2\ The City of Department of Public Works & Parks

i Parks, Recreation & Cemetery Division
2y wo Rc [STER Forestry Operations
50 Officer Manny Familia Way, Worcester, MA 01605

P | 508-799-1190 F | 508-799-1293

Worceslertrees@worcesterma.gov

URBAN FORESTRY TREE COMMISSION MEETING

Wednesday February 28, 2024 - 6:00 P.M.
Parks, Recreation & Cemetery Administrative Office
Meeting Room A
50 Officer Manny Familia Way Worcester, MA 01605
Or
If you choose to use the Microsoft Teams platform:

1) Go to www.teams.com
2) Enter Meeting ID# 237 551 681 925
3) Enter password: nDV250

If you choose to attend via phone:

1) Call 1-469-998-7682
2) Enter Meeting ID#:; 974 788 764#

If technological problems interrupt the virtual meeting component, the meeting will continue in-person.
AGENDA
1. Callto Order
2. Attendance (Roll Call}
3. Acceptance of Minutes for the {Roll Call} — January 17, 2024

4, To request a reasonable accommodation or interpretation or submit written
comments or questions in advance of the meeting, please contact the Parks,
Recreation & Cemetery Division by email at Worcestertreesi@worcesterma.gov.
Please note that interpretation requests must be received no Iater than 48 hours in
advance of the meeting. Para solicitar una interpretacion razonable, o enviar
comentarios 0 preguntas por escrito por favor comuniquese con la oficina de la
Division de Parques, Recreo & Cementeric por correo electronico a
Worcestertrees@worcesterma.gov.  Por favor note que las solicitudes de
interpretacion deberan ser enviadas 48 horas antes de |a reunion.

5. Public Participation — Pursuant ta Chapter 20 of the Acts of 2021 and in order to
ensure active, public engagement, the City of Worcester currently allows for both in
person and remote participation at the Urban Forestry Tree Commission meetings.
To partake in the “Public Participation” section of this meeting, you may join us
directly within the 50 Officer Manny Familia Way Meeting Room A, follow the
information above to join via the Teams application or dial the direct line as indicated.
If you would like to raise your hand when in the meeting as a call-in user, you may
dial *5.



6. Assistant Commissioners Report (See Report Topics Below)
7. Old Business

s The second draft of the Urban Forestry Master Plan which can be
found here:

Trees in the City - Right Tree, Right Place | City of Worcester, MA
{worcesterma.gov]

s Request to discuss lessons |earned
https://www.boston.gov/departments/parks-and-recreation/urban-
forest-plan

*  Request of Commissioner Winbourne to discuss Green School Yard
Program

+ Request of Commissioner Winbourne to discuss Audubon Report on
Solar

e Request of Commissioner Winbourne for the Commission to set goals
for the Commission

8. New Business
Agenda items must be submitted (3) three business days before each
Commission Meeting with subject line “Agenda [tem” to
worcestertrees{@worcesterma.gov.

¢ Review City Ordinances on Trees
o Trees in the City - Right Tree, Right Place | City of
Worcester, MA {worcesterma.gov)

9. Date of Next Meeting:
¢ March 20, 2024
e April 3, 2024 (Remove)
e Mayl, 2024
¢ Junes5, 2024

8. Meeting Adjourned (Roll Call}




\ The City Of Department of Public Works & Parks

j Parks, Recreation & Cemetery Division
50 Skyline Drive, Worcester, MA 01605
P | 508-799-1190 F | 508-799-1293

Department of Public Works & Parks parks@worcesterma.gov

URBAN FORESTRY TREE COMMISSION MEETING MINUTES

Wednesday January 17, 2024 - 6:00 P.M.
Parks, Recreation & Cemetery Administrative Office
Meeting Room A
50 Officer Manny Familia Way Worcester, MA 01605
Or
If you choose to use the Microsoft Teams platform:

1) Go to www.teams.com
2) Enter Meeting ID# 251 040 578 709
3) Enter password: tUHTL

If you choose to attend via phone:

1) Call 1-469-998-7682
2) Enter Meeting ID#: 416 674 65#

If technological probfems interrupt the virtual meeting component, the meeting will continue in-person.
AGENDA
1. Call to Order — Meeting was called to order at 6:25 PM
2. Attendance (Roll Call) -
a. Commissioners Present:
i. Alexander Elton
ii. Robin Karoway-Waterhouse

ii. Joy Winbourne
v. Kristin Wobbe (Virtual}

b. Administration Present:
i. Robert C. Antonelli, Jr. Assistant Commissioner
ii. Brian Breveleri, Forestry Director
iii. Milagros Pacheco, Staff Assistant il
iv. Denis Tucker — Working Foreman

3. Acceptance of Minutes for the November 01, 2023. Cammissioner Elton made a
motion to accept the minutes. Second by Commissioner Karoway-Waterhouse. All
were in favor. Motion was approved 4 - 0.

4, To request a reasonable accommodation or interpretation or submit written
comments or questions in advance of the meeting, please contact the Parks,



Recreation & Cemetery Division by email at Worcestertrees(@worcesterma.gov.
Please note that interpretation requests must be received no later than 48 hours in
advance of the meeting. Para solicitar una interpretacion razonable, o enviar
comentarios o preguntas por escrito por favor comuniguese con la oficina de la
Division de Parques, Recrec & Cementerio por correo electronico a
Worcestertreesi@worcesterma.gov. Por favor note que las solicitudes de
interpretacion deberan ser enviadas 48 horas antes de |a reunion.

5. Public Participation — Pursuant to Chapter 20 of the Acts of 2021 and in order to
ensure active, public engagement, the City of Worcester currently allows for both in
person and remote participation at the Urban Forestry Tree Commission meetings.
To partake in the “Public Participation” section of this meeting, you may join us
directly within the 50 Officer Manny Familia Way Meeting Room A, follow the
information above to join via the WebEx application or dial the direct line as
indicated. If you would like to raise your hand when in the meeting as a call-in user
you may dial *3,

6. Assistant Commissioners Report (See Report Topics Below)
7. Old Business

a. Request of Commissioner Winbourne for the Commission to set goals for
the Commission
8. New Business
Agenda items must be submitted (3) three business days before each Commission
Meeting with subject line “Agenda Item” to worcestertrees@worcesterma.gov.

a. The second draft of the Urban Forestry Master Plan which can be found
here:

Trees in the City - Right Tree, Right Place | City of Worcester, MA
{worcesterma.gov]

b. Request to discuss lessons learned
https://www.boston.gov/departments/parks-and-recreation/urban-
forest-plan

c. Request of Commissioner Winbourne to discuss Green School Yard
Program — Commissioner Winbourne made a motion to table this item
until the following meeting. Second by Commissioner Elton. All were in
favor. Motion was approved 4 -0,

d. Request of Commissioner Winbourne to discuss Audubon Report on Solar
- Tabled.

e. Request of Commissioner Karoway-Waterhouse for Forestry to report
monthly data on removals & plantings including district, genus/species,
reason for removal, or {if planting) was it by resident request. — See motion
below.

f. Request of Commissioner Karoway-Waterhouse on the reason why
Worcester does not have a fall planting and what would it take to start.

i. Assistant Commissioner Antonelli explained that the reason there
is no fall planting is because it doesn’t give the trees enough time
for the tree to survive.

g. Request of Commissioner Wobbe to advise if there is an effort to maintain
our current canopy by removing invasives like oriental bittersweet

i. Assistant Commissioner Antonelli said there is no proactive
approach at this point for treating the invasive oriental
bittersweet.

Commissioner Karoway-Waterhouse made the following motions:




a. Commissioner Karoway-Waterhouse made a motion to remove the phrase “te continue” from
the first sentence of the Executive Summary on p. 5 of the 2™ draft of the Urban Forest Master
Plan. The sentence should only reflect that “our vision is for the ... forest to be a model...”
Second by Commissioner Winbourne. All were in favor. Motion was approved 4 - 0.

b. Commissioner Karoway-Waterhouse made a motion to request the Urban Forestry and Tree
Commission recommend and request from the City Council a minimum of $500,000 in funding
for the Forestry Dept. See pps. 76-7, 92-3 Master Plan. Second by Commissioner Elton. All were
in favor. Motion was approved 4 -0,

c. Commissioner Karoway-Waterhouse a motion that out of the aforementioned funds requested,
that Forestry create three new positions: Second by Commissioner Winbourne. All were in favor.
Motion was approved 4 = 0,

i. another arborist position for the reasons outlined on p. 80 of the 2™ draft Master Plan

ii. one Community Forester (in support of Master Plan recommendation #9) who can
handle public education and outreach, facilitate community partnerships, and integrate
with customer service, etc.

jii. one forestry internship for reasons listed under 2.6 of p. 81 of the Master Plan

d. Commissioner Karoway-Waterhouse, in order to support increased tree plantings and a
transition from reactive to proactive forestry practices, made a motion for the Urban Forestry
Tree Commission to further study the prospect of a city-operated tree nursery to help address
tree-sourcing shortages. Nursery should prioritize native species. UFTC should have
recommendations within a time-period of about six months. Second by Commissioner Elton. All
were in favor. Motion was approved 4 -0.

e. Commissioner Karoway-Waterhouse in order to support increased tree plantings and a transition
from reactive to proactive forestry practices, made a motion to support “Option 1” listed under
“Tree Replacement Policy- Update” in the Assistant Commissioner’s Report of the Agenda:
Second by Commissioner Elton. All were in favor. Motion was approved 4 - 0.

i. When a tree is removed, the City of Worcester will plant trees within the right of way
that meets the Arbor Day Foundations “Right Tree, Right Place” protocols,
Commonwealth of Massachusetts Urban & Community Forestry planting guidelines, ISA
Planting standards, and ANSI A300 Part 6 tree planting and transplanting standards in all
available locations without a request or agreement of the adjacent property owner.

f. Commissioner Karoway-Waterhouse made a motion to request that Forestry/the City of
Worcester partner with organizations for new/young tree watering and pruning in contracts
lasting a minimum of three years in order for partners to secure funding and staff where
applicable. Second by Commissioner Elton. All were in favor. Motion was approved 4 - 0.

g. Commissioner Karoway-Waterhouse made a motion to request the UFTC explore the idea of a
tree summit. Second by Commissioner Winbourne. All were in favor. Motion was approved 4 —
0.

h. Commissioner Karoway-Waterhouse made a motion to require that the Urban Forestry Master
Plan be updated yearly with available data and re-assessed no more than ten years after its
adoption. Second by Commissioner Elton. All were in favor. Motion was approved 4 - 0.

i. Commissioner Karoway-Waterhouse made a motion to require that the finished Master Plan be
fully, professionally, and accurately translated into Spanish. Other languages on the
recommendation of the city. Second by Commissioner Winbourne. All were in favor. Motion
was approved 4 - 0.

Commissioner Winbourne made the following motions:

a.

Commissioner Winbourne made a motion to create a subcommittee of rotating Worcester Urban
Forestry Commission members to work with Davey Resource Group and Department of Parks &
Recreation to finalize the urban forestry master plan. Second by Commissioner Karoway-
Waterhouse. All were in favor. Motion was approved 4 -0.

Commissioner Winbourne made a motion to change the goal for tree replacement ratio (as stated on
p77 of the 2nd draft of the UFMP) of 1:1 to a minimum of 3:1. Second by Commissioner Karoway-
Waterhouse. All were in favor. Motion was approved 4 - 0.



¢. Commissioner Winbourne made a motion to create a Worcester Urban Forestry Research summits.
The first, to occur in 2024, would bring together a panel of area expertise with the goal to examine
existing datasets to help establish tree canopy goals, priorities, and strategies for the City of
Worcester. Second by Commissioner Karoway-Waterhouse. All were in favor. Motion was
approved 4 - 0.

d. Commissioner Winbourne made a motion for the Dept. of Parks and Recreation to create and present
an annual progress report to the commission, and for that report to be used by the UFC to determine
if the UFMP needs to be updated. Second by Commissioner Elton, All were in favor. Motion was
approved 4-0.

e. Commissioner Winbourne made a motion to change the language throughout the plan whenever it
points to the need for action being dependent upon conducting a comprehensive UTC assessment
and replace this with action being dependent upon the recommendations made by the 2024
Worcester Forest Research Summit {(WFRS}. For example, while it is stated on p85 that “a lack of UTC
should not keep Worcester from beginning to plant in high priority areas identified in other studies”,
there is no discussion of how planting priorities will be made in the meantime. To address this
motion, | would suggest making current recommendation #7 appear before current recommendation
#6. Modify current recommendation #7 to reflect the creation of a WFRS with Action #1 being the
creation of the WFRS and Action 2 being the utilization of the results of the summit to create an
annual tree planting and maintenance plan. Action #3 then being the creation of a comprehensive
UTC and modification of plans based on that new knowledge. Second by Commissioner Karoway-
Waterhouse. All were in favor, Motion was approved 4 - 0.

Commissioner Elton made the following motions:

a. Commissioner Elton made a motion to remove on pages 8, 40, and 49 of the Master Plan Worcester's
urban forest valued at $123,000. Second by Commissioner Karoway-Waterhouse. All were in favor.
Motion was approved 4 - 0.

b. Commissioner Elton made a motion to amend accurately on page 49, the report states, "The
Worcester City Forester and a team of staff in DPW&P manage the street and parks trees through site
plan and construction plan review for private and public projects.” Second by Commissioner
Karoway-Waterhouse. All were in favor. Motion was approved 4 —0.

¢. Commissioner Elton made a motion to review zoning ordinance at our next meeting about pages 64
and 72 of the master plan, mentioning establishing ordinances/regulatiaons for tree planting
requirements for development projects. $econd by Commissioner Karoway-Waterhouse. All were in
favor. Motion was approved 4-0.

d. Commissioner Elton made a motion to accurately spell the name of the New England Botanic Garden
at Tower Hill on page 3 and twice on page 47. Second by Commissioner Karoway-Waterhouse. All
were in favor. Motion was approved 4- 0.

Date of Next Meeting:

February 28, 2024
March 20, 2024
April 3, 2024

May 1, 2024

June 5, 2024

Meeting Adjourned {Roll Call}

ASSISTANT COMMISSIONER’S REPORT:

General:



Urban Forestry Master Plan Review
The second draft of the Urban Forestry Master Plan which can be found here:

Trees in the City - Right Tree, Right Place | City of Worcester, MA
{worcesterma.gov)
o Worcester Regional Research Bureau Brief 23-14 “Worcester’s Urban Forest Master Plan”
¢ Door Hanger - NA
» Tree Commission attending neighborhood meetings — Update
o Neighborhood Response Team | City of Worcester, MA {worcesterma.gov)
e Tree replacement policy - Update
o Commission to recommend a policy on Tree Planting & Replacement:
= QOption 1:
The City of Worcester will plant trees within the right of way that meets the Arbor
Day Foundation “Right Tree — Right Place” protocols, Commonwealth of
Massachusetts Urban & Community Forestry planting guidelines, ISA Planting
standards, and ANSI A300 Part 6 tree planting and transplanting standards in all
available locations without a request or agreement of the adjacent property
owner.,
= QOption 2:
The City of Worcester will plant trees within the right of way that meets the Arbor
Day Foundation “Right Tree — Right Place” protocols Commonwealth of
Massachusetts Urban & Community Forestry planting guidelines, ISA Planting
standards, and ANSI A300 Part 6 tree planting and transplanting standards
upon request or agreement of the adjacent property owner only.
¢ Neighborhood Based Urban Heat Risk Assessment - NA
e  Worcester Now | Next online survey - NA
e Green Worcester Advisory Committee -NA
¢ Planting -
o Spring 2024 Planting - NA
e  Customer Service Update
o Customer Service Contact Information 508-929-1300 &/or 311
e  Street Resurfacing Opportunities & Challenges — NA
Zoning Ordinance Discussion - NA
s  Worcester Ordinance Relative to the Protection of Public Trees - NA
o Partnerships —
o New England Botanical Garden @ Tower Hill - NA
e  Grant Applications —
o DCR Grant Program - NA
s  Economic Development Initiatives —

o NA

¢  Forestry Vandalism & Graffiti -
o NA

s Donations —
2 NA

e Pests-

o ALB {Asian Longhorned Beetle) - NA

o EAB {Emerald Ash Borer) - NA

o Spotted Lanternfly - NA

o Elm Zigzag Sawfly — NA

e  Forestry Operations —
o Tree City USA —NA
Arbor Day -

*  April 26, 2024
s April 27, 2024 - Festival



¢ Budget — Operational & Capital — NA
o Parks, Recreation & Cemetery Division — NA
o Capital Improvement Program — NA
o City Five Point Financial Plan ~ NA
Misc.
Date of Next meeting — February 28, 2024

o Commissioner Winbourne made a motion to adjourn. Second by Commissioner Elton. All were in
favor. Motion was approved 4 - 0. Meeting was adjourned at 6:43 PM,

A copy of this full meeting will be available to view and listen to at:
www.worcesterma.gov/city-clerk/public-meetings/agendas-minutes




Offered by Councilors Ricardo Arroyo and Liz Breadon, Lara, Bok, Coletta,
Fernandes Anderson, Flaherty, Louijeune, Mejia, Murphy, Worrell and Flynn

CITY OF BOSTON
IN CITY COUNCIL

ORDINANCE ESTABLISHING PROTECTIONS FOR
THE CITY OF BOSTON TREE CANOPY

WHEREAS: In September 2020, the City of Boston released a Tree Canopy Assessment,
which analyzed tree cover changes in the City from 2014-2019 and evaluated
which neighborhoods have ample tree cover and which areas have the most
potential for increased tree cover; and

WHEREAS: Twenty-seven percent of Boston's land is covered by tree canopy, with higher
concentrations in the neighborhoods of Hyde Park, Jamaica Plain, and West
Roxbury; and

WHEREAS: While the report found that Boston’s tree canopy remained relatively stable overall
from 2014-2019, it also found that the southern and eastern neighborhoods have
suffered the highest relative tree canopy losses especially in Hyde Park,
Roslindale, Mattapan, and West Roxbury; and

WHEREAS: The 2020 Tree Canopy Assessment found that more tree canopy was lost on
residential land than any other land use type; and

WHEREAS: Protecting urban tree canopy is an important way to mitigate detrimental
environmental effects such as heat island effect, flooding, air pollution, and more;
and

WHEREAS: The City of Boston experienced two heat waves in 2021, including a record high
temperature of 100 degrees on June 30th, making it the hottest June in Boston’s
history; and

WHEREAS: In the City of Boston, neighborhoods that have high concentrations of Black
Latinx, Asian, Indigenous, immigrant, and low-income communities are
disproportionately impacted by negative environmental effects that affect their
health and quality of life; and

WHEREAS: Residents in the City of Boston deserve to have a public, accessible, and
transparent way to learn about changes to tree canopy in their neighborhoods; and



WHEREAS: Preserving existing tree canopy and planting new trees in areas where tree canopy
is low or has been removed are the most effective ways to protect future tree
canopy and build climate and environmental resiliency; NOW

Therefore be it ordained by the City Council of Boston as follows:

That the City of Boston Code, Ordinances be amended in Chapter VII by adding the following
after 7-14:

7-15: ESTABLISHING PROTECTIONS FOR THE CITY OF BOSTON TREE
CANOPY

7-15.1 PURPOSE: The preservation of existing tree canopy and replenishment of depleted tree
canopy is intended to prevent adverse climate effects such as heat island effect, flooding, air
pollution, and more, as well as improve the quality of living for residents in the City of Boston.

7-15.2 APPLICABILKTY: The terms and provisions of this ordinance shall apply to trees within
the City of Boston that are located on city-owned property, private property, or in the public right
of way.

7-15.3 DEFINITIONS:

Caliper means a measurement of the tree trunk diameter used when purchasing tree
plantings measured at twelve inches (12”) above the ground.

Capital Improvement Project means a major, non-recurring expenditure that generally
meets all of the following criteria: M.G.L. c. 44, s. 7 and s. 8 permit the City to issue
bonds to finance the expenditure, the expenditure is a facility or object or asset costing
more than $50,000, and the expenditure will have a useful life of ten years or more for
infrastructure, buildings, and parks.

City Tree means a tree located on property owned by the City of Boston, including Public
Shade Trees, trees in City parks, and trees on the grounds of City buildings.

Diameter at Breast Height (DBH) means the diameter of a trec trunk measured in inches
at a height of four and a half (4.5) feet above the ground. For multiple trunk trees, DBH is
the aggregate diameter of the trunks.



Invasive Plant means a plant that is both a non-native and able to establish on many sites,
grow quickly, and spread to the point of disrupting plant communities or ecosystems,
including but not limited to the trees listed on the Massachusetts Prohibited Plant List.
Park Project means a project involving the renovation and maintenance of existing parks
and City-owned open spaces and the development of new parks and open spaces within
the City of Boston. City-owned open spaces include parks, community gardens,
playgrounds, school yards, library lawns, cemeteries, public plazas, triangles, and
squares.

Private Tree means a tree located on private property.

Public Shade Tree means a tree located in the public way, as defined in the Massachusetts
General Laws (M.G.L.) ¢.87, section 5.

Removal means the intentional cutting down of any tree, including all other acts which
cause actual or effective removal through damaging, poisoning, or other direct or indirect
actions that result in the death of the tree. This includes, but is not limited to, excessive
pruning,

Replacement Caliper means the replacement caliper for Significant Trees shall be at least
equal to the DBH of the tree removed.

Significant Tree means any living tree that is not an Invasive Plant and is eight inches
(8") or more in DBH.

7-15.4 TREE WARDEN: The Tree Warden shall be an employee of the City, appointed by the
Mayor, subject to confirmation by the City Council, for a term of three years.

1. The Tree Warden shall be qualified for the role as defined in M.G.L. ¢. 41 s.106, and also
according to the standards established and published by the Massachusetts Tree Wardens
and Foresters Association.

2. The duties and responsibilities of the Tree Warden shall conform to M.G.L. c. 87 and
shall inciude, but not be limited to, the following:

a. Management of all trees within public rights-of-way and on City property. b.

Granting or denying and attaching reasonable conditions to all permits required

under this ordinance.

c. Posting notices and holding public hearings for the Removal of Public Shade
Trees and City Trees as required by this ordinance.

d. Enforcement of this ordinance.

7-15.5 SENIOR URBAN FORESTRY AND LANDSCAPE PLANNER: The Senior Urban
Forestry and Landscape Planner shall be an employee of the City, appointed by the Mayor.



|. The Senior Urban Forestry and Landscape Planner shall be a Certified Arborist by the
Massachusetts Arborist’s Association, the International Society of Arboriculture, or
any successor of either organization.
2. The duties and responsibilities of the Senior Urban Forestry and Landscape Planner shall
include, but not be limited to, the following:
a. Seeking grants or other assistance concerning the preservation and maintenance of
the City’s tree canopy.
b. Develop and publish policies, regulations, tree inventory, manuals, and other data
and documents necessary to carry out the purposes and intent of this ordinance. c.
Supervising the planting and care of City Trees to ensure that such planting and care
meets these rules, regulations and standards.
d. Assisting and working closely with the Tree Warden to help the Tree Warden
fulfill their responsibilities.

7-15.6 URBAN FORESTRY COMMITTEE: The Urban Forestry Committee will be charged
with advising with respect to the management and maintenance of all existing and new trees and
shrubs on all public grounds and public ways of the City of Boston.

1. Urban Forestry Committee Membership:
a. This Committee shall consist of the following members:
i. The Senior Urban Forestry and Landscape Planner
ii. The Tree Warden
iii. Nine (9) members of the public, with at least one member demonstrating
expertise in the field of urban forestry, at least one member demonstrating
expertise in the field of landscape design, and two members shall be
between the ages of fourteen and seventeen at the time of their
appointment or re-appointment
b. The Committee members will each serve a term of three years
¢. Committee members shall be selected by the Mayor and subject to confirmation
by the Boston City Council.
2. The duties of the Urban Forestry Committee shall be as follow:

a. Review planting policies for trees and shrubs on public grounds and public ways
of the City of Boston, appraise the appropriateness of such plantings, their
placement, and the type of maintenance necessary. The Urban Forestry

Committee shall also review those planting proposals which it deems significant
for trees and shrubs on public grounds and public ways of the City of Boston. b. Have
the ability to comment during any City of Boston permitting review process. ¢. Elect
to review issucs related to the health, effective maintenance, and protection of
existing trees and shrubs on public grounds and public ways of the City of Boston,
recommend solutions to any problems identified with such plantings, update the tree
inventory with detailed information, and support all public education and outreach by:

i. Promoting knowledge and awareness of the benefits of trees in the City; ii.
Developing and maintaining a website;



iii. Developing and maintaining a noteworthy tree program;
iv. Developing educational materials regarding best management practices for
tree care;
v. Supporting City staff in establishing a volunteer adopt-a-tree program; vi.
Supporting City staff during Arbor Day Celebrations; and
vii. Considering and recommending incentives for tree planting and
maintenance.

d. Upon request of the applicant, this Committee shall consider and make
recommendations to the Tree Warden on waivers for any required replantings or
payments associated with the issuance of a Tree Permit.

e. Keep records of trees planted and removed within the City of Boston and may
issue regular reports on the overall status of the City’s urban canopy.

7-15.7 CRITERIA FOR REMOVAL OF PUBLIC SHADE TREES: A public hearing may
not be initiated under M.G.L. ¢. 87 section 3 to remove a Public Shade Tree unless the Tree
Warden finds in writing that there is a public health, safety, or welfare basis for removing the
Public Shade Tree, including but not limited to hardship to a property owner, economic
development, facilitating the development of affordable housing, pedestrian access enhancement,
transportation improvement, or public project development. Nothing in this section shall be
construed to prevent the cutting, trimming, or removal of trees in accordance with M.G.L. ¢. 87
section 5.

7-15.8 NOTICE REQUIREMENTS FOR REMOVAL OF PUBLIC SHADE TREES: In
addition to notice under M.G.L. c. 87 s. 3 for Removal of a Public Shade Tree, notice shall be
given by the City by electronic notification where feasible and first-class mail to all property
owners located within 150 feet of the Public Shade Tree proposed to be removed at least 14 days
before the public hearing. To the extent feasible, the City shall notify all residents within 150 feet
of the Public Shade Tree proposed to be removed by flyering at least 14 days before the public
hearing. Notice shall also be given by placing notice on the City website at least 14 days before
the public hearing. In the event that a public hearing is initiated under M.G.L. c. 87 5. 3 at the
request of anyone other than the City, the requesting party shall pay for all costs of mailing and
advertising, such costs to be determined by the City Clerk. The City Clerk may waive the costs if
the requesting party demonstrated to the City Clerk that payment of the fee would cause financial
hardship. Guidelines for determining financial hardship shall be established by the City Clerk.
Applications for financial hardship shall be provided by the City Clerk.

7-15.9 TREE REPLACEMENT FOR PUBLIC SHADE TREES: Any healthy Public Shade
Tree removed at the request of a property owner or agent thereof must be replaced within one
year from the date of Removal. These replacement trees must be located at or near the location
from which the tree was removed, and in no case shall trees planted in a different neighborhood
qualify as replacements. The replacement trees must conform to the standards for size, species,
and planting established by the Senior Urban Forestry and Landscape Planner.

7-15.10 STREET TREE STABILIZATION FUND: There shall be established a tree fund



which shall be held in a separate identifiable account, and administered in accordance with
applicable provisions of General Laws. Any payment required by this article shall be deposited
in the Street Tree Fund and shall be used in accordance with this section.

1. Payment for planting replacement Public Shade Trees: Where a healthy Public Shade
Tree is removed at the request of a property owner or agent thereof, solely for reasons of
private financial gain or personal preference, the requesting party shall make a
contribution to the Street Tree Fund in an amount sufficient to pay for replacement trees
as described in Section 7-15.9. This amount will be calculated using the schedule of costs
established by the Senior Urban Forestry and Landscape Planner.

2. Maintenance of the Street Tree Fund: The Street Tree Fund shall be maintained in a
separate account in accordance with state law. All sums deposited into such Fund shall be
used solely for the purpose of buying, planting, and maintaining trees in the City. The
Senior Urban Forestry and Landscape Planner shali expend these funds for tree planting,
transplanting, care, and other tree-related needs.

7-15.11 COMPLIANCE WITH STATE LAW: All Public Shade Tree hearings shall comply
with the applicable requirements set forth in M.G.L. c. 87 5. 3.

7-15.12 CRITERIA FOR REMOVAL OF CITY TREES: This section shall apply exclusively
to City Trees, as set forth in the Section 7-15.3. Nothing in this section shall be construed to
apply to Public Shade Trees within the City of Boston, whose care, maintenance, trimming,
planting, and Removal are governed by the Public Shade Tree Law, M.G.L. c. 87, and the City of
Boston Code of Ordinances Chapter 7-4.7. The public notice and meeting requirements for
Public Shade Trecs shall remain in full force and effect and are entirely unaffected by the
language of this section.

l. Cutting down or removal of trees: No person, including but not limited to City
employees, the Tree Warden, and their deputies shall cut down or remove any tree on
City-owned property without the Tree Warden first holding a public hearing.

a. The Tree Warden, or their designee, shall post notice of the time and place of the
public hearing in two or more public places in the City and upon the tree in
question at least seven (7) days prior to the public hearing. This notice shall
identify the size, type, and location of the trees to be cut down or Removed, and
include a brief statement of the reason for the proposed action. Notice of this
public hearing shall be sent to each City Councilor, all members of the Urban
Forestry Committee, and published on the City website.

b. No later than 48 hours prior to the cutting down or Removal of any City Tree, a

notice on brightly colored paper will be placed upon the tree stating the
anticipated date on which the action is expected to occur.

¢. Nothing in this section shall prohibit the Tree Warden, or their designee, from
cutting down or Removing any tree which in their opinion is dead or dying or
constitutes a threat to public health or safety.

2. Exceptions to the public notice and hearing requirements:



a. No public hearing shall be necessary prior to the Tree Warden, or their designee,
curing down or removing trees measuring less than one and one-half inches (1'%2")
in diameter one foot from the ground on City-owned property.

b. Public projects that fall under Park Projects and Capital Improvement Projects

shall be exempt if their public process included all of the following:

i. All public meetings at which cutting down or Removal of trees is
discussed were duly noticed and advertised including, but not limited to,
notice sent to all member of the Urban Forestry Committee

ii. The public was provided reasonable opportunity to provide input
regarding tree(s) to be cut down or removed.

iii. Reasonable notice was posted on or around any trees to be cut down or
removed at least two (2) weeks prior to such action taking place.

7-15.13 REMOVAL OF PRIVATE TREES: No person may remove any Significant Tree from
private property without first obtaining a Tree Permit from the Tree Warden.

1. Application for a Tree Permit:

a. Applications must be made in writing on forms specified by the Tree Warden. b.

The Tree Warden, or their designee, will review applications for tree permits in

accordance with the provisions of this article. The Tree Warden, or their designee,

shall date stamp or otherwise record the date of filing of each application for a tree
permit, The Tree Warden, or their designee, shall complete the review of each Tree

Permit application no later than thirty (30) business days after the
submission of a completed application. In the event that this review is not
completed within the time required by this ordinance, and if the applicant did not
request a waiver of fees or replanting, the permit shall be considered issued.

¢. The application shall include a plan showing the location, species, and DBH of

each tree on the property, and must indicate clearly which trees are to be
Removed.

d. If replacement trees are to be planted, the plan shall indicate the planned location,
species, and size of any replacement trees to be planted. In order to qualify as

replacements, trees must be planted on the same or adjacent tot, and must conform to

species and planting standards as defined by the Senior Urban Forestry and
Landscape Planner. Trees planted in the adjacent right-of-way or otherwise located
on public property shall not be considered suitable for
consideration as replacement trees,
¢. There shall be no fee or charge to submit an application for a tree permit.
2. Conditions for Granting a Tree Permit:

a. Removal of Significant Trees: If any Significant Trees are to be Removed, the
plan must show planting of new trees equal to the total Replacement Caliper of
those trees.

b. Payment instead of Replacement: Payment to the Street Tree Fund may be made
in lieu of planting some or all of the Replacement Trees, according to a cost
schedule established by the Senior Urban Forestry and Landscape Planner. Such



fees shall be based on the actual costs associated with purchasing, planting, and
maintaining the City’s Public Shade Trees. Payment must be made prior to
issuance of the permit.

c. Request for Waiver: The application for a Tree Permit shall allow the applicant to
request a waiver of the requirement for replanting or payment.

d. Hearing of Request for Waiver: The Tree Warden, or their designee, shall hear
requests for such waivers within sixty (60) days of the date the application was
received. This hearing may take place at a public meeting of the Urban Forestry
Committee. The applicant shall have the opportunity to speak and to answer
questions. The Committee may, at the request of the applicant, make a
recommendation to approve or deny the waiver. Examples of reasons supporting a
waiver inctude, but are not limited to: financial hardship associated with the care
and upkeep of the trees; unreasonably high requirements for replacement or
repayment; and ongoing or reasonably foreseen damage or risk from the trees.
The Tree Warden shall consider such recommendation considering whether or not
to grant the waiver. If the waiver is approved, a Tree Permit will be issued within
ten (10) business days of the close of the hearing

e. Owner-Occupants: the owner-occupant of a lot containing a one, two, or
three-family dwelling, who resides at the same property as demonstrated by
issuance of, or good faith application for, a valid Residential Exemption shall at
their request, be granted a waiver of the requirement for replanting or payment
with no need for a hearing.

f. Departure of Owner-Occupant: If at any point during the 18 consecutive months
following the issuance of a Tree Permit the owner no longer resides at that
address, and if the requirements for replanting or payment were waived based on
said owner-occupancy status as described above, then said waiver shall be
revoked. In the case, the owner or, if the property has been sold, the new owner,
shall be required to obtain a Tree Permit either for a replanting plan to make full
payment within thirty (30) days of the fees that were waived.

