
Bptefi
5f liees

Ciiv |tees nrc lMnq
unibrcllqg rhqt prdecr
ur ftom dre eleinenls,
cleon fie oir ond
woler, ond nurlur€ o
sense of well-being.
O!€r lhe Dast 20 years, research h?s revealed
the value of th€se benefiLs ro the health and
pockeibooks of oty
dwellers. Just as all
arbon{s should under-
stand brsic t.ee brolog/.
they should also lcrow
how ciry fie6 impro\r
qualily ol iife. Moreover,
arborisG should undeF
$and why the seNices
nees provide arc impor'
Ian( and how selecnon
and managemen( can

Thjs ahcle provides
inlomation that will h€lp
you nake \eise choices,
thereby increasing the
potendal of lr€es |o add
\!lue !o your cu$omers
landscapes. lt focuses
on wa!€rshed, en€rgi
and air bsrfirs Future

other €conomic, social,

controlling runo{I at
the sourcei Their leaves
and branch surfaces

rainfa]I, $erEby reduc-
ing runoll voiumes and
dela)ang the on$t of
p€ak flows (Fisure I)
Rlinfall inierception lry
large Eees is a relarively
in€xJiensive fir$ line ol
defense in th€ baltle io
conrol nonpoint pol-
luuon. ofter ways thar

shed benefits:
. Root groMh and

capacity and rare
ofsoil inffloalion
by ninfall and
rcduce overland

Wqtershed,
Energy,
tlnd Air

By E. Gr€gory McPherson

karniry objectivB-
The arbortst wtll be able to

r de!.nbe how fte6 produce
watersl€d, energ/. and air quality
bcrcffts.

i explain why rhes. henefits arE
rmporunt.

a select.locate, and rnanage tlees
to inqease these bene{its,

Woiershcd Benefirg
Urban stonnwater runoll is a major source
of pollution €ntering wcllands, strcams,
lakes, and (Xeans. Heahhy rrees can rcduce
$e amount of runoff and pollutant loadin8
h receiving warers. This reducdon is impor-
u becruse ftderal law requiirs stales and
localiries to control nonpoint source pollu-
tion, such as from pavements, buildings,

and landscapes. Tr€es
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Tree canopies reduce soil erosion by
diminishing the Lnpacl of raindrops

Trarlsprration through Ee€ leaves
reduces soil moistur€, inc.€asing the
soil s capacut to nore rainfall.

Arc these wa!€Fhed b€nents ofset by
irdgation costs? Usualll waieEhed benefits
alo oaeed inigation \rrter co6ts. For example,
in the Aizona desen ciry of Glendale, a
rMture mesquite intercepts I .600 gallons
annually and consumes about 1,100 gallons
through iniSation O.{cPh€rson €t al. 2004).
Becaus€ lhe price olimgation water is one-
fourth the cost of controlling srorm*erer
per gllon, the annual$€tershed benelit rs
morc than four dires greater than th€ iniga-
tion cost ($7.70 veFus $ L85 per tree).

Rainlall that is srored temporanly on
cnopy lea{and bark surfaces ls called mter-
c€plion. InErcE)ted wa|er evaporales, drips
ftom leaf surfaces. and Ilows down stem
surfac€s to the Found (FiturE l). saturarion
geflerally occurs aft€r I to 2 inches o[ ram
has lallen (Xao et al. 2000). During hea\),
storms, rainfall exceeds the amount
rcquir€d to lill d€e crown stolsge, abour 50
to I00 gallons per tree. The beneffr is lim-
ited to this amount of interceprion, as \l€ll
as delaing the time of p€ak llow Trees pro'
tec! wat€r qualty by substantially rcducing
runo{I dunng less extrerne rainfall even6.
Small stonns, for which tre€ inkrc€pdon i5
greatest, are responsible for mosl pollub

