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Motivation: Urbanization impairs well-being by
disrupting delivery of ecosystem services
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Legend:

P = precipitation,

R = runoff,

ET = evapotranspiration,

AS = change in water storage
NR = net radiation,

H = sensible energy,

LE = latent energy,

AG = change in energy storage,
A = latent heat of vaporization,
p,, = density of water

Water Balance: P=R+ET+AS
Energy balance: NR=H+LE+AG
ET =LE /(A pw)

Rural Forest Urbanized Restored, Urban Forest

Endreny, T. A. (2018). Strategically growing the urban forest will improve our world. Nature Communications, 9(1), 1160.doi:10.1038/s41467-018-03622-0



Goal: Develop i-Tree tools for the restoration of
water, energy, & biogeochemical cycles

Precipitation l l Net Solar Radiation

Downward Longwave Radiation

Latent Heat Flux
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Throughfall ]
Depression Storage

Evapotranspiration pogenic Heat
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mp'pe Flow A Ground Heat A Soil Moisture Subsurface Runoff
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i-Tree HydroPlus Toolkit Conceptual Model Green Infrastructure within i-Tree Hydro Model
Endreny, T. A. (2022).i-Tree Tools Assist with Strategically Designing Tree Cover and Improving Community Resilience. 3

Clear Waters - New York Water Environment Association, 52(1), 46-50.
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City Benefits
Viewer

i-Iree

City Benefits
Calculator

i-Iree

Block Benefits
Calculator

i-Iree

Site Benefits
Calculator

i-Iree

Land Cover &
Benefits Estimator

i-Iree

Methods: i-Tree Tools for Nature-Based Solutions

Tree Species
Selection

i-Iree

Landscape Eco Planting My Tree Canopy
Managing Cooling Heat CoolingRiver Reducing Mapping
Stormwater Islands Waters Energy Use Nutrient Runoff

i-Iree.
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Inputs for i-Tree Cool Air: Elevation and Land Cover
for Washington, DC

- High:131.5m
o

"Low:-0.5m

10 Kilometers

&y k-
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Land Cover: NLCD

Il 11 Open Water
[112 Perennial Ice/Snow
[ 21 Developed, Open Space

# [ 22 Developed, Low Intensity

M 23 Developed, Medium Intensity
I 24 Developed High Intensity
31 Barren Land (Rock/Sand/Clay)

[ 41 Deciduous Forest
: M 42 Evergreen Forest

[143 Mixed Forest

y [ 51 Dwarf Scrub

[ 52 Shrub/Scrub

{ [171 Grassland/Herbaceous

[ 72 Sedge/Herbaceous

[ 73 Lichens

I 74 Moss

[ 81 Pasture/Hay

[l 82 Cultivated Crops

[1 90 Woody Wetlands

[ 95 Emergent Herbaceous Wetlands



Inputs for i-Tree Cool Air: Anthropogenic Heat,
Tree & Impervious Cover for Washington, DC
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Input Meteorological Data: Single Pixel Time Series
of Observations using WeatherPrep.exe. Flow ...

noan g National Centers ff»:)r

Environmental Information  Hourly/Sub-Hourly Observational Data

NATIONAL QCEANG AR AT

& Layers v
e ga; -
bl An R A
& #tp.ncdenoaa.gov - FileZilla
file Edit View Transfer Server Bookmars Help
~ TITEQORONL TFAYS
e e e po [ [ |-
Status
Status
Status
Local site: | C:\iTreela_prep_ Weather\was_dc\2018y Remote site: | /pub/data/noaa/2018
T T &0 aal ~ ? 2011
orl_f ? a2
ric.va
syny
tan_ny
was_de
208
Buffer_g; v
Filename Filesize Filetype Last moaified Filetype
795 gz Archi
#724050-13743-2018.. 1,020288 gz Archive 10/21/2022 6:1 gz Archi
& 7240 3-2018_ 5997886 TXT File 12/5/2020 822 gz Archi.
& 724050-13743-2018_ 2094688 TXT File 10/21/2022 6:2 gz Archi
& Evaporationdat 643318 DAT file
pexe 208949 Application
Radiationdat 581486 DAT ile
her.dat 775142 DAT File
veatherPrepConfio 1503 XML File

1,020,288 gz Archi..

8 files. Total size: 11,328,260 bytes

Energy generates

//database.itreetools.org/#/locatio

Server/Local flle Direc.. Remote file Size Priority Status

<!—— Program generates output of: weather.gaf, evaporation.daf, and sglarradiation.dat —>

<InputList>

<Input>

<Model>Hydro</Model><!—— Options: Hydro, Energy; Hydro generates § weather outputs,
<Nation>United States of America</Nation> <!-- Confirm name here: https://database.itreetools.org/
<State>District of Columbia</State> <!-- Confirm name here: https://database.itreetools.org/#/locations
<County>District of Columbia</County> <!-- Confirm name here: https:
<Place>Washington</Place> <!-- Confirm name here: /database.itreetools.org/#/locationSearch —->
<MaximumLAT>5</MaximumlAT> <!-- Affects ca ——>
<EvergreenPercent>5</EvergreenfPercent> <!-— Aff oration during leaf of period -->
<VegetationType>Tree</VegetationType> <!-- Options: Tree, Shrub, or

<StartYear»2018</Start¥ear> <!-->Corresponds with input weather file -->

<End¥ear>2018</End¥ear> <!-- Corresponds with input weather

<SurfaceWeatherDataFile>C:\iTree\a prep_Weather\was_dc\2018)724050-13743-2018_out.txt</SurfaceWeatherDa
<PrecipitationDataCsv></PrecipitationDataCsv> <!-- Optional Precip.gsy to replace NORA raw data values.

20l ,00:0 .98305085,76. 0 g Hr-Min-Sec.T
20180828,01:
20180828,02:
20180828,03:
20180828,04:
20180828,05:
20180828, 06:
20180828,07:
20180828,08:
20180828,09:
20180828, 10:
20180828, 11:
20180828,12:
20180828,13:
20180828, 14:
20180828, 15:
20180828, 16:
20180828,17:
20180828, 18:
20180828, 19:

-00000000176-ZLatltude(Radian),Hou
.84615385,76.120180828,00:00:00,0.00,0.00,445.79,458.09,0.6792,-3.1839,0.1744
.023666864,74.t20180825,01:00:00,0.00,0.00,445.84,458.15,0.6792,-2.9221,0.1744
.00000000,75.(20180828,02:00:00,0.00,0.00,442.04,454.24,0.6792,-2.6603,0.1744
.00000000,75.(20180828,03:00:00,0.00,0.00,442.17,454.84,0.6792,-2.3985,0.1744
.00000000,75.(20180828,04:00:00,0.00,0.00,435.88,451.35,0.6792,-2.1367,0.1744
.00000000, 76.(201680828,05:00:00,0.00,0.00,420.11,451.39,0.6792,-1.6749,0.1744
.15384615,76.(20180828,06:00:00,5.18,23.60,420.11,451.39,0.6792,-1.6131,0.1744
.28402367,76.(20180828,07:00:00,73.31,62.20,424.22,454.76,0.6792,-1.3513,0.1744
00000000, 75 (20180828,08:00:00,194.78,91.02, 427.87,458.67,0.6792,-1.0895,0.1744

Ltxt 72405

prep_Weather

918\WeatherPrepCe

s of America
Columb:
Columbia

rate output

Td ) ,NetRad (W/m~2) , T

d,Hr:Min:Sec, ),D 7 ~2) , Do i)

le(Radian) ,Declinationfngle (Radian)

'é20180828,09:00:00,337.38,113.64,415.89,465.95,0.6792,—0.8277,0.1744

.'gggggégélgg'_20180828,10:00:00,662.40,129.l2,448.95,482.39,0.6792,—0.5659,0.1744
'GEDDUDDD'?S';20180828,11:00:00,543.02,138.26,455.36,490.58,0.6792,—0.3041,0.1744
: ' ©20180828,12:00:00,580.49,141.77,463.30,487.60,0.6752,-0.0423,0.1744

-00000000,72.450150828,13:00:00,569.77, 139.58, 465.60,500.28,0.6792,0.2195,0.1744
-15384615,73.020150825,14:00:00,512.79,132.72,463.12,500.28,0.6792,0.4513,0.1744
.00000000,72.120180828,15:00:00,412.68,119.39,467.39,504.48,0.6792,0.7431,0.1744
-84€15385,73..20180828,16:00:00,283.87,99.12,462.37,500.28,0.6792,1.0049,0.1744
.56213018,75.220180825,17:00:00,143.66,71.97,459.75,496.10,0.6782,1.2667,0.1744
6.00000000,75.(20180828,18:00:00,26.78,39.51,451.10,484.37,0.6792,1.5285,0.1744

sTct7 77 -20180828,19:00:00,0.00,0.00,445.65,4758.87,0.6792,1.7903,0.1744



i-Tree HydroPlus Configuration File w/ Parameter
Settings, Visual Studio Editor, Batch Runs. Flow

<OutputDir

Spatial'r

(Fl:)v. Path&lgorit
<Flag ExtendedOu
<Flag_Recompute_
<Flag TI Perviou

<RefParamFolder>
E </Slnulat1:)n5t 1an_
H <si

.“lud—
201808
201s0828
<CatchmentArea m
<TopographicInde
<TotalTimeSteps>
<TimeStep_sec>36
- </SimulationNumeric
[ <pata anizer>

<DataDrawer>

= <DataFolder>
<Type>BulkArea</
<Area m2>900</Ar
<TreeCanopyCover
<TreeCanopyCover
<ShortvegCover_n

<ImperviousCover
<DCIA_frac>0.30<
<PerviousDepress
<ImperviousDepre

<WaterDepression
<Soil_Macropore_
<InfiltExcessGov
<T0 _m2ph>1.3E2</
<n>2</n><!-- Opt
<m>0.023</m><! -~
<K0_mph>0.003</K

WES m>0. 66</WFS

WiltingPoi
_FieldCapac
_Saturation
_Porosity m
_MoistureIn
otranspirat

>

<outputTimeStep>Hourly</CutputTimeStep><!--Options:

-120</nRows> <!
er>314720</xllcorner> <!-- Defines x
ner>42965830< /vl

iTree\projects\CoolAir\was_dc\Outputs30\quad0001\</OutputDirectory> <!--

Hourly | Daily | Weekly | Monthly-->

TimeSteppNoCalibration</CalibrationTimeSten><!--Options: NoCalibration Hourly
</DataOrganizer> - B
h . reHyd1
e ratureLocationParams> >
>120</nCols> <!-- Defines number of columns in input map fi B

Defines number of r

in ;r_lput map file h-—>
left corner ve
ser left corner i-_

30</¢
9999</

</TemperatureLocat

<Flag_UrbanCany
«<IterationCount
<Urban2lheight:
<Urban2lroadwic
<Urbanzlalbedo>
<Urban2lemissix
<al OHM UrbanZl
<a2_OHM UrbanZ2]l
<a3_OHM UrbanZ2l

an2lbuildir
<Urban2Zheights
<Urban22roadwic
<Urban22albedo:

<Urban22emissix
<al_OHM UrbanZ2:
<a2 OHM Urban2:
<a3_ OHM Urban2:
<Urban22buildir-
<Urban23height>]
<Urban23roadwic
<Urbanz3albedo>
<Urban23emissit
<al OHM Urban2:
<a2_OHM Urban2:
<a3_OHM Urban2:
<Urban23buildir
<Urban24heights
<Urbanz4roadwic
<Urbanz4albedo:
<Urban24emissiv]
<al_OHM Urban2¢
<a2 OHM Urban2¢
<a3 OHM Urban2
<Urban24buildir
<Treeheight>11l<
<Treealbedo>0.1
<Treeemissivity
<TreeLeafWidth:
<TreeMinimumRe:

<ShortVegeta
<ShortVegetat:
<Sho“t\76qetn

>0.21</ShortVegetationalbedo><!—
7>0.97</ShortVegetationemissis
-0.02</ShortVegetationLeafwidt
stance>100</ShortVegetationt
=»0.215</al OHM sVeg frac»<!--Options:
0.325</a2 OHM | SVeg hr><!-—Options: 0 tc
_p m2>-19. 9</’d3 OHM SVeg W _p m2><!--Optic

<5‘:>11helght>0 1</5‘:>11helght><‘—— C}:t'on.. > 0: “:)ughne<
<Soilalbedo>0.14</Soilalbedo>»<!-- Options: 0 to 1;
<Soilemissivity>0.95</Soilemissivity»<!-- Options:

<al OHM Soil frac»>0.355</al OHM Soil frac><!--Option
<a2_ OHM . S:)ll hr>0.335</a2 OHM Soil h‘"><‘——0pt ons: 0 tc
<q3_OHM_S:)1 _W p_m2>-35. 3</’a3 OHM Soil W p m2><!--Optic
<’.'.‘aterheiqht>0.DOl(/"’nte“helqht><‘—— Opt ons: > 0; rouc
<Wateralbedo>0.13</Wateralbedo>»<!-- Options: 0 to 1; £a
Wateremissivity>0.9</Wateremissivity>

<al OHM Water_ frac>0.5</al_OHM Water frac><!--Options:
<a2_ OHM ter “hr>0.21</a2 OHM Water hr><!--Options: 0 t

<a3 OHM p_m2>-39. 1</a3 OHM ¥ a _p_m2><‘——cpt
<Weathe '.‘1ndHe1qht>1D.0<f"‘eather’.‘.’lndHelqht><‘—— Ooptions
</TemperatureCalculationParams>

1>0,0</RefWeatherLocationRowCo]
ation_m>4.6</RefWeatherLocationt
<RefWeatherlocationSlope deq>0 001</RefWeatherLocations
<RefWeatherLocationAspect deg>360</RefWeatherLocationh:
<RefWeatherLocationTopographicIndex>Avg</RefWeatherLoc:
<PrintTimeBasedResults>All</PrintTimeBasedResults> <!—
<TimeBasedOutputPeriod0>2018082806,2018082806</TimeBase
<TimeBasedoutputPeriodl>2018082815,2018082815</TimeBase
<TimeBasedOutputPeriod2:>2018082819,2018082819</TimeBase
<Disable><!-- Disable block surrounds any block of code
<TimeBasedOutputPeriod> </TimeBasedOutputPeriod><!-
<PrintRowCol0> </PrintRowCol0><!-- Options: row col
<RowColoutputPeriod> </RowColOutputPeriod><!-- Opti
<PrintBlocksroupDailyAndHourly>False</PrintBlockGre
<PrintBlockGroupRangel> </PrintBlockGroupRangel><!-

0.783,0.609,0.534,0.385,0.320,0.269,0.205,0.196,0.163,(
</BHAGUC_HourlyValue to MaxValue frac> <!-- oOptions: Ti
</TemperatureExecutionParams>

—</HydroPlusConfig>

0Q File Edit View Git

286

NE'S

[E] HydroPlus

L 1210/dx3 |

Executivecpp ® X TestSimulation.cpp

Project Build Debug Test Analyze Tools Ex

Release - Win32 ~ P Local Window

WeatherPre BuildData

(Global Scope)

hrono: :hig

to time_clock_start = C

1og
g Directory_Input_CLArg

(Directory_Input_CLATg);

HydroP]l

HydroFlus.exe C:
lus.exe
lus.exe
lus.exes

HydroP
HydroP
HydroP
HydroPl
HVG:QP'

lus.exe

Window  Help

\¢LLCC\PLU]ECtS\COOlAlI\WaS dc\Inputs3G\quad0002\,
C:\iTree\projects\CoolAir\was dc\Inputs30\quad0003’ S
C:\iTree\projects\CoolAir\was dc\Inputs30\quad0004\
C:\iTree\projects\CoolAir\was dc\Inputs30\quad0005\
C:\iTree\projects\CoolAir\was dc\Inputs30\quad000el

HydroPlus

Solution Explorer
ARl

#
B
=

Solution "HydroPlus® (1 of 1 project)
a HydroPlus

o0 References

&) External Dependencies

7 Input:

£ Outputs

imulation.cpp

lorer Git Changes

1 C\Windows\system32\cmd.exe

s is an opticnal file.

folder using DInfinity.

put data wi
11 input data

- [m]

LAY

, use input fr

imulation.
mulation.



Model Scenarios: Base Case vs Increase Tree Cover 20%,
Decrease Impervious Cover 20% on Urban Land

= - &
o @ T

Decrease in Imperviou

e R . . N -
L g § el

Increase in Tree Cover 20% on urban land

PO ST
s Cover 20% on urban land
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Validating i-Tree Cool Air: Washington, DC @
6AM, 3 & 7 PM 8/28/18, Data from Prof. V. Shandas

Q&ﬁ {, f m"“, -ngh IM.2K ] -_High:an.nc

Low: 3019 K Low: 3029 K
" ™ High: 100.5 F ™ High: |
"-Low' I8F Low: 85.6 F
e 22,163 VMT
observations
o~ |Model= ITCA
b ‘|y= 117 + 062
R*2=0.24
o RMSE=i15 C
@ |N= 6140

G=30m
T= af

308

emperature (K)

TCA Air
306

304
1

;" .
2 - A g s { 55 3 g 4 VMT Air Temperature (K) “ - P
|TCA A|r Temperature at 3 pm VMT Air Temperatureat 3 pm

Shandas, V., Voelkel, J., Williams, J., & Hoffman, J. (2019). Integrating Satellite and Ground Measurements for Predicting Locations of Extreme Urban Heat. Climate, 7(1),5. 10
Yang, Y., Endreny, T. A., & Nowak, D.J. (2013). A physically based analytical spatial air temperature and humidity model. JGR-Atmospheres, 118(18), 10449-10463. doi:10.1002/jgrd.50803



m)

Precipitation (m

15 A

25 A

30 -

(a)

Validating i-Tree Cool Air Hydrology:
Detailed Analysis of Water Balances

Time (h)
11:00 13:00 15:00 17:00 19:00 21:00 23:00
1 1 1 1 1 5
nflow (q0)
8 _——— Surface Outflow (q1)
------------ Storage Drain (g3) L4
:l Precipitation (mm/Smin)
60 -
= -3
£
=
040 -
u_E ------------------------- '. | 2
20 - Lot
0 4§ Ll \ B ) —t T O
11:00 13:00 15:00 17:00 19:00 21:00 23:00
Time (h)

Outflow/Drain (mm)

Surface infiltration (mm)

104 180 1.0
. S s = Infiltration (f1)
160 A Surface Depth (d1)
5 Soil Moisture (d2) s
140 ~ Soil Percolaton (f2) |
Storage Depth (d3)
120 A
64{F - 06
£100 -
S
Q 80 -
448 L 0.4
60 -
Rt St N %
= '\ ....... - 0.2
20 N
—
0 - 0 T 1 I\ 00
b 11:00 13:00 15:00 17:00 19:00 21:00 23:00
( ) Time (h)

Wang, J., Endreny, T. A., & Nowak, D. J. (2008). Mechanistic Simulation of Tree Effects in an Urban Water Balance Model. Journal of the American Water
Resources Association, 44(1), 75-85. doi:10.1111/j.1752-1688.2007.00139.x
Abdi, R. (2019). Computer Algorithms to Simulate Nature-Based Restoration of Urban River and Stormwater Systems. Ph.D. Dissertation Supervised by T.
Endreny, SUNY ESF, Syracuse, NY.

Soil Moisture (fraction)

11

Soil Percolation (mm)



Output of Scenario Differences: Map of
Temperature for Base Case vs +/-20% TC & IC

Sinha, P., Coville, R. C., Hirabayashi, S., Lim, B., Endreny, T. A., & Nowak, D. J. (2022). Variation in Estimates of Heat-Related Mortality Reduction due to Tree Coverin U.S. 12
Cities. Journal of Environmental Management, 301, 113751. doi:https://doi.org/10.1016/j.jenvman.2021.113751.



