas

on CO,. By reducing the demand for cooling
energy, urban trees indirectly reduce emission of
CO, from power plants. Akbari et al. (1990)
showed that the amount of CO, avoided via the
indirect effect is considerably greater than the
amount sequestered directly. Similarly, trees di-
rectly trap ozone precursors (by dry-deposition), a
direct effect, and indirectly reduce the emission of
these precursors from power plants (Taha, 1996).

3. TOOLS FOR ANALYSIS

Fig. 3 depicts the overall methodology used in
analyzing the impact of heat-island mitigation
measures on energy use and urban air pollution.
The DOE-2 building-energy simulation program
is used to calculate the energy use and energy
savings in buildings. To calculate the direct
effects, prototypical buildings are simulated with
dark- and light-colored roofs, and with and with-
out shade trees. Typical weather data for each
climate region of interest are used in these
calculations. To calculate the indirect effects, the
typical weather data input to DOE-2 are first
modified to account for changes in the urban
climate. The prototypical buildings are then simu-
lated with the modified weather data to estimate
savings in heating and cooling energy consump-
tion.

To understand the impacts of large-scale in-
creases in albedo and vegetation on urban climate
and ozone air quality, mesoscale meteorological
and photochemical models are used. For example,
Taha et al. (1995) and Taha (1996, 1997) used
the Colorado State University Mesoscale Model
(CSUMM) to simulate the Los Angels Basin’s

Strategies :
I

Processes

l
Cooler Roofs | | pirect Reduces
Shade Trees AJC Use

297

meteorology and its sensitivity to changes in
surface properties. The Urban Airshed Model
(UAM) was used to simulate the impacts of the
changes in meteorology and emissions on ozone
air quality. The CSUMM and the UAM essential-
ly solve a set of coupled governing equations
representing the conservation of mass (continui-
ty), potential temperature (heat), momentum,
water vapor, and chemical species continuity to
obtain for prognostic meteorological fields and
pollutant species concentrations.

The CSUMM is a hydrestatic, primitive-equa-
tion, three-dimensional Eulerian model that was
originally developed by Pielke (1974). The model
is incompressible (uses incompressibility assump-
tion to simplify the equation for conservation of
mass), and employs a terrain-following coordinate
system. It uses a first order closure scheme in
treating sub-grid scale terms of the governing
differential equations. The model’s domain is
about 10 km high with an underlying soil layer
that is about 50 cm deep. The CSUMM generates
three-dimensional fields of prognostic variables as
well as a boundary layer height profile that can be
input to the UAM.

The UAM is a three-dimensional, Eulerian,
photochemical model that is capable of simulating
inert and chemically reactive atmospheric pollu-
tants. It has been recommended by the U. S.
Environmental Protection Agency (EPA) for
ozone air quality modeling studies of urban areas
(EPA, 1986). The UAM simulates the advection,
diffusion, transformation, emission, and deposi-
tion of pollutants. It treats about 30 chemical
species and uses the carbon bond CB-IV mecha-
nism (Gery et al., 1988). The UAM accounts for

Results
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Fig. 3. Methodology to analyze the impact of shade trees, cool roofs, and cool pavements on energy use and air quality (smog).
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emissions from area and point sources, elevated
stacks, mobile and stationary sources, and vegeta-
tion (biogenic emissions). For a detailed discus-
sion of the use and adaptation of these models and
the study of the impact of the heat island mitiga-
tion strategies in L.A. Basin, see Taha (1996,
1997).

Examples of outputs from these simulations are
shown in Figs. 4 and 5. Fig. 4 shows the predicted
reduction in air temperature in Los Angeles at 2
p.m. on August 27 as a result of increasing the
urban albedo and vegetation cover by moderate
amounts (average increases of 7%). Fig. 5 shows
corresponding changes in ozone concentrations.
Because of the combined effects of local emis-
sions, meteorology, surface properties, and topog-
raphy, ozone concentrations increase in some
arcas and decrease in others. The net effect,
however, is a decrease in ozone concentrations.
The simulations also predict a reduction in
population-weighted exceedance exposure to
ozone (above the California and National Ambient
Air Quality Standards) of 10-20% (Taha, 1996).
This reduction, for some smog scenarios, is
comparable to ozone reductions obtained by
replacing all gasoline on-road motor vehicles with
electric cars.
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4. COOL ROOFS

At the building scale, a dark roof is heated by
the sun and, thus, directly raises the summertime
cooling demand of the building beneath it. For
highly absorptive (low-albedo) roofs, the differ-
ence between the surface and ambient air tem-
peratures may be as high as 50°C, while for less
absorptive (high-albedo) surfaces with similar
insulative properties, such as roofs covered with a
white coating, the difference is only about 10°C
(Berdahl and Bretz, 1997). For this reason, ‘cool’
surfaces (which absorb little ‘insolation’) can be
effective in reducing cooling-energy use. Highly
absorptive surfaces contribute to the heating of
the air, and thus indirectly increase the cooling
demand of (in principle) all -buildings. Cool
surfaces incur no additional cost if color changes
are incorporated into routine re-roofing and re-
surfacing schedules (Bretz et al., 1997 and Rosen-
feld et al., 1992).

Most high-albedo surfaces are light colored,
although selective surfaces that reflect a large
portion of the infrared solar radiation but absorb
some visible light may be dark colored and yet
have relatively high albedos (Berdahl and Bretz,
1997).
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Fig. 4. Temperature difference (from the base case) for a case with increased surface albedo and urban forest. The temperature

difference is at 2 p.m. on a late-August day in Los Angeles.
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Fig. 5. Ozone concentrations difference (from the base case) for a case with increased surface albedo and urban forest. The
difference is shown for 2 p.m. on a late-August day in Los Angeles.

4.1. Energy and smog benefits of cool roofs

4.1.1. Direct energy savings. There is a sizable
body of measured data documenting the direct
energy-saving effects of light-colored roofs. In the
summers of 1991 and 1992, Akbari et al. (1993,
1997) monitored peak power and cooling-energy
savings from high-albedo coatings on one house
and two school bungalows in Sacramento, Cali-
fornia. They collected data on air-conditioning
electricity use, indoor and outdoor temperatures
and humidities, roof and ceiling surface tempera-
tures, inside and outside wall temperatures, inso-
lation, and wind speed and direction.

Applying a high-albedo coating to one house
resulted in seasonal savings of 2.2 kWh/day (80%
of base-case use), and peak demand reductions of
0.6 kW (about 25% of base-case demand). In the
school bungalows, cooling-energy was reduced by
3.1 kWh/day (35% of base-case use), and peak
demand by 0.6 kW (about 20% of base-case
demand). (It is important to note that altering the
albedo starts to pay for itself immediately through
the direct effect) The buildings were also
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modeled with the DOE-2.1E simulation program.
Akbari et al. (1993) and Gartland et al. (1996)
report that the simulations underestimated the
cooling-energy savings and peak-power reduc-
tions by as much as twofold.

Parker et al. (1995) monitored nine homes in
Florida before and after applying high-albedo
coatings to their roofs. Air-conditioning energy
use was reduced by 10-43%, with average sav-
ings of 7.4 kWh/day (savings of 19%). Peak
demand between 5 and 6 p.m. was reduced by
0.2-1.0 kW, with an average reduction of 0.4 kW
(savings of 22%). The amount of energy savings
roughly inversely correlated with the amount of
ceiling insulation and the location of the duct
system: large savings in poorly insulated homes
and those with the duct systems in the attic space,
and smaller savings in well insulated homes.

Akbari et al. (1998) and Konopacki et al.
(1998) monitored the impacts of light-colored
roofs on cooling-energy use of three commercial
buildings in northern California. Increasing the
reflectance of the roofs from an initial albedo of
about 0.20 to 0.60 dropped the roof temperature
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on hot summer afternoons by about 25°C. Sum-
mertime, standard-weekday, average daily air-
conditioning savings were 18% in a medical
office building, 13% in a second medical office
building, and 2% in a drug store. In another
demonstration project in Florida, Parker ef al.
(1998) measured cooling electricity savings re-
sulting from the application of light-colored roofi-
ng in a small strip mall; they reported savings of
about 20 to 40%. The Sacramento Municipal
Utility District (SMUD) reports similar savings,
measured in about ten commercial buildings in
Sacramento (Hildebrandt er al., 1998).

Computer simulations are used to obtain esti-
mates of year-round effects for a variety of
building types and climates. A recent study made
quantitative estimates of peak demand and annual
cooling-electricity use and savings that would
result from increasing the reflectivity of the roofs
(Konopacki ef al., 1997). The estimates of annual
net savings in cooling electricity are adjusted for
the penalty of increased wintertime heating-
energy use. The analysis is based on simulation of
building-energy use, using the DOE-2 building-
energy simulation program. The study specified
11 prototypical buildings: single-family residen-
tial (old and new), office (old and new), retail
store (old and new), school (primary and sec-
ondary), health care (hospital and nursing home),
and grocery store. Most prototypes were simu-
lated with two heating systems: gas furnace and
heat pumps. DOE-2 simulations were performed
for the prototypical buildings, with light and dark
roofs, in a variety of climates, to obtain estimates
of the energy use for air conditioning and heating.
Weather data for 11 U.S. Metropolitan Statistical
Areas (MSAs) were used: Atlanta, Chicago, Los

H. Akbari ef al.

Angeles, Dallas/Fort Worth, Houston, Miami/
Fort Lauderdale, New Orleans, New York City,
Philadelphia, Phoenix, and Washington, DC/
Baltimore. Cooling-energy savings and heating-
energy penalties were then obtained from the
difference in the simulated energy use of the
prototype buildings with light- and dark-colored
roofs.

The study also estimated how much energy and
money could be saved if all the roofs of existing
building stocks in large metropolitan areas were
changed from dark to light. This was done by
scaling the simulated energy savings of the in-
dividual prototype buildings by the amount of
air-conditioned space immediately beneath all
roofs in an entire MSA. For this purpose, we used
data on the stock of commercial and residential
buildings in each MSA, the saturation of heating
and cooling systems, the current roof reflec-
tivities, and the local costs of electricity and gas.

Results for the 11 metropolitan areas are sum-
marized in Tables 1 and 2. Sum totals for all 11
MSAs were: electricity savings, 2.6 tera-watt
hours (TWh) (200 kilowatt hours per 100 m* roof
area of air-conditioned buildings); heating energy
penalty, 6.9 TBtu (5 therms per 100 m?);* net
savings in energy bills, $194 M ($15 per 100 m?);
and savings in peak demand 1.7 gigawatt (GW)
(135 W per 100 m?). Six building types account
for over 90% of the annual electricity and net
energy savings: old residences accounted for more
than 55%, new residences for about 15%, and
four other building types (old/new offices and

*One therm is 100,000 Btu.

Table 1. Estimates of metropolitan-scale annual cooling electricity savings (GWh), net energy savings ($M), peak demand
electricity savings (MW), and annual natural gas penalty (GBtu) resulting from application of light-colored roofing on residential
and commercial buildings in 11 Metropolitan Statistical Areas

Metropolitan area Residential Commercial Commercial and residential
Elec Gas Net Peak Elec Gas Net Peak Elec Gas Net Peak
(GWh) (GBm) (M$) (MW) (GWh) (GBtw (M$) (MW) (GWh) (GBtu) M$) (MW)
Atlanta 125 349 8 83 22 55 1 14 147 404 9 97
Chicago 100 988 6 89 84 535 4 56 183 1523 10 145
Los Angeles 210 471 18 218 209 154 18 102 419 625 35 320
Dallas/Ft Worth 241 479 16 175 71 113 4 36 312 592 20 211
Houston 243 284 21 127 79 62 6 30 322 347 27 156
Miami/Ft Lauderdale 221 4 18 115 35 3 2 11 256 7 20 125
New Orleans 84 107 6 27 33 28 3 16 117 135 9 42
New York a5 331 3 56 131 540 13 95 166 871 16 151
Philadelphia 44 954 -1 108 47 292 4 49 91 1246 3 157
Phoenix 299 74 32 106 58 31 5 18 357 105 37 123
DC/Baltimore 182 845 6 183 45 184 2 31 227 1029 8 214
Total 1784 4886 133 1287 814 1997 62 458 2597 6884 194 1741
Development Code Public Review Draft - Comment Letters 52/216
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Table 2. Estimates of savings or penaltics per 100 m” of roof area of air-conditioned buildings resulting from application of
light-colored roofing on residential and commercial buildings in 11 Metropolitan Statistical Areas: annual cooling electricity
savings (kWh), net energy savings (§), peak demand electricity savings (W), and annual natural gas penalty (therms)

Metropolitan area Residential Commercial and residential Commercial

Elec Gas Net Peak  Elec Gas Net Peak Elec Gas Net Peak

(kWh) (therms) ) (W)  (kWh) (therms) ($) (W) (kWh) (therms) ($) (W)
Atlanta 153 4 10 102 239 6 11 152 162 4 10 107
Chicago 131 13 8 116 228 15 11 152 162 13 9 128
Los Angeles 182 4 16 189 350 3 30 171 239 4 20 183
Dallas/Ft Worth 166 3 11 121 224 4 13 14 176 3 19
Houston 198 2 17 103 26l 2 20 99 211 2 8 102
Miami/Ft Lauderdale 259 0 21 135 340 0 19 107 267 0 21 131
New Orleans 199 3 14 64 287 2 26 139 218 3 17 78
New York 104 10 9 166 211 9 21 153 1713 9 17 158
Philadelphia 81 18 -2 199 232 14 20 241 122 17 4 211
Phoenix 314 1 34 111 409 2 35 127 327 1 34 113
DC/Baltimore 137 6 5 138 221 9 10 152 148 7 5 140

old/new retail
about 25%.
The results for the 11 MSAs were extrapolated
to estimate the savings in the entire United States.
The study estimates that, nationally, light-colored
roofing could produce savings of about 10 TWh/
year (about 3.0% of the national cooling-electrici-
ty use in residential and commercial buildings), an
increase in natural gas use by 26 GBtu/year
(1.6%), a decrease in peak electrical demand of
7 GW (2.5%) (equivalent to 14 power plants each
with a capacity of 0.5 GW), and a decrease in net
annual energy bills for the rate-payers of $750M.

stores) together accounted for

4.1.2. Indirect energy and smog benefits. Using
the Los Angeles Basin as a case study, Taha
(1996, 1997) examined the impacts of using cool
surfaces (cool roofs and pavements) on urban air
temperature and, thus, on cooling-energy use and
smog. If higher albedo surfaces are thoroughly
applied, an urban heat island can be limited or
reversed at negligible expense. In these simula-
tions, Taha estimates that about 50% of the
urbanized area in the L.A. Basin is covered by
roofs and roads, the albedos of which can realisti-
cally be raised by 0.30 when they undergo normal
repairs. This results in a 2°C cooling at 3 p.m.
during an August episode. This summertime
temperature reduction has a significant effect on
further reducing building cooling-energy use. The
annual savings in L.A. are estimated at $21M
(Rosenfeld et al., 1998).