clirnate. Tree croim charactensucs that influ,
ence interception include trunk, stem, and
surface ar€as; textures: numb€r and size of
gaps: Ioliation Fnod; and dimensiorE (ftar
is, height and djameter). Trc€s with coarse-
textured sufices rclain mo.e rainfall rhan
ones vith smooth surfaces. brge trees gen-
erally inter€ept more raiilall dtan sma rtes
because of greakr surface areag and higher
e\apomtion rates (Figurc 2). Tree clo,lr,ns wilr
lew gaps r€duce throughfall to the gmund.
Species tha! ar€ in leaf when rain&[ is plenti-
ful are rnore efiective than deciduous species
that h3ve droplr€d their l€aves. In Mediier-
ranean climaies, winter minfall panems
accentuate the !"lue ofevergre€n species,

Energy Eenefits
Ener$/ fuels economic growth and is ,n
€ss€nnal ingr€die for quality of life. Con-
servinS eneq/ by geening our oties is imFor-
tant b€cause it is often firor€ co6Feftective
than building new power plants. For exam-
ple. plrnting 50 million mor€ shade trees in
Glifomia citi€s would piovide sa\,'lngs
equi\."lent to seven loo-rnegawat power
plants (McPheEon and Simpsrn 2003).
The cost of peak load reducrion is $63 p€r
kilosao, considenbly leqs dun (he $150"per
kilo$a( benchmayk for cost+lledi!€ness

Trces nodity climate and consenr builrtug
enerry use in thlee principal wa)s (FigwE 3)l

. shading, which reduces lhe amoun! of
radianl ener$/ absorb€d and stor€d by
buik surfac€s

. transpirauon, which coni€rts liquid
e?ter lo water !?por and rhus cools
by using solai ene.S/ that would
otherrrise r€sult in headng of the an

. wind speed reduction, which reduces
the inffltntion of ouGid€ air inlo
interior spaces and conductive hear
los, especially where thermal conduc"
riviry b rElatilrly hiSh (for example,
with glrss windows).

By rcducing denand for elecrricqt rees
r€duce emissions of ajr pollutants at power
p1an6, as well as theh use of wakr in cool-
ing tow€rs. These avoded emissions can be
comparable to annual pollurant uptake
rates for a mature tree.

Shade trees can provide anorher second-
ary b€nefi!-lower concentrations of ozone.
The nte of ozone lbrnution incrHses as air
temperatures increas€. Bt cooling the air
and shading imp€Nious surhoes (such as
pavement and rcof rops), trEes can rcduc€
ozone conc€ntraiions,'lbmp€rature dilleF
enc6 of mor€ than 9'F have been obsewed
b€twe€n city centers and mor€ vegetated
suburbqn arers (A.kbari et al 1992)

For indivrdual buildings, stntegically
placed trees can incrEae energ e{ficiency
in the summ€r and wnter (sand 1994;
Sjmpson 1998) The w€st side ofa house is
lhe most imponant side to shad€; ev€r-
grcens provide both summer shade and
wint€r wind protecdon. The eas! side js rhe
second most impona side !o shade.

washoff. There-

forsts generally

beneia through

through flood
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winter sunlight.

relatively small

grofih rate,
E,cmples include

(Acer spp.), honey-
locusr (Gleditsia
spp.), and ash
(Frdxinus spp.).

To rMximize

and minimi:€

largest cooling
and heating

ot annual cooling
savings for an
enerry-eficient
home in Tucson
found that thrce
25-foot'tall tre€s
saved $100 each
year for cooling, a
25 percenr reduc-
ton (McPherson
er al. 1993) ln
Denver. wo 25-
foot-t ll trees
saved $15 each
year for heamg
(4 percem sav-

iocate shade lrees about I0 to 20 feet soufi
of the house. fu tr€es grow all€r, prun€
lower bnnches to allow more winler sun to
reach th€ hous€ if doing so vrill not weaken
the tr€es structuls, At other locations, keep
tiees a! least 5 to I0 leet ftom lhe hous€ to
avoid conllicts wilh n, but Mthin 30 to 50
feet to ell€ctir€ly shade windows and walls.

Paved patios and dnvewa)s cln become
hea! sink that w?rm a house during ttr€ day
shade lrees carl nralc tllem cooler and more
cornfortable spaces. lf a house is equipped
with an air conditioner, shade and cooler sir
(emp€ratures crn increase its emdency-
bu! do not plant vegetadon so close th?I it
will obstrud the Ilow ol air arormd lhe unit.

Trees plant€d as windbreak
crn reduce headng costs in
iemperate climaLe cides. Wind-
bltaks reduce Mnd speed and
rcsuhing jniltration of cold air
by up to 50 perceni, translrting
into potenial annual heat$g
savinsF of l0 ro l2 p€rcent
(Hersler 1986). windbrcak
desjgn is jnfluenced by lot srze:
Many lots are nor large enough
ro plant evergreen windbre2k.
Idealy, fie wrrrdbreak should

. be longer than tlle build
ing beng sh€ltered,

d;1"-
iii

. be planted perpendicular to rhe pre-
vailing w1nd. about 25 lo 50 l€et hom
the building, and

. consist ofdens€ ewrg€ens thatwill
grow to tv"1ce lhe heighr of rh€ build-
ing they sheher

l',lost conifers L2n be spaced about 6 le€t
on center, wlth rows spaced l0 to I 2 feet
apart. Rememb€r ihat snow coll€cG behind
a windbreak, which can be a ploblem if lhe
drileway is losted between the trees and
the house.

The amount of energ sarnngs frorn otes
vanes regonall)1 as well as by site (]ligure 5).
Savmgs are greaks( ln regions wlLh lhe

ings) and 1j30 for
cooling (24 percellt). The toral $4s savinSs
reprcs€nkd a 9 percenr rcducrion in annual
heating and cooling costs.

Air Ouolity Benefits
Fiityjour percent (159 million) of ihe U.S.
population livE in alsas where ozone con-
centrations vjola(e lederal air quality stan-
dards. Air pollulion is a s€nous heahh thrert
to many clty dwellels, causing coughing,
headaches, nspirarory and hean dis€ase, and
cancer Impaired health rcsults in increased
social co6G lor medical carc, greater absen-
teersm, and reduced longevity

Trees, sometimes called the 'lungs of our
cfties," are impoMnt b€cause of their abiljty

ro remove contaminr s frcm
the ar. Air +rainy nanage'
ment districts have tund€d
trce planring projects to con-
trol dust and other srna
panicles. (Ianiculate mater
l0 micrometers LPMrol in
diameter aod smaller is con-
sjdered jnhalable.) Although
dle U.S- Environme al Prc-
tectron Agency has not )€t
recogniz€d tr€e plantiry as a
measure lor r€ducng ozone,
they are likely to do so, whlch
wll create new opportunities
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to plant and carc for trces as an air pollurion
control lechnoloSy Guley and Bond 2002).
Trees provide air qualily benelits rn live
ways (Figure 6)i
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ozone fonnaiton. The contnbufion
of BVOC emissions ftom city tees
ro ozone formation d€pends on
compl€x geographic and almo-
sphenc jnteraclions ftal have not
be€n studied in mc,st cilies (Nowak
et al 2000)

Tre€s absorb gaseous pollutants
ftrough leat stomates (Smith
1990). Secondary mefiods of
pollutant rcmoval include adsorp-
rion o[ gascs ro plant surfac€s and
uptake through bark pores. Once
gas€s enrer the leaf, they dilluse
into intercellular spaces, where
some leact with inner leaf surfaces
and otheis are absorbed by warer
Iilms rc folm acids. Pollulants can
damage plants by altering their
m€rabolism and gro\ath. At high
concentrations, polluknrs caus€
visible damage to leavcs, such as
stippling and blerchinS. As well as
plafl heahh ha4rds, polluunts
can be sourccs ol €ss€ntirl nutri-
ents lor trces, such as nitrogenous
gases,

Trees intercept snall, airbome
panicles. Some panicleq arc

c
a

id
o

oo
CIT

{.r rvrig. oo.liv. ror.h.d. oitJ

N.txvrne.(ts.hrv.r.r.6rd.+crhr.)