Output of Scenario Differences: Map of Evaporation,
Time Series of Temperature

™ High: 0.5 mm

Average Temperature of Air (Tair) and Dewpoint (Tdew) Downtown
Washington, DC during Heat Wave

Low : -0.1 mm

100
95 — Tair, Base Case
—Tair, 20% Change
= =Tdew, Base Case

90
o = =Tdew, 20% Change
)
—
2
o 85
1o
]
Q
5
'_

80

’:===
== - = = o
75 S S~ == r=z”
SSeT a0 77
SNe 7 NN -~ 7
\ hEd”
NE I
70

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hours, Starting August 28, 2018 00:00

iTCA Change in Evaporation:Base +/- 20% TC & IC iTCATime Series of Base Case vs Scenario +/- 20% TC & IC
13



Discussion: i-Tree Landscape Finds Vulnerability via
Overlay of Demographic Data & Ecosystem Services

ﬂ Landscape Home  Projct~  Menu~ Feedback ~

i-Iree, A tree canopy assessment tool

'3 Start on Main, then explore the map layer tabs.

Forest  Health = Future

M Risk |Risk  Climate
Air Pollution +
EPA Non-Attainment Areas +
Walkability +
Impaired Waterways +
Projected Urban Development +
Ultraviolet Radiation Index +

Land Surface Temperature -

O 31 [}
| —
aae———
Transparency =~ 81 %
M Secalbemnyj +
Find Locations Explore Location Data See Tree Benefits Prioritize Tree Planting Generate Results Map details are located in the references
Land Cover @ Unit Display
4 Back HiRes 2011 2001 Metric English Table Chart Next 3
Data Tools Area Land Cover HiRes Land Cover 2011 Census Data Forest Risk Health Risk Future Climate
Population Income Overview Home Overview Household Type Home Tenure Educational Attainment
Median Income $ Per Capita Income $ Poverty %
= IF o * s
Remove Dataset + Type + Name $ ID + Swap Highlight = % T
b 4 NiA Block Group N/A 110010005021 (] 148,008.0 98,581.0 72
x NiA Block Group N/A 110010027022 O 109,500.0 71,5140 76
x NiA Block Group N/A 110010030002 44,7620 33,713.0 231

Exploring 3 Census Block Groups w/ Table of Income Overview & Map Overlay w/ HiRes Tree Cover, LST

(Land Surface Temperature) Difference from Median of LandSAT scene. Map & Table show Vulnerability. "



Discussion: Climate Change Exacerbates
Threats to Urban Sustainability

* |PCC AR6 WG1 thsical Science Basis FAQ 10.2: Why are cities the hotspots of global warming?
* Based on CMIP6, assessing multiple RCPs and e ke bl ndceg i i ibor s
% Local effect on temperature (°C)
* Model, Observational, & Attribution " %
Findings: Regional Fact Sheets o A
— Forecast North American urban areas - ?
receive more extreme air pollution human activites | £
episodes in heavily polluted environments il heang
— Forecast Urban Areas receive more iy ﬁ

frequent extreme climate events, such as
heatwaves, with more hot days and warm

. . . o). Water ~ -
nights adding to heat stress in cities . € %
— Forecast Urban Areas receive sea level rise,
storm surge, and extreme rainfall events e ‘ W

will increase the probability of flooding T
K - - 0 +1 +2
3 : Local ef‘l‘lct on temperature (°C)



https://www.ipcc.ch/report/ar6/wg1/
https://www.carbonbrief.org/qa-how-do-climate-models-work
https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
https://www.ipcc.ch/report/ar6/wg1/resources/factsheets/

Discussion: Leverage Points to Improve the
State of our Watershed; Resetting our Paradigms

N
5

RS

w Z
= =]
o = S o]
w v << = [an
T = w = o
z 5 z =& < & g g
S 4, = g w & z 4 = = z 9o g
5] - T o = =] < w » = W =] = =
S z g o = g 2 £ 8 38 = 6 ¢ g & =
g2 g S & T 3 8 = o 3 = 2 a g
- "on Of ecosystEm Ser . 'C-; o il = o o o 5 =3 = m i 0 = ] b
v\s V’c = o] o] ] o] o] L L L L L L i) ] L o]
Aty €s z £ FE £ FE E £ E FE EFE E E F £ EFE O
>-\ ~

Active Restoration Passive Restoration

Direct interventions to madify Policy/paradigm to regulate/
the watershed system influence human behavior

Watershed Restoration: Human

ecosystem Goals, rules, parameters systems
Assessment of Paradigm Ideas for
structure, . development and
. =  Mindsetthat |a@= o
functlorj. and establishes the onservaho‘n lead
actual state of the watershed system to desired state of
watershed system Y watershed system

Impacts on watershed hea®™

Watershed state or conditions revealsits purpose.

