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I. INTRODUCTION

(a) the lorcc of thc rvind
(b) thc wind cnhanccd vcntilation rarc of buildinqs(c) convcctivc cooling 

-- - - ''""s"

(d) evaporation ratcs. and in evaporative cooling
f:l the rare of spread of ourdoor air pollution
(f ) the concentration of radon inside buildings.

Reduced windspecd can also give rise to a chanee in the
local ambient temperature.

Shelter barriers also have effects /,of associated u.ith
their effecl on wind spccd:

(a) attenuation of sound
(b) aesthetic appeal
(c) partial blocka_ee ol the downhill draina_ee ol cold

air, with the subsequent lormation oi lroit hollows(d) change olwind dirccrion
(e) alteration of thc radiation environment. at solar and

long wavclcngths.

lïects can be regarded as advantases or
dc.pcndin-u on thc circumstanccs. in the
primarv goals of lcavin_e certain old
w shc.ltcr plantin_u arc to

(¿r) rcducc rvind spccd and thcrcb-"- rc.duce buil<Jin_s
cncrgy consunrption (particularlr_ in thc domesric
scctor) and also e.nhuncc outdoor thcrmal comlort(b) control solar lcccss. so that shadc from thc summcr
sun is providcd without grcatly rcducin_e the passive
solar gains in the rr,intcr.
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elcrncnts. and can ¿tccount fbr thc ordcr ol- a third ol all
hcat losscs lrom a convcntional housc. Houever. at. lou,
rvind spceds thc vcntilation ratc is dominatcd by the stack
cffcct. rvhich rcsults fronl thc tcnìpcraturc differcnccs
bctwccn thc insidc und thc outsidc. For a conventional
housc the heat losscs duc to thc stack cffccl lòr a tenl-
pcraturc diffcrcncc oi l8 C arc roughlv conrparable to
thosc duc to air inliltration at a u'ind spccd of 4 nr s-r.
Evcn in unshcltcrcd housing cstatcs in Milron Kc¡,ncs thc
wind spccd is lcss than 4 nr s' I ior ibout 40'/" ol lhc timc
[2] and so lhc stack cffcct is ofser¡c signifìcancc. Shclter
has little cffcct on thc stack iffcct and this somcrvhat
rcduccs thc bcnefìcial influcncc of a shcltcr barrier.

Sccond. a rcduction in u,ind spccd rcduics surlacc heat
transmission bccausc thc air boundary iaycr around a
building tlren bcconles nlore substantial. Howèvcr,
exccpl. at windorvs. this is a rathcr small ctrcct [4].

Third. a rcduc[i'on iil rvind spccd can cliangc thc local
anrbicnt tcnrpcratulc. During thc da¡, thc _sround surlìcc
is hcatcd by solar racliation and so is at a highcr tcm-
pcriìturc lhan thc air'. rvith rhc rcsulr that hcat is truns-
lcrrcd lrorn thc -uround [o thc air. Thc ratc ol hcat translìr
dcpcnds on thc $,ilid specd such that thc /orr'¿,r.the uind
spced tlrc hiqhcr thc anlbicnt tcnlpc¡'aturc. At night the
ground can bccomc coldcr than thc air b,"- radiating to
the sky. and so at night a rcduction in uind spced can
lead to a reduction in ambient tcmperaturc and hence t'o
arr increasc in building cncru.v consumption.

Reduccd wind spccd òould also lead ro increased build-
ing energy consurnption in other wavs, such as by causing
an increase in thc usc ol internal clothes dricrs.

It is not only through wind spced reduction that a

shelter barrier can influence building energy consump-
tion. It can also influcncc thc lon_s wave radiatio¡r
environment. This can reduce radiative heat losse.s lrqm
a building, particularly at night whcn the sky temperalure
can be very low. The barrier thcn, lròm the buildingls
viewpoint, replaces a parl of the cold sky with its own,
usually wan'ner su rfacc.