Trees, however, can adversely alled aa
qualiry. Most lre€s €mit biogenic volatile
o€amc cornpoulrls (BVOG) s1xi as rsoprEnes
and monoterpenes that can contribut€ ro

absortrd, but most adhere to plan surhces.
Species wirh hairy or rough leat, twlg, and
bark surfaces arE ellicient interceptors
Inrercepted panicles often are resuspended

. absorbing gaseous polluranrs
lsucn as ozone, nrtroSen
ondes, and sulfur dio){lde)
rhrough leai surfaces.

. intexceptrg paniculate matter
(such as dust, ash. pollen, and
smoke) on planl surfaces.

. releasing otygen drough
pholosy hesrs.

. tnnspiring waier and shadinC
building surhces and paving,
which lowers local air ten-
p€mtulEs, therclry reducrng
ozon€ levels and pover plant

. rducing eupontive hydro-
Grbon enireons hom parked
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Io the atmospherc when \\1nd blows the

The ultimate fate of co aminanB trans-
tened from dte aimosphere deperds on the
polhtant. For exarnple, absorh€d sulfur
dioxide bns becn ,ssoclated Mth $ltur
movemem throughout ihe emire tree,
includng diltuslon from roots into the soil
(Smrth and Dochinger 1976) Her\'y melals,
chlonde. and fluonde at less mobile, accu'
mulating in leaves untll they iall l\'laterials
adhering io plant sudaces are washed o{1 by
rain{all, contaminating the soil or slormwa
ter runoll below the crown. Stonnwater
management and leaf collection and dis-
posal practices innuence rhc tau of these

Urban {oress freshen the arr $€ hreath€ by
relearing oiygen into the air as a b)?roduct
ofphotosFrhesis. Net rnnual oxlgcn pro-
dudion !!ncs defrending on tec spccics, si:r,
heahh, and lftarion A healthy rree, such as
a 32-toot'ull ash, produes abour 260 pun&
of net oxygen annually A t)?ical person
consumes 3tl6 pounds ofoxygen per )ear.
Therclbre, (wo medium-sized, healihy trces
can supply the oxygen r€quircd for a sin8le
person over the couEe of a year Once the
trces die, orygen wrlL & released through

The amounl o[ gaseous pollurants and
panicula@s removed by trces depends on
tree sizt and architecture, as well as local
meteorulog and pollutant concentratjons.
Uprake mies are high when polluLant con-

are h€h (Fisure
7). rorexample,

2o-yeaFold rcd
oak (Qldr.*
' ?a) and purple-
le,f plum @ninlrs

0.35 pourd and
0.13 pound,

respectilEly (McPheGon et al. 2002). In l'os
Angel€s. wher€ concenuatlons were higher,
uptake ;ates tor the Shamel ash 6rdrdnu5
uldfl) and cmpemynle onge^t/d.mid
inA.d were 1.26 pounds and O.rq pound,
resp€ctively (McPherson er al. 2001).

The Chisgo ngions 50.8 nilLon lltes
were esdmared to remove 214 lons of PM ro.
2I 0 tons of ozone, 93 tons of sullur dioxide,
and I 7 tons of carbon monoxide annually
in l99l , and this environmental service lvas
valued at $9.2 millon (Novak 199,1).

Parking lots occupy about l0 perLent ot
the land in our cr es and acr as miniature
heal islands and souKes of motor vehicl€
pollutants. By shading cars and lowering
parking lot temperaures. tre€s can rcduce
evaporalive emi.,sions ol hyd-roca6ors (HG)
rhat leak lrom tuel tank and hoees (Scot er al.
1999) Hydrocarbon emissions ar€ involvcd
in ozone formation, and parked cars con-
tribute l5 io 20 penmt of toml motor
vehicle llc emissjons. Parking lot tree
planting is one practical srmre$ communi
ties can use to meet and sustain mandated
air quality standards.