3. Standards for Replacement Trees:

a. Replacement Trees must be planted within eighteen (18) months from the date the
tree permit is issued, or prior to transfer of property ownership, whichever comes
first.

b. Replacement trees must be of the same or similar species and size as described in
the application for the Tree Permit, and must be planted according to standards
established by the Senior Urban Forestry and Landscape Planner.

c. In the event that trees of the size and species that were described in the
application for the Tree Permit cannot be obtained at the time of planting,
multiple smaller replacement trees may be planted with the authorization of the
Tree Warden.

d. If a replacement tree dies within eighteen (18) months from the date of planting, it
must be replaced. The person planting the tree shall provide documentation as to
the date of the planting and file the same with the Tree Warden within fifteen (15)
days of the planting of said replacement tree.



4. Exceptions to the Tree Permit Requirement:

a. Emergencies: If any tree shall be determined to be in a hazardous condition so as
to immediately endanger the public health, safety, or welfare or cause an
immediate disruption of public services and require immediate Removal without
delay, verbal authorization may be given by the Trce Warden to remove such tree,
and the tree may be removed without obtaining a written permit as otherwise
required by this ordinance. The Tree Warden shall record in writing each such
verbal authorization, and shall present these written notes at the next meeting of
the Urban Forestry Committee.

b. Waiver: The requirements of this article may be waived by the Tree Warden during
the period of an emergency such as a hurricane, tornado, windstorm, flood, or
similar threat to life and property.

5. Enforcement:

a. If a Significant Tree is Removed without a Tree Permit, the property owner must
apply for a Tree Permit within 30 days of the Removal. Each business day
thereafter, until an application is filed, shall constitute a separate violation of this
ordinance.

b. Stop work order: Upon notice that trees are being removed without a Tree Permit,
such work shall be immediately stopped by the Director of Inspectional Services
or designee. The stop work order shall be in writing and shall be mailed to the
owner of record of the property and posted at the front to the property in a
conspicuous location, and if possible, given to the owner of the lot involved, or to
the owner’s agent, or to the person doing the work, and shall state the conditions
under which work will be permitted to resume.

¢. Injunctive relief: Whenever there exists reasonable cause to believe that a person

is violating any applicable provision of this article, the City may institute a civil
action for a mandatory or prohibiting injunction in a court of competent
jurisdiction ordering the defendant to correct the unlawful condition or to cease
the unlawful use of the property.

6. Penalties:

a. For each offense under this ordinance the person in violation shall be subject to a
$100 fine.

b. Failure to make payment of any fines may result in the revocation, suspension, or

denial of any local license or permit, including renewals and transfers.

7. Safety of Life and Property: Nothing in this ordinance shall be construed to prevent a
property owner from acling to Remove any Significant Tree, with written or oral
authorization from the Tree Warden, that is an immediate and pressing health or safety
hazard; that is dead or dying; or that is damaging ¢xisting structures or property; or could
do so if it were to fall. In such cases, the Tree Warden may authorize immediate removal

in writing or verbally, with written record to the Urban Forestry Committee as soon as
practicable.

7-15.14 EFFECTIVE DATE: The provisions of this ordinance shall take effect 90 days after
passage.



Fited in Council: January 9, 2023
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Abstract: This study compared the management practices and ordinances enacted by 43 Florida (United
States) communities to assess their potential impact on tree canopy coverage. Dot-based canopy analysis
was used to assess community level canopy coverage. This information was paired with each
community’s responses to a 2014 survey of municipal forestry management practices in the United States.
Canopy coverage ranged between 17.6% and 63.3% among the communities assessed, with average of
33.7%. Two factors were significant when attempting to predict canopy coverage. Housing density had a
negative impact on tree canopy (P-value = 0.0116). In contrast, ordinance designating and protecting
heritage or other trees of significance resulted in a 6.7% increase in canopy coverage (P-value = 0.0476).
Results of this research provide base-level data regarding urban forest cover in a range of Florida
communities. More importantly, this research suggests the heritage tree protections afforded to old or

large-stature urban trees has a measurable impact on tree canopy retention.

Keywords: ecosystem services; environmental policy; heritage trees; tree ordinance;, urban forest

management; urban tree canopy
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1. Introduction

Rescarch has demonstrated that trees in urban environments provide a variety of ecosystem services (e.g.,
creation of habitats) and other benefits (e.g., increased quality of life) (Roy et al., 2012). Many of these
benefits are associated with the healthy leaf area of a tree (Nowak & Greenfield, 2012), making urban tree
canopy cover an important measurement for estimating overall urban forest benefits. Nowak et al. (1996)
defines an urban tree canopy (UTC) as the proportion of area, when viewed from above, occupied by tree
crowns, Environmental benefits derived from an UTC include ecosystem services such as improved air
and water quality (Nowak et al., 2007) and energy use reduction (Akbari, 2002). Economic benefits range
from increased property value (Pandit et al., 2013) to reduced heating and cooling costs (Pandit &
Laband, 2010). Management of urban trees can be conducted with specific UTC cover goals in mind in
order to maximize benefits (Nowak & Crane, 2000, Hill et al., 2010, McPherson et al., 2011; Hauer &

Peterson, 2016).

In contrast to these benefits, urban trees have costs associated with their installation, care, and eventual
removal which are shared between residents, businesses, and municipalities (e.g., planting, maintenance,
or infrastructure repair) (Koeser et al., 2016; Vogt et al., 2015). Furthermore, urban trees are considered
public assets in many municipalities, making an UTC subject to municipal tree management practices and
ordinances (e.g., pruning cycles, planting initiatives, preservation ordinances, etc.) created by municipal
staff and extemal groups (Hauer & Peterson, 2016). Land use ordinances and the degree to which they are
enforced will impact the UTC (Elmendorf et al. 2003; Hill et al., 2010). For instance, a study of the UTC
and associated management practices in the Atlanta Metropolitan Area showed that planning and zoning
regulations aimed at UTC protection and quality growth were associated with an increase in canopy cover
over ten years (Hill et al., 2010). Hill et al. (2010) also point out that UTC management actions should

also extend to private trees, which can make up a large portion of the urban forest. In Tampa, Flonda,
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Landry and Pu (2010) found that tree canopy coverage was greater on private lots developed after the
adoption of a 1974 tree protection ordinance compared to lots developed prior to the ordinance. However,
regulations of private trees can cause political tensions. For example, a trec management bill was
introduced to the Florida Senate in 2018 [Senate Bill (SB) 574: Tree and Vegetation Trimming and
Removal] which, among other provisions, would roll back local govemments” abilities to require permits
for the timming, pruning, removal, or harvesting of trees on private property in certain areas, and to
require mitigation (i.¢., replacement) of trees removed or harmed. This proposed bill concemed some
individuals who were aware of the pattern of declining UTC across this United States (Nowak &

Greenfield 2012),

A comprehensive understanding of a municipality’s UTC can provide urban resource managers with
baseline data to set goals, inform key stakeholders of the effects of certain management and development
strategies, and subsequently improve various urban forest functions (Hill et al., 2010}, In light of
emerging research on management practices and the UTC, and legislation like the aforementioned Bill,
we were motivated to investigate the effects Florida municipal management actions have on local UTC
and how different municipalities compare. The objectives of this study were to 1. use dot-based spatial
analysis to estimate canopy cover in Flonda municipalities, and to 2. investigate the relationships between
canopy cover and variables related to municipal development, tree management practices, and tree-related

municipal ordinances gathered from a survey of municipal forestry managers.

2. Materials and methods
2.1.  Study area

The study area consisted of 43 Florida (United States) communities who had returned a comprehensive
survey on urban forest management (Hauer and Peterson, 2016). Locations of these communities are

shown in Fig. 1.
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Figure 1. Locations of the 43 Florida (United States) communities included in this assessment of canopy

coverage. The sizes of the points are scaled to reflect relative differences in canopy coverage.

2.2.  Survey methodology

The predictor variables used to model percent canopy coverage were derived in part from the results of a
2014 survey of municipal forestry management practices in the United States (Hauer and Peterson, 2016).
The comprehensive, 109-question survey was sent to a stratified sample of 1727 communities in all fifty
states, of which 87 were sent to Flonida communities. All communities with populations over 50,000
received the survey and a random sample was taken for cities with populations between 25,000 and

49 999 (50%) and between 2,500 and 24,999 (10%). More detailed information regarding the generation

of the mailing list is available by referencing Koeser et al. (2016). The survey was approved through the

_ [nstitutional Review Board (IRB) prior to study recruitment.
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Following the approach outlined by Dillman et al. (2014), all communities on our mailing list received a
pre-notice followed by a printed copy of the survey (i.e., with a cover letter). Non-respondents were also
sent a reminder postcard, followed by a second printed survey (i.e., with a cover letter). A final email

reminder was sent to any remaining non-respondents.

A second round of surveying was conducted using a truncated, 53-question survey in an attempt to reach
communities that did not complete the larger set of questions. This shortened questionnaire (with cover
letter) was sent non-respondents to the long-form version. A single email reminder was sent to non-
respondents of the truncated survey. In addition to the communities that responded to the survey in 2014,
the authors reached out to the urban foresters from Fort Lauderdale, Naples, Pompano Beach, and Temple
Terrace. The authors knew these individuals personally through their local professional society (though
knew little of their respective programs) and used this connection to increase the sample size for the
canopy analysis. Interviews occurred July of 2018. These four individuals referenced records from 2014

to answer the survey questions relevant to our canopy analysis.

2.3. Dot-based canopy analysis

The aerial imagery assessed in this study was accessed from the National Agricultural Imagery Program
(NAIP;, USDA, 2018). Specifically, imagery from 2015 was used to coincide with the timeframe of the
survey mentioned above. Spatial resolution for the 2015 NAIP imagery was 1 m. A random point
sampling method was conducted following the ‘i-Tree Canopy” user guidelines

(hitps://canopy itreetools.org/) and Nowak and Greenfield (2012), which suggests the collection of 500-
1,000 random survey points per community. In an effort to increase measurement confidence, we adopted
the larger, 1,000 point sample size within this suggested range. Boundaries for each community assessed

were provided by the American Community Survey (ACS; United States Census Bureau, 2015).



95
96
97
98
99
100
101

102
103

104
105

106
107
108

109
110
1M
112

A geographic information system (ArcGIS 10; ESRI, Redlands, CA, United States) was used to import
NAIP aerial imagery and generate the random points (at an average minimum distance of 5 meters).
Urban tree canopy was assessed as either tree or non-tree. Each city was assessed at least two interpreters.
Points where the interpreters disagreed were discarded prior to analysis, thus minimizing photointerpreter
bias. Canopy percentage, agreement between/among interpreters, standard error (SE), and 95%

confidence intervals were (Parmehr et al., 2016).

SE = Np(1-p/N

Where p = number of tree points (#)/the total number of sample points (M)

95% CI = UTC + SE x1.96

2.4.  Data analysis

A multiple linear regression model was fit using community-wide percent canopy coverage as the
dependent variable of interest. This analysis was conducted using the Im() function in R (R Core Team,

2016). Initially, a maximal model was fit using the explanatory variables listed in Table 1.
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Table 1. Initial set of variables assessed in modelling canopy coverage in Florida (United States)

communities. Mean/counts include data from the survey and data acquired from other sources

(U.S. Census Bureau, 2018; various municipal ordinance websites).

Variable

Definition

Mean (Std. Dev.) or Count

Canopy coverage?

Response variable, percent (%) of city covered
by tree canopy

34.4% (11.7%)

2010¢

2010

Housing densityY Housing units per square kilometer 520.4 (294.6)
Median home valueY Median value of resident-owned housing units | $221,482 ($155,976)
House percent since Percent of total housing units constructed after | 0.6% (0.6%)

House percent since
2000v

Percent of total housing units constructed after
2000

20.3% (14.1%)

House percent since
19907

Percent of total housing units constructed after
1990

37.5% (18.7%)

Maintains Rights-of-

Who is responsible for maintaining trees in

Community - 23

ways (ROW)* rights-of-way (e.g., street trees between Homeowner - 7
stdewalk and curb/ alley trees) Joint ownership - 7
Other - 1
ISA Certified Arborist - | Community employs at least one ISA Certified | Yes - 31
yes® Arborist credential holder No-9
Four year degree - yes* | Community employs at least one person witha | Yes- 19
four vear degree related to tree care No - 21
Tree board - yes* Community has a govemment-authorized Yes-28
board to help develop/administer tree No- 11
management policy
Tree preservation Community has an ordinance requiring the Yes -32
ordinance™ preservation of trees during development No-8
Removal permit Community has an ordinance restricting tree Yes -23
ordinacng™ cutting on private property No- 18
Heritage tree Community identified and preserves Yes-26
ordinance*¥ heritage/significant trees No-15




Tree inventory - yes® Community has a record of public trees within | Yes - 25
its jurisdiction No- 14
Canopy goal - yes* Community has a goal for enhancing or Developing - 2
maintaining % tree canopy coverage Yes- 14
No - 20

117  Source: Dot-based canopy analysis
118  rSource: U.S. Census Bureau (2018)
119  *Source: Hauer and Peterson (2016)
120  *Source: Municipal websites

121

122  As missing data prevented the use of a stepwise deleting function, the regsubsets() function from the

123 leaps package (Lumley and Miller, 2017) was used to run and plot (by R? value) the 20 best subsets of
124 our predictor variables. This plot (Fig 1.) was used to identify which variables were most commonly

125  associated with models having higher predictive power. A second, reduced model with housing density,
126  house percent since 2010, maintains ROW, ISA Certified Arborist, tree board, and ordinance: heritage
127  trees was run and non-significant explanatory variables were removed one-at-a-time based on P-value
128  (highest first). Each reduced model was compared against its preceding model using the anova() function
129  in R (R core team, 2016) to determine if there was a significant difference in fit between the two iterations

130  (Crawley, 2013). All determinations of statistical significance were made at an a=0.05 level of Type 1

131 error. Diagnostic plots were referenced to confirm no underlying assumptions associated with the analysis

132  were violated.

133
134
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3.  Results
3.1.  Survey results for Florida cities

Overall, 667 communities responded to either the initial survey (n=513) or the truncated survey (n=154)
for a total response rate of 38.6% in all 50 states. In Florida, 39 of the 87 communities surveyed
responded leading to a statewide response rate of 44.8%, higher than that of the total survey population.
The initial survey, combined with the four additional communities from this study, resulting in a 49.4%
response rate. The survey results provided information on different aspects of urban forest management,
including the community, staff, management practices, and inventorying activitics. When asked who is
legally responsible for trees in rights-of-way, 61% said the community was solely responsible. Over
three-quarters of the respondents said they had at least one ISA Certified Arborist on the staff, and about
half said they had at least one employee with a four-year degree. Over two-thirds of the responding
communities reporting having a govemment-organized tree board, over three-quarters had tree
preservation ordinances in place, and over half had ordinances that protect heritage or sigmficant trees.
About half of the respondents said they had permit requirements that restrict tree cutting on private
property. A majority said they had a tree inventory, but only a third of those respondents said the

inventory was up-to-date. Finally, less than half of the communitics said they had canopy cover goals.
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Figure 2. Coefficient of determination (R?) values for the various combinations of predictor variables
selected for initial testing. Variables most commonly associated with the highest predictive power were
selected for initial model simplification. Figure generated using the leaps package in R (Lumley and
Miller, 2017).



158 3.2,  Canopy coverage in Florida cities
159

160  Canopy coverage ranged from 17.6% in Deerfield Beach to 63.3% in Gainesville Florida (Table 2)

161  Average canopy coverage for the 43 assessed communities was 33.7% (£1.5%). Agreement among our
162  interpreters ranged from 94.9% to 99.5%, Average agreement for the 43 cities was 97% (Table 2).

163

164  Table 2. Population, percent canopy coverage, standard error, 95% confidence intervals, number of
165  interpreters, and percent agreement associated with the dot-based canopy analysis of 43 Florida
166  (United States) communities.

167
Community Name 2014 Canopy SE 95%CI 95% CI Interpreters Agreement
Population Coverage (%) Lower Upper (%o)
(%) (%o} (o)
Gamnesville 124,354 633 1.5 60.4 66.2 2 993
Tallahassee 181,376 58.7 1.6 55.6 618 2 59.0
Indian River Shores 4,070 579 1.6 548 61.0 2 994
Temple Terrace 25,495 556 1.6 525 587 2 98.8
Orange Park 8412 55.0 1.6 51.9 58.1 2 978
Winter Springs 33,282 544 1.6 513 575 2 96.1
North Port 57,357 51.5 1.6 484 546 2 98.7
Marco Island 16,413 485 1.6 454 51.6 2 98.2
Altamonte Springs 42,215 402 1.6 37.1 433 2 972
Clearwater 107,685 372 1.6 34.1 403 3 95.6
St. Petersburg 244,769 36.9 1.5 34.0 39.8 2 97.5
Fort Myers 62,298 36.1 1.5 332 39.0 3 974
Port St. Lucie 164,603 36.1 1.5 332 390 2 97.7
Sarasota 51,917 358 125 329 38.7 2 976
Tampa 335,709 357 1.5 3238 386 2 984
Sanford 53,570 35.1 1.5 322 38.0 2 99.1
Casselberry 26,241 347 1.5 318 376 3 972
Jupiter 55,156 344 1.5 315 373 2 984
Largo 77,648 342 1.5 313 371 2 975
Lakeland 97,422 340 1.5 31.1 36.9 2 974
Rockledge 24,926 329 1.5 30.0 358 2 98.1
Hypoluxo 2,588 322 1.5 293 351 2 97.4
Groveland 8,729 32.1 1.5 292 350 2 96.7
Cutler Bay 40,286 30.1 1.5 272 33.0 3 96.2
Cooper City 28,547 298 1.5 269 327 2 96.9



Palm Coast 75,180 297 1.5 26.8 326 2 98.8

Belleview 4,492 294 1.5 265 323 3 98.5

Orlando 238,300 294 1.4 26.7 321 2 993

Miramar 122,041 28.1 1.4 254 30.8 2 993

Pembroke Pines 154,750 28 14 253 307 2 968

Coconut Creek 52,909 269 1.4 242 296 3 949

Kissimmee 59,682 263 14 236 29.0 2 934

Boca Raton 84,392 26.2 1.4 235 289 3 955

Weston 65,333 25.6 1.4 229 283 2 97.7

Naples 20,913 253 1.4 226 28.0 2 98.0

Davie 91,992 251 1.4 224 278 3 973

Fort Lauderdale 175,599 245 1.4 218 272 2 99.5

North Lauderdale 41,023 226 1.3 20.1 25.1 2 96.8

Wellington 56,508 216 1.3 19.1 24.1 2 96.9

Pompano Beach 105,851 206 1.3 18.1 23.1 2 98.9

Tamarac 60,427 204 1.3 179 229 2 974

Miami Gardens 107,167 194 1.3 16.9 21.9 2 99.4

Deerfield Beach 75,018 17.6 1.2 152 20.0 3 98.8
168
169

170 3.3. Predictors of canopy coverage

171

172  In conducting the model simplification process, two significant predictors of canopy coverage beyond the
173 intercept term were significant. The first significant predictor was housing density (P<0.0116) which had
174  anegative relationship with canopy coverage (Table 3). A 1.1% decrease in UTC would occur for each
175 500 housing units per km? compared to a situation with no housing units. The second predictor in our

176  model was having a heritage tree ordinance (P<0.0476). For this variable, having some form of heritage
177  or significant tree designation was associated with a 6.7% increase in canopy coverage (Table 3). Housing
178  density and heritage tree ordinance accounted for approximately a quarter of the variability seen with
179  regard to community canopy coverage (adjusted R = 0.24).

180

181

182
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Table 3. Final model and regression results in predicting canopy coverage for 43 Florida (United

States) communities with a range of urban forest management strategies and ordinances.

ordinance

Variable Cocfficient Standard Error | P value 95% CI Lower | 95% CI Upper
Intercept 37.2696 4.1194 <0.0001 28.9303 45,6089
Housing -0.0021 0.0008 0.0116 -0.0038 -0.0005
density

Heritage tree | 6.7207 32827 0.0476 0.0751 13.3664

4., Discussion

4.1.  Survey results for Florida cities

The information gleaned from this study creates a picture of urban forest management in Florida. Most

surveyed communities had tree inventories, despite this very few had tree canopy goals. This might be

due in part to the fact that most UTC typically falls on private property, complicating a municipality’s

ability to maintain a specific amount of canopy cover (Miller at al., 2015). However, many respondents

said they had measures in place (i.e., permit requirements) for cutting trees on private propery.

Additionally, a majority of the Florida communities had tree preservation and heritage tree ordinances

protecting their public and (in some instances) private trees. Preservation ordinances that protect trees

during development activities can be significant management practices in rapidly-urbanizing arcas such as

Florida. This is also true of heritage tree preservation ordinances, which protect trees with large stem

diameters. These significantly-sized trees would likely have greater canopy areas that provide more

benefits and ecosystem services than smaller trees of the same species (Maco and McPherson, 2003;

Leibowitz, 2012). Extra attention should be paid to these large trees when examining UTC and creating

canopy goals.
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4.2,  Canopy coverage in Florida cities

Dot-based canopy assessment is a proven, albeit somewhat labor-intensive, method of conducting land
classification (Walton et al., 2008; Jackson et al. 2010). In urban forestry research, dot-based
interpretation is often considered that standard to compare against other manual or more automated
approaches for identifying canopy coverage (Nowak and Greenfield, 2010; Nowak and Greenfield, 2012;
Parmehr et al., 2016). In testing the repeatability of dot-based canopy assessment, Jackson et al (2010),
compared canopy classifications for five locations (e.g., Georgia, Kansas, Michigan, Oregon, and Utah)
across the United States. The authors had two to five assessors interpret a total 208 plots (with 105 dots
per plot) and reported how many plots from each location met a 90% threshold for agreement. With over
70% meeting or surpassing this threshold for all but the Georgia location (which had an errant
interpreter), the authors concluded that the method offered a high level of agreement (Jackson et al.,
2010). In comparison, 100% of the cities assessed by our interpreters met or surpassed the 90% agreement
threshold used by Jackson et al. (2010; Table 2) using the same imagery source, (National Agriculture

Imagery Program or NAIP).

Canopy coverage for the Florida communities included in this study ranged from 17.6% in Deerfield
Beach to 63.3% in Gainesville. The latter value for percent canopy coverage is among the highest
reported in the literature. In looking at 29 Chicago-area communities, Iverson and Cook (2000) estimated
62.7% canopy coverage in North Barrington, Illinois, United States. Heynen and Lindsey (2003) observed
a maximum canopy coverage of 55.7% in their assessment of 60 central Indiana communities. At 55%
canopy coverage, Nowak et al (1996) identified Baton Rouge, Louisiana as the most treed city in their

aggregation of 68 canopy analyses conducted in the United States.

Several of the communities assessed for this study had previous assessments of canopy coverage to draw

on for comparison. In 2016, one year after our referenced imagery, researchers estimated Tampa had a
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total canopy coverage of 32.3% (Landry et al, 2018). In comparing 95% confidence intervals, the lower
bound for our study’s estimate of canopy coverage (32.8%) overlapped with the upper bound for the
estimate (33.7%) calculated by Landry et al. (2018). Even greater overlap was noted with canopy
coverage estimates calculated by the City of Fort Lauderdale. The urban forester for this community
related that he had estimated canopy coverage in 2018 at 25.9% with a 95% confidence interval between
23.2 and 28.6 (Mark Williams, personal communication; Table 2). Despite differences in methodology,
canopy estimates from Orlando’s 2012 i-Tree Eco analysis (31.4 %; Epke et al., 2012) also fell within our

95% confidence intervals (Table 2).

QOur canopy estimates were less consistent with past estimates when looking at our two most treed
communities - Gainesville and Tallahassee. Using 2013 imagery, Ucer et al. (2016) compared two
different sampling techniques for estimating canopy coverage in Tallahassee. While both methods tested
gamered similar results in their study (44.5% to 49.1% depending on imagery source), their results were
well below our canopy estimate of 58.7% (Table 2). That said, our estimates did align with a 55% canopy
coverage estimate obtained by the City of Tallahassee as part of efforts to develop an Urban Forest
Master Plan {City of Tallahassee, 2018). Similarly, our estimate of tree canopy coverage in Gainesville
{63.3%) was higher than independent estimates (54%) derived from the same 2015 imagery (Andreu et
al., 2017). That noted, our estimate was in line with historic estimates of canopy coverage (59% to 67%)

for the community calculated by Szantoi et ai. (2008).

4.3.  Predictors of canopy coverage

While our two-variable reduced model may appear somewhat simplistic compared to other attempts at
predicting canopy coverage (Hill et al., 2010; Landry and Pu, 2010; Kendal et al., 2012; Conway and
Boume, 2013), it is approprate for our sample size of 43 communities and likely avoids the generation of

misleading cocfficients, P-values, and coefficient of determination values associated with overfitting
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(Minitab Blog Editor, 2015). The negative relationship between housing density and canopy coverage is
both intuitive and in line with findings from past research (Iverson and Cook, 2000; Conway and Boume,
2013). The importance of housing density also supports the “population density” explanation of tree
canopy distribution (i.c., that people displace trees; Locke et al, 2016). In plotting canopy coverage values
by location (Fig. 1), the relationship is particularly noticeable in the densely populated, Southeastern

portion of the state (e.g., Palm Beach, Broward, and Miami-Dade counties).

More interesting with regard to our original research questions is the significance of having heritage tree
designations and protections. A 6.7% increase in canopy coverage represents anywhere from 10.5% to
38.1% of the total canopy coverage depending on the community investigated (Table 2). While the other
ordinances noted in our survey did not remain in our reduced model as predictors of canopy coverage,
their absence cannot be taken as evidence that they are not effective. For example, nearly every city
surveyed had ordinances in place requiring the planting of trees for new developments (n=39) and new

parking lots (n=39). As such these were not used as predictors for canopy coverage in any of our models.

Of the tree ordinance types used to predict canopy coverage (i.c., tree preservation ordinance, removal
pernmit ordinance; and heritage tree ordinance), only heritage tree ordinance was significant (Table 3).
However, 92.3% of the cities that reported having protections enacted for heritage trees also reported
having ordinances regarding the preservation of existing trees during development. Similarly, 69.2% of
cities with heritage tree designations also had ordinances restricting tree cutting on private property. As
such it is not clear if heritage tree protections alone are responsible for the measured increase in canopy.
The increase in canopy may ultimately be the combined impact of all the ordinances in addition to any

special protections communities afford for their large stature trees.

That noted, keritage tree ordinance did play a role in many of the models with the highest predictive

ability derived from our initial set or variable (Fig. 2). Its statistical significance could reflect the stricter
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protections afforded to trees of noteworthy stature or historical notoriety. Large stature trees in both forest
and urban environments are the genetic and environmental lottery winners of the plant world - defying
odds that weeded out hundreds, if not thousands, of peer trees over the decades (i.e., other trees that did
not reach maturity). While this is the case even in hospitable locales, urban sites can be especially
challenging as the conditions {e.g., adequate space, native soils, protection from neighboring trees) which
allowed heritage trees to grow to their fullest potential may no longer exist in a post-development
environment. Despite their relative rareness, large stature trees provide a disproportionate amount of
environmental and economic benefit, Benefits like shading, air pollution capture, stormwater control, and
carbon sequestration are all tied to tree size and canopy area. Factoring in growth and attrition rates, it
could take decades, dozens of replacement trees, or both to mitigate the loss associated with a single large

stature heritage tree.

While tree preservation ordinances and removal permits are intended, in part, to reduce canopy loss,
neither tree preservation ordinance nor removal permit ordinance made it into our final reduced model
(Table 3). With regard to tree preservation ordinances, there could be several reasons we did not see a
relationship with canopy coverage (beyond the overlap in ordinances noted above). Tree preservation
ordinances do allow the removal of trees to permit the development of a forested site. To offset these
removals, new trees can be planted elsewhere on the property or in the community. Altematively,
developers are often given the option of paying into a tree mitigation fund if they prefer or if suitable
planting sites are not available. Depending on how the number of replacement trees is calculated, it could
take several decades to regain the canopy lost to development. Additionally, if mitigation funds are not
actively spent to replant trees within a community, the canopy linked to these funds is essentially lost
without replacement. Even with an active replanting program, transplant losses, vandalism, and other
stressors that afflict younger trees could limit canopy replacement cfforts - especially if adequate carly

care is not provided.
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Research by Landry and Pu (2010) in the Tampa Bay area suggests that protections for trees of a certain
size regardless of ownership (public or private) can lead to higher canopy area. However, tree removal
permits on private land are a potentially contentious issue which residents may see as being at odds with
their individual property rights (Conway and Lue, 2018). In contrast to the findings of Landry and Pu
(2010), our data did not indicate private tree protections had any influence on canopy coverage when
assessment was expanded beyond the City of Tampa, Temple Terrace, and the surrounding county.
Effective private tree protection depends on enforcement and public knowledge of permitting
requirements - both of which may could vary by community (Conway and Lue, 2018). Moreover,
enforcement occurs only after a tree has been cut down and often only after a member of the public has
reported the removal {Conway and Lue, 2018). Finally, permitting generally does not restrict the removal
of trees for development or to reduce tree risk, which likely account for the majority of tree removals

(even unpermitied).

4.4,  Policy implications

As noted, urban canopy coverage directly affects many ecological and economic benefits. However,
maintaining, protecting, and expanding urban tree canopy requires an investment of resources by
communities. Moreover, trees, buildings, and urban infrastructure all compete for limited space -
potentially putting canopy goals at odds with development efforts. Ultimately, it is up to community

leaders and their constituents to decide where this balance best fits their needs and values.

That noted, this work provides evidence that at least some protection measures currently used in Florida
communities are associated with increases in urban tree canopy. For those questioning the validity of
current ordinances, the data provided for this work hopefully alleviates some of the concerns that existing
regulations are not serving their intended function. Additional work looking at the impacts of urban forest

management over time is the next logical step in this line of inquiry. Additionally, the impacts of urban
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forest management ¢fforts on storm resiliency (specifically canopy loss) would be a very relevant

question for hurricanc-prone arcas like Florida.

5. Conclusion

Many of the ecosystem services urban tree managers calculate when assessing the value of their urban
forest are directly linked to canopy coverage. Large trees contribute more canopy than smaller-sized trees,
but must compete with other aspects of urban infrastructure for above and belowground space. This can
lead to conflict, tree injury, and even tree death if care is not taken during the development and

redevelopment of sites.

Communities enact ordinances to reduce damage to trees given development efforts and restrict the
removal of healthy, stable trees as a public good. These efforts can be somewhat controversial, especially
when they interfere with private property owner rights. Regardless of one’s opinion on this matter, there
appears to be some measurable benefit associated with some tree protection ordinances. In particular, we
observed a significant increase in canopy associated with communities that designated and protected
heritage trees. These findings add much needed empirical evidence to a debate which is playing out in the

study area and beyond.
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Appendix A:
Select Survey Questions and Summary of Responses

Municipal Tree Care and Management in Florida: 4 2014 Urban & Community Forestry Census of Tree
Activities. The survey was conducted for several municipalities (n=87) in the State of Flonda. In looking
at the returned survey results, questions with 7 or more non-responses (16.3%) were not considered for
inclusion in the regression model.

Section [ — Community and Staff
Section II -- Budget

Section [II -- Tree Management Profite
Section IV - Volunteers/Partnerships
Section V -- Contractors

Section VI -- Inventory

Section VII -- Operations Profile
Section VIII -- Assistance Programs

Section I -- Community and Staff
Did your community conduct any kind of shade treefurban & community forestry activities in 20147

Yes
No
Don’t know

Who in your community is primarily (legally) responsible for maintaining trees in municipal rights-of-
way, for example street trees between sidewalk and curb or alley trees?

Municipality responsible

Abutting property owner responsible

Jointly responsible (municipality and abutting owner)
Other (please specify: )

Does someone in your community (i.¢., employee, volunteer, consultant, etc.) oversee the care of
municipal street trees, park trees or other public trees?

Yes

No
Don’t Know

How many years has your community had a person responsible for the management of trees?



Number of Years

What training and/or credentials are collectively held by the staff responsible for tree activities and/or
management of trees?

No specific training or workshops Yes No
In-house and/or on-the-job-training Yes No
Attend tree care/management workshops Yes No
[SA Certified Arborist Yes No
ISA Certified Municipal Specialist Yes No
Two year degree Yes No
Four year degree Yes No
Graduate degree Yes No

How many public employees, including managers, are involved with the municipal tree management
program?

# of Total Employecs

# of Full Time Equivalents (2080 hour base year)

Section 11 -- Budget

What is the total municipal budget (excluding school budget) for 20147 (Please include entire amount for
all governmental functions, activities, etc.)

$ Total 2014 Municipal Budget

What is the total annual budget of your municipality funded tree care activities and management from all
municipal sources? (Include all tree activity expenses; include personnel, overhead, equipment, supplies,
tree care and contract payments.)

$ Total 2014 Tree Budget

Is your budget adequate to meet current needs as defined in your work plan or your identified annual
urban forestry budget needs? (This includes planting, maintenance, removal, inventory, education, etc.)

Yes
No — If no, % below identified need



What percent of the total tree management budget from all sources is used for the following activities?
Tree Removal
Section III -- Tree Management Profile

Does your community have a government-authorized tree board, parks board, city department,
commission, or similar group that helps develop and/or administer tree management policy?

Yes
No
Does your municipality have one or more municipal ordinances that pertain to trees?

Yes
No
Developing

What topics do your community tree ordinances include?

Requires tree planting in new developments Yes
Requires tree planting around new parking lots Yes
Requires preservation of trees during development Yes
Restricts tree cutting on private property Yes

Identifies preservation of heritage or significant trees ~ Yes

Does your community have a written strategic plan for urban forestry, tree management, open space,
green infrastructure, or land use management that includes trees?

Yes
No
Don’t Know

Section IV -- Volunteers/ Partnerships

Does your community work with partners and/or volunteers (individuals or groups not paid for providing
services) for tree planting, tree care, or other tree activities on public property?

Yes
No

Section V-- Contractors

Does your community use paid contractors for any of your tree care activities?



Yes
No

Section VI -- Inventory

Does your community have a tree inventory? (An inventory is any record of public trecs in your
community.)