A shelter barrier can also reduce d building's passive ,,

solar gain. The main effect is blockage ol beam radiation,, .

the blockage ol diffuse radiatiôn and of radiárion scat-
tered lrom the ground being less important [5]. In much , .

ol the heatin-c season in thc U.K. the Sun is low in the .

southerly sky. Furthcrmorc. the prevailing wind, is lrgrn , ,
the south west and this rcnlains thc case even if the wind
speed and ambient temperature are taken into account
i.e. in the wind chill rosc that would be used in the cal.

climatc. such a s iclc rangc of' r,alucs is vc'ry unsuf-
prisingl 'l

Our rrorll. rcp()rtc(l hclti*r. is ,tn ilrô cfìccts of' sllcl-
tcrbclts on'r¡iLrroclilnlttc un¿l is nlitinlv cxpcrirlcntll.
Thcrc Iiurc lrccil rclittircl\' lcs plcr ious csl-lclirlcntul

studies on shcltcrbclts (barricrs madc of vegetation) [10-
l4l. though thcrc has bcen othcr rr'ork on artificial bar-
liers [c.g. 15. l6]. Thc work on shcltcrbclts has bccn
alnlost cntircly on long. straight. unilorm bclts of old
hcdscs or lrccs. on flat. othcnvisc làirly open country.
Thcir cffccts havc bccn studicd. in the main. in rclation
to thc protcction of crops and livcstock. From this work
it is clcar thaI thc zonc ol appreciablc shcltcr extends
nrainlv on thc clou'nrvind sidc for a distancc ol thc ordcr
of'l0 // \'hcrc // is rhc hcight ol'rhc shcltcrbclt. Thc
dorvnu'ind shclter profìlc dcpcnds on thc porosity ol thc
bclt. that is. on hou'substantial it is. Thc lcss substantial
thc bclt thc broadcr and slrallou,cr thc shclter profilc. For
non-porous bclts thc *'ind spccd bchind thc bclt can bc
as littlcas l5% olthe frcc ficld valuc. but at 5 Hdorvnwind
this has alrcady riscn to about 60ouir. For a'loose' bclt

, thc corrcspondinq tìqurcs ¿rrc about 40% and 50%. Thc
1'rorositr ol' thc bclt also cflccts thc dcgrcc bl tulbulcncc
dounu'ind. and in lddition c¿rn illfì-ucncc thc dircction ol
lirfloir such thatdr'¡rrnsind of rcl.r lrtw porosin bulricrs
rcvcrscd llon c¿rn occur II(r].

Thcrc ¿rrc l'cl clata on thc cffccl ol shelterbclLs on
anrbicnl tcrìrpcroturc. Cuborn I l] arrd van Eirncrn [12]
have rcportcd riscs ol the ordcr of-.0.5 to I C avcragcd
over night and duv. uith u cooling cffcct ar night and a

grcatcr u'aruring effect during the day. Thc¡, rcport that
the efl'cct is orcatcr lor dry soils. snraller the more cloudy
it is. and smallcr thc srcatcr thc rvind spced. In an eiten-
sive rcvior'. Marshall Il -1] has givcn day and night profiles
ol tenrperaturcs that show a maximum effect during the
day ol a l5o/o increase in ambient tempcrature (óf '

20'C?) 4 /1 downrvind and a small cooling effcct of no
more than,5% dudn_e the night. Ujah and Adeoyte [4]
have rcportcd thaf maximum tcnlpcratures can bc as

much as 2 C highgr in sheltered,areas, whereas thermini-
mum temperatures show no col.relation with shelter. the
overall effcct bcing an incrcase in avènage temperátures
in sheltcred arcas...,

In the next scction¿-We present. our measuremerits on
the effect,of single shelte¡belts on microclimate witltin'the
cityolMilton Ke),nes. These are 'real'shelterbelts of nón-
ideal lorm in.non'idcal surroundings, sôme'consisting
ol old veget4tion whilst iothers.arc recent lahdscaped
planting. Tho belts thus typily the sort'oftên encoulìiered " '

,in the U.K. in.rural'and urban set¡ings. I

In section 3 wc pre5ent data on combirlations ol shel-
,terbelts, and in seclion 4 we prosent a lnethód, ôf esti-
mating any reduction in passive'solar $ain causedrby

ì shcltcr barricrs. In scction 5 rvc dráw togcthdr our nlaln
cQnclusions. i

2. TIìE EFFECT O.F' INDfVIDUAT,
SHEI-TERßELTS ON \IICROCI-IJ\IATE

At various days in thc pcriod Octobcr 1984 to May
1985 (which includcs thc lrcating sc¿rson) wc obtaincd
rvind antl tcrìlpcraturc piofìlcs acros5 fìvc shcltcrbclts in
Milton Kc¡'ncs. Tu,o ol- thcsc consist ol old hcdgcs irncl
trccs. Thc othcr thrcc huvc bccrr pllntcd ,morc rcccntl),
bv MKDC. nrainl¡,to providc visirul scrccning.

