Appendix A: Tree Species used in Study Cities

The following table shows the tree species used in the study cities. Trees were chosen based on

design manuals, available datasets and personal communication with urban forestry experts.

Swamp Spanish oak
Sweetbay magnolia
Willow oak

Siberian elm
Silver maple

MNew York City Philadelphia Baltimore Denver Portland
American elm American Elm Eastern white pine |American elm Bald cypress
Eastern red cedar Crabapple Flowering dogwood |Austrian pine Bigleaf maple
Flowering dogwood East Asian cherry Loblolly pine Blue spruce Black tupelo
Ginkgo Eastern red cedar Morthern red oak Bur oak Dawn redwood
Honeylocust Ginkgo Pin oak Goldenrain tree Douglas fir
Japanese flowering cherry |Honeylocust Red maple Honeylocust Grand fir
Littleleaf linden Littleleaf linden River birch Kentucky coffeetree Honeylocust
London planetree London planetree Silver maple London planetree Japanese zelkova
Morthern red oak Red maple Sweetgum MNarrowleaf cottonwood |Morthern hackberry
Pin oak Red oak Water oak MNorthern catalpa Oregon ash
Silver maple River birch White oak MNorthern Red oak Oregon white oak
Sweetgum Southern magnolia  |Willow oak Ponderosa pine Paperbark maple
Willow oak Sugar maple Scots pine Red alder

Swamp white cak
Western hemlock
Western red cedar
Willow oak

33




Appendix B: DBH QQ Plot

The following figure shows 5 common distributions found with the Maximum Likelihood Estimation
Method displayed with the empirical distribution for the DBH distribution of a tree. The best fit

distribution was the distribution that best matched the linear trajectory of the empirical data.
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Weibull was the best fit equation for this specific tree species as it is closest linearly to the empirical CDF

of the DBH for this tree. This analysis was done for all tree species in all cities
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Appendix C: Spatial Analysis Assumptions

To find the number of trees used in each city’s Stormwater Green Infrastructure, assumptions of
tree density for each vegetated GI technology were made based on city Green Infrastructure design
manuals. The following are the assumptions for the spatial analysis. Unless noted, for all small scale
infrastructure (bioswales, rain gardens) which was 1 tree per 100 sq. ft. and larger scale

infrastructure (detention ponds) which require more spacing for trees (1 tree per 200 sq. ft.)
Philadelphia

Spatial datasets for the Green Infrastructure in Philadelphia were obtained from the open data
portal for Philadelphia. Datasets included public and private SGI. SGI considered include Bioinfiltration,
Bioretention, Tree Trench, Rain Garden and Swales. The number of units of each SGI technology were in
the datasets. It was assumed that each unit of Gl had one tree planted per design manuals for SGI.

The building footprint layer was found on Philly’s open data website. Using the “Generate Near
Table” tool in ArcGIS, the closest distance between the trees and the buildings were found and recorded
for each SGI unit.

Denver

Spatial datasets were obtained from Denver’s open data portal for stormwater detention and
water quality infrastructure. A selected portion of the infrastructure had the tree database supplied with
the amount of trees in each technology(Bell, 2020). SGI considered include Detention Pond, Grass Swale,
Rain Garden and Porous Landscape Detention.

The tree density data had been collected and the average amount of trees per sq. ft. were used
for all of the water quality infrastructure. The building outlines were obtained from the Denver open

data website.
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Baltimore

Spatial datasets were obtained from SWM Facility Data through Baltimore’s open database. SGI
technologies that were included in this analysis were bioswales, rain gardens and detention ponds. The
selected SGI had their area attached to their spatial datasets. The tree ratios were based on assumptions
from looking at other cities’ spacing for trees. For small scale infrastructure (bioswales, rain gardens)
which was 1 tree per 100 sq. ft. and larger scale infrastructure (detention ponds) which require more
spacing for trees (1 tree per 200 sq. ft.)

Portland

Spatial datasets were obtained from Portland’s shared database. The facility data available did
not include area. Only Vegetated Ditches, Water Quality Swales, Roadside Treatment Facility, Vegetated
Filters and Swales all use Vegetation were included in the analysis.

