I_
for Mapping Extreme H

ree Tools
eat Risk and Mitigation in New

York State Disad

vantaged Communities

Climate Justice Working Group

New York State Department of Environmental Conservation

Climate Leadership and Community Protection Act
October 4, 2023 on WebEx

T. Endreny, Ph.D., P.H., P.E.
Professor at SUNY ESF & i-Tree Tools Developer
Syracuse, New York | te@esf.edu | www.esf.edu/faculty/endreny

o 8 pavey®E @ asborbavroundaton wi ISR . ESF 1

i -T["Ce Initiative



Motivation: Reduce Extreme Heat Exposure &
Vulnerability with Sustainable Urban Forests

September 6, 2023

Labor Day sizzle: Extreme heat spreads across

two-thirds of US this weekend As Heat Rises and Electric Bills Soar,
s Gov. Hochul Must Protect NYers By
Passing NY HEAT Act

NY Governor Hochul must pass the NY HEAT Act in this year's budget to fight
climate change and protect New York families

High temperatures Monday
i I

CONTACTS

Nydia Gutierrez, ngutierrez@earthjustice.org

Marissa Solomon, marissa@pythiapublic.com

Oklahoma City

AFbuquequ

[ O Jacks eI
| D1[|JS . . .
. ALBANY,NY — After a hot, expensive, toxic, scorching summer, another

‘!I \ ns
— dangerous, potentially record-breaking heat wave is blanketing New York this

week. Liz Moran, New York Policy Advocate at Earthjustice, issued the

following statement:

https://www.cnn.com/2023/09/01/weather/labor-day-forecast-heat-rip-currents/index.html  https://earthjustice.org/press/2023/as-heat-rises-and-electric-bills-soar-gov-
hochul-must-protect-nyers-by-passing-ny-heat-act 2
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i-Tree Tools for Nature-Based Solutions

City Benefits
Calculator

i-Iree;

City Benefits
Viewer

i-Iree!

City Benefits
Summary

i-Iree

Site Benefits
Summary

i-Iree,

Land Cover &

Benefits Estimator

i-Iree,

Tree Species
Selection

i-Iree.

Eco Landscape Our Tree My Tree Canopy Species
Cooling Heat Managing Cooling River Reducing Mapping
Islands Stormwater Waters Energy Use Nutrient Runoff

i-Iree.

Cool Air

i-Iree.

Hydro

i-Iree,

Cool River

i-Iree.

i-Iree.

Energy

Buffer




i-Tree Tools as Numerical Models of Forest
Structures, Functions, Services, Benefits & Values

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 /(Apy)

n -

80°F | 27°C

Rural Forest

River

X

‘ Net Solar Radiation

lDownward Longwave Radiation

Precipitation ‘

Latent Heat Flux
Surface Longwave Radiation

Interception

Surface Evaporation

Throughfall )
Depression Storage

Evapotranspiration

Pervious Runoff

’ \ - Sensible Heat Flux
‘ 3 h Impervious Runoff

"h I Groﬁ#d Hea ration
Hyporheic Exchange A Groundwater table

Endreny, T. A. (2022). i-Tree Tools Assist with Strategically Designing Tree Cover and Improving Community Resilience. Clear Waters - NYWEA, 52(1), 46-50. 4
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



I-Tree Cool Air Model Theory
Spatially Distributed, Vertical Energy & Water Balance

Legend: Mesoscale (b) Tb & AHb
T = Air temperature Layer ~ 200 m Determined from Reference Station(s)
AH = Absolute humidity

b = Mesoscale height ~200 m

a = Urban canopy height ~2-10 m
i = Grid land cover type

C, = Fractional coverage, sum to 1
H = Sensible energy or heat flux
LE = Latent energy or heat flux
PLE = Potential LE C
R,= Net radiation, SW+LW ano a

AG = Ground heat flux Py ( ) Ta & AHa
At = Time step La\/er ~2-10m Fie i Tl i
D = Depression storage on ground -! -
S = Interception storage in canopy AT
a,.;= Coef in Objective Hysteresis M w:

r.p = aerodynamic resistance —t X
r, = surface or stomatal resistance

A = latent heat of vaporization AG AG

Py, = density of water I [ [ [ (R

C, = specific heat constant pressure 2 . .
PSP P Reference Station Determine T, & AH, Determine T, & AH, Determine T, & AH, Determine T, & AH,

Yang, Y., Endreny, T. A., & Nowak, D. J. (2013). A physically based analytical spatial air temperature and humidity model. Journal of Geophysical Research-Atmospheres, 5
118(18), 10449-10463. doi:10.1002/jgrd.50803



I-Tree Hydro Supporting Cool Air with
Dynamic Wetness Likelihood & Groundwater Depths

q; =P, q * qis subsurface discharge (m?/hr)
L 'w (X i

* iis pixel element ~ Elevation
q; =T; - tanp; * P, is precipitation as recharge (m/hr) , O

. * aislocal basin area per unit width (m) R iR
T, =T,- exp( S‘/ m) . | 7 !

T, is local transmissivity (m?/hr) : : -
; : 4 : Pixel Slope Site
s =mlm R/ tn ai/ tanp; is local tangent of hillslope angle Angle, B | Wetness
i /5 tanp; :
- a;
Il = ln( l/tanﬁi)

I
§=—m-lnR/To—m.ﬂ

T, is local saturated transmissivity (m?/hr)
* S, is local soil moisture deficit (m)

m is a scaling parameter
* Tlis topographicindex

« S, TIisbasin average values VigtneoaTndex | |

_ = *  Qyis subsurface flow (m?3/hr) B 2-6
Quus = T, - exp(=T1) - exp (= /m) ol 12
W 12- 16

B Above 16 ... | [

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 6
Resources Association, 44(1), 75-85. doi:10.1111/j.1752-1688.2007.00139.x

XTI TEE




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

Il 11 Open Water

[112 Perennial lce/Snow

121 Developed, Open Space

[ 22 Developed, Low Intensity

M 23 Developed, Medium Intensity
M 24 Developed High Intensity

[ 31 Barren Land (Rock/Sand/Clay)
B 41 Deciduous Forest

M 42 Evergreen Forest

[]43 Mixed Forest

Bl 51 Dwarf Scrub

[ 52 Shrub/Scrub

171 Grassland/Herbaceous

[ 72 Sedge/Herbaceous

[ 73 Lichens

I 74 Moss

[ 81 Pasture/Hay

[l 82 Cultivated Crops

190 Woody Wetlands

I 95 Emergent Herbaceous Wetlands

! High:131.5m ?f

"Low:-0.5m

Land Cover: NLCD

10 Kilometers

5



Inputs for i-Tree Cool Air: Anthropogenic Heat,
Tree & Impervious Cover for Washington, DC

™ High : 366.9 W/m2 T RN

Low: 0.1 W/m2

Anthropogenic Heat: AHAGUC @ 08M21H




Input Meteorological Data: Single Pixel Time Series
of Observations using WeatherPrep.exe. Flow

National Centers for
Environmental Informati

ToOMOXLTAos
:

narme: Password;

Hourly/Sub-Hourly Observational Data

pub/data/noaa

noaa” successful
ectory isting of */ipub/data/n0as/2016°

crory isting of “7pubjdatajnoaa/2018" successful

Fm;l

8 files. Total size: 11,328 260 bytes

Locel ste] CAVTree\a_prep Weatherwas 4012018\ ~ [Remote sie] /pub/aatajnoaar2ots
50 aal A ? 201
53 o 2 202
o1 ricva ? 2013
1 syny ? 20
50ty 2 2015
53 wasde ? 2016
2018 ? o0
-1 Buffergit g 018
filename Filesize Filetype Last modified Filename Filesize Filetype  Last modif
724020-03739-2018.32 888795 gz Archi.. 12/5/2020
1020288 gzAchive  10/21/202261 724026-03716-2018.2 1022047 gz Avchi.. 12/5/2020
5997886 TXT File Cl 86756 oz Archi.. 12/5/2020
2094688 TXT File 102172022 62 724033-03706-2018.02 48344 gzAvchi. 12/5/2020
Evaporationdat 648318 DATFle 1472021 253 8724035-13773-2018.92 700351 gz Avchi. 12/5/2020
shapp2.xe 208949 Application  9/17/2021 120 51724036-03710-2018.92 602504 gz Avchi_12/5/2020
& solarRadiation dat 581,486 DAT File 1/4/2021 2:53:
B Weaterat 715142 DAT File 1/ar2021 253 72404013721 2018 92 744810 gz Avchi. 12520
B WeatherPrepConfig.. 1503 XMLFile 1072172022 62 724043-03755-2018.92 4369 gz Archi_12/5820

68

gz Archi..

12/5 120

Server/Local file

Direc... Remotefile Size Priority Status

v =

Measure  Searc

<!-- Program generates output of: weather.dat, evaporation.dat, and sglarradiation.dat -->
<InputList>
<Input>

<Model>Hydro</Model><!-- Options: Hydro, Energy; Hydro generates 8 weather outputs, Energy grﬁﬁ ates 10
<Nation>United States of America</Nation> <!-- Confirm name here: https: ”aaraba%e itreetool
<State>District of Columbia</State> <!-- Confirm name here: https://database.itreetools.org
<County>District of Columbia</County> <!—— Confirm name here: https: ”’cdtqbq<e _t“ietoo s.or q'“"‘ ocati
<Place>Washington</Place> <!-- Confirm na here: https://database.itreetool
MaximumLAI>5</MaximumLAI> <!-- Rffects 1opy resistance -->

<Eve*g eenPe“"ent>5</Eve"g“eenPe*cent> <

<Sta*tYea*>2018<fSta“tYea*> <!
<EndYear>2018</EndYear> <!-——

-- Aff

evaporat

<SurfaceWeatherDataFile>C:\iTree\a_prep Weather\was ¢ dc\2018
<PrecipitationDataCsv></PrecipitationDataCsv> <!-— Optional

e .4

050-

13

43-2018 out

i —>

txt</surfaceWeatherDa
NORA

raw data values.

20180828,01:
20180828,02:
20180828,03:
20180826,04:
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:
20180826,18:
20130828, 19:

Columbia
f Columbia

:00,79.98305085, lo
:00,80.00000000,7

:00,78.84615385,76
:00,79.02366664,74.
:00,78.00000000,75.
:00,78.00000000,75.
:00,78.00000000,75.
:00,79.00000000,76.
:00,80.15384615,76.
:00,82.28402367,76.
:00,87.00000000,75.
:00,89.30769231,73.
:00,91.26035503,75.°
:00, 92.00000000,75.1(
:00,92.00000000,72.
:00,93.15384615,73.(
:00,92.00000000,72
:00,90.84615385,73.
:00,87.56213018,75.
:DO 80 DDOODODU Tl

(20180828, 08:
20180828, 08:
20180828, 10:
;20180828,11:
20180828,12:
'20180828,13:
20180828, 14:
-{20180828,15:
120180828, 16:
120180828,17:
(20180828, 18:
"20180828,19:

{

,NetRad(W/m"M

1 _AIEZ0 4

00

00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:

Hr Min: SEC,. W
Latitude (Radian),HourAngle (Radian),Dec
(20180828, 00:
t20180828,01:
(20180828, 02:
(20180828, 03:
120180828, 04:
(20180828, 05:
(20180828, 06:
(20180828,07:

00,0
00,0
00,0.
00,0.
00,0.
00,0.
00,5

.00,0.0
.00,0.
00,0.
00,0.
00,0.
00,0.

0,445.79,458.
00,445.84,458.
00,442.04,454
00,442.17,454.
00,435.88,451.
00,420.11,451.
.18,23.60,420.11,451.39,0.6792,-1.6131,0.1744

2018 out.txt

nationAngle (Radian)
09,0.6792,-3.1839,0.
15,0.6792,-2.9221,0.
.24,0.6792,-2.6603,0.
84,0.6792,-2.3985,0.
39,0.6792,-2.1367,0.
39,0.6792,-1.8749,0.

1744
1744
1744
1744
1744
1744

00,73.31,62.20,424.22,454.76,0.6792,-1.3513,0.1744

00,194
00, 337.
00,662.
00, 543.
00,580
00,569
00,512
00,412.
00,283.
00,143.

.768,91.02,427.87,458.67,0.6792,-1.0895,0.1744
38,113.
40,129.
02,138
.49,141
-1 139
0132
68,119.
87,99.12,462.37,500.26,0.6792,1.0049,0.1744
66,71.97,459.75,496.10,0.6792,1.2667,0.1744

64,415.
12,448.
-26,455.
.17,463.
98,465.
.72,463.
39,467.

89,465.
95,482.
36,490.58,0.
30,497.60,0.
60,500.28,0.
12,500.28,0.
39,504.48,0.

95,0.
39,0.

6792,-0.8277,0.1744
6792,-0.5659,0.1744
6792,-0.3041,0.1744
6792,-0.0423,0.1744
6792,0.2195,0.1744
6792,0.4813,0.1744
6792,0.7431,0.1744

00,26.79,39.51,451.10,484.37,0.6792,1.5265,0.1744

:00,0.00,0.00,445.68,478.87,0.6792,1.7903,0.1744



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

poqraphiclnae
<TotalTimeSteps>
<TimeStep_sec>36
I </SimulationNumeric
<DataCrganizer>
<DataDrawer>
= <DataFolder>
<Type>BulkArea</
<Area_m2>900</Ar
<TreeCanopyCover
<TreeCanopyCover
<ShortVegCover_n
<soilCover_noTre
<WaterCover noTr
<Imper iousCover
<DCIA_frac>0.30<
<PerviousDepress
<ImpervicousDepre
<WaterDepression
<Soil_Macropore_
<InfiltExcessGov
<T0_m2ph>1.3E2</
<n>2</n><!-- opt
<n>n 023</m><!—
n>0.003</K
>0.66</WES
iltingPoi

i1_rieldCapac
<Soil_Saturation
<5 _Porosity m

oistureIn

S rp>Hnurly</uu
ime§ter;NoCalibrationc/CalihrarianTimestenye ! ——ontions:

“</Da

rban2lheight>
<Urban2lroadwic
<Urban2lalbedo>
<Urban2lemissiv
<al_OHM Urban2l
<a2_ OHM 1 _Urban21
<a3_OHM_Urban2l
<Urban2lbuildir
<Urban22height>
<Urban22roadwic
<Urban22albedo>
<Urban22emissiv
<al_OHM_Urban2:
<a2_OHM Urban2:
<a3_OHM_Urban2:
<Urban22buildir-
<Urban23heightx]
<Urban23roadwic
<Urban23albedo>

<Urban23emissiv

<a3 OH.M Urban23
<urban23buildir
<Urban24height>
<Urban24roadwic
<Urban24albedo>
<Urban24emissiv]
<al_OHM Urban2{
<a2_ _OHM 1 _Urban24
<a3 OHM Urban2{
<urban2dbuildir
<Treeheight>11<
<Treealbedo>0.1
<Treeemissivity
<TreeLeafWidth>
<TreeMinimumRes

ep><!--Options: Weekly Monthl .

Nacalihratian | Hourl;

v | Daily

0.21</ShortVegetationalbedo><!—-
ty>0.97</ShortVegetationemissis
»0.02</sShortVegetationLeafwidt
Resistance>100</ShortVegetation?
=>0.215</al_OHM SVeg frac»><!--Options:
0.325</a2 OHM | SVeg_hr><!--Options: 0 tc
_p_m2>- 19. 9</q3 OHM_SVeg W p n2><'77up tic
: ; roughne:

getationMin

<501lem1551v1ty>0 95</Sallen1551v1ty><. - Op
<al OHM Soil frac>0.355</al OHM Soil frac><!
<a2_OHM Soil hr>0.335</a2_OHM Soil hr><!--Options:
<a3 OHM Soil W p m2>-35.3</a3 OHM Soil |
<Waterheight>0.001</Waterheight><!-- O
<Wateralbedo>0.13</Wateralbedo><!-- Options:
<Wateremissivity>0.9</Wateremissivity>
<al_OHM Water_ frac>0. 5</al OH.M Wate“ f‘"d-><!770pt'_ons:

ate:_w_p_n2> -39. 1</a3 OHM | Water _W_p_m2><
<Weather! indHeight>10. D</neatherwlndHelqhty -- Option:

reCalculationParam

0,0</RefWeatherLocationRowCo]l
<RefWeatherLoc 1|_m>4.6</RefWeatherLocationt
<RefWeatherLoca _deg>0.001</RefWeatherLocation
eatherLocationAspect deg>360</RefWeatherLocationAs
<RefWeatherLocationTopographicIndex>Avg</RefWeatherLoc:
<PrintTimeBasedResults>All</PrintTimeBasedResults> <!--
<TimeBasedoutputPeriod0>2018082806,2018082806</TimeBase
<TimeBasedOutputPeriodl>2018082815,2018082815</TimeBase
<TimeBasedOutputPeriod2>2018082819,2018082819</TimeBase
<Disable><!-- Disable block su unds any block of code

<TimeBasedOutputPeriod> </TimeBasedOutputPeriod><!-

<PrintRowCol0> </PrintRowCol0><!-— Options: row col

<RowColOutputPeriod> </RowColOutputPeriod><!-- Opti

<PrintBlockGroupDailyAndHourly>False</PrintBlockGre
ntBlockGroupRangel> </PrintBlockGroupRange0><!-

0.783,0.609,0.534,0.385,0.320,
</RH4 rlyValue to MaxVal

</TemperatureExecutionParams>

269,0.205,0.196,0.163,(
frac> <!-- Options: Ii

—</HydroPlusConfig>

0Q rile Edit

View Git Project Build Debug Test xtensions ~ Window  Help

- B Release ~ Win32 ~ P Local Windows Debugger ~ [> B &<

Executivecpp # X TestSimulationcpp
[E HydroPlus =2

WeatherPreprocessor.cop BuildDataOrganizer.cpp HeatFluxCal.cpp

(Global Scope)

C:\1Tree W;ujects\CoolAlr\was dc\Tnputs30\quad0002\
C:\iTree\projects\Coolhir\was_ dc\Inputs30\gquad0003\
C:\iTree\projects\CoolAir\was dc\Inputs30\quad0004\
C:\iTree\projects\CoolRir\was dc\Inputs30\quadi005\ Sk
C:\iTree\projects\CoolAir\was dc\Inputs30\gquad0006Y

p HydroPlus s}

- 2 Live Share

~ & Solution Explorer R x

) o3 =)

&
I+

Solution 'HydroPius’ (1 of 1 project)

4[] HydroPlus

Organizer.h
Executive.cpp

11 B C\Windows\system32\cmd.exe

Files with proc
1

min
Completed Input functi put
1 input data will be or

All input data were organized into folders for

- a

LAY

mulation.

simulation.

10



Validating i-Tree Cool Air: Washington, DC @
6AM, 3 & 7 PM 8/28/18, Data from Prof. V. Shandas

3 Poelc Wm\‘&:ﬂ'-ﬁsgﬁ 112K} } i ™ High:311.1K

Low:3029K
. Y7000 VMT
observations

Washington, DC at 6am, 3pm, 7pm on 08/28/
y=58 + 0.78x

R*2=0.85

“IRMSE= 18 C

N = 20444

T
35

Vehicle Observed Air Temeeratu re(° }

VMT Air Temperature at 3 pm Ld Cover: NLCD

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. 11
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



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

y n sl (AR n Al Y@ ™ High: 312K (TR MR A A Y Max = 97.8 F
: et Ol 7 Low : 301.9K : g SR Min =829F
ow | B
- S ™ High:311.2K
4™ High : 100. g
‘ Low:3019K
Low:83.8F

b

B L

iTCA Air Temperature: Base Case

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 Cover in 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

Low: -0.1 mm Average Temperature of Air (Tair) and Dewpoint (Tdew) Downtown
Washington, DC during Heat Wave
100

95 = Tair, Base Case

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

= =Tdew, 20% Change

20

{54
[0
e
E2
© 85
[
(=1
=
2
80
TS ==
m oI, - - ,:’
75 S AR 4 e TS ,-- r==z
~ N Pl . | 4
N NN -~ P
\,’
\"\\,
70

o 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

+/-20% TC & IC iTCA Time Series of Base Case vs Scenario +/- 20% TC & IC
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Discussion: i-Tree Landscape Finds Vulnerability via
Overlay of Demographic Data & Ecosystem Services

ndsca pe Home  Project>  Menuw Feedback ~

canopy assessment tool

&1 2

Forest Health Future

Main
e Risk  Risk  Climate
Air Pallution +
EPA Non-Attainment Areas +
Walkabity +
Impaired Waterways +
Projected Urian Development +
Uttraviolet Radiation Index. +
Land Surface Temperature -
@ LsTone -]
-— | —
———
Transparency | 81 %
M Social Inequity +
Find Locations Explore Location Data See Tree Benefils Prioritize Tree Planting Generaie Resuils Map details are located in the references.
Land Cover & Unit Display
HiRes | 2011 | 2001 Metric | English | Table | chart
DataTools ~ Area  Land CoverHiRes  Land Cover2011 | CensusData | ForestRisk  HealthRisk  Future Climate
Population | Income Overview ~ Home Overview  Household Type  HomeTenure  Educational Atiainment
Median Income § Per Capita Income $ Poverny %

Remove Dataset & Type % Name 21D % Swap Highlight i = %
X NA Block Group NiA 110010005021 O 148,008.0 98,561.0 72
®X NA Block Group NA 110010027022 O 109.500.0 71,5140 76
X NA Block Group NiA 110010030002 44,762.0 33,7130 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

e |PCC AR6 WG1 Physical Science Basis

* Based on CMIP6, assessing multiple RCPs and
SSPs

. Model,_ObservationaI, & Attribution
Findings: Regional Fact Sheets

— Forecast North American urban areas
receive more extreme air pollution
episodes in heavily polluted environments

— Forecast Urban Areas receive more
frequent extreme climate events, such as
heatwaves, with more hot days and warm
nights adding to heat stress in cities

— Forecast Urban Areas receive sea level rise,
storm surge, and extreme rainfall events
will increase the probability of flooding

FAQ 10.2: Why are cities the hotspots of global warming?

Cities are usually warmer than their surrounding areas due to

and a lack of , such as water and vegetation.
Local effect on temperature (°C)
-3 -2 -1 1] +1
. ] J T T T T T
City
geometry | -
Buiicing dornkt o< '/,
Heat from '

human activities a £
. " &

Heat-retaining L
properties ﬁ

Water \V:g\"; %
Veg.etation ‘ W

L | i |

| 1 N |
-3 -2 -1 0 +1
Local effect on temperature (°C)
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Discussion: Leverage Points to Improve the

State of our Watershed; Resetting our Paradigms

of ecosystem seryie
es

?to"‘s‘on

Active Restoration Passive Restoration

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

Watershed Restoration: Human
ecosystem Goals, rules, parameters systems
Paradigm
Mindset that

establishes the
watershed system

Mpacts on watershed healt®

Watershed state or conditions reveals its purpose.

Endreny, T. A. (2020). Leverage Points Used in a Systems Approach of River and
River Basin Restoration. Water, 12(9). doi:10.3390/w12092606

RS

m
)
r

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

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

Now our minds are one.
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