1.1 . Tlta .¡lx'lttrlvltr Iltut ¡'(, ltut't, ittt t'ttiilutttd ' i

It is dilììcLrlt to spccil'r aclcr¡uurcil l rcll:she{ltcrbclt on
ru rcltlsitc.l-lblc I goùs s(ìnìc \\it\ t(ì\\iu'(ls l s¡iccilìcatrorr
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(the dcnsit¡ of u belt is a mcasur.c ol irs porosity). Notc
that all thc bclts run roughly north w;st_south cast.
Furthcr dctails of thcsc bclts. and of other urp..r, ol or.
work. can be lound in [3].

2.2. ,\le tln¿l of intesrittation
Thc u'ind speeds. dircctions, and ambient air tenr.

Allovving lbr thc ctl'cct ol- t y no nrcunsThc rc-ltrencc station nlcasurcd wincl spcccl. clil.cction clinri¡ratcs f.hc scilttcr in thc crlvins tllcand. anrbicnr lcnrpcrarurc ar a hci-uht oi:.rs m. This _uraphs in nig. r. irrir..,,ii. oi +-ì0910.
signilìcantlv _qr.carcr than thc Lrcibilirv ol.

Peratures. No mete¡ measures the
ma-snirude ol ponent in the,planb-
of cup rotatio vanes .measuièd 

the
direction of th 1 ;

f 
. 
,r Broadly speakin_e. the data in Fig. I are similar to those

2.3. Re.çults

c..crrsi., is irtrc¡rcndcnt of'thc r¿rtio or'this hcir:rit t<l
ihc bclt hcight (T;rblc l). Our.rvork uclrls si-unifìcruìtlv r<r
thc dl(l on this clìcct.
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Sltort gluss on northcrly sitlc I rvintcr rr l.rc¿rt on othcr sitlc. Sitc
slopcs down slightly to north cast. Â bank tcrniin¿rtcs ¡ìorth wcst
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Tablc 2. Lincar rs_!¡rcssion cocfììcicnts lor Á,?.r,crsus l, cach sitc: thcsc rvill bc discusscd bclorv. Indccd thc gcn_
cral proccssin-r¡ of our duta and its subscqucnt prcs_
cntation in thc form ol u.ind roscs is of as nruch inrcrcst
ls thc spccilìc dara irscif.

3.1 . ,l4cthtxl ¡tI inrcstir¡ution
Thc santc rclcrcncc itnd port¿rblc stations u,crc uscd as

in scction 2. l-'ol-cach run llìc rclcrcncc stution ivas sct
up ar eithcr sirc l0 or sirc I I in Fig. 2, both sitcs bcing
lairly cxposcd. and took data throughout Ihc tir¡c rhaI
lhc portablc station rras tukc¡r oncc to cach ol- ll sitcs.
taking data lor bctwccn l5 and _30 rninutcs at cach sitc.
Notc that thc portablc statior.ì did visit Lhc rcl.crcncc
sitc: this was one wav ofcross-chccking lhc instruntcnts.
Mcasurcnrcnts rvcrc [akcn during drr-v-light hours and
includcd all wintl dircctions.

\\'c havc corrcl¿Lrcd otrr rluta rvitlr Mctcorolosical
Oficc horrr-ly mc¿tsul.cnlcuts at thc thl.cc ncurcst stlttions.
\\/r'ton. Brizc Norton. ancl Elnlclrtn. c¡ch bcins scvcral
te.ns of rtrilcs arvay. Thcsc sl.¿rtior.,r rrrror,.,c.|" ñlilro,l
Kctncs. and r¡,c havc shown th¡t thc u.ind spccc.l :rnd
dircction d uring it _sir.clt hour avcra-ucd ovcr Lllcsc thr.cc
srtcs rcprcscnt thc vvind spccd and dircction during thc
santc hourãt a \\,cathcr station opcratcd lor a I.crv ntontl.rs
at a vcr),exposed sitc in Milton Kcyncs. at the standard
Vcreorolo-uical Ofìcc hcight ol l0 nl. ro + l0% in speed
and * l0 in dircction. Thcrclorc. as claborated bclow
thc continuous record fl-om thcsc thrce stations. plus
our corrclations, cnablc thc winds at the ll sites to bc
eslimated at n,r.t. timc bclorc dcvelopment. This u,ill aid
in any future assessment ol the effcctiveness of nerv
shclterbelts in thc Energy park.