Today we have gathered and we see that the cycles of life continue.

Endreny, T. A. (2020). Leverage Points Used in a Systems Approach of River and 16

River Basin Restoration. Water, 12(9). doi:10.3390/w12092606 Now our minds are one.


https://danceforallpeople.com/haudenosaunee-thanksgiving-address/haudenosaunee-thanksgiving-address-2/
https://danceforallpeople.com/haudenosaunee-thanksgiving-address/haudenosaunee-thanksgiving-address-2/

Conclusions

* Urban forests restore water & energy balance
* Urban forest expansion cools cities, saves lives

&r oo .’l oo rore

Urban Suburban
Residential Residential

Downtown Park

Rural Commercial

Suburban
Residential

ﬁ %{ @ mmi ﬁrbor Day Foundation® %’ ISB lﬁ E;F

i-Tree




foliree

Do gou?

u m§ @mf Day Foundation YA

18



Extra Material: Monetized Services & Disservices
give Return on Investment > $S2 per mature tree

URBAN TREE PLANTING

Healthy trees can increase surrounding property
values by 2-10% Apartments and homes located
near a park have even higher values.

resource savings for the community.

Evapotranspiration and shade that trees provide
help to cool down buildings and reduce the need
for air conditioning, which then decreases
energy consumption"' Using less energy = u
direct costs savings for building owners and

Large scale vegetated areas can be as much OTHER CITIES THAT VALUE TREES New York has i dits urban forest
as ?°F cooler ’hm non-green city cen(frs.’- A i i ewby 20%‘,32::;?\'5;1; Icut;;;gmo::sc: lHH“ll BEHEHTS Iﬂ FHDEHIK
Various functions of trees, such as their New York City struggled with

ST A | carbon harmful air pollutants and saving them an

i 3
% emissions from vehicles and fossil fuel et g T
T 5
ez (e ‘When Les Angeles started planting mare 1
Trees improve air quality by intercepting particulate ’

In 2006, the City of Los Angeles trees, it saw improvements in mental Million cubic feet of

evaporative cooling effect, help to reduce
urban heat island (UHI) effect and heat
stress-related illness and fatalities.

matter (PM,)) and abso:i;'in; gaseous pollutants only had 21% tree canopy health, lower energy costs, arjd in(.rea_sed —————_ Tons of air pollution removed*®
Traas provide g IRCRT storm watag Felilition (qu. SO, and 0‘). " They also help "f‘*‘ coverage. The national average consumer spending in tree-filled
benefits by intercepting and absorbing rainfall and SroSpITE COj HVEIS oy copturieg ST ot i is 27%. commertialaress
by increasing the ability of soil to store water. Large In recent decades, As a counter to high pallution
trees (-37 ft. crown spvud)) :‘nlevtcpl over 2,000 Philadelphia has lost a levels, Pennsylvania Horticultural y y
gallons of rainfall annually significant number af Society has pledged to restore Tons of oxygen produced * Tons of carbon sequestered
trees to development lost canopy coverage by adding In addition to the 305,000 tons

and sprawl® about 30% more trees® already stored in existing trees®

Examples of Low-emitting

RETURN ON INVESTMENT TOTAL BENEFITS REPLACEMENT GOST
Trees for Phoenix:

32.23 PER TREE 840.25 MILLION 33.84 BILLION

A medium-sized tree at maturity.” Annual combined benefits of existing Cost to replace Phoenix urban forest."
Phoenix urban forest.”

We have achoice: Be Smart ... Design Sustainably. .. Plant Wisely.

https://www.phoenix.gov/parkssite/Documents/PKS_Forestry/PKS_Forestry_Infographic_Urban_Forestry Benefits_Costs.pdf 19