New York City

Spatial datasets were acquired from NYC Department of Environmental Protection. The
following technologies were used for analysis: Bioswale, Green Streets, Green Strip (ROWGS), Rain
Gardens and Engineered Soil Pit. ROW bioswale provided tree species used. A frequency analysis was
used to determine the frequency of each species to be planted. This will be used to input the species
frequency in the overall NYC tree database. The number of trees per technology were all 1 tree per 100
sq. ft. except for Green streets are 200 sq. ft. This is based on the design manual documents. The

buildings footprint layer was provided by NYC Open Data
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Appendix D: Co-benefit Descriptions

The following are additional co-benefits calculated by i-Tree Eco.

Structural Value

The economic value that the tree brings to the surrounding area is measured by the “structural value.”
Structural value is calculated in i-Tree Eco as the value of a tree based on the cost of replacing the tree

with a similar tree. (Nowak et al., 2002; Nowak et al., 2000).

Oxygen Production

Oxygen is produced through photosynthesis as the tree converts carbon dioxide into biomass (Nowak et
al., 2007). The amount of oxygen produced is estimated from carbon sequestration based on atomic
weights with Equation 2.

32 Eq. 2

kg (kg
Net 0, release (—) = net C sequestration (—) *—
yr yr/ 12

(Nowak et al., 2007)

Total Annual Benefits

Total Annual Benefits are the monetary value of benefits calculated by i-Tree Eco. Total annual benefits
are the converted economic benefit of carbon sequestration, avoided runoff through water captured
and pollution removal. The economic values are based on average values seen in US national average

costs per unit of these externalities (Forest Service, 2020).
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Appendix E: Global Sensitivity Analysis

Global sensitivity analysis using variance based methods have features that make it an appealing
method: model independence where sensitivity measures are not model specific, the potential to show
the influence of the range of variation of each input factor and interaction effects among input factors.
A major drawback to variance-based methods is the computational cost with a large amount of input
factors. However, in this case with only 4 model inputs, DBH, CLE, Crown Missing and Crown Health, a

variance based global sensitivity model is appropriate.

The variance-based method for global sensitivity analysis used in this study, eFAST, is a model
independent method that has the potential to capture the influence of the variations of input
parameters (Saltelli 2008). The method uses analysis of variance (ANOVA) decomposition to decompose
the variance of a model’s output depending on each input and its interactions. (Archer G.E.B., A. Saltelli
and .M. Sobol (1997). Sensitivity measures, ANOVA-like techniques and the use of bootstrap. Journal of

Statistical Computation and Simulation, 58, 99-120.

The eFAST method is considered to be more efficient than the method of Sobol, another
variance method, when there is a small number of model inputs, due to the fact that eFAST method
include the small amount of runs needed compared to the method of Sobol (Primer). The eFAST method

has been preferred in different applications including hydrological modelling (Sanadhya 2013)

The eFAST method estimates the expected value and the variance of the output variables to find
the contribution of each input parameter of the total variance. The eFAST method uses a Fourier
transformation function to describe the distribution of the model output results in terms of one

dimensional space rather than multi-dimensional space from the model inputs. The coefficients of the
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Fourier series can then be used to estimate the variance and mean of the expected model output. The
fraction of variance in the model attributed by a certain parameter is proportional to the coefficients in
the Fourier series. The total variance V(Y) of each model output (co-benefit) Y = f(x3, x2,..., X)) is given in

terms of the j uncertain individual parameters x; in equation 1C.

V) =V(EX ) + V(EC |x2) + V(E(Y1x3)) + -+ V (E(Y]x)) + R Eq. 1C

Equation 1C shows the total variance of model outputs in Fourier series where V(E (Y|x;)) represents
the variance of the expected value of the model output Y with respect to input parameter x;, and Ris a

residual corresponding to higher order terms.

The first-order sensitivity index S;is the fraction of the total output variance attributed to a
single input parameter, parameters are the tree input parameters such as DBH, Tree Height, Crown
Height, CLE and Crown Base. Equation 2C shows the measure of global sensitivity of Y with respect to x;

for each parameter.

_ VE()) Eq. 2C

" V(Y)

Equation 2C shows First order sensitivity indices of input parameter x;

The sum of first order sensitivity indices for all input parameters must add up to one to properly
proportion the amount of influence each input variable has on the total amount. In some cases, not all
relationships can be attributed to the existing model inputs. In these cases, the sum of first order
sensitivity indices will be less than one. This gap in first order sensitivity indices’ sum being less than one
can be attributed to non-linear interactions which are interactions outside of the influence of linear
effects of the model inputs but can still have significant influence on the output variance in first order

sensitivity analysis.
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The total-order sensitivity index Sris the fraction of the total output variance not attributed to a
single input parameter, this includes interactions among input parameters and higher order variance
terms in Equation 1C. Parameters are the tree input parameters such as DBH, Tree Height, Crown
Height, CLE and Crown Base. Equation 3C shows the First order sensitivity measures of global sensitivity

of Y with respect to x; for each parameter.

St = (V(Y) - V(E(leNi))) JV(Y) Eq. 3C
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Appendix F: Comparative Datasets Assumptions

The following are assumptions of co-benefit values from the US Forest Service’s Community
Tree Guides. Assumptions were necessary to compare co-benefit values from this study and the
Community Tree Guides’ units and co-benefits. Each tree species in i-Tree Eco is categorized as either a
small, medium or large tree based on the city tree resources. The benefits from the Community Tree

Guides are compiled and averaged per the number of different sized trees in each city.

Air pollution

Values of CO removal and PM; s are the same as PMjo

Urban forestry studies have assumed that PMio and PM3s removal rates are the same, with
trees being as effective at removing PM;s as they are removing PMio. CO and PM; s have similar
equations for removal, so the conservative estimate is made that the CO and PM 2.5 have the same
removal rate as PMyg in the Community Tree guide. (Conservancy, 2016; Jeanjean et al., 2016; Nowak et

al., 2013)

Oxygen Production

Carbon sequestration estimates are given by the Community Tree Guide. The Oxygen
production co-benefit is calculated in the same way as i-Tree Eco using the atomic weight conversion
from carbon sequestration in Equation 2.

Total Annual Benefits

Total annual benefits in i-Tree are the monetary benefits associated with avoided runoff, gross

carbon sequestration, and pollution removal. This is compared to the Community Tree Guide’s
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monetary value of rainfall interception, net CO; and air pollution uptake +avoidance of O3, NO,, SO, and

PMio. (Hirabayashi et al., 2011)

Structural Value

Structural value in i-Tree Eco is the cost to replace a tree. The Community Tree Guide’s

structural value is calculated as the value of the tree, planting cost and removal cost.
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Appendix G: Additional Sensitivity Analysis
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The following is additional sensitivity analysis results of Total Annual Benefits, Carbon Storage and Structural Value.
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Appendix H: QQ Plots of Co-benefits Distributions

The following plots show the quantiles of common distributions plotted against the empirical data of

different co-benefits for the city of Philadelphia’s composite tree co-benefits.
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Carbon Sequestration

QQ Plot of Sample Data versus Distribution

Q0 Plot of Sample Data versus Distribution

QQ Plot of Sample Data versus Distribution

800
80 & &0 -
m T
3 ] 2
% b0 E 0 E‘
- & .
50 504 2
E a0 § w0 g
B -] - B
g o £ i
E £
30 g 5
a a a
© + +
o
a0 - . . . am . . . . i . - . ap b— . . " — .
0 0 4 a0 L] 100 0D 100 200 M0 400 500 800 TOO  BOO a WM 30 4« %0 8 T
Quantiles of weibul Distritution Quantites of lognomal Distribution Quantiles of gamma Distribution
oo QQ Plot of Sample Data versus Distribution - QQ Plot of Sample Data versus Distribution
- +
- ¢
& 0
= ¥ 2 =
2 i
= = W
k-] k-]
z g
0 £
§ E x
Q o
10
o
o
20 " . . N . i i 0 " . N a . :
a0 20 .0 o LT ] 30 40 o 1 20 30 40 50 &
Quantikes of normal Distribution Quantiles of exponantial Distribution
PM:.s Removal
i 20 Flot of Sample Data versus Distribution o 00 Plot of Sample Data versus Distribution = 00 Plot of Sample Data versus Distribution
140 e 1900 i 140 +
“+ 10
8
E £ 1400 E
£ 3 ; é
| B g
£ £ 1o =
=] -] ]
£ & o £
5 Ej 0 . Es
a <] a
00 .
200
b+ *:
20 [ 20
] 50 00 150 [ 400 800 BOC 1000 1200 1400 1600 [ 20 @ L] L] 100 120
Cusntibes of asitull Distribution Craaritibes af lograrmal Distribution Cusantibes of garnma Cistribution
e O Plot of Samplo Data versus Distribution . 00 Plot of Sample Data versus Distribution
140 * 140 +
e o 120 t
B 1 4
‘E ‘% 100 e
i B ;
i s
s g 4
<] L
a0} - o
ag . - . - - 20 . - - . .
o 20 ] 2 40 0 [ Bl an L] L] 1o

Chsantiles of normal Distrinution

Quantilas of expanantial Distmbition

45



Cooling

2 ] = W
S a =3 ]

%

Quantiles of Inpul Sampi

260

o
a

S

B

Quanties of Inpul Sampie
=
2

20 Flot of Sample Data versus Distribution

<%
+F
i
g
e

50 100 150 00 50 300

Cusantiles of wasibull Distribution

Q0 Plot of Sampla Data versus Distribution
+
;’

100 -0 o 50 100

Chsantiles of normal Distrinution

3so0

& B B =2
g8 B B 8

Deantiles of Inpul Sampo

=
B

50

8 & & %

Quantiies of Inpw! Sampie

00 Plot of Sample Data versus Distribution

= 00 Plot of Sample Data versus Distribution

P 200
P Ewn
; &
y £ o
s
# £
E w
- 2
(=]
- o
st b 4 +
50
500 1000 1500 2000 2500 3000 [} 50 100 150

Cuaartiles. af lognermal Distribution

00 Plot of Sampls Data versus Distribution

3 4D B0 RO 100 10 14D

Quantilas of expanantial Distmbition

46

Craantiles of garnmi Déstribution

160



@ - puepiog

& »Njsauag

ajowyeq

elydiapeiyd

Total Annual Benefits

Ao oL maN

g8 2% R °

(4A/g) siauag [enuuy (810 L

* |—— § BUELIC

* |— ImHT Jaauag
* |- é_mhcc‘_z_mm

yewdiepeliud

N = g.a_u AIOA MEN

(=] = =]

i

Carbon Sequestration

o -—
(4A76%) uonensanbag uogie] S50I5)

All Composite Trees Boxplot

* i 2 PUEIOH
&
= JaALS:
@ . | - ad
[=]
8
—_— @y = leflsouneg
[ =
> 4]
e £
o ®| * F—-leyaydepeiyd
o] Q
(<5}
o, %  — A0 HioA maN
z
= o
g 8
(By) afeio)g UogiED

™ I —-{ Mypuepiod
* |— |Q.E>cmm
# | — ~[idpaounes

w b e Eydiapeyd

Structural Value

# b -0 oL meN

o 6000
0

neA, [edmonasg

($)

a4 Japuepiod

» IQ.E_:cmn_
# | — —[d [jp2sounes
# = — 4 Tleudered

wi-{Jpfu0 ox men

502 Removed

o ] o =
o} o —

(4A/B) panoway S0s

& {ppuepod
> |"H_”T_ Bauag

& » ~[Jpaownes

Nl’.’)2 Removed

* - [Jremdepeiyg

e #t ~[pAuo oA men

o o o o
8 &8 2
(4A/B) panoway NOZ

» _l.g. pUEOY
* | I.g._m_:cmn_
o I_MHTEGE:_mm
e 1@. elydispeyd

# | -o—fd [0 wiop men

('.'J3 Removed

[ T o I N = |
& ¥ 8

[44/8) panoway mO

& L= kg. puBIod
i s IDHTE..E@D
= I_H_”*.Eoc‘_z_mm
# - — [« [pewdiepeing
# +— [ [Jpfno wo wen

o o o
-

o
(4A/B) panoway QD

CO Removed

5%
5%
Mean
#®  Corroborating Data

| t.’DH_- PUELOY
F—— m._m_:cmn_
g Sloleyg
—o < [ Jwewdepeiyg
- — {4 [ pluonosmen

Cooling

(A Buijood yBnoay L sBuines Arowos|g

# +— 4 [Jppueniog
c
°
& L iaauag
EE -
8
& | # +-efJyeounes
g
m # - — o [Jpewdiepeing
o
» k- .mu.z_u HOA MEN
8 § R °

(4A/Bx) uonanpoud usbixg

# t— [ [fppueniog

.m t_lm_-_m_:cmm

@ L SIoLUE

S| wr L ajowneg
s ]

= w— Lewdiapeiyd

o

# b — 7 [pinoouos wen

u = =] o

(44/6) panoway * “d

47



Nonexcoedance Probability MNeonexceedance Probability

MNonexcoedance Probability

Structural Valua

1 —
.
08 “
4
06 %
04 ’
02
=]
0 e
10 10° 10? 10
Structural Value (8)
1 CO Remowval
0.8
048
0.4
0.2
1]
Li] 10 20 30
CO Removed (glyr)
g PML_,, Removal
0.8
0.6
04 |
0.2
2]
0 5 10 15 20

Ples Removal {giyr)

Neonexceedance Probability Nonexceedance Probability

Nonexceedance Probability

=

=
o

=
o

o
o

=4
=]

=

=
=

=2
o

=)
F-Y

=
ra

(=]

=
@

=2
=)

=)
o

bt
b

=]

Appendix J: All Composite Trees CDFs
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Boxplot of Municipal Level Co-benefits for all Cities
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Appendix N: CDF of Municipal Level Co-benefits for all Cities
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Appendix O: Tabular Co-benefit results

The following tables show the mean, median, 5™ percentile and 95™ percentile for the
composite tree and the total amount of trees in each city’s tree inventory. The composite tree is based
on the frequency of tree species in each city. The composite tree is then multiplied by the number of

trees in the SGI tree inventory to show the municipal level of SGI tree co-benefits.

Portland-Composite Tree

Co-benefits Mean |Median | 5™ percentile| 95" Percentile
Structural Value (5) 1377.33 | 523.47 21.17 5749.15
Carbon Storage (kg) 270.66 79.10 2.60 1114.97
Gross Carbon Sequestration (kg/yr) 4.60 2.30 0.10 16.70
Total Annual Benefits [S/yr) 5.29 2.79 0.24 18.09
CO Removed (g/yr) 4.14 2.00 0.10 14.90
0; Removed (g/yr) 113.74 54.30 2.60 409.10
NO, Removed (g/yr) 20.74 9.90 0.50 74.60
50, Removed (g/yr) 1.29 0.60 0 4.60
PM, - Removed (g/yr) 3.24 1.50 0.10 11.70
Oxygen Production [kg/yr) 12.27 6.20 0.30 44.40
Cooling (KWh/yr) 23.39 | 19.61 0.38 58.28
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Portland- All Trees

Co-benefits Mean Median |5™ percentile | 95" Percentile
Structural Value (5) 1.13E+07 4.29E+06 1.74E+05 4. 72E+07
Carbon Storage (kg) 2.22E+06 6.49E+05 2.13E+04 9.15E+06
Gross Carbon Sequestration (kg/yr) 3.77E+H04 1.89E+04 8.20E+02 1.37E+H05
Total Annual Benefits [S/yr) 4.34E+04 2.29E+04 1.97E+03 1.48E+05
CO Removed (g/yr) 3.40E+04 1.64E+04 8.20E+02 1.22E+05
0; Removed (g/yr) 9.33E+05 4. A5E+H05 2.13E+04 3.36E+06
NO, Removed (g/yr) 1.70E+05 | 8.12E+04 | 4.10E+03 6.12E+05
S0, Removed (g/yr) 1.05E+04 | 4.92E+03 0 3.77E+04
PM, . Removed (g/yr) 2.66E+04 | 1.23E+04 | 8.20E+02 9.60E+04
Oxygen Production [kg/yr) 1.01E+05 5.09E+04 2.46E+03 3.64E+05
Cooling (KWh/yr) 1.92E+05 1.61E+05 3.15E+03 4. 78E+05

Philadelphia- Composite Tree

Co-benefits Mean | Median |5 percentile |95" Percentile
Structural Value (5) 707.62 379.69 18.15 2606.30
Carbon Storage (kg) 240.55 82.35 1.30 1016.64
Gross Carbon Sequestration (kg/yr) 5.35 2.70 0.10 19.80
Total Annual Benefits [S/yr) 5.96 3.14 0.14 21.23
CO Remaved (g/yr) 4.18 2.00 0 15.60
0, Removed (g/yr) 129.37 | 61.70 1.40 483.65
NO; Removed [g/yr) 27.70 13.20 0.30 103.56
50, Removed (g/yr) 7.44 3.50 0.10 27.80
PM,  Removed [g/yr) 3.42 1.60 1] 12.80
Oxygen Production (kg/yr) 14.26 7.20 0.30 52.77
Cooling (KWh/yr) 32.87 17.12 ] 103.12
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Philadelphia- All Trees

Co-benefits Mean Median |5" percentile| 95" Percentile
Structural Value (5) 1.14E+H06 6.10E+05 2.92E+04 4. 19E+06
Carbon Storage (kg) 3.87E+05 1.32E+05 2.09E+03 1.63E+06
Gross Carbon Sequestration (kg/yr) 8.59E+03 4.34E+03 1.61E+02 3.18E+04
Total Annual Benefits [S/yr) 9.58E+03 5.05E+03 2.25E+02 3.41E+04
CO Removed (g/yr) 6.72E+03 3.21E+03 0 2.51E+04
0, Removed (g/yr) 2.08E+05 9.92E+04 2.25E+03 7.77E+05
NO,Removed (g/yr) 4.45E+04 2.12E+04 4.82E+02 1.66E+05
S0, Removed (g/yr) 1.20E+04 | 5.62E+03 1.61E+02 4.47E+04
PM, - Removed (g/yr) 5.49E+03 2.57E+03 0 2.06E+04
Oxygen Production (kg/yr) 2.29E+04 1.16E+04 4.82E+02 8.48E+04
Cooling (KWh/yr) 5.28E+04 2.75E+04 0 1.66E+05

New York City- Composite Tree

Co-benefits Mean | Median |5" percentile | 95" Percentile
Structural Value (S) 818.43 437.57 20.21 3062.12
Carbon Storage (kg) 230.82 70.30 1.00 1029.53
Gross Carbon Sequestration (kg/yr) 4.88 2.30 0.10 18.90
Total Annual Benefits [S/yr) 15.00 8.97 0.32 70.11
CO Removed [g/yr) 3.79 1.70 1] 14.10
0, Removed (g/yr) 109.01 | 49.90 1.30 406.61
NO, Removed (g/yr) 34.97 16.00 0.40 130.46
50, Removed (g/yr) 2.02 0.0 o 7.50
PM; c Removed (g/yr) 3.10 1.40 o 11.60
Oxygen Production (kg/yr) 13.02 6.10 0.20 50.32
Cooling (KWh/yr) 24.20 12.36 ] 89.62
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New York City- All Trees

Co-benefits Mean Median |5" percentile| 95" Percentile
Structural Value (5) 3.73E+06 1.99E+00 9.21E+04 1.40E+07
Carbon Storage (kg) 1.05E+06 3.20E+05 A.56E+03 4.69E+06
Gross Carbon Sequestration (kg/yr) 2.23E+04 1.05E+04 4.56E+02 8.61E+04
Total Annual Benefits [S/yr) 8.60E+04 4.09E+04 1.46E+03 3.20E+05
CO Removed (g/yr) 1.73E+04 | 7.75E+03 0 6.43E+04
0, Removed (g/yr) 4,97E+05 2.27E+05 5.93E+03 1.85E+06
NO, Removed (g/yr) 1.59E+05 J.29E+04 1.82E+03 5.95E+05
$0, Remaoved (g/yr) 9.21E+03 | 4.10E+03 0 3.42E+04
PM, . Removed (g/yr) 141E+04 | 6.38E+03 0 5.29E+04
Oxygen Production [kg/yr) 5.94E+04 2.7RE+04 9.12E+02 2.29E+05
Cooling (KWh/yr) 1.10E+05 | 5.63E+04 0 A.08E+05