However. there was rarely any diflerence greater than
about 30,' bctween the dircction at the relerence site. and

n l'"

Shclrcrbcl t

LT:,4+B(l'r,,,,V,",1 ivlrerc Â..1 and Á/J arc Ihc
standard tlcviations
\À,hcrc I is thc corrcli¡tion
coclììcicnt

B LB ì..A L.4

Abbcv I{ill
Knowlhill
l\'l K Borvl
Pcartrce Iìridgc
Tinkcrs Bridric

0.7-s

0.08
0. t4
0.57
0.9ó

0t7
0. t1
0. t0
0. rl
0.il

- 0.75
+ 0.04

- 0.10

- 0.60

- 1.09

0.ll
0. t9
0. rl
0. t8
0. t6

0.174
0 00t
0.il7
0.144
0.746

Encrgy Park 0.55 0 07 _0.53 0.08 0 ic

The correlations in Table 2 are in broad agrecmcnt
with carlier dara [10-14] and add significanri"y to rhc
quantitative data on ambient temperaiure versus degree
ol shclter.

Furthcr dctails of our work on thesc shcltcrbclts can
be found in [3].

3. THE EFFECT OF GROUPS OF
SHELTERBELTS ON I\f ICROCI-I]\ÍATE

Wc h¿vc mcasurcd wind spccd, dircction. and ambicnt

(t)

rvhcrc l',, is thc spccd irt lrcight /r (in nrctrcs). ancl 1,,,, is
thc spccd ¿rr l0 nr lìcigl.ìr.

Othcr cor-rclirtions crist Ilgl tlìat rvould vicld v¿rlucs of.
I,, 1,, up to tr lcu pcrccnt tlilll,rcnt lì.o¡n thrrsc licltlctl
hr cc¡uirtio' ( l). l:.r crunr¡rlc. thc l)carcs ¿r'rl I lul.ris
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Fig. l. Effective shelter versus distance from a shelterbelt for five shelterbelts in Milton Keynes (a) with
the leuvcs ¿rr in autumn 1984 and spring 1985 (b) with lcdves ollin winter 1984-1985.

correlation [8] would yield valuês about'5% lower.
However, lor all corrclal.ioir
namely the conversion of (,, :

priate to 2. l5 m. Ovcr thc wh
l'.., is defined.;thc averagc i-l

relerence station,is dcnotcil l:ry, l'i",: this is thc local run
uvcragc. \\rc havc thr¡s bccn ablc tocstublish. as ä lunc-
tion ol wind direcriorì., tlìc (srnoothcd) r.elationship
bctu'ccn I.',,,", and I'i.,. Wc h¿r',,c thcn otrtainc<l thc ratio

(V,JV^J as lollows: (where
and not'equal to'):

t*l ,=læ,
whcrc /no,, is the average u,ind spêed mcasúrcd by'a
portablc station aI a sitc and $hcrõ ¡.',"r is:th'ò avcragc
rvind spccci ¡rcasurcd during thc sarnc rinlò intcrvåÍ (15
to -10 nlinutcs¡ by thc relircncc st¿ttion at its sirc. Note

(2)

åi-
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Fig' 2' wind roses for'eleven'sites in the Milton Keynes E¡ergy paik area (berore area deveropment) inthe re83-re84 and re84-re8i h;;t;;;ä,;ìí'Ëu.ri r.,ä.0;;;"îîö;:l:., arong a sidc.

,, 
,tr:T our r,¿rlr¡cs of I ,,,,,, Ii,,..,. ancl thc:rss.cialec.l dircc_lron¿rl duta. ir.should bc possibic tn .r,l,nu'," 1,,",,, ìa¡" ,n.prc-rlcvclopr'd 

sri¡rL. ol rhc Encrcr, p,,rk ,,r.,r) i¡i 
",,.f.r 

oithc II sitcs i.tt iulv t¡nlc.