Yes
No

What is the state of vour tree inventory? (current = up to date) (CHECK ONE CHOICE)
Current (reflects tree population)
Developing (in process of making current)
Not current {(missing tree population information)
Does your municipality have a tree canopy goal? (check one)
Yes
No — (PLEASE GO TO QUESTION 18, PAGE 18)
Developing — (PLEASE GO TO QUESTION 18, PAGE 18)

What is the total number of publicly owned trees in your community?

# of Publicly Owned Trees

Section VII -- Operations Profile

Please fill in the number of trees by tree care activity on all municipal properties in 2014 in the
appropniate column. (Please enter 0 if no activity type was performed last year.)

# of Trees removed

# of Trees planted

What percent of tree care (pruning, pest control, etc.) is done on a systematic (regularly scheduled) cycle
and what percent on demand as reactive (complaints, hazardous situations, crisis, post storm etc.)? (Total
= 100%)



% Systematic (Scheduled)

%o Reactive (on Demand)

Does your community conduct any of the following urban activities? (Check yes or no for each activity)
Provide technical assistance (information) for tree maintenance on private property?

Yes
No

Provide financial assistance for specific insect or diseased tree removal on private property?

Yes
No

Does your community regularly conduct tree risk management (hazard tree identification)?

Yes
No

Does your community have a written tree risk management policy?

Yes
No

Does your community have an emergency response system which includes trees?

Yes
No

Section VIII -- Assistance Programs
Do municipal staff provide educational presentations to city residents in regard to tree care?

Yes
No

Is your community currently a Tree City USA?

Yes
No
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Chapter 21

PARKS, RECREATION AND CULTURE, PUBLIC GROUNDS AND TREES"

Art. 1. In General, §§ 21-1—21-45

Art, 11, Parks and Recreation Commission, §§ 21-46—21-59

Art. III.  Trees, §§ 21-60—21-89
Div. 1 Urban Tree Commission, §§ 21-60—21-71
Div.2 Regulation of Public Trees, §§ 21-72—21-80
Div.3 Tree Preservation, §§ 21-81—21-89

ARTICLE L.
IN GENERAL

Sec. 21-1. Parks, recreation and culture commissioner—Designation; duties generally; compensation.

(a) The office of commissioner of parks, recreation and culture, and the department of parks, recreation
and culture are established. The commissioner shall be an officer of the city and the provisions of the law for the
appointment and removal of heads of departments shall be applicable to such office. He shall have under his
immediate control and direction such assistants and employees as may from time to time be duly authorized. The
commissioner shall consult with the Director of the history museum regarding the manner of maintenance, care
and management of the burial grounds. He shall receive for his services such salary as shall be fixed by the mayor
and city council.

(b} The parks, recreation and culture commissioner shall have charge of maintenance, care and management of
playgrounds and all recreation lands, except to the extent conferred upon the Parks and Recreation Commission,
pursuant to Chapter 426 of the Acts of 1982 and G.L. c. 45. He shall have and exercise the power conferred by G.
L. c. 45, sec. 14, except that of taking by eminent domain. He shall also be responsible for the control and
supervision of the parks, recreation and culture department. The commissioner also shall have charge of the
maintenance, care and management of burial grounds and the grounds about public buildings and the maintenance
of lands under the jurisdiction and control of the conservation commission. The commissioner shall consult with
the conservation commission regarding the manner of maintaining lands under the commission's jurisdiction.

(c) The parks, recreation and culture commissioner shall also be designated as the local superintendent of insect
pest control pursuant to the G.L. c. 132, sec. 13. He shall perform the duties of tree warden and have the care and
control of all public shade trees and the planting, trimming and cutting thereof. He shall make and keep an
itemized account with vouchers, showing the definite amounts expended for the purposes named in the General
Laws for the suppression of insects, He shall, under the direction of the mayor, cause notices as required by the
statutes to be sent to owners of parcels of land infested with such insects. He shall make lists of the amounts
expended on spraying as provided by law, containing the names of the owners of estates, the locations thereof and
the amounts expended thereon. (Rev. Ords. 1973, § 2-125, § 19-39; Ord. No. 90, 10-6-75; Ord. No. 190, 12-20-
76; Ord. No. 220, 6-7-77; Ord. No. 233, 8-15-77; Ord. No. 317, 2-20-79; Ord. No. R- 267, 10-18-82; Ord. No. T-
318, 12-6-93; Ord. No. V-289, 3-20-00; Ord. No, B-53, 03-02-20)

State law references- Office of tree warden, G.L. c. 41, & 1; statements of expenditures of local superintendents of pest control, G.L. c.
132,§ 15

“Cross references — Cultural affairs committec, Ch. 2, Art. VI, Div. 3
State law reference—Parks and playgrounds generally, G.L. c. 45
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Sec. 21-2. Same—Authority over school property.

(a) The parks, recreation and culture commissioner shall have charge of the management, care and maintenance
of the city's school yards and schoo! grounds. No layout of a school yard or school ground shall be made by the
parks, recreation and culture commissioner until the plan and design of the same has reccived the written approval
of the school committee.

(b) Control of the use of school yards and school grounds shall be entirely within the jurisdiction of the school
committee which shall determine the persons entitled to use the grounds and how the same shall be used. The
school committee may, however, during vacation periods of the school, tumn over the control of the use of
designated school yards and school grounds to the parks, recreation and culture commissioner and it may turn
over the control of the use of any designated portion of such ground during the school year to the parks, recreation
and culture commissioner. The release of jurisdiction provided for in this section shall only be accomplished if
and when the parks, recreation and culture commissioner in writing applies for and the school committee in
writing authorizes the same. In the event of such turning over of jurisdiction, the adjoining school building and
the equipment of the school department shall only be used under such regulations as to use as the school
committee makes. (Rev. Ords. 1973, § 2-270; Ord. No. 190, 12-20-76; Ord. No. 220, 6-6-77; Ord. No. R-267, 10-
18-82; Ord. No. B-53, 03-02-20)

Cross reference-Newton community education program, Ch. 2, Art. VI, Div. 2

Sec. 21-3. Operation of vehicles.

No person, unless by permission of the commissioner of public works or, on parks and playgrounds, of the
parks, recreation and culture commissioner, shall operate a motor vehicle in or upon parks or other public grounds
except upon the driveways thereof. (Rev. Ords. 1973, § 19-102; Ord. No. 90, 10-6-75; Ord. No. B-53, 03-02-20)

Sec. 21-4. Selling goods and wares; amusement tents, booths, etc.

No person, except by permission of the commissioner of public works, or, on parks and playgrounds, of the
parks, recreation and culture commissioner, shall expose for sale or sell any goods, wares or merchandise in or
upon any park or other public grounds, nor erect or maintain a booth, stand, tent or apparatus of any kind for the
purpose of amusement or show in any park or on public grounds. (Rev. Ords. 1973, § 19-103; Ord. No. 90, 10-6-
75; Ord. No. B-53, 03-02-20)

Cross reference—Licensing and permits generally, Ch, 17

Sec. 21-5. Nuisances generally.

No person shall commit a nuisance in parks or on other public grounds. (Rev. Ords. 1973, § 19-104; Ord. No.
90, 10-6-75)

Sec. 21-6. Playing games, etc.

No person, except by the permission of the commissioner of public works, or, on parks and playgrounds, of the
parks, recreation and culture commissioner, shall engage in a game of ball, football, baseball or other athletic
sports in or upon any park or public grounds, except upon such portions thereof as may be set apart for such

purposes. (Rev. Ords. 1973, § 19-105; Ord. No. B-53, 03-02-20)

Sec. 21-7. Throwing missiles.
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No person shall throw a stone, snowball or other missile in or upon any park or public playground. (Rev. Ords.
1973, § 19-106; Ord. No. 90, 10-6-75)

Sec. 21-8. Damaging property.

No person shall pull up, break, cut or deface any of the seats, fences or railings upon or around any park or
other public grounds, nor deface any monument or statue in any park or on public grounds. (Rev. Ords. 1973, §
19-107)

Sec. 21-9. Climbing, posting bills on trees.

No person shall climb a tree in any park or upon other public grounds, nor post a bill, nor place a sign upon or
around any tree in any park or upon other public grounds of the city. (Rev. Ords. 1973,
§ 19-108)

Sec. 21-10. Digging, carrying dirt, etc.

No person, except by permission of the commissioner of public works, or, on parks and playgrounds, of the
parks, recreation and culture commissioner, and for some public use, shall dig or carry away any sward, gravel,
sand, turf or earth from, nor place or deposit or cause to be placed or deposited any stones, sand, gravel or other
substance upon, any park, playground or other public grounds. (Rev. Ords. 1973, § 19-109; Ord. No. 90, 10-6-75;
Ord. No. B-53, 03-02-20)

Sec. 21-11. Damaging flowers.

No person shall walk, stand, sit or lie down in or upon, or pull a flower or plant out of a flower bed, in any park
or upon public grounds. (Rev. Ords. 1973, § 19-110)

Sec, 21-12. Walking on grass.

No person shall stand, walk or lie upon the grass in any park or upon public grounds where such walking,
standing or lying has been prohibited, and notice of such prohibition is given to the public by legible notices
placed in or upon such park or public grounds. (Rev. Ords. 1973, § 19-111)

Sec. 21-13. City-owned burial grounds.

No further burials are to be permitted in that portion of the City-owned burial ground located on Centre Street,
said portion being bounded on the west side by Centre Street and Loring Park, on the south side by Cotton Street,
on the east by the land of the Franciscan Sisters, and on the north by a driveway, as more specifically shown on a
plan entitled "Plan of Centre Street Cemetery, January 1901; Amended 1918", on file in the engineering division
of the department of public works. (Ord. No. R-251, 6-21-82; Ord. No. V-289, 3-20-00)

Sec. 21-14. Spraying for insects.

{a) The commissioner of parks, recreation and culture may, at the request of owners of private property in the
city, spray trees and shrubs thereon for the purpose of destroying or suppressing insects or pests and preventing or
controlling the spread of Dutch Elm Disease. The commissioner of parks, recreation and culture may establish
rules and regulations governing such spraying, including the time and manner of making requests and payments
therefor.
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(b) There shall be charged for each such spraying an amount determined by the size of the lot upon which such
spraying is done according to the following table:

Size of lot (square feet)

Amount under 7,500 ... $5.00

7,500 109,999, 7.50

10,000 t0 14,999.....coriicc i 10.00

15,000 t0 19,999.....ccneiirnmeriniinninrinicinis 12.50

20,000 t0 24,999t 15.00

25,000 and over the cqst_of labor and materials employed for the purpose as estimated by the
comimissioner.

(¢) The amount to be charged shall in each case be paid to the patks, recreation and culture commissioner
before the spraying is done. (Rev. Ord. 1973, § 2-129, § 19-44; Ord. No. 90, 10-6-75; Ord. No. R-267, 10-18-82;
Ord. No. B-53, 03-02-20)

Sec. 21-15. Parks, recreation and culture department; functions generally.

The parks, recreation and culture department shall be responsible for planning, scheduling, organizing and
supervising programs for designated city groups and citizens. Under direction of the parks, recreation and culture
commissioner, it shall provide supervision and patrol activities at swimming ponds, swimming pools, skating
areas, playgrounds and all other recreation areas; it shall also conduct all senior citizens recreation programs.
(Rev. Ord. 1973, § 2-271; Ord. No. 190, 12-20-76; Ord. No. R-287, 1-19-83; Ord. No. B-53, 03-02-20)

Secs. 21-16—21-45, Reserved.

ARTICLE II.
PARKS AND RECREATION COMMISSION

Sec. 21-46. Composition; appointment of members; vacancies; chairman,

(a) There shall be a parks and recreation commission comprised of eight (8) voting members together with the
parks, recreation and culture commissioner who shall serve, ex officio, as a non-voting member of the parks and
recreation commission. One resident from each ward of the city shall be appointed as permanent members by the
mayor with the approval of the city council. Four {4} alternate members selected at large shall also be appointed
by the mayor with the approval of the city council.

(b) Appointments by the mayor shall strive to balance the concerns of parks and open space preservation with
the concerns of recreation.

(¢)}(i) Permanent members of the parks and recreation commission shall be appointed for a term of three (3)
years.

(it) Four (4) alternate members shall be appointed by the mayor following the effective date of passage of this

ordinance. The initial terms of three (3) of the alternate members shall be shortened as follows to stagger
expiration of their terms: one member shall be appointed for one (1} year; two members shall be
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appointed for two (2) years; one member shall be appointed for three (3) years. All alternate member
appointments subsequent to the initial appointments shall be for a term of three (3) years.

(iii) Both permanent and alternate members shail continue to serve after expiration of their terms until their
successors shall be duly appointed and qualified. Vacancies in the offices of either permanent or alternate
members shall be filled in the same manner as the original appeintment for any unexpired term.

(d) The permanent members shall ¢lect one member to act as chair. In the event that a permanent member is
absent or unable to act for any reason, the chair shall designate an alternate member to act. (Rev. Ords. 1973, §2-
267, Ord. No. R-287, 1-19-83; Ord. No. T-317, 12-6-93, Ord. No. B-53, 03-02-20)

Editor's note—As amended in 1970, this section provided for the members of the former recreation commissicn whose terms had not
expired to serve until December 31, 1970, as well as for the mayor to appoint additional members to serve until December 31, 1970. The
section also provided for appointment of members, commencing January 1, 1971, for staggered terms of one, two (2) and three (3} years.

Cross references—Commissions generally, Ch. 2,

Ant. VII; regulations governing appointment 1o and service on commissions and committees, § 2-8

State law reference—Recreation commission for city of Newton, ¢. 631, Acts of 1969

Sec. 21-47. Powers and duties.

The parks and recreation commission shall advise the mayor and city council in relation to matters pertaining to
sports, recreation, parks, open space and preservation of scenic beauty and shall render decisions concerning
parks, recreation and culture programs and the use of lands under its jurisdiction in accordance with written
guidelines or policies. The guidelines or policies established by the parks and recreation commission shall
preserve and enhance access to parks, recreation and culture opportunities for Newton citizens. The parks and
recreation commission shall also advise the mayor and city council as to the amount of money to be spent
annually by the department of parks, recreation and culture. Pursuant to Chapter 426 of the Acts of 1982, the
parks and recreation commission shall have all the rights, powers, duties and obligations of a park commission as
set forth in Chapter 45 of the General Laws, and shall exercise the powers of eminent domain conferred by
Sections 2 and 14 of Chapter 45 of the General Laws.

Pursuant to Section 2 of Chapter 87 of the General Laws, the commission may delegate its powers as tree
warden under Section 5 of Chapter 45 to the parks, recreation and culture commissioner. {Rev. Ords. 1973, § 2-
268; Ord. No. 190, 12-20-76; Ord. No. R-287, 1-19-83; Ord. No. T-317, 12-6-93; Ord. No. B-53, 03-02-20)

Secs. 21-48. —21-59. Reserved.

ARTICLE IIL.
TREES

DIVISION 1. URBAN TREE COMMISSION
Sec. 21-60. Establishment and purpose.

There is hereby established the urban tree commission to advise and assist the tree warden in carrying out his
duties and responsibilities. The purpose of the urban tree commission shall be to advise the tree warden, the
mavyor, the city council and the general public on all matters concerning public trees, including but not limited to,
the selection of trees for planting, planting and pruning of trees, the treatment of disease, and the preservation and
regular maintenance of trees. (Ord. No. V-71, 3-4-96)

Cross reference- Tree warden, Ch, 21, Art. 1, § 21-1

Sec. 21-61. Powers and duties.
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§ 21-62 NEWTON ORDINANCES — PARKS, RECREATION AND CULTURE, PUBLIC GROUNDS AND TREES§ 21-70

(a) The commission shall issue a city tree maintenance manual which shall set forth the standards for planting
and maintaining all public shade trees in the city and which shall also set forth the general policies in regard to
those trees. The commission shall regularly revise and distribute the tree maintenance manual and review the
implementation of the practices and policies it enunciates.

(b) The commission shall annually review the needs of various geographical areas of the city for the planting
and replacement of trees and shall recommend priorities based on the annual review to the tree warden and
superintendent of urban forestry or such other municipal officials as may hereafter be assigned the duties of tree
warden and superintendent of urban forestry.

(c) Whenever a hearing is required to be held in regard to cutting down or removal of a tree, the commission
may offer written recommendation(s) to the treec warden.

(d) Whenever the tree warden prepares an impact statement on the effect of any construction project on existing
trees or the ability to plant trees in that area in the future, the tree commission may submit its advice as part of a
submission to appropriate city agencies and/or to the city council for its review of the project. (Ord. No. V-71, 3-
4-96)

Sec. 21-62. Composition and organization.

{a) The commission shall consist of twelve (12) voting members who shall serve for three year terms in
accordance with Section 2-8 of these Revised Ordinances. Ten (10) members shall be appointed by the mayor in
accordance with Section 3-3 of the Charter. The commissioner of parks, recreation and culture, in his capacity as
tree warden, or such other municipal official as may hereafter be assigned the duties of tree warden, shall serve,
ex officio, as the eleventh voting member. The superintendent of urban forestry, or such other municipal official
as may hereafter be assigned the duties of superintendent of urban forestry, shall serve, ex officio, as the twelfth
voting member. Three (3) of the initial appointees shall serve for a term of one year; three (3) of the initial
appointees shall serve for a term of two years; and four (4) of the initial appointees shall serve for a term of three
years.

(b) Members of the commission, so far as practicable, shall be selected so as to provide representation of
citizens with expertise or interest in the preservation and care of trees. Consistent with this requirement,
whenever a vacancy occurs on the commission, the commission shall offer a list of prospective members for the
mayor’s consideration in making appointments.

In making the initial appointees to the urban tree commission, the city council requests that the mayor consider
any active members of the urban tree task force who wish to be appointed, it being the will of the city council that
the urban tree commission be established as the successor to the urban tree task force. The city council also
requests that the mayor also consider appointing any such members of the urban tree task force to the longest
terms of office available prior to appointing persons who are not currently serving on the urban tree task force.
(Ord. No. V-71, 3-4-96; Ord. No. B-53, 03-02-20)

Secs. 21-63. —21-69. Reserved.
Sec. 21-70. Volunteer work on city property.
(a) Improvements to and maintenance of real property owned or controlled by the City of Newton may be

carried out by volunteer workers in accordance with a permit issued by the head of the department having care,
custody or control of such real property, or his designee. Every such permit shall state the location, scope and
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nature of the project and any other limitations and requirements which, in the opinion of the department head, are
necessary in order to carry out the city's policies for the use of such real property.

(b) Whenever such a permit has been issued, the head of the department shall provide city personnel who shall
act as supervisors of the volunteer work on the improvement project. All persons serving as volunteer workers
shall follow all instructions of and act under the supervision of the city personnel supervising such work.

(c) Volunteer workers who work on improvement and maintenance projects in accordance with such a permit
shall be deemed to be "public employees" within the meaning of section one of chapter 258 of the Massachusetts
General Laws for the purpose of third party claims; provided that any such claim arises as a result of the project
described in the applicable permit.

(d) In order to facilitate the protection provided to volunteer workers pursuant to subsection (c}), the head of the
department shall keep a record of the names and addresses of every volunteer worker who works at the site of
each such project; and every such volunteer worker shall provide his/her name and address for inclusion in such
record. (Ord. No. V-96, 11-18-96)

Sec. 21-71. Reserved.
DIVISION 2. REGULATION OF PUBLIC TREES
Sec. 21-72. Public Tree Regulation

(a) Purpose

The purpose of this ordinance is to promote a diverse, healthy and sustainable urban forest in order to provide
for the general welfare of Newton's citizens. A healthy urban forest improves the quality of air and water,
controls erosion, moderates air temperature, absorbs carbon, reduces noise, enhances appearance and
increases property values. Public trees also define public spaces and create civic identity. This ordinance sets
out measures to protect trees located on city property and on public rights of way from construction and other
preventable damage; to establish conditions for long-term preservation and expansion of the urban forest; to
extend the protections afforded by the Tree Preservation Ordinance to city-owned trees and supplement
Chapter 87 of the Massachusetts General Laws.

(b) Definitions
Aggregate diameter: The combined diameter of a multiple trunk tree measured at breast height.
Building: The term "building" shall be as defined in section 30-1.
Caliper: The measure of a newly installed tree and is determined in the following manner - Caliper measurement
of the trunk shall be taken six inches above the ground up to and including four-inch caliper size. If the caliper at
six inches above the ground exceeds four inches, the caliper should be measured at twelve inches above the

ground.

Certified arborist: An arborist certified by the Massachusetts Arborists Association, or any successor
organization.

Diameter breast height (DBH). The diameter of the trunk of a tree 4! feet above the existing grade at the base of
the tree.
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Drip line: A vertical line running through the outermost portion of the crown of a tree and extending to the
ground.

Person: Any person, firm, partnership, association, corporation, company or organization of any kind including,
but not limited to, the person removing a public tree or public shade tree.

Pruning standards: Standards for pruning as defined in the City of Newton Tree Management Manual, 1995 and
any future amendments or revisions to the same.

Public tree: Any tree having a diameter of eight inches (8") DBH or larger or having an aggregate diameter of
fifteen inches (15") DBH or larger and which is located on land owned by the city of Newton.

Public Shade Tree: Any tree within the city that fits the definition of public shade tree under G.L. Ch. 87
Remove (including removing and removal): The cutting down of any public tree or public shade tree and all other
acts which cause the actual removal or the effective removal through damaging, poisoning or other direct or

indirect actions resulting in the death of a public tree, including, but not limited to, excessive or improper pruning.

Tree Manual: The City of Newton Tree Management Manual, 1995, and any future amendments and revisions to
the same. (Ord. No. V-275, 12-6-99)

Tree warden: The commissioner of parks, recreation and culture or his designee.

(c) Applicability: The terms and provisions of this article shall be administered by the tree warden and shall
apply to any public shade tree as defined in G.L. Ch. 87 and to any public tree located on land owned and
managed by the city of Newton, with the exception of the land under the auspices of the conservation
commission.

(d) Permit: No person other than the tree warden shall remove, prune, or alter a public tree or public shade tree
located on land subject to the provisions of this article without first obtaining a tree permit from the tree warden.

Applications shall be made in writing on forms specified by the tree warden.

(e) Activities requiring a Tree Permit: A tree permit issued by the tree warden is required prior to any of the
following activities:

(1) Any exterior work that requires the removal of a public tree;
(2) Any construction on city property within the dripline of a public tree;

(3) Removal of a public shade tree. This requirement is in addition to the requirements of G.L. Ch. 87
pertaining to removal of a public shade tree;

(4) Construction within that portion of the dripline of a public shade tree that is located over the public
right of way;

(5) Pruning or treatment for the benefit of the health, safety, or overall well-being of a public shade tree
and/or public tree, as deemed appropriate by the tree warden, by anyone other than the tree warden or his
designee as provided in G.L. Ch. 87;

(6) Planting of a tree in the public right of way or on city property by anyone other than the tree warden
or his designee as outlined under G.L. Ch. 87,
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(7) Pruning or altering of a public shade tree and/or public tree for the purposes of  overhead utility line
clearance;

(8) Affixing or hanging anything from a public shade tree or public tree.

() Permit application; fee: An application for a tree permit shall be submitted to the tree warden. Such
application shall be on a form prescribed by the tree warden and shall include any materials or information
required by the tree warden based on the nature of the activity for which application is made. The application for
a tree permit shall be accompanied by an administrative fee of $150.00. Such fee shall be waived if the applicant
is a city department, agency, commission or other public instrumentality of the city or if the tree warden
determines in writing that the proposed activity will benefit the health of the tree or the wellbeing of the public.

(g) Review of permit applications: The tree warden shall review applications for tree permits in accordance
with the provisions of this article and with any rules or regulations promulgated hereunder. The tree warden shall
date stamp or otherwise record the date of filing of each application for a tree permit. The tree warden shall
complete the review of each tree permit application no later than ten (10) business days after the submission of a
completed application to the tree warden except in the case of a request to remove a public shade tree which shall
be subject to the procedures set forth in G.L. Ch. 8§7.

(h) Conditions: The tree warden may condition issuance of a tree permit upon such measures as he deems
necessary to protect existing public trees or public shade trees. Such conditions shall be in writing. The tree
warden shall make a determination that the prescribed protected measures have been adequately provided before
site disturbance related to the permitted activity may begin.

(i} Construction: Except as provided in a tree permit, construction activities on city-owned property and public
right of ways under the drip line of a public tree or public shade tree are prohibited. Prohibited construction
activities include, but are not limited to, trenching or grading, storage of materials or equipment, passage of heavy
equipment within the drip line and spillage of chemicals or other materials, which are damaging to trees.

(j) Suspension or revocation: The tree warden may suspend or revoke a tree permit at any time upon written
notice to the permit holder that the permit holder has failed to comply with any provisions of this section, or with
any rules or regulations promulgated hereunder, or with conditions of the permit. Written notice shall be sent by
certified mail, return receipt requested, or by hand delivery and shall provide an opportunity for the permit holder
to correct the noncompliance and apply for a renewal of the tree permit upon compliance, where practicable. The
suspension or revocation of a tree permit in accordance with this subsection shall not affect the validity of a
building permit issued in reliance upon the issuance of such tree permit nor shall such suspension or revocation be
cause for withholding the issuance of a certificate of occupancy.

(k) Public Tree Removal: The tree warden shall notify the urban tree commission upon receipt of an application
to cut down or remove a public tree, and no public tree shall be removed pursuant to a permit untit five (5) days
after its issuance unless such removal of the tree(s) is necessary based on a determination by the tree warden that
at ieast one of the following conditions are met:

(1) The public tree is interfering with existing structure, utilities, streets, sidewalks or proposed necessary
improvements, and there is no alternative to removal;

(2) The public tree is dead, diseased, injured, in danger of falling, dangerously close to existing structures, is

causing disruption of public utility service, is causing drainage or passage problems upon rights of way,
ot poses a threat to pedestrian or vehicular safety.
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(3) The removal of the public tree is necessary and desirable in order to enhance or benefit the health or
condition of other trees on the same site as certified to the tree  warden by a certified arborist.

(1) Appeal: Any person aggrieved by a decision of the tree warden may file an appeal with the mayor or his
designee. Said appeal must be in writing and must be received by the mayor or his designee within five (5)
business days of issuance of the tree warden’s decision. Upon receipt of such appeal, the mayor or his designee
shall provide a copy to the clerk of the city council and to each councilor for the ward in which the trees are
located. The mayor or his designee shall make a final decision on the matter within thirty (30) days from the date
of receipt of the appeal request. The mayor or his designee shall include in the decision the rationale there for.
Upon issuance of the final decision, the mayor or his designee shall provide a copy to the clerk of the city council
and to each ward councilor for the ward in which the trees are located. There shall be no further appeal of the
matier decided by the mayor or his designee. No public trees shall be removed while an appeal is pending.

(m) Permit length. Any permit issued by the tree warden shall be valid for sixty (60) days from issuance.
Length may be extended by tree warden following written request by the applicant. The tree warden may grant
the extension for any length of time as he deems necessary and appropriate.

(n) Emergencies: A public tree or public shade tree may be removed without first obtaining a written permit as
otherwise required by this section only if the tree warden determines that the condition of the public tree or public
shade tree is hazardous and immediately endangers the public health, safety or welfare or causes an immediate
disruption of public services such that immediate removal is required. If such determination is made, the tree
warden may remove the tree or provide oral authorization for its removal, utilizing such professional criteria and
technical assistance as he deems necessary. The tree warden shall memorialize in writing each such oral
authorization to remove a hazardous tree and keep a record of same.

(0) Waiver: The requirements of this section may be waived by the trec warden during the period of an
emergency such as a tornado, windstorm, flood or other act of God.

(p) Tree replacement. The tree warden may require that replacement of a removed public tree or public shade
tree in the manner required in section 21-85 of these ordinances and in any rule or regulation or the tree warden

(q) Payment in lieu of planting replacement tree(s): In lieu of planting a replacement tree as provided in section
(p) above, a person who has been granted a tree permit may make a contribution to the tree replacement fund as
established in section 21-86 in an amount equal to the cost to replace the tree in accordance with the provisions of
section 21-85, which cost shall be determined by the tree warden who shall maintain on file the city’s current tree
planting costs.

(r) Rules and regulations: The tree warden is authorized to promulgate reasonable rules and regulations to
implement administration and enforcement of this section

(s) Enforcement: The commissioner of parks, recreation and culture, in his capacity as tree warden, or such
other municipal official as may hereafter be assigned the dutics of tree warden, shall be authorized to enforce the
provisions of this section. The tree warden shall provide written notice to the offender of the specific violation
and provide a reasonable time for compliance. Such notice shall be sent by certified mail, return receipt requested,
or by hand delivery. Thereafter, the tree warden may impose the fines described in (t) below.

(t) Penalties: Violations of any portion of this section, including violations of any regulation promulgated
hereunder, or failure to comply with conditions of a permit, or failure to replace any removed tree as required by
the tree warden, or failure to pay the required amount into the tree replacement fund shall be punishable by a fine
of three hundred dollars ($300.00) for each day during which the violation continues. Nothing herein shall be
construed to require the city to make a payment for violation of this section; however the city agency that caused
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the violation shall be responsible for the costs of replacement or repair of the tree(s) which were damaged or
removed.

(u) Severabifity: The provisions of this article are severable. If any section, provision, or portion of this article is
determined to be invalid by a court of competent jurisdiction, then the remaining provisions of this article shall
continue to be valid.

(v) Conflict of laws: Nothing herein is intended to conflict with the General Laws, Chapter 87 and to the extent
that any provision hereof conflicts with said Chapter 87, such provision shall not be valid. Nothing herein is
intended to conflict with existing special permit procedures as provided in section 30-24 and to the extent that any
provision hereof conflicts with said special permit procedures, such provision shall not be valid. Nothing herein
is intended to conflict with any state law regulating public utilities and to the extent that any provision hereof
conflicts with state law, such provision shall not be valid. (Ord. No. Z-80, 02-22-11; Rev. Ord. 2007, § 20-72;
Ord. No. B-53, 03-02-20)

Secs. 21-73. —21-79. Reserved.
DIVISION 3. TREE PRESERVATION
Sec. 21-80 Findings, intent, and purpose.

The city council has determined that many trees are being lost without replacement incident to demolition
of existing buildings in order to construct new buildings and lot clearing in connection with the
construction of new buildings on previously undeveloped land. The city council has further determined
that trees have been lost, severely damaged or disfigured through excessive or improper pruning or other
than natural causes. The result is a net loss of the tree population in the city. The city council has further
determined that the city has insufficient legal vehicles to assure that such development adequately
preserves, protects and provides for replacement of trees.

The preservation of the private tree canopy and the planting of replacement trees is intended to enhance
the quality of life and the environment of the city; to preserve the character of the wooded and natural
areas; to reduce energy consumption; to protect air quality; to baffle noise; to preserve and enhance
habitat for wildlife; to reduce topsoil erosion and storm water runoff; to protect and increase property
values; and to enhance the overall appearance of the city. (Ord. No. A-38, 05-05-14)

Sec. 21-81. Definitions.

The following words, terms and phrases, when used in this article, shall have the meanings ascribed to them in
this section, except where the context clearly indicates a different meaning;:

Aggregate diameter: The combined diameter of a multiple trunk tree measured at breast height.
Building: The term "building" shall be as defined in section 30-1.

Certified arborist. An arborist certified by the Massachusetts Arborists Association or International Society of
Arboriculture, or any successor organization.

Diameter breast height (DBH): The diameter of the trunk of a tree 42 feet above the existing grade at the base
of the tree.
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Drip line: A vertical line running through the outermost portion of the crown of a tree and extending to the
ground.

Exempt lot: A lot which meets all of the following criteria:

(1) The lot is occupied and used primarily as a dwelling for up to four families at the time any protected
tree(s) are removed.

(2) The lot owner at the time of protected tree removal has owned the lot continuously for a minimum of
ninety (90) days prior to the removal of any protected tree(s).

(3) The existing structure on the lot remains occupied as a dwelling with a person or persons living in it for
eighteen consecutive months from the date any protected tree(s) are removed.

(4) The lot remains owned by the same person for eighteen consecutive months from the date any protected
tree(s) are removed.

Exterior work permit. A permit or approval which is required in order to perform work on a vacant lot or to
the exterior of a building on a lot, including, but not limited to the following: a building permit; a review of an
alteration of contour of land if required pursuant to section 30-5(c}(1); curb cut and street opening permits; an
order of conditions; certificates of appropriateness, nonapplicability, or hardship; a demolition permit pursuant to
section 22-44; site plan approval pursuant to section 30-23; subdivision approval; a special permit pursuant to
section 30-24; a comprehensive permit.

Occupied Lot. A lot containing a legally constructed, permanent structure, used primarily as a dwelling that is
currently being legally occupied and lived in and used as a residence by a person or persons., The dwelling must
have a functioning, legally permitted, permanent water service, permanent sanitary service, and permanent
electrical service.

Person: Any person, firm, partnership, association, corporation, company or organization of any kind
including, but not limited to, the person removing a protected tree as well as the owner of the real property from
which the tree is removed. The definition of "person" shall not include the City of Newton.

Protected tree: Any tree having a diameter of eight inches (8") DBH or larger or having an aggregate diameter
of fifteen inches (15" DBH or larger and which is located on land subject to the provisions of section 21-82.

Pruning standards: Standards for pruning as defined in the City of Newton Tree Management Manual, 1995
and any future amendments or revisions to the same.

Remove (including removing and removal): The cutting down of any protected tree and all other acts which
cause the actual removal or the effective removal through damaging, poisoning or other direct or indirect actions

resulting in the death of a protected tree, including, but not limited to, excessive or improper pruning.

Tree Manual: The City of Newton Tree Management Manual, 1995, and any future amendments and revisions
to the same. (Ord. No. V-275, 12-6-99)

Tree Warden: The commissioner of parks, recreation and culture or his designee. (Rev. Ord. 2007, § 20-31;
Ord. No. A-38, 05-05-14; Ord. No. B-53, 03-02-20)

Sec. 21-82. Applicability, permit or certificate of exemption required.