Taha has also simulated the impact of urban-
wide cooling in Los Angeles on smog; the results
show a significant reduction in ozone concen-
tration. The simulations predict a reduction of
10-20% in population-weighted smog (ozone). In
L.A., where smog is especially serious, the po-
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tential savings were valued .at $104M/year
(Rosenfeld et al., 1998).

4.2. Other benefits of cool roofs

Another benefit of a light-colored roof is a
potential increase in its useful life. The diumal
temperature fluctuation and concomitant expan-
sion and contraction of a light-colored roof is
smaller than that of a dark one. Also, the degra-
dation of materials due to absorption of ultra-
violet light is a temperature-dependent process.
For these reasons, cooler roofs may last longer
than hot roofs of the same material.

4.3. Potential problems with cool roofs

Several possible problems may arise from the
use of reflective roofing materials (Bretz and
Akbari, 1994, 1997). A drastic increase in the
overall albedo of the many roofs in a city has the
potential to create glare and visual discomfort if
not kept to a reasonable level. Besides being
unpleasant, extreme glare could possibly increase
the incidence of traffic accidents. Fortunately, the
glare for flat roofs is not a major problem for
those who are at street level. For sloped roofs, the
problem of glare should be studied in detail
before proceeding with a full-scale implementa-
tion of this measure.

In addition, many types of building materials,
such as tar roofing, are not well adapted to
painting. Although such materials could be. spe-
cially designed to have a higher albedo, this
would be at a greater expense than painting,
Additionally, to maintain a high albedo, roofs
may need to be recoated or rewashed on a regular
basis. The cost of a regular maintenance program
could be significant.

A possible conflict of great concern is the fact
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that building owners and architects like to have
the choice as to what color to select for their
rooftops. This is particularly a concern for sloped
roofs.

4.4. Cost of cool roofs

Increasing the overall albedo of roofs is an
attractive way of reducing the net radiative heat
gains through the roof, and, hence, reducing
building cooling loads. To change the albedo, the
rooftops of buildings may be painted or covered
with a new material. Since most roofs have
regular maintenance schedules or need to be re-
roofed or recoated periodically, the change in
albedo should be done then to minimize the costs.

High-albedo alternatives to conventional roofi-
ng materials are usually available, often at little or
no additional cost. For example, a built-up roof
typically has a coating or a protective layer of
mineral granules or gravel. Under such condi-
tions, it is expected that choosing a reflective
material at the time of installation should not add
to the cost of the roof. Also, roofing shingles are
available in a variety of colors, including white, at
the same price. The incremental price premium
for choosing a white rather than a black single-ply
membrane roofing material is less than 10%. Cool
roofing materials that require an initial investment
may turn out to be more attractive in terms of
life-cycle cost than conventional dark alternatives.
Usually, the lower life-cycle cost results from
longer roof life and/or energy savings.

5. URBAN TREES

The benefits of trees can also be divided into
direct and indirect effects: shading of buildings
and ambient cooling (urban forest). Shade trees
intercept sunlight before it warms a building. The
urban forest cools the air by evapotranspiration.
Trees also decrease the wind speed under their
canopy and shield buildings from cold winter
breezes. Urban shade trees offer significant bene-
fits by both reducing building air-conditioning,
lowering air temperature, and thus improving
urban air quality by reducing smog. Over the life
of a tree, the savings associated with these
benefits vary by climate region and can be up to
$200 per tree. The cost of planting trees and
maintaining them can vary from $10 to $500 per
tree. Tree-planting programs can be designed to
be low cost, so they can offer savings to com-
munities that plant trees. We are considering here
trees that shade buildings. Placing trees in order to
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shade air-conditioning equipment would also like-
ly be beneficial.

3.1. Energy and smog benefits of shade trees

3.1.1. Direct energy savings. Data on mea-
sured energy savings from urban trees are scarce.
In one experiment, Parker (1981) measured the
cooling-energy consumption of a temporary build-
ing in Florida before and after adding trees and
shrubs and found cooling-electricity savings of up
to 50%. In the summer of 1992, Akbari er al.
(1997) monitored peak-power and cooling-energy
savings from shade trees in two houses in Sac-
ramento, California. The collected data included
air-conditioning electricity use, indoor and out-
door dry-bulb temperatures and. humidities, roof
and ceiling surface temperatures, inside and out-
side wall temperatures, insolation, and wind speed
and direction. The shading and microclimate
effects of the trees at the two monitored houses
yielded seasonal cooling-energy savings of 30%,
corresponding to average savings of 3.6 and 4.8
kWh/day. Peak-demand savings for the same
houses were 0.6 and 0.8 kW (about 27% savings
in one house and 42% in the other).

A few other studies have focused on the wind-
shielding effect of trees. DeWalle et al. (1983)
used mobile homes to measure the windbreaking
effects of trees on energy use. In a follow-up
experiment, Heisler (1989) measured the effect of
trees on wind and solar radiation in a residential
neighborhood. Huang ef al. (1990) used the data
provided by Heisler (1989) and simulated the
impact of shading and wind reduction on residen-
tial buildings’ heating- and cooling-energy use.
Their simulations indicated that a reduction in
infiltration because of trees would save heating-
energy use. However, in climates with cooling-
energy demand, the impact of windbreak on
cooling is fairly small compared to the shading
effects of trees and, depending on climate, it
could decrease or increase cooling-energy use. In
cold climates, the wind-shielding effect of trees
can substantially reduce heat-energy use in build-
ings. Akbari and Taha (1992) simulated the wind-
shielding impact of trees on heating-energy use in
four Canadian cities. For several prototypical
residential buildings, they estimated heating-
energy savings in the range of 10 to 15%.

In a recent study, Taha et al. (1996) simulated
the meteorological impact of large-scale tree-
planting programs in ten U.S. metropolitan areas:
Atlanta, GA; Chicago, IL; Dallas, TX; Houston,
TX; Los Angeles, CA; Miami, FL; New York,
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Table 3. Number of additional trees planted in each metropolitan area and their simulated effects in reducing the ambient

temperature. (Source: Taha et al., 1996)

Location Millions of Millions of Max air temperature
addional trees additional trees reduction in the
in the simulation in the metropolitan hottest simulation
domain area cell (°C)

Atlanta 3.0 1.5 1.7

Chicago 12 5.0 1.4

Los Angeles 11 5.0 3.0

Fort Worth 5.6 2.8 1.6

Houston 57 2.1 1.4

Miami 33 1.3 1.0

New York City 20 4.0 20

Philadelphia - 8 3.8 1.8

Phoenix 2.8 1.4 14

Washington, DC 11 3.0 1.9

NY; Philadelphia, PA; Phoenix, AZ; and
Washington, DC). Table 3 shows the number of
added trees simulated in each city and impact on
air temperature. The number of trees in each grid
cell varied from the low hundreds to the high tens
of thousands. The DOE-2 building simulation
program was then used to estimate the direct and
indirect impacts of trees on saving cooling-energy
use for two building prototypes: a single-family
residence and an office. The calculations ac-
counted for a potential increase in winter heating-
energy use. Table 4 shows that, in most hot cities,
shading a building can save annually $5 to $25
per 100 m®> of roof area of residential and
commercial buildings. Savings in residential
building are higher than in commercial buildings.

5.1.2. Indirect energy and smog benefits. Taha
et al. (1996) estimated the impact on ambient
temperature resulting from a large-scale tree-
planting program in the selected ten cities. They
used a three-dimensional meteorological model to
simulate the potential impact of trees on ambient
temperature for each region. The mesoscale simu-
lations showed that, on average, trees can cool
down cities by about 0.3 to 1°C at 2 p.m.; in some

simulation cells, the temperature was decreased
by up to 3°C (see Table 3). The corresponding
air-conditioning savings resulting from ambient
cooling by trees in hot climates ranges from $5 to
$10 per year per 100 m” of roof area of residential
and commercial buildings. Indirect effects are
smaller than direct shading, and, moreover, re-
quire that the entire city be planted.

Based on the results of Taha et al. (1996),
Rosenfeld et al. (1998) estimated the potential
benefits of trees, specifically in the Los Angeles
Basin. The study assumed planting 11M trees
according to the following plan: three shade trees
(each with a canopy cross section of 50 m?) per
air-conditioned house, for a total of 5.4M trees;
about one shade tree for each 250 m’ of non-
residential roof area for a total of 1M trees; 4.6M
trees to shade non-air-conditioned homes or to be
planted along streets, in parks, and in other public
spaces. The results of that analysis are shown in
Table 5. Note that about two-thirds of the savings
in L.A. result from the reduction in smog con-.
centration resulting from meteorological changes
due to the evapotranspiration of trees. It has also
been suggested that trees improve air quality by
dry-depositing NO,, O,, and PM10 particulates.

Table 4. DOE-2 simulated HVAC annual energy savings from ftrees. Three trees per house and per office are assumed. All

savings are $/100 m®. (Source: Taha et al., 1996)

Location Old residence New residence Old office New office
Direct Indirect Indirect Direct Indirect Direct Indirect Direct
Atlanta 5 2 3 1 3 2 2 2
Chicago 3 2 i 0.5 1 1 2 1
Los Angeles 12 8 7 5 6 12 4 10
Fort Worth 6 6 5 4 4 5 2 4
Houston 10 6 6 4 3 5 3 3
Miami 9 3 6 3 3 2 2 2
New York City 3 2 2 1 3 3 2 2
Philadelphia -5 0 =17 0 2 1 1 1
Phoenix 27 8 16 S 9 5 6 4
Washington, DC 3 2 1 1 3 1 2 1
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Table 5. Energy savings, ozone reduction, and avoided peak power resulting from use of urban trees in the Los Angeles Basin

(Source: Rosenfeld et al., 1998)

Benefits Direct Indirect Smog Total
1 Cost savings from trees (M3/year) 58 35 180 273
2 A Peak power (GW) 0.6 03 0.9
3 Present value per tree (§) 68 24 123 211

Rosenfeld ef al. (1998) estimate that 11M trees in
L.A. will reduce PM10 by less than 0.1%, worth
only $7M, which is disappointingly smaller than
the benefits of $180M from smog reduction.

The present value (PV) of savings is calculated
to find out how much a homeowner can afford to
pay for shade trees. Rosenfeld et al. (1998)
estimate that, on this basis, the direct savings to a
home owner who plants three shade trees would
have a present value of about $200 per home
($68/tree). The present value of indirect savings
was smaller, about $72/home ($24/tree). The PV
of smog savings was about $120/tree. Total PV of
all benefits from trees was then $210/tree.

Reducing smog by citywide cooling can be
considered equivalent to reducing the formation
of smog precursors at constant temperature. We
estimate that shade trees will reduce the maxi-
mum smog concentration by 5%. Using the ozone
‘isopleths’ (such as Milford’s);” a 5% reduction in
smog is equivalent to reducing precursors by
approximately 12%, i.e., reducing NO, in L.A. by
175 tons/day, a very significant drop and 25 times
more than the 4 tons/day through reduced power-
plant emissions.

5.2. Other benefits of shade trees

There are other benefits associated with urban
trees. Some of these include improvement in the
quality of life, increased value of properties,
decreased rain run-off water and, hence, a protec-
tion against floods (McPherson et al., 1994).
Trees also directly sequester atmospheric carbon
dioxide, but Rosenfeld ef al. (1998) estimate that
the direct sequestration of carbon dioxide is less
than one-fourth of the emission reduction re-
sulting from savings in cooling-energy use. These

*Milford ef al. (1989) have carried out detailed calculations
analyzing the changes in the maximum ozone concen-
tration reached in Los Angeles vs. initial concentration of
NO, and VOCs (volatile organic compounds). They pre-
sented their calculations in the form of ‘isopleths’ of equal
maximum smog concentration for various levels of NO,
and VOCs concentration (typically shown as a percent
reduction of emissions) for a typical summer episode.
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other benefits of trees are not considered in the
cost benefit analysis shown in this paper.

5.3. Potential problems with shade trees

There are some potential problems associated
with trees. Some trees emit volatile organic
compounds (VOCs) that exacerbate the smog
problem. Obviously, selection of low-emitting
trees should be considered in a large-scale tree-
planting program. Benjamin er al. (1996) have
prepared a list of several hundred tree species
with their average emission rates.

In dry climates and areas with a serious water
shortage, drought-resistant trees are recom-
mended. Some trees need significant maintenance
that may entail high cost over the life of the trees.
Tree roots can damage underground pipes, pave-
ments and foundations. Proper design is needed to
minimize these effects. Also, trees are a fuel
source for fire; selection of appropriate tree
species and planting them strategically to mini-
mize the fire hazard should be an integral com-
ponent of a tree-planting program.

5.4. Cost of trees

The cost of a citywide tree-planting program
depends on the type of program offered and the
types of trees recommended. At the low end, a
promotional planting of trees 510 feet high costs
about $10 per tree, whereas a professional tree-
planting program using fairly large trees could
amount to $150 to $470 a tree (McPherson ef al.,
1994). McPherson has collected data on the cost
of tree planting and maintenance from several
cities. The cost elements include planting, prun-
ing, removal of dead trees, stump removal, waste
disposal, infrastructure repair, litigation and
liability, inspection, and program administration.
The data provide details of the cost for trees
located in parks, yards, along streets, highways,
and houses. The present value of all of these
life-cycle costs (including planting) is $300 to
$500 per tree. Over 90% of the cost is associated
with professional planting, pruning, and tree and
stump removal. On the other hand, a program
administered by the Sacramento Municipal Utility
District (SMUD) and Sacramento Tree Founda-
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tion in 1992—1996 planted 20-foot tall trees at an
average cost of $45 per tree. This only includes
the cost of a tree and its planting; it does not
include pruning, removal of dead trees, and
stump. With this wide range of costs associated
with trees, in our opinion, tree costs should be
justified by other amenities they provide beyond
air-conditioning and smog benefits. The best
programs are then probably the information pro-
grams that provide data on energy and smog
savings of trees to the communities and home
owners that have decided to plant trees for other
reasons.

Even trees planted along streets and in parks
where they do not offer direct shade to air-con-
ditioned buildings exert an ambient cooling effect
sufficient to have a substantial impact on smog
reduction. Simulations for Los Angeles indicate
that trees account for net savings (energy and
smog savings) of about $270M annual benefit, of
which, $58M comes from their contribution to
shading (Table 5).

At another level, our calculations suggest that
urban trees play a major role in sequestering CO,
and thereby delaying global warming. Rosenfeld
et al. (1998) showed that a tree planted in Los
Angeles avoids the combustion of 18 kg of carbon
annually, even though it sequesters only 4.5 kg (as
it would if growing in a forest). In that sense, one
shade tree in Los Angeles is equivalent to four
forest trees.
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6. COOL PAVEMENTS

The practice of widespread paving of city
streets with asphalt began only within the past
hundred years. The advantages of this smooth and
all-weather surface for the movement of bicycles
and automobiles is obvious, but some of the
associated problems are perhaps not so well
appreciated. One consequence of covering streets
with dark asphalt surfaces is the increased heating
of the city by sunlight. A dark surface absorbs
light, and, therefore, it gets warmer. The pave-
ments in turn heat the air and help create the
‘urban heat island’. If urban surfaces were lighter
in color, more of the incoming light would be
reflected back into space and the surfaces and the
air would be cooler. This tends to reduce the need
for air conditioning.

Urban pavements are made predominantly of
asphalt concrete. In this discussion, we will not
deal with the common alternative, cement con-
crete, and the ongoing debate as to whether it is
preferable because of its longer life-time. The
questions we address are whether there are ways
to reduce the heating of cities caused by asphalt
concrete and whether this can be economical and
practical.

In Fig. 6, we show some measurements of the
effect of albedo on pavement temperature. The
data clearly indicate that significant modification
of the pavement temperature can be achieved: a
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Fig. 6. Dependence of pavement surface temperature on albedo. Data were taken at about 3 p.m. in Berkeley, California, on new,
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concrete and one cement concrete (albedo = 0.35) pavements.
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10°C decrease in temperature for a 0.25 increase
in albedo.

6.1. Energy and smog benefits of cool
pavements

An estimate of the benefits can be deduced by
first finding ‘the temperature decrease that would
result if a city were resurfaced with more reflec-
tive paving materials. Cool pavements provide
only indirect effects through lowered ambient
temperatures. Lower temperature has two effects:
(1) reduced demand for electricity for air con-
ditioning and (2) decreased production of smog
(ozone). Rosenfeld et al. (1998) estimated the cost
savings of reduced demand for electricity and of
the externalities of lower ozone concentrations in
the Los Angeles Basin.

6.1.1. Electric power savings in Los Angeles.
Simulations for Los Angeles indicate that a
reasonable change in the albedo of the city could
cause a noticeable decrease in temperature. Taha
(1997) predicted a 1.5°C decrease in temperature
of the downtown area.* The lower temperatures in
the city are calculated for the condition that all
roads and roofs are improved. From the
meteorological simulations of 3 days in each
season, the temperature changes for every day in a
typical year were estimated for Burbank, typical
of the hottest one-third of L.A. The energy
consumptions of typical buildings were then
simulated for the original weather and also for the
modified weather. The differences are the annual
energy changes due to the decrease in ambient
temperature. The result is a city-wide annual
saving of about $71M (million), due to combined
albedo and vegetation changes. The kWh savings
attributable to the pavement are $15M/year, or
$0.012/m” year. Analysis of the hourly demand
indicates that cooler pavements could save an
estimated 100 MW of peak power in L.A. Fewer
power plants, required to handle the growth of
peak load, need be built if cooler pavements are
installed, saving money, resources, and pollution.

6.1.2. Smog savings in Los Angeles. The simu-
lations of the effects of higher albedo on smog
formation indicate that an albedo change of 0.3
throughout the developed 25% of the city would
yield a 12% decrease in the population-weighted

“The model assumes that all roofs (1250 km®) have albedo
increased by 0.35, from about 0.15 to 0.5, and all
pavements (1250 km?®) have albedo increased from about
0.1 to 0.35.
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ozone exceedance of the California air-quality
standard (Taha, 1997). It has been estimated (Hall
et al., 1992) that L.A. people would be willing to
pay about $10 billion per year to avoid the
medical costs and lost work time due to air
pollution. The greater part of pollution is par-
ticulates, but the ozone contribution averages
about $3 billion/year. Assuming a proportional
relationship of the cost with the amount of smog
exceedance, the cooler-surfaced city would save
12% of $3 billion/year, or $360M/year. As
above, we attribute about 21% of the saving to
pavements. Thus, smog improvement from alter-
ing the albedo of all 1250 km? of pavements by
0.25 saves about $76M/year. Per unit area, this is
worth about $0.06/m? per year.

6.2. Other benefits of cool pavements

6.2.1. Increased life expectancy of pavements.
It has long been known that the temperature of a
pavement affects its performance (Yoder and
Witzak, 1975). This has been emphasized by the
new system of binder specification advocated by
the Strategic Highway Rescarch Program
(SHRP). Beginning in 1987, this program led
pavement experts to carry out the task of re-
searching and then recommending the best meth-
ods of making asphalt concrete pavements. A
result of this study was the issuance of spe-
cifications for the asphalt binder. The temperature
range that the pavement will endure is a primary
consideration (Cominsky er al., 1994). The per-
formance grade (PG) is specified by two tempera-
tures: (1) the average 7-day maximum tempera-
ture that the pavement will likely encounter, and
(2) the minimum temperature the pavement will
likely attain. Note, importantly, that it is the
pavement temperature and not the air temperature
that is considered. There is a rule of thumb in the
industry, the ‘rule of 90°, that, when the sum of
the absolute values of these temperatures is
greater than 90°C, some kind of modification of
the asphalt will be needed; this adds to the cost.
For example, if a binder is specified as PG 58-22,
it is intended to function between 58 and — 22°C.
The sum of the absolute values, 58 + | — 22| = 80.
An ordinary grade of asphalt will suffice; its cost
is about $125 per ton. If, however, the pavement
must function between 76 and — 16°C, or PG
76-16, the sum 76 +|—16|/=92, a modified
asphalt is recommended. This higher grade costs
about $165 per ton (Bally, 1998), a 30% increase
in price.

As an example of a temperature-dependent
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source. of pavement failure, we consider ‘tertiary
creep. : Baygmqnt.sr gm,.duallyz ac_cumulate pem!a

_agamst thxs typqﬂof fallure a. factor S0
we suspeet it iy an-ovierestimate.

6. 22 Improved ws:b:hty Rcﬂectwﬂy of pave-
ments lS also a safety " factor in vlstbﬂity at night
and in wet weather, affectmg the demand for
stregts” electiic llghtmg Su-eet ltghtmg is more
effective if pavements are mote re e, which
cad to grcater safety; or, altematwciy, less
lighting could be used to obtain the same visibili-
ty. These benefits have not yet been ménetized.

6.3. Potential prisblems:withcool pavements

..y practical .drawback of hlgh reﬂeetwlty is
glam;but this/dogs. not-a ;
Wessuggest a.changein.. rqsurfacmg using; not
black;asphalt, with an;albedo of -abeut:0.05-0412,
butfthc:agplmauon ofa preduct Wlth ans albcq!a of

;_glarc OF:; of

lainin; abQut the-glare on such
roads. Thus, every reader of this paper- likely
kaewa. thc; answer. fr_om.expe_n@nee

€IS can see the dlfference in reﬂectlon
an asphalt and: a cement concrete road

f:chip seals is-a-promising-method of
g that achieves. lighter .color. .(Chip
the -pressing on of aggregate into soft
bmder as a resurfacing technique (Asphalt Insti-
tute, 1989).). Although this is. popwlar in many
districts,.some -have reservations.about the use of
chip seals in cul de sacs, where tires are turned
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hard and loosen the aggregate. Aggregate is
sometimes thrown by tires, but, when installed
properly, this seems to be rare.

6.4.. Cost of cool pavements

It is -clear that cooler pavements will- have
etiergy, environmental and éngineering benefits.
The issue:is then whether there are ways to
censtruet pavements that are feasible, economical,
and cooler. The. economic question is whether or

noet the-savings: generated by a cool pavement

over ‘its lifetime are greater than its extra cost.
Properly, one should- distinguish between initial
cost -and lifetime costs (including maintenance,
repair: time, and-length of service of the road).
Often _the initial .cost is decisive, so we will
consider only that cost here.

6.4.1. Thick pavements. A typical asphalt con-
crete contains about 7% of asphalt by weight, or
about 17% by ‘volume; the remainder is rock
aggregate, except for a few percent of voids. The
cost ‘of ordinary asphalt (1998 prices) is about

$125 per ton, and the price of aggregate is about
$20 per ton, exclusive of transportation costs.

Thus, in one ton of mixed asphalt concrete, the
cost of materials only is about $28/ton, of whlcfl
abqut $9 is in the binder and $19 is in the
gggregate For a payement. about 10 cm thick (4
mches), with a density of 2.1 tonf m’, the cost of
the blnder alone is about $2 per m’ and aggregate
costs about $4.2 per m°.

Expcnmentally, the albedo of a fresh asphalt
conerete pavement is about 0.05 (Pomérantz et
al., 1997) because the relatxvely small amount of
black asphalt coats the lighter colored aggregate.
As an asphalt concrete pavement is worn down
and the aggregate is revealed, we observed an
albedo increase to about 0.15 for ordinary aggre-
gate. If it were made with a reflective aggregate,
we could expect the long-term albedo to approach
that.of the aggregate.

How much money might such a reflective
pavement save? Using the assumptions for Los
Angeles, a cooler pavement would generate a
stream of savings of $0.07/m’ per year for the
lifetime of the road, about 20 years. At a real
interest rate of 3% per year, this has a present
value about 15 times the current saving (Rosen-
feld et al., 1998). Thus, the potential savings are
worth $:1.1/.-m; at present. This saving would
allow for purchase of a binder, instead of $2/m’,
costing $3/m’,. or 50% more expensive. Or; one
could buy aggregate; instead of spending $4.2/m”,
one can now afford $5.2/m” (a 20% more expen-
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sive whiiter, aggregate). It is doubtful that siich
modest: ificreases-in costs can buy much whlter
pavements. - -
In the special case of a climate in which the
pavement is subjected”to siich Wwide tetperature
thedruleof 96 is v1olated, the. cost of

r3:;’.cennmentglatlens are: follaw For a 10.coi thlck
new: 10ad; . thei-cost - of zordinary: asphalt is: $2/m>
and- higher grade:asphalt:costs:$2:60/m?. Instead
‘of -buying ::the hightr: -grade::binder; -onecould
apply -a chip. seal; which costs aboui:'$0:60/m-.
€hip: seals' comprise. a ‘binder -onto which-aggre-
gate: is: pressed. ‘Thé:aggregate is visible :from the
outset, aid; if it is'refloctive; the:p:

¢osler: It might:be' suffisientt
unnecessary to use thie-higher ‘grade binder

:For
examplc the data of F:g 6 show that a 0.25
increase ‘i albedo can reducg the pavemem
terﬁp‘éﬁaﬁiré by IO°C This su.gggsts ‘that " the

mp ecification for the pave-
(Lf A‘lower grﬁﬁ’e
& The rédlk:cd

"’igﬁt
- T 'dér cancels the cpst of ﬁie chip seal,
a;ld one enjoys t‘he cooIihg berefit at 1o’ extra
cust

Thus for thxck pavei‘fzents ‘the eti,c!;gy ‘and
smqg savmgs may 1ot pay for wh1ter rpads
,HaWeVer, if the Ifghter olored road e ds " to
silbﬁa_ fially longer lifetime; the"'xmtxal htgher cost
miay b offset by lifétithe. sﬁvings An exd:thple of
this is to be seen when a higher grade ’bi'ndcr is
réplice ‘Ble by a white stirface. “This must be
evaluéited according to thie demands on the road
and the climate.