3 2 Results
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corcl'ccl thc rr holc lìcld. Thcsc ct.ops grc\\ Lo a hci,ght ol'
about hirlf'¿t nlctrc b¡, Ml¡ cach vcur-. This rcclr.tccs thc
rxtio ol'\\ind spccd at l. l-5 l¡ to thilt ilt 1. l-5 nr. Ilorvcrcl..
crop gro\\ th hils had ir rcnral-kublr slllall cflcct oll
l;,,., I',,,.,.This suggcsts:l rathcr sharp chanuc in sind
spccd r,clsus hci_uht.

In obtaining thcsc u ind r.oscs. \ ¡c havc givcn ltlu
tvcisht to thc rclativcl¡, lcri data thut corr.cspond to sie-
nilìcanL lbliltloll ot'Io itrc¿r dcvclopurcnt. Thus rhc *ind
roscs rrc Iìtr thc clclìrlilLcd statc hcfbl-c nluch in.cu dcvcl-
opmcnI had trccurrcd. It is hoscrcr thc c¿rsc thut bctrcr.
shcltcr occurs undcr (partial) loliarion than untlcr dclbli-
a Llon.

At cach sitc thc dcr.l'cc of shcltcr cor.rcl¿rtcs rvith thc
disposition ol'thc lrcdgcs in â qualitltivclv rcusonablc
manncr. Furthcrnrorc. thc topotraphv in Fig. l. rcvcalccl
bv thc altitudc contours. shorls that. on thc \\ holc. thc
lorrcr llin_q sitcs arc thc bcrtcr shcltcrccl. Tlrc higlrcr.sitcs
arc rathcr cxposcd. rrith. for tìtost \\ilrcl clil-e-ctions.
I ,.,,,, l',,,., : l.

Thc- trro digit nunrbcr ut thc sic.lc ol'clch rrin<'l rosc is
thc orcrall l\cr¿ìqc valuc ol ¡'r",,, ¡',,,", uI thut sitc. cr-
presse'd ¿rs ¿r pcrccnlagc. and rvitll thc inrplicit assutììptiotì
that thc uind blorrs cquallr frolll all clircctions. Il'lllorr-
ancc' is ntadc lol thc diffcrcnt uind run lionl ditlcrcnL
directions during Octobcr to .April. thcn nrol.e rvcichr is
given to thc pro'ailing u,ind dircctiou (sor.rrh wcst) []. 3].
The percentages Ior sitcs l-l I in ordcr. then bccorlc
760. !. 11"/". 59o,n. 30o^. 86o,'o. 899,'o. 670/". 84"/r. 80"tr.
91"/ô. 86%. Allorvancc could also bc rradc lor thc rcnr-
perature of the uind versus wind direction. A uind-chill
rose as defined in [_]] u,ould solnc\\'hat enhance thc sig-
nificance of norrhcrly and eastcrly dircctions.

For our temperatut.e data we have perlormcd a lincàr
rc-uression bctsecn Af (: In,," - f,",) and l,¡,,,,, 1,,"¡. as in
section 2. No artempt has been made to lubdividc rirc
data. Thc overall analysis ¡.iclds thc corrclation shown ir.r

I/rnn L/ur.N-ote from Table 2 that thc Energ¡, parli data
are broadly in accord wirh thc shcltcrbclt dara.

Furthcr details ol our work in thc Encrgy paik area
can be lound in [2].

4. SOLAR ACCESS

In airning lor e ncrgy savings through llrc usc ol slicttci
barriers carc nlqst bc lakcn to gnsurc thal anv such
savings arc not offsct by a rcduction in passivc solnr gain
through shading. A usclul rool lor asscssinq rhc.cx(ònt
ol' a nl suclr rctl uctio n is tlté l t u u al tf l.\. ¿/rrør¿ni.rlCt,cloicci
b¡ onc of-us (TO) [5]. This is ir charr lionr rvhiò.lr ðIn bc
rcad thc rcduclion, in tinrc"intcgri¡tcd irradiancð on a
vcrtical surlacc (such as u rriridow¡ duc to itn clcnicnt ol'
birrricr. hcight .//. ¿rt il r¿tngc,rrly' antl,rbi.liin-s l/. Thc
ovcruÌl rcdr¡ction l'ronr un crtcnclcd h*rricr is obt¿rincd
br sunrrning thc rccluction l'ronll cl¡ch clcntctit.