Newton Ordinances On-Line - Chapter 21 - page 12



§ 21-79 NEWTON ORDINANCES - PARKS, RECREATION AND CULTURE, PUBLIC GROUNDS AND TREES § 21-79

{a) Applicability: The terms and provisions of this article shall apply to any protected tree located on land
within the city not owned by the city, the commonwealth, or any independent authority of the commonwealth, or
by the federal government except protected tree(s) located on an exempt lot pursuant to paragraphs (¢) and (d)
below.

(b} Permit, certificate of exemption. No person shall remove a protected tree on a non-exempt lot located on
land subject to the provisions of this article, or commence legally permitted exterior work on any lot without first
obtaining a tree permit or a certificate of exemption from the tree warden. Applications shall be made in writing
on forms specified by the tree warden.

(c) Exempt lot, certificate of exemption: The owner of an exempt lot shall not be required to apply for a tree
permit, provided however, that an owner of an exempt lot who seeks an exterior work permit must certify to the
tree warden on form(s) provided by the tree warden, that as of the date on the form(s) the lot qualifies as an
exempt lot and will remain an exempt lot for eighteen months following tree removal. There shall be no fee for
filing a certificate of exemption.

(1) The tree warden shall determine whether a property is an occupied lot for the purposes of establishing
exempt lot status. The property owner shall, if requested by the tree warden provide proof of ownership
as well as a written statement confirming ownership and that a person or persons are living in the
property.

(2) If lot ownership changes during the eighteen consecutive months following the removal of any protected
tree(s) on an exempt lot, the new owner must apply for a tree permit and shall be required to replace any
protected tree(s) that were removed. If, however, a change of ownership occurs on a lot for which an
extension of exempt lot status for non-occupancy during construction has been issued within the eighteen
months prior to the change in ownership, the person issued such extension shall apply for a tree permit
and shall be required to replace any protected tree(s) that were removed.

(d) Extension of exempted lot status: If at any point during the cighteen consecutive months following the
removal of any protected tree(s) the property is no longer an occupied lot, the current owner of the lot
must apply for a tree permit. If the non-occupancy is due to legally permitted construction, the tree
warden may grant an extension of exempt lot status for the duration of the construction, provided:

(1) The owner intends to own the lot for eighteen consecutive months from the date a certificate of occupancy
is issued for the construction for which the extension was issued; and

(2) The property remains an occupied lot for eighteen consecutive months from the date a certificate of
occupancy is issued for the construction for which the extension was issued.

(3) Upon request of an applicant for exempt lot status extension, the tree warden may also waive the
requirement that the lot be continuously owned by the same owner for ninety (90) days prior to protected
tree removal provided the owner intends to own the lot for twenty-one months from the date a certificate
of occupancy is issued for the construction for which the extension is granted..

(4) If at any time during the applicable eighteen or twenty-one month period the lot ownership changes or the
lot is not occupied, the tree warden shall revoke the trec permit and exempt lot status extension. The
person issued the extension shall file a new tree permit application and shall replace any protected trees
that were removed.

(5) Any person issued an cxtension of exempt lot status must report to the trce warden any change of
ownership and any change of occupancy status within fifteen (15) days of the change if that change takes
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place during the applicable eighteen (18) month or twenty-one (21) month period following the date the
certificate of occupancy issued. (Ord. No. A-38, 05-05-14)

Sec. 21-83. Permit application.

(a) Contents, fee: An application for a tree permit shall be submitted to the tree warden. The application for a
tree permit shall be accompanied by a fee in the amount of one hundred fifty dollars ($150.00) and shall include,
but not be limited to, the following:

(1) The shape and dimensions of the parcel of real property to be developed, together with the existing and
proposed locations of structures and improvements, if any;

(2) A tree plan showing the location, type and size of each protected tree indicating which protected tree(s)
are to be removed, and the location, type and size of replacement trees;

(3) The proposed relocation of any existing protected tree with a statement prepared by a certified arborist
explaining how each such protected tree is to be relocated and maintained,

(4) The location of existing and proposed underground or overhead utility services, existing and proposed
roadways, bikeways, walkways and parking areas;

(5) Any proposed grade changes which might adversely affect or endanger any protected tree with a statement
prepared by a certified arborist explaining how each such protected tree shall be protected and
maintained;

(6) The proposed method of protecting the remaining protected trees during the course of the construction.

(b) Review of permit applications: The tree warden shall review applications for tree permits in accordance
with the provisions of this article, The tree warden shall date stamp or otherwise record the date of filing of each
application for a tree permit. The tree warden shall complete the review of each tree permit application no later
than ten (10) business days afier the submission of a completed application to the tree warden and shall report to
the commissioner of inspectional services within ten (10) business days of a request with respect to any tree
permit application submitted in connection with a building permit as to whether said tree permit has been granted
or denied. If no such report is received by the commissioner within the above-stated time period, he shall accept
an application for a building permit without receipt of such report.

(c) Standards for grant or denial: No tree permit shall be issued unless one of the following conditions exists:
(1) The protected tree will be relocated or replaced on site.

(2) The protected tree will be replaced by payment in lieu of planting replacement trees as outlined in section
21-86.

(3) The protected tree is interfering with existing structures, utilities, streets, sidewalks or other existing
improvements

(4) The protected tree is dead, diseased, injured, in danger of falling, dangerously close to existing structures,

is causing disruption of public utility service, is causing drainage or passage problems upon rights-of-
way, or poses a threat to pedestrian or vehicular safety.
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{5) The removal of the protected tree is necessary and desirable in order to enhance or benefit the health or
condition of other trees on the same site as certified to the tree warden by a certified arborist.

{6) No protected tree(s) are to be removed from the site and appropriate tree protection measures will be in
place where necessary as determined by the tree warden.

(d) Conditions: Upon the issuance of a tree permit, the tree warden may prescribe in writing such protective
measures for existing protected trees as he deems necessary. Before site disturbance may begin, the tree warden
may make a determination that the prescribed protective measures have been adequately provided.

(e) Construction: Except as provided in a tree permit, construction activities under the drip line of a protected
tree are prohibited. Activities include, but are not limited to, trenching or grading, storage of materials or
equipment, passage of heavy equipment within the drip line and spillage of chemicals or other materials, which
are damaging to trees.

{f) Suspension or revocation: A tree permit may be suspended or revoked at any time by the tree warden upon
written notice to the permit holder that the permit holder has failed to comply with either this article or the
conditions of the permit. The written notice shall be sent by certified or registered mail, return receipt requested,
or by hand delivery and shall provide an opportunity for the permit holder to correct the noncompliance and apply
for a renewal of the tree permit upon compliance, where practicable. The suspension or revocation of a tree
permit in accordance with this subsection shall not affect the validity of a building permit issued in reliance upon
the issuance (granting) of such tree permit nor shall such suspension or revocation be cause for withholding the
issuance of a certificate of occupancy.

(g) Appeal: Any person aggrieved by a decision of the tree warden may file an appeal with the mayor or his
designee. Said appeal must be in writing and must be received by the mayor or his designee within five (5)
business days of issuance of the tree warden’s decision. Upon receipt of such appeal, the mayor or his designee
shall provide a copy to the clerk of the city council and to each councilor for the ward in which the trees are
located. The mayor or his designee shall make a fina!l decision on the matter within thirty (30) days from the date
of receipt of the appeal. The mayor or his designee shall include in the decision the rationale therefor. Upon
issuance of the final decision, the mayor or his designee shall provide a copy to the clerk of the city council and to
each ward councilor for the ward in which the trees are located. There shall be no further appeal of the matter
decided by the mayor or his designee. No protected trees shall be removed while an appeal is pending. (Ord. No.
V-275, 12-6-99; Ord. No. X-202, 04-03-06; Rev. Ord. 2007, § 20-33; Ord. No. A-38, 05-05-14)

Sec. 21-84. Activities not requiring a permit.

(a) Pruning: A permit is not required for the pruning of protected trees. However, in order to prevent excessive
pruning and topping of trees and to prevent pruning that will be hazardous to the health and natural appearance of
the tree, compliance with approved pruning standards is required, and failure to meet these standards is a violation
of this article. The tree warden shall maintain on file at all times a copy of the current edition the Tree Manual
and shall make copies of the Tree Manual available for the cost of reproduction upon request.

{b) Emergencies: If any protected tree shall be determined to be in a hazardous condition so as to immediately
endanger the public health, safety or welfare or cause an immediate disruption of public services and require
immediate removal without delay, oral authorization may be given by the trec warden to remove such tree,
utilizing such professional criteria and technical assistance as he deems necessary, and the protected tree may be
removed without obtaining a written permit as otherwise required by this article. The tree warden shall
memorialize in writing cach such oral authorization to remove a tree and keep a record of the same.
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(c) Waiver: The requirements of this article may be waived by the tree warden during the period of an
emergency such as a tomado, windstorm, flood or other act of God. (Ord. No. V-275, 12-6-99; Rev. Ord. 2007, §
20-34; Ord. No. A-38, 05-05-14)

Sec, 21-85. Tree replacement.

(a)Required: A protected tree shall be replaced in the manner provided in subsection (b) hereof in each instance
in which a protected tree was removed from land subject to the provisions of section 21-82 without a tree permit.

(b) Standards: A person who has removed a protected tree and is required to replace such tree pursuant to
subsection (a) hereof or as a condition of granting a tree permit in accordance with section 21-83, shall replace
such tree within eighteen (18) months, or prior to transfer of property ownership whichever comes first from the
date the tree permit is issued and in accordance with the following standards:

(1) A replacement tree shall be of the same or similar species or such other species as deemed advisable by
the tree warden in accordance with the Tree Manual and shall have the same or equivalent size as
measured in DBH inches as that of the protected tree that has been removed.

(2) In the event that a tree of the same or equivalent size as measured in DBH inches cannot be planted, then
multiple smaller replacement trees may be planted provided that, wherever practicable, as determined by
the tree warden, the total DBH of the replacement trees shall, when added together, equal the total DBH
of the protected tree that has been removed. The tree warden may specify that replacement trees be of a
minimum caliper when consistent with current accepted practice as stated in the Tree Manual.

(3) A replacement tree shall be required to survive for a minimum of eighteen (18) months from the date it 1s
planted. The person planting the tree shall provide documentation as to the date of planting and file the
same with the tree warden within fifteen (15) days of the planting of said replacement tree.

(4) A replacement tree shall be planted on the same lot from which the tree was removed.. (Ord. No. V-275,
12-6-99, Rev. Ord. 2007, § 20-35, Ord. No. A-38, 05-05-14)

Sec. 21-86. Tree replacement fund.

(a) Established: There is hereby established a tree replacement fund which shall be held in a separate
identifiable account and administered in accordance with applicable provisions of the General Laws. Any
payments into the tree replacement fund required by this article shall be deposited in the tree replacement fund
and shall be used in accordance with subsection (¢} hereof.

(b} Payment in lieu of planting replacement tree(s): In lieu of planting a replacement tree as provided in section
21-85, a person who has been granted a tree permit may make a contribution to a tree replacement fund in an
amount equal to the cost to replace the tree in accordance with the provisions of section 21-85, which cost shall be
determined by the tree warden based on the City’s current cost to purchase and install trees.

(¢) Maintenance of tree replacement fund. The tree replacement fund shall be maintained in a separate account
in accordance with state law. All sums deposited into such fund shall be used solely for the purpose of buying,
planting and maintaining trees in the city. (Ord. No. V-275, 12-6-99; Rev. Ord. 2007, § 20-36; Ord. No. A-38, 05-
05-14)

Sec. 21-87. Rule and regulations.
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The tree warden is authorized to promulgate reasonable rules and regulations to implement administration of
sections 21-80 through 21-90. (Ord. No. A-38, 05-05-14)

Sec. 21-88. Enforcement.

{a) Notice of violation: Any person who violates any of the provisions of this article shall be notified by the tree
warden of the specific violation by certified mail, return receipt requested, or by hand delivery. The notice shall
set forth the nature of the violation and a reasonable time period within which compliance must be had. The tree
warden shall send notice of violation of section 21-86), which notice shall include the date by which trees were to
be replaced or payment was to be made for purposes of computing the "per day" violation fine, as provided in
section 21-89.

(b) Stop work order:

{1) Upon notice from the tree warden that work on any protected tree, or lot on which a protected tree is
located, is being performed contrary to the provisions of this article, such work shall be immediately
stopped. The stop work order shall be in writing and shall be given to the owner of the property involved,
or to the owner's agent, or to the person doing the work; and shall state the conditions under which work
will be permitted to resume.

(2) The tree warden is also authorized to request the agency which has granted an exterior work permit to
order, to the extent permissible by law, that the owner cease any activity pursuant to the exterior work
permit that might affect such protected tree while a stop work order is pending.

(3) Any person who shall continue any work in or about the protected tree or lot on which a protected tree is
located after having been served with a stop work order, except such work as that person is directed to
perform to remove a violation or unsafe condition, shall be liable to a fine of not more than three hundred
dollars ($300.00) for each such violation. Each day during which a violation exists shall constitute a
separate offense.

(c) Injunctive relief:

(1) Whenever there exists reasonable cause to believe that a person is violating this article or any standards
adopted pursuant to this article or any term, condition or provision of an approved tree permit, the city
may, either before or after the institution of any other action or proceeding authorized by this article,
institute a civil action in the name of the city for a mandatory or prohibitory injunction and an order of
abatement demanding the defendant to correct the unlawful condition upon or cease the unlawful use of
the property.

(2) Upon determination of a court that an alleged violation is occurring, it shall enter such order or judgment
as is necessary to abate the violation. The institution of an action for injunctive relief under this
subsection shall not relieve any party to such proceedings from any civil penalty prescribed for violation
of this article. (Ord. No. V-275, 12-6-99; Rev. Ord. 2007, § 20-37; Ord. No. A-38, 05-05-14)

Sec. 21-89. Penalties.
(a) Removal without a permit: Each instance in which a protected tree is removed without a permit shall

constitute a violation of this article which shall be subject to a fine in the amount of three hundred dollars
($300.00).
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(b) Failure to replace trees or make payment. Each failure to replace a tree or make a payment into the tree
replacement fund shall constitute a separate violation of this article which shall be subject to a fine in the amount
of three hundred dollars ($300.00). Each day such violation continues shall constitute a separate offense.

(c) Failure to comply with a condition contained in a tree permit or stop work order: Each instance where
there is a failure to comply with a condition contained in a tree permit or stop work order shall constitute a
violation of this article which shall be subject to a fine in the amount of three hundred dollars ($300.00). Each
day such violation continues shall constitute a separate offense.

(d) City trees: Nothing herein shall be construed to require the city to make a payment into the tree replacement
fund for any tree(s) which it removes. (Ord. No. V-275, 12-6-99; Rev. Ord. 2007, § 20-38,; Ord. No. A-38, 05-05-
14)

Sec. 21-90. Severability, effect on other laws.

(a) Severability. The provisions of this article are severable. If any section, provision, or portion of this article
is determined to be invalid by a court of competent jurisdiction, then the remaining provisions of this article shall
continue to be valid.

(b) Conflict of laws: This article shall not apply to any public shade tree as that term is defined by the General
Laws, Chapter 87 or any amendments thereto. Nothing herein is intended to conflict with the General Laws,
Chapter 87 and to the extent that any provision hereof conflicts with said Chapter 87, such provision shall not be
valid. Nothing herein is intended to conflict with existing special permit procedures as provided in section 30-24
and to the extent that any provision hereof conflicts with said special permit procedures, such provision shall not
be valid. (Ord. No. V-275, 12-6-99; Rev. Ord. 2007, § 20-39; Ord, No. A-38, 05-05-14)
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ARTICLE 15. TREES AND LANDSCAPING

LANDSCAPING REQUIRED

LANDSCAPE PLAN

LANDSCAPE DESIGN STANDARDS

ON-SITE LANDSCAPING AND REQUIRED TREES

PARKING LOT PERIMETER LANDSCAPE STRIP

INTERIOR PARKING LOT LANDSCAPING

SCREENING OF PARKING LOTS FROM RESIDENTIAL DISTRICTS
WATERBODY VEGETATIVE BUFFERS

1500
1501
1502
1503
1504
1505
1506
1507

1500 LANDSCAPING REQUIRED

A. Development activity that meets any of the criteria described below triggers conformance with this

Article:

1. At a minimum, full conformance is required for the entire development or area within the limits of
disturbance, whichever is less.

2, |f Jand within limits of disturbance equals more than 50% of the area of the lot or lots being
developed, the entire development shall fully conform to the requirements of this Article.

3. Full conformance is required when new principal buildings are constructed in the R-1A, R-1, R-2,

R-3. and RP Districts.

No development or tree cutting may result in a loss of trees and landscaping below what is required by
this Article.

1501 LANDSCAPE PLAN

A. Content of Landscape Plan

1.

5.

The location and dimensions of all existing and proposed structures, property lines, easements,
parking lots and drives, rights-of-way, refuse disposal and recycling areas, pedestrian and bicycle
paths, fences, mechanical equipment, overhead utility wires, and drainage facilities.

The location, quantity, size, name, and condition, both botanical and commen, of all existing trees
and shrubs on-site, indicating trees and shrubs to be retained and removed.

The location, quantity, size, and name, both botanical and common, of all proposed plant material.

The existing and proposed grading of the site indicating contours at one foot intervals. Proposed
berming shall also be indicated using one foot contour intervals.

Elevations of all proposed fences, walls, stairs, and retaining walls.

B. Enforcement of Landscape Plan

1.

No certificate of occupancy shall be issued until all the requirements of this Adicle and the
landscape plan have been fulfilled,

If weather prohibits the installation of landscaping at the time a certificate of occupancy is applied
for, a temporary certificate of occupancy may be issued for a six-month period.

1502 LANDSCAPE DESIGN STANDARDS

A.

City of Providence
Zoning Ordinance

Selection of Plant Materials

All plant materials shall be of good quality and meet American Association of Nurserymen (AAN)
standards for minimum acceptable form, quality, and size for species selected, and capable to
withstand the seasonal temperature variations of Rhode lIsland, as well as the individual site
microclimate. The use of species native or naturalized fo Rhode Island is encouraged. Size and density
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of plant material, both at the time of planting and at maturity, are additional criteria that shall be
considered when selecting plant material. Where appropriate, the use of drought and sait tolerant plant
material is preferred.

B. installation of Plant Materials

All landscape materials shall be installed in accordance with the current planting procedures established
by the AAN. All plant materials shall be free of disease and installed so that soil of sufficient volume,
composition, and nutrient balance are available to sustain healthy growth. Installation of plant materials
during the appropriate growing season is encouraged.

C. Minimum Planting Sizes
1. Shade trees shall have a minimum trunk size of two inches in tree caliper at planting.
2. Evergreens trees shall have a minimum height of six feet at planting.

3. Single stem ornamental trees shall have a minimum trunk size of two inches in tree caliper at
planting. Multiple stem ornamental trees shall have a minimum height of eight feet at planting.

4, Large deciduous and evergreen shrubs shall have minimum height of three feet at installation.
Small deciduous and evergreen shrubs shall have a minimum height of 18 inches at installation.
Large shrubs are those shrubs that reach five or more feet in height at maturity. Small shrubs are
those shrubs that may grow up to five feet in height if left unmaintained, but are generally
maintained at heights of 18 to 30 inches.

D. Species Diversity

Diversity is required in plant material for visual interest and to reduce the risk of losing a large
population of plants due to disease.

E. Maintenance

1. Landscape material depicted on approved landscape plans is considered a required site element in
the same manner as structures, parking, lighting, and other improvements. As such, the property
owner is responsible for the maintenance, repair, and replacement of all landscape material,
fences, walls, steps, retaining walls, and similar landscape elements.

2. Ali landscape material shall be maintained in good condition, present a healthy, neat, and orderly
appearance, and kept free of refuse and debris, Any dead, unhealthy, or missing plants shall be
replaced within 60 days.

F. Tree Protection During Development

1. During development, all precautions shall be undertaken 1o prevent construction damage to
existing trees, as described in the City Tree Ordinance of the Providence Code of Ordinances.
Protection inciudes prevention of injury to the trunk, branches, and root systems.

2. No person may create a trench through the root system of an existing tree, expose the roots lo the
air overnight without a method for maintaining moisture, change the soil grade within the dripline of
the tree, or cause soll compaction with the use of vehicles, machinery, or other method. The root
systems of trees on adjacent lots shall also be protected.

1503 ON-SITE LANDSCAPING AND REQUIRED TREES
A. General Requirements
1. All portions of a lot not covered by structures or paved surfaces shall be landscaped with trees,
shrubbery, grass, live groundcover, and other plantings. The landscape design may also include

the use of stone, mulch beds, or other pervious landscaping materials (this excludes pervious
pavement).
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2. Al existing plantings that are maintained on a site may be counted toward any required on-site
landscaping.

3. Nothing in this section prohibits tree pruning to promoie the health of a tree or for public safety
purposes.

B. Significant Tree Preservation

1. A significant tree is any tree that measures 32 inches or more in diameter at four and one-half feet
above the ground. No significant tree may be removed without the permission of the City Forester.

2. Any person wishing to remove a significant tree shall file a request with the City Forester. In order
to grant permission to remove a significant tree, the City Forester shall make one or more of the
following findings within 30 days of receipt of the request:

a. The tree is in poor health or diseased with an expected life span less than two years.

b. The removal of the tree is unavoidable because the tree poses a danger to property or human
health, safety, and welfare.

¢. The tree prevents the property owner from developing the property in conformance with this
ordinance, and there are no alternatives to removal of the tree, In this case, the City Forester
shall not approve removal of the tree until a permit for new construction has been approved.

3. Any person who removes a significant tree without prior permission from the City Forester or
causes the death of a significant tree through negligent construction practices or other means, as
determined by the City Farester, is subject to a one-time fine equivalent to the value of the tree.
The tree value is established using the Trunk Formula Method set forth in the latest edition of
“Guide for Plant Appraisal,” authored by the Council of Tree and Landscape Appraisers, or the
maximum fine allowed by Rhode Island General Laws, whichever is greater. Fines will be held by
the Parks Department for forestry-related uses as determined by the City Forester.

C. Required Tree Canopy

1. Required Tree Canopy Percentage
Sufficient trees shall be retained and/or planted on a lot so that the square footage of vegetative
canopy of such trees, when mature, equals a certain percentage of the square footage of the lot.
This required percentage is established by district as follows:

a. All residential districts, and the PS, OS, and CD Districts: 30% of the square footage of the lot
b. |-1 and I-2 Districts: 30% of the square footage of the (ot

c. D-1 District: 15% of the lot area not occupied by a structure

d. All other districts: 15% of the square footage of the lot

2. Calculation of Tree Canopy Coverage
The total canopy coverage for a lol is the sum of the canopy, at maturity, of the individual trees
located on the lot. The square footage of canopy cover varies according to tree species. The City
Forester maintains a list of trees species and the expected size of the canopy for each species, at
maturity, when planted. Trees are classified as small, medium, or large and the canopy coverage
credit for each classification is as follows:

a. Large: 1,000sf
b. Medium: 700sf

¢. Small: 300sf

City of Providence i 15—3
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3. Tree Retention Bonus

Additional credit for canopy coverage may be granted for the retention of healthy trees of
appropriate species and in the proper location, subject to the approval of the City Forester. The
following thresholds and associated coverage bonus is as follows:

a. Tree diameter at four and one-half feet above the ground is between 10 and 19 inches: 300sf
of canopy coverage credit

b. Tree diameter at four and one-half feet above the ground is 20 inches or greater: 700sf of
canopy coverage credit

4. Street Tree Accommodation

Existing or planned street trees located in the public right-of-way directly adjacent to the lot line
may be counted toward the canopy coverage for the lot.

5. Landscaping for Multiple Lots

For developments that encompass more than one lot, the percentage is calculated for the tolal
canopy for the total area of all of the lots. For developments that span multiple blocks, the
percentage required is calculated separately for each contiguous area of the development within a
block.

6. Off-Site Planting Permission

Where existing conditions or other provisions of this Ordinance make it impracticable to meet the
canopy coverage requirement on or adjacent to the site, the applicant shall plant sufficient trees to
make up the shortfall in public rights-of-way within one-quarter mile of the lot, with the location to be
determined by the City Forester.

1504 PARKING LOT PERIMETER LANDSCAPE STRIP

A perimeter landscape strip is required for all parking lots that abut a public right-of-way, excluding curb
cuts, and shall be established along the edge of the parking lot that abuts such public right-of-way to screen
the parking lot. The landscape treatment shall run the full length of the parking lot perimeter along the right-
of-way. The landscape strip shall be improved as follows: (Figure 15-1)

A, The perimeter parking lot landscape strip shall be a minimum of five feet in depth. There shall be a
minimum linear distance of six inches between wheels stops or curbs and the landscape strip to
accommadate vehicle bumper overhang, which is not included in the minimum five foot calculation,

B. One shade tree shall be planted for every 25 feet of landscape strip length, spaced linearly.

C. The landscape strip shall also be planted over a minimum of 60% of its length with shrubs, perennials,
native grasses, and other planting types that provide screening of a minimum of three feet in height.

D. Alternalively, a low fence or pedestrian wall a minimum of three feet to a maximum of four feet in height
may be used instead of such plantings, Where feasible, plant materials shall be installed between the
sidewalk and the wall to provide a softening effect on the fence or wall.

E. Where existing conditions or other provisions of this Ordinance make it impracticable to meet the
perimeter landscape strip requirements, the City Forester may approve a modification to the width or
location of the perimeter landscape strip, or the spacing or number of trees in the perimeter landscape
strip, so long as there is no net loss of planted area or number of trees required,

F. The use of stormwater management techniques such as rain gardens and bioswales is encouraged in
landscape strips. Landscaped areas should be designed for the absorption of stormwater,

City of Providence 15-4
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FIGURE 15-1
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1505 INTERIOR PARKING LOT LANDSCAPING

All parking lots consisting of 20,000 gross square feet or more require interior parking lot landscaping as
described in this section. When the calculation of interior parking lot landscaping requirements results in a
fraction, said fraction is rounded up. {Figure 15-2}

A.

City of Providence 15-5

One parking lot island shall be provided between every ten parking spaces. As part of the landscape
plan approval, parking lot island locations may be varied based on specific site requirements or design
scheme, but the total number of islands shall be no less than the amount required of one island for
evary ten spaces.

In addition to parking lot islands, additional landscape areas shall be provided within the interior of
parking lots. The minimum total landscape area of a parking iot, including parking lot islands, shall be
10% of the total parking lot area. Parking lot perimeter landscaping is excluded from the calculation of
total parking lot area.

All rows of parking spaces shall terminate in a parking lot island or landscaped area.

Parking lot islands shall be the same dimension as the parking stall at a minimum. Double rows of
parking shall provide parking lot islands that are the same dimension as the double row.

A minimum of one shade tree shall be provided for every parking lot island or landscape area. If a
parking lot island extends the width of a double row, then two shade trees are required.,

The use of stormwater management techniques such as rain gardens and bioswales is encouraged in
landscaped areas. Parking lot islands and landscaped areas should be designed for the absorption of
stormwater.

Where existing conditions or other provisions of this Ordinance make it impracticable to meet the
interior parking lot landscaping requirements, the City Forester may approve a modification to the
requirements so long as there is no net loss of planted area or number of trees required.

Zoning Ordinance Article 15. Trees and Landscaping



FIGURE 15-2

1506 SCREENING OF PARKING LOTS FROM RESIDENTIAL DISTRICTS

Where a parking area in any district abuts a lot in a residential district, the parking area shall be screened by
a solid wall, a uniformly painted tight board fence, or a hedge of compact evergreens or other suitable
plantings. Such screen shall be at least four feel in height, and erecled and maintained between the entire
border of such parking area and the property in the residential district. (Figure 15-3)

FIGURE 15-3

n addition to parking lot istsnds,
additional landscape areas must be
provided

Min. 1 shade tres per paridng
lotisland. Dotible Islands require
two shade trees.

All rows of parking must terminate Islands must be the ssme
in a paridng lot island or landscape srea dimension as stalis. Double
rows require double Islands
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1507 WATERBODY VEGETATIVE BUFFERS

A. Unless otherwise specified by the Rhode Island Coastal Resources Management Program Special Area
Management Plan, a vegetated buffer a minimum of 25 feet in width is required adjacent to the entire
length of any water body. This buffer area is measured from the water's edge or the inland edge of a
coastal shoreline feature for fidal waterbodies, as defined by the Rhode Island Coastal Resources
Management Program.

B. This buffer shall include trees and plant material that filter stormwater runoff and help to improve the
quality of the water body.

C. No parking or structures are permitted within this buffer. However, paving for a walking path, bicycle
path, or access to docks, piers, or beaches may be included within this buffer.

City of Providence 16-7
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Briefing Sheet 5: Tree Replacement and Conservation Ordinances 08/12/2020

§ 15.2-961. Tree replacement of trees during development process in cerfain localities.
§ 15.2-061.1 Conservation of trees during land development process in localities belonging to

a nonattainment area for air quality standards.

Background

A tree replacement ordinance sels maximum tree canopy coverage by zoning classes. It is designed to provide for
tree canopy during the development process, through conservation and/or replacement. Some localities offer bonus
credits for protecting existing mature trees on site to meet tree cover standards.

Benefits:

« In urban areas, it can prevent canopy loss or maintain canopy caver over the long-term for the locality.

o |t requires developers to mitigate losses to the urban tree canopy, while giving them some flexibility to
achieve a locality’s urban tree canopy cover standards. For example, through the use of a Tree Bank (see
separate briefing sheet on this topic).

Challenges:

+ The law is narrow in scope and prevents a locality from setting more progressive canopy standards to
counter development impacts.

e Localilies are restricted to a 20-year timeline for developers to achieve canopy cover requirements {with a
few exceptions).

= Depending on the locality, mature trees can be sacrificed on site, as long as new tree plantings create the
required canopy within the window of time.

» In Virginia, conditions and stipulations of state zoning laws and locally implemented zoning ordinances allow
for building conditions that are in direct conflict with the conservation of trees, such as building set-back
distances, lot coverages, or uses that allow for deviations and exemptions.

Current Policy
§ 15.2-961. Tree replacement of trees during development process in certain localities.

The following excerpts are included to highlight limitations of the existing law. For a full review of the code please
click on the hyperlink above.

A. Any locality with a population density of at least 75 persons per square mile or any locality within the
Chesapeake Bay watershed may adopt an ordinance providing for the planting and replacement of
trees during the development process pursuant to the provisions of this seclion. Population density
shall be based upon the latest population estimates of the Weldon Cooper Center for Public Service at
UVA.

B. The ordinance shall require that the site plan for any subdivision or development include the planting
or replacement of trees on the site to the extent that, at 20 years, minimum tree canopies or covers will
be provided in areas to be designated in the ordinance, as follows:

1. Ten percent tree canopy for a site zoned business, commercial, or industrial;

2, Ten percent tree canopy for a residential site zoned 20 or more units per acre;

3. Fifteen percent tree canopy for a residential site zoned more than 10 but less than 20 units per acre;
and

4, Twenty percent tree canopy for a residential site zoned 10 units or less per acre.

J. In no event shall any local tree replacement or planting ordinance adopted pursuant to this section
exceed the requirements set forth herein.

§ 15.2-961.1 Conservation of trees during land development process in localities belonging to a
nonattainment area for air quality standards.

This briefing sheet and analysis were funded by the Virginia Deparlment of Forestry (VA DOF) under a contract to the Green
Infrastruclure Center Inc. The opinions in this briefing do not necessarily reflecl the values, opinions, or policy positions of VA DOF,



B. Any locality within Planning District 8 that meets the population density criteria of subsection A of
§ 15.2-961 and is classified as an eight-hour nonattainment area for ozone under the federal Clean Air
Act and Amendments of 1990, in effect as of July 1, 2008, may adopt an ordinance providing for the
conservation of trees during the land development process pursuant 1o the provisions of this section. In
no event shall any local tree conservation ordinance adopted pursuant to this section also impose the
tree replacement provisions of § 15.2-961.

C.

3. Fifteen percent tree canopy for a residential site zoned more than eight but less than 20 units per
acre;

4, Twenty percent tree canopy for a residential site zoned more than four but not more than eight units
per acre;

5. Twenty-five percent tree canopy for a residential site zoned more than two but not more than four
units per acre; and

6. Thirty percent tree canopy for a residential site zoned two or fewer units per acre.

In meeting these percentages, (i) the ordinance shall first emphasize the preservation of existing tree
canopy where that canopy meets local standards for health and structural condition, and where it is
feasible to do so within the framework of design standards and densities allowed by the local zoning
and cther development ordinances; and (i) second, where it is not feasible in whole or in part for any of
the justifications listed in subsection E to preserve existing canopy in the required percentages listed
above, the ordinance shall provide for the planting of new trees to meet the required percentages.

D. Except as provided in subsection E, the percentage of the site covered by tree canopy at the time of
plan submission shall equate to the minimum portion of the requirements identified in subsection C that
shall be provided through {ree preservation. This portion of the canopy requirements shall be identified
as the “tree preservation target" and shall be included in site plan calculations or narratives
demonstrating how the overall requirements of subsection C have been met.

E. The ordinance shall provide deviations, in whole or in part, from the tree preservation target defined
in subsection D under the following conditions:

1, Meeting the preservation target would prevent the development of uses and densities otherwise
allowed by the locality's zoning or development ordinance.

2, The predevelopment condition of vegetation does not meet the locality's standards for health and
structural condition.

3. Construction aclivities could be reasonably expected to impact existing trees to the extent that they
would not likely survive in a healthy and structurally sound manner. This includes activities that would
cause direct physical damage to the trees, including root systems, or cause

envirchmental changes that could result in or predispose the trees to structural and health problems,

Limitations: This code is limited to only jurisdictions within the Chesapeake Bay Watershed and/or
jurisdictions with a population density of more than 75 people per square mile according to the latest
U.S. Census. Localilies are capped at the minimum covers unless they are located within the Planning
District 8 in which case they can enact higher standards for tree cover and conservation in certain
zones. This limits the abifity of localities to take proactive measures at protecting tree canopy in their
jurisdictions and setting higher standards.

Practice

Falls Church, VA, Generally, meets the desired goal of 20% canopy over 10 years, Canopy cover was not
significantly different from 20% at the time of redevelopment (after trees were removed for construction) indicating
that 20% threshold is probably too low. Prior to redevelopment, Falls Church's mean canopy cover was 52% and lots
generally had large mature trees. When canopy cover is compared using other metrics, such as basal area, canopy
cover as a melric was shown to ignore the importance and loss of large trees.

This briefing sheet and analysis were funded by the Virginia Department of Forestry (VA DOF) under a contract {o the Green
Infrastructure Center inc. The opinions in this briefing do not necessanly reflect the values, opinions, or policy positions of VA DOF.



Alpharetta, GA — Has minimum tree density requirements based on basal area per acre.

Section 3.2,7

A. All sites within the City other than ‘For-Sale’ residential lots shall maintain or achieve a Minimum Tree Density of
130 inches per acre. The owner shall be subject to the minimum tree density requirement set forth in this paragraph,
but the owner shall base the density calculations on the net site area excluding the acreage required for Buffers and
infrastructure improvements (roads, utility lines, detention ponds, ete.}). In no event shall a parking lot be considered
an infrastructure improvement.

B. All'For-Sale' residential lots in the City shall maintain a minimum tree density of 130 inches per acre or

provide a calculation as described in the Guidance Document that shows the lot meets or exceeds a 30% canopy
coverage based upon trees growing within the property lines. For new construction or new plantings this calculation
may be based upon the mature spread of the newly planted trees at 20 years after planting.

In total, 18 communities throughout Virginia adopted code 15.2-961, examples are: City of Alexandria, Albemarle
Counly, Arlington County, City of Charlottesville, Chesapeake City, City of Manassas, City of Portsmouth, City of
Suffolk, and City of Waynesboro. These localities fall within the parameters of the law. Further study is necessary to
understand how effective this ardinance is at reducing canopy loss across jurisdictions.

Example of Virginia localities that have adopted the tree conservation (§ 15.2-961.1) are: Fairfax County.
Fredericksburg pursued expanding this hill to include other jurisdictions with no success.

2020 General Assembly Legislation

Proposes to amend 15.2-961.1

HB 1624 - Conservalion of trees during land development process. Authorizes any locality to adopt an ordinance
providing for either the conservation of or the planting and replacement of trees during the land development process.
Currently, only a locality within Planning District 8 with a population density of 75 persons per square mile and which
is classified as an eight-hour nonattainment area for ozone under the federal Clean Air Act and Amendments of 1990,
in effect as of July 1, 2008, may adopt such an ordinance for the conservation of trees.

Status: 01/31/20 House: Continued to 2021 in Counties, Cities and Towns by voice vote.

This briefing sheel and analysis were funded by the Virginia Department of Forestry (VA DOF) under a contract to the Green
Infrastructure Center Inc. The opinions in this briefing do not necessarily reflect the values, opinions, or policy positions of VA DOF.
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Evaluating Urban Canopy Cover Before
and After Housing Redevelopment in
Falls Church, Virginia, USA

By David C. Chojnacky, Emily K. Smith-McKenna, Laura Y. Johnson,
John A. McGee, and Cindy C. Chojnacky

Abstract. Local govemments have created regulations aimed to maintain and increase valuable urban tree cover. The City of Falls Church, Vir-
ginia, USA, requires each residential redevelopment to retain or plant enough trees for 20% canopy cover within ten years. To assess whether
this goal is being met, we studied 21 Falls Church residential lots redeveloped between 1994 and 2011 where existing houses had been replaced
with larger ones. Initial tree inventories and measurements prior to redevelopment were recorded in redevelopment plans. We remeasured pre-
served and planted trees in a ground survey and modeled tree canopy growth from a periodic tree diameter growth model linked to a model
relating tree and crown diameters. Geospatial analysis was used to calculate nonoverlapping canopy cover within lots from crown diameter
measurements and/or model predictions. We found that the City of Falls Church generally met its 20% canopy cover goal, but that the canopy
cover metnic alone is insufficient 1o fully describe urban forest recovery. Although canopy cover might recover rapidly from planting many
small trees, recovery to the larger tree sizes that maximize ecosystem services can take much longer. Our modeling of lot-scale growth from
field measurements showed the potential to manage forests using traditional diameter-based forest metrics that would relate results to canopy
cover when needed. These forest stand metrics—based on basal area and trees per hectare—can account for tree size changes masked by the
canopy cover metric.

Keywords. Basal Area; GIS Buffer; GIS Dissolve; Municipal Tree Ordinance; Municipal Tree Policy; Quadratic Mean Diamneter; Urban

Forestry.

INTRODUCTION
Trees in cities provide essential environmental and
economic services; these include reducing runoff,
giving shade, enhancing aesthetics, harboring wild-
life, and storing carbon (McPherson et al. 1997,
Nowak and Crane 2002; Nowak et al. 2006). The
overall vulnerability of urban forests, which are com-
plex social-ecological systems, may be influenced by
a variety of interrelated biophysical, built, and human
components (Steenberg et al. 2017). Increased urban
development typically results in increased impervi-
ous cover and decreased tree cover (Nowak and
Greenfield 2012). Similarly, city expansion into sur-
rounding forests fragments and reduces those forests
and the services they provide; commuting and driv-
ing also increase, and attendant air pollution, road
construction, and traffic congestion are exacerbated
(Miller et al. 2015). One way to revitalize urban areas

©2020 International Society of Arboriculture

without clearing new land is to replace old houses
with new ones. However, the long-term effects of
redevelopment on the patchwork urban forest—such
as the time needed for preserved and planted trees to
restore the canopy cover that was present prior to
construction—are only beginning to be studied (Ber-
land 2012; Steenberg et al. 2018).

Local governments have created regulations that
aim to maintain and increase the level of tree cover in
cities (Hauer and Peterson 2015). Some cities have
quite ambitious goals (Locke et al. 2017, Table 1).
This produces a need to evaluate that tree cover (Ber-
nhardt and Swiecki 1991; Abbey 1998; Zhang et al.
2009; Nguyen et al. 2017). Remote sensing tech-
niques are frequently used for “top-down™ assess-
ments of urban canopy cover to address broad
concerns, such as overall percent cover and changes
over time, or to identify large areas of impervious
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surfaces (Berland 2012; McGee et al. 2012; Alonzo et
al. 2016; Song et al. 2016; Locke et al. 2017). Com-
plementary field-sampled “bottom-up” studies, while
providing specifics about tree species, age, and condi-
tion, typically sample and assess limited areas
because field measurements are costly and it is diffi-
cult to obtain access to generally private urban forest
properties (Wiseman and McGee 2010; Alonzo et al.
2016). Therefore, few studies have addressed the
effects of specific policies on urban tree cover based
on detailed field measurements {Landry and Pu 2010;
Roman et al. 2014).

Increased new housing construction within the
area of northern Virginia near Washington, D.C.,
USA, generally follows the approach of replacing old
houses rather than expanding urban boundaries. In
Falls Church, Virginia, redevelopment is escalating,

with existing houses being replaced by larger ones
(City of Falls Church 2005), and most of the city for-
est is on private property (Walker 2015). An i-Tree
ecosystem analysis (i-Tree 2017) based on a random-
ized field sample of public and private plots recently
completed for Falls Church estimated 35% canopy
cover overall (Wiseman and King 2012); a similar
study evaluated street trees (Wiseman and Bartens
2012). However, neither of these assessments pro-
vided the kind of information necessary to evaluate,
at the plot level, the city’s existing policies that regu-
late canopy cover on private land.

Municipal management of trees is done less often
on private property than on public lands (Conway
and Urbani 2007), and can be difficult (Conway
2016), particularly in states with strong private prop-
erty rights. However, in Falls Church the residential

Table 1. Lot-scale summary of urban forest data for trees on 21 lots in Falls Church, Virginia. Nonoverlapping canopy cover (cover), basal
area (ba), trees per hectare (tph), quadratic mean diameter {gmd), and total above/belowground carbon {C) were calculated for inventory
Tima0 {Including trees slated for removal as well as all others on the lot), Time1 {trees preserved and newly planted at time of redevelop-
ment), and Time2 (fleld inventory 1-18 years after redevelopment). The variable period is the number of years between Time1 and Time2
inventories; Time0 was generally one year less than Time1.

Quadratic mean Totat carbon
% Cancpy cover Basal area {m*ha) Trees per hectare diameter (cm) (Mg/ha)

Lot Lot area Period
(m?) (yr) Cover, Cover, Cover, Ba, Ba, Ba, Tph Tph, Tph; Qmd, Qmd, Qmd, C, C, G,
1 1,551 11 53 7 22 18.7 1.3 58 1096 96.7 9%.7 47 16 28 366 24 8.1
2 855 1 80 28 29 19.9 80 85 1755 128.7 128.7 38 28 29 24.8 7.5 79
3 1,213 10 35 32 41 11.1 9.7 131 49.5 65.9 659 53 43 50 180 163 228
4 1,540 8 49 0 28 22.0 01 490 584 2792 279.2 69 3 14 46.3 0 4.1
5 1,707 9 56 48 63 13.2 1.6 178 2109 2460 246.0 28 25 30 332 307 428
6 1,176 6 82 50 56 501 324 368 2212 144.6 144.6 54 53 57 772 509 586
7 687 7 64 64 75 149 150 17.1 14.6 582 58.2 114 57 61 156 156 18.0
8 639 8 30 0 7 312 0 08 1408 469 46.9 53 3 15 286 0 04
9 970 15 41 0 51 69 o1 79 4]1.2 185.5 185.5 46 3 23 7.7 0 7.3
10 855 11 28 0 29 10.4 01 27 1404 105.3 105.3 31 3 18 84 0 1.8
11 584 [ 3 2 13 10 07 25 1199 3084 3084 10 5 10 0.2 0.1 0.7
12 1,091 14 51 43 58 161 126 178 2292 4125 4125 30 20 23 188 147 216
13 1,297 3 85 30 33 314 52 60 3161 84.8 24.3 36 28 30 511 88 100
14 582 11 55 5 26 11.3 06 37 86.0 171.9 171.9 4] 7 17 8.6 02 20
15 994 12 30 51 13.8 96 190 1106 2313 231.3 40 23 32 171 103 215
113 972 14 8 0 6 27 01 07 92.6 185.2 185.2 19 3 7 22 0 04
17 1,100 5 44 36 43 19.4 148 199 1818 163.7 163.7 37 34 39 263 198 280
18 1,439 9 19 1 t3 42 03 15 62.5 111.2 11.2 29 6 13 6.0 02 1.5
19 790 13 62 5 35 16.7 10 68 1013 1139 113.9 46 10 27 189 09 6.7
20 1,229 8 80 15 59 319 46 184 3661 2635 268.5 33 15 30 548 44 226
21 1,008 1 77 11 4 24.1 33 37 2678 £9.3 89.3 34 22 23 333 39 4.1
Min 582 1 3 0 6 1 0 1 15 47 47 10 3 7 0 0 0
Max 1,707 18 85 64 75 50 32 37 366 413 413 114 57 61 i 51 59
Mean 1,061 9 52 19 36 18 6 10 147 167 167 42 19 27 25 9 14
SD 325 5 24 20 20 12 8 9 94 95 95 21 17 15 20 13 15
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redevelopment process provides a private property
management opportunity for the city government and
allowed us to examine and assess the efficacy of one
tree cover ordinance (cited in City of Falls Church
2008) as it applied to individual lots. According to the
ordinance, landowners are required to retain or plant
enough trees for 20% canopy cover on their property
in 10 years. The ordinance is implemented through a
site-specific redevelopment plan for each lot that
must be approved by the city arborist and other city
officials. Each carefully crafted plan is a legal docu-
ment that addresses the architecture, drainage, sewer,
utilities, and landscape of a proposed residential rede-
velopment and includes a tree inventory: a list of
trees, by species, to be preserved, cut, and planted,;
diameter of those to be preserved and cut; and gener-
ally a sketch of tree locations on the lot’s architectural
map(s). The city arborist has two years beginning at
redevelopment to enforce the plan; after two years,
the homeowners—like any other homeowners—can
do anything they wish to property landscaping and
trees. Key to enforcement is knowing how long it
takes various tree arrangements to reach 20% cover,
but implementation guidelines provided by the city
(City of Falls Church 2008; see especially pp. 6-9),
partially based on nursery industry standards for open-
grown tree species, lack documented scientific sup-
porting information. Therefore, the Falls Church city
arborist asked us to compare redevelopment plans to
a current inventory to determine if tree arrangements
approved under current guidelines are achieving the
20% goal and to develop a more scientific basis for
projecting percent tree cover for future development.

Our study focused on comparing Falls Church
redevelopment plans to current tree inventories on
sampled lots where existing houses had been replaced
by larger ones. The study objectives were to (1) deter-
mine if City of Falls Church urban forest manage-
ment guidelines result in 20% canopy cover on a lot
within 10 years after residential redevelopment, as
mandated by ordinance, and (2} develop a lot-scale
model framework for canopy growth projection after
redevelopment using data from preserved and planted
trees as input. We also explored the more traditional
forestry metrics of basal area and quadratic mean
diameter as complements to the canopy cover metric,
because measurements and calculations for these
metrics are simple and they appear to have potential
for use in urban forestry (Kershaw et al. 2017).

©2020 International Society of Arboriculture

METHODS

Study Area

The City of Falls Church is located within the Pied-
mont forest vegetation zone (Farrell and Ware 1991).
Prior to development, white oak (Quercus alba) was
probably the most abundant species, followed by
other oaks, hickory (Carya spp.), tulip poplar (Lirio-
dendron tulipifera), black gum (Nyssa sylvatica), and
red maple (Acer rubrum); the latter three would have
been more abundant on poorer acidic soils. Recover-
ing Piedmont forests on about 100 plots in the sur-
rounding counties are currently sampled by the Forest
Inventory and Analysis Program (FIA 2015). These
plots are mostly nonindustrial private ownerships, with
some local, state, and federal government ownerships;
none are managed for timber. The FIA-sampled for-
est plots are dominated by Quercus (mostly white
oak), Pinus (mostly Virginia pine, P. virginiana),
Acer (mostly red maple), Carva (mostly mockernut,
C. tomentosa, and pignut hickory, C. glabra) and
tulip poplar.

Although a complete inventory of public and pri-
vate trees in Falls Church is lacking, a 2003 street tree
inventory (on file with the City of Falls Church)
shows the dominant genera are Acer {mostly red maple),
Quercus (mostly red oak, Q. rubra, and willow oak,
Q. phellos), Cornus (dogwood), and Prunus (cherry).

Sampling Overview

Two inventory datasets were compared: initial mea-
surements from redevelopment plans and current
remeasurements. Because redevelopment included
the entire lot, we used the entire lot as the sample unit
(i.e., basis of per-area statistics). Two types of lot-
scale metrics were calculated and compared: a can-
opy cover metric and traditional forest stand metrics
based on basal area and trees per hectare. These met-
rics were used for assessing canopy cover after rede-
velopment and to develop a framework for predicting
canopy cover growth.

Twenty-one residential lots were selected from a
list of more than 300 properties redeveloped in the
City of Falls Church since 1994 (Figure 1). Random
sampling was done within 6 classes that were defined
by construction date to more heavily select lots with
older construction dates and thus obtain more long-
term growth data. Construction occurred between
1994 and 2011. Data from the initial redevelopment
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Figure 1. Map of Falls Church, Virginia, showing locations of 21 lots sampled for study {large black dots) among about 300 recent
redevelopments. Falls Church is 5.3 square kilometers (2.1 square miles).

plan inventory and our field inventory up to 18 years
after redevelopment were separated into three time
periods: Time0, just before redevelopment; Timel,
just after redevelopment; and Time2, the time of our
field inventory. TimeQ and Timel separated the his-
torical data (i.e., the data from redevelopment plans)
into two categories for analysis. Time0 was the initial
inventory of all trees identified on the plan and mea-
sured prior to redevelopment, both trees slated for
removal and all others on the lot at that time. The
Timel inventory included trees preserved and those
newly planted during redevelopment but omitted
trees that had been removed during that process.
Timel was assumed to be 1 year after Time0, but
Timel was adjusted to the year the house was built if
it was built later than a year after Time0 (determined
from city records). All trees on the sample lots were
remeasured in a ground survey at Time2 in 2012,
2013, or 2014.

Time0 and Time1 Inventory Data

For initial Time0 and Timel inventories, redevelop-
ment plans provided diameter (dbh), species, and
rough location data from maps; if those trees were
still present at Time2, their location was more pre-
cisely measured. We identified trees planted after

redevelopment from redevelopment plans, but sup-
plemented and verified these identifications with
Time2 field observations, because plans were not
necessarily adhered to for all lots. Precision of tree
diameter measurements on plans was not identified,
but trees appeared to have been measured or esti-
mated to the nearest 2.5 to 5 cm (1 to 2 inches). Mea-
surements of all preserved trees at Timel were
assumed to be the same as for Time0, and newly
planted trees were assumed to have a dbh (diameter at
breast height, 1.3 m aboveground) of 2.5 cm (1 inch)
and a crown area of zero. Redevelopment plans omit-
ted crown measurements, which had to be modeled
for initial Time0 and Time] inventories as described
below.

Time2 Inventory Data

Field measurements at Time2 included tree species;
diameter to the nearest 0.25 ¢cm (0.1 inch); crown
diameter (two roughly perpendicular measurements
to the nearest 0.3 m [1 foot]); and geographic coordi-
nates of each tree, measured perpendicular from the
two closest lot boundaries for manual transfer onto
lot boundaries in a geographic information system
(GIS) environment. All diameters were measured at
dbh except for some multiple-stemmed species that
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branched profusely at dbh; in those cases, diameters
were measured at ground line just above the root col-
lar (drc) and adjusted to dbh as described below.

All nonoverlapping crown cover and all per-
hectare calculations were based on GIS base maps for
lot areas using scanned copies of original architec-
tural redevelopment plans on file with the City of
Falls Church. Because the city right-of-way was not
always labeled clearly on redevelopment plans, cal-
culated lot areas differed slightly (maximum about =
8%) from those supplied by city property tax records;
for consistency, our calculated lot area was used.

Diameter was measured at dbh for single-sternmed
trees but was calculated as

(,}zz;,d% )

for multiple-stemmed trees from individual-stern
diameters (d,)(Batcheler 1985). Because all analyses
were done at dbh, a drc-to-dbh conversion model was
needed for 56 trees (on 14 lots) only measured at drc
{Chojnacky and Rogers 1999); the genera of these
trees were Acer, Amelanchier, Cercis, Lagerstroemia,
Magnolia, Taxus, Picea, Prunus, and Ulmus. This need
was anticipated; subsamples for all tree sizes and spe-
cies were measured at both drc and dbh. A model was
constructed from data from 163 subsampled trees
from the needed genera (dbh = -0.8399 + 0.8244 drc
+1.7648 I, + 1.0336 I;; where diameters incm, I, = 1
for Lagerstroemia, O otherwise; 1p _ 1 for Prunus,
0 otherwise, (R*-statistic = 0.93; data limit dbh <40 cm).

Crown area at Time2 was computed as a circle by
using crown diameter calculated as the geometric
mean of crown diameter (c,, c;) measurements

(V& ().

Crown Modeling

Crown diameter was modeled for 217 cut and 125
preserved trees in initial Time0 and Timel inventories
because redevelopment plans lacked crown diameter
measurements. A separate crown diameter (cmdia)
model was developed from Time2 inventory data for
each of the 21 lots, which averaged approximately 25
trees per lot (incrdia = B, + B,/ndbh + B,L.B,1.; where
L, and I are indicator [0,1] variables for evergreen
hardwood and conifer species respectively; R?-statistics
= 0.80-0.99, median = 0.94). To avoid illogical
extrapolations when all Time2 inventory trees for a
given lot were considerably smaller than initial inven-
tory cut trees {as was the case for 10 lots), a few large
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trees from neighboring lots that matched the species
in question were included in the estimation.

Calculations of crown diameter worked well in
later analysis after including a modification, moti-
vated by some cases where calculated canopy growth
for preserved trees was negative (particularly when
the interval between Timel and Time2 was less than
10 years). The modification used an adjustment ratio
based on regression residuals from the crown diame-
ter model. For each preserved tree, actual measured
crown diameter at Time2 was divided by a model
estimate of crown diameter at Time2; the Time1l model-
estimate of crown diameter was then multiplied by
this ratio. If the Time2 ratio was less than one, then
the model predicted high, and the ratio multiplication
reduced the Time] estimate; similarly if the ratio was
greater than one, the model predicted low, and Time1
crown diameter was adjusted upward by the ratio.
The ratios ranged from 0.4 to 1.9, but most (25th to
75th percentiles) ranged from 0.91 to 1.12.

Canopy Cover Calculations

We calculated nonoverlapping canopy cover on each
lot from individual geographically located tree crown
areas using a series of ArcMap™ geoprocessing
tools——Buffer, Dissolve, Union, and Clip (i.c., within
a lot boundary, half the area of overlap from the union
of circles corresponding to the crowns was excluded).
The total nonoverlapping cover within a lot was
divided by the total lot area (total area of open space
and nonoverlapping canopy) with no exclusions for
the house footprint and expressed as percent canopy
COVEL.

Cover from trees spreading into neighbor lots was
excluded, as was cover from neighbors’ trees or street
trees extending into the sampled lot; this was consis-
tent with the canopy cover definition used by the City
of Falls Church and appeared reasonable. A paired
t-test using data from 3 of our 21 sampled lots showed
no significant difference between nonoverlapping
cover from within-lot trees that extended over a
neighbor’s lot and that from neighbor trees that
extended into the sampled lot. Only 3 lots were ana-
lyzed because comparison was limited to lots where
all neighbor trees extending into a sampled lot had
both measured field data and geolocated coordinates;
these were difficult to obtain because access permis-
sion was required from all surrounding neighbors
while in the field.
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Calculations of Other Metrics

Also calculated for each lot were basal area (ba, sum
of cross section area of trees at dbh in m? divided by
lot area in hectares), trees per hectare (tph), and qua-
dratic mean diameter for an estimate of average tree
size (qmd = [200 \/ba/(r - tph)], in cm)(Curtis and
Marshall 2000; Kershaw et al. 2017). In addition, car-
bon {assumed to be 50% of biomass) was calculated
(Chojnacky et al. 2014) for interpreting results. These
metrics were developed for traditional forestry, so
caution should be exercised when using them in
urban forests in ways beyond the scope of this study;
for example, modifications might be needed in our
use of the entire lot (including impervious surfaces)
as the basis for calculations.

Analysis

The preliminary calculations above and statistical
analyses were conducted using SAS/STAT® soft-
ware version 9.4 (SAS Institute Inc., Cary, North Car-
olina, USA) and spatial analysis was done with
ArcMap™ software version 10.3.1 (Esri, Redlands,
California, USA). SAS/Graph® was used to create
statistical graphics. Statistical testing assumed a sig-
nificance level of 0.05. Because each lot was consid-
ered a sample unit, trec data were summed to
per-hectare lot-scale for analysis (Table 1).

Objective 1: Lot-scale Canopy Cover Assessment
An estimate of canopy cover 10 years after redevel-
opment for each lot was obtained by assuming a gen-
eral canopy growth curve as a function of time since
redevelopment (period, or years, between Timel and
Time2), “indexed” to growth on each specific lot: Inc-
growth = B3, + B,/nperiod + Byindex, where: c-growth
= cover; — cover, period = years since redevelopment,
index = c-growth / period, /n = natural log (Table 1).
This canopy growth curve was first fit to data {Inc-
growth = -0.5633 + 0.9898 x /nperiod + 0.5833 x
index; R%-statistic=0.98, n=21). Then 10-year adjusted
data were obtained by solving the equation for 10
years after redevelopment (/nperiod = In10 = 2.3026).
Cover at year 10 for each lot was then calculated by
adding canopy cover at redevelopment (cover,) to the
10-year growth prediction from the equation. We
hypothesized that this calculated canopy cover at year
10 would be greater than 20%; a one-sided r-test was
used to test this hypothesis {H, = 20, H, > 20).

After statistical testing was conducted, statistical
graphics were created to help interpret the entire

sample distribution: canopy cover was easily com-
pared to other metrics, and the graphs provided the
perspective of “years since redevelopment” for each
lot or inventory period.

Objective 2: Lot-scale Model Development
Modeling was done in two parts with per-hectare
scale data (Table 1): (1) canopy cover predictions
were developed from basal area (Mitchell and Popo-
vich 1997), and (2) average basal area growth was
estimated so that canopy growth could be projected.

The correlation between nonoverlapping canopy
cover at Time2 and basal area at Time2 was the basis
for modeling canopy cover predictions from basal
area, but the model also included quadratic mean
diameter (qmd) at Time2 and an indicator variable to
separate growth rates for planted trees from those for
preserved trees. The model was fit using robust
regression (regression modification where effects of
outliers minimized; SAS Institute Inc. 2016).

To model basal area growth, we defined average
annual growth as the difference between Timel and
Time2 basal area divided by years between Timel
and Time2 (or period in Table 1). We separated data
into four major categories—planted and preserved
trees within deciduous and evergreen (hardwood and
conifer) classes—to group basal area for these cate-
gories into similar ranges. A model was then fit to
each category to estimate an average annual basal
area growth rate from Timel basal area. Robust
regression and log transformations were used to esti-
mate parameters; regression was aimed at prediction
only, so our primary interest was evaluating the model
with respect to data fit rather than other regression
diagnostics.

The following were computed from Table 2 equa-
tions in order to examine the overall statistical fit of
data modeling:

1. Average annual basal area growth (bag) of each
lot was estimated from equations for the respective
categories (Bag,, bag,, bag,y, bag., for decidu-
ous preserved, evergreen preserved, deciduous
planted, and evergreen planted, respectively).

2.Basal area at Time2 was estimated from basal
area growth model results multiplied by the
period between Timel and Time2 in years (1 to
18) and added to Timel basal area (for example,

(Baprs = o - period] + B
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Table 2. Model parameters for projecting canopy cover from basal area (ba) growth, Modeling was done in two parts: (1) canopy
cover predictions were developed from basal area, and (2) average basal area growth was estimated so that canopy growth

could be projected.
Component variable B, , B, 0, n R
Canopy cover (%) 0.9796 0.7221 0.4353 0.9319 21 0.81
Ba growth (m*/ha/yr):
Deciduous preserved (bagy,) -19221 0.3582 14 0.48
Evergreen preserved (bag,,) -2.3942 0.6830 11 0.31
Deciduous planted (bagy,) 1.4720 1.0697 21 0.55
Evergreen planted (bag.;) -0.5290 0.7915 17 041
Where:

cover = Exp[fy+f;inba+f;lngmd+g;1); ba = basal area (m? fha);

qend = quadratie mean diameter {¢m); I=1 far preserved, 0 planted
bag,, = Exp[fig+fiinbay,); bay, = deciduous preserved basal area {m?/ha)
bag,, = Exp[By+finba,; ba,, = evergreen preserved basal area {m?/hal
bag,, = Exp[By+fiibasyl; bag, = deciduous planted basal area [m' fha)

bag ot = Exp[fig+f,Inba,y); ba,, = evergreen planted basal area {m* /ha)

3.Basal area at Time2 was summed for deciduous
and evergreen trecs for preserved and planted
tree classes (for example, ba,,; = ba,,, + ba,,)).

4.Quadratic mean diameter at Time2 was calcu-
lated for preserved and planted trees (Gmd,.,
qﬁdﬂ,, respectively) from the above basal area
estimates and trees per hectare for each lot.

5.Finally, canopy cover was estimated at Time2
for each lot (from Table 2 cover equation) by
using the above calculations of basal area and
quadratic mean diameter as Time2 predictor
variables.

We then compared canopy cover predictions to
actual data for Time2 (actual minus predicted in a
residual graph).

RESULTS

Objective 1: Lot-Scale Canopy Cover
Assessment

Statistical Testing

Canopy cover was significantly larger than 20% ten
years after redevelopment (one-sided #-test; Hy = 20,
H, > 20; mean = 37%, P-value = 0.0002). However,
the canopy cover at redevelopment Timel (crown;)
of preserved and planted trees was not significantly
different from 20% {(one-sided t-test; Hy =20, H,<20;
mean = 19%, P-value = 0.4450); in other words,
since the mean lot cover was near 20% from
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preserved trees at redevelopment Timel, it was not
surprising cover exceeded 20% after 10 years.

Statistical Graphics

A statistical graph (Figure 2) shows lot details for the
three inventory periods compared to the ordinance
objective of 20% canopy cover after 10 years. Can-
opy cover prior to redevelopment was as high as 85%
{mean 52%, sampling error 21% of mean at 95%
confidence); only 3 lots had cover below 20%.
Although the mean canopy cover at Timel {cover,),
time of redevelopment, was 19% (46% sampling
error; not significantly different from 20% as shown
above), about half the lots were cut back to nearly
10% cover or less while the other half retained
approximately 30% cover or more.

Ten of the 21 lots sampled were remeasured at
least 10 years after redevelopment and only one had
canopy cover at Time2 below 20% (Figure 2; mean
36% with 24% sampling error). Eleven lots were
remeasured less than 10 years after redevelopment;
only 4 of these had cover less than 20% and most of
those appeared likely to meet the 20% goal. How-
ever, only 8 of 21 lots showed canopy cover at Time2
greater than that prior to redevelopment, and these
were primarily lots where canopy cover had not been
severely reduced or that had had more than 10 years
to recover. In sum, graphical results suggested further
examination of the data might be worthwhile.
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Figure 2. Canopy cover over time for 21 redeveloped lots in Falls Church, Virginia. Each vertical line connects nonoverlapping cover
at Time9, the period prior to redevelopment, including trees slated for removal as well as all others on the lot; Time1, trees preserved
and newly planted at the time of redevelopment; and Time2, field inventory showing canopy 1 to 18 years after redevelopment. Distance
betwean Time0 and Time1 represents amount of canopy removed at time of redevelopment; distance between Time1 and Time2 illus-
trates canopy recovery over time, Dashed lines show threshold for judging whether cover at Time2 exceeds 20% (horizontal line)
within 10 years (vertical line) after redevelopment (Time1). Only one lot {at 14 years) does not meet this standard and two others (at 8
and 9 years) may not quite meet it; the remaining 18 lots have or likely will exceed 20% canopy cover after 10 years.

Other Forestry Metrics
Because canopy cover does not distinguish among
tree dimensions (i.e., dbh, height) to account for a
given cover, we wondered if recovery of urban for-
ests could be viewed through the conventional for-
estry metrics that we calculated: basal area (ba), trees
per hectare (tph), and quadratic mean diameter {gmd).

Canopy cover data in Figure 3 were sorted from
least to greatest decrease in cover from TimeQ to
Time2 and compared to similarly sorted data for ba
and gqmd metrics (Figure 3). Recovered basal area
exceeded initial basal area on 8 of 21 lots (Figure 3B),
the same number as for canopy cover (Figure 3A),
but rankings differed; quadratic mean diameter, a
metric of average tree size, showed only 4 of 21 lots
where average tree size exceeded predevelopment
tree size (Figure 3C). Only two lots (5 and 11) showed
recovery exceeding predevelopment conditions for
all three metrics.

Overall, Figure 3 is useful for comparing lots where
a metric’s Time2 value exceeded that prior to

redevelopment (left of threshold) to lots not yet back
to predevelopment conditions (right of threshold) and
for comparing individual lots among metrics. For
example, lot 7 recovery looks good from cover and
basal area perspectives, but panel C reveals that when
large trees are removed (i.e., gmd is greatly reduced),
it takes a long time for the lot to recover that initial
status. On the other hand, lot 6 recovery is relatively
poor from cover and basal area perspectives but quite
good in terms of preserving large trees.

Finally, basal area and canopy cover display simi-
lar patterns in Figure 3. We compared the difference
between Time0 and Time2 for basal area with that for
canopy cover for each lot; Pearson correlation {r =
0.918) showed close correspondence between metrics.

Objective 2: Lot-Scale Model
Development

We developed a growth projection methodology for
estimating future tree status that is potentially useful
to urban foresters seeking to mitigate redevelopment
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effects. The two-part framework described above
provided a 10-year projection of canopy cover from
basal area that addressed the efficacy of the city ordi-
nance. A simplifying assumption included was that
basal area growth was constant for respective planted
and preserved trees over about 10 years.

The canopy cover prediction model (part 1) included
4 significant parameters (Tabie 2) fit from robust
regression. Four average basal area growth models
(part 2) were fit with robust regression; data for decid-
uous trees fit better than those for evergreens (Table 2).

When examining overall statistical fit of the model
(by combining parts 1 and 2), the comparison of can-
opy cover predictions to actual data for Time2 showed
more or less unbiased predictions, but the variation
was large; about half the projections were more than
25% different from cover at Time2 (Figure 4). The
model should be adequate for unbiased results at least
for short-term projections of about 10 years in Falls
Church. But we strongly caution against long-term
projections, because basal-area growth of planted
trees was modeled very simply and does not account
for expected slower growth as trees mature. More
data would have been needed to link modeled growth

of planted trees to that of preserved trees in smooth
transition once planted trees reached 15 to 20 years of
age. Also, the model is only for growth and does not
account for mortality.

We also compared modeled canopy growth of
planted trees (from Timel data) for 10 years to City
of Falls Church 10-year projections of individual spe-
cies crown area. The city has been using crude crown
area growth tables to judge canopy cover after 10
years for planted trees (City of Falls Church 2008; pp.
6-9). The city projections were tallied ignoring any
crown overlap and compared to our modeled projec-
tions. Regression showed nearly 1-to-1 correspon-
dence (slope = 1.06 and R*-statistic = 0.89) with a
slight 2% difference (intercept = 2.3); city values
were the lower (Figure 5).

