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WE INSPIRE PEOPLE TO PLANT.
NURTURE, AND CELEBRATE TREES.
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GLOBAL CLIMATE CHANGE
~ J¢ Vital Signs of the Planet

NAS

NEWS | September 14, 2023

NASA Announces Summer 2023 Hottest on Record

<-4 2 0 2 >4

This map depicts global temperature anomalies for meteorological summer in 2023 (June, July, and August). It
shows how much warmer or cooler different regions of Earth were compared to the baseline average from 1951 to
1980. Credit: NASA's Earth Observatory/Lauren Dauphin

Summer of 2023 was Earth’s hottest since global records began in 1880, according to scientists at
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Incident Cases of IHD

B Low:98-9.490

B Moderate: 9,491 - 43,795
B High: 43,796 - 3,313,674
B Dcta Unavailable

® Countnes with no CR

CORONARY REAR DISEASE |5 AGLOBAL EPIDENMIG



(2030)

32.1%
(2013)

~ American
Heart

Advances in treatment and diagnosis cannot reverse this trend fpoiations

life is why~
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genomes differ by 2.5%
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Living in unconducive environments

Environmental dys-synchrony

Mismatch between genes and environment
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Percent Change in Age-Standarized CVD Death Rate from 2010-2019

Percent Change 8

W <-30% -10% to -5%
M -30% to -20% -5% to 0%
W -20%t0-15% ™ 0% to15%
m -15%to -10% ™ >15%
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Geosphere Biosphere

Altitude,
Location—<  Latitude, Microbes
Longitude

Sunlight,
Temperature,
Rainfall,
Seasons

Climate Plants

Land Features,
Geography Geology, Animals

Terrain

NATURAL ENVIRONMENT

Forest Fires,
Volcanoes, Biogenic

Pollutants Sand, Emissions
Dust
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CARDIOVASCULAR
LEADING CAUSES OF DISEASE
DEATH FROM THE 4.8 million

ENVIRONMENT

a 3.

CHRONIC ﬁA;N‘_:IFRS
th RESPIRATORY ./ million

DIARRHOEAL DISEASES

DISEASES 1.4 million
846,000




Red Blood Cell

PM2.5 (7.4m)

(2.5 pm)

Bacteria
Coronavirus HEPA (0.5 pym)
(0.1 ym)

A 1bome partres att as ersatzm robes et e Icitw degpread nfamm atory eponses eadng 8 42 m

11on prem atre death annualy
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CD31*/CD34+/CD45*/CD133* cells

20 30 40 SO 60 70 80

PM, ; (Hg/m?)

Non-albumin protein (% total protein)

1%
13

20 30 40 650 60

PM, ; (ng/m?)

70

Circ Res 107, 107, 2010



Experimental Setup for exposing mice to concentrated air particulates

- Fiter/Filter halder o
/\R\\ - Rotameter l
(h—/ﬁ : Magnehelic
== {prassure gauge) [ e as Temperature Cyclone
filter #eend ( h(';l?mro'f""C) peeey (PM cutoff : 2.5um)
: chiller : - . -
v - -
Humidifying = : : = || Humidifying
chamber & : i : - hamb
= : Air out : o chamber /‘
: A s (10 Limin) ©F
Insulated : :
N - R N pump L lnsulated
pipeline 3 pipeline
W oy & T LTI oy e [l ssssecosscorsinniim s ¥ ; ;. . .
Diffusion Virtual “T e, Ma/ngold = ” Virtual ]_. Diffusion
dryer L impactor . Je < R (M) /,/' R _ impactor dryer
fp NS ¥ ‘\\_,,//)\:/ N v \ >
_)\‘ =i (3 Limin) (3 Lmin) s taRAM 4
= (\‘/ Gas drying unit instrument -
T T
-
,L ' y |Animal chamber GAST pump ( M ) ,L
& R Yy s (control) 7 N
= (7 Limin) [ ' % T LR % =
g /\R, - 1] . l (7 Limin) <3 %
= " A Manifold Animal chamber e
test
Pump |, l—r—‘r icees

Air out «—

-



Exposure to PM Decreases Circulating EPC levels

T T T T T T T
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' Flk-1"/Sca-1" cells per 100uL blood .
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Circ Res 107, 107, 2010
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Early Progenitor Cell levels are Increased With Road Way Proximity

Legend
® Masked Residential Locations

QO PM;:Monitoring Site
Ohio River
D Jefferson County Boundary

Roadway Traffic Usage
Vehicles per Day

5,000 - 10,000

10.001 - 30,000
30,001 - 60.000
— >50,001

16 Kilomelers
]

Adjusted Association between roadway proximity and CAC levels

CAC population B p-value B p-value
CAC-4 (CD31*/34+/45*/AC133*) -0.705 0.029* -1.463 0.001*
CAC-5 (CD31*/AC133%) -0.736 0.001* -0.822 0.024*
CAC-11 (AC133) -0.620 0.005* -0.760 0.063

CAC-14 (CD34+/45*/AC133") -1.260 0.007* -1.011 0.014*

ATVB 35, 2468, 2015



kdawirqiic 38 P .y HfthdvhviIwhp Xi#yiclp p dvirg

80000
" 60 4 p<oouoim=011| B ®  p<00001,R?=0.06
. . . : ©
Younghedhyaduk (1) exarmed. oer 3yersdung perndsfhah D
-
ard &w PMs &es s
@
o
=
2 c <0.0001,R2=0.11 © | p <0.0001, R? = 0.06
1204 2013 — & Lindon 1 FRM 60 - e , ; 20000 ® i
e St SruninFaNoFRM = Ak o
100 ZTT T Uldon2en Realume =
%0 — —= —  North Provo 24-h Real time S =
A Blood Draws, Subxs 1-12 =
“E 80+ b : B¥0d Dyaws, Subs 13-24 [ =3
2 0 4 ) e
g 60+ 5 5'
£ %] 3 < Q
40 -f’ I.l'. 9
30 4 Z By oo PRV . w e -
20 =
10 4
0 T T T T T > T T
16 3 1730 2 213 z2no ny 2124 n 3ne nz
0 20 40 60 80 100 120 0O 20 40 60 80 100 120

CicRes 1,1204, 20 PM, , (ugim’) PM, , (ug/m’)




S
]

N
O
%
'Q
qv)
ol
N
D
@)
s
@)
e
&
-
7p)
o
Q.
i<
11

493
10vQ0s
Vv-490d
SIINVY
DOYO
v-493A
el
ZONAI
2aW
8L-1l
1e-04
88-490d
el
ANAI
L

z
aunjjepely
VLl
4S0-W9
0491
Z-494
obdzL-l
¢-don
gaNL
nL-|
gl
L-uixejo3
4809
0dzL-1l
e
vyl
SL-
6-11
gL
oLl
9l
L-WYOAS
oL-dl
di-dnw
nL-dIN
8-l
L-dOW
L-WYOIS
DANL

iid

"4

Tt

uu'

e

e
e
I...
e
e
I..l
@
|.|
.

.

|.|

e

I.I
I.I
-9
FS

(U T | [N iRy YRR

%

CicRes B,1204, 20




Sxe@ rqdulthfVR G SthyhqwABP ;x;Ggxfhg #SF #ghsdvirg

A peripheral blood
WT-air _WT-CAP

150 -

WTandinggpeciiecSOD  Tagmie exposedio f 100 -
concenteed drpatisCA PS Jarfered arfr9 - "g
days i -

" o

= 2

o ! =~ 50

Flk-1"/Sca-1"-cells per 200 pL blood

air CAP air CAP

APC-Flk-1 WT ecSOD-Tg

Arerbsel Thranh Vase.B11.38,38,20 18



Sxe rqdulfhfVR G SthyhaqwABP - Ohgxfhgiainip p dwirq

+/- HFD +/- CAP GTT
WT ecSOD-Tg Y 4 V.
L} L] L}
o o 8 12 16
eo° ol
—0—air —m— CAP 12000
Pulmonary 407 ¥
Oxidative Stress jry 400-
GSH:GSSG| 4 8000
TBARS 1 E 350 o
] < 3
v 8 300- 4000
Systemic §
Oxidative Stress | D 250 -
EPC-MCB| 8 0
; m 200+
Vascular 150 - \i
“VEGF-Resistance” |——— 0Z, e LS e 2
P-/’:ktl 0 20 40 60 80 100 120

v
Circulating EPC |
Bone Marrow EPC 1

EPC Function |
EPC Repair Capacity|

',— J

Time (min)

D Phospho-Akt

(Serd73) v s w—"———— — w460 kDa

Akt—p

(fold change)

Phospho:Total-Akt

= =
oo

o O = =

- . - .

G B SO M
1 L f 1

"e
o N B
L

460 kDa

+ +| + +l

air CAP air CAP
wWT ecS0D-Tg
Jair W CAP
i 3 %
*
- .

+l + +l +

WT ecS0D-Tg

E ieur e 0 B 5 kpa

AStin > S —— 42403
air CAP air CAP
WT ecS0D-Tg
[ Jair Il CAP
1.4+
1.24
_ 1.0 I I
c o
£ 20.8-
< 2
& o 06 #
£ 2
~ 0.4+
0.24
0
WT ecSOD-Tg

CicRes 108,644,20 1




P hfkdgp ##5P . .Ohgxfhgiigicp p dwlrg

PM ° o Oxidati t d
i N 2 lip)i(:i Secciidation LR"’
/////////////// 77 i) i
VACES 3 7 g FOVF ‘;'_';\Iﬂmu»)hw(m B

‘ oxidase
/ complex

Cytokines and chemokines
BMDC
homing

LyCg*high : -Perivascular activation
(F4/80, c-fms™) -Inflammation

-Superoxide generation :
-Endothelial dysfunction CicRes 108,644,20 1
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Temperature anomaly (°F), 1981-2010 baseline

£ 0

+1 +2.5 +5

1981—1990 2011—2020
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TREES shade buildings reducing the TREES absorb small LARGE, HEALTHY TREES

need for air conditioning which particulate matter have the greatest per tree
reduces fossil fuel consumption from the air effects at pollution removal
REDUCED HEART  HEALTHIER IMPROVED
ATTACKS, STROKES  PEOPLE NEIGHBORHOOD
AND ASTHMA AIR QUALITY

AIR




In England, the rate of
cardiovascular mortality In
least green areas was twice

that of greenest areas.




INCREASE IN CARDIOVASCULAR MORTALITY

15.3%
13.2% ®
10.1% O
8.1% O
6.0% ®)
3.8% ®)
1 2 3 4

YEARS OF ASH BORER INFESTATION

Am J Prev Med 44.139. 2013



LIVING IN GREEN SPACES AND STROKE SURVIVAL

Survival

T T
1000 2000

T
3000

4000
Follow up (Days)
NDVI Quartile1! wmmma NDVI Quartile 2
m= s mem NDV| Quartile 3 NDVI Quartile 4

HIGH
GREENNESS



THE US NATIONAL CANCER INSTITUTE'S SURVEILLANCE. EPIDEMIOLOGY AND END RESULTS

(SEER) COHORT

Cohort of 5.529.005 individuals. 2.263.8/4 deaths

Warm Months NDVI

All Cancer B NDVI with PM 2.5

' l 0.83 € NDVI Alone

g - i— ‘ 3 ,’ Unstratified Full Cohort =
\ ‘ 0.20 Low survivability )

‘ Medium survivability £

High survivability

Environ Int 157, 2021



NATURAL
ENVIRONMENT

Forests
Grasslands
Brush
Mosses
Wetlands

SOCIAL
ENVIRONMENT
Parks
Yards
Yard trees

Street trees
Gardens

PERSONAL
ENVIRONMENT

Indoor plants
Residential Yards
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Peak (100m)

Association between
urinary VOC metabolites
and residential greenness

CEMA- :
3HPMA- —e
AAMA- ——
CYMA- >
HEMA- ‘e
MU- #
BPMA- — ¥
DHBMA- —e—
MHBMA3- o—
HPMMA- o
AMCC- —e—
PGA- ——
2HPMA- ——
PHEMA- ——
MA- —o—
BMA- o
2MHA- -4
3MHA+4MHA- ——
60 40 20 0 20 40

% Change



% Tree Canopy
CEMA- —e—
3HPMA- —e—
AAMA- —e—
CYMA- -
HEMA- s
MU- ~—:
BPMA- o
DHBMA- —e—
MHBMA3- —_—
HPMMA - —e——
AMCC- ——
PGA- ——
2HPMA- —s—
PHEMA- P ——
MA- g
BMA- s
2MHA- o
3MHA+4MHA- o
40 20 0 20 40
% Change

CEMA-
SHPMA-
AAMA-
CYMA-
HEMA -
MU-
BPMA-
DHBMA-
MHBMA3-
HPMMA -
AMCC~
PGA-
2HPMA-
PHEMA-
MA-
BMA-
2MHA -
SMHA+4MHA-

% Street Tree

-60

-20 0
% Change

-40

20




Residential Distance to Greenness and Urinary VOC metabolites

] i i L]
25 50 100 200 300 500 1000
Radii (m)
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Residential Proximity to Greenness is associated with lower arterial stiffness

T T | | T T
AIX AP PP SBP DBP SEVR

Indices of Arterial Stiffness

AIX: Augmentation Index

AP: Augmentation Pressure

PP: Pulse Pressure

SBP: Systolic Blood Pressure

DBP: Diastolic Blood Pressure

SEVR: Sub-Endocardial Viability Ratio

Am J Physiol 2021



ASSOCIATION OF
RESIDENTIAL
GREENNESS WITH
SYMPATHETIC
ACTIVATION

Norepinephrine
Dopamine

Serotonin

Normetanephrine
3-Methoxytyramine

Metanephrine
Epinephrine
5-Hydroxyindole-3-acetic acid
Homovanillic acid

Vanillylmandelic acid

% Change
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URBAN

GREENNESS } MEDIATORS

ENVIRONMENTAL

CARDIOVASCULAR
DISEASE |,

N
\

PHYSIOLOGICAL CARDIOVASCULAR

Air Pollution

Light Pollution -

Noise Pollution 4

Area Characteristics T
(walkability, neighborhood quality)

} MEDIATORS } 4 P'SEASE
e

@ Pollution Exposure |, &
Stress |
Sleep T
Immune Challenge T
Social Cohesion / Interactions T

Blood Pressure \-
Cholesterol |
Insulin Resistance ¥
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CENTRAL HYPOTHESIS

Exposure to neighborhood greenery diminishes the risk of

cardiovascular disease by decreasing the levels of air pollution



What will we do?
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From the urban landscape to dense natural forests,
the identification of individual tree species is a
powerful tool for vegetation management, carbon & S WS

accounting, and forest inventory. Nl
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AIR POLLUTION AND GREENNESS
MEASUREMENTS
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CARDIOVASCULAR EXAM

Blood Pressure, Lipids, Obesityand Diabetes

Cardiovascular disease risk, biomarkers of cardiovascular injury









WY TIME KEEPS ON SLIPPING ,

AHOW-TOGUIDE = . =

WRATYOU CAN DO (Thas
ALY mnp. =

CAN TRIES TWPHOVE BEART NEALTHY ;5
INSIDF AVERCAS STCRITWATFR SomMCE o

o G RER, " T
WHT HURANS NEED RKATURE | .,,1.3&‘\&" e

. ‘ R AL WA "',’".""
- - e e, ‘}"'\ "M"%‘ﬁ’ 5
_— —y AL W ‘ ol et L .‘ ;ﬁ': = ’ .‘.’ f., r‘,.‘J
2ONUS 4 LA A ol ’: : s J"\,‘}.— v"\':"
ONLINE UIPLUS Atkns AnoooR by a i
CONTENT , - ECOSYSTEM e Kby

C()Df % - . - P,



):'(
»

:
:
,’...0

:
.l\l"



















HOW PLANTS CAPTURE PARTICULATE MATTER (PM)

Vogetation Barner
DIESEL EXHAUSY PARTICLE
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Vegetated barriers are most effective if planted close to the pollution source in highly polluted areas.
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What will we learn?

—How to plant trees in urban locations to maximize the removal of air

bollutants

How neighborhood greenness affects health
Do greenspaces reduce mental stress and increase social cohesion

Do trees in a neighborhood affect crime rates, property values, storm
water runoff, energy use and heat islands in the city
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Creating Healthier Cities of lomorrow

New ways to prevent heart disease
New way to decrease air pollution

Development of new urban policies, guidelines
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building codes

A new model of healthy urban |iving that could be

replicated world wide
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