TO has prcpurcd scvc.nrl bultcrllv dilununs. c¡.rch ollc
bcing fìrl u pitrticulllr lrzilllutlr ol'thc rtorrllrl to 111ç ...,.-
ticrrl sul lìrcc lsueh irs lr rr ilrtlorr I'licirìg lr ¡rlu.ticLrlur clìr.cc-
tiorr ). tr pirrticullir o¡lrcitr ol thc hurricl.. rrrrtl lr plrr.ticrrlirr

Table l. Thus. il thc value ol Vruni 1,,"r is small thcn thc 
,

sheltered area u'ill be about 0.6 C wanner rlurinq the ' .i(c)
daytinte. Again. as in section 2. much olthe scatter inrihc'
data is duc to the dependence of Af on lactors otlìcr tlian

lcnsth of' titlc ovc¡ u hich thc irradiancc is intcgratcd
(usuall¡- thc hcatinq scason).

Thc clotu basc lol' all ol' thc buttcrflr' dia-erams arc
nlonthlv a\/cr¿tqc lccords ol _r.rlobul sol¿rr irradiatiolt on a
vcrtical sul'fìcc Iìrr cach hor¡r-t'rl'thc dav for thc pcriod
1972-l9tl I obrainccl b¡, Llrc IVlctcoroloeical Oflìcc at
Ilrackncll (U.K.). Thcsc avcragcs have bccn rranipulatcd
to yicld. lbr cach hor¡r ol'lhc dur. t¿'tt rlu).avcragcs ol'
/,t,¿¡lr sollr illacliation on u \ crticll surfìcc. Notc that
thc ncslcct ol' thc dilì'Lrsc cotììpotìctìt. u hich is lcss sus-
ccptiblc to sha<Jing tha¡t thc bcanr conrponcnt. lìtcans
tlìut tlrc buttcrflv diar¡ratns sollcrlhat ovcr-cstimate thc
lcdL¡ctiorr in ìrrirdiancc. ln addition Lo thcsc ir.radiarion
d¿rt.a rvc also rcc¡uirc Ihc Sun's altitudc and azinluth at
l0-dà¡, irrtcrvals. for cuch hour- ol thc dav. Thc tilne-
intcgratcd rcductirrn ill itrsolatioll lor cach ran_sc and
bc¿rrine cun thcrì bc calcr.rlltcd. Thc usc ol l0-<Jal rathcr
thall rloltthll rluta inr¡lrttrcs thc uccuntc\ ol'this intc-
gr'il tr()rì.

Figurc -ì shorr s onc ol' thc butrcr-lll cliasr¿rnts. This is
lbl a .r¿rll/r litt ittt¡ t crticlrl sul'fìrce.. iul opl(ìLtc t¡lrrricr altd
¡ntcst'ltir)n orcr thc pcrirrd lì.onr li Octotrcr to ll Apr.il.
Thìs di¿rriranl. ancJ indcccl ¿rnv ol' thc othcr buttcrHv dia-
_glarrs. is to bc usccl ¡s lbllou,s.

(¿) Drau' thc barricr olt tlìc diacranr., using thc scalc i..
lcngtlr // sivcn on c¿rch <lia_r¡riLm. H is the vertical
hci_sht ol thc lop ol'thc ban-icr above thc point on ,.]

thô vcltical surlacc in qucstion (usuall¡ the ccntre of
a windou,). (Notc Ihar thc burrcrf]v diagrarn can bei
lc-scalcd and prcparcd as an overla¡, such that l-l:is.,'.',::¡,,
given by thc scalc ol lhc underlar,.) ' i, '

(b) List the figLrres in each scctor olrhc diagranr crossed , i:
bv the barrier. If nlore than onc circumlerential scc- ,.: .r'i
tor in any radial sector is croçsed bl tlre barrier , !\ i
l,hcn choo'Sç thc lar:gest figure .(this can somewhat :rri{,r
ovcrcil.iûratc thc rcduction in ir-radiancc in some:,i, ì..,

cases). : ;,.,¿:,i¡i I

Add thc'fi-sures listcd : the total _sives the p€rcentâle ,rr' ;ìl

rcduction in bearn irçadiancc over the period olinte.t i ( i

-gratron: , i,,'.:j

Thusr the ròduction in passive solar .-eain associated
with anS,s,hcltcr ban:ici can bc obtaincd simply by placin_u

.r .i,- thc appropriate butterfl¡, diagranr preparcd to the correc.l;
. : scalc as an ovcrlay ori a plan drawing and surