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INSTRUCTIONS

Project Operators complete and submit this Initial Credit Project Desigmi2nt(PDD)fter planting
has been completecity Forest Credithen reviews this PDIor validation with all other required
project documentsAn approvedhird-party verifierthen conducts verificatiorAseparateamendment
to the Project Design Document will need&submitted for future verification at years6},andafter
year25.

Please complete sections starting on pagehere you find “[Enter text here]” as thoroughly as possible.

PROTOCOL REQUIREMENTS

Below are a list of the eligibility requirements in @ity Forest Credi{fCFCYTree PlantingProtocol
Version 9, dated February 7, 20Bkgin your responses on page 4 under PROJECT OVERVIEW.

Project Operator (Section 1.1)
Identify a Project Operator for the projecthis is the person or entity who takes responsibility for the
projectfor the 25year duration.

Commit to 25year Project Duration in the Project Implementation Agreemer(Section 1.2and
Sectionb)

Sign the Project Implementation Agreemerthis is the 25year agreement between the Project
Operator and E€Cfor an urban forest carbo project.

Location Eligibility(Section 1.3)
Project Areas must be located in parcels within or along the boundaryleésit one of the following
criteria.
A. The Urban Area boundary (“Urban Area”), defined by the mastmt publication of théJnited
States Census Bureau
B. The boundary of any incorporated city or town created unther law of its state;
C. The boundary of any unincorporated city, town, or uninargied urban area created or
designated under the law of its state;
D. The boundary of angegional metropolitan planning agency or council established by
legislative action or public charter. Examples include the Metropolitan Riaaning
Council in Boston and the Chicago Metropolitan Planning Agenc
E. The boundary of land owned, designated, and used by a mahigigguasimunicipal entity
such as a utility for source water or watershed protection;
F. A transportation, power transmission, or utility right of way, provided tigit of way begins,
ends, or passes through some portion of A throlgbove.

OwnershipEligibility (Section 2)
Project Operator must demonstrate ownership of property and eligiltidityeceive potential credits by
meeting at least one of the following:
A. Own the land, the trees, amgbtential credits upon which the Project trees are located; or
B. Own an easement or equivalent property interest for a public right of walyinvithich Project
trees are located, own the Project trees and credits within that easement, azepaownership
of those Project trees by assuming responsibility for maintenance and lidbilithem; or
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C. Have a written and signed agreement from the landowner grantiwnership to the Project
Operator of any credits for carbon storage or other benefits deliveredbje€ trees on that
landowner’s land. If Project trees are on private property, this agreemesst ipe recorded in
the property records of the county in which the land cdntag Project trees is located.

Additionality (Section 4.1 and Appendix D)
LegallyRequiredTreesNOTHigible - Project trees cannot be required by law or ordinance tqlanted.

Performance Standard Baselirf@ppendix D)
Project trees must be additional based on the performance standard basstaeched

Multiple planting sites may be aggregated into one project (Sectign 8

Planting sites can be on public and private land, in different citiesaggregated into one project,
provided that planting on all properties occurs within arBénth period and that all properties comply
with protocol requirements.

Carbon Quantification (Section 1&nd Appendix B

CFC has developed spreadsheets and methods for quaagtifgifbon stored and credited. The project
design including tree spacing and goals will determine the dfieation and monitoring requirements.
Project Operators will quantify GQsing the method appropriate for the project typeFGupplesall
guantification tools. The three main project designs are:

X Single Treetrees are scattered and spaced apart more than 10,fastin street, yards, some
parks, and schos|individual trees are trackechd randomly sampled

x Clustered Parkstrees are relatively contiguous in palike settings and change in canopy is
tracked

x Canopy-trees are planted very close together, often but not required éoibriparian areas,
significant mortality is expected, and change in canopy is tracked. The two aménage to
create a forest ecosystem and generate canopy

Verification by thrd-party verifiers (Section 13)
All projects must be verified before receiving credits.

Imaging Requirements (based on planting method)
In order to receive credits, additional information is required at YédaBs and &. Below are the
imagingrequirements by planting method:
1) Single Tree (spaced’ldr more apart, i.e. street trees or linear plantings)
a. Initial Credit The carbon quantification tool for your project contains a worksheetdalle
“Data Collection” for use in tracking each treethat file, document the GPS
coordinates for each tree planted
b. Yeardt, 6, and B: Geocoded photo®r imagingof a minimumsample 020% ofthe
treesis requiredat Years4, 6, and &. The tracking file includes a column where each
tree is assigned anique serial number to help with tracking each coordinate tree
pictureor image
2) Clustered Parks (spaced Hpart but continuously so to generate canopy over time, i.e.
natural areas)
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a.

Initial Credit Projects must document the plantinigrough photos or imagingSelect
points and take ge@oded photos that when taken together capture the newly planted
trees in the project aredf site is rectilinear, take a photo at each of the corners. If the
site is large, take photos at points alathg perimeter looking into the project area. If
necessary to capture the trees, take photos facing each of the cardieatidns while
standing in the middle of the project arelf.site is nonrectilinear, identify critical points
along property boundaries and take photographs at eachtdaiing in towards the
middle of the site. Next, take photographs from the middle of the mbgea facing

out at each cardinal direction.

AtYeardd, 6, and B: Project provides images of the Project Area from atgntetry,
imaging, remote sensing.Tiree Canopy, or UAV service, such as Google Earth and
estimate the area in tree canopy cover (acres). Imaging from Google Edntleafibn
may be used. Project operators will calculate the percent of canopy carartifie
Google Earth imaging. Projects can u$ecie Canopy and point sampling to calculate
canopy cover. Usingliree Canopy, continue adding points until the standardreof

the estimate for both the tree and netnee cover is less than 5%l iee Canopwill
supply you with the standard errors. If tree canopy cover is determined) asiother
approach, such as image classification, a short description of the approacll &ie
provided, as well as the QA/QC measures that were used. A tree cossificion
accuracy assessment should be conducted, as with randplated points, and the
percentage tree cover classification accuracy reported.

3) Canopy (closely planted with spacing less tharap@rt so to generate canopy and forest
ecosystem, high tree nrtality expected, i.e. riparian areas)

a.

b.

Initial Credit Projects must document the planting through photos or imagEelect
points and take ge@oded photos that when taken together capture the newly planted
trees in the project aredf site is rectilinar, take a photo at each of the corners. If the
site is large, take photos at points along the perimeter looking into tbgpt area. If
necessary to capture the trees, take photos facing each of the cardieatidns while
standing in the middle of & project arealf site is nonrectilinear, identify critical points
along property boundaries and take photographs at eachtdairing in towards the
middle of the site. Next, take photographs from the middle of the prbgrea facing

out at each cardinal direction.

At Yeardl, 6, and B: Project provides images of the Project Area from any telemetry,
imaging, remote sensing.Tiree Canopy, or UAV service, such as Google Earth and
estimate the area in tree canopy cover (acres). Imaging from Google Hrtleaf-on
may be used. Project operators will calculate the percent of canopy cararthe
Google Earth imaging. Projects can u$ecie Canopy and point sampling to calculate
canopy cover. Usingliree Canopy, continue adding points until the standawrdr of

the estimate for both the tree and netmee cover is less than 5%Tliee Canopy will
supply you with the standard errors. If tree canopy cover is determined) asiother
approach, such as image classification, a short description of the appsbacid be
provided, as well as the QA/QC measures that were used. A tree cosgifickion
accuracy assessment should be conducted, as with randplated points, and the
percentage tree cover classification accuracy reported.
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PROJEOVERVIEW

Basic Project Details

ProjectName Ballinger Open Space Restoration

Project NumbenG-Cto provide) 003

Project TypePlanting Project (under the Planting Protoealersion 9, dated February 7, 202
Project Start DateDecemberl, 2018

Project Locatior(city, town, ofjurisdiction): Shoreline, WA

Project OperatoName:Mountains to Sound Greenway Trust

Project OperatorContactinformation: Dan HintzRestorationProjects Manager
206-7351027
dan.hintz@mtsgreenway.org

Project Description

Describeoverall project goals, where the project will take place, whathodof planting(per Protocol)
partners,time period of when the trees have been or will be planted, and any other relevamation.
(minimum of 2 paragraphs)

The Mountains to Sound Greenway Trust (Greenway Trust) is partnering with yhef Shorelingo
undertake ecological restoration #ie 2.7-acreBallinger Open Space in Shoreline, . \Rject funding
has been securethrough severagirantprograms including funds from American Forests and Bank of
America, The Nature Conservankyng County Flood Control District, and King CoWsagtewater
Treament Division. The City of Shoreline has progtidetch through staff timed.g.,hazardous tree
removal and trash removal) and project materiagy(,wood chips)Tree planting occurred between
December of 2018 and March of 20Zver that period, D45trees and shrubs were planted. However,
some of those shrubs and small trees are not creditable, and CFC also resgunmglehg inOctober

2021 to confirm the number afreditabletrees planted and livelo date,1,917 creditabletrees have
been plantedat Ballinger Open Space.

Ballinger Open Space istire Ballinger neighborhood of Shoreline, WA, surroundedibyed income
housingthat shares the open space as a “back yaR#llinger Creek, which ultimately flows into Lake
Washington passeshirough the property and exits through an undersized culveat fheriodically backs
up and causes flooding around the adjacapartments The open space has been neglected for
decades and is overrun withvasive plantgHimalayan blackberry, English iepd several othersind
currently has minimal tree canopy. Project work has included confriohasive weeds acrog&allinger
Open Space andstallation of overl,00 native treegas well as several hundred native shrubs not
being credited)Restoring healthy forest conditions at Ballinger Open Spacaatitinly help with
carbon sequestration, but shouldsoimprove water quality, minimize flood impacts, increase
biodiversityand forest resilienceandimprove bothaccessand aesthetics for the neighbors of Ballinger
Open Space.

Project benefits will include

x Carbon Sequestratior/EWith a 20% mortality deduction, the project is projected to sequester
2,568 tons of carbo over a 25year period.

Copyright© 2021 City Forest Credits. All rights reserved.
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x Improved Water Quality £Trees planted along Ballinger Creek will help stabilize soils and
reduce erosion on site.

X Improve Air Quality A£Ballinger Open Space sits in a low “valley” near Interstaléns area of
Shoreline is in the 8890" percentile for the state and region for PM 2.5, Diesel PM, Air Toxics
Cancer and Respiratory Hazard Indices, and Traffic Proximity

x Enhanced Wetland ConditiongETheinterior of the site consists ariverine wetland
surrounding Ballinger Creek. Restoration will improve the ecological corslitiothis wetland.

x Creation of Backyard Bird HabitafEIncreased canopy, biodiversity, and improved forest
structure will improve habitat for birds and other wildlife. Shrubesnpéd on sitehave been
selected to attracpollinators(e.g.,red flowering currant) and provide food for foragirgd.,
Oregon grapg

X Reduced flooding&Tree canopy will increagain interception and transpiratigrwhich in time
should reduce flowsrdém storm events through Ballinger Creek.

x Local Community BuildingEThe Greenway trust has hostéalr volunteer events at Ballinger
Open Space witB8 volunteers participating.

x Improved Site AccesgERestoration will improve potential fdrail connectionsand better
access into the open space for neighbdéteerestoration, the open space was completed
blocked off with thickets of blackberry, now neighbors are seen acagtisincreek and
enjoying the open space.

LOCATI@NID OWNERSHIFPROJECT AREA (SeetmohnSestidr)

Project Arealocation
Describe wheréhe Project Area icated anchow it meetsthe location criteria.

The project is located ithe Ballinger neighborhood of Shoreline, WA. This satigéas“B” under
location eligibility, as it is withirhe boundary of any incorporated ci(@horelinelor town created
under the law of its state

Project Area Ownershipand Right to Receive Credits

Describe the property ownership amtlude relevantiocumentation includingumbereditle/filename
as an attachmentEx: 1- Attestationof Land Ownershjmr 1 - Agreement from Owner to Transfer
Credit3.

The land is ownetly the City of Shorelindhe City of Shoreline has agreed to transfer the credits to the
Mountains to Sound Greenway Trust.

King County Tax Parcel 2638248- FRAUENTHAL BROS TRS UNREC N 1/2 W OF ALDER CREST ADD

King County Tax Par@836900147- FRAUENTHAL BROS TRS UNREC S 1/2 W OF W LN OF ALDER CREST
ADD

Copyright© 2021 City Forest Credits. All rights reserved.
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King County Tax Parcel 0426@346 POR OF S 1/2 OF SE 1/4 OF NE 1/4 OF NW 1/4 LY W OF 24TH AVE
NE LESS POR PLATTED LESS CO RD

Maps
Provie adetailedmap of the Project AreaAko provide aegionalscalemap that showshe Project
Area within the context of relevant urban/town boundaries. Inclodeberedtitle/filename of

attachments(Ex: 2- Regional Scale Map)

w M
NE

\wa

ol B
2=

"

Ex 1:Site Map(via King ounty iMap2.7-acreBallinger Open Space is highted in green.
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PROJECT DURATION

ProjectOperator commits to the 2§ear project duration requirement tbugh a signed Project
ImplementationAgreement with City Forest Credits.

ATTESTATIONS

Complete and attach the following attestations: Attestation of No Double Counti@Ggedits,
Attestation of No Net HarmAttestation of Planting, and Attestation of Planting Affirmation.
Provide any additional notes as relevant.

Attached.

ADDITIONALITY

Legally Required Tre®EOTEIligible- Project trees ara@ot required by law or ordinance to be planted.
See Attestation of Planting

PERFORMANBCANDARBASELINE

Project treesare additional based on the performance standard baseline attached

PLANTINIESIGN

Describadetailed planting desigrincluding spacing between treddill the trees be planted as scattered
individualtrees clusteredn groups like in natural areas, or tightly clustetedestorea forest
ecosysterfi

X Single Treetrees are scattered and spaced apart more than 10 feet, as in streets, yards, some
parks,and schools, individual trees are tracked and randomly sampled

x Clustered Parkstrees are relatively contiguous in pdike settings and change in canopy is
tracked

x Canopy-trees are planted very close together, often but not required to be inaipareas,
significant mortality is expected, and change in canopy is tracked. The two main goals are to
create a forest ecosystem and generate canopy

Describe your dateollection on Project Treesd show it in the quantification section beldvor
example Project Operatocan use the data collection sheet contained in@#eC gantificationtool or
your ownapproved method.