DISCUSSION
We found that the City of Falls Church generally
meets its desired goal of 20% canopy cover 10 years
after redevelopment using current urban forest man-
agement practices, that other metrics can help more
fully inform urban forest management, and that
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Figure 4. Canopy cover on 21 lots in Falls Church, Virginia, at Time1 {trees preserved and newly planted at time of redevelopment)
was projected to Time2 (1 to 18 years after redevelopment) with a model (Table 2) and compared to actual canopy cover measured at
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modeling lot-scale growth from simple field mea-
surements also shows potential for use in urban forest
evaluations.

Meeting the formal 20% canopy cover require-
ment may fall short of the overall municipal goal of
preserving and maintaining urban forests. Canopy
cover was not significantly different from 20% at the
time of redevelopment (after trees were removed for
construction), indicating that the 20% threshold is
probably too low for a compliance standard, at least
for this community. Prior to redevelopment (Time0),
Falls Church mean canopy cover was 52%, and lots
generally had large majestic trees; canopy cover,
when compared to other metrics, was shown to ignore
the importance and loss of large trees. Strict reliance
upon a formal rule such as “20% cover in 10 years”
fits the spirit of other progressive-sounding but inef-
fective urban forestry practices found by Hill et al.
(2010). They suggested municipalities move beyond
just having a formal tree ordinance, a tree comrnis-
sion or board, an arborist, and so forth; instead, the
key municipal entities need to interact and engage
with actual results of urban forest management. Our
study’s findings illustrate one need to evaluate policy
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results: the canopy cover metric alone seems insuffi-
cient to fully describe urban forest recovery.

Canopy cover is an appealing metric because it is
easily understood by the public, developers, and plan-
ners, and relatively easy to measure from aerial pho-
tographs or remote sensing data. However, it is not
easy to measure in the field (Richardson and Moskal
2014), and accounting for overlap is not simple; our
study required complex GIS calculations of nonover-
lapping canopy cover from crown diameters mea-
sured for all trees in each lot. Furthermore, canopy
cover is only two-dimensional and does not distin-
guish between cover of small and large trees.

On the other hand, basal area and quadratic mean
diameter (qmd) are metrics that are easily calculated
from only tree diameter measurements and that can
be used to monitor and manage trees for the larger
sizes (large dbh, tall height, and wide crown) that
maximize benefits to urban forest environmental ser-
vices {McPherson et al. 2006; Alliance for Commu-
nity Trees 2011; Ko et al. 2015). For example, in our
study the qmd metric showed that although canopy
cover might recover rapidly (from planting many
small trees), recovery 1o average tree size prior to
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development can take much longer; for only 4 of 21
lots did average tree size exceed predevelopment tree
size.

Modeling cover as a function of basal area is a
promising strategy. Through our modeling effort, we
showed the potential to manage urban forests “on the
ground” using traditional forestry metrics based on
dbh measurement, and et still relate results to can-
opy cover when needed for code ordinances or com-
mon understanding. Our growth model corroborated
the current City of Falls Church practice of basing
new tree planting upon 10-year tree-scale canopy
cover. Data from the 21 lots sampled were insuffi-
cient to fully develop a canopy growth projection sys-
tem for widespread use, particularly for growth
projections exceeding 10 years; the time-consuming
task of securing access to private residential yards
hampers collection of adequate data for studies such
as this (Roman et al. 2014; Nguyen et al. 2017). Nev-
ertheless, results were promising, and we feel strongly
that arborists and urban foresters should use every
opportunity to start measuring urban forest tree diam-
eters accurately and on an area basis (e.g., lot area or
smaller plot size where appropriate) in anticipation of
more widespread use of basal area and quadratic
mean diameter metrics—in other words, basal-area—
based management. These professionals should take
the lead in ensuring that measurements are accurate
and precise (to nearest 0.50 cm or 0.1 inch), regard-
less of immediate needs or contract specifications, so
that solid management data will be available.

As practitioners know, urban forestry affects the
lives and health of the majority of the world popula-
tion; most of us now live in cities {United Nations
2014). It is also a relatively new field (Miller et al.
2015). Our initial findings show that urban forestry
research needs are great, as are the opportunities to
improve practices in the field and support the forests
in our communities. Because we found no similar
residential urban forest inventory studies, we used a
simple sampling scheme and borrowed heavily from
conventional forest inventory techniques. Perhaps
others can now improve upon our work to strengthen
scientific foundations for municipal forest inventories
and monitoring of residential city property. We
applaud the National Urban and Community Forestry
Adyvisory Council for recognizing the need for more
urban forestry research (NUCFAC 2015). We think
that tree ordinances and other community practices

aimed to improve urban forests need to be backed by
solid science in order to attain maximum effective-
ness and avoid becoming mere quick fixes.
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Résumé. Les administrations locales ont émis des dispositions
réglementaires destinées 4 maintenir et & accroitre le précieux
couvert forestier urbain. La ville de Falls Church, Virginie, USA,
requiert, au moment de tout redéveloppement résidenticl, de
maintenir ou de planter suffisamment d’arbres afin d’obtenir un
couvert arborescent de 20% au tenne des dix années suivantes.
Afin de déterminer si cet objectif est atteint, 21 lots résidentiels de
Falls Church, redéveloppés entre 1994 et 2011 aux fins du

remplacement de maisons existantes par des maisons plus
grandes, furent étudiés. Les données initiates d’inventaire et de
mesures des arbres préalablement au redéveloppement avaient
été enregistrées sur les plans proposés pour ce redéveloppement.
Un relevé de terrain permit de remesurer les arbres préservés
ainsi que ceux plantés depuis et nous modélisimes la croissance
du couvert des arbres & parlir d'un modéle péricdique de
croissance du diamétre des arbres et d’un autre modéle associant
le diamétre du tronc 4 celui de la cime. Une analyse géospatiale
fut utilisée afin de calculer le couvert arborescent non chevauchant
a I'intérieur des lots 4 partir des mesures de diamétre de la cime
etiou des prédictions du modéle. Nous constatimes que la ville de
Falls Church rencontrait généralement son objectif de 20% du
couveit arborescent, mais que la seule donnée du couvert forestier
était insuffisante pour décrire complétement le rétablissement de
la forét urbaine. Bien que le couvert arborescent puisse récupérer
rapidement suite a la plantation de plusicurs petits arbres, le
rendement attendu d’arbres de grande dimension maximisant les
services écosystémiques nécessitait beaucoup plus de temps.
Notre modélisation de la croissance a 1'échelle des lots suite aux
relevés de terrain démeontra le potentiel de gérer les foréts en
utilisant les données traditionnelles basées sur le diamétre mais
dont les résultats pouvaient étre comélés lorsque le couvert
forestier était recherché. Ces données sur les peuplements
forestiers, basées sur les surfaces terriéres et le nombre d’arbres
par hectare, pouvaient étre pris en compte pour les modifications
des dimensions non-visibles des arbres au-moment de la mesure
du couvert arborescent.

Zusammenfassung, Lokale Verwaltungen haben Regelwerke
entwickelt, die wertvollen urbanen Baumbestand erhalten und
vergrifiemn. Die Stadt Falls Church, Virginia, USA, fordert bei
jeder Neuentwicklung von Siedlungsriumen entweder genug
Biume zu pflanzen oder zu erhalten, um innerhalb von 10 Jahren
eine Bedeckung von 20 % zu erzielen. Fiir die Untersuchung, ob
dieses Ziel erreicht wird, studierten wir 21 Siedlungsbereiche in
Falls Church, die zwischen 19994 und 2011 neu gestaltet wurden,
wo die existierenden Hauser durch gréfere ersetzt wurden. Erste
Baumkataster und Messungen vor der Umgestaltung wurden in
die Entwicklungsplane aufgenommen. In einer Bodenerfassung
wurden die erhaltenen und gepflanzten Baume nen vermessen
und das Kronenwachstum von einem  periodischen
Baumdurchmesserwachstumsmodell beispiclhaft iibernommen
und mit einem Medell zur Bezichung zwischen Baum und
Kronendurchmesser verbunden. Eine rdumliche Analyse wurde
verwandt, um die nicht iiberlappenden Kronenbedeckungen
innerhalb der Siedlungsbereiche aus den
Kronendurchmessermessungen und/oder den Modellvorhersagen
zu kalkulieren. Wir fanden heraus, dass die Stadt Falls Church
generell ihr Ziel von 20 % erreicht, aber dass die Kronenbedeckung
allein nicht ausreicht, um die Erholung der urbanen Forste zu
beschreiben. Obwohl sich die Kronenbedeckung durch die
Pflanzung kleinerer Biume schnell erholen kénnte, wird das
Heranwachsen zu grofBen BaumgriBen, die die dkologischen
Leistungen maximieren, viel langer dauern. Unser Modell von
flaichenbezogenem Wachstum aus Feldmessungen zeigte das
Potential zur Verwaltung von Waldflachen unter der Verwendung
traditioneller auf Durchmesser basierender Forstmesswerie, die
die Ergebnisse zur Kronenbedeckung wenn erforderlich

©2020 International Society of Arboriculture



26

Chojnacky et al: Redevelopment Effects on Urban Forest

relativieren wiirden. Diese Forstmesswerte—basierend auf
basaler Fliche und Baum pro Hektar kénnen fir die
Baumgrifenverinderungen in Bezug zur Kronenbedeckung
hinzugezogen werden,

Resumen. Los gobiemos locales han creado regulaciones
destinadas a mantener y aumentar la valiosa cubierta de arboles
utbanos. La ciudad de Falls Church, Virginia, EE. UU., requiere
que cada remodelacién residencial retenga o plante suficientes
arboles para una cobertura del dosel en un plaze de diez afios.
Para evaluar si se ha cumplido este objetivo, estudiamos 21 lotes
residenciales de Falls Church reconstruidos entre 1994 y 2011,
donde las casas existentes habjan sido reemplazadas por otras
méas grandes. Los inventarios y mediciones iniciales de los
4rboles antes de 1a reurbanizacion se registraron en los planes de
reurbanizacion. Volvimos a medir los éarboles preservados y
plantados en un estudio de suelo y modelamos ¢ crecimiento de
la copa de los arboles a partir de un modelo de crecimiento
periédico del didmetro del arbol vinculade a un modelo que
relaciona los diimetros de los drboles y las copas. El anilisis
geoespacial se usé para calcular la cobertura del dosel sin
solapamiento dentro de los lotes a partir de mediciones del
diametro de la corona y / o predicciones del modelo. Descubrimos
que la ciudad de Falls Church generalmente cumplié con su
objetivo de cobertura del dosel del 20%, pero que la métrica de la
cubierta del dosel por si sola es insuficiente para describir
completamente la recuperacion del bosque urbano. Aunque la
cubierta del dosel puede recuperarse rapidamente a partir de la
plantacién de muchos arboles pequefios, la recuperacion a los
arboles més grandes que maximizan los servicios del ecosistema
puede llevar mucho mds tiempo. Nuestro modelo de crecimiento
a escala de lote a partir de mediciones de campo mostro el
potencial para gestionar los bosques utilizando métricas forestales
tradicionales basadas en el didmetro que relacionarian los
resultados con la cubierta del dosel cuando sea necesario. Estas
métricas de masas forestales, basadas en el area basal y los
arboles por hectarea, pueden dar cuenta de los cambios en el
tamafio de los rboles enmascarados por la métrica de la cubierta
del dosel.
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ARTICLE INFO ABSTRACT

Trees help create sustainable urban systems by providing important functions aligned with the three dimensions
of sustainability, i.e., environment, economy, and society. Yet urban forest loss remains a problem in expanding
metropolitan regions. To acerue urban forest services, municipalities have enacted wee preservation ordinances
{TPO) to regulate tree removal. These ordinances describe not enly how cities manage their urban forests but
also what urban forest services they value. The goals of this research are to locate cities with TPOs in Texas,
compare the scope and intent of these ordinances, and assess the extent to which they reference the sustain-
ability dimensions of urban forest services, We documented the parameters, extent, and conditions of tree
protection found in TPOs via descriptive statistics and examined their statements of purpose for references to
urban forest services through a quantitative content analysis (QCA). We found 60 municipalities possess TPOs,
and most are in rapidly growing metropolitan areas. Our results indicate variations occur in their scope and
intent. The majority of TPCs protect trees on private property but many also contain exemptions that potentially
limit their effectiveness. Over half of TPOs contained a statement of purpose with references to one or more of
the sustainability dimensions of urban forest services. Communities across metropolitan areas place more em-
phasis on the environment and society dimensions of sustainability. Overall, our results suggest that more
communities should enact TPOs with less exemptions, and the sustainability dimensions of urban forests should
be explored with equal vigor and stated more clearly so that all stakeholders are equipped with a better argu-
ment of not only why to write TPOs but why to enforce them.

Handling Editer: Richard Hauer
Keywords:

Environmental policy
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Sustainability
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Urban forestry
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1. Introduction

Trees play a vital role in creating sustainable urban systems through
several important services aligned with the three primary dimensions of
sustainability, i.e., environment, economy, and society (Hirokawa,
2011). Protecting and enhancing the urban forest has become a key
component in achieving municipal sustainability objectives (Duinker
et al., 2015). Despite their importance to urban systems and municipal
sustainability goals, urban processes often result in the loss of urban
trees (Nowak and Walton, 2005). Estimates suggest that 4 million trees
each year in the United States are lost to new urban development
{Nowak and Greenfield, 2012). Natural hazards, such as drought
(Holopammen et al, 2006) and hurricanes (Burley et al., 2008;
Thompson et al., 2011), also contribute to urban tree loss. Additionally,
urban tree loss has been linked to neighborhood-scale socioeconomic
characteristics {Lavy and Hagelman, 2017}, risk perceptions (Conway,
2016), and individual prefcrences (Kirkpatrick ct al., 2013).
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To reduce tree loss from urban development and to accrue urban
tree services, municipalities have deployed a variety of urban forestry
programs and regulations. Federal funding has allowed for the pro-
liferation of state-oriented urban and community forestry programs
(Hauer et al.,, 2008; Hauer and Johnson, 2008). State and federal as-
sistance along with private donations and nonprofit funding have pro-
vided support for local efforts to grow and maintain urban forests.
Existing research has focused on outcomes of these efforts, including
education and outreach programs {Poland and McCullough, 2006},
planting programs (Locke and Grove, 2016; Perkins et al,, 2004), and
management planning (Ordénez and Duinker, 2013). Some cities have
also adopted more broadly focused, aggressive planting programs
(Pincetl et al., 2012). Others have produced tree inventories and as-
sessments using community mapping {(Hawthorne et al., 2015). The
outcomes of these programs, however, varies. Previous research has
indicated that a lack of community or political support often impedes
the implementation and expansion of urban forestry programs in cities
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(Elmendorf et al., 2003; Schroeder et al., 2003; Driscoll et al., 2015;
Carmichael and McDonough, 2018).

To further protect and enhance urban greenspace, municipalities
also use public policy instruments to guide the management of urban
growth and the preservation of urban trees (Bengston et al., 2004).
Various types of municipal tree ordinances play an important role in the
management of urban forests {Miller, 2007). They provide legal fra-
meworks for the protection and preservation of public and/or private
trees by regulating tree removal. Recent studies have addressed the
effectiveness of municipal tree ordinances (Hill et al,, 2010; Landry and
Pu, 201¢; Sung, 2012) but have also shown that urban forestry policies
vary in terms of their structure, enforcement, and community character
(Dickerson et al., 2001; Conway and Urbani, 2007; Lavy and Hagelman,
2017). While evidence points toward the overall efficacy of tree ordi-
nances, a systematic evaluation of their content is an important step in
understanding how communities not only protect trees but view and
prioritize their benefits. Further insight into these dimensions of urban
forest regulation promises to inform both research and management
practices related to building sustainable urban systems. The purpose of
this research is to document and compare the scope and intent of mu-
nicipal tree preservation ordinances within the state of Texas in order to
illustrate how cities manage and protect their urban forests and how
they interpret and value urban forest services within a sustainability
framework.

2. Municipal tree ordinances

Cities have enacted several regulatory mechanisms to manage and
preserve trees. Urban forest regulations give municipalities the au-
thority to enforce minimum standards concerning removal, mitigation,
protection, and planting of trees on public and/or private land
(Bernhardt and Swiecki, 2001; Bardon et al., 2001). Urban forest reg-
ulations fall into one of four categories: 1) street tree ordinances; 2) tree
protection or preservation ordinances; 3) buffer or view ordinances;
and 4) landscape ordinances. Street tree ordinances regulate trees
within public properties and right-of-ways. Tree preservation ordi-
nances commonly regulate trees on private properties. Buffer ordi-
nances typically serve to protect view sheds of private properties.
Landscape ordinances custemarily establish tree-planting requirements
for new developments. While each type of tree ordinance varies in its
intent and scope, the tree preservation (or protection) ordinance's
(TPO) primary objective is to preserve and protect trees for the col-
lective benefit of the urban environment by requiring landowners to
receive permission from local municipal authorities before removing
trees of a certain size and/or species. Tree preservation ordinances
contain a variety of key standards for protecting and preserving urban
trees. For example, the scope of a typical TPO includes the following
information: 1) the parameters of protection (e.g., the size and species
of protected trees), 2} the extent of protection (e.g., types of property
subject to regulation), and 3) the conditions of protection (e.g., miti-
gation requirements and enforcement measures). Many TPOs also
contain statements of purpose describing the community’s intent be-
hind the ordinance.

Research has found TPOs to be an effective tool for preserving urban
trees but also indicates that the design of a community’s tree ordinance
is of consequence in assessing its regulatory success (Gatrell and Jensen,
2002; Galenieks, 2017). Tree preservation ordinances enacted in
Tampa, Florida, and Atlanta, Georgia, are credited with an increase in
urban forest canopy cover (Hill et al., 2010; Landry and Pu, 2010). In
central Texas, an increase in tree height has been linked to TPOs (Sung,
2012), The efficacy of urban forest regulations, however, has been
shown to vary across both urban scale and community demographics
{Conway and Urbani, 2007; Zhang et al., 2009). For example, site ex-
emptions from tree ordinances have been linked to decreased canopy
cover in Florida {Gatrell and Jensen, 2002). Research conducted in
Austin, Texas, found most protected tree removal requests were granted
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(Lavy and Hagelman, 2017). In a survey of Illinois cities, communities
with higher income levels and educational attainment were more apt to
adopt tree protection measures (Dickerson et al.,, 2001). Even with an
existing tree ordinance, research has shown canopy cover tends to be
greater in majority white residential areas compared to more racially
diverse neighborheods (Landry and Pu, 2010). Less, however, is known
about the specific statutory requirements found in TPOs, the stated
intent of them, and how their content may contribute to the variations
reported in the literature.

Given the perceived impertance of TPOs in protecting the urban
forest and creating sustainable urban systems, we analyze the content of
TPOs promulgated by Texas municipalities. In doing so, we add to the
growing body of scholarly work that examines urban forest policies by
providing a detailed account of the regulatory requirements contained
in TPOs as well as their stated intent. Specifically, we document,
summarize, and compare TPO regulatory requirements, and we test one
method for quantifying the stated intent of TPOs and visualize those
values on a standardized data display tool reflecting the relative di-
mensions of TPOs across the three common sustainability realms of
environment, economy, and society (von Hauff and Wilderer, 2008;
McDonough and Braungart, 2002). This study offers a more nuanced
understanding of the policies that protect trees, the differences ob-
served in their statutory language, and the urban forest services that
communities prioritize. Therefore, this research answers two primary
questions: how does the scope and intent of municipal TPOs vary by
municipality and by region, and to what extent do municipalities with
TPOs address the sustainability dimensions of urban forest services?

3. Materials and methods
3.1. Site and situation

Texas is located in the American South and is bordered by four U.S.
states—New Mexico, Oklahoma, Arkansas, and Louisiana—and Mexico.
Texas is the second most-populated state (26 million) in the United
States {U.S. Census Bureau, 2014) and has experienced rapid popula-
tion growth over the past few decades. Population growth in Texas has
spurred new development in many Texas cities and redevelopment
within city centers. It regularly hosts four of the top 20 fastest growing
large urban areas in the United States with a population greater than
one million, including Austin, San Antonio, Dallas-Fort Worth, and
Houston (U.5. Census Bureau, 2012).

Climate varies across the state. East Texas is subtropical humid with
hot, humid summers and cool, dry winters, and the western portion of
Texas is semiarid steppe, possessing hot, dry summers and mild, warm
winters. Precipitation across the state is variable, ranging from an an-
nual average of 1,397 mm in the east to less than 381 mm in the west
(TWDB, 2012). Moreover, the state is prone to drought. The Texas
Forest Service estimates extreme drought conditions in 2011 claimed
5.6 million urban trees (TFS, 20122) and another 300 million rural trees
(TF5, 2001 2k). In recent years, several Texas cities, large and small, have
implemented protective measures, including TPOs, to preserve valuable
environmental resources under pressure from rapid urbanization, re-
development, and recent climate shifts.

3.2, Data and analysis

We obtained data for this study from Texas municipal TPOs. We
acquired an initial list of municipalities with TPOs from the Texas
Chapter of the International Society for Arboriculture (Intemational
Society of Arboriculture Texas Chapter (ISAT), 2012). We then verified,
augmented, and updated the list through Internet searches and by re-
ferencing MuniCode (a municipal code database) to create a compre-
hensive list of municipalities with TPOs and used ArcMap Version 10.1
({2019} to map them (ESRI, 2015). Next, we downloaded TPOs from the
municipalities’ websites and systematicaily extracted the standards and
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statements of purpose from each. Analysis for this portion of the study
consisted of descriptive statistics to provide a generalized view of mu-
nicipal and regional trends in urban forest management. Specifically,
we documented and summarized key components of TPOs related to
the parameters, extent, and conditions of tree protections and drew
comparisons between metropolitan statistical areas (MSAs). We com
bined the Austin-Round Rock and San Antonio-New Braunfels MSAs
into one group because of their proximity and because together they
anchor the rapidly expanding central Texas [nterstate-35 corridor.

In order to illustrate the sustainability dimensions of urban forest
services valued by cities with TPOs, we conducted a quantitative con-
tent analysis (QCA) on the text contained in TPO statements of purpose,
Quantitative content analysis is “a research technique for the sys-
tematic, objective, and quantitative description of the manifest content
of communication” (Berelson, 1952, 18}, In QCA, text serves as the data
source, and portions of the text are coded into categories of interest,
counted, and recorded {Krippendorff, 2013). Specifically, we identified
and counted phrases from the statements of purpose that most reflected
one of the three sustainability dimensions of urban forest services. As
such, we coded three categories of interest: 1} society, 2) economy, and
3) environment, Due to synergistic interaction among the sustainability
dimensions of urban forest services (i.e., their ability to transcend ca-
tegories), for each phrase identified we coded it to the most obvious
category of interest implied by the phrase or surrounding text. For
example, phrases such as “provide ecological habitat for songbirds” and
“reduce the erosive effects of rainfall” were coded as environmental
services. Phrases such as “protect property values” and “increase tax
revenues” were coded as economic benefits. Phrases such as preserva
tion for “education and enjoyment of future generations” and “to pro-
mote health and quality of life” were coded as societal benefits. From
here, we calculated trends in references by MSA and identified which
services were given more importance and which were marginalized.

Finally, we illustrated the relative importance each TPO places on
the sustainability dimensions of urban forest services using a ternary
diagram. The ternary plot is a useful diagram to represent the inter-
dependence and interconnectedness between three variables. Most re-
cently, ternary plots have been used to assess, guide, and visualize
sustainability efforts in urban planning (Campbell, 1996), industrial
ecology (von Hauff and Wildercr, 2008), industrial and product design
{McDonough and Braungart, 2002}, and economic development (Xu
et al., 2006). For this part of the study, we plotted the proportion of
references to the sustainability dimensions of urban forest services for
each TPO using JMP® Version 11 (2019). The resulting diagram high-
lights the extent to which a TPO’s statement of purpose provides more
emphasis to any one of the sustainability dimensions of urban forest
services, while allowing for a visual analysis of the spatial relationships
among sustainability dimensions across all TPOs.

4. Results

We found 60 municipalities in Texas possessed a TPO at the time of
analysis. Of these, 34 included a statement of purpose section. Most
cities with TPOs cluster near the fastest growing metropolitan statistical
areas (MSA) in Texas—Dallas-Fort Worth-Arlington, Austin-Round
Rock, San Antonio-New Braunfels, and Housten-The Woodlands-Sugar
Land (Fig. 1). The Dallas-Fort Worth-Arlington MSA contains 28 cities
with TPQOs, The combined MSAs of Austin-Round Rock and San An-
tonio-New Braunfels contain 14 cities with TPOs. The Houston-The
Woodlands-Sugar Land MSA contains 12 cities with TPOs. The re-
maining six cities with TPOs fall outside of these large (one million
plus) mettopolitan areas. The following sections explore trends in the
parameters, extent, and conditions of protection found in municipal
TPOs (Table 1).

Urban Forestry & Urban Greening 44 (2019) 126394

4.1. Parameters of protection

Tree preservation ordinances typically stipulate at what size a tree
becomes protected under the ordinance. Tree size is most often de-
termined by diameter at breast height (DBH). This tree measure is ex-
pressed by the diameter in inches of the trunk at 4.5 feet above natural
grade. In their respective cities, all ordinances indicate protected spe-
cies and size. Yet, protected species, protected size, and how size is
determined varies by municipality and region. Protected trees range in
size from 1.5 to 23in. DBH. The Dallas-Fort Worth-Arlington MSA
protects trees at the smallest size on average {6.04 in. DBH) with little
variation (Table 1). The combined Austin and San Antonio MSAs, the
Houston-The Woodlands-Sugar Land MSA, and remaining cities protect
trees closer to 10 in. DBH with more variation across cities. Some cities
use other measures in addition to DBH. A Dallas area TPO considers
evergreen trees that are 8 feet in height or taller protected trees. Si-
milarly, a Houston area TPO protects trees that are 1/3 their mature
height. Other cities also designate protected trees based on their po-
tential maximum growth. For example, a San Antonio area TPO des-
ignates small tree species as protected trees at the size of 5in. DBH.

Many ordinances also designate a secondary classification of pro-
tected trees, which is larger than the minimum size of a protected tree
(n = 28). Trees that fall under this secondary designation generally are
referred to as heritage trees, and typically, the rules and regulations for
removing them are more stringent than for protected trees. Variations
also occur in this category, and most heritage classifications are based
on tree species. The combined Austin and San Antonio MSAs possess the
largest amount of TPOs with heritage tree classifications (93 percent),
whereas only a third of TPOs in the other areas designate heritage tree
protection, Heritage tree size ranges from 14 to 42 in. DBH, depending
on tree species. The average heritage tree size is similar across cities in
the major metropolitan areas.

Finally, some TPOs identify which species of trees are considered
protected or heritage trees. Protected tree species lists often include
native tree species with aesthetic value and long lifespans and exclude
native and non-native invasive tree species. In Austin, all tree species
are protected, but only certain tree species are considered protected
with a heritage tree designation. Similarly, some ordinances possess
two lists of protected trees: one for large tree species and ene for small
tree species. Other ordinances base tree protection on regional bio-
geography of tree species, whereas others list unprotected tree species.

4.2. Extent of protection

The extent of protection varies depending on property type, land
development status, size, and land-use zoning designations (Tahle 1).
Only one TPO (in the Houston-The Woodlands-Sugar Land MSA) does
not protect trees on private property; however, protection on public
property varies. Twenty-four TPOs specifically state the ordinance
pertains to all protected trees on public lands. Tree protection on public
property is greatest in the Dallas-Fort Worth-Arlington MSA. All TPOs,
except Houston’s ordinance, protect trees on undeveloped land, but
only a tenth of ordinances protect trees on developed land. In addition,
the regulations for six ordinances apply only to properties of a stipu-
lated size. For example, ordinance regulations for two municipalities de
not apply to parcels less than or equal to one acre, and three others
exempt parcels less than or equal to two or three acres. Another TPO
exempts parcels less than 15,000 square feet. Finally, land-use desig-
nations also inform protected tree status. Twenty-nine ordinances ex-
empt one or more zoning districts from its regulations based on per-
mitted land uses (Table 1). Exemptions include owner-occupied single-
family (n = 25) and multi-family (n = 11) residential lots. Ordinances
in the Dallas-Fort Worth-Arlington MSA contain the majority of TPOs
with land use exemptions compared to TPOs in other areas. Moreover,
of the sixty ordinances analyzed, only six cities — all in the Austin and
San Antonio MSAs — protect trees in their extraterritorial jurisdictions
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Table 1
Pretections of TPOs grouped by MSAs,
TPO Protections Augtin-Round Rock and San Antonio-  Dallas-Fort Worth-Arlington  Houston-The Woodlands-Sugar Others (n = 6)
New Braunfels MSAs (n = 14} MSA (n = 28} Land MSA (n = 12)
Mean (Standard deviation}
Tree Size Protected Tree 9.92 in (5.28) 6.04 in (2.11) 10.73 in (6.09) 9.4 in (6.31}
Heritage Tree 23.36 in (3.17) 2475 in (14.77) 225 in (2.38) 1910 ()
Freg -y (%) of ordi with pr
Parameters of Protection  Protected Tree 14 (100) 28 (100) i2 (100) 6 (100)
Heritage Tree 13 (93) 9 (32} 4 (33) 2(33)
Tree Species List B (57) 19 (68) 3 (25) 4 (67)
Extent of Protection Private Property 14 (100} 28 (100) 11 (92) 6 (100)
Public Property 4 (29) 14 (50) 3 (25) 3(50)
Developed Property 6(43) 6 (21} 8(67) 2(33)
Undeveloped Property 14 (100) 28 (100) 11 (92) 6 (100)
Land-Use Exemptions 5 (36) 18 (64) 4 (33) 2(33})
Extraterritorial 6 (43) 00) 0) 0()
Jurisdiction
Conditions of Protection  Permit Required 14 {(100) 26 (93) 9 (75} 4167}
Mitigation 13 (93) 28 (100} 12 (100) 3 (50)
Enforcement 11 (79) 24 (86) 11 (92) 4 (67)
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(ETJ).

4.3. Conditions of protection

While the purpose of each TPO is the preservation of protected and/
or heritage trees, the ordinances also allow for the removal of protected
trees and stipulate the process and circumstances under which land-
owners may remove a protected tree. In order to remove a protected
tree, 53 ordinances require the property owner to apply for removal and
be in possession of a tree removal permit. During a site visit, the city
arborist or urban forester determines whether to grant a permit for the
removal of a protected tree based on certain criteria, such as tree
health, whether the tree prevents reasonable access or use of a property
or poses a risk to property or people. The process for removing a
heritage tree typically is more stringent and invelves either the issuance
of a variance to the ordinance or the approval of a city council or
equivalent city body. Other municipalities either do not specify a pro-
cess for removing heritage trees or allow the removal of heritage trees
based on meeting the minimum mitigation requirements.

If protected and heritage tree removal is approved, most munici-
palities outline rules for mitigating its loss (n = 56; Table 1). These
mitigation requirements alse vary in form and function. Mitigation is
accomplished through replacement, fees, credits, or a combination of
these, and the use of these mechanisms varies from one municipality to
the next. Replacement regulations stipulate the type and size of tree
that must be planted if a protected tree is removed. Fee schedules detail
the amount that must be paid for each diameter inch of tree removed.
Credit systems assign points to each protected tree that is preserved and
subtract points for each protected tree that is removed. Negative credit
totals require mitigation through replacement or fee payment. Qver half
of the ordinances stipulate that removed protected trees must be re-
placed by trees fromm a list of preferred trees and be equal to, or in some
instances, greater than the amount of DBH inches removed from a
property (n = 34), and mitigation requirements for the removal of
heritage trees are typically greater.

The last condition considers enforcement action for violations of
tree preservation ordinances. All municipalities surveyed identify who
has the authority to enforce their ordinance regulations, which ranges
from the city manager to the urban or municipal forester or arborist,
whereas only nine ordinances detail the civil and criminal punishments
and the fines imposed for violating the ordinance. Fines range from
$500 to $2000 USD per violation. Current state policy caps fines at
$2000 USD.

4.4. Sustainability dimensions of urban forest services

Of the 60 Texas municipalities with TPOs, 34 contained a statement
of purpose section and referenced at least one of the three sustainability
dimensions of urban forest services (Table 2). Across all TPOs, we found
more references (48.6 percent) to the environmental dimension of
sustainability, than the society {36.1 percent) and economy (15.3 per-
cent) dimensions. Tree preservation ordinances from the Dallas-Fort
Worth-Arlington MSA referenced environmental services (50.7 percent)
more than the society (27.2 percent) and economy (22.1 percent)
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Fig. 2. Ternary diagram of the three sustainability dimensions of urban forest
services mentioned in municipal TPOs by MSA {n = 34}). Each vertex is re-
presentative of one of the three sustainability dimensions of urban forest ser-
vices.

dimensions of sustainability. Tree preservation ordinances from the
Austin and San Antonio MSAs referenced environmental services (46.9
percent) slightly more than social benefits (42.7 percent), whereas
TPOs from the Houston area referenced social benefits {(47.9 percent)
slightly more than environmental services (45.8 percent). Tree pre-
servation ordinances from both the Houston area and the Austin and
San Antonio region included minimal references to economic services
{6.3 percent and 10.4 percent, respectively).

The results of our visualization analysis show that communities
across MSAs place more emphasis on urban forest services related to the
environment and society dimensions of sustainability (Fig. 2). The
majority of TPOs (n = 14} give preference to the environmental values
of trees. Nine TPOs prioritize social benefits, and four TPOs give pre-
ference to economic services. The remaining TPOs either prioritize
environment and social services {n = 3) or economic and social services
(n = 2}. Two TPOs provide parity among the environment, economy,
and society sustainability dimensions. Values expressed in TPOs of the
Austin and San Antonio regions as well as the Houston-The Woodlands-
Sugar Land MSA display greater variation, whereas values contained in
the Dallas-Fort Worth-Arlington MSA cluster together.

5. Discussion

Municipal tree preservation ordinances are an important component
of urban forest management efforts. The details contained within TPOs
provide insight into how communities not only maintain urban forest
structure and function but also value trees’ social, economic, and en-
vironmental services. This study documented cities with TPOs and

Table 2
References to the three sustainability dimensions of urban forest services in TPOs.
Sustainability dimension  Austin-Round Rock and San Antonio-New Brounfels Dalias-Fort Worth.Arlington MSA Houston-The Woodlands-Sugar Land MSA Totad (n = 34)
MSAs (n = 10) th=17) (n=7)
Frequency (%) of references
Environment 45 (46.9) 69 (50.7) 22 (45.8) 136 (48.6)
Sociery 41 (42.7) 37 (27.2) 23 (47.9) 101 (36.1)
Economy 10 (10.4) 30 {22.1) 3(6.3) 43 (15.3)
Total 96 (100) 136 (100) 48 (100) 280 {100)
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examined the key components of these ordinances to understand which
Texas municipalities are protecting urban forests, how they are pro-
tecting them, and how they interpret and value urban forest services
with a particular emphasis on sustainability. We found 60 cities possess
TPOs and several similarities and regional variations in these policies.

Nearly all municipalities with TPOs cluster in and around some of
the fastest growing metropolitan areas of Texas. This finding suggests
that tree preservation is being undertaken in areas where it is needed.
Yet, coverage remains sparse. Cities with TPOs in the three MSAs ma-
keup around 10 percent of the total number of cities within these areas
(54 cities with versus 508 without TPOs). Moreover, other fast-growing
areas of the state, such as the McAllen-Edinburg-Mission MSA in the Rio
Grande Valley, contain an abundance of municipalities that do not
possess TPOs. The relative dearth of TPOs across metropolitan regions
may indicate a lack of community or political support for tree policies
found elsewhere (Driscoll et al., 2015). At the state level, private-
property rights are consistently defended. Therefore, low numbers of
cities with TPOs might reflect reticence of homeowners to fully support
tree policies (Conway and Bang, 2014; Kirkpatrick et al., 2013).
Without TPOs or similar policies, many of Texas's urban areas remain
vulnerable to unregulated urban deforestation and possible reductions
in the many economic, social, and environmental benefits of urban
forests. Future research should explore the characteristics of munici-
palities with TPOs in more detail and examine how they compare with
cities that do not possess tree ordinances.

5.1. Parameters, extent, and conditions of protection

While growing the coverage of TPOs is important to achieving
sustainable urban systems, the parameters, extent, and conditions of
protection are equally important. Evaluation of these elements show
diverse yet subtle approaches to regulatory tree preservation.
Regionally, protected tree DBH emerges as a unique component of
TPOs. Differences among ordinance DBH at the region scale reflect not
only biogeography and native species patterns in each site but also
prescribed statutory objectives that vary across communities and jur-
isdictions. This pattern may also reflect a diffusion process within me-
tropolitan areas, where TPOs spread from municipality to municipality.
This could explain why a majority of TPOs in the Dallas-Fort Worth-
Arlington MSA define protected tree size at or near 6 in. DBH {Table 1),
as well as why the values prioritized in each TPO are similar {Fig. 2).
These municipalities may have used a neighboring city’s ordinance as a
template when creating their own ordinance. Thus, protected tree DBH,
other regulatory language, and the urban forest services expressed in
their TPOs possibly spread or diffused from one city to the next within
this region. This reflects similar diffusion patterns found in other urban
forest management strategies, including tree planting programs (Pincet]
et al., 2012). The spread of TPO content presents opportunities and
chalienges. While diffusion of TPOs from one municipality to the next
extends tree protection across urban space, the reproduction of their
content may reflect a one-size-fits-all approach that limits their effec-
tiveness due to population, cultural, or socioeconomic differences. It
may also indicate a top-down management approach that lacks input,
awareness, and support from residents and other interested stake-
holders (Carmichael and McDonough, 2018).

Tree preservation ordinances in the Houston-The Woodlands-
Sugarland, Austin-Round Rock, and San Antonio-New Braunfels MSAs
do not follow this trend. Some ordinances in the Austin and San
Antonio areas have undergone multiple iterations since their passage or
were the result of lengthy participatory negotiation processes among
multiple stakeholders. For example, Austin passed its tree preservation
ordinance in 1983 and amended it in 2010 with heavy input from the
community (American Forests, 2012). San Antonio passed its ordinance
in 1997 and amended it in 2003, 2006, 2009, and again in 2010 (San
Antonio, 2018). With these amendments, both cities sought to
strengthen their respective ordinances. Also in the Austin-Round Rock
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MSA, the city of Round Rock’s ordinance underwent a lengthy comment
period that included community participation, as well as input from key
stakeholders, including developers, realtors, and environmentalists
{Findell, 2017). This may explain the variation in protected tree DBH
and the differences observed in the stated intent of TPOs within the
Austin-Round Rock and San Antonio-New Braunfels MSAs compared to
the Dallas-Fort Worth-Arlington MSA.

Tree preservation ordinances exist to regulate tree loss; however,
many ordinances provide several exemptions that potentially limit their
effectiveness in protecting the urban forest. First, private property
harbors most urban trees (McPherson, 1998). Yet, many TPOs provide
exemptions for private property owners. Almost half exempt either
single-family residential or owner-cccupied single-family land uses
from TPO regulations, and only a third of the regulations pertain to
trees on developed land (Table 1). While research has found a re-
lationship between TPOs and increased canopy cover (Landry and Pu,
20110) or tree height (Sung, 2012), the interplay between developed and
private property exemptions suggests that Texas TPOs might limit the
removal of trees from undeveloped forested lands during urbanization
but fail to protect the existing urban forest structure. Thus, the ex-
emptions for developed and private property may impact city-wide
canopy cover (Gatrell and Jensen, 2002). Moreover, protection may be
further compounded by trends in the number of permitted tree re-
movals. In Austin, for example, permitted tree removals greatly exceed
denied requests (Lavy and Hagelman, 2017). Second, few munici-
palities protect trees in their ETJs, potentially easing growth-related
restrictions in these areas and pushing urban developments into
forested lands without tree removal regulations. These exceptions ob-
viously weaken an ordinance’s ability to preserve and protect trees, and
taken together, established urban forests and forested land within and
beyond a city’s normal jurisdictional boundaries, in many cases, may be
diminishing even under existing protection ordinances. The extent to
which exemptions found in Texas TPOs impacts city-wide canopy cover
and forest structure, however, is unknown and warrants further re-
search.

5.2. Sustainability dimensions of urban forest services

Urban forestry initiatives arise for a variety of reasons, including
economic development, environmental services, climate mitigation,
aesthetic improvements, and human-health related goals, that align
with municipal sustainability objectives (Hirokawa, 2011). The intent
of TPOs provide evidence for how municipalities understand and value
urban forest services and by extension the three sustainability dimen-
sions. In its text, each ordinance describes the collective benefits trees
provide to urban areas; however, each is somewhat modified to suit the
preservation and development goals of their individual communities.
We used a ternary diagram to visualize the three interconnected and
interdependent sustainability dimensions of urban forest services pre-
sent in TPOs. We departed from other more normative measures by
taking qualitative data and using it to create a quantitative visualization
that assesses the extent to which community members and policy-
makers reference the three sustainability dimensions provided by urban
forests and which ones are given prominence in municipal policy.

The findings show the texts of the TPOs across the state of Texas are
skewed towards the environment leg and society base of the sustain-
ability triangle (Fig. 2). We expected to observe greater parity between
references to the three sustainability dimensions of urban forest services
within the texts of the TPQs, especially given the well-articulated values
of trees as described in the literature and the increasing role their ser-
vices play in urban sustainability objectives. At the very least, we ex-
pected TPOs would be skewed towards the right leg of the triangle with
more importance placed on environmental and economic benefits at the
sacrifice of social benefits. Several factors possibly explain the relative
preference for environmental and social values over economic benefits
within the texts of Texas municipal TPOs.
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First, many TPOs are passed specifically as urban environmental
policies. Urban environmental policies are generally enacted to regulate
a real or perceived environmental ill. Then, it makes sense that a
greater number of TPOs reference environmental values of urban trees.
The more environmental values listed within a TPO legitimates its la-
beling as an urban environmental policy. In other words, it adds cre-
dence to the policy with environmental stakeholders. Second, historical
trends in urban forestry research and by extension empirical in-
vestigations on the benefits of urban trees have tended to neglect the
social functions of trees and attended in more and greater detail to the
examination of environmental benefits and economic values associated
with urban trees (Tyrviinen et al., 2005; Roy et al., 2012). Thus, pre-
ference for environmental values may reflect the attention munici-
palities and non-profit organizations, supported by historical urban
forest research trends, give to the environmental benefits of trees
{Silvera Seamans, 2013). The finding that social values cutweigh eco-
nomic benefits of trees is less straightforward.

Second, environmental policies are often championed by environ-
mental groups and often contested by landowners. Therefore, when we
look at environmental policy from the stakeholders’ perspectives, we
would assume that the economic benefits of trees would appeal to
landowners. For example, in the case of TPOs, research has shown that
trees increase the dollar value of properties (Anderson and Cordell,
1988; Nicholls and Crompton, 2005). While there are costs associated
with tree preservation during development, the potential return for
preservation should be greater. Given the potential for economic ben-
efits to equalize some of the perceived difficulties for preserving trees,
we expected to observe more references to economic values of urban
trees. Yet only seven out of the 34 TPOs evaluated in this study re-
ference economic values more than 30 percent. This finding might
underscore the community-led process of policy formation at the mu-
nicipal level and reflect a collective understanding of the larger societal
benefits of trees at the exclusions of benefits accrued mostly to in-
dividual property owners, such as property value increases attributed to
trees. This aligns with research that indicates residents find social va-
lues of trees more appealing than their economic and environmental
benefits (Peckham et al., 2013). Our findings suggest that preferences
for social benefits carry over when formulating tree policies.

Finally, efforts have been undertaken to assess whether cities, na-
tion-states, and corporations are practicing sustainable development,
and many governmental institutions, and private and non-profit entities
have developed tools to assess whether their initiatives are truly sus-
tainable. Sustainability indicators often measure a host of purely
quantifiable indicators. Many sustainability initiatives, programs, and
policies, however, are the product of back and forth negotiations be-
tween interested stakeholders, including the city, interested citizen
groups, landowners, developers, industry, commercial entities, and
others, and should reflect the overall intentions of municipal-wide in-
terest groups around sustainability objectives. Yet, this may not the be
the case in all circumstances. The results of the QCA plotted on a
ternary diagram provide a simple yer effective method for decision
makers and residents to assess the extent to which community intent
reflects the sustainability dimensions of urban forest services. Future
research should include visualizations of different types of sustain-
ability initiatives, programs, and policies (e.g., water, housing, trans-
portation) to verify the technique and include more complex ex-
aminations of universal sustainable development goals.

6. Conclusions

The results of this research illustrate the subtle differences that can
be observed in the regulatory objectives and language of tree pre-
servation ordinances and provides a mechanism to compare community
intent across municipalities. Differences and similarities in the para-
meters, extent, and conditions of tree protection describe where and
how municipalities protect their urban forests as well as the exemptions
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that weaken tree preservation. Additionally, the statements of purpose
contained in TPOs reflect a strong community commitment to the en-
vironmental and social dimensions of sustainability. However, when
taken together, the values articulated within TPOs may serve as plati-
tudes for regulations hindered by exemptions. More research is needed
to ascertain which TPOs are most effective at preserving the urban
forest. Additionally, further analysis that encompasses a range of mu-
nicipal characteristics is needed to explain the many factors that give
rise to the passage of TPOs. In addition, comparison of socioeconomic
characteristics between cities with TPOs to those without can be used to
extrapolate the relative importance of each variable to the existence of
TPOs. Case studies should alse be undertaken to understand why
communities supported the passage of TPOs, including who partici-
pated and whose ideas prevailed.

The findings should be of interest to urban forest researchers and
policymakers. Municipalities have seen a rapid proliferation of pro-
gressive regulations at the metropolitan scale in Texas; however, TPOs
in Texas have been written in such a way that economic services of
urban trees are often neglected, the social benefits are somewhat neb
ulous, and environmental services are strongly articulated. If sustain-
ability is the end goal, the initial intent of sustainability policies should
articulate in an equitable manner each of the three sustainability di-
mensions of urban forest services. Favoring one dimension over the
others or neglecting one altogether could potentially undermine the
policy’s wider intent and support. Thus, in order to stand the test of
time all sustainability dimensions should be explored with equal vigor
and stated more clearly so that all stakeholders-—residents, landowners,
land developers, city managers, and policymakers—are equipped with a
better argument of not only why te write them but why to enforce
them.,
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Abstract: Vegetation regulations or ordinances are the local laws that govern the policies surrounding
urban trees and landscape management. The complexity of urban areas, within the mosaic of private
and public vegetation, necessitates regulation to manage the numerous benefits of urban vegetation.
As urban populations continue to increase, regulations governing vegetation become increasingly
common. This article presents an analysis of the language and provisions of vegetation regulations
within communities across the southern United States by using data from the Municode, a public
database of ordinances, and employing a content analysis. Findings demonstrate both similarities and
variations in ordinance language and content while identifying limitations such as unclear ordinance
provisions, lack of essential ordinance provisions, duplications, and section contradictions. Overall,
findings suggest a need to improve ordinance design, content, and language clarity therein, so they
can have a more positive impact on community green infrastructure. Findings are useful for urban
foresters, arborists, planners, and elected officials in efforts to develop or revise codes.

Keywords: ordinance; tree law; U.S. south; urban forest; arboriculture; planning

1. Introduction

Urban forests are an integral part of the urban ecosystem as they provide numercus
benefits and services including mitigation of the urban heat island effect, air and water
purification, noise level reduction, and carbon sequestration [1,2]. These benefits decrease
as urban expansion increases. The southeast United States (U.5.) has the second highest
{7.5%) amount of urbanized area after the northeast U.5. (9.7%) |2], demonstrating a strong
possibility of increasing these percentages in the future [3]. This could be further accelerated
since the population of urban areas is expected to increase by 85% (or 439 million) by
2025 [4). As population growth leads to expansion of the urban environment, urban tree
canopy growth typically diminishes [5]. The impact of urban development pressures over
time, motivated communities to use various tools to achieve and maintain sound, healthy,
and well-managed forests.

The establishment, management, and protection of vegetation on urban landscapes is
shaped by public and private property owners’ decisions as well as regulations established
by municipal authorities [6]. Local laws and regulations governing the policies surrounding
urban trees and landscape management are known as vegetation ordinances. The success
of these ordinances depends on several factors, including sociodemographic and cultural
characteristics of the community, ordinance enforcement, and community leadership that
supports urban forest conservation [6]. Many guidelines to developing ordinances exist, of-
ten from state forestry commissions and tree councils. In addition, local governments have
employed guidelines written by Grey [7], Fazio [8], Abbey [¥], Bernhardt and Swiecki [101],
and Burgess et al. [11] as frameworks for developing ordinances. Weber {12] stated all
communities differ, among other things, by soils and climatic conditions, cultural traditions,
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political and economic climates, and legal frameworks. Such varying biophysical and social
factors are essential to address when developing ordinances to achieve desired impacts.

Several previous work has focused on frequencies of the existence of tree ordinances
and provisions (e.g., [13-15]. A few studies (e.g., [16] and a report by Head [17]) paid
attention to the intricacies of tree ordinance language, clauses, and specific provisions.
Most of these findings are, however, at the state level. Furthermore, research must not
only assess tree ordinances, but also a variety of regulations that fall under the umbrella
term of “vegetation ordinances” that includes vegetation, trees, plants, landscapes, grass,
weeds, and shrubs. This more inclusive approach provides a broader analysis of regulation
of green infrastructure than focusing on “trees” alone. Therefore, this study for the first
time aimed to provide an overview of existing vegetation ordinances across the southern
United States. Specifically, we examined the language, provisions, and organization of
vegetation ordinances within communities across the southern United States. A detailed
and systematic analysis of ordinance helps in understanding communities’ priorities and
scopes [18]. In addition, the study of language and provisions of vegetation ordinances
helps in examining whether these ordinances are interpreted and understood clearly in
terms of contributing towards community and urban tree management. This study adds
to the body of work addressing municipal ordinances, which are critical aspects of urban
forest governance, by empirically observing and describing the differences and similarities.
Findings will help local policy makers identify strengths and weaknesses of their ordinances
to improve ordinance design, implementation, and enforcement practices.

2. Materials and Methods
2.1, Study Area

The study was conducted across eight states of the International Society of Arboricul-
ture Southern Chapter (ISASC), including Alabama (AL}, Arkansas (AR), Georgia (GA; as
of 2021, the state of Georgia contained two ISA chapters, namely the Southern Chapter and
the Georgia Arborist Association), Louisiana (LA}, Mississippi (MS), North Carolina (NC),
South Carolina (5C), and Tennessee {TN} (Figure 1}.

ISA Southern Chapter
| | The Southern United Statas\\ J) o

Figure 1. Location of the International Society of Arboriculture Southern Chapter (ISA-SC) in the
map of the United States.
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2.2. Sample Selection

We collected data from Municode (www.municode.com), an online platform that
publishes local codification of municipal legislation for every state. Since communities must
pay a membership fee to have their codes posted to Municode for free public access, not
all community ordinances are available on Municode. We focused only on the municipal
level of government; therefore, we excluded county and parish ordinances as well as
communities which were not incorporated places as listed in the U.S. Census. In total,
678 communities in Municode satisfied the sampling criteria. To create a manageable
sample size for qualitative data analysis, we set sampling intensity to 10% of communities
listed in Municode for each state (Table 1). Though numbers of samples were sufficient
for five states (AL, GA, LA, NC, and SC), 10% sampling intensity yielded less than four
samples for AR, M5, and TIN. Therefore, the least sample size of five states {i.e., eight from
SC}) was set as a minimum threshold for AR, MS, and TN (Table 1). Given the minimum
threshold, we sampled 83 out of the 678 communities.

Table 1. Total number of communities represented in Municode and the corresponding adjusted
sample size selected by state.

States Communiti.es Listed in 10% Sample Size Adjustef] Sample

Municode Size

Georgia 214 214 21
North Carolina 119 119 12
Louisiana 93 9.3 9
Alabama 90 2.0 9
South Carolina 84 8.4 8
Mississippi * 37 37 8
Arkansas * 24 24 8
Tennessee * 17 1.7 8
Total 678 83

* States with a minimum threshold of eight communities.

We next selected communities based on population size to ensure a reflection of large,
medium, and small communities. Reflecting Kuhns et al. [13], we created
three population categories of residents: (1) less than 10,000, (2} 10,000 to 50,000, and
(3) more than 50,000. The number of sample communities to each population stratum
was allocated by multiplying the proportion of communities in that stratum with the total
number of samples for each state {Table 2). Finally, we used the Microsoft Excel RAND
function to randomly select communities for each population category.

Table 2. Final sample size by state and population stratum.

States Small Medium Large Total Number of
{<10,000) (10,000-50,000)  {»50,0000 Communities in Each State

Georgia 14 6 1 21
North Carolina 7 4 1 12
Alabama 4 4 1 9
Louisiana 6 2 1 9
Arkansas 1 4 3 8
Mississippi 1 6 1 8
South Carolina 5 2 1 8
Tennessee 1 4 3 8
Total 39 32 12 83

2.3. Data Collection and Analysis

We collected data in the years 2019-2020 and involved two phases. First, we identified
ordinance chapters addressing vegetation, including trees, in each municipal code. Second,
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we involved querying the entire code using words such as vegetation, trees, plants, land-
scapes, grass, weeds, and shrubs to identify vegetation and tree regulations that lacked
specific standalone chapters but were presented under other chapters and sections. We
used qualitative content analysis and NVivo (QSR International 2017} software to observe
differences and similarities among ordinances. Content analysis is a research method
used for interpreting text-based information with a systematic procedure of coding and
identifying themes or patterns [19]. Widely used in the social sciences, it is a fundamental
tool for examining collected government documents [20]. Following Berg and Lune [21], we
formulated codes based on identification and analysis of keywords, sentences, phrases, and
purposes of ordinance sections. Codes were then constructed into themes and sub-themes
of data. We sorted these themes and sub-thernes based on similar phrases, patterns, rela-
tionships, and commonalities or disparities. Data representing these themes are presented
as quotes in the results.

3. Results and Discussions
3.1. Organization of Ordinances

The proper organization of vegetation ordinances in Municode aids in quick and easy
access of existing laws to local policymakers and stakeholders. In this study, we found large
variation in the location of vegetation ordinances in Municode. Some vegetation ordinances
were in the body of codes while others were in the codes’ appendices. For example, one
{medium} community included two sections and one article within an appendix. One sec-
tion was entitled 37-14—Landscape and Tree Protection under the article XXXVII.— EASTERN
SHORE PARK QVERLAY DISTRICT GENERAL PROVISIONS. Another section was entitled
39-14—Landscape and Tree Protection under the article XXXIX.—JUBILEE RETAIL DISTRICT
OVERLAY. In addition to the aforementioned articles, the code included a stand-alone
article: ARTICLE XIX—LANDSCAPE STANDARDS AND TREE PROTECTION. Similarly,
other vegetation ordinances were located within multiple chapters within the body of the
code. For example, one (large) community addressed two vegetation articles under the
two chapters of Landscaping and Tree Protection and Parks, Recreation, and Cultural Affairs.
Another (small) community mentioned its three vegetation articles within three separate
chapters: (1) Street, Sidewalks, and Public Places, (2) Environment, and (3) Zoning. By contrast,
most communities addressed vegetation ordinances within a single chapter, but not neces-
sarily a chapter devoted solely to vegetation. For example, commonly found single chapters
were under the topics of Environment; Streets, Sidewalks, and Public Places; Trees; Buildings
and Building Regulations; Nuisance; Parks and Recreation; Boards, Conmissions, and Commiittees;
Administration; Landscaping; and Zening. In some cases, communities lacked standalone veg-
etation ordinances, but regulations related to vegetation were found scattered in multiple
sections of the code. For instance, one (small) community addressed vegetation regula-
tions in two sections of the code: (1) Sec. 109-229.—Street Trees and (2) Sec. 49.—Trees in
Public Places,

The unsystematic placement of vegetation ordinances in Municode is an important
finding, consistent with Zhang et al. [15]. The presenice of vegetation ordinances in an
appendix section demonstrates the poor understanding of code placement in the ordi-
nance because an appendix, by definition, is supplementary information. Ordinances
related to vegetation could be organized under the broad chapter titles of “vegetation” or
“environment” in the code section of Municode.

3.2. Variations in Terminology and Lack of Clarity in Ordinance Langunage

The language and words used plays an important role in the formation of any policy.
They provide the basis for interpreting the meaning of laws and provisions stated. Despite
this knowledge, the meaning of words used in legal documents are not always apparent [22].
In this study, we identified ambiguous language in tree topping and tree removal provisions
of vegetation ordinances. While a number of ordinances stated, “tree topping of all public
trees is prohibited”, one {medium community) ordinance addressed tree topping provisions
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as “the practice of topping a tree for growth control is prohibited” leading to the idea that
topping was acceptable for some objectives (e.g., minimize risk of failure or reduce tree
height). Growth controls are the key words that lead to ambiguity in the clause and are
open to subjective interpretation. Regarding tree removal, one (medium community)
ordinance indicated, “If the tree is removed from the city’s right-of-way, easement, or
servitude, an appropriate species of tree shall be replaced if space is available (... ). The
provision would be clearer if it were to specify tree replacement with the appropriately
sized tree at maturity based on the available space. Ordinances like this may not achieve
the overall goals of ordinances as it lacks the basic standards for performance [10]. In
addition, unspecific ordinance provisions {e.g., appropriate species} may not be enforceable,
The existence of such ambiguity or vagueness in ordinances could refer to various reasons.
For example, Jakes et al. [23] found policy makers write ambiguous language intentionally
to provide flexibility to implementers, while Matland [24] stated conflict between policy
makers leads to compromise and thereafter ambiguousness in policy.

By comparison, other tree topping and pruning practice provisions included encourag-
ing verbiage. In one example regarding tree topping, an (medium community} ordinance
stated, “The practice of tree topping is strongly discouraged on all public trees and as a
tree care practice for private trees”. In another example regarding pruning practices, an
(medium community) ordinance wrote, “The city shall make every effort possible to prune
public trees as necessary to encourage healthy form and resistance to breakage”. In these
instances, both “strongly discouraged”, and “every effort” reflects encouraging verbiage
in one way, and signals communities’ concerns regarding negative consequences of tree
topping (e.g., disfigures the tree, excessive crown removal limits the food-making capacity
of tree-leading to tree starvation, rapid growth of weak limbs and branches, vulnerable
to insects and decay, and in some cases leading to tree death) and advantages of pruning
practices {e.g., promotes plant health, fruit production, and growth control; provides good
appearance and adds value to the adjacent property), respectively, while on the other hand,
these provisions are subjective.

Language involving ordinance enforcement was a commen limitation with a few
exceptions. In very limited ordinances with enforcement clauses, the person and/or depart-
ment responsible for enforcing the article varied. For example, some ordinances indicated
director of public works, city departments, mayor, planning department director, and urban
environment officer as their enforcement officers, while others noted city building and
neighborhood services department; city building and zoning department; city arborist,
department of community’s services, and city park commission. However, in one extreme
case, an (medium community) ordinance gave the authority of right-of-way (ROW} tree
pruning decisions on private property to the police: “The city shall have the right to prune
any tree or shrub on private property ( ... ). The discretion to prune such trees or shrubs is
vested in the chief of police”. Most municipal tree care programs-maintained trees in the
ROW, but the authority lies with someone more familiar with tree management or infras-
tructure maintenance than the chief of police. This shows that some municipal ordinances
provide numerous authorities to enforce tree management tasks (e.g., tree pruning) while
some are much more restrictive [25].

Clear, specific, and measurable ordinance objectives are important so provisions can be
assessed after a period of enactment; however, such characteristics were fairly uncommon
in the sample. For example, one (large) community stated the purpose of the ordinance
was “To establish and maintain the maximum sustainable amount of tree cover on public
and private lands in the city”. In another {small) community, the overall purpose of the
ordinance was “To promote tree conservation, the increase of tree canopy, and the protection
of existing trees in the city”. These clauses, and other clauses that detail tree benefits in the
objectives, would be more appropriate for an urban forest master plan than an ordinance.
As local laws, ordinances should not manage the urban forest, but regulate behaviors
that impact vegetation. The purpose clause of many communities appropriately stated
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that the ordinance was adopted to provide requirements for planting, preservation, and
maintenance of trees and vegetation on public and private lands.

3.3. Unique Provisions Identified in Ordinances

A minority of communities’ ordinances contained provisions not commonly present
across the region. These provisions were unique in the sense that they focused on urban and
community tree management in terms of training and education ( = 3), public input (1 = 1},
guides used for tree board meetings (# = 1), enforcement provision (n = 1}, and electronic
record keeping of trees (n = 1). We selected seven provisions to illustrate in this article.
For example, some ordinances included a code of ethics as well as planning commission
training for tree board members. These provisions may have referenced industry-accepted
standards or guidelines. In addition, while most communities focused on several require-
ments that an individual should possess prior to serving as a tree board member, some
communities emphasized professional credentials tree board members should fulfill follow-
ing appointment to the board. One (small) community ordinance stated: “Each member
must complete one hour of { ... ). the Code of Governmental Ethics per calendar year as per
R.S. 42:1170 and each member must complete the planning commission training within one
year of appointment ( ... )”. Providing additional knowledge and training to tree board
members even after the appointment help succeed the urban forestry programs [26]. Many
ordinances addressed state licensing, professional credentials, insurance, and bonding.
However, only some communities specified expectations regarding professional qualifi-
cations, such as completing educational training. For example, as stated by one (medium
community) ordinance:

“Each applicant shall attend educational training on basic tree science and the proper
techniques of tree pruning; and/or shall demonstrate sufficient knowledge of basic tree
science and the proper techniques of tree pruning (. .. ). Requirements to procure a business
permit (... ) shall include attendance at, and completion of, an arborist training program
approved by the city, with subject matter being related to cutting, pruning, trimming,
removing, spraying, or otherwise treating trees”.

Notably, some ordinances (medium and large communities) stated a specific objective
of educating residents regarding trees benefits. As stated, the ordinance aims “To encourage
public education about trees and their value to the community”. This is an illustration of
communities using ordinances as a means to educate public. Likewise, related to public
input was another uncommeon finding concerned with residents’ rights regarding tree care.
In many sampled communities, alt rights regarding public tree care and management were
given solely to municipal departments. One (medium) community ordinance specifically
encouraged the public to look after public and private trees. The ordinance stated: “(... )
All city employees and the general public have the right and are encouraged to report
any trees within the city limits that are in need to be protected, maintained, or removed
to the designated city authority (... )”. This is an example of an ordinance integrating
public participation into the code of law. Such provision should be emphasized in many
ordinances because ordinances integrating public participation are more successful in
achieving its objectives [15].

Another rare provision was the introduction of Robert’s Rules of Order to be employed
in tree board meetings. Robert's Rules of Order are a widely used guide in the U.S.
for governing meetings and making group decisions [27]. With one (large community)
exception, ordinances did not mention the procedure to be follow in tree board meetings,
which can result in confusion and inefficiencies. The exception stated, “The tree board
shall adopt Roberts Rules of Order as its rules of procedure and shall keep records of the
applications and the actions, which shall be a public record”.

One (large community) ordinance stated a very exceptional provision regarding its
enforcement. While the majority of sample ordinances lacked enforcement provisions,
this ordinance included the provision of designating alternative personnel to work as an
enforcement officer under the absence of the main designated personnel. As stated by
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that ordinance: “The UEO [Urban Environment Officer] shall cause the provisions of this
chapter to be enforced. In the UEQ’s absence, these duties shall be the responsibility of a
qualified alternate designated by the City Manager”. This community gave the impression
of strong concern for enforcing the article. Ordinances with enforcement officers specify
ways of monitoring compliance with laws. In addition, the objective of many ordinances—
to promote the health, safety, and welfare of community citizens—can be achieved through
the proper development and enforcement of ordinances [9].

A final unique provision was the requirement of electronic record keeping of all trees
maintained, planted, and removed within the community. As stated by one {medium)
community: “Maintenance records: The day after this ordinance is adopted, the designated
city authority shall start and maintain electronic records of all trees that are maintained
within the city limits. Records shall include the following minimum information: Species,
location, name of person that planted the tree, date tree was planted”. “Removal records:
The day after this ordinance is adopted, the designated city authority shall start and
maintain electronic records of all trees that are removed within the city limits ( ... ).
Species, location, name of person that removed the tree, date tree was removed”. “Planting
records: The day after this ordinance is adopted, the designated city authority shall start and
maintain electronic records of all trees that are planted within the city limits { ... ). Species,
location, name of person that planted the tree, date tree was planted”. In some cases,
the record keeping requirement was found in regulations dealing with tree fund/account
finances (in lieu of contribution funds} and tree board meetings; however, electronic record
keeping of all trees maintained, removed, and planted in the community was only found in
a minority of ordinances. Provisions like this could exist as a reflection of a community that
plans for future needs and could provide a good evaluation of various components of urban
forest management. This is because the good record keeping of all trees in the community
assists in recognizing poor practices that require improvement and good practices that
needs to be sustained. It aids in identifying appropriate plant species for an area and
monitors changes in the tree population. In addition, the electronic record keeping prevents
accidental damage of tree information through natural calamities, theft, and rodents.

3.4. Loopholes in the Existing Ordinances

Duplication was commonly found among all sampled ordinances. Evidence of dupli-
cation included line-by-line and word-by-word duplication, duplication of clauses with
only slight additions, deletions, or changes to some key words and phrases, paraphrasing
and/or writing different section headings but duplicating the associated provisions, and
replicating the same provisions within the same article. Duplication occurred in new or-
dinances as well as revisions of established ordinances. Unsurprisingly, duplication was
higher among communities within the same state rather than across the states. For example,
two communities within one state had the same language for the goal of the ordinance:
“(... ) to promote and protect the public health, safety, and general welfare of citizens and
visitors by providing for the development of a community forestry plan to address the
planning, maintenance, and removal of public trees within the city in order to promote the
benefits of our community forest resources”. These communities were characterized by
small and medium-sized populations, respectively.

In another case, communities of two neighboring states closely duplicated eight
sections of vegetation ordinances between two communities across the states. Sections
included: spacing of street trees, distance from curb and sidewalks, distance from street
corners and fireplugs, proximity to utilities, public tree care, pruning corner clearance,
interference with city, and review or appeal. For example, a (medium) community in State
A indicated,

“Sec. 24-78 —Distance from curb and sidewalk: The distance trees may be planted
from curbs or curb lines and sidewalks will be in accordance with the
three (3) species size classes listed in section 24-77, and no trees may be planted
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closer to any curb or sidewalk than the following: Small trees, two (2} feet;
medium trees, three (3) feet; and large trees, four {4) feet.”

This can be compared with a (small) community in State B:

“Sec. 78-35.—Distance from curb and sidewalk: The distance trees may be planted
from curbs or curb lines and sidewalks will be in accordance with the tree species
size classes listed in section 78-33, and no trees may be planted closer to any curb
or sidewalk than the following: small trees, two feet; medium trees, three feet;
and large trees, four feet.”

Language between these two examples is similar, except the word, “three” and “tree” and
the way spacing distances are written. Duplication such as illustrated here is not necessarily
a bad thing, as long as the unique contexts and needs of each community are taken into
account, and the ordinance is not simply a nominal policy instrument. Such existence of
duplication in vegetation ordinances could be due to the similarity in geographical, social
and cultural characteristics among communities across the south.

Several decades ago, Weber [12] and Profous [28] suggested that municipal tree or-
dinances were rarely copied. Nevertheless, Head [17] found that many communities in
Georgia used Fulton County’s (where most of Atlanta is located) tree ordinance as a tem-
plate, possibly without fully considering how social and physical differences necessitate
unique code. Qur findings also demonstrate a substantial amount of duplication, suggest-
ing that over time, possibly due to increasing urbanization, communities rushed to develop
ordinances leading to problems with their design.

Some ordinances included the same text under different heading titles within the
ordinances. In some cases, the content of the text did not reflect the title. For example,
the text “Nothing in this article shall be deemed to impose any liability upon the city, its
officers or employees, nor to relieve the owner of any private property from the duty to
keep any tree, shrub, or plant upon any street area on his property or under his control
in such condition as to prevent it from constituting a hazard or an impediment to travel
or vision upon any street, park, pleasure ground, boulevard, alley or public place within
the city” was placed under both “Liability” and “Scope of Article”. It seems the “Liabifity”
section would be a better fit than “Scope of Article”. These sections were characterized in
ordinances from two medium-sized communities,

Among the several themes that we classify as loopholes were sections within the
same ordinance directly contradicting themselves. For instance, one (small community)
ordinance stated that the scope of an article was limited to private property, i.e., “Sec. 27-
21.—Scope: The provisions of this article shall apply to Oaks, Magnolia, Cypress, Sycamaore
and Cedar trees within the city limits of the City of (... ), on all privately-owned property”.
However, the same ordinance alse included one section that dealt with public trees, i.e.,
“Sec. 27-26.—Trees on public property: All trees of any kind, regardless of size, located on
public property belonging unto the (... ) shall not be removed, cut down nor destroyed
except upon action of the city manager (... )”. Since the section “scope” in ordinances
refers to the jurisdiction covered by the provisions in the article, the scope of the ordinance
presented in the example was up to the trees owned on private property, but the article also
included a provision for public trees, contradicting the scope of the article. Ordinances with
such contradicting sections may struggle to achieve their goals or never accomplish them.

Finally, a few ordinances were not codified. Codification refers to collection and
organization of regulations into a logical and systematic pattern [29]. One {small} commu-
nity placed its updated ordinance on the Municode home page under the title “Adopted
Ordinances Not Yet Codified” rather than in the appropriate code section. Under the said
title, it was written as “This code of ordinances is up to date as indicated by the banner
text above. Municipal codes may have received additional legislation, but it has not been
posted for interim display and is not currently scheduled to be codified. Ordinance No. 24,
Adopted 11/6/18. AN ORDINANCE AMENDING ORDINANCE NO. 24 REGULATING
THE CUTTING AND REMOVAL OF TREES (... )". At the time of this study, the posting
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was already more than a year old and still lacked codification. The lack of codification
hinders the accessibility of ordinances for both authorities and the public. In addition,
such inaccessibility could fail in determining policies that are contradictory, identical,
and equivocal.

4. Conclusions

We reviewed vegetation ordinances of 83 communities across eight states of the south-
eastern U.S. Many of these communities referenced model ordinances, often developed by
state forestry agencies and urban forest councils. These model ordinances provided a good
starting point for designing a code that reflects the unique social and landscape contexts of
each community [30]. Some vegetation ordinances were well-written, included distinct pro-
visions that supported unique community needs, and well-organized in Municode, while
others lacked important components and contained loopholes and ambiguities. Poorly
written ordinances can be difficult to implement and may not yield desired outcomes [31].

The effectiveness of an ordinance depends on the presence or absence of key elements.
For example, Bernhardt and Swiecki [10] mentioned five essential elements that should
be included in ordinances to be considered as effective ordinances: clearly stated goals,
the designation of responsibility, setting of basic performance standards, flexibility, and
enforcement standards. Some of these components were rarely mentioned in our sample
of ordinances. Many community ordinances stated very general goals (e.g., “to provide
regulation or established standards for the planting, maintenance, and removal of trees,
shrubs, and other plants within the city”). The goal of an ordinance should be the basis
for interpreting its success [10]. Enforcement standards was another common issue (also
see [17,32]. Public engagement and severability were also not commonly addressed, despite
being recommended by most guidelines (e.g., [11]}.

Unsurprisingly, the presence of vegetation ordinances in Municode depended upon
community population size. Compared with their larger counterparts, communities with
smaller populations were more likely to not have vegetation ordinances in Municode.
Similar findings were observed by other studies [13,14,17,33,34]. This may be associated
with fewer resources—particularly for urban forest policy—related to perceptions of low
marginal return for such programs in small communities [33,35]. However, the systematic
and proper placement of ordinances is essential for all communities regardless of size for
the effective implementation of regulation.

Our findings showed the need for simplification of many ordinances to make them
more understandable, actionable, and sustainable. For instance, the presence of minor
errors in ordinances (e.g., typographical errors) illustrate the lack of careful reading of the
ordinance before its adoption. As well, the quality of ordinances depended more upon its
scope rather than the length and complexity of ordinances. For example, some vegetation
ordinances included provisions for all vegetation types such as trees, shrubs, plants, and
weeds, while few ordinances included provisions for weeds only. In such communities,
management of weeds could be the major priority, but in the long term, a community
should focus on holistic management of all vegetation types.

Findings of this study can help to overcome the issues that occur in many ordinances
(e.g., inconsistencies, redundancies, and duplications). Local policymakers and munici-
pal authorities can use the findings to make informed policy decisions for creating new
ordinances and guide communities in the process of updating and revising ordinances.
Cooperative Extension Services can disseminate these findings to educate stakeholders,
such as local policy makers, municipal departments, and tree boards, which can mitigate
possible weaknesses that might oceur while developing effective enforcement mechanisms.
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Abstract: Vegetation regulations or ordinances are the local laws that govern the policies surrounding
urban trees and landscape management. The complexity of urban areas, within the mosaic of private
and public vegetation, necessitates regulation to manage the numerous benefits of urban vegetation.
As urban populations continue to increase, regulations governing vegetation become increasingly
common. This article presents an analysis of the language and provisions of vegetation regulations
within communities across the southern United States by using data from the Municode, a public
database of ordinances, and employing a content analysis. Findings demonstrate both similarities and
variations in ordinance language and content while identifying limitations such as unclear ordinance
provisions, lack of essential ordinance provisions, duplications, and section contradictions. Overall,
findings suggest a need to improve ordinance design, content, and language clarity therein, so they
can have a more positive impact on community green infrastructure. Findings are useful for urban
foresters, arborists, planners, and elected officials in efforts to develop or revise codes.

Keywords: ordinance; tree law; U.S. south; urban forest; arboriculture; planning

1. Introduction

Urban forests are an integral part of the urban ecosystem as they provide numerous
benefits and services including mitigation of the urban heat island effect, air and water
purification, noise level reduction, and carbon sequestration [1,2]. These benefits decrease
as urban expansion increases. The southeast United States (U.5.) has the second highest
(7.5%) amount of urbanized area after the northeast U.S. (9.7%) [2], demonstrating a strong
possibility of increasing these percentages in the future [3]. This could be further accelerated
since the population of urban areas is expected to increase by 85% (or 439 million) by
2025 [4]. As population growth leads to expansion of the urban environment, urban tree
canopy growth typically diminishes [5]. The impact of urban development pressures over
time, motivated communities to use various tools to achieve and maintain sound, healthy,
and well-managed forests.

The establishment, management, and protection of vegetation on urban landscapes is
shaped by public and private property owners’ decisions as well as regulations established
by municipal authorities [6]. Local laws and regulations governing the policies surrounding
urban trees and landscape management are known as vegetation ordinances. The success
of these ordinances depends on several factors, including seciodemographic and cultural
characteristics of the community, ordinance enforcement, and community leadership that
supports urban forest conservation [6]. Many guidelines to developing ordinances exist, of-
ten from state forestry commissions and tree councils. In addition, local governments have
employed guidelines written by Grey [7], Fazio [8], Abbey [9], Bernhardt and Swiecki [10],
and Burgess et al. [11] as frameworks for developing ordinances. Weber [12] stated all
communities differ, among other things, by soils and climatic conditions, cultural traditions,
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political and economic climates, and legal frameworks. Such varying biophysical and social
factors are essential to address when developing ordinances to achieve desired impacts.

Several previous work has focused on frequencies of the existence of tree ordinances
and provisions {e.g., [13-15]. A few studies {e.g., [16] and a report by Head [17]) paid
attention to the intricacies of tree ordinance language, clauses, and specific provisions.
Most of these findings are, however, at the state level. Furthermore, research must not
only assess tree ordinances, but also a variety of regulations that fall under the umbrella
term of “vegetation ordinances” that includes vegetation, trees, plants, landscapes, grass,
weeds, and shrubs. This more inclusive approach provides a broader analysis of regulation
of green infrastructure than focusing on “trees” alone. Therefore, this study for the first
time aimed to provide an overview of existing vegetation ordinances across the southern
United States. Specifically, we examined the language, provisions, and organization of
vegetation ordinances within communities across the southern United States. A detailed
and systematic analysis of ordinance helps in understanding communities’ priorities and
scopes [18]. In addition, the study of language and provisions of vegetation ordinances
helps in examining whether these ordinances are interpreted and understood clearly in
terms of contributing towards community and urban tree management. This study adds
to the body of work addressing municipal ordinances, which are critical aspects of urban
forest governance, by empirically observing and describing the differences and similarities.
Findings will help local policy makers identify strengths and weaknesses of their ordinances
to improve ordinance design, implementation, and enforcement practices.

2, Materials and Methods
2.1. Study Area

The study was conducted across eight states of the International Society of Arboricul-
ture Southern Chapter (ISASC), including Alabama (AL), Arkansas (AR), Georgia (GA; as
of 2021, the state of Georgia contained two ISA chapters, namely the Southern Chapter and
the Georgia Arborist Association), Louisiana (LA), Mississippi (MS), North Carolina (NC),
South Carolina (SC), and Tennessee (TN) (Figure 1).

[ 1 1SA Southern ChapEJ

[ | T™he Southern United States

Figure 1. Location of the International Society of Arboriculture Southern Chapter (ISA-5C) in the
map of the United States.



Forests 2022, 13, 1400

Jofl

2.2. Sample Selection

We collected data from Municode (www.municode.com), an online platform that
publishes local codification of municipal legislation for every state. Since communities must
pay a membership fee to have their codes posted to Municode for free public access, not
all community ordinances are available on Municode. We focused only on the municipal
level of government; therefore, we excluded county and parish ordinances as well as
communities which were not incorporated places as listed in the U.S. Census. In total,
678 communities in Municode satisfied the sampling criteria. To create a manageable
sample size for qualitative data analysis, we set sampling intensity to 10% of communities
listed in Municode for each state (Table 1). Though numbers of samples were sufficient
for five states (AL, GA, LA, NC, and SC), 10% sampling intensity yielded less than four
samples for AR, MS, and TN. Therefore, the least sample size of five states (i.e., eight from
SC) was set as a minimum threshold for AR, MS, and TN (Table 1). Given the minimum
threshold, we sampled 83 out of the 678 communities.

Table 1. Total number of communities represented in Municode and the corresponding adjusted
sample size selected by state.

States Communiti‘es Listed in 10% Sample Size Adjustefl Sample
Municode Size

Georgia 214 214 21
North Carolina 119 119 12
Louisiana 93 93 9
Alabama 90 9.0 9
South Carolina 84 84 8
Mississippi * 37 37 8
Arkansas * 24 24 8
Tennessee * 17 1.7 8
Total 678 83

* States with a minimum threshold of eight communities.

We next selected communilies based on population size to ensure a reflection of large,
medium, and small communities. Reflecting Kuhns et al. [13], we created
three population categories of residents: (1) less than 10,000, (2) 10,000 to 50,000, and
(3) more than 50,000. The number of sample communities to each population stratum
was allocated by multiplying the proportion of communities in that stratum with the total
number of samples for each state (Table 2). Finally, we used the Microsoft Excel RAND
function to randomly select communities for each population category.

Table 2. Final sample size by state and population stratum.

States Small Medium Large Total Number of
(<10,000) {10,000-50,000) (>50,000) Communities in Each State

Georgia 14 6 1 21
North Carolina 7 4 1 12
Alabama 4 4 1 9
Louisiana 6 2 1 9
Arkansas 1 4 3 8
Mississippi 1 6 1 8
South Carolina 5 2 1 8
Tennessee 1 4 3 8
Total 39 32 12 83

2.3. Data Collection and Analysis

We collected data in the years 2019-2020 and involved two phases. First, we identified
ordinance chapters addressing vegetation, including trees, in each municipal code. Second,
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we involved querying the entire code using words such as vegetation, trees, plants, land-
scapes, grass, weeds, and shrubs to identify vegetation and tree regulations that lacked
specific standalone chapters but were presented under other chapters and sections. We
used qualitative content analysis and NVivo (QSR International 2017) software to observe
differences and similarities among ordinances. Content analysis is a research method
used for interpreting text-based information with a systematic procedure of coding and
identifying themes or patterns [19]. Widely used in the social sciences, it is a fundamental
tool for examining collected government documents [20]. Following Berg and Lune [21], we
formulated codes based on identification and analysis of keywords, sentences, phrases, and
purposes of ordinance sections. Codes were then constructed into themes and sub-themes
of data. We sorted these themes and sub-themes based on similar phrases, patterns, rela-
tionships, and commonalities or disparities. Data representing these themes are presented
as quotes in the results.

3. Results and Discussions
3.1. Organization of Ordinances

The proper organization of vegetation ordinances in Municode aids in quick and easy
access of existing laws to local policymakers and stakeholders. In this study, we found large
variation in the location of vegetation ordinances in Municode. Some vegetation ordinances
were in the body of codes while others were in the codes’ appendices. For example, one
(medium) community included two sections and one article within an appendix. One sec-
tion was entitled 37-14—Landscape and Tree Protection under the article XXXVII— EASTERN
SHORE PARK OVERLAY DISTRICT GENERAL PROVISIONS. Another section was entitled
39-14—Landscape and Tree Protection under the article XXXIX.—JUBILEE RETAIL DISTRICT
OVERLAY. In addition to the aforementioned articles, the code included a stand-alone
article: ARTICLE XIX —LANDSCAPE STANDARDS AND TREE PROTECTION. Similarly,
other vegetation ordinances were located within multiple chapters within the body of the
code. For example, one (large} community addressed two vegetation articles under the
two chapters of Landscaping and Tree Protection and Parks, Recreation, and Cultural Affairs.
Another (small) community mentioned its three vegetation articles within three separate
chapters: (1) Street, Sidewalks, and Public Places, (2) Environment, and (3) Zoning. By contrast,
most communities addressed vegetation ordinances within a single chapter, but not neces-
sarily a chapter devoted solely to vegetation. For example, commonly found single chapters
were under the topics of Environment; Streels, Sidewalks, and Public Places; Trees; Buildings
and Building Regulations; Nuisance; Parks and Recreation; Boards, Commissions, and Committees;
Administration; Landscaping; and Zoning. In some cases, communities lacked standalone veg-
etation ordinances, but regulations related to vegetation were found scattered in multiple
sections of the code. For instance, one (small) community addressed vegetation regula-
tions in two sections of the code: (1) Sec. 109-229.—Street Trees and (2) Sec. 49.—Trees in
Public Places.

The unsystematic placement of vegetation ordinances in Municode is an important
finding, consistent with Zhang et al. [15]. The presence of vegetation ordinances in an
appendix section demonstrates the poor understanding of code placement in the ordi-
nance because an appendix, by definition, is supplementary information. Ordinances
related to vegetation could be organized under the broad chapter titles of “vegetation” or
“environment” in the code section of Municode.

3.2. Variations in Terminology and Lack of Clarity in Ordinance Language

The language and words used plays an important role in the formation of any policy.
They provide the basis for interpreting the meaning of laws and provisions stated. Despite
this knowledge, the meaning of words used in legal documents are not always apparent [22],
In this study, we identified ambiguous language in tree topping and tree removal provisions
of vegetation ordinances. While a number of ordinances stated, “tree topping of all public
trees is prohibited”, one (medium community) ordinance addressed tree topping provisions
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as “the practice of topping a tree for growth control is prohibited” leading to the idea that
topping was acceptable for some objectives {e.g., minimize risk of failure or reduce tree
height). Growth controls are the key words that lead to ambiguity in the clause and are
open to subjective interpretation. Regarding tree removal, one (medium community)
ordinance indicated, “If the tree is removed from the city’s right-of-way, easement, or
servitude, an appropriate species of tree shall be replaced if space is available (... ). The
provision would be clearer if it were to specify tree replacement with the appropriately
sized tree at maturity based on the available space. Ordinances like this may not achieve
the overall goals of ordinances as it lacks the basic standards for performance [10}. In
addition, unspecific ordinance provisions (e.g., appropriate species} may not be enforceable.
The existence of such ambiguity or vagueness in ordinances could refer to various reasons.
For example, Jakes et al. [23] found policy makers write ambiguous language intentionally
to provide flexibility to implementers, while Matland [24] stated conflict between policy
makers leads to compromise and thereafter ambiguousness in policy.

By comparison, other tree topping and pruning practice provisions included encourag-
ing verbiage. In one example regarding tree topping, an (medium community) ordinance
stated, “The practice of tree topping is strongly discouraged on all public trees and as a
tree care practice for private trees”. In another example regarding pruning practices, an
(medium community) ordinance wrote, “The city shall make every effort possible to prune
public trees as necessary to encourage healthy form and resistance to breakage”. In these
instances, both “strongly discouraged”, and “every effort” reflects encouraging verbiage
in one way, and signals communities’ concerns regarding negative consequences of tree
topping (e.g., disfigures the tree, excessive crown removal limits the food-making capacity
of tree-leading to tree starvation, rapid growth of weak limbs and branches, vulnerable
to insects and decay, and in some cases leading to tree death) and advantages of pruning
practices (e.g., promotes plant health, fruit production, and growth control; provides good
appearance and adds value to the adjacent property), respectively, while on the other hand,
these provisions are subjective.

Language involving ordinance enforcement was a common limitation with a few
exceptions. In very limited ordinances with enforcement clauses, the person and/or depart-
ment responsible for enforcing the article varied. For example, some ordinances indicated
director of public works, city departments, mayor, planning department director, and urban
environment officer as their enforcement officers, while others noted city building and
neighborhood services department; city building and zoning department; city arborist,
department of community’s services, and city park commission. However, in one extreme
case, an (medium community} crdinance gave the authority of right-of-way (ROW) tree
pruning decisions on private property to the police: “The city shall have the right to prune
any tree or shrub on private property (... ). The discretion to prune such trees or shrubs is
vested in the chief of police”. Most municipal tree care programs-maintained trees in the
ROW, but the authority lies with someone more familiar with tree management or infras-
tructure maintenance than the chief of police. This shows that some municipal ordinances
provide numerous authorities to enforce tree management tasks (e.g., tree pruning) while
some are much more restrictive [25].

Clear, specific, and measurable ordinance objectives are important so provisions can be
assessed after a period of enactment; however, such characteristics were fairly uncommon
in the sample. For example, one (large}) community stated the purpose of the ordinance
was “To establish and maintain the maximum sustainable amount of tree cover on public
and private lands in the city”. In another (small) community, the overall purpose of the
ordinance was “To promote tree conservation, the increase of tree canopy, and the protection
of existing trees in the city”. These clauses, and other clauses that detail tree benefits in the
objectives, would be more appropriate for an urban forest master plan than an ordinance.
As local laws, ordinances should not manage the urban forest, but regulate behaviors
that impact vegetation. The purpose clause of many communities appropriately stated
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that the ordinance was adopted to provide requirements for planting, preservation, and
maintenance of trees and vegetation on public and private lands.

3.3. Unigue Provisions Identified in Ordinances

A minority of communities’ ordinances contained provisions not commonly present
across the region. These provisions were unique in the sense that they focused on urban and
community tree management in terms of training and education (n = 3), public input (1 = 1},
guides used for tree board meetings (n = 1), enforcement provision (1 = 1), and electronic
record keeping of trees (1 = 1). We selected seven provisions to illustrate in this article.
For example, some ordinances included a code of ethics as well as planning commission
training for tree board members. These provisions may have referenced industry-accepted
standards or guidelines. In addition, while most communities focused on several require-
ments that an individual should possess prior to serving as a tree board member, some
communities emphasized professional credentials tree board members should fulfill follow-
ing appointment to the board. One (small) community ordinance stated: “Each member
must complete one hour of (. .. ). the Code of Governmental Ethics per calendar year as per
R.S. 42:1170 and each member must complete the planning commission training within one
year of appointment ( ... }”. Providing additional knowledge and training to tree board
members even after the appointment help succeed the urban forestry programs [26]. Many
ordinances addressed state licensing, professional credentials, insurance, and bonding.
However, only some communities specified expectations regarding professional qualifi-
cations, such as completing educational training. For example, as stated by one (medium
community) ordinance:

“Each applicant shall attend educational training on basic tree science and the proper
techniques of tree pruning; and/or shall demonstrate sufficient knowledge of basic tree
science and the proper techniques of tree pruning (. .. }. Requirements to procure a business
permit (... ) shall include attendance at, and completion of, an arborist training program
approved by the city, with subject matter being related to cutting, pruning, trimming,
removing, spraying, or otherwise treating trees”.

Notably, some ordinances {medium and large communities) stated a specific objective
of educating residents regarding trees benefits. As stated, the ordinance aims “To encourage
public education about trees and their value to the community”. This is an illustration of
communities using ordinances as a means to educate public. Likewise, related to public
input was another uncommon finding concerned with residents’ rights regarding tree care.
In many sampled communities, all rights regarding public tree care and management were
given solely to municipal departments. One (medium) community ordinance specifically
encouraged the public to ook after public and private trees. The ordinance stated: “(... )
All city employees and the general public have the right and are encouraged to report
any trees within the city limits that are in need to be protected, maintained, or removed
to the designated city authority ( ... )”. This is an example of an ordinance integrating
public participation into the code of law. Such provision should be emphasized in many
ordinances because ordinances integrating public participation are more successful in
achieving its objectives [15].

Another rare provision was the introduction of Robert’s Rules of Order to be employed
in tree board meetings. Robert’s Rules of Order are a widely used guide in the US.
for governing meetings and making group decisions [27]. With one (large community)
exception, ordinances did not mention the procedure to be follow in tree board meetings,
which can result in confusion and inefficiencies. The exception stated, “The iree board
shall adopt Roberis Rules of Order as its rules of procedure and shall keep records of the
applications and the actions, which shall be a public record”.

One (large community) ordinance stated a very exceptional provision regarding its
enforcement. While the majority of sample ordinances lacked enforcement provisions,
this ordinance included the provision of designating alternative personnel to work as an
enforcement officer under the absence of the main designated personnel. As stated by
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that ordinance: “The UEO [Urban Environment Officer] shall cause the provisions of this
chapter to be enforced. In the UEO's absence, these duties shall be the responsibility of a
qualified alternate designated by the City Manager”. This community gave the impression
of strong concern for enforcing the article. Ordinances with enforcement officers specify
ways of monitoring compliance with laws. In addition, the objective of many ordinances—
to promote the health, safety, and welfare of community citizens—can be achieved through
the proper development and enforcement of ordinances [9].

A final unique provision was the requirement of electronic record keeping of all trees
maintained, planted, and removed within the community. As stated by one (medium)
community: “Maintenance records: The day after this ordinance is adopted, the designated
city authority shall start and maintain electronic records of all trees that are maintained
within the city limits. Records shall include the following minimum information: Species,
location, name of person that planted the tree, date tree was planted”. “Removal records:
The day after this ordinance is adopted, the designated city authority shall start and
maintain electronic records of all trees that are removed within the city limits ( ... ).
Species, location, name of person that removed the tree, date tree was removed”. “Planting
records: The day after this ordinance is adopted, the designated city authority shall start and
maintain electronic records of all trees that are planted within the city limits ( ... ). Species,
location, name of person that planted the tree, date tree was planted”. In some cases,
the record keeping requirement was found in regulations dealing with tree fund/account
finances (in lieu of contribution funds) and tree board meetings; however, electronic record
keeping of all trees maintained, removed, and planted in the community was only found in
a minority of ordinances. Provisions like this could exist as a reflection of a community that
plans for future needs and could provide a goed evaluation of various components of urban
forest management. This is because the good record keeping of all trees in the community
assists in recognizing poor practices that require improvement and good practices that
needs to be sustained. It aids in identifying appropriate plant species for an area and
monitors changes in the tree population. In addition, the electronic record keeping prevents
accidental damage of tree information through natural calamities, theft, and rodents.

3.4. Loopholes in the Existing Ordinances

Duplication was commeonly found among all sampled ordinances. Evidence of dupli-
cation included line-by-line and word-by-word duplication, duplication of clauses with
only slight additions, deletions, or changes to some key words and phrases, paraphrasing
and /or writing different section headings but duplicating the associated provisions, and
replicating the same provisions within the same article. Duplication occurred in new or-
dinances as well as revisions of established ordinances. Unsurprisingly, duplication was
higher among communities within the same state rather than across the states. For example,
two communities within one state had the same language for the goal of the ordinance:
“(... ) to promote and protect the public health, safety, and general welfare of citizens and
visitors by providing for the development of a community forestry plan to address the
planning, maintenance, and removal of public trees within the city in order to promote the
benefits of our community forest resources”. These communities were characterized by
small and medium-sized populations, respectively.

In another case, communities of two neighboring states closely duplicated eight
sections of vegetation ordinances between two communities across the states. Sections
included: spacing of street trees, distance from curb and sidewalks, distance from street
corners and fireplugs, proximity to utilities, public tree care, pruning corner clearance,
interference with city, and review or appeal. For example, a {medium} community in State
A indicated,

“Sec. 24-78 —Distance from curb and sidewalk: The distance trees may be planted
from curbs or curb lines and sidewalks will be in accordance with the
three (3) species size classes listed in section 24-77, and no trees may be planted
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closer to any curb or sidewalk than the following: Small trees, two (2) feet;
medium trees, three (3) feet; and large trees, four (4) feet.”

This can be compared with a (small) community in State B:

“Sec. 78-35.—Distance from curb and sidewalk: The distance trees may be planted
from curbs or curb lines and sidewalks will be in accordance with the tree species
size classes listed in section 78-33, and no trees may be planted closer to any curb
or sidewalk than the following: small trees, two feet; medium trees, three feet;
and large trees, four feet.”

Language between these two examples is similar, except the word, “three” and “tree” and
the way spacing distances are written. Duplication such as iltustrated here is not necessarily
a bad thing, as long as the unique contexts and needs of each community are taken into
account, and the ordinance is not simply a nominal policy instrument. Such existence of
duplication in vegetation ordinances could be due to the similarity in geographical, social
and cultural characteristics among communities across the south,

Several decades ago, Weber [12] and Profous [28] suggested that municipal tree or-
dinances were rarely copied. Nevertheless, Head [17] found.that many communities in
Georgia used Fulton County’s (where most of Atlanta is located) tree ordinance as a tem-
plate, possibly without fully considering how social and physical differences necessitate
unique code. Our findings also demonstrate a substantial amount of duplication, suggest-
ing that over time, possibly due to increasing urbanization, communities rushed to develop
ordinances leading to problems with their design.

Some ordinances included the same text under different heading titles within the
ordinances. In some cases, the content of the text did not reflect the title. For example,
the text “Nothing in this article shall be deemed to impose any liability upon the city, its
officers or employees, nor to relieve the owner of any private property from the duty to
keep any tree, shrub, or plant upon any street area on his property or under his control
in such condition as to prevent it from constituting a hazard or an impediment to travel
or vision upon any street, park, pleasure ground, boulevard, alley or public place within
the city” was placed under both “Liability” and “Scope of Article”. It seems the “Liability”
section would be a better fit than “Scope of Article”. These sections were characterized in
ordinances from two medium-sized communities.

Among the several themes that we classify as loopholes were sections within the
same ordinance directly contradicting themselves. For instance, one (small community)
ordinance stated that the scope of an article was limited to private property, i.e., “Sec. 27-
21.—Scope: The provisions of this article shall apply to Oaks, Magnolia, Cypress, Sycamore
and Cedar trees within the city limits of the City of (... ), on all privately-owned property”.
However, the same ordinance also included one section that dealt with public trees, ie.,
“Sec. 27-26.—Trees on public property: All trees of any kind, regardless of size, located on
public property belonging unto the (... } shall not be removed, cut down nor destroyed
except upon action of the city manager ( ... ). Since the section “scope” in ordinances
refers to the jurisdiction covered by the provisions in the article, the scope of the ordinance
presented in the example was up to the trees owned on private property, but the article also
included a provision for public trees, contradicting the scope of the article. Ordinances with
such contradicting sections may struggle to achieve their goals or never accomplish them.

Finally, a few ordinances were not codified. Codification refers to collection and
organization of regulations into a logical and systematic pattern [29]. Cne (small) commu-
nity placed its updated ordinance on the Municode home page under the title “Adopted
Ordinances Not Yet Codified” rather than in the appropriate code section. Under the said
title, it was written as “This code of ordinances is up to date as indicated by the banner
text above. Municipal codes may have received additional legislation, but it has not been
posted for interim display and is not currently scheduled to be codified. Ordinance No. 24,
Adopted 11/6/18. AN ORDINANCE AMENDING ORDINANCE NO. 24 REGULATING
THE CUTTING AND REMOVAL OF TREES (... ). At the time of this study, the posting



Forests 2022, 13, 1400

Dof 11

was already more than a year old and still lacked codification. The lack of codification
hinders the accessibility of ordinances for both authorities and the public. In addition,
such inaccessibility could fail in determining policies that are contradictory, identical,
and equivocal.

4. Conclusions

We reviewed vegetation ordinances of 83 communities across eight states of the south-
eastern U.S. Many of these communities referenced model ordinances, often developed by
state forestry agencies and urban forest councils. These model ordinances provided a good
starting point for designing a code that reflects the unique social and landscape contexts of
each community [30]. Some vegetation ordinances were well-written, included distinct pro-
visions that supported unique community needs, and well-organized in Municode, while
others lacked important components and contained loopholes and ambiguities. Poorly
written ordinances can be difficult to implement and may not yield desired outcomes [31].

The effectiveness of an ordinance depends on the presence or absence of key elements.
For example, Bernhardt and Swiecki [10] mentioned five essential elements that should
be included in ordinances to be considered as effective ordinances: clearly stated goals,
the designation of responsibility, setting of basic performance standards, flexibility, and
enforcement standards. Some of these components were rarely mentioned in our sample
of ordinances. Many community ordinances stated very general goals (e.g., “to provide
regulation or established standards for the planting, maintenance, and removal of trees,
shrubs, and other plants within the city”). The goal of an ordinance should be the basis
for interpreting its success [10]. Enforcement standards was another common issue (also
see [17,32]. Public engagement and severability were also not commonly addressed, despite
being recommended by most guidelines (e.g., [11]).

Unsurprisingly, the presence of vegetation ordinances in Municode depended upon
community population size. Compared with their larger counterparts, communities with
smaller populations were more likely to not have vegetation ordinances in Municode.
Similar findings were observed by other studies [13,14,17,33,34]. This may be associated
with fewer resources—particularly for urban forest policy—related to perceptions of low
marginal return for such programs in small communities [33,35]. However, the systematic
and proper placement of ordinances is essential for all communities regardless of size for
the effective implementation of regulation.

Our findings showed the need for simplification of many ordinances to make them
more understandable, actionable, and sustainable. For instance, the presence of minor
errors in ordinances {e.g., typographical errors) illustrate the lack of careful reading of the
ordinance before its adoption. As well, the quality of ordinances depended more upon its
scope rather than the length and complexity of ordinances. For example, some vegetation
ordinances included provisiens for all vegetation types such as trees, shrubs, plants, and
weeds, while few ordinances included provisions for weeds only. In such communities,
management of weeds could be the major priority, but in the long term, a community
should focus on holistic management of all vegetation types.

Findings of this study can help to overcome the issues that occur in many ordinances
(e.g., inconsistencies, redundancies, and duplications). Local policymakers and munici-
pal authorities can use the findings to make informed policy decisions for creating new
ordinances and guide comumunities in the process of updating and revising ordinances.
Cooperative Extension Services can disseminate these findings to educate stakeholders,
such as local policy makers, municipal departments, and tree boards, which can mitigate
possible weaknesses that might occur while developing effective enforcement mechanisms.
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2\ The City of

WORCESTER

ASSISTANT COMMISSIONER’'S REPORT:

1,

General:

Urban Forestry Master Plan Review

Department of Public Works & Parks

Parks, Recreation & Cematery Division

Forestry Operations

50 Officer Manny Familia Way, Worcester, MA 01605
P | 508-799-1190 F | 508-799-1293
Worceslertrees@worcesterma.gov

o The second draft of the Urban Forestry Master Plan which can be found here:
Trees in the City - Right Tree, Right Place | City of Worcester, MA [worcesterma.gov)

Door Hanger - NA

Tree Commission attending neighborhood meetings — Update
o Neighborhood Response Team | City of Worcester, MA (worcesterma.gov)

Tree replacement policy — NA
Neighborhood Based Urban Heat Risk Assessment - NA
Worcester Now | Next online survey - NA
Green Worcester Advisory Committee -NA
Ptanting =
o Spring 2024 Planting - NA
Customer Service Update

o Customer Service Contact Information 508-929-1300 &/or 311

Street Resurfacing Opportunities & Challenges — NA
Zoning Ordinance Discussion - NA

Worcester Ordinance Relative to the Protection of Public Trees - NA

Partnerships —

o New England Botanical Garden @ Tower Hill - NA
Grant Applications -

o DCR Grant Program - NA
Economic Development Initiatives -

o NA

Forestry Vandalism & Graffiti -
o NA

Donations -
o NA

Pests —

o ALB (Asian Longhorned Beetle) - NA
o EAB (Emerald Ash Borer) - NA
o Spotted Lanternfly - NA
o Elm Zigzag Sawfly — NA
Forestry Operations —
o Tree City USA—NA
o Arbor Day —
»  April 26, 2024
s  April 27, 2024 - Festival
Budget - Operational & Capital - NA
o Parks, Recreation & Cemetery Division — NA
o Capital Improvement Program — NA
o City Five Paint Financial Plan — NA
Misc.



URBAN FORESTRY TREE COMMISSION MEETING

Wednesday February 28, 2024 - 6:00 P.M.
Parks, Recreation & Cemetery Administrative Office
Meeting Room A
50 Officer Manny Familia Way Worcester, MA 01605

Or

Virtual with Teams
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