Greenhouse
Gos Benefits
lluman activities. prinurily fossil-iuel con-
sumption, are adding grcenhouse gas€s ro
lhe atmosphen, rcsulting in gradual temper'
atur€ increas€s. This warming iq expected lo
have a number of adverse ellecls. With 50

to 70 p€rcen ot fte worlds population
living in coastal areas, a prcdicted sea tevel
ris€ ()1 6 to 37 inches muld be disastmus.
lncreasing tuquenct and duntron ofexreme
weather events will tax emergency mnage-
ment resources. Some plants and aninuls
may become e\tind as habitat becomes

Urban lbrees have been rccogni:ed as
imponatu norage sites lor carbon dionde,
thc primary greenhouse gas (Nowak and
Crane 2002). At the same time. priure
rnarkcts dedicated to economically reduc
ing carbon dioxide emissions are emergrng
(McHale 2003). Carbon dedits arc s€lling
tor $0. I 1 ro $20 per metric ronne, while
the cost lor a tree planting projecr in Ari-
zona as $t9 per tonne (I,tcPherson and
Simpson 1999) As carbon r€duclions
become accr€diled and prices rrsr, carbon
crcdil markets could b€come monetary
r€sources for communily lorestry programs
Urban iorests can reduce atmosphenc
carbon clioxide in two 1r")s (Figurc 8)l

. Trees direcrly s€qu€std crrbon dioxid€
as woody and lbliar biofiuss while
(hey grovr'.

. Trees near buildinF can reduce the
demand for heating and an condition'
ing, (her€by reducing emissions asso-
cia(ed wilh electric power pruduction

On the other hand, vehicles, chain saws,
chippers, and oiher equipment release car-
bon dioide during (he process oi plantillg

ally, all trees die-
and most offte

sphere lhrough

program-rElated

no rurntarung

15 20  25  30  35  40

-+- Pulpleleai plum (PNW)

-- cEpe mynle (lE)
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activities is about 2 to I
percen! olannual carbon
dioxide rcductions obtaned
through s€questration and
avoided power platu emis-
s'ons (McPhercon and
Simpson 1999).

The rate thal tees
seques€r c"ibon dioxide
depends on fieir FD$,th
and maturc slze (Figure 9)
lzrg€'sulure oak and ash
in climates wirh long gow-
ing seasons ($rch as the
U.S. Pacific Norihwe* and
$uthw,Estem desens)
sequester the mosr carbon
dioxide Small-staturc lrees
such as crabapple (Mdhr{
spp.) in regions with
shonet growing seasons
(Rrnh€m mountain and
prairie) sequester the least
(McPherson et al. 2002,
2003, 2004). Sequesmdon
can range fiom 35 pounds p€r year lbr
srnall, slow-growing lr€es (o 800 pounds
per )Bar for la€er trees groMng at &eir
maximum rate (Nowak 1994)

Regioml mnations in climare and the
mix of fu€ls that produce en€r[y can havc a
tenfold ellec! on carbon dioxide emission
reductions from power plan6. Cities in states
wft relalively high ca$on dionde emissron
rates (such as Nonh Dakok, Vr'yoming,
Kentucky and Indiana) wrll have gre.ler

annually Grbon dionde
rcduction by Sacramen[o's
urban forest ofls€t 1.8
percmt o[ tolal carbon
dioxrde emiued annually
as a b?roduci of hum,n
consumpdon. This savings
could be substantially
increased throud $mre-
gic planting and long-term
$ewadship tlnt maximi"€
future energ savrngs from

Ciry fiees work ceasalessly.
providing environmental
$ffices lhat dirtcdy
impove human traalth and
quality of life. Although
the annual moneury value
ofeach sewice is small, $2
to $ l5 per tree, total bene-
fits usually €xceed tree care
cos|s ($5 ro $40 per lree)
fte mlue of other s&ial,

*ft::r

rcducdon by an urban forest found that
Sacramento, C.alifomra'.r six million trees
rcmov€d approximately 335 lhousand tons
ofaimo6pheric carbon dioxide annually wirh
an impkd value ot $3.3 milhon (McPhenon
1998). Of the lotal amount removed. 76 |€F
cttt w's seqnaneRd (a\tla$ 77 to 95 pounds
per tree by secror), and 25 percen! was due
lo avoided power plant emissions. Carbon
dioide released by tee care activities waji 3
perce of th€ total sequesiercd and avoided

economic, prychologcal, ecolo8cal, and
spiritual h€nefits may well exceed lhe value
of cnvironmenral benelits. Trees ale prcving
(o be a cost-€llective means to irnpmnng
hurnan well-bejng in our ciries

The benefits ol trees are dircctly related !o
their size, l-aBer trees provide greater bene-
ff(s ftan srnaler tlt.s, ofier dmgi beug equal.
Therefole, pr,)vidmg adequale growrng space
for larSe-staturc trees js cridcal When space
js limited, selefi rhe largest tre€ that rhe si(e

carbon dioxrde
b€nelits lom

ings than ihose

Washington,
and Or€gon).

One of the

healthy and
vigorously gow-

planting the
right trEe in &e
risht place, and
providing fte
right long-term
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CEU TES] OUESTIOIIS
l) ru.dvt (mrnurng .ducaron un 
((lELl) .rudn (l CELi) ln hoft nudy .l
rhis anicl., aft.r tr'ou havc md rr. dark.n
ih. approprat. circl.s on th. answ.r fom
on rhe insn card in thE ssu. of Arl,odn
NrB {A phorocopy of ih.,n,wei fonn B
NOT rcLlpLlble ) A pa$inr scorc I0r |hi\

N.x1, complere rhc r8$Erion rnlomaoor
on rh. answ- fonn and rnd rr ro ISA, PO
Box 1129. Clumpflgl, lL61826 ll29
Ansser lom lor this te{ on B.neliG of
Trees: WarcEhed, Energy, lnd Ai. rut
br srtu lor Lhe nrxl 12 nonfts

You wll be nonfi€d only rf you do nor pa$
CLU cod6 lor the *ru pas*d \dL
appsr on $e ChU upda6 'n March and
Septrmbtr 11 ),ou do noL pas, ISA gives
you fie oprion of tal<ing the a{ as olten 6

L Rainfall mtercepuon oau6 whm tre6
! alow raiilall !o pas! l!rcugh thei! cro*lts
b. stoEEinfa on l@f and bek $rfacs
c. caue Einfali to dDp fiom stuated

d. pDmol. stenflow ro the srcund
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2. li@s Edue slodwr€r runoll, which is

a. lcli law rqui6 .ontrul of runofl
b ftes p@ide gMter runoli redu.tDn than

do other golmm€r l]r@8elmt pnctic
c. iade,al law requires comlol ot nonpoim

d tre e thc most cost€flsnve $omwarr

I Tres ftd inrcrccpt the mon ur all h.!t
a larye s rlae aRa, Mlsereilultd sur6ces,

m,ny coM grPs
b snr surke irea, frne-lexrurcd surli(6.

c. snull $rf2ce &!, c@!fiexruied frtaces,
runy.ftM 8aF

d. b!8e sudace arer, cod$e-G\Lued su aces,

4 Trces modit clinuk b)
a shrding built surh$
b coolrng Lhe !tr by rranspirarion
c l€duclns Mnd speds

5 ConsaNing elecrnciry thirugh srutcgrc ree
tlanring h imponant b€caus€
i. trees alu")'s ele €ne$/
b. trees can coff.rvc cner$ at less cosr than

generaLing ir at tow* plan6
c. ele.tdcily prics will Eo dolh
d. onc€ a rrce s plani.d, irs wlue apprcci{es

6. Which iwo .rc s.condary bcnclils ol shade
ms? (S€lect lwo answcB.)
a rncna,ied abrorprion ot solar soz) by

tnes reduces ener$/ uso lor healng
b rcduccd &rund lb. .lecrncny lEduccs

emisslons of plutanrs hom power pla s
c trdn.ld snd sF.ds accelerar dr.persion

d cduc€d summ.nme air empr.atuEs
@n reduc. the nte ol ozoru lomarion

7. ll ydu had only one tlle lo plam tor coolinS
savin$, yo! wdid wnr ro plrn! ir opposite

8. Ra$e dr crcwns oi trees nur eurh-facng

a. prcvide berd views
b m(l1* shade on tu r@f dunns whrei
c inprcve cle"bic! fd lam mowc
d. in(rue wintd elar accN ro windN

9. Energy evings lrcm rees qnes by sre
bur len.ls ro be 8l€atest in rcgioG wirh
a high l'erin8 l@ds
b. rnd ctuhng Lords
c. lN celing loads
d. low c@ling dd lN h6tin8 loads

10. T@s adve6eLy .lT.ct air qlraliry by
r. reducing .ir enpemtur€s and increding

b. fllRnng at pollffirs under their

I I About how rony Mtur irees are required
to pmduce oxy8en dquiqlenl ro the amolnt
consum€d bt ! nealthy lerson?
^ 2
b 6
c . l 0
d. 20

I 2 Trce3 h parkng lots imprcrc air qurluy by
a ab$$ing ozonc
b. bwenng air rempL6tues snd nducing

ozonc formatun
c pducinS euroErilt hydrocarbon

1 3. Pollutant rtnDval is Sreatest when
a trc€s arc snulli pollubnr concenrdiens

are high
b trecs ae la!8ei pollurant conftntrations

c. iecs!E smallipollurllnr concc rarioB

d. tr.es are lrrget polluunt concenrlalions

14 which two wlys do urban forcsrs nduce
atnGphenc carbon dionde? (Select two

a tEes rel.lse oxygen, which destrc)€

b re€s ernlt calbon monoxide, which
scavenges €rhn diond€

c Lfecs diBily squ€srer carbon diosde
d'rring pholc)ntheis

d. lle6 ftdue eniisions ofcarbon dionde
aL Power Planb by con*wing ener5/

15 Clrton dionde is el€a*d when

b g{roline-pomEd equipmdt B wd for
prunin8 and chippmg

c t@s Bpirca nighr

16 Amual @rbon dionde rqudlrarion nte G

a. a youngSirlgo nAtla r, C€o.gia
b. a frature p€ar in Bmok\n, New York
c a youn8 pbiache in san Amonio, TMs
d. m old hetulck in sunle, WashinSton

t7. Which lactor infllloc$ ca$on dionde
eduction Iiom powerplmLsl

18 Atmcph.nc canr.n dionde reducLios
though urban lbresiry ale inpoltam

a. city tress ofiset all emissioro
b. eiergng carbon cred( mirkets cluld

Iund shade rne programs
c. c.rbon credit rnark€B will lund ruhl

forcltr/ prugnnrs
d. tre€s are the mdl cosrrllective merns

to combd climtl chan8c

a lut out late, drop lea!€s €arly and grDw

b leaf out late, drop leaves lirc, and gw

c. l€al oul €drh drcp leaves earln ,nd g|ow

d. leal ou( early, drup leaves late, and giow
quicl'.ly

20 Removing air polluumls from lhe arno-
slheli and a\oiding polluunt emisions are

a polluun6 h.ve a @gedve etred d humn

b reduced c.sts lbr medical care and absi:n-
teersm could acme if urban dweliers aa

c. fie potdiial €xsts lor fundinS !€c planr-
ing programs Lo hclp cootrul air lolluion
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