Clearing the Air:
Do trees affect air quality and human health?

“Tom Whitlow
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Clearing the Air:
Do trees affect air quality and human health?
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As part of the human story............
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.......though we seem to forget this fact




And since the dawn of civilization....
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Figure 67. View of Plymouth, Massachusetts: 1630
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“Without nature, finally, no people.” (E. O. Wilson)
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hierarchy J J T
Challenges Processes and services Services and goods Goods and human well-being
Links between ecosystem Market incentives stimulate Links between ecological
function and services biodiversity conservation processes and human
are clear Market changes do well-being are clear
Conditions Management for ecosystem not undermine value of Benefit distribution among
for synergy | Services does notreduce ecosystem services stakeholders favors highly

biodiversity

Biodiverse ecosystems are
not replaced by artificial or

novel ecosystems

Trade-offs between
ecosystem services
do not undermine
ecosystem state

diversified ecosystems

Benefit distribution is not
undermined by inequality
among stakeholders

Finding synergies. Biodiversity canregulate fundamental ecosystem processes and ecosystem services, as well as constitute goods that contribute to human welfare (4).
Challenges to the creation of synergies between ecosystem services and conservation arise in relationships among ecosystem processes, services, goods, and human well-being.

These challenges define the conditions under which synergies arise or can be created.
A growing realization that humans depend on the biosphere......

Adams, W. M. 2014. The value of valuing nature. Science 346: 549-551.



Inteligent Design
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How can we make nature compete in the urban economy?



Grapplmg W|th the compIeX|ty of combmed
\ socioecological systems will not be easy, but merely
hoping or imagining that they can be reduced, with the
| transaction costs diminishing in the process, would be
like putting on blinders.

Richard Norgaard, 2010. Ecosystem services: from eye-opening metaphor to

N compIeX|ty blinders. Ecologlcal Economlcs 69: 1019 1219
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Pltfalls Wlth monetlzmg pollutlon mltlgatlon

b :

Distortion: Turns small numbers into large numbers
Loses sight of primary environmental currencies

- Distraction: Real problem lies with the sources of pollution

Conveys false sense of progress

. Confusion: Conflicting means objectives

= 1 Impediment: Interferes with translation of science

Into effective policy and practice
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And we often accept its negative consequences
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Pitfall 1: Distortion
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Are trees part of the solution?



A disappointingly small part.
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A disappointingly small part.

What to do? Turn small numbers into BIG numbers!




% reduction X mortality rate X population X value of human life =

When Trees Disappear, People Die

$7,000,000,000 -



When Trees Disappear, People Die

$7,000,000,000
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NEWS 7

Beijing B
Pollution acknowledged: The |

smog suffocating Beijing has
gotten so bad that Chinese
media this week conceded
that something must be done.
Visibility in the city is so poor
that flights have been canceled
and some highways closed,
and the level of particulates

in the air soared to 35 times
the World Health Organization’s safety limit. In a dramatic break
with precedent, television news programs and state newspapers
called for better environmental protection. China’s new leaders
“appear to be sending a signal that they want to allow more criti-
cism on the environment,” said Liu Jiangiang, editor of China
Dialogue. “Leaders are aware that the people can wait 20 years or
more for democracy, but they can’t wait that long for clean air.

Pitfall 2: Distraction from real
solutions

Haze cloaks the Forbidden City.
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P Seattie: American freed

by NKorea wanted pizza
esinith

s sister says the Ameri- |

two years of captivity in
North Korea had pizza with fumily and |
or his first meal after return-

¢ United States.
“Terri Chung spoke to the media Sun.
day outside her Seattle church
and Matthew Miller landed Satur-
day night at a Washington state militazy
after a top LS, intelligence official
secured their release. b
Chung says Bac, who has had health
issues, was in “better shape” than his |
family expected.
She says Bae had been in the hospital
in North Korea for about six woeks be-
fore his return. '
»Washington: Higher bar
set for HealthCare.gov
Computer woes are possible as
HealthCare gov's second open enroll- |
ment season Saturday.

hacei a bright Mookt the rabul
website, %0 vetsion 20 of Presiden
Tack Obamas heaith insurance overhaul £
Spes ey ta breca éoo,mﬁa-—-muhauhl:u;r; v -
i #10-day period,
he risks [ —Uuonwﬂw—-:'_.

o, Ahead of summit, Beijing
S huts d maoe
Zremis shuts down to reduce smo:

> Nation marks
25 vears wall fall AN

tem for those ren coverage and & !




Sources of Air Pollution

Long distance transport: Continental + Regional

-

)




City scale sources
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Local, mobile
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~Itis easy to miss this key point.
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Small scale is where exposure occurs!
~ Itis easy to miss this key point.
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Pitfall 3: Confusion
The Tower of Babel Effect:

Competing Means Objectives
Motivated Reasoning
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FTese pULLUE OVET evidence in minute detail and holding “Not by a long shot.”

—— e w— T TR

Did President Obama commit an act of imperial hubris on immi-
gration, or was he simply following the humane lead of Presidents
Reagan and George H.W. Bush? Did police officer Darren Wilson
get away with murder, or did Michael Brown force the cop’s hand by attacking him? How lovely
it would be if we all could judge such questions coolly and rationally, on the basis of evidence.
Alas, virtually all of us respond to emotionally loaded issues in a visceral way, and then reason
backward to the conclusion that feels right because it buttresses what we already believe. The
stronger people’s political and moral values, social scientisgs have found, the more reflgxively
they react to any hot-button debate. “Morality binds and blmds,”_ says social psychologist Jona-
than Haidt in his superb book, The Righteous Mind. “It binds us into @eologncal teams that fight
each other as though the fate of the world depended on our side winning each battle” : .
That much, at least, is inarguable. Duke Universit\( resea(chgrs recently presented.self-nder.mﬁed
liberals and conservatives with evidence contrgdictmg_ their views on gun own.ers.hlp qnd 'cllmate
change, respectively. (See Health & Science.) Smcg neither group liked the.pollcy |mpllc¢:mons of :
the evidence, each simply dismissed it as lies. Motivated reasoning, as social psychologtsts.call this
phenomenon, is highly rewarding: It wards off the dnscquort we feel when our preconceptions are
challenged. It binds us further to our “tribe,’ fillmg us with the warm “glow. of impregnable certainty.
But as Haidt points out, self-righteous partisanship has a steep cost: “It blinds us to the fact that
each team is composed of good people who have something important to say: William Falk
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What is the question?
What is the real goal?

Save lives?
Plant more trees?




Most effective
practice

arning success
Scientific contribution

Management experience
Improve methods

Intersection is a small target and often missed

Palmer, M. A,, E. S. Bernhardt et al, 2005. Standards for ecologically
successful river restoration. Journal of Applied Ecology 42:208-217.



Impeded progress

Pitfall 4:




INFORMED
APROACH

OUTCOME

Right Wrong
1 2
Right RR RW
Incomplete understanding?
Desired state Mis-application?
But can lead to adaptation:
learn from mistakes
Wrong 3 4
WR WW
Dumb luck!

Impedes progress

Why do the wrong thing?!
Perversity in system?

Impedes progress



Right

INFORMED
APROACH

Wrong

http://en.wikipedia.org/wiki/Francis_Bacon

3
CONFUSION!

Dumb luck!

Impedes progress

Truth emerges more

than from confusion.

readily from error

2
RANDOM ERROR!

Incomplete understanding?
Mis-application?

But can lead to adaptation:
learn from mistakes

4

CONFUSION!

Why do the wrong thing?
Perversity in system?
Impedes progress




Distortion
+

Distraction
+
Confusion
= Impeded progress

How can we do better?



Design based on solid understanding,
not slogans and self-justifying models
results
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First, ask a question.
What do you want to do?
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Ask the right question.
Accurate perception of cause and effect is

' crucial.
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N A well-being guestion:
AN How can we save lives?

Change in Life Expectancy, 1980s—1990s (yr)

PM affects life expectancy
1 10 ug m3 = 2.7 years of life......... but there is lots of uncertainty
® . '
0 | | | | | | 1
0 2 4 6 2 10 12 14

Reduction in PM, 5, 1980-2000 (ug/m’)

Figure 4. Changes in Life Expectancy for the 1980s—1990s, Plotted against Reductions in PM, , Concentrations
for 1980-2000.

Pope, C. A. lll et al, 2009. Fine particulate air pollution and life expectancy in the United States.
New England Jour Med. 360: 376-386.



Change in Life Expectancy, 1980s—1990s (yr)

@ removifhg bne city eliminates the significant trend

0 | | | | I | 1
0 z 4 6 g 10 12 14

Reduction in PM, 5, 1980-2000 jug/m’)

Figure 4. Changes in Life Expectancy for the 1980s—1990s, Plotted against Reductions in PM, , Concentrations
for 1980-2000.

Pope, C. A. lll et al, 2009. Fine particulate air pollution and life expectancy in the United States.
New England Jour Med. 360: 376-386.



A design question:

Where should we locate KBS LIS 7%
trees in relation to a sandbox or nursing home?



Local inputs may swamp regional inputs

Urbban hezt wslarnds

Regional perspective. 10-100 km
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The action is below the canopy
A classification of the main scales found in urban climates (source: modified after

Oke 1997).
Oke, TR. 2011. Urban heat islands. pp. 120-131 in I. Douglas, D. Goode, C. Houck and

R. Wang, eds. The Routledge Handbook of Urban Ecology. Taylor and Francis, New York. v ‘.;:i

Figure 11.1




Informative Examples

Van Wyck East A
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Natural Experiments

Speed (m/s)
>7

Downwind transect
Flushing Meadows, Queens



Do trees make concentration

decline faster or slower?




Normalized PM2.5 Concentration

Landscape configuration matters.................

1 O I I [
e O Open Transect
"'~.,. s CUrve Fit
o s L -.,..... | @ Vegerated Transect| |
'~,.. ------------ Curve Fit
With trees
0.9 .
0.85 ®
— 10% increasg at-25.meters
0.8 Without trees{ T -
o —
075 | | | | | | l | 4? | I
0 5 10 15 20 25 30 35 40 45 50

Distance from road [m]

Dispersion overrides deposition effect

55



10% Increase vs. 1% decrease

Which is more useful in landscape design?




Unintended consequences of

“ well-intended, uninformed
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PM spikes every time a subway passes &%
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h 2 An ecologlcal trap!
| Implications for Complete Streets?
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Computer Simulations

Road-barrier-canopy Configurations

1AW

AN )\

Solid Barrier

Solid Barrier with vegetation cover

Table 1: Description of tree geometry for all configurations tested; a) case 6 represents a solid barrier with vegetated cover.
The thickness of the coveris 25 cm; ¢) both upwind and downwind vegetation barrier have the same dimensions; e) LAD in
the unit of mm3.1 s‘tandsfnrl:he baseline LAD profile of conifertrees, and 0.5 is 50% less of the baseline LAD, and 1.5 is
50% more than the baseline LAD. f) LAD=0.33 m?m? is used for the vegetation cover assuming constant cover thickness.

Case # 0 1 2 3 4 5 62 7v 8e
Solid Vegetation
Height N/A 6m 10m 10m 6m 6m 6m 6m 10m 6m
Width N/A 6m 6m 1Z2m 3+3m 1m 1m 1m & m 6m
LADe 1 0.5,1.1.5 1 1 1 1 0.337 N/A 1,0.25 1
U 2m/s 1,2,4m/s 2m/s 2m/s 2m/s 2m/s 2m/s 2m/s 2m/s 2m/s
Stability | Unstable | Stable, Unstable | Unstable | Unstable | Unstable | Unstable | Unstable | Unstable Unstable
Unstable,
Neutral

recrrmalized canopy height, =i

LAD profile of
conifer stand

I
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dN/diogDp [ermi?]

Case 2: 1 Row Tall trees 10 m

Centerline PSD at 3 distances downwind at z=1.8m,

x 10
3 —
R Bk 26m
Baseline | 50m
25N 100m
2 L
161
1 L
05}
10’

Left=Baseline (casel)

No significant reduction at pedestrian level.

dash lines are PSDs from the treeless case as comparison

5
x 107

3

25¢

Tall tree




dN/diogDp [ermi?]

051

Case 4 PSD: Two Rows of Trees

Centerline PSD at 3 distances downwind at z=1.8m

M2
T

E E
% 107 x10°
T T T T T T T T T T T T T T T T 3 T T T T T T T T T T T T T T T T
S e 2m |\ e 25m
Baseline | 50m . TwoRows ... 50m
------- 100m | 25 ------- 100m 4

1 L
10’ 10°

No significant reduction at pedestrian level.



Case 3 PSD: Wide and Dense Stand

Baseline
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Centerline PSD at 3 distances downwind at z=1.8m, dash lines are PSDs from the treeless case as comparison

Tree buffer must be 35 m (114°) wide before the
concentration drops below the no tree baseline






We need a new empirical process




We need a new empirical process

Hypothesis driven experiments

A B E SN - Optimism and hope



We need a new empirical process
Hypothesis driven experiments

Open access models

......



We need a new empirical process
Hypothesis driven experiments
Open access models

Tuning
Ground truthing

_________

+ Optimism and hope
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We need a new empirical process
Hypothesis driven experiments

Open access models
Tuning

Ground truthing

Comparative studies




We need a new empirical process
Hypothesis driven experiments

Open access models
Tuning

Ground truthing

Comparative studies

# In order to achieve
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" Optimism and hope



We need a new empirical process
Hypothesis driven experiments

Open access models
Tuning

Ground truthing

Comparative studies

# In order to achieve

Better understanding
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We need a new empirical process
Hypothesis driven experiments

Open access models
Tuning

Ground truthing

Comparative studies

# In order to achieve

Better understanding
Meaningtul policies
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We need a new empirical process
Hypothesis driven experiments

Open access models
Tuning

Ground truthing

Comparative studies

# In order to achieve

Better understanding

Meaningtul policies

Effective practices
Do no harm!




We need a new empirical process
Hypothesis driven experiments

Open access models
Tuning

Ground truthing

Comparative studies

# In order to achieve

Better understanding
Meaningtul policies
Effective practices
Do no harm!
Innovation
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URBAN ISSUES

Green Walls Could
Cut Street-Canyon
Air Pollution

Bews o oll ot cm co 4 ik

cenrtions much more than previeusy epert-

street canyons, says Pugh.
Moreover, experimental

painc & by gicd” oy
, "1 believe there are
bucche

thoas o it o

Oucdoor ait p;'i::i'u’:“ i biieed ©
‘cause an estimated 1.3 million anaual deaths
workiwide,” as well as an increased risk of
respiratory and cardiovaseulur  diseases.
Plantings are often promoted as  partial soki-
thon, because leaves absocb gaseous pollucants
chrough their pores and capture particulate
‘macer on their surfaces *4%" Yet model-
ing studies of the vegeration across entire
cities have estimated that existing green cover
rediuces it pollution concentrations by less
chan 1.5%.4%*

For the current study, researchers devel-
oped 2 computer model w cakculate how

air qualty these effects will be much more
important because pecple aren't found five

problem is the

P v ﬁgm says

ity plnners may be able
© am;n plancings that
significantly imeove air_ quality in hig
polund roet sanyocs. The model pored
suggest chat plans growing verdeally oo
buikling walls could remove neary 10 times
a5 much NO, and nearly 12 times as much
from street-canyon air as horizontally

rooftops w increase the time pollured air
spends within a canyon, maximizing its cxpo-
sure w vegeration.

Whether green billboards o green walls
are al on a large scak remains © be
seen. Walter Wasriner, community forester
for the city of Santa Monica, California, and
2 board member of the National Urban and

Adv i

Yokl prtngs way be 2
‘option than trees or

rwm- mitigating
Sireet <anyon pollion:

The last word.....c.cccvveeee...

Nowak notes that although plants can

necessarly an easy, first step. In che woest
cases, b say, “Were ot going ® plan our
problem.”

R certainly help reduce urban air pollution,

Emicnmenta oumasts.

reducing emissions is a more effective, if not

hundred meters up in - they're
found down ar stret level.” says lead author
Thomas Pugh, 2 1 researcher in

aumospberic chemisry now a the Karlrube
Instinuse of Tech
The team emmned that

unsvare of ny phtiogs specifically argeeed
a¢ urban pollution hot spots in the Uniced
States. But he says they may soon be possible
given advances in air-quality moaitoring tech-

nology and a recent focy

vegetation may reduce of
w0 of the most harmiful urban air pollut-
ants, nitrogen dioxide (NO,) and coarse
,nmcuhnr ‘marter (PM,), by as much as
40% and 60% respectively, although aver-
age reductions aver a year were in the range
of 7-30%. Because air lingers in_ street
canyons, it stays in contact with pollutant-
scrubbing vegetation, Pugh says.
avid Nowak, who studies how urban
fov afet envioamencl qualey fr the
Forest Service, likens the effect to that
o purifier running in a small, enclosed

erson

Trve are a more il sobocon, bux
although Pugh and colleagues did noe directly
‘model how wees capure airborne pollutants,
they predict that in highly polluted street
canyons, trees may actually do more harm
chan That’s because in those circum-
stances, trees” ability to capture polhutants
may be ourweighed by their tendency o trap

necessarily an easy, first step. In the worst
cases, he says, “We're not going to plant our
way out of this problem.

strcet level, right where
people can breathe them in.*

“Thats not ® say you shoukd go and chop
‘down all the tees in busy steet canyons,” says

room a5 © 3 large, open space. He  Pugh, but planners planting
points e oty
least one other study showed  caution to make sure they don't inadvertently

similar reductions in the air pollucant ozone,
h those messurements were made in

an urban forest, not 2 cify*
‘The study is limited by the model’s reli-
ance on data with enly modest experimental
suppor, inchiding the rames st which plants

caprure polkutants and ait flows in and out of  reduucin

Al4

vorume 121 | numeer 1| January 2013

increase groundevel polkiion while trying
0 address some other issue, such as ralnwater
el bemaificaion. Where dfic s g,
rees offer clear benefts, the researchers

Nowak notes that akthough phnn an
certinly help reduce urban air poliution,
g emissions is 2 more effective, if not

Veuwe 121 e 1| anuary 2013 +

dation makes Max Zhang,
an associate professor of engi-
neering at Cornell University
who studies traffic emissions,
question the size of the pol-
lutant reductions the paper
reports. ‘1 still believe the
argument 1s very gmd,” Says
Zhang, “I believe there are
definitely reductions, but the

problem is the magnitude.

14 G s mgesten s gt
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it et ot 11831 30 9
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Emvironmental Health Perspectives.

Environmental Health Perspectives
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