: Thin pavements. At some--tinés in its
pavement. néeds ‘to :be-‘miintdined; ie.,
resurfaced: This' offers an -opportinity to get
cduler.: pavements: ecottomically. Good mairite-
nanee: practice -calls  for-resurficing a- new:road
after about 10 years (Dunn, ¥996)-and the lifetime
of resutfacing is only about 5 years. Hence,
within 10 years, all-the asphalt concrete :surfaces
in a-city:can-be made light-coloted. As part-of:this
regular maintenance, any additional cost of the
whiter material will be mitnimized: Note alse:that
beeause the lifetime: of the resurfacing is. only
about 5 years, the:present value of the savings is
five-tires. greater-than'the annual ‘savings. Thus,
for: EA; ‘the present value is about $0.36/m>
($0:03/1t").-Can a-pavement be resurfaced with-a
light color-at an added-cost less than this saving?

For résurfacing, thete are’the: optreﬂs of a‘black
topping, such- as a slutry seal, ot a-lighter-colored
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surface, achieved by using a chip seal. The costs
of both of these are about the same, $0.60/m>
(Means, 1996). For a chip seal, about half the
materials ‘eost-is-dggregate atid-half is the binder.
- speciul: light-colored: agpregate is used in-the
chip $eal, thiere will bis.an extta cost: For examiple; '-if
the aggiregate:costs 50% more; instéad of $0.30/m?
it will:cast $0.45/m’, ‘and the price of the chip
seal will rise by $0. 15/m If the energy, en-
viromniental and:-dutability: benefits over the life-
titie -of -the tesurficing exceed $0.15/m>, - the
cooler paveitient: pays for itself. Again, thIs de-
pends <on local circumstances: the ‘climate and
smog conditions' vs. the cost of light-colored
aggregate. For Los Angeles, we have estimated
that’ energy and environmental savmgs alone are
about $0 36/m”* (present value over the lifetime
of 5 yéars for a resurfacing), and, thus, one could
afford to- pay twice the usual price for aggregate
and still have no net increase in cost. Lifetime
benefits would also accrue in addition to encrgy
and smog “benefits.

7. CONCLUSIONS

Cool' surfaces-(cool rovfs arid’ cool pavements)
and-urban tfées’can-have a substantial ‘effect'on
urbafiiair témperatiire “and; hence, '¢an -teduce
cooling-etiergy use ard:smiog. We estimate’ that

_abott20% of the natiomal cooling demaiid oan be

avoided:thtough a large-seale implémentation: of
heat-island mitigation mieasures. This armounts to
40" TWh/year ‘savings; worth over. $4B:pér year
by 2015, in coulitig-¢lectricity savings: alome.
Onee the ‘benefits of smog reduction are ac-
counted for, the total savings could: add up to over
$10B per year.

Achieving these potential savings is conditional
on receiving: the necessary federal, state, and local
community support. Scattetred programs for plant-
ing ‘tre¢s and- increasing surface albedo already
exist; ‘but to start an efféctive and' comprehiensive
campaign would require an aggressive agenda. We
have started to colaborate with the American
Society for Testing of Materials (ASTM) and the
industry, to create test procedures, ratings, and
labels for cool materials. We have also initiated
plans to incorporate cool roofs and trees into the
Building Energy Performance Standards of AS-
HRAE (American Society of Heating Refrigera-
tion, and Airconditioning Engineers), California
Title 24, and the California South Coast’s Air
Quality Management Plans. We also plan to
demonstrate savings in selected ‘Cool Com-
munities’, including federal facilities, particularly
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military bases. A related effort involves expand-
ing the Los Angeles Basin’s Regional Clean Air
Incentive Market (RECLAIM) NO -credit trading
market to include air temperature reduction by
cool surfaces. The South Coast Air Quality Man-
agement District and the EPA now recognize that
air temperature is as much a cause of smog as
NO, or volatile organic compounds, so that cool
surfaces and shade trees should be monetized on
RECLAIM along with NO,_. Finally, EPA is
considering mechanisms that would allow inclu-
sion of cool surface and trees in State Im-
plementation Plans (SIPs) for ozone compliance.

Acknowledgements—This work was supported by the Assis-
tant Secretary for Energy Efficiency and Renewable Energy,
Office of Building Technologies of the U.S. Department of
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Shading Parking Lots

Communities can transform their parking lots while adding environmental benefits by planting more
trees in parking areas. Trees provide welcoming shade in parking lots, especially on hot days. They
shade cars and pedestrian walkways, reduce glare, screen views, and muffle noise: Trees can reduce the
excess heat generated by large expanses of paving and can reduce stormwater runoff and poliution. In
time, the shade provided by trees will cool pavement surfaces, reducing air temperatures and mitigating
the heat island effect. Planting trees creates more pleasant and attractive parking environments and
increases tree canopy cover, making communities greener and healthier places.

Millennium Corporate Cente Conshohocken, PA
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Successful Tree Planting

Planting trees in parking lots provides many benefits and
some challenges. When planting trees, it is essential to
provide what a tree needs to grow-adequate space,
soil, and water.

Growing Space

Many planting areas in parking lots are simply too small
to provide adequate root space for trees to grow. This
causes trees to grow slowly, become prone to disease,
and struggle to survive. Designing planting areas with
generous growing space allows trees to reach their full
height and size, providing maximum shading. Trees need
enough room to grow for both their roots and canopy.
Tree size and longevity depend on the amount of soil
volume available. A minimum soil volume of 300-600
cubic feet was previously suggested per tree, but recent
studies suggest larger soil volumes—ranging from 800
to over 1000 cubic feet—are needed to sustain a large
canopy tree. Trees should be planted in strips, islands,
or along the perimeter. All of these areas should be
at least 8 feet wide and at least 3 feet deep. Improved
techniques for planting trees in parking lots could include
using engineered solls and larger continuous planters.

Adequate Soils

A common issue in parking lot planting areas is that soil
is compacted, may contain construction materials, and
lacks nutrients. Trees receive nutrients from soil, but
roots need oxygen and water found in the voids between
soil particles to grow. In compacted soil, these voids
are reduced; roots do not receive adequate water and

T T e ST AT |

— ey _ oxygen and trees decline. Most trees grow best in neutral
R to slightly acidic soil (below PH 7). When construction

materials—such as concrete and limestone gravel—are
Tep photo: Colorcon Global Headquarters & Tishnology Center found in soil, alkalinity (higher than PH 7) increases,
Harlgysville, PA which affects a tree’s ability to withdraw nutrients. Only
Middle photo: YMCA Ambler, Ambler PA trees tolerant of alkaline soils should be planted. Soils in
planting areas should be a balanced mix of sand, silt, and
clay with generous amounts of organic matter. A layer
of mulch should be applied around trees every year to
suppress weeds, replenish organic matter, and preserve
soil moisture. Before planting trees in parking lots, the
soil should be improved by excavating to a depth of at
least 30 inches, adding soil amendments to increase
fertility if needed.
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Bottom photo: Selly Shopping Center, Upper Salford, PA



Rainwater Runoff

Planting areas, whether along the perimeter or in the
interior of parking lots, can be designed to capture
stormwater runoff. Typical planting areas are surrounded
by curbs, preventing rainwater runoff from reaching
trees. A more innovative approach involves using curb
cuts with depressed islands to capture rainwater runoff,
helping manage stormwater while watering trees. Trees
in parking lots also can be planted as part of a larger
bioretention system.

Tree Selection

To successfully thrive in parking areas, the tree species
selected should be tolerant of harsh conditions including
drought, salt, pollution, excessive heat, and compacted
soil. They should be low in maintenance and produce
minimal debris. The placement of light fixtures and
signs should be coordinated to avoid conflicts with tree
plantings. We suggest canopy trees (with a minimum
mature height of 30 feet or more) be strategically placed
throughout the parking lot and along the perimeter to
provide maximum shade. Many native and introduced
species are appropriate for planting. Parking lots
have two distinct planting areas—the interior and the
perimeter. Perimeter trees can consist of larger shade
trees, such as red maple (Acer rubrum), chestnut oak
(Quercus prinus), and little leaf linden (Tilia cordata),
because perimeter planting areas are typically wider,
providing more space to grow. Trees, such as Honey
Locust (Gleditsia Triacanthos var Inermis), Japanese
Zelkova (Zelkova serrata), and Lackbark Eim (Ulmus
parvifolia), are good for parking lot interiors because of
their tolerance of alkaline soils and harsh conditions. To
promote overall tree health, no more than 25 percent of
the total planted trees should be from one species.

Top photo: Fischer’s Park, Towamencin, PA . .
Middle photo: Haddonfield, N7 Shading Requirements
Bottom photo: 1100 First Avenue, Upper Menon, PA

Today’s innovative shading standards combine
requirements to effectively shade paved areas.
Traditionally, tree planting regulations have required one
tree for a certain number of parking spaces or a specified
amount of planting area (green space) per parking
space. Newer shading regulations provide a maximum
distance (50 to 120 feet) from any parking space to
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Beacon, NV

the nearest tree or increase the percentage of
shade cover (20-50 percent) within a specified
time period. For example, in Sacramento,
California 50 percent of a parking lot must be
shaded within 15 years. An approved tree list
is used to estimate the amount of future shade
by species. For communities in Montgomery
County, we suggest incorporating parking lot
landscape regulations similar to those in Prince
George's County, Maryland. These requirements
use performance standards that include both
perimeter and interior tree plantings. To provide
flexibility, various perimeter planting options are
permitted. Interior planting areas are calculated
as a percentage of the total parking lot area and
are based on the size of the parking lot. The
percentage of landscape area increases as parking
lots become larger. These examples also contain
minimum planting area dimensions, tree species
diversity requirements, and approved plant lists.
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Montgomery County Planning Commission
PO Box 311, Norristown, Pennsylvania 19404-0311
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While the technique for requiring trees in parking
areas can vary, the goal of providing shade and
improving environmental performance is the
same. Shading parking lots offers communities a
simple way to green their neighborhoods while
providing envirohmental benefits.

Online Resources

Urban Forestry South Expo

http://www.urbanforestrysouth.org/
resources/collections/parking-lot-design-issues-
trees/

City of Sacramento, California - Parking Lot Tree
Shading Design and Maintenance Guidelines

www.cityofsacramento.org/transportation/
urbanforest/uf-media/shading_guidlines_06-
05-03.pdf

Prince George’s County, Maryland - Landscape
Manual December 2010
http://www.pgplanning.org/Assets/Planning/
Development+Review/Prince+George$!e2 $!
80$!99s+County+Landscape+Manual /Prince
+George$!27s+County+Landscape+Manual+-
+December+2010.pdf

Casey Trees Washington DC

www.caseytrees.org

Montgomery County Board of Commissianers
Joshua D. Shapiro, Chair

Leslie S. Richards, Vice Chair

Bruce L. Castor, Jr., Commissioner

@ greenprint

Wa'ta goig reen!
Signup for our Onbng Prikcasions Senvics at
wwn planning montcops.ergSubacripBons.
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Abstract

A survey of 15 Sacramento parking lots and computer modeling were used to evaluate parking capacity and compliance
with the 1983 ordinance requiring 50% shade of paved areas (PA) 15 years after development. There were 6% more parking
spaces than required by ordinance, and 36% were vacant during peak use periods. Current shade was 14% with 44% of this
amount provided by covered parking. Shade was projected to increase to 27% (95% CI 24-37%) when all lots in the sample
were 15-year-old. Annual benefits associated with the corresponding level of tree shade were estimated to be US$ 1.8 million
(CI US$ 1.5-2.6 million) annually citywide, or US$ 2.2 million less than benefits from 50% shade (CI US$ 1.4-2.5 million).
The cost of replacing dying trees and addressing other health issues was US$ 1.1 million. Planting 116,000 trees needed to
achieve 50% shade was estimated to cost approximately US$ 20 million. Strategies for revising parking ordinances to enhance

their effectiveness are presented. Published by Elsevier Science B.V.

Keywords: Planning; Tree shade; Natural resource valuation

1. Introduction

Planners who write parking lot ordinances balance
the need for parking with other community goals such
as a more compact urban form, enhanced urban
design, and an improved environment. Communities
want businesses to provide adequate on-site parking to
prevent spillover parking in surrounding neighbor-
hoods, reduce traffic congestion on public streets,
and promote economic development. However, pro-
viding adequate parking can conflict with other goals
when large surface parking lots contribute to drainage
and flooding problems, increase urban heat islands,
create “‘eyesores’, or encourage people to abandon

"Tel.: +1-530-752-5897.
E-mail address: egmcpherson@ucdavis.edu (E.G. McPherson).

0169-2046/01/$20.00. Published by Elsevier Science B.V.
PIL: S0169-2046(01)00196-7
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mass transit, thereby, accentuating air quality pro-
blems (Smith, 1988).

