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SPECIFYING SOIL VOLUMES TO MEET THE WATER
NEEDS OF MATURE URBAN STREET TREES AND
TREES IN CONTAINERS
by Patrlcla Llndsey and Nlna Bassukl

Abstrsc.t The BIna[ volume of ooll ln I typlcal ste€l toa pfl
or conblner otbn b not csFble o, supdyhg adequate wabr

-as 
lhs bee needs tL As a result tse€a can E:@rlenco aevers

lmUtons upon treathy groln ft ;na development Curenl sol

-ydums eslfimfons tE[ to addr€os throe problems: 1l hoy to
pr€dlct whola hee water ues, 6poclally tor a wlde range o,
pr€v?mng cllmatc condltona, 2) ho,v to te lhls predlcton to
somE easny measursd te€ paramster, afld 3) how to lncor.
porale both of lh€ aboye lnto somg slmpl€ ygt accurats mesrls
ol eotmatng soll volumg. A weatherbased methodology lor
adsquatety otslng soll volumes ls preaenled to address the3e
concorns. Thls hcoeorates tha flndlngs ot a reconl stldy ln.
dlcathg that whole fee watsr loss can b€ reasonabv
predlcted wtth knowledge of ovaporaton lroro a U.S. Weather
Bureau Class A @n. A soll volume of 22O tp lor a modlum Bh-
ed tsoe ls lhe! c€lculalsd. For use as a osnsral estmate, 2tt3
of so[ p€r lfP ot crown prolecdon ls recommendsd.

lnadequate soll rootng space can be one of the
more lmportant factors ln the premafure mortallty
of trees In urban areas (23). Clearly, there ls a
baslc confllct between the blologlcal needs of
hees, whose roots systoms are generally near the

]urface and spread laterally, and the small and
-confined areas they are relogated to ln the deslgn

of stseets ln our urban areas. The typical sbeet
tree plt, whlch ls lnhospltably sandwlched ln a nar-
row sblp between the road and sldewalk, places
severe llmltatons upon healthy tree growth and
development. The small volumes of soll ln these
areas often do not hold water sutficlent enough to
meet banspiratonal demand, resulflng In the hee
experlenclng pedodlc to protonged water doflclts.

Whlle the soil serves many funcfions as a
physlcal and btologlcal medlum ol root growth, lt ls
ln lts role as a reseryolr for water that ls of prlmary
lnterest ln soll volume calculations. Thus far, there

has been no wldely appllcable method for deter-
mlnlng the she of a bee plt or contalner that ls
based on a trE€'s water requlrements. lt ls the ln-
tent of trrls artlcle to provldo a knowledgeable
framework for both crltlcally evaluating and effec-
tlvely uslng the soll volume mothodology
presented here.

Current recommendatlons. Cunent recom-
mendatons detalllng approprlate soll volumes for
trees have be€n culled trom a varlety of sources ln
the llterafure and are presented for comparlson ln
Table 1 . Many of these estimates are quite hlgh,
up to 7000 tto and would be next to imposslble to
achleve ln most street fee planungs. Some ol
these recommendatons are etther slmple rules of
thumb, or are based on plant factors other than
emplrlcally determlned water use rates. Further
questons and conslderatlons come readlly to
mlnd. Are changlng reglonal climatc condltions
accounted for ln these estmates and ls the
amount and timlng of ralnfall lntegrated ln some
meanlngful way? Are the changing water holdlng
capaclfles o, dlfferent soll types accomodated?
Over what perlod of tme wlll thls soll volume sup-
port the tee and where wlll the water come from?
Are these methods based on whole tree water
use rates and do they account for specles and
canopy slze dttferences? lt would also be very
useful lf whole bee water loss estmaffons vrere
standardlzed on one common plant parameter.
Soll estmates could then be linked directly to thls
measurement. No one of these soll volume
estimatons really addresses all of these concems
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together.