TheShgle Tree methodwas used for plantig at Ballinger Open Space. Spacing was not regular
throughoutthe site, with larger trees planted on ten foot spacing, but some smaller tregs,fed osier
dogwood and Pacific willow) plantetbser together than 10 feeThe numbeof each tree species

Copyright© 2021 City Forest Credits. All rights reserved.
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plantedis detailed in theSingle Tree Credit Tdalttached)on the “planting list” sheet and dates of tree
plantings are documented in tHeeclaration of Plantingocument.

Perinstructions from CFC scientists, sampling has been mlo@etober 2021. Details of the sampling
method and the results are set forth in the Quantification section below.

CARBON QUANTIFICATION DOCUMENTATION (Section 12 and Appendix B)

Describavhichquantification approach you anticipate using, list the project’s climate zone, and outline
the estimated total number of credits to be issued to the project as wiieammount to be issued upon
successful verificatioWVhen requesting credits after planting, attach one of the three quantification tool
documents below and provide the data you have collected for Project Trees.

X Single Treetrees are scattered and spaced apart more than 10 feet, as in streets, yards, some
parks, and schools, individual trees are tracked and randomly sampled

x Clustered Parkstrees are relatively contiguous in pdike settings and change in canopy is
tracked

x Canopy-trees are planted very close together, often but not required to be inaipareas,
significant mortality is expected, and change in canopy is tracked. The two main goals are to
create a forest ecosystem and generate canopy

Totalnumber oftreesplanted 1,917
Projectarea (acres), if applicable 2.7
Totalnumber oftrees per acre, ipplicable 757.4
Credits attributed to the project (tC@2 2,847.0
Credits after mortality deduction (default is 20%) 2,277.6
Contribution toRegistryReversalPool (5%) (tCO2e) 113.9
Total credits to beissued to the Project OperatqitCO2) 2,163.7
Total credits requested to be issuad Year 1(10% of above) 216

Field samplindor Year 1 planting verification included § 0]+ Z]v P ® ( Bk &tré Idiricular plots

SZEIUPZIUE §Z }% V *% X®dZ]e H%OS}(BZI @f%v v BolU X®dPX 3

plots, tape measurers were laid out in cardinal directions at a 75’ diametercdriter of each plot was
marked with a {post. Pin flags were then installed along the perimeter of the plot to form a

]E o X®"é&cauntdd tEroughout each plot (maps and data attached) asdilted in a count
of 284 trees, which would equate to 19 across the entir@.7-acreopen spacePhoto points were
established at all four sample plots and photos were taking from the eddesdfitcle (in each cardinal
direction) facing back towards thepbst at the center of the circular sample plots.
The sampling methods and resultg set forth in the following documents:

1. Ballinger Stem Sampling (Microsoft Excel)
2. Ballinger Monitoring Plots Coordinates (PDF)
3. Ballinger Plot Drawings

a. Plot1l

b. Plot2

Copyright© 2021 City Forest Credits. All rights reserved.
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c. Plot3
d. Plot4
4. Year 1 Photd/onitoring Report (PDF)

Sampling per this methodology will also be conducted at Year 4 and Yedresprbject (as well as a
final quantification, including DBH, at Year 26.

Copyright© 2021 City Forest Credits. All rights reserved.
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CARBYUCGBENEFITS QUANTIFICATION DOCUBE&ttioAT®Md Appendix B)

Summarizeo-benefit results based on the project’s planting method and provide supporting
documentation. CFC can providebmmefits quantification for Project Operator for rainfall interception,
air quality improvements, and energy savings.

X Single Treetrees ae scattered and spaced apart more than 10 feet, as in streets, yards, some
parks, and schools, individual trees are tracked and randomly sampled

x Clustered Parkstrees are relatively contiguous in pdike settings and change in canopy is

tracked

x Canopy-trees are planted very close together, often but not required to be inaipareas,

significant mortality is expected, and change in canopy is tracked. The two main goals are to
create a forest ecosystem and generate canopy

Ecosystem Services Resouce Unis Value
Rainfall Interception (m3/yr) 9,701.52 $71,222.22
Air Quality (t/yr) -0.6626 $478.82
Cooling- Electricity (kWhlyr) 100,421.12 $5,141.56
Heating— Natural Gas (kBtu/yr) 298,479.20 $3397.79
Grand Total ($/yr) $80,240.39

Thecarbon cebenefit quantification was caltated using the 02 Pacific NW Single Tree Initial Credit
Tod. A PDIef the results is listed at the end of this Project Design Document.

Copyright© 2021 City Forest Credits. All rights reserved.
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MONITORING AND REPORTI&ppeAdiGA)

Project Operators required to submit an annual monitoring repbytthe anniversary of the first
approved verification reporfFor example, if the verification report is dated January 1, 2021, the first
monitoring report will be due by January 1, 2@22| each January*'thereafter forthe duration of the
project

Anticipated Reporting Schedule

Monitoring Report-Year 2 | 2022 Monitoring Report-Year 15 | 2035
Monitoring Report-Year 3 | 2023 Monitoring Report-Year 16 | 2036
Monitoring Report-Year 4 | 2024 Monitoring Report-Year 17 | 2037
Monitoring Report-Years5 | 2025 Monitoring Report-Year 18 | 2038
Monitoring Report- Year6* | 2026 Monitoring Report-Year 19 | 2039
Monitoring Report-Year 7 | 2027 Monitoring Report-Year 20 | 2040
Monitoring Report-Year 8 | 2028 Monitoring Report-Year 21 | 2041
Monitoring Report-Year 9 | 2029 Monitoring Report-Year 22 | 2042
Monitoring Report- Year 10| 2030 Monitoring Report-Year 23 | 2043
Monitoring Report-Year 11| 2031 Monitoring Report-Year 24 | 2044
Monitoring Report-Year 12| 2032 Monitoring Report-Year 25 | 2045
Monitoring Report-Year 13| 2033 Monitoring Report-Year 26 | 2046
Monitoring Report- Year 14| 2034

* Denotes a year where additional information is required in order to receive sredit

Monitoring Report

The report must contain any changes in eligibility status of the Project Operator as@yaificant tree
loss. Monitoring report questions are listed below. The following are gusstontained in CFC’s annual
monitoring report template:

Has the contacinformation for the Project Operator changed? If so, provide new infoionat
Have there been changes in land ownership of the Project Area?

Have there been any changes in the Project Design?

Have there been any changes in the implementation of management of thecP?oj

Have there been any significant changes to the site (such as floodmgan changes)?
Have there been any significant tree or canopy losses?

Any other significant elements to report?

NogakowdrE

Confirm and describe your plans for annual monitoring of this project and specifics andgingi(see
Imaging Requirements in the Protocol Requirements section alilybg conducted based on your
project’s planting method.

The Mountains to Sound Greenway Trust is committegubmitting annuamonitoringreports for
Ballinger Open Space, including all the information listed in iteifhaldove. The Greenway Trust is also
committed to ongoing maintenance at Ballinger Open Space, continuingte lessen the impacts of
invasive weeds anithcrease the likelihood of tree survival over they&sar project period.

Copyright© 2021 City Forest Credits. All rights reserved.
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The annual monitoring reports wilso includgphoto points that were establisheds part of the
sampling protocols in this Project Design Document. In future yeacs, toees get bigger, aerial
photography (from King County iMap) will also be included énalnual monitoring report.

ADDITIONAL INFORMATION

Include additional noteworthy aspectstbe project. Examples incluam®llaborative partnerships
community engagement, @roject funders

N/A

PROJECT OPERAGDIRTURE

Signedon October 1% by Dan Hintz, Restoration Projects Manager Mountains to Sound Greenway
Trust

Signature

Daniel Hintz
Printed Name

206-7351027
Phone

dan.hintz@mtsgreenway.org
Email

Copyright© 2021 City Forest Credits. All rights reserved.
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ATTACHMENTS
1- Agreement to Transfer Credits and/or Attestation of Land Ownership
2 - Regional Area Mafin PDD)
3 - Project AreaMap (in PDD)
4 - Attestation of No Double Counting of Credits
5 - Attestation of No Net Harm
6 - Attestation of Planting
7 - Attestation of Planting Affirmation
8 - Carbon Quantificatiomitial CreditsTool (allin PDD)
8.1 - Ballinger Stem Sampling
8.2 - Ballinger Monitoring Plots Coordinates
8.3 - Plot 1Drawing
8.4 - Plot 2Drawing
8.5 - Plot 3Drawing
8.6 - Plot 4Drawing
8.7 - Year 1 Photo Monitoring Report
9 - CoBenefit Quantificatiorinitial CreditsTool(in PDD)
10 - Tree Datdin PDD)

Copyright© 2021 City Forest Credits. All rights reserved.
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PERFORMANCE STANDARDBEBHODELQUGPENDIX D)

There is a second additionality methodology set out in the WRI GHG Blglgidelines-the
Performance Standard methodology. This Performance Standard essentially tieoproject
developer, or in our case, the developers of the protocol, to createrfppeance standard baseline
using the data from similar activities over geographic and temporal ranges.

Thecommon perception, particularly in the United States, is that projeaistrmeet a project specific
test. Projectspecific additionality is easy grasp conceptually. The 2014 Climate Action Reserve urban
forest protocol essentially uses projespecific requirements and methods.

However, the WRI GHG Protocol clearly states ¢ither a projectspecific test or a performance
standard baseline igcceptablet One key reason for this is that regional or national data can give a
more accuratepicture of existing activity than a narrow focus on one project or organizatio

Narrowing the lens of additionality to one project or one tjglenting entity can give excellent data on
that project or entity, which data can also be compared to other projec®ntities (common practice).
But plucking one project or entity out of its regional or national contexbiigs all comparable regional
or national data. And that regional or national data may give a more accuratessthtithn data from
one project or entity.

By analogy: one pixel on a screen may be dark. If all you look at isrthpigiel, you see darkness. But
the rest of screen may consist of whpixels and be white. Similarly, one active tfganting
organization does not mean its trees are additional on a regional basis. If tlo@ isdosing trees, the
baseline of activity may be negative regardless of what one active pajecttity isdoing.

Here is the methodology described in the WRI GHG Protocol to dietersmPerformance Standard
baseline, together with the application of each factor to urban forestry:

1 WRI GHG Protocol, Chapter 2.14 at 16 and Chapter 3.2 at 19.

Copyright© 2021 City Forest Credits. All rights reserved.
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Table 2.1 Performance Standard Factors

WRI Perf. Standard Factor AsApplied to Urban Forestry
Describe the project activity Increase in urban trees
Identify the types of candidates Cities and towns, quagiovernmental entities

like utilities, watersheds, and educational
institutions, and private property owners
Set thegeographic scope (a national scope is| Could use national data for urban forestry, g
explicitly approved as the starting point) regional data

Set the temporal scope (start withByears Use 47 years for urban forestry
and justify longer or shorter)
Identify a list of multiple baseline candidates | Many urban areas, which could be blended
mathematically to produce a performance
standard baseline

The Performance Standard methodology approves of the use of data fiaomy different baseline
candidates.n the case of urban forestry, those baseline candidates are other urban &reas.

As stated above, the project activity defined is obtaining an increase in urbes fThe best data to

show the increase in urban trees via urban forest progtivities is national or regional data on tree
canopy in urban areas. National or regional data will give a more comprehensiveemtthe relevant
activity (increase in urban trees) than data from one city, in the samethdya satellite photo of aity
shows a more accurate picture of tree canopy in a city than an aerial photaeaieighborhood. Tree
canopy data measures the tree cover in urban areas, so it includes mblépétine candidates such as
city governments and private property ownefigee canopy data, over time, would show the increase or
decrease in tree cover.

Data on Tree Canopy Change over Time in Urban Areas

The CF@uantitative team determined that there were data on urban tree canopy cover with a
temporal range of four to six years available from four geographic regions. Tharaset forth below:

2 See Nowak, et alTree and Impervious Cover Change in U.S. Citldseh Forestry and Urban Greening, 11 (2012)3Q@1
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Table 2.2 Changes in Urban Tree Canopy (UTC) by Region (from Nowakesmmdi€dd, 2012, see

footnote 7)

Abs Change| Relative Change | Ann. Rate (ha| Ann. Rate (m2

City UTC (%) UTC (%) UTClyr) UTC/caplyr) Data Years
EAST
Baltimore, MD -1.9 -6.3 -100 -1.5| (2001-2005)
Boston, MA -0.9 -3.2 -20 -0.3| (2003-2008)
New York, NY -1.2 -5.5 -180 -0.2| (2004-2009)
Pittsburgh, PA -0.3 -0.8 -10 -0.3| (2004-2008)
Syracuse, NY 1.0 4.0 10 0.7 (2003-2009)
Mean changes -0.7 -2.4 -60.0 -0.3
Std Error 0.5 1.9 35.4 0.3
SOUTH
Atlanta, GA -1.8 -3.4 -150 -3.1| (2005-2009)
Houston, TX -3.0 -9.8 890 -4.3 | (2004-2009)
Miami, FL -1.7 -7.1 -30 -0.8| (2003-2009)
Nashville, TN -1.2 -2.4 -300 -5.3| (2003-2008)
New Orleans, LA -9.6 -29.2 4120 -24.6| (20052009)
Mean changes -3.5 -10.4 -160.0 -7.6
Std Error 1.6 4.9 60.5 4.3
MIDWEST
Chicago, IL -0.5 2.7 -70 -0.2| (2005-2009)
Detroit, Mi -0.7 -3.0 -60 -0.7 | (2005-2009)
Kansas City, MO -1.2 -4.2 -160 -3.5| (2003-2009)
Minneapolis, MN -1.1 -3.1 -30 -0.8| (2003-2008)
Mean changes -0.9 -3.3 -80.0 -1.3
Std Error 0.2 0.3 28.0 0.7
WEST
Albuguerque, -2.7 -6.6 -420 -8.3| (2006-2009)
NM
Denver, CO -0.3 -3.1 -30 -0.5| (2005-2009)
Los Angeles, CA -0.9 -4.2 -270 -0.7| (2005-2009)
Portland, OR -0.6 -1.9 -50 -0.9| (2005-2009)
Spokane, WA -0.6 -2.5 -20 -1.0| (2002-2007)
Tacoma, WA -1.4 -5.8 -50 -2.6| (2001-2005)
Mean changes -1.1 -4.0 -140.0 -2.3
Std Error 0.4 0.8 67.8 1.2
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These datdave been updated by Nowak and Greenfiglthe 2012 data show that urban tree canopy is
experiencing negative growth in all four regions. The 2018 dataiment continued loss of urban tree
cover. Table 3 of the 2018 article shows data for all states, with a nati@sabfarrban and community
tree cover of 175,000 acres per year during the study years o£2009.

To put this loss in perspective, the total land area of areaad community tree cover loss during the
study years totals 1,367 square milesqual to the combined land area of New York City, Atlanta,
Philadelphia, Miami, Boston, Cleveland, Pittsburgh, St. Louis, Portlan8a@Rrancisco, Seattle, and
Boise.

Even though there may be individual tree planting acasgitihat increase the number of urban trees
within small geographic locations, the performance of activities to increagecover shows a negative
baseline. The Drafting Group did not use negative baselines for the Tree &Rraitocol, but
determined to use baselines of zero.

Deployment of the Performance Standarddadine methodology for a City Forest Planting Protocol is
supported by conclusions that make sense and are anchorittireal world:

X With the data showing that tree loss exceeds gains from planting, new plardanegustified as
additional to thatdecreasing canopy baseline. In fact, the negative baselinddyostify as
additional any trees that are protected from removal.

X Because almost no urban trees are planted now with carbon as a decisive fatn tree
planting done to sequester carbos additional;

x Almost no urban trees are currently planted with a contractual commitmenirfonitoring.
Maintenance of trees is universally an intention, one tlsdréquently reached when budgets
are cut, as in the Cowt era. The 2year commitment required by this Protocol is entirely
additional to any practice in place in the U.S. and will result in substantial additional tree
surviving to maturity;

X Because the urban forest is a public resource, and because public funding fallgfaf sho
maintaining tree cover and stocking, carbon revenues will result in additional trees plante
maintenance that will result in additional trees surviving to maturity;

X Because virtually all new largeale urban tree planting is conducted by governmentatiesti
or nonprofits, or by private property developers complying with governmentglutations
(which would not be eligible for carbon credits under oustpcol), and because any carbon
revenues will defray only a portion of the costs of tree plantingréhis little danger of unjust
enrichment to developers of city forest carbon projects.

3 Nowak et al. 2018. “Declining Urban and Community Tree Cover in the United Sthtesy’Forestry and Urban Greening,
32, 3255
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Last,The WRI GHG Protocol recognizes explicitly that the plascunderlying carbon protocols need to
be adapted to different types of projects. The WRI Protocdh&rrapproves of balancing the stringency
of requirements with the need to encourage participation in desirable carbojegts:

Setting the stringency of additionality rules involves a balancing act. Additionaisiacthat are too
lenient and grantecognition for “noradditional” GHG reductions will undermine the GHG program’s
effectiveness. On the other hand, making the criteria for additionality tamgsint could unnecessarily
limit the number of recognized GHG reductions, in some cases excluding proje@aithiitare truly
additional and highly desirable. In practice, no approach to additionality can completely avoid these
kinds of errors. Generally, reducing one type of error will result in an iecoé#ise other. Ultimately,
there is o technically correct level of stringency for additionality rules. GHG pregraay decide based
on their policy objectives that it is better to avoid one type of error thamther?

The policy considerations weigh heavily in favor of “highly desirable” plaptojgcts to reverse tree
loss for the public resource of city forests.

4 WRI GHG Protocol, Chapter 3.1 at 19.
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QUANTIFYING CARBON DIOXIDE STORBEBERANB EOR URBAN TREE PLANTING
PROJEQRppendix B)

Introduction

Ecoservices provided by trees to human beneficiaries are classified accordiegr spatial scale as
global and local (Costanza 2008) (citations in Part 1 are listed in Referepeggdt6). Removal of
carbon dioxide (Cffrom the atmosphere by urban forests is global because the atmosphere isllso w
mixed it does not matter where the trees are located. The effects of urban foredisitwing energy
use is a locagcale service because it depends on the proximity of ttedmiildings. To quantify these
and other ecoservices City Forest Credits (CFC) has relied erepmsved research that has combined
measurements and modeling of urban tree biomass, and effects of tnedsiilding energy use, rainfall
interception, andair quality. CFC has used the most current science available on urban traé grats
estimates of C&storage (McPherson et al., 2016a). CFC'’s quantification tools provideatst of ce
benefits after 25 years in Resource Units (i.e., kwWh of etétgtsaved) and dollars per year. Values for
co-benefits are firstorder approximations extracted from thelree Streets {free Eco) datasets for
each of the 16 U.S. reference cities/climate zormp§://www.itreetools.org/tools/i-tree-eco) (Maco
and McPherson, 2003). Modeling approaches and error estimates assbuwidtequantification of C®
storage and cdenefits have been documented in numerous publications eferences below) and
aresummarized here.

Carbon Dioxide Storage
Thereare three different methods for quantifying carbon dioxide f{C82orage in urban forest carbon
projects:
x Single Tree Methodplanted trees are scattered among many existing trees, as in street, yard,
some parks, and school plantings, individual trees are tracked and randampfesi
x Clustered Parks Planting Metheglanted trees are relatively contiguous in pdikke settings
and change in canopy is tracked
x Canopy Method-trees are planted very clogegether, often but not required to be in riparian
areas, significant mortality is expected, and change in canopy is tracketlvdimain goals are
to create a forest ecosystem and generate canopy
x Area Reforestation Method large areas are planted to gerate a forest ecosystem, for
example converting from agriculture and in upland areas. qldsitification method is under
development

In all cases, the estimated amount of 3red 25years after planting is calculated. The forecasted
amount of C@gored during this time is the value from which the Registry issues criedite amounts
of 10%, 40% and 30% at Years 1, 4, and 6 after planting, respectively.mop@dity deduction is
applied before calculation of Year 1 Credits in the Single Tree and ClustersedPRanting Methods. A
5% buffer pool deduction is applied in all three methodbefcalculation of any crediting, with these
funds going into a prograswide pool to insure against catastrophic loss of trees. At the end of the
project, inyear 25, Operators will receive credits for albGtred, minus credits already issued.

In the Single Tree Method, the amount of &3®red in project trees 2years after planting is calculated
as the product of tree numbers and the-#6ar CQ@index (kg/tree) for each tre¢ype (e.g., Broadleaf
Deciduous Large = BDL). The Registry requires the user to apply a 20%rtedigyrdeduction before
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calculation of Year 1 Credits. Year 4 and Year 6 Credits depend on saangdlimgrtality data. A 5%
buffer pool deduction is applied as well before calculation at any stage.

In the Clustered Parks Planting Method, the amount of €&@ed after 25years by planted project
trees is based on the anticipated amount of tree canopy area (TC). &eddierent treetypes store
different amounts of Cg&based on their size and wood density, TC is weighted bassegemies mix.
The estimated amount of TC area occupied by eachtype is the product of the total TC and each
tree-type’s percentage TC. This calculation distributes the TC area amorgpesebased on the
percentage of trees planted and each trggoe’s crown projection area. Subsequent calculationsioed
the amount of C@estimated to be stored after 25 years based on the 20% anticipatethiity rate
and the 5% buffer pool deduction.

In the Canopy Method, the forecasted amount of,Gt0red at 25years is the product of the amount

of TC and the Gndex (ClI, t C{per acre). This approach recognizes that forest dynamics for riparian
projects are different than for park projects. In macases, native species are planted close together
and early competition results in high mortality and rapid canopy closure. Wnliden park plantings,
substantial amounts of carbon can be stored in the riparian understorgtatgn and forest floor. @
provide an accurate and complete accounting, we use the USDA FereseSseneral Technical Report
NE343, with biometric data for 51 forest ecosystems derived from U.S. Horentory and
Assessment plots (Smith et al., 2006). The tables provide carbadgter hectare for each of six
carbon pools as a function of stand age. We use values fge@bold stands that account for carbon in
down dead wood and forest floor material, as well as the understory vegetatid soil. If local plot
data areprovided, values for live wood, dead standing and dead dewvad are adjusted following
guidance in GTR NE3. More information on methods used to prepare the tables and make
adjustments can be found in Smith et al., 2006. See Attachment A at thef émid dppendix for more
information on the Canopy Method.

Source Materials for Single Tree Method and Clustered Parks Plantingddetho

Estimates of stored (amount accumulated over many years) and seqed<i€3(i.e., net amount
stored by tree growth oveone year) are based on the U.S. Forest Service’s reqautilished technical
manual and the extensive Urban Tree Database (UTD), wataelogs urban trees with their projected
growth tailored to specific geographic regions (McPherson et al. 20)6&kproducts are a
culmination of 14 years of work, analyzing more than 14,000 trees sithesUnited States. Whereas
prior growth models typically featured only a few species specific to @ gitge or region, the newly
released database features 171 dlist species across 16 U.S. climate zones. The trees studied also
spanned a range of ages with data collected from a consistent set of negasnts. Advances in
statistical modeling have given the projected growth dimensions d @haccuracy never beferseen.
Moving beyond just calculating a tree’s diameter or age to determipeeted growth, the research
incorporates 365 sets of tree growth equations to project growth.

Users select their climate zone from the 16 U.S. climate zones (Fig. lijafitads of CQ@stored are for

a representative species for each trgge that was one of the predominant street tree species per
reference city(Peper et al., 2001 The “Reference city” refers to the city selected for intensive study
within each climate zon@McPherson, 2010 About 20 of the most abundant species were selected for
sampling in each reference city. The sample was stratified into nine diametezamstiheight (DBH)
classes (0to 7.6, 7.6 to 15.2, 15.2 to 30.5, 30.5t0 45.7, 45.7 t0 61.0, 61.2,t3&&.t0 91.4, 91.4 to
106.7, and >106.7 cm). Typically 10 to 15 trees per DBH class weaoenigithosen. Data were
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cadllected for 16 to 74 trees in total from each species. Measurements iedlugpecies name, age, DBH
[to the nearest 0.1 cm (0.39 in)], tree height [to the nearest 0.5 m (1.64dtgjvn height [to the
nearest 0.5 m (1.64 ft.)], and crown diameter in tdicections [parallel and perpendicular to nearest
street to the nearest 0.5 m (1.64 ft.)]. Tree age was determined from tesalents, the city’s urban
forester, street and home construction dates, historical planting recadd,aerial and historical
photos.

Hartheast
- Coastal Plain Worthem California Cosst I'-\
% Intand Empire
B vend valleys | South

__ Interior West - Southern Califarnia Coast
- Lawer Midwest - Southwest Deaert

- Michveat . Temperate Interior West

I sorth 0 Tropical

I central Florids

Pacific Morthwest

Fig. 1. Climate zones of the United States and Puerto Rico were atggrégpm 45 Sunset climate
zones into 16 zones. Each zone has a reference city where tree data Weoteth Sacramento,
California was added as a second reference witth(Modesto) to the Inland Valleys zone. Zones for
Alaska, Puerto Rico and Hawaii are shown in the insets (map courtesy of Pauifivest Research
Station).

Species Assignment by Tr¥&gpe

Representative species for each tigge in the South climate zone (reference city is Charlotte, NC) are
shown in Table 1. They were chosen because extensive measurements wereriakemao generate
growth equations, and their mature size and form wlaemed typical of other trees in that tregpe.
Representative species were not available for some-types because none were measured. In that
case, a species of similar mature size and form from the same climate zsneelected, or one from
anotherclimate zone was selected. For example, no Broadleaf Evergreen B&igespecies was
measured in the South reference city. Because of its large mature®ieecus nigravas selected to
represent the BEL tretype, although it is deciduous for a shoirne. Pinus contortawhich was
measured in the PNW climate zone, was selected for the CE§/peebecause no CES species was
measured in the South.
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Table 1. Nine treg¢ypes and abbreviations. Representative species assignedchtree-type in the
South climate zone are listed. The biomass equations @gaziban general broadleaf [UGB], urban
general conifer [UGC]) and dry weight density (K)/osed to calculate biomass are listed for each+tree

type.

TreeType Species DW : .
TreeType Abbrev';/tpi)on Asgigned Density Blomass Equations
BrdIf Decid Large (>50 ft) | BDL Quercus phellos 600 Quercus macrocarpa
BrdIf Decid Med (360 ft) BDM Pyrus calleryana 600 UGB
BrdIf Decid Small (<30 ft) | BDS Cornus florida 545 uGB*
BrdIfEvgrn Large (>50 ft) | BEL Quercus nigra 797 UGB
BrdIf Evgrn Med (360 ft) BEM Magnolia grandiflora| 523 uGB*
BrdIf Evgrn Small (<30 ft) | BES llex opaca 580 UGB
Conif Evgrn Large (>50 ft) | CEL Pinus taeda 389 UGc
Conif EvgriMed (3050 ft) CEM Juniperus virginiana | 393 UGC
Conif Evgrn Small (<30 ft) | CES Pinus contorta 397 uGe

from Lefsky, M., & McHale, M.,2008.
2from Aguaron, E., & McPherson, E. G., 2012

Calculating Biomass and Carbon Dioxide Stored

To estimate Cgstored, the biomass for each tragpe was calculated using urbdrased allometric
equations because opegrowing city trees partition carbon differently than forest tre®cPherson et
al., 2017a). Input variables included climate zone, species, and DBH jda pee size at 2years after
planting, we used DBH obtained from UTD growth curves for each represerdpties.

Biomass equations were compiled for 26 ogggown urban trees specidsom literature sources

(Aguaron and McPherson, 2012). General equations (Urban Gen Broadleaf and UrliaonGer)

were developed from the 26 urbamased equations that were species specific (McPherson et al.,
2016a). These equations were used if species of interest could not be matched taxonomically or
through wood form to one of the urban species with a biomegsation. Hence, urban general
equations were an alternative to applying speesgecific equations because many species did not have
an equation.

These allometric equations yielded aboveground wood volume. Spspéesfic dry weight (DW) density
factors (Table 1) were used to convert green volume into dry wéight The urban general equations
required looking up a dry weight density factor (in Jenkins et al. 2004 firsif ot available then the
Global Wood Density Databas&he amount of belowground biomass in roots of urban trees is not well
researched. This work assumed that root biomass was 28% of totalitembs(Cairns et al., 1997
Huschet al., 2003Wenger, 198% Wood volume (dry weight) was converted to C by multiglyog the
constant 0.5(Leith, 1973, and C was converted to €y multiplying by 3.667.

Error Estimates and Limitations

The lack of biometric data from the field remains a serious limitation to our ahilitalibrate biomass
equations andassign error estimates for urban trees. Differences between modelechanl tree
growth adds uncertainty to GBequestration estimates. Species assignment errors result from
matching species planted with the trégpe used for biomass and growth cdktions. The magnitude
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of this error depends on the goodness of fit in terms of chéig size and growth rate. In previous urban
studies the prediction bias for estimates of £&frage ranged fror®% to +15%, with inaccuracies as
much as 51% RMSE (Timdset al., 2014). Hence, a conservative estimate of error of + 20%eca
applied to estimates of total GBtored as an indicator of precision.

It should be noted that estimates of €§ored using the Tree Canopy Approach have several limitations
that may reduce their accuracy. They rely on allometric relationshipsdergrowing trees, so storage
estimates may not be as accurate when trees are closely spaced. Alsossueyeathathe distribution

of tree canopy cover among tragpes remains constant, when in fact mortality may afflict certain
species more than others. For these reasons, periodic “trupigof estimates by field sampling is
suggested.

CoBenefit: Energy Savings

Trees and forests can offer energy savings in two important ways. Inexatimates or hotter months,
trees can reduce air conditioning bills by keeping buildings cooler througitiregiregional air
temperatures and offering shade. In colder climatesaoler months, trees can confer savings on the
fuel needed to heat buildings by reducing the amount of cdlubde that can strip away heat.

Energy conservation by trees is important because buildimgggnuse is a major contributor to
greenhouse gasmissions. Oil or gas furnaces and most forms of electricity generation ggati@and
other pollutants as byroducts. Reducing the amount of energy consumed by buildimgeban areas

is one of the most effective methods of combatting climate chartggergy consumption is also a costly
burden on many lowincome families, especially during msdmmer or midwinter. Furthermore,
electricity consumption during midummer can sometimes owextend local power grids leading to
rolling brownouts and other problems.

Energy savings are calculated through numerical models and simulationsdmilbfrservational data
on proximity of trees to buildings, tree shapes, tree sizes, buildiegkgses, and meteorological data
from McPherson et al. (2017) and Rleerson and Simpson (2003). The main parameters affebing
overall amount of energy savings are crown shape, building proximity, azirac#hclimate, and
season. Shading effects are based on the distribution of street trees with tedegmdldings recorded
from aerial photographs for each reference cit§cPherson and Simpson, Z)0If a sampled tree was
located within 18 m of a conditioned building, information on its distance@mdpass bearing relative
to a building, building age class (which influences energyamejypes of heating and cooling
equipment were collected and used as inputs to calcuidfects of shade on annulkating and cooling
energy effects. Because these distributions were unique to each city, enaliggs are considered first
order approximations.

In addition to localized shade effects, which were assumegttrue only to trees within 18 m of a
building, lowered air temperatures and windspeeds from increased neighborhoed:treer (referred
to as climate effects) can produce a net decrease in demand for winter lyeatith summer cooling
(reduced wind speeds by themselves may increase or decreasagdelinand, depending on the
circumstances). Climate effects on energy use, air temperature, ardispieed, as a function of
neighborhood canopy cover, were estimated from publishddesfor each reference city. The
percentages of canopy cover increase were calculated fge2@old large, medium, and small trees,
based on their crown projection areas and effective lot size (actual lopkisea portion of adjacent
street and other rightsf-way) of 10,000t2(929m?), and one tree on average was asmd per lot.
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Climate effects were estimated by simulating effects of wind anteaiperature reductions on building
energy use.

In the case of urban Tree Preservation Projects, trees may not be closghetmbuildings to provide
shading effects, buthey may influence neighborhood climate. Because these effects are highly sit
specific, we conservatively apply an 80% reduction to the energy eftéttees for Preservation
Projects.

Energy savings are calculated as a-dedllar amount. This is calculated by applying overall reductions in
oil and gas usage or electricity usage to the regional cost of oil and gas oicéjeftr residential
customers. Colder regions tend to see larger savings in heating ancewaagions tend to see larger
saving in cooling.

Error Estimates and Limitations

Formulaic errors occur in modeling of energy effects. For example argabietween different levels of
tree canopy cover and summertime air temperatures are notvesearched. Another source of error
stems from differences between the airport climate data (i.e., Los Anggiesational Airport) used to
model energy effects and the actual climate of the study area (i.e., h@ales urban area). Because of
the uncertainty associated with modeling effeaif trees on building energy use, energy estimates may
be accurate within £ 25 percefilildebrandt & Sarkxvich, 1998.

CoBenefit: CQAvoided

Energy savings result in reduced emissions ofab@ criteria air pollutants (volatile organic
hydrocarbons [VOCs], NGBQ, PM) from power plants and spadeeating equipment. Cooling savings
reduceemissions from power plants that produce electricitye gimount depending on the fuel mix.
Electricity emissions reductions were based on the fuel mixes and emfastons for each utility in the
16 reference cities/climate zones across the U.S. THardallues of electrical energy and natural gas
were based on retail residential electricity and natural gas prices obtained fromugitigh Utility-
specific emission factors, fuel prices and other data are available in the Catpriitee Guides for elc
region fittps://www.fs.fed.us/pswi/topics/urban_forestry/prducts/tree guides.shtm! To convert the
amount of CQavoided to a dollar amount in the spreadsheet®cCity Forest Credits uses the price of
$20 per metric ton of CO

Error Estimates and Limitations

Estimates of avoided G@®missions have the same uncertainties that are associated with modeling
effects of trees on building energy use. Also, uttipgcific emission factors are changing as many
utilities incorporate renewable fuels sources into their portfolios. Valuesnted in CFC tools may
overestimate actual benefits in areas where emission factors have becovee. lo

CoBenefit: Rainfall Intereption

Forest canopies normally intercept-#0% of rainfall before it hits the ground, thereby reducing
stormwater runoff. The large amount of water that a tree crown can aaptluring a rainfall event
makes tree planting a best management practiceuiidran stormwater control.

City Forest Credits uses a numerical interception model to calculate thararabannual rainfall
intercepted by trees, as well as throughfall and stem f{i¥go et al., 2000 This model uses species
specific leaf surface areas and other parameters from the Urban Tree Databasgafmies deciduous
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trees in climate zones with longer “laaf” seasons will tend to intercept more rainfall than similar
species in colder areas shorter foliation periods. Model results wergaoed to observed patterns of
rainfall interception and found to be accurate. This method quantifies onhatheunt of rainfall
intercepted by the tree crown, and does rnatorporate surface and subsurface effects on overland
flow.

The rainfall interception benefit was priced by estimating costs of controllinghstater runoff. Water
guality and/or flood control costs were calculated per unit volume of runaftr@dled and this price
was multiplied by the amount of rainfall intercepted annually.

Error Estimates and Limitations

Estimates of rainfall interception are sensitive to uncertainties regarding rainfaédirpat tree leaf area
and surface storage capacities. Rainfall amount, intensity and duration can veige@bly within a
climate zone, a factor not considered by the model. Although tree leaf atenagss were derived from
extensive measurements on over 14,000 street trees across théMEBherson et al., 20Hj, actual
leaf area may differ because of differences in tree health and management. Leaf sideage
capacity, the depth of water that foliage can capture, was recently faandry threefold among 20
tree speciegXiao & McPherson, 20)6A shortcoming is that this model used th@me value (1 mm) for
all species. Given these limitations, interception estimates may have untgres great as + 20
percent.

CoBenefit: Air Quality

The uptake of air pollutants by urban forests can lower concentrations and affetan health
(Derkzen et al., 20tHNowak et al., 2014 However, pollutant concentrations can be increased if the
tree canopy restricts polluted air from mixing with the surrounding atphase (Vos et al, 2013.

Urban forests are capable of improving air quality by lowering pollutant concentsa¢inaugh to
significantly affect human health. Generally, trees are able to reduce ozorie,axides, and
particulate matter. Some trees can reduce metatile organic compounds (VOCs), but others can
increase them through natural processes. Regardlessafi¢hVOC production, urban forests usually
confer a net positive benefit to air quality. Urban forests reduce pollutantsutpn dry deposition on
surfaces and uptake of pollutants into leaf stomata.

A numerical model calculated hourly pollutant dry deposition per tree at ¢éiggonal scale using
deposition velocities, hourly meteorological data and pollutant cofeions from local monitoring
stations(Scott et al., 1998 The monetary value of tree effects on air quality reflects the value that
society places on clean air, as indicated by willingness to pay for pollutiudtiens. The monetary
value of air quality effects were derived from models that calculated the marginal das@ayeol costs
of different pollutants to meet air quality standards (Wang and Santini 1998heHcosts were
associated with higher pollutant concentrations and langepulations exposed to these contaminants.

Error Estimates and Limitations

Pollutant deposition estimates are sensitive to uncertainties associatddoanopy resistance,
resuspension rates and the spatial distribution of air pollutants and treeseXaarple, deposition to
urban forests during warm periods may be underestimated if the stomateetfwatered trees remain
open. In the model, hourly meteorological data from a single station fdn eamate zone may not be
spatially representative of cortibns in local atmospheric surface layers. Estimates of air pollutant
uptake may be accurate within + 25 percent.
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Conclusions

Our estimates of carbon dioxide storage aneébemefits reflect an incomplete understanding of the
processes by which ecoservi@s generated and valug@chulp et al., 20040ur choice of cthenefits

to quantify was limited to those for whiatumerical models were available. There are many important
benefits produced by trees that are not quantified and mbred. These include effects of urban forests
on local economies, wildlife, biodiversity and human health and-bestig. For instance, ffcts of

urban trees on increased property values have proven teuiestantialAnderson & Cordell, 1988
Previous analyses modeled these “other” benefits of trees by applymsgdhtribution to residenal

sales prices of a large front yard tree (0.88Rg3Pherson et al., 2005We have not incorporated this
benefit because property values are highly variable. It is likely thecefits reported here are
conservative estimates of the actual ecoservices resulting from femplanting projects.
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Ballinger Open Space Sample Plot Locations

-

United States

NE*200thiSt

Terms

Privacy

Send feedback

100 ft

w
Z

()

>
<
=
e
<
o~

aANRAVIUE

P1 - (47.7742490, -122.3054380)
P2 - (47.7745180, -122.3052790)
P3 - (47.7754920, -122.3051160)
P4 - (47.7752340, -122.3053300)



3/27 3/27 3/27 3/27
63(&,(6 &2817 63(&,(6 &2817 63(&,(6 &2817 63(&,(6 7 &281
"HVWHUQ 5HG FHGDU "HVWHUQ 5HG |[FHGDU "HVWHUYVBHGQFEIE® FHGDU
6LWND 6SUXFH 6LWND 6SUXFH 6LWND 6SUXFH H 6LWND 6S!
'RXJODV ILU 3DFLILF :LOORZ '‘RXJODV I4u 'RXJODV ILU
3DFLILF :LOORZ 6LWND :LOORZ *UDQG )LV *DU\ DN
6LWND :LOORZ 5HG $OGHU %LJ /HDI 00 SOH 3DFL|LF :LO
%ODFN &RWWRQZRRG %ODFN &RWWRQZRRG 9LRPH 0DOORZ 6LWN
5HG $0OGHU *DU\ 2DN %ODFN &RWWRQZRRG
&DVFDUD 5HG $OGHU
727%/ 727$/ 727$/ 727$/
SORWYV 7UHH 6SHFLHV 9HJ|0DS &RGH
QXPEHU RI SORWV "HVWHUQ 5HG [FHGDU :5&
WUHHV SHU DFUH 6LWND 6SUXFH 66
WRWDO DFUHV 'RXJPDV ILU D)
727%/ 75(( *UDQC *)
%LJ /HDI ODS|OH %/0
9LQH ODSOH 90
*DU\ 2DN *2
&DVFDUD &
3DFLILF :LOQRZ 3:
6LWND :LOORZ 6:
%ODFN &RWWRQZRRG |%&
5HG $OGHU 5%




PLOT 1

Tree Species

Veg Map Code

Western Red-cedar
Sitka Spruce
Douglas-fir

Grand Fir

Big Leaf Maple
Vine Maple

Gary Oak

Cascara

Pacific Willow

Sitka Willow

Red Osier Dogwood
Black Cottonwood
Red Alder

WRC
S8
DF
GF
BLM
VM
GO
C
PW
SwW
ROD
BC
RA

Diameter = 75 ft




PLOT 2

Tree Species

Veg Map Code

Western Red-cedar
Sitka Spruce
Douglas-fir
Grand Fir
Big Leafl Maple
Vine Maple

Gary Oak

Cascara

Pacific Willow

Sitka Willow

Red Osier Dogwood
Black Cottonwood
Red Alder

WRC
S8
DF
GF
BLM
VM
GO
C
PW
SW
ROD
BC
RA

Diameter = 75 ft




PLOT 3

Tree Species

Veg Map Code

Western Red-cedar
Sitka Spruce
Douglas-fir
Grand Fir
Big Leaf Maple
Vine Maple

Gary Oak

Cascara

Pacific Willow

Sitka Willow

Red Osier Dogwood
Black Cottonwood
Red Alder

WRC
5SS
DF
GF
BLM
VM
GO
C
PW
SwW
ROD
BC
RA

Diameter = 75 ft




PLOT 4

Tree Species

Veg Map Code

Western Red-cedar
Sitka Spruce
Douglas-fir

Grand Fir

Big Leaf Maple
Vine Maple

Gary Oak

Cascara

Pacific Willow

Sitka Willow

Red Osier Dogwood
Black Cottonwood
Red Alder

WRC
55
DF
GF
BLM
VM
GO
cC
PW
Sw
ROD
BC
RA

Diameter =75 ft




Year 1 (2021) Photo Points

Ballinger Open Space

Plot 1 looking north



Plot 1 looking west



Plot 1 looking south



Plot 1 looking east



Plot 2 looking south



Plot 2 looking west



Plot 2 lookingeast
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Plot 3 looking west



Plot 3 looking south



Plot 3 looking north



Plot 3 looking east



Plot 4 looking west



Plot 4 looking south



Plot 4 looking north



Plot 4 looking east
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