Parking lots occupy about 10% of the land in our
cities and as cities build outward parking is expected to
cover relatively more area (Schiavo, 1991; Wells,
1995). To size parking lots planners use parking
demand ratios that specify the minimum and, in some
cases, the maximum number of spaces per gross square
foot of leaseable floor area (GFA) or dwelling unit (DU)
(Bergman, 1991). Parking ratios have been based on
surveys of parking rates (Institute of Transportation
Engineers, 1987), and result in parking built to handle
peak demand, for example, the number of cars that will
use a shopping mall on weekends between Thanksgiv-
ing and Christmas. Parking lot standards specify mini-
mum stall and aisle dimensions, landscaping, lighting,
and signage requirements (ULI-NPA, 2000).
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The 1970s energy crisis spurred implementation of
parking lot shading ordinances in cities such as Sacra-
mento, Davis, Los Angeles and California. These
ordinances required that 50% of the total paved area
(PA) be shaded within 15 years of the issuance of
development permits. Tree List contains the 15 years
crown diameter and crown projection area (i.e. area
under a tree’s dripline) of species recommended for
planting, data used by planners to calculate PA that
would be shaded under each tree. Many parking lot
ordinances specify one tree for a certain number of
parking spaces or a certain amount of landscaped area
per space, but trees can be clustered in islands or along
the parking lot perimeter, often resulting in large areas
of unshaded pavement (Beatty, 1989). The Sacramento
ordinance, adopted in 1983, is a performance standard
that ensures a distribution of shade throughout the lot.
Ithasnotbeen evaluated or amended since its inception.
Examples of the Sacramento and Davis ordinances
are available on the Internet (http://cufr.ucdavis.edu/
parkordinance.htm and shaderevised.htm).

Sacramento is one of several US cities in the Cool
Communities Program. The goal of this program is to
improve air quality by lowering summertime tempera-
tures through tree planting and light-colored surfacing.
In Sacramento, where summer temperatures exceed
32.2 °C an average of 73.6 days per year (Western
Regional Climate Center, 2000), tree planting is one of
the most cost-effective means of mitigating urban heat
islands and associated expenditures for air condition-
ing (Huang et al., 1987; Akbari et al., 1992; Simpson
and McPherson, 1998). Trees are considered essential
to moderating the heat gained by asphalt parking lots
(Asaeda et al., 1996). Cooler air temperatures reduce
ozone (O3) concentrations by lowering emissions of
hydrocarbons (HCs) that are involved in O formation.
For instance, trees in a Davis, CA, parking lot reduced
air temperatures 0.5-1.5 °C (Scott et al., 1999), which
in turn reduced HC emissions from gasoline that
evaporated out of leaky fuel tanks and worn hoses.
Planting trees in parking lots throughout the Sacra-
mento region so as to dachieve 50% shade on PAs was
estimated to reduce HC emissions by 0.9 tonnes per
day, comparable to the levels achieved through some
of the local air quality district’s currently funded
programs (e.g. graphic arts, waste burning, vehicle
scrappage). Results from other modeling studies indi-
cate that air quality benefits associated with pollutant
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uptake and climate modification by urban forests can
be substantial (Taha, 1996; McPherson et al., 1998;
Rosenfeld et al., 1998; Nowak et al., 2000).

Reducing the amount of parking-related impervious
surface can reduce the volume of polluted run-off, and
the size and costs of stormwater facilities needed to
store and treat the run-off (Ferguson and Debo, 1990;
Arnold and Gibbons, 1996; Schueler, 1997). The
quantity of pollutants in parking lot run-off is related
to vehicular traffic, vehicle condition, and atmospheric
deposition. Parking lot run-off has relatively high
concentrations of trace metals, oil, and grease (Ban-
nerman et al., 1993; Hahn and Pfeifer, 1994).

Given the many benefits associated with parking lot
shade and anecdotal evidence that the amount of shad-
ing stipulated in the 16-year-old Sacramento ordinance
was not being attained, this study was designed to
answer the following policy and planning questions.

1. Are current parking demand ratios adequate?

2. Are requirements for parking lot shade being met,
and if not, why?

3. What are the environmental and economic costs of
compliance and non-compliance?

4. How can the ordinance and its implementation be
modified to increase effectiveness?

2. Methods

Tasks undertaken in this study are illustrated (Fig. 1)
and described in this section.

2.1. Citywide parking lot assessment

Data from interpretation of a 1992 black and white
aerial photograph of Sacramento (print scale 1:6857)
were used to describe the relations among parking lots,
impervious services, and land uses. Random dots
(5262) were laid on photos for the entire city
(249 km?) and the point below each dot was classified
by land-use type and cover type (i.e. parking lot) (US
Forest Service, 1997).

2.2. Parking capacity analysis

Parking ratios were obtained from the city ordi-
nance (City of Sacramento, 1992). Multi-family
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Land Cover/Land Use
(City-Wide, Aerial Photo)
e Paved Area
e  Canopy Cover

v

15 Sample Lots
Review Shade Plans
Calculate GFA & DU’s
Paved Area
Covered Parking Area
Parking Ratios

v

107

v

Occupancy Survey
e  Existing Spaces
e Vacant Spaces

v

Parking Capacity Analysis
e  Existing vs. Required Spaces
e  Vacancy Rates

v

Tree Survey
e  Crown Diameter
e  Shade Credit
e  Maintenance Needs
e Vacant Sites

v

Tree Shade Analysis
e Existing Shade
e  Projected at 15 Years

v

Economic Analysis
e  Benefits
= Existing Shade
= Required 50% Shade
*  Projected at 15 Years
e  Costs of Compliances

Fig. 1. Tasks and data collected for this study.

residential (apartment) lots were required to have 1.5
spaces/DU and 1 guest space/15 DUs. The parking
requirement for retail stores was one space for each
23.2 m* (250 ft*) of GFA. A new shopping center with
theater (Laguna Village) was designated a planned
unit development and required to provide a minimum
and maximum of one space/92.9 m* (1000 ft>) and
46.5 m* (500 ft*) of GFA, respectively as well as one
space/six theater seats. The ordinance also establishes
a minimum and maximum for offices of one space/
37.2m’ (400 ft*) and 232m* (250 ft*) of GFA,

Development Code Public Review Draft - Comment Letters

respectively. GFA and the number of DUs were
obtained from site design plans and property man-
agers. The number of required parking spaces was
calculated and the number of actual spaces were
counted in each lot. A survey was conducted between
30 November and 26 December 1999 to count vacant
spaces during peak use periods. Apartment and office
lots were surveyed on week days, the former between
00:00 and 2:00 h and the latter from 9:30 to 11:00 h
and 13:30 to 15:00 h. Retail lots were surveyed at
least twice, a week day from 16:00 to 18:30 h and a
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weekend day from 13:30 to 16:30 h. The number of
vacant spaces are reported when parking occupancy
was highest.

2.3. Tree survey and shading analysis

A random sample of 15 parking lots was selected by
the City of Sacramento Planning Department staff.
During summer 1999 the trees in each lot were
surveyed to obtain the following information: species,
diameter at breast height (dbh, to nearest 0.1 cm by
tape), average crown diameter (two radii measure-
ments at 90° to the nearest 0.5 m by tape), shade credit
(SC or percentage of crown that shades parking lot
pavement to the nearest 25% excluding overlapping
shade), management needs, and vacant planting sites.

PA was calculated as the average of three measure-
ments taken off the site plan with a planimeter.
Covered parking area (CPA) was measured off site
plans and field checked. Adjusted paved area (APA)
was calculated as PA — CPAand represents the area
where trees could be planted for shade. Required
shaded area (RSA) was defined as 50% of the PA.
The effective tree shaded area (ETSA) was calculated
for each tree i as

ETSA; = TSA; x SC; 1)

where tree shaded area (TSA)) is the area under the
dripline of tree i. TSA was calculated with measured
average crown diameter assuming a circular crown.
Actual shaded area (ASA) for parking lot j was defined
as the amount of PA shaded at the time of the survey
and calculated as

"
ASA; = CPA; + » ESTA;; 2)

i=1
The means and standard deviations (S.D.) of CPA,
ETSA, and ASA were calculated for the 15 lot sample.
Projected tree shaded area (PTSA) was estimated
at 15 years after planting for trees in lots less than
15-year-old. Each tree was “grown” to it’s projected
crown diameter 15 years after planting using annual
dimensional data for street trees in nearby Modesto,
CA (Peper et al., in press). The Modesto data were
derived from a sample of 616 trees representing
22 species and dimensions were available for seven
of the eight most abundant species in the Sacramento
parking lots. In cases where dimensional data for the
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species were unavailable, dimensions from a species
with comparable mature size and growth rate were
applied. The crown diameter at 15 years after planting
was estimated by adding the increment of growth for
the period of years remaining until it reached 15 years.
Inventoried crown diameter dimensions were directly
applied for trees in lots that were 15 and 16-year-old.
The total amount of TSA projected 15 years after
development was calculated for each tree; in lot; as

ny
ZPTSAﬁ x SCj; 3)
i=1
Variability of this estimated parameter was calculated
using the 95% confidence limits for each species
(Peper et al., in press).

2.4. Economic analysis of tree shade

An economic analysis was conducted to estimate
the value of benefits associated with (1) 50% tree shade,
as per the ordinance, (2) amount of tree shade typically
achieved after 15 years under current conditions
(PTSA) and (3) amount of tree shade that exists at
present (ETSA). Because the effects of shade from
covered parking on energy, air quality, hydrology,
and aesthetics are unknown they were excluded from
this analysis.

Annual benefits were estimated from results of the
Sacramento Urban Forest Ecosystem Study (SUFES)
on a unit tree canopy cover (CC) basis. SUFES com-
bined aerial photo analysis and ground sampling of
vegetation to characterize urban forest cover, species
composition, age structure, and condition (McPherson,
1998a). This information was combined with hourly
data on local meteorology, air pollutant concentrations,
and other information in computer models to simulate
impacts of the urban forest on environment.

To ascribe dollar values to benefits, air conditioning
savings were directly estimated, while air quality,
stormwater run-off, and other benefits were implied.
Implied valuation is used to price society’s willingness
to pay for environmental services not directly priced
by market transactions. Because trees are not paid for
pollutant uptake their air quality benefits are estimated
using prices that reflect the costs of reducing station-
ary source emissions in the Sacramento region
(SMAQMD, 1993). If it is cost-effective for a corpora-
tion to pay US$ 1/kg to reduce future emissions, then
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Table 1
Metrics for estimating the value of benefits from parking lot tree
shade in Sacramento

RU/m>  Price Value

cct (US$/RUP)  (US$/m? CC)
Air conditioning (kWh)  0.80 0.08 0.064
Co, 3.10 0.03 0.102
Stormwater (in’) 0.02 0.83 0.020
Aesthetic (retail) 0.154
Aesthetic 0.175

(office/apartment)

0; 4.01 27.01 0.108
PMq 4.10 11.68 0.048
NO, 1.13 27.01 0.030
SO, 0.15 20.17 0.003
HC avoided 5.92 19.29 0.114
HC released 0.90 19.29 0.017
BVOC (low) 0.09 19.29 0.002
BVOC (medium) 0.86 19.29 0.017
BVOC (high) 428 19.29 0.083

* All resource units (RU) in g/unit CC unless otherwise noted.
® All prices in US$/kg unless otherwise noted.

the air pollution mitigation value of a tree that absorbs
or intercepts 1 kg of air pollution should be US$ 1.
Costs for tree planting and care were obtained from a
municipal urban forest benefit—cost analysis (McPher-
son et al., 1999).

The annual rate of dry deposition of gaseous pollu-
tants (O3, nitrogen dioxide (NO,), sulfur dioxide
(80;)) to the tree canopy was estimated, as was
interception of particulate matter (PM,,). For exam-
ple, 3078 ha of existing CC (1.73 million trees) in the
City of Sacramento was estimated to remove
34.7 metric tonnes of NO, pollutant annually, or
1.1 g/m* CC (Scott et al., 1998). The implied value
of this benefit was estimated as US$ 0.03/m?> CC given
the control cost (US$ 27,007/tonne) (Table 1). Annual
uptake rates and implied values were calculated in the
same manner for other criteria pollutants.

Simpson (1998) found that 467 ha of existing CC in
Sacramento’s small commercial and industrial lands
reduced summer air conditioning from 314 to
297 GWh, with savings of 17 GWh attributed to air
temperature reductions. In this study it is assumed that
trees do not shade buildings during summer and
impacts on winter heating are negligible. Given cur-
rent parking lot CC of 8.2 or 0.4% citywide (US Forest
Service, 1997), increasing parking lot cover to 50%
will result in a 2.2% increase in citywide CC. Previous
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studies indicate that a 10% increase in tree cover is
associated with a 1 °C air temperature reduction and
this results in a 6.7% reduction in commercial/indus-
trial air conditioning consumption (Simpson, 1998).
Therefore, a 2.2% increase in CC (536 ha) is estimated
to reduce air temperature 0.21 °C, thereby, reducing
air conditioning use by 1.4% or 4.28 GWh. This
savings translates into 0.8 kWh/m*> CC. Electricity
sold to the commercial sector is priced at US$
0.081/kWh.

McPherson (1998b) reported that Sacramento’s
existing urban forest reduced atmospheric carbon diox-
ide (CO,) by 103 tonnes per year. Trees sequestered
74 tonnes, provided avoided power plant emissions
through energy savings in the amount of 33 tonnes,
and 4 tonnes were released through tree care activities
(e.g. chain saws, chippers, vehicles). This analysis
assumes that parking lot trees have the same annual
sequestration (2.4 kg/m” CC) and release rates (0.1 kg/
m? CC) per unit of CC as the average for trees through-
out Sacramento. The avoided emission rate accounts
for the tree-related parking lot air conditioning savings,
as well as the Sacramento Municipal Utility District’s
emission factor of 400 tonnes CO,/GWh. The average
annual avoided emissions rate is 0.8/kg m* CC and
the net CO, reduction is 3.1 kg/m> CC (Table 1).
The implied value of CO, reduction is US$ 0.03/kg
(California Energy Commission, 1994).

Using a numerical interception model Xiao et al.
(1998) estimated that 1.73 million trees in Sacramento
reduced 728,500 m> of annual stormwater run-off by
storing 23.5 mm of rainfall in the urban forest canopy.
Annual interception for the largely deciduous canopy
was 0.024 m*/m? CC, arelatively small amount due to
the winter rainfall pattern when most trees are leafless.
Sacramento’s Department of Utilities requires that
parking lots be designed to retain the first 19 mm of
run-off on-site for flood control and water quality
protection. Expenditures for two common best man-
agement practices were annualized to estimate the
implied value of rainfall intercepted by parking lot
trees. The capital cost of an infiltration basin and
vegetated swale designed to retain 19 mm of run-off
on a 2 ha site in a US$ 6.5 million commercial project
was US$ 17,550 and the annual maintenance cost was
USS$ 1350 (California Regional Water Quality Control
Board, 2000). The total cost for a 10-year-period was
US$ 31,050. Average annual rainfall in Sacramento
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is 393 mm and an analysis of the distribution of
rainfall by event indicates that approximately 50%
of this would be treated by the basin and swale, the
remainder falling during events that exceed the sys-
tem’s capacity, or during small events that generate a
negligible amount of run-off. The volume of rainfall
treated was 37,347 m® and the control cost was US$
0.83/m> of run-off (Table 1).

Scott et al. (1998) reported that increasing parking
lot tree CC in Sacramento to the 50% standard would
reduce evaporative HC emission reductions from
parked cars by 0.96 g/car per day. Based on a compar-
ison of BVOC emissions peak per day and per year, an
average annual reduction of 192 g was calculated assu-
ming emissions occurred 180 days per year (May—
October). A large tree (12 m crown diameter) can
nearly shade eight facing spaces, each 5.8 m x 2.4 m.
Research indicates that as air temperatures increase the
occupancy rate of shaded spaces increases (Elliott,
1986). Therefore, this analysis assumes that a large tree
shades four cars (50% stall occupancy), producing a
benefit of 691 g/tree per year or 5.9 g/m> CC (Table 1).

The annual release of biogenic volatile organic
compounds (BVOCs) was estimated for each tree
because these HCs are involved in O; formation. Each
tree species was categorized based on hourly isoprene
and monoterpene emission rates normalized to a per
tree basis: low emitter 0.1 gftree per day (0.086 g/m*
CC), medium emitter 1 g/tree per day (0.86 g/m? CC),
and high emitter 5 g/tree per day (4.28 g/m* CC)
(Benjamin et al., 1996) (Table 1). BVOC emissions
were estimated for 100 days per year (July-September)
and priced at US$ 19.29/kg for HCs.

Chain saws and chippers release HCs during opera-
tion. It takes approximately 30 min to prune a large
tree (46 cm dbh) with a 33 cm? chain saw at 50% load
and this results in 145 g HC emissions (Martin Fitch,
Sacramento Tree Services Division, personal commu-
nication). To chip the pruned wood takes a chipper
(65 hp, four-stroke, gas powered) approximately
15 min operating at 50% load and results in 65 g
HC emissions. Assuming the parking lot trees are
pruned biannually the average annual HC emissions
is 0.105 kg/tree or 0.9 kg/m? CC (Table 1).

Some of the benefits associated with trees in com-
mercial settings are difficult to translate into economic
terms. Survey research found that consumer prefer-
ence ratings increased with the presence of trees in the
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commercial streetscape and well-landscaped business
districts had significantly higher priced goods and
increased patronage compared to a no-tree district
(Wolf, 1999). A study of change over a 25-year-period
for 30 San Jose area shopping centers found a high
degree of association between urban tree cover and the
presence of high-end offerings of goods and services
(Ellefsen et al., 1998). Most of the obviously success-
ful shopping centers and downtowns had many (rees,
while the least successful had few trees.

Lacking research that directly links parking lot tree
cover to economic indicators of value such as selling
price, rents, leases, and occupancy rates, this study
adjusts the results of research that compared differ-
ences in sales prices of residential properties to sta-
tistically quantify the amount of difference associated
with trees. Anderson and Cordell (1988) surveyed 844
single family residences and found that each large
front yard tree was associated with a US$ 336 increase
in sales price or nearly 1% of the average sales price of
US$ 38,100 (in 1978 US$). In this study the 1% of
sales price figure is adjusted downward because trees
can create more conflicts in commercial, office, and
multi-family residential properties than in single
family properties. For example, in retail settings trees
can screen signs, storefronts, and window displays.
Trees reduce usable outdoor space and their debris can
dirty sidewalks, parked cars, and pedestrians. Trees in
cutouts or small tree wells can buckle sidewalks and
crack curbs, in the process creating trip and fall
hazards. The crowns of trees can grow into pole-
mounted lights, thereby, reducing nighttime illumina-
tion and personal security.

The median sales price of residential properties in
Sacramento was US$ 109,000 (California Associat-
ion of Realtors, 1999). The value of a large tree that
adds 1% to the sales price of such a property is US$
109,000. Assuming the large front yard tree has a 12 m
crown diameter and is 40-year-old the annualized
benefit per unit CC is US$ 0.23/m> CC. This value
was multiplied by 0.75 for office and multi-family
residential land uses and by 0.66 for retail land uses.
Reduction factors were arbitrarily determined after
discussion with local real estate agents and they reflect
the observation that trees contribute more to the value
of office and apartment properties than retail proper-
ties. Thus, the average annual aesthetic benefit for a
parking lot tree on retail property was US$ 0.15/m?
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CC, and US$ 0.18/m> CC for a tree on office and
multi-family residential property (Table 1).

The economic value of annual benefits produced by
a tree y; with dimensions measured or anticipated 15
years after planting was calculated as

PAth-=(e+a+c—|—h+0)><PTSAj,~ (4)

where e is the implied value (Table 1) of air con-
ditioning benefits (US$/kWh m®> CC); a the implied
value of each air pollutant (US$/kg m* CC); c the
implied value of net carbon dioxide reduction (US$/
kg m? CC); h the implied value of stormwater run-off
reduction (US$/m* m? CC); o is the implied value of
aesthetics and other benefits (US$/m? CC).

The benefits produced by each tree i in lot j were
summed to capture the total value of annual benefits
PAB; assuming tree dimensions typically achieved
after 15 years. Total annual benefits PAB were
summed for the 15 lot sample and this result was
scaled up to the city using the ratio of paved parking
lot area in the sample to paved parking lot area in
Sacramento (2%).

The ratio of total PAB to total PTSA served as the
basis for calculating the total annual value of benefits
assuming existing tree dimensions EAB, and for the
50% tree shade scenario RAB as

PAB
EAB = ETSA x PTSA (5)
PAB
RAB = 0.50 x APA X (6)

PTSA

Citywide results were similarly inferred from the
sample totals. Measures of variability rely on var-
iances in the amount of shade per unit PA for EAB and
95% confidence limits of tree crown diameter esti-
mates for PAB.

3. Results
3.1. Citywide parking lot assessment

Acrial photo analysis indicated that 38% (9580 ha)
of the city was covered with impervious surfaces, 48%
(11,850 ha) pervious surfaces, and 14% (3512 ha) tree
CC. Parking lots accounted for 13% (1280 ha) of the
city’s total impervious surfaces, with the remainder
being roofs (40%), streets/walks (31%), and other

Development Code Public Review Draft - Comment Letters

(15%) impervious surfaces. As expected, parking lots
themselves were largely impervious pavement (91%),
with 7% tree canopy and 1% other pervious land-
scaping materials. Approximately 70% (976 ha) of
total parking lot area was associated with commer-
cial/industrial land uses, 16% (228 ha) with institu-
tional land uses, and 11% (156 ha) with multi-family
residential land uses. Citywide, parking lots occupied
5.6% (1403 ha) of the total land area.

3.2. Sample parking lots

The 15 sample parking lots contained a diverse mix
of types, ages, and sizes (Table 2). Six lots were retail
shopping centers, six were office uses, and three were
multi-family residential units. Five lots were 15 or
16-year-old, and thus, supposed to provide 50% shad-
ing of PAs. Four lots were 11-14-year-old. The
remaining six lots were one to 7-year-old. Six lots
contained 100-300 spaces, five had 301-600 spaces,
two had 601-900 spaces, and two had 901-1247
spaces. The sample contained 28.7 ha of PA, or 2%
of the citywide total parking lot PA. Covered parking
occurred on all three apartment lots occupying 1.8 ha
(6.3%) of PA. Two office lots (Cal Farm and Tribute)
had parking underneath the buildings. Based on dis-
cussion with Planning Department Staff, the portion of
PA under buildings was excluded from the shading
analysis, while these parking spaces were included in
the parking capacity analysis.

3.3. Parking capacity analysis

The total number of existing parking spaces for the
15 lots sample (7271) was 6% more than the number
required (6836), assuming the maximum numbers for
seven lots with both minimums and maximums spe-
cified (Table 3). Ten lots had more spaces than
required and excess spaces totaled to more than
20% of the number required in six of these lots. Five
lots had fewer spaces than the maximum required. One
lot (Riverlake) had a 24% parking deficit. There was
little systematic variation in surplus and deficit park-
ing by lot size or age.

Sacramento’s parking ordinance limited the max-
imum number of spaces for six office lots and one
PUD lot. The number of existing spaces fell within the
range specified by ordinance in three of the seven lots.
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Table 2
Information on the sample lots

Lot Type Age (years) PA® (ha) GFA®/DUs (m?)
Kaiser Office 4 3.0 21367
Arden Office 14 1.2 12939
Campus Office 16 0.8 7209
Cal Farm Office 2 0.8 9222
Sutter Office 15 0.6 3623
Tribute Office 15 0.1 2290
Costco Retail 4 3.7 13055
Home Depot Retail 3 1.9 11713
Promenade Shopping center 12 1.7 12636
Laguna Shopping center 1 6.9 7143
Riverlake Shopping center 11 1.6 6214
Norwood Shopping center 8 0.7 ' 6322
Tameron Apartment 15 3.5 796
Hidden Lake Apartment 15 1.6 190
Landing Apartment 13 0.6 145
Total 28.7

? PA: paved area.

® GFA: gross square foot of leaseable floor area and number of DUs for apartments.

Four lots had more existing spaces than the maximum
number allowed. Laguna Village had 45% more
spaces than the maximum allowed.

-A total of 36% (2593) of the existing spaces were
vacant when surveyed during peak occupancy periods
(Table 3). Vacancy rates were near or above 50% for

four lots (one office, two retail, one apartment lot) and
less than 25% for three lots (one office, retail, and
apartment lot). Vacancy rates at retail lots were rela-
tively high (32-66%), except for the Costco lot (21%).

Inference from the sample indicates that there were
approximately 351,000 parking spaces in Sacramento,

Table 3
Numbers of required and existing parking spaces and number of vacant spaces during peak use periods
Lot Required spaces Existing Difference from Number of Vacant
== ; spaces maximum required (%) vacant spaces spaces (%)
Minimum Maximum
Kaiser 575 828 840 1.4 292 34.8
Arden 348 506 374 —26.2 155 41.4
Campus 194 279 232 -17.0 81 349
Cal Farm 248 357 251 -29.8 138 55.0
Sutter 98 142 184 29.7 31 16.8
Tribute 62 90 108 20.5 36 333
Costco 562 0 759 35.0 161 21.2
Home Depot 504 0 528 4.7 262 49.6
Promenade 544 0 591 8.6 220 372
Laguna 638 711 1029 44.7 404 39.3
Riverlake 268 0 204 -23.8 65 31.9
Norwood 272 0 327 20.1 216 66.1
Tameron 1247 0 1180 —54 271 235
Hidden Lake 298 0 436 46.5 99 22.7
Landing 227 0 228 0.4 156 68.4
Total 6085 2914 7271 6.0 2593 35.7
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Table 4
Shading analysis®®

Lot CPA CPAas % ETSA ETSA as % ASA ASAas %  PTSA PTSA as % PSA

(ha) of PA (ha) of PA (ha) of PA (ha) of PA (%)
Kaiser 0.1 27 0.1 2.7 0.7 21.8 21.8
Arden 0.3 235 0.3 23.5 0.3 25.1 25.1
Campus 02 239 0.2 239 0.2 239 23.9
Cal Farm 0.0 3.6 0.0 3.6 04 48.7 48.7
Sutter 0.1 18.5 0.1 18.5 0.1 18.5 18.5
Tribute 0.0 30.9 0.0 309 0.0 30.9 30.9
Costco 0.1 2.6 0.1 2.6 0.7 18.0 18.0
Home Depot 0.0 2.1 0.0 2.1 0.6 293 29.3
Promenade 0.2 11.6 0.2 11.6 0.3 15.0 15.0
Laguna 0.1 2.0 0.1 2.0 L5 223 223
Riverlake 0.1 36 0.1 3.6 01 - 6.5 6.5
Norwood 0.1 14.2 0.1 14.2 0.2 30.7 30.7
Tameron 1.2 34.9 0.4 12.2 1.7 47.1 0.4 12.2 47.1
Hidden Lake 0.4 279 0.4 274 0.9 55.3 04 27.4 553
Landing 0.1 223 0.1 18.7 0.2 41.0 0.1 20.6 429
Total 1.8 6.3 2.3 8.1 4.1 14.4 6.0 20.9 27.3
Mean (upper CI) 060 284 0.16 13.2 0.28 18.8 8.8 30.5 36.8
S.D. (lower CI) 0.56 6.3 0.13 10.2 0.44 17.8 5.0 17.5 23.8

* Upper and lower confidence intervals (95%) apply to estimates of PTSA and PSA only. Mean and S.D. are listed for other parameters.
® CPA: covered paved area; PA: paved area; ETSA: cffective tree shade area (PA shaded at present); ASA: adjusted shade area
(PA — CPA); PTSA: projected tree shade area at 15 years after development; PSA: projected shade area (covered + tree) at 15 years after

development.

or nearly one space per resident (1999 population:
388,333). The average amount of PA per space was
40.8 m*. Knowing that 36% of all spaces are not used
during the peak-period and assuming that 25% of all
spaces are “‘excess parking” that could be converted
to impervious surfaces, it was calculated that the
sample’s 1818 “excess spaces” occupy 7.4 ha. City-
wide, approximately 35,000 “excess spaces’ occupy
141 ha.

It is important to note that this analysis assumed
that the number of spaces required followed parking
ratios stipulated in the ordinance. In four cases, park-
ing ratios shown on the site plans differed from those
in the ordinance. Three office sites used ratios for
retail sites that increased allowable parking spaces.
The Planning Commission approved changing the
parking ratio for a theater in the Laguna Village
shopping center from 1:6 to 1:3 seats. These actions
increased the number of required spaces by 12%, from
6836 to 7640. Hence, the 7640 spaces approved for
construction by Planning Department Staff exceeded
the number of existing spaces (7271) by 5%.
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3.4. Shading analysis

RSA (50% of PA) was 14.4 ha and ASA for all lots
was 4.1 ha or 14.4% of total PA (Table 4). ETSA was
8.1% (2.3 ha) and effective crown diameter averaged
only 3.9 m. The sample mean ETSA was 13% and
large variance among lots was reflected in a S.D. of
10%. Five lots were 15 and 16-year-old, but only one
exceeded the 50% shade requirement (Hidden Lake,
55%). Tameron apartment nearly complied, achieving
47% shade. Tree shade (ETSA) ranged from 18 to
31% in the three office lots and from 2 to 14% in the
six retail lots. The role of covered parking was sur-
prisingly important. Although only the three apart-
ment lots had covered parking, these were the shadiest
lots. CPA ranged from 22 to 35% of PA, thus, reducing
the need for extensive tree shade. Covered parking in
the three lots (1.8 ha) provided 44% of the total shade
in all 15 lots.

After “growing” trees in lots less than 15-year-old
to their projected 15 years size, tree shade (PTSA)
increased from 2.3 ha (8%) to 6 ha (21%) and average

75/216



114 E.G. McPherson/Landscape and Urban Planning 57 (2001) 105-123

effective crown diameter increased to 6 m. Lower and
upper confidence limits for estimated PTSA were 5 ha
(18%) and 8.8 ha (31%), respectively. With covered
parking added, projected shaded area (PSA) increased
to 27% (7.8 ha) from 14% (4.2 ha) ASA, still well
short of the 50% goal. Only Hidden Lake (55%) was
projected to achieve 50% shade, but an additional lot
nearly complied (Cal Farm 49%) and two other lots
were projected to shade more than 40% of PA
(Tameron 47%, Landing 43%). These relatively shady
lots included all three apartments and one office, but
no retail lots.

On average, trec shade was projected to achieve
only 21% (18-31% CI) shade after 15 years (Table 4).
Younger lots were projected to achieve the most
tree shade (i.e. Cal Farm 49%, Norwood 31% and
Home Depot 29%). In part, this was due to application
of tree growth data derived from street trees in
Modesto front yards that tended to over estimate
the growth of parking lot trees (see Section 4). Many
large-statured trees in these younger lots were pro-
jected to produce substantial shade during the next
8-12 years. Riverlake (6% PTSA) was a notable
exception. This 11-year-old lot contained many smal-
ler growing species (crab apple, pear) that were pro-
jected to provide relatively little increase in shade
during the remaining 4 years.

To better understand relations between parking lot
planting design and tree shade, means and S.D. were
calculated for three design parameters by lot: (1) tree
density (trees/100 m* APA), (2) shade credit and
(3) 15 years crown diameter. Tree density reflects
the relative abundance of trees, whereas shade credit
and crown diameter influence the amount of PA
shaded by each tree.

The tree survey found 2031 tree sites and 1918
trees, or an average tree density of 0.92 (S.D. 0.35).
The mean tree density for retail lots was 0.64 (S.D.
0.22), significantly lower than for office (1.13, S.D.
0.35) and multi-family residential (0.91, S.D. 0.27)
lots. On the other hand, in retail lots the mean shade
credit was 79.9% (S.D. 8.3%) compared to 62% (S.D.
14.8%) and 57.8% (S.D. 8.4%) for office and apart-
ment lots, respectively. Mean crown diameters were
not significantly different among the three types of
lots. In summary, although retail lots had fewer trees
per unit area compared to office or apartment lots,
each tree crown shaded a greater percentage of PA on
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average. The finding that trees in retail lots produced
more shade per tree is supported by the observation
that retail lots tended to be larger and contain more
double-loaded spaces than the other types of lots.
Also, the ratio of interior to perimeter trees appeared
to be greater in retail lots than office or apartment lots.

3.5. Economic analysis of tree shade

3.5.1. Projected annual benefits for sample lots
Projected annual benefit (PAB) from all trees after
15 years was projected to total US$ 36,829 (US$ 19.20/
tree average). Trees in the three largest lots accoun-
ted for 47% of total benefits (Fig. 2). A total of 69%
benefits were related to air quality (42%) and aesthetic
improvements (27%), while remaining benefits were
due to atmospheric CO, reduction (17%), cooling
energy savings (11%), and stormwater run-off reduc-
tion (3%). Assuming that trees in the sample shaded
50% of APA as per the ordinance, required annual
benefits (RAB) totaled US$ 81,722 (US$ 42.61/tree).
Hence, benefits foregone due to non-compliance were
valued at US$ 44,893, or 55% of total RAB (Fig. 2).

3.5.2. Benefits foregone citywide

Citywide, current CC from approximately 93,700
trees (9% APA) was estimated to produce annual
benefits valued between US$ 545,000 and 853,000
with a mean of US$ 699,000. Annual benefits
increased to a mean value of US$ 1.8 million (US$
19.20/tree) with lower and upper limits of US$ 1.5
million and US$ 2.6 million, assuming tree shade
increased to the amount projected when all lots were
15-year-old (22% APA) (Table 5). At 50% tree shade
annual benefits were US$ 4 million. Therefore, not
achieving the ordinance’s 50% shade target after 15
years resulted in forgone benefits priced between US$
1.4 million and US$ 2.5 million annually.

Current tree shade for the 15 lots sample (8%
ETSA) was similar to that observed from aerial photos
for the city (7%). This suggests that the amount of
shade associated with the mix of old and young lots in
the sample reflects that found throughout the city. The
discrepancy between current shade and the 50% sti-
pulated by ordinance corresponds to US$ 3.2-3.5
million in foregone benefits annually. Since the ordi-
nance is over 15-year-old, a large increase in overall
parking lot tree shade is not likely in the near future.
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Fig. 2. PAB after 15 years by type for each sample lot and benefits foregone. Benefits foregone are the difference between RAB from 50% tree

shade and PAB.

Table 5

Estimated annual benefits citywide from tree shade after trees reach dimensions projected for 15 years after planting given current design and
management®

Benefit type Total RU Total US$ Average RU/tree Average US$/tree
Air conditioning (MWh) 2347 194723 25.05 2.08

CO, 9094 302688 0.10 3.23
Stormwater (m>) 69084 57320 0:74 0.61
Aesthetic/other 0 479093 5.11

O3 11793 317799 0.13 3.39

PM,o 12060 140498 0.13 [.50

NO, 3313 89285 0.04 0.95

SO, 430 8672 0.00 0.09

Total uptake 27596 556254 0.29 5.94

HC avoided 17395 332133 0.19 3.55

HC released 2642 50590 —0.03 —0.54

BVOC 3766 72654 —0.04 -0.78

Total HC 10986 208888 0.12 2.23

Grand total 1798965 19.20

# All resource units (RU) in kg unless otherwise noted.
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The distribution of benefits were analyzed assuming
trees reached their projected sizes in 15-year-old lots
(Table 5). Dry deposition of air pollutants to the tree
canopy totaled US$ 556,000, with O3 uptake the single
largest value (US$ 318,000). Total annual aesthetic
and other benefits were US$ 479,000. Net atmospheric
carbon dioxide reduction and air conditioning savings
were estimated to produce combined benefits valued at
about US$ 500,000. The net HC benefit was valued at
US$ 208,000, with avoided evaporative emissions
from motor vehicles due to tree shade (17,400 kg)
nearly three times greater than the sum of BVOC
emissions from trees and HC emissions associated
with tree care (6400 kg). Stormwater run-off reduction
attributed to rainfall interception averaged 0.74 m’
(214 gal) per tree (US$ 57,000).

3.5.3. Costs of compliance

Greater benefits from increased tree shade will be
offset to some extent by increased tree care costs.
Although tree care costs were not available for this
sample of parking lots, it is likely that in well-main-
tained lots expenditures are similar to those for street

and park trees due to high amounts of public use and
significant liability. California cities spent US$ 19/tree
onaverage in 1997 (Thompson and Ahern, 2000), while
the US average was US$ 4.64/tree (Tschantz and Saca-
mano, 1994). These costs do not fully account for other
expenditures associated with trees, such as repair of
pavement and curbs damaged by tree roots, litter clean-
up, and property damage caused by tree failures during
storms. In general, maintenance expenditures increase
as the number and size of trees increase. Parking lot
property managers are investing in maintenance of the
existing canopy, but this investment may not be actua-
lizing an increase in tree CC and health, as when tree
crowns are headed back to reduce their size (Fig. 3).
Improving the health of existing trees and replacing
removed or dying trees is a first step toward increasing
CC in existing lots. The survey identified 42 trees to
remove and replace and this will cost approximately
US$ 13,400 (USS$ 144/tree for removal, US$ 175 for
replacement). Removing and adjusting staking on 235
trees will cost about US$ 1410 (US$ 6/tree), while
trimiming 41 trees will cost US$ 2255 (US$ 55/tree).
Initially addressing other tree health problems such as

Fig. 3. Coast live oak (Quercus agrifolia) trimmed to control size rather than shade PAs.
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trunk wounds, sparse foliage, and lack of irrigation for
620 trees will cost approximately US$ 6200 (US$ 10/
tree). The total cost is US$ 23,265 for the 15 lots
sample. By inference the citywide total is US$ 1.1
million. This amount is less than the US$ 1.4-2.5
million in benefits foregone annually because trees are
only producing 14-27% shade after 15 years.

Although this finding provides some economic ratio-
nale for investing in restoration of tree health, such an
investment may not in itself be sufficient to achieve 50%
shade. For example, replacing the 42 dead or stunted
trees increases CC by only 0.01% assuming an effective
average 15 years crown spread of 6.3 m. To promote
more extensive shade it may be necessary to increase
tree numbers, provide more soil volume for tree roots,
and provide information to property managers and
arborists on tree care practices that increase CC.

Assuming that other investments in tree health and
replacement increase shade from 9 to 22% APA, it will
cost an additional US$ 20 million to plant enough trees
citywide (116,000 at US$ 175 each) to achieve 50%
shade. This US$ 20 million is equivalent to about
10 years of foregone benefits. Securing US$ 20 million
to retrofit parking lot landscapes will require cost-
sharing among stakeholders such as the local air
quality district, electric utility, business community,
city, and non-profit tree planting organization.

4. Discussion

Retrofitting existing parking lot landscapes will be a
relatively expensive and long-term proposition. A
complementary strategy that may be easier and less
costly to implement is to modify the existing parking
lot shade ordinance.

4.1. Plan review and tree installation

Only four of the 15 parking lots had completed
shade plans. Planning staff did not require shade plans
or lacked the time necessary to fully review them.
A comparison of these three plans with the ordinance’s
Tree List and field survey results identified following
several concerns to address during ordinance revision.

e Over estimated tree shade because overlapping
shade was double-counted.
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e Commonly used species omitted from the Tree
List. Four of the seventeen species frequently
observed in the sample are not on the ordinance’s
Tree List (Table 6).

e Incorrect crown diameters used in the plan. On two
plans pear trees were incorrectly shown with dia-
meters of 10.7 m, not 6.1 m as specified in the Tree
List.

e Over stated crown diameters in the Tree List.
Crown diameters measured in 14—16-year-old lots
were significantly smaller for the five most com-
mon species than their corresponding dimensions
cited in the ordinance (Table 6). In most cases,
diameters for 15-year-old Modesto street trees were
greater than measured for parking lot trees, indicat-
ing that previously cited estimates of tree shade
after 15 years are liberal.

e Trees shown on the plan were not planted or
removed shortly after planting, especially at sites
near store fronts where trees could obstruct signs.

o Instead of trees planted as per the plan, substitute
tree species were used. In one lot, palm trees and
pears were substituted for larger-growing tallows.

e Parking ratios approved in planning documents
allowed for more spaces than stipulated in the
ordinance.

These findings suggest that updating the ordi-
nance’s Tree List to include more accurate estimates
of 15 years crown diameter for a wider range of
species should be a high priority. Providing planning
staff with adequate time and training to review shade
plans and parking ratios is essential to successful
implementation of the ordinance. Although the exist-
ing ordinance requires a site check after construction
to ensure consistency with the plan, inspections may
not be as systematic and thorough as needed. Teaching
inspectors how to identify common problems is one-
way to remediate this problem. Requiring certification
by the landscape architect that parking spaces and
trees are located as per the ordinance and plan is
another means of promoting compliance.

4.2. Site planning and design issues
Findings from this sample suggest that even dur-

ing peak use periods a substantial amount of parking
goes unoccupied. Reducing unnecessary impervious
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Table 6
Species composition of sample trees, 15 years crown diameter specified in the Sacramento ordinance, measured means (8.D.) for 14-16-year-

old trees in Sacramento parking lots, and predicted (95% confidence intervals) dimensions for street trees 15 years after planting in nearby
Modesto, CA

Tree species

Sacramento lots

Ordinance 15 years
crown diameter (m)

Sacramento lots

Modesto streets®
crown diameter (m)

Sample % of Number

Number of Crown

number  total of lots trees diameter (m)

Chinese hackberry 284 14.8 6 10.7 6 7.4 (L.3) 10.9 (0.7)
Southern magnolia 200 10.4 3 10.7 87 5.1 (L.5) 5.0 (0.5)
Chinese pistache 196 10.2 7 10.7 31 7.3 (2.0) 9.1 (0.6)
Chinese tallow 132 6.9 5 9.1 16 3.9(0.8)

Plane/sycamore 110 5.7 6 10.7 77 6.3 (2.2) 10.2 (0.8)
Holly oak 108 5.6 1 10.7 7.9 (1.0)
Bradford pear 107 5.6 6 6.1 46 6.0 2.4) 7.9 (1.0)
Raywood ash 101 53 3 100 8.8 (2.5) 9.1 (0.5)
Coast redwood 77 4.0 6 7.6 77 6.1 (2.0)

Southern live oak 66 34 4 10.7

Golden rain 58 3.0 3 9.1 6.8 (0.5)
Sweet gum 55 2.9 6 6.1 32 7.0 (1.5) 5.5 (0.6)
Flowering plum 30 1.6 5 7.6 10 7.6 (1.4) 6.3 (L.0)
Crape myrtle 24 1.3 S 6.1 5 2.0 (1.9) 3.4 (0.3)
Honey locust 22 I.1 2 22 4.2 (1.7) 83 (L2)
White birch 19 1.0 2 15 8.7 (1.6) 59 (0.4
Chinese elm 17 0.9 2 24 9.4 (3.0)

“ Data adopted from Peper et al. (in press).

surfaces can produce environmental benefits. Also,
parking lot environments are hostile conditions in
which trees will never reach their mature size unless
provided adequate space both above and below
ground. During construction top soil is removed and
subsoil is compacted. Debris is often disposed of in
planting islands and soils can become polluted from
deicing salts and run-off. A parking lot tree growing 25—
60 cmdbhin 15 years requires 14-28 m° of soil (Urban,
1992), while the standard tree well (1.8 m x 2.4 mx
0.6 m) provides only 3 m®. Above ground conditions
are hot and arid during summer, windy and cold during
winter. Strategies to promote tree growth, reduce the
amount of paved impervious surfaces, and increase
environmental benefits are illustrated for the Home
Depot lot (Figs. 4-6) and described as follows.

e Reduce parking ratios to decrease the number of
unused parking spaces.

e Identify peripheral and overflow parking areas,
especially in retail lots, and determine the appro-
priate landscape treatment (e.g. pervious paving,
stormwater infiltration areas) (Girling et al., 2000).
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Narrow the width of aisles between rows of spaces.
In many cases aisle widths exceeded the standard
7.9 m.

Increase the ratio of compact to full-sized spaces.
Although Sacramento’s ordinance allows for up to
40% compact spaces, only 16% of all spaces in the
sample were designated for compact cars.
Convert double-loaded full-sized spaces to com-
pact spaces with a tree in between to increase shade
without reducing the number of spaces.

Increase use of one-way aisles, angled parking
spaces, and shared parking to reduce overall imper-
viousness (ULI, 1983; Center for Watershed Pro-
tection, 1998).

Increase soil volume and reduce soil compaction.
Increase tree well and planting island minimum
dimensions to 2.4 m. Use structural soil mix under
paving to retain parking spaces while increasing
soil volume (Grabosky and Bassuk, 1996). Require
soil in tree wells be excavated to a depth of 1 m and
amended as necessary.

Use vegetated swales instead of tree wells or con-
vex-shaped islands to treat stormwater, promote
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50% of all stalls were vacant. Trees were planned to shade 42% of PA after 15 years.
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Fig. 5. The redesigned Home Depot lot increases planned tree shade to 58% and pervious cover by 18%. There are 106 fewer parking spaces
(20%), creating new areas for perimeter swales to reduce stormwater run-off. Interior planting islands replace tree wells and contain with filter
strips over infiltration trenches. Pervious concrete is shown where cars park. Tree species that have proven to grow well in other Sacramento

parking lots are featured in the redesign.
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enhanced on-site stormwater retention.

infiltration, and increase soil volume for trees
(Richman, 1997) (Figs. 5 and 6).

e Reduce conflicts between trees, lighting, and sig-
nage. Coordinate location of trees, light poles, and
signs. Reduce the maximum height of parking lot
light poles from 7.6 to 4.9 m, the height trees are
typically pruned for clearance. Amend sign ordi-
nances to allow monument signs (eye-level signs
located near the street) to have the names of major
tenants listed on them and promote site designs that
locate businesses closer to the street and move
parking behind the buildings.

o Insure adequate species diversity. A total of 90%
(64) of all trees in one lot were the same species. A
guideline under consideration for the revised Sacra-
mento ordinance is if 2040 trees are required no
more than 50% are the same type, and if more than
40 trees are required no more than 25% are the
same type.

e Develop a master Tree List, omit species that are
not suitable for parking lots (e.g. pines, poplars,
birch), and consider specifying recommended tree
spacing and minimum planting island widths for
each species.
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e Encourage covered parking as the most reliable and
quickest means of achieving parking lot shade.
Multi-level parking structures achieve desired
shade and reduce impervious surface area com-
pared to surface parking, but are expensive to
construct.

4.3. Post installation issues

Lack of adequate tree care after installation reduces
tree vigor, crown growth, and shade density. Nearly
half of the trees surveyed (938) required some kind
of management action and 2% (42) required removal
because they were dead, dying, or hazardous. Remov-
ing stakes and pruning trees were the most common
maintenance needs in younger lots. In older lots more
trees had sparse or discolored foliage, and roots were
heaving paving and curbs. In several lots pruning
practices kept the crowns of large growing trees such
as oaks from reaching their potential size (Fig. 3).
Achieving ample parking lot tree shade requires
awareness of shade benefits by property owners, man-
agers, and arborists, as well as a commitment to profes-
sional tree care on a regular basis. Enforcement is
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critical to success of the ordinance. Timely enforce-
ment should insure that trees are growing at acceptable
rates, properly pruned and watered, and promptly
replaced after removal. The current ordinance should
be revised to address the following issues.

e Require that proper tree care practices are used by
qualified professionals.

o Replace removed trees with trees of equivalent size
or value according to a replacement schedule (e.g. a
10 cm tree is replaced by a tree in 2 0.9 m box or a
15 gal tree and a US$ 350 replacement fee).

o Develop an enforcement and monitoring program
that records information on the management needs
of every tree, and results in a letter sent to the
property manager requesting corrective measures
be made within a specific time frame. Inspections
should be conducted several times over the
15-year-period. An inspection fee could be col-
lected at the time of building permit issuance to
avoid an on-going billing process. Failure to make
the requested improvements could result in a fine
or a lien on the property. Alternatively, an interest-
bearing bond could be required initially to pay for
landscape improvements throughout the life of the
project.

Although well intentioned, the current ordinance is
not effective as implemented. Achieving 50% shade
will come with a price. Policy-makers must determine
what price is appropriate and who will pay given
societal benefits associated with different levels of
tree shade. For instance, a least-cost alternative is to
continue business-as-usual and reduce the shade
requirement to a more feasible 40%. This strategy
minimizes costs to parking lot developers but
increases foregone benefits to society. A second strat-
egy is to maintain the 50% target, but encourage more
covered parking, revise the ordinance to promote tree
growth, and verify compliance in new parking lots.
This will increase costs for developers of new lots
relative to existing non-compliant lots, as well as
increase societal benefits associated with greater park-
ing lot tree shade in the long-term. Expenditures for
monitoring and enforcement could be borne by the
city or developer. A third option could add a retrofit
component that brings shade deficient lots into com-
pliance. This option could become mandatory when
building permits are requested, or voluntary based on
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availability of funding and other incentives. Owners of
existing lots could pay part of the retrofit costs, as well
as other stakeholders that benefit from increased
shade, reduced electricity demand for air condition-
ing, cleaner air, and reduced run-off.

5. Conclusion

Fifteen years after development average parking lot
shade was 22% (CI 14-27%), not 50% as stipulated by
ordinance. Citywide, this deficiency translated into
US$ 1.4-2.5 million in foregone benefits from tree
shade annually. Replacing non-functional trees and
addressing other tree health issues that limit their
growth citywide will cost approximately US$ 1 mil-
lion, while planting 116,000 new trees needed to
achieve 50% shade in the future will cost about
US$ 20 million, Hence, the US$ 21 million investment
needed to bring parking lots into compliance is appro-
ximately equivalent to 10 years of foregone benefits
assuming 15-year-old lots with 22% tree shade.

The significance of this research is three-fold. First,
it presents a new approach for evaluating the effec-
tiveness of parking lot shade ordinances that is trans-
ferable to other cities with similar requirements.
Second, many of the observations concerning causes
and remedies for non-compliance can be generally
applied. Third, quantifying foregone benefits of non-
compliance makes the consequences more tangible.
This assists those evaluating policy alternatives and
provides a scientific basis for leveraging investment
from other stakeholders. Quantifying the “green”
infrastructure’s impacts on quality of life and the envir-
onment is fundamental to its integration with other
more readily perceived and measured infrastructure
components such as streets, buildings, and parking lots.
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Trees are a solution

Have you ever gone outside after a
rainstorm and looked around
thinking... “where does all this
rainwater end up?” Perhaps you can
see some running down your drive-
way into the street. Or you have a
large puddle forming on your front
lawn. And then there is that flooded
intersection at the end of your block
because the storm drain is clogged.
Sound familiar?

Communities throughout the U.S.

are faced with this problem—too
much water and not enough places
to put it, so much of it is going
“down the drain.”

You've probably heard it called
another name—stormwater runoff.
And its not surprising that storm-

Our website
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Is all your rain going down the drain?

water runoff from urban, industrial,
and agricultural sources is an envi-
ronmental nemesis that EPA and
other regulators have been trying to
control for more than a decade. The
agency claims that stormwater run-

off is a leading cause of
impairment to nearly
40% of U.S. waterways
and led to more than
1,500 beach closings
and advisories at
coastal and Great
Lakes sites in 1998.

Urban Hydrology

As we build our
communities, consider-
able natural landscape
is converted to imper-
vious surfaces such as
roads, parking lots, driveways and
buildings. Manmade drainage
systems such as sewers and storm
drains are used to improve water
movement through communities
(continued next page)
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How Benefits are Calculated

Our interception model accounts for water
intercepted by the tree as well as throughfall
and stem flow. Intercepted water is stored
temporarily on canopy leaf and bark surfaces.
Once the leaf is saturated, it drips from.the
leaf surface and flows down the stem surface
to the ground or evaporates.

The volume of water stored in the tree
crown was calculated from the erown
projection area (area under tree dripling), leaf
area indices (LA|, the ratio of leaf surface
area to crown projection area), and water
depth on the canopy surface. Species-
specific factors, such as crown gaps and tree
surface saturafion values, influence the
amount of projected throughfall. Hourly
meteorological and rainfall data from'local
sources are used for the simulations.

To estimate the value of rainfall inter-
cepted by urban frees, we use stormwater
management control costs based on
minimum requirements for stormwater man-
agement in a particular region. For example:
In Westem Washington, for a 10-acre, single-
family residential development on permeable
sois it costs approximately $0.02779/gal to
treat and contro! flows stemming from a 6-
month, 24-hr storm event. In Fresno, the
average cost for constructing and maintaining
a typical detention/retention basin is
$121,439/ac. With a 50% probability of filling
10 times in a 20-year period, the cost of
detention/retention is $0.0077/gal. In Los
Angeles, it costs approximately $0.0183/gal
to treat sanitary waste, and we assume a
similar cost for stormwater. Runoff control for
very large events (100-year, 24-hr storm) was

omitted, as trees’ effective interception dimin-.

ishes once surfaces have been saturated.

To calculate benefits, we multiply the
management cost by galfons of rainfall
intercepted after the first 0.1 inch has fallen
for each event {24-hr without rain) during the
year, depending on the region. Based on
surface detention calculations, the first 0.1
inch of rainfall seldom resuits in runoff. Thus,
interception is not a benefit until precipitation
exceeds this amount.

and into drainages and natural
waterways. However, water quality
suffers when runoff carries contam-
inants such as oil, metals, or pesti-
cides into streams, wetlands, lakes,
and marine waters. Management of
stormwater runoff can help reduce
this pollution and make waterways
healthy for people and fish.

Managing Stormwater Runoff
with Trees

Some of the techniques that engin-
eers have been using to manage
stormwater runoff include infiltra-
tion, flow attenuation, retention,
detention, extended detention, and
undergrounding. See http-/
www.co.ha.md.us/dpw for more
details. What you don’t see here, and
what engineers are beginning to
consider, is the use of trees to retain
water on site to slow the flow to
waterways.

Our Center’s research over the
last few years has uncovered some
very interesting facts about a tree’s
ability to retain water and how an
urban forest contributes to the
management of stormwater runoff.

Trees Retain Rainwater On
Site—OQur Initial Study

In an initial study in 1998 on indivi-
dual trees, we found that during a
rainfall event, precipitation is either
intercepted by leaves, branches, and
the trunk, or it falls directly through
the tree to the ground. Intercepted
water is stored temporarily on leaf
and bark surfaces. After about 10
minutes, the tree’s rainfall storage
potential gets filled, and water begins
to drip from leaf surfaces, flow down
stem and trunk surfaces to the
ground, or evaporate. We define
interception as the sum of canopy
surface water storage and
evaporation.

Results are influenced by three
factors: character and magnitude of
the rainfall event, tree species a