What governs whole tree water loss ln urban

ar6as? Water moves lrom the soil into the roots

and up into the tree where almost 99% of it ls
evaporated as water vapor directly from the leaf

surlace ln response to increasing sunlight, air

temperafure, wind speed and decreasing rehtive
humicllty (22). These lactors reguhte how rapidly

water ln the leaf ls lost to the atmosphere through

kanspleffon and together represent the sum total

of atmospheric evaporative demand (38). lt ls thls

demand, extemal to the plant, whlch subsequent-
ly dlctates the amount and rate of water that must

be taken up by the roots to replenish these

lossos. However, water loss from tee leaves can

be modmed by various phnt and soll factors. lt can

be generally statEd that wlth plentlful soll
molsture, whole tree water loss lncreases as at-

mospherlc evaporatlve demand lncreases. Under
condlflons of low soll molsfure and hlgh at'
mospherlc demand however, various plant

responses are Hggered. While stomatal closuro ls

the prlmary response, leaf rolling or leaf lncllna'
tional change, and leal wlltlng and drop may also

occur, all of whlch serve to reduce whole tee
water loss (4). The water status ol the tree dudng

these perlods of hlgh atmospheric demand ls

ultlmately dependent on soil properties that ln-

fluence water retenton, such as soil texfure,
structure, and volume (1 9).

The clty environment is a harsh montage of
reflecwe and absoPtive surfaces such as roads,

bulldlngs, sldewalks and cars. The subsequent
release of stored heat from thesg surfaces leads

to hlgher dayflme and nlghttime temperafures and

lower relatlve humldlfles, hence the characterlza'
Uon ol the clty as a "heat island" (47, 8). These

factors can greatly lncrease atmospherlc
evaporawe domand thereby elevaflng a fee's
need for water and aggravating the etfects of

already unlavorable growlng condltons.
Where does the watEr lor trees ln urban

areas oome lrom? Water ls added to the soll

malnly through preclpltatlon. For the global

hydrologlcal cycle, preclpltaton equals evapora'
tlon. However, for dlscrete areas this ls not
always hue, as an examlnatlon of modified climatc
dlagems created for a range of Unlted States

'cltles shows. For thes€ cltles, atmospherlc
evaporatlve demand almost always excEeds
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precipitation, especially during the period of

greatest tree growth, May through October

ifigure t ). Atmospheric evaporative demand rises

steadlly over the growlng season, peaking malnly

in July,, less frequently in June. Thls only

represenis the potential evaporation both from the

soil and transpiration lrom plants (evapotranspira-

tion) that could occur glven prevalling atmospheric

conditlons. Acfual transplraton from plants can be

much loss.
Moreover, not all preclpltaton ls particularly et

fectfue. Whlle most of the molsture ln the soll

avallablE to tre€s ls obvlously derived from
preclpttation, not all preclpltation lncreases soll

molsfure. Slgntflcant amounts may be evaporated

before reachlng the ground, may be lntercepted

by the canopy follage, lost by surface runoff, or
percolated beyond the root zone (5' 34)'

Therefore, the proporton of summer preclplta-

tlon that actually becomes avallable for phnt use ls

the result of complicated lnterplay between at-

mospherlc evaporaflvo demand, the duration and

lntenslty of ralnfall, tree canopy slze and struc-

ture, and the waterholdlng and dralnage
capacltles of the soll. As an altematlve, summer

soil water storage values could be calculated tf a

soll proflle descrlption and texfural classtfication

were known lor the area of lnt€rest' This lnforma'

tion ls extemely dltficult to obtaln for disturbed'

heterogensous urban solls. We can therefore use

preclpltatlon rates only as a general €stimate of

ihe water avallable for tree uptake lor any deflned
perlod of time.

Estlmatlng whole tree water use wlth pan

evaporatlon data
There are few sfudles that have quantitled the

water demands of kees. Kramer (21) estimated

that a 35' height bee wtth an acfual leaf aurface

aroa of 2OOo ft2 tree mlght lose up to 35 gallons

of water a day. Vrecenak and Henington (46)

estlmated 250 gallons a day for a 64' canopy

diameter bee of average denstty. For comparison,

a typlcal 4'x4'x3' (depth) bee plt wlth a loam tex-

fured soll havlng an avallable waterholdlng capacl'

ty ol 12o/o and total volume of 48 fF could hold

approximately 45 gallons of water, whlch the

larger tee would use ln a lltfle over two hours'

Trees growing ln these pfts wlll fare poorly as they
get larger and dle, unless tho roots are able to
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(Figure 2). This metal pan is round with a diameter
ol 47 %" (1 20.65 cm), 1 O" deep (25.4 cm), and
is placed slightly above ground level (1 3, 31 ). lt is
filled with water and a micrometer gauge
measures dally water level changes that are a
result of free surface water evaporation lrom the
pan. Typically, evaporation from a pan integrates
the malor environmental lnfluences, sunlight,
temporature, wind and humidlty. Atmospherlc
evaporative demand can then be calculated.