Baltimore- Composite Tree

Co-benefits Mean | Median [5" percentile|95" Percentile
Structural Value (5) 1137.57 494.46 18.15 4501.95
Carbon Storage (kg) 223.96 76.40 1.40 945.30
Gross Carbon Sequestration (kg/yr) 4.81 2.30 0.10 18.10
Total Annual Benefits (S/yr) 5.94 3.10 0.18 20.88
CO Removed (g/yr) 2.98 1.40 0.10 10.84
0, Removed (g/yr) 151.58 73.10 2.60 552.24
NO,Removed (g/yr) 32.69 15.80 0.60 119.10
50, Removed [gfyr) 5.43 2.60 0.10 19.80
PM, - Removed [g/yr) 3.39 1.60 0.10 12.40
Oxygen Production (kg/yr) 12.83 6.20 0.30 48.20
Cooling (KWh/yr) 40.66 24.51 0.10 115.12
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Baltimore- All Trees

Co-benefits Mean Median |5™ percentile|95™ Percentile
Structural Value (5) 7.26E+05 3.15E+05 1.16E+04 2.87E+H06
Carbon Storage (kg) 1.43E+05 4.87E+04A 8.93E+02 6.03E+05
Gross Carbon Sequestration (kg/yr) 3.07E+03 | 1.4T7E+03 6.38E+01 1.15E+04
Total Annual Benefits [S/yr) 3.79E+03 1.98E+03 1.15E+02 1.33E+04
CO Removed (g/yr) 1.90E+03 8.93E+02 6.38E+01 6.92E+03
0, Removed (g/yr) 9.67E+04 4.66E+04 1.66E+03 3.52E+05
NO, Removed (g/yr) 2.09E+04 | 1.01E+04 | 3.83E+02 7.60E+04
50, Removed (g/yr) 3.47E+03 | 1.66E+03 | 6.38E+01 1.26E+04
PM, . Removed (g/yr) 2.17E+03 | L.02E+03 | 6.38E+01 7.91E+03
Oxygen Production (kg/yr) 8.19E+03 3.96E+03 1.91E+02 3.08E+04
Cooling (KWh/yr) 2.59E+04 | 1.56E+04 | 6.25E+01 7.34E+04

Denver- Composite Tree

Co-benefits Mean |Median|5™ percentile|95™ Percentile
Structural Value (S) 1097.7AB8| 625.62 32,2585 3861.9265
Carbon Storage (kg) 184.7366 69.9 4.1 755.3
Gross Carbon Sequestration (kg/yr) 3.0491 1.6 0.1 10.9
Total Annual Benefits [S/yr) 1.8976 1.08 0.12 6.37
CO Removed [g/yr) 5.3249 2.7 0.1 19.4
0, Removed (g/yr) 127.3843 63.9 3.4 463.9
MNO; Removed (g/yr) 56.3208 28.3 1.5 205.1
50, Removed (g/yr) 5.2258 2.6 0.1 19
PM, - Removed (g/yr) 1.4204 0.7 0 5.2
Oxygen Production (kg/yr) 8.1316 4.4 0.3 29
Cooling (KWh/yr) 20.5902| 8.5283 0.12 §9.941
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Denver- All Trees

Co-benefits Mean | Median |5" percentile| 95" Percentile
Structural Value (5) 1.41E+07 | 8.06E+06 4.16E+05 4 98E+OT
Carbon Storage (kg) 2.38E+06 | 9.01E+05 5.26E+04 9.73E+06
Gross Carbon Sequestration (kg/yr) 3.93E+04 | 2.06E+04 [ 1.29E+03 1.40E+05
Total Annual Benefits [S/yr) 2A5E+04 | 1.39E+04 | 1.55E+03 8.21E+04
CO Removed (g/yr) 6.86E+04 | 3.48E+04 1.29E+03 2.50E+05
0; Removed (g/yr) 1.64E+06 | 8.23E+05 4.38E+04 5.98E+06
NO, Removed (g/yr) 7.26E+05 |3.65E+05| 1.93E+04 2.64E+06
S0, Removed (g/yr) 6.73E+04 | 3.35E+04 | 1.29E+03 2.45E+05
PM, . Removed (g/yr) 1.83E+04 | 9.02E+03 0 6.70E+04
Oxygen Production [kg/yr) 1.05E+05 |35.67E+04| 3.87E+03 3.7AE+05
Cooling (KWh/yr) 2.65E+05 | 1.10E+D5 1.55E+03 9.01E+05
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