Agronomlc crop canoples are howevEr,
qualltatlvely different from an lsolated tree
canopy. When soll water ls not nmltng, and at-
mospherlc condltlons are primarlly detsrmlnlng
the rate and amount of whole tree water loss, can
a proportlonal relationshtp be establlshbd bet.
ween water evaporaffon from the surface of a pan
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move out of this constraining volume of soil and
"break out" into amenable soils nearby.

It is not always possible to directly measure
water loss. More common are indirect methods
using climatic data and these methods have hrge-
ly been developed lor agronomic crops. Cunent-
ly, over thirty dltf erent mathemaucally derived
wsather-based formulas have been developod for
the sole purpose of predicting evapokansplratlon
and calculatlng the subsequent inigation nEeds of
these crops (1O, 31, 39). These formulas vary
both ln complexlty and ln the type and quanttty of
dah requlred. Application of some of these for-
mulas to modeling the water use of slngle bees
has been attempted by a few studies but ls stlll
hlghly problematc (24, 42,43, 45).

Altemattvely, one slmple and reasonably ac-
curate approach to estlmating crop water use has
been through the us€ of an e\raporaton pan (6,
48, 41 ). Nine types of pans are in current usage,
the most common and considered the standard
however, ls the U.S. Weather Bureau Class A pan

Tablo 1. Prevlous soll volumo mtlmallong

Cervslll, '1986 (7)

Hsllwe[, I S86 (17]

Amold, 1S8O (2) 224 tt3 ot sofi tobl lor te€ 2i !o
40 tt. ln hstght (8' x 8' x 3%'
depth ptt).

2/r tt3 of sofl lor everv I lt2 ol
CPA.

Bakker, 1983 (3)

Vrecgnak and Henington,
1 984 (46)

Perry, l9S6 (35, 36)

5543 tt3 lor a 64 tL dhmster
te€,
27 tF o, Bolt tor overy 1" ot

callper, lator rerlnlng thls to
come up wllh 000 tt3 tobl
for a 10" callp€r tres (20'x
20' x 18" depth plt).

25OO tl3 of sol lotal as the
optmum volums lor a larg€
teo.

570 tF ol soll tobl (1O' x 't I' x
3' depth).

A rooflng vdume 1/10th o, th€
canopy volume: a e5' b€€
wlth a 40'spread w ne€d
over TOOO tt3 ol Bofl.

o Koplngs" 1S85 (2O)

Mo[ and U]ban, l g8g
(30) 12OO tF o, sofl tobl l2O' x 20' x

3' dspth plt) lor a bo€
sxpsctsd lo reach a callpsr
ol ovsr 25 lnches.

4crown prorec0on (CP) ls deflned as the tobt ground arsa
under ths dripllne ol a canopy. tt ls Essy to moasurE and tre.
quenty ussd as a \ryay to quan0tattvsly d€cdb€ the canopy
relatve to aome other

@

Flgure '1, Cllmatlc graphe ot mean monthly preclpltatlon
and evaporatlon ratss lor elghl malor U.S. cttlea. The Y axlo
lB ln lncho8 ot prsclpltatlon and eyaForatlon, the X arls lo
ln monlh6.

Thgse gl"phs were derlved lrom dab ln Fomsworth and
Thompson (12); Famsworth et al. (131 and NOAA (32). The
dab roptos€nts calcuhtons ot e'rapoEansplraton and pan
svsporaton.
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atansplration from the surlace of a leaff Con'

venlently, evaporation from the pan ls measured

as lnches of water lost per square lnch ol pan sur'

face, whlch can be convorlsd to mllllllters of water

f"r "qr"t" 
csntlmeter of pan (ml/cm2)' Ukewlse,

iansplratlon ln plants can also be characterized as

mt of water lost per cm2 of leaf surface area'

It must be emphaslzed agaln that what the pan

predlcts ls the potendal hansplraton that can oc-

cur from a plant under the prevalllng atnospherlc

condltons, the actual amount wlll generally be

lower. Thls ls because ol dlfferlng physlcal and

aerodynamlc propertles between a pan and a leaf.

Factors that lncrease ovaporaton from the pan

compared to the plant are: water absorbs more

heat than a leaf, heat may be UansfEned from the

mehl sldes of thE pan, hoat may be stored and

^relEased lt at nlsht from the pan, and mlcrocllmatc
llondltons exlsting direcfly above the pan may be

dtfferent than those above the plant (31 ). And too'
as noted prevlously, soll and plant reslstanc€s can

also slgnlflcanfly lower bansplraton rolatfue to pan

evaporatlon.
ln a prevlous study, the relauonshlp between

pan erraporaton and graumeHcally determlned
water loss from tee canoples was derived for a
varlety of tree specles over two growlng seasons
ln lthaca, N.Y. (27) Thsse specles, representlng a
range of leal slzes were Amelanchler 'Robln Hill

Plnk', seMceberry; Sopt ona laponlca 'Regent',
Japanese pagoda lreel Tllla ametlcana
'Redmond', basswood; and Fruxlnus amo cana
'Autumn Purple, whlte ash. The results of thls ex-
perlment ylelded a slgnmcant regresslon equatlon,

.rwhereby 85% of the varlablllty In whole tree water
tross coulO be accounted for simply with

knowledge of iotal bee canopy area (or leaf area)

and pan evaporaton. Pan evaporaton, therefore,
was a slgnlflcant predlctor of whole treo water
loss on a datly basls for a range of atnospherlc
condlflons. Knox (1 9) also found a Btrong conela-
ton betweon pan evapoEton and water use
among flve woody spocles growlng ln ono gallon

@ntalners. However, lnstead o, actual leaf area, a
growth lndex was lncluded wlth pan evaporatlon.

Also ln our preMous study we found that whole
treo water loss relafive to pan ovaporation was not
stratstcally dffierent lor the four specles. On any
glven day, over comparable surface araaa, water
transptred from the {rees generally averaged 3o7o

ol the water evaporated from the pan (Figure 2)'

ln addition, though many studiss discuss the

possible etfect ol smaller leaf sizes on reduced

water losses (26, 33, 4O), in thls study, leaf or

leaflet size was not a good predictor of water loss'

Transpiration lncreased only as overall canopy

area lncreased, ev€n though these four trees

represent a gradlent of leal slzes from 5 to 46

cm2. lt would appear then that lndMdual conela'
tions betw€en each specles and pan erraporation

may not have to be establlshod to accurately

descrlbo whole Eee water loss.

Thls 30% seems llke a low value oompared wlth

the ones already derfued for other fees' such as

25-600/o for pecan 1281, 4O-135o/o for varlous

frult and nut trees (48), and 60-70% for apples tn

a seml-arid reglon (25). lt must be remembered

though that these other values lncluded ovapora-

tion irom the ground surface as well, whlch was

ellmlnated ln thls study. Uslng small lleld grown

liners, Ponder (37) lound that replaolng only 25o/o

of net evaporaton from a Class A pan produced

plants that were not slgnlftcanfly smaller than

plants grown wlth hlgher replacement rates' Our

study also showed that the raUo of bansplraton to

pan ;vaporatlon decreased rapldly wlth lncreaslng

canopy slze, dropplng to about 20olo ln the larger

hees iFigure 3). Thls ls probably due to the ef-

fects of greater mutual leaf shadlng ln these tre^es'

wrucn reiutteo tn roduced wator losses per cm2 of

leaf area. Therefore, whll€ latger bees lose more

water on a whole fee basls, they lose less per

cm2 of leaf area. Thls would lndlcate that as a tree

canopy contlnues to mature, thls ratlo could ln fact

be much lower.
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A Methodology to Dotormlne Adequate Soll
volumos

Knowlng now that thsre ls strong rela onshlp
between pan evaporatlon and whote tree water
loss and that a tree is expected to typlcally lose
only 2OYo of what the pan loses, a methodology
can be formuhtecl. All of the calculaffons wlll be
based on a hypothetcal fe€ with a crown
dlameter (wldth) of 2O', and an approxlmate helght
of 35'. Thls bee wlll be growlng ln lthaca, N.y.
The lntent of three steps that follow ls to present
the mathematcal calcuhuons of whote fee wator
loqs, soll volume, and plt conflgumton ln a loglcal
order wlth lnformed dlscusslon offered on the
varlous declslons that must be made as one
precedes through thls methodology.

Step Ono: Dotermlnlng Dally Whols Tree Wator U8e
1 . CALCUUTE CROWN PROJECITOA/. Crown pro-
Jecton (CP) ls slrnply the area under the tess, drlpllne,
whlch b lust tho area ot ctrcle, (rBdlus)2. We can ad-
lust thls ,ormuh to use dlamEter hstead, so that crown
prorecflon equals (crown dhmeter)z x .7854. For a tes
wlth a 20'crown dl8moter, (20 ft)2 x.7854 ls 314 ft2 ol
crown prolsctlon.
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SIANr. Thls rspresents lhe ratlo of whole tree water
use to pan. Up lo thls polnt, evaporaflon of water from
the pan ls assumed to be analogous to transplraton ol
water trom tho surface of a leal. However, as prevlously
establshed, evaporaton lrom the pan repres€nts the
maximum posslble evapofansplratlon whlle acluat
tsansplraflon wlll genorally be lar loss. Based on
prevlous research, an sdlustmont laclor ol 20% (.201
ls seloctod, whlch a,$sumes that a cm2 ol leaf transplres
only sbout 1/5 aE much as a cm2 of pan surlace.

All of the above are now mulfiplled together to derlve
q$lc feet of watgr lost

CP x l-Al x Etu.po,aUon Rale xEvepo,auon '?,tlo314fl x 4 x O.0167ft x .20

- 4.19 tF Fl galons of watet)

STEP nflO: Determlnlng an Adoquato Soll Volums
The predlcted dally water loas \raluo ol 4.1 9 ft3
calohted above wlll bs the value us€d here,

5. SELECT AVAII/BLE WATER HOLDING CAPACITY
OF THE SOIL (AWHC). SoIs hotd varylng amounts ot
water dep€ndlng on thelr texture and 8trucfuro and only
a c€rbjn amount of thls water ls actually avallable for
fee upbks. Assumlng one h6 the chsnc€ of spoclflng
thE 8on typ€, a mln[num of 1O% of the watrsr should be
held as avallable water, wlth optmum values ap
proachlng 15-2oo/o. Obvlousv, the htgher ths AWHC,
the more watsr avalhble pEr cublc ft. ot son and the
longor a tree can go wtthout addltonal water. As wlth
the cunent so[ estmatons horlr€ver, hrge sofl volumes
are tnrd to obhln ln urban ereas, espsclally specffng
conhlnera. The objectlve should bo to keep the
volumes reasonably achlevablE and know wtut the
llmfhtons to that volume are, l.o. the troe can go lor 1O
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2. SELECT THE APPROXIMATE LEAF AREA INDEX
(lA0 OF THE IREE Thls ls slmply the ratio ol leaf sur-
face area to crown prorecfon or teaf density wlthln the
canopy. Declduous tseos commonly tavb l-Al,s of lrom
1_ to 1 2, wlth the hlgh€r numb€rs lndlcatng htghly
dumped leaves, and trto lower numbers lndlcatng f.il6
leaf overlap. A LAl of 4 ls selected, whlch ls a LAI com-
monly atHbuted to a declduous tee ol thls slze. Thls
means that the feg has an actlal leat surfacs ar€a that
ls lour tmes greater than the crown prolecflon. Further
r€search ls really ngeded to rehte LAI to crown pro,Ec-
tlon for a range o, troe speclss, sLes and lorms.

3. DETERMINE THE EYAPORATIOIV R,AIE. flnd the
hlghest mean monthly pan evaporaton rate. pan
ovaporadon rralues are obtalnable lrom the Natonat
Oceanlc and Atnospherlc Admlnbfaton, NOAA (1 2) or
unlverBfty reeearch farms. ThE exteme mean nionihly
evaporaton valus lor lthaca (a compflaton of 3O years
ol data record, most NOAA rgcordsiepresent about 1 5
y€ars of dah recordl ls hlghsst ln July, 6.21,,. Thts
means that for every 1 squarg tnch of surface water ln
the pan, 6.21 cublc lnche8 ls typlcally eyaporated out
orer the mohth ot July. Thlo yalue l8 thsn dlvlded by
the number ol days ln the month (31t to come up wlth
a mean dally eyaporatlon rate ol .20 ln. Thls dally
Ia!!9, .20 ln. lB multpllod by a converston tactoi,
0.0833, to glve 0.0167 ft ol water evaporated per day.

4. USE OF THE EVAPORATION RATIO AS A COA'.
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groupsd. StEndard erors as nolsd.
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ifiJ i;"t" Aa "* oe ipecili6o lor a prolect' Further

lllfi;;;J;" tnat ttrs sott has acceptrable levels ot

fiAitil;, ;"t'abllltv and adequate dralnase'

6. DETERM'NE THE RAINFALL FREQUENCY'

E"ulistl iii" *"rage numbor ot dsvs bstweon- the

IiffilAniil even6' A crltcal ralnlall event ls definsd

f,*li*f,'f**;r;ffi 
q:ffir,lt"tHi

**si,ffi*{,If;ft.xil#,+m:nd:$lt

.ffiffiilthffi"trY:$#
[i"-J *[i"i'.orem-Ent, or perteps trrtgaton' For cor-

fiil-*l;;; i; I**9 "#n,fH*,H:3 ffi,

ftflq$##t$in#hli jfl"tiffi.

[}220 tt3 ol soll neaded to

i-ei tirdsae tor a 1o day P€rlod'

ffisiiff*':$#*ff+lt,#,*:$t$rl
ttx18x3ltbed.

Dlscueslon-';;;;; 
of the steps lnvolved and the data

#iJi;;6iluie these steps are glven ln.rablo

i.-i"i"Jp"rlits need to be emphaslzed' The

;;i*t;lan monthtv Pan evaporaton *lu9 Y.":
L?--il;ffii; iary water use' and thls

i"ot"."nt" the exkeme condlton' Generally'

ffi#;;;rn"Y be much lower on a dlalY basls

lrJi'ilI-"tie srowlng season' The hlshest

ir",L, ,"" Vpl*ti occurs ln Julv' Thls lloht.be.
Iili,ittt ti iJsei ror supplemental lnlgaton' ll at

lrrl rii"iili irn u; at least i o-1 5 vears belore the

il;;J m G e,"mpte reaches a slze requlrlng

it Xr[r"" 
"t 

.fl arnalla'ble water ln thls soll volume'

+;-ffil*t;; ls that thls volume b sell-

;il#il;i thts number of Years' when the

Lindsey & Bassuk: Soil Votumes and Soil Water

maxlmum tree size used to make the calculations

ilil;;; ieactreo, the tree water supplv needs

"iirro 
L" 

""""""ed 
lf one anticipates significantly

il;&;-* 
^i 

tnl pomt it snould bE determined

ri'Jri"..t.oil *ater storage appears to be occun'

rnl-tn'.rtti"t"nt ",ounts' 
or whether supplemental

tmiaton noeds to be aPPlied'
"'i',.r;;;ii;ths methodologv atso allows one, to

*#r;r; ii;;ther dlrectlon' lt glven an exlstlng

,tiu." ot 
""n 

ln a tree plt' nault or contalner'. one

;#'fid"";h,' slze'tree thls volume wlll

Ad;lGdport' Up to thls polnt lt has been
'J ;;'th;i'tile entie volume of soil provldes

ffi;rli'I"iiris-space' obvlouslv when phntns.

;ffi;,iiil;hfig solls ln urban areas' sood soll

;ilffi;;;Y be 
-hcklns' l'e' roots maY not be

il"io';;;ia" oompaiteo son' Approprlatesoll

iltifiitti" ""ton 
must take place then before

olanung.
'ji'"iiEuro be emphastr€d sfongtv that for these.

,o't'rii"" to work' tree ptts' extended shared

#;l;;; "Lnt"rn"o 
it must be mulched-' A

H;;;;'tra mulch, 3'4 lnches deeP' wlth a

ffiil;;r*shtv that of pea gravel' wlll.con-

S;;-";;; aoi" ;r the preclpltatlon that ac-

irrrr"i* rn-$'e soll (16)' Groundcovers used

under the tee canopy, espectally turl' qulte effec'

iuefi'compete for water wlth r€e roots' cunent-

il::lt"#5i;Corcltne amount ol this addrtionar

ilrl"i ro"", and so these plantlngs should be

;;iiJ;i""" planted areas are ldsated'

f^at,E,

60!. VOlrlaE lETtoorou'oY EXA"PLE

SrEP Or@: DdaEltbt &!' rtd' rd rdd E

-4.,.-.--^*
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The relationshlp of soll volume needed per unit

"r"" 
of 

"a'nn 
piolectlon has been computed for

it"-"t* t"pt"""ntative cltes (fable 3)' O.Tlttiltp

i;'n"""", az (a ctty experlenclng exceptlonally

ttfgh .dt*phi,rlc evaporatfue demand coupl€d

rritt tot, preclpltaton)' roundln-g these values up

vlelds a oeneral estlmate ot 2 fF of soll p€r 1 ftz ot

i;;;d" prolection. Thls flgure ls ln agreement

wittr otner ielateo work. Re-lnterpretauon of the

,"U..Uon gfuen by Vrecenak and Henlngton

raot. tn * energy budget analysls of whole tee

i""tljri""", yeE;i '6 fF of solt per 1 ft2 ol crown

oror".ton. ilakker (3) deIMng bansphaton rales

f,om annu"t fores$ values uslng a multplier'

".f"rftt"O 
2% ft3 of soll per 1 ft2 of crown prolec-

don.- 
tt' tn" total volumes derlved lrom thls

methJobgy are trard to obtaln at the desFed

"rrntno 
sn6, tnen perhaps supplemental lrdgalion

lnoufA- be lnstalled. Llkewlse' rees that 419

;ffi"t 
"t 

maturlty and need less total soll could

i" J"nt"a. The best altemattue ls to modry ad-

Iolnino solls under paved areas and then cover

ffi"*ttt peMous pavlng. Thls pavlng wlll help

ensure vftti orygen dttfuslon and water lnflltraton

it r*st ne soi (t 1 ). Cunenty, aggregat+based

tree p-tt son mlxes that can be compaoted for use

under these paved areas and yet stll allow ade-

cr.i";t sti*th are belng developed and tested

on slto (1 , 44).
A flnal caveat clncems the rellabfllty of usln€

o* er"poraton values that are not spectfically

[.a i" o'n" urban slte, where mlcrocllmaflc condi-

tions result ln evaporauon values that can be very

Oftterent from weather staflon data (47' 1 8' 14)'

llo"t 
"oporanon 

vatues are not obtalned from alr'

oott" ot i"""*"h statons, areas typlcally outslde

littre cttv propsr. Predlctng the stre of any glven

"ft" "p*fti" 
"urtan effecf' ls hlghly problemafic'

ft e 6ufft ehvlronment ls compllcatad and at'

mosptreric demand condltons aro stll largely un-

qr*Un"O. Thls methodology though'-ls]n*n.t.t9
dtt"t tr"t a goneral approxlmatlon of supportlve

"ofi 
,otr.""-. More locallzed pan evaporaton

i""Ofng" would be ldeal but they are hard to ob-

t fn. .l-r"t as llkely, lnformed and lnfultlve ad-

tustments coutd be made ln the fleld by the profes'

!r"""f . f one suapects that a glven plantlng slte is

srOje"t to greater atmosphetic demand thT th"
p"n 

"*pooton 
values lndlcate, ellhgr larg€r

evaporation values could be substitutecl' or a

shorter raln/lnlgatlon perlod could be speclfl€d'

o

SummarY
Sbeet bees live on average 7-1 o years, with

rees in contalners livlng only 2-5 yoars (29)' ln

Seatfle, 80% ol unlnlgated newly planted sbeet

trees died wlthln two years (g). Soll, overly wet or

too dry, or even more slmply, the lack of soll' can

"o"o*i 
for many tee surWal problems' The

ctrattenge ts to englneer a larger and more sultable

"ott "n-rtronr"nt, 
espectauy for the lnner clty

sfeet tree. Unfortunately, outdated lnstalhdon

detalls, phnffng sp€clflcatons and procedures are

"tt* "trf 
beh! used. Successful urbgn planflng

must Ue proporly lnformed by a new qd"fP9
i""tnorody L"6a on the bredonlng body of

scholady urban tee research'- 
Thls sotl volume methodology, and the subse

ouent recommendaton of 2 ftg of aoll lor every tt'
li.ron n ptot*uon' ls an attempt to banslera vltal

part ot ttris burgeontng technology lnto the hands

!i-tnterest"o- profelslonals' Hopefully' the

resultlng applicatlons ol thls soll volume

methodology can enhanco cunent attempts to

"gr;en" oul-cffiss, maklng them more aesthetcal-

ti pteastng, llrrable, and ecologlcally sound en'

vlronments.
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R6sum6. [a lalbtg volume dg sol pour un arbrs dans uns
losso d'un trottolr ou dans un bac esl sower( lncapable de
pourvolr ad6qualemgnt lss b€soins en eau comme I'arbre
I'sxlge. ll en r6sulte qus les arbres Pgwent subk ds s6vOres
llmltations au couIs d'ung croissancs el d'un d6volopp€mgnl
vlgouroux. L6s eslimallons @uranles en volums ds sol se
montrenl lnsutflsanlss pour aborder trols problAmos: 1) com-
ment pr6dlre la consommation compldte dsau par I'arbre,
surtout pour un largs champ ds conditlons cllmatiques

Il pr6domlnar es,2)commentrdtachsrcsteF6dictionequelque
V paramAtro ladle A mesurersur I'arbro €t3) comment incoryorer

I'un el laulro des 6l6mgnls cidsssus dans quslque moyen
slmple n6anmolns lldAle pour l'esflmafon du volums du sol.
Une m6thodologle bas6e sur les condltlons atmosph6riques,
pour ad6qualement 6valusr les volumos de sol, esl pr6s€nt6€
pour aborder ces rglallons. Cecl lncorpore les d6cowertes
dune r6cente 6tude lndlquant que la perts entldre d'eau par
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I'arbre peul etre raisonnablement pr6ditg avac la connatssance
dg l'6vaporation d'un bassin Class A du U.S. Weather Bureau.
Un volume de sol de 220 pi. cu. pour un arbre de dimens,on
moygnne est par la suite calcul6. Pour emplol comme 6stima-
lion courante, 2 pi. cu. d6 sol est recommand6 par pied ca.r6
de la proiection ds la couronne de I'arbre au sol.

Zusamments$ung: Oas wenige Bodenvolumen in einer
durchschnitt-lichsn Baumgrubs odor lm Baumb€haler isl oft
nichtrehig, genigend Wasser zu liefom. lntolgedsssen kOnnen
Baume untgr Bsschrenkungen auf den gesunden Wachstum
und Entwicklung leiden. Oen allgemelnen SdreEungen vom
Bodenvolumen miBlingt es, drsi Problemen anzusprechsn: I )
wla man den ganzgn Wasservsrbrauch slnes Baumes
voraussagt, bgsonders l0r eln wolles Spektrum von
herrschsndond Klimavsrhgltnissen, 2) wie man diese
Voraussagg mit irgendelnem elnlach-gemessen€m
Baumparameter verblndsl und 3) wie man dle b€idon
obengsnannten Aspskten ln einen €lnlactl aber gqnauen Art
komblnlerl um das Bodenvolumen zu schaEen. Eine Wslter-
fundisrte Methodotogie, die das Bodonvolumen richtig schaEt
wird dargsstellt um dl6€ Gelegenhellsn anzusprochan. Dias€
Methodologle beruht aul den Bsfund elnsr nouen
Unlersuchung, die zsigt, dao Wasserverlusl des ganzen
Baumes mll dem Wssen der Verdonslung von elnem USA
Wetteb0ro Klasse A Tiegsl vorausgesagt kann. Ein
Bodenvolumen von 220 tt3 tUrelnen mt sren Baumwirddann
kalkuliert. Um als durchschntffche SchaEung lst 2 tt3 Boden
t0r I ttz Gipleldeckung emplohlen.
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Trees have a tremendous $ility to withstand sudden stress. They rarely show symptoms of iniury
during construction, but within a year or two, the trees begin to diq back. This proceis of shediinil
branches condnues until the tIees are removed. To properly protect trees requires site work before, not
after, construction. To determine which category atree fiis inio, the designer-contractor mustevaluate the
tree'svitality. The advantage ol vitality testing is it reduces some of the guesswork in predicting which trees
have the best chance of adapting. Construction activities kill indirectl-y; most trees die dueio change in
the soil around them. Not all tree species are equally sensitive to soil-related construction inJury.
Bottomland species such as silver maple, green ash, American planetree, pin oak and black willow aie
good candidates for survival on construction sites. The most common way io protect trees is to define a
construction envelope with temporary fencing. Fence placement is critical. ll possible, the fencing should
be placed no closer to the trunks than a distance equal to the average heijnt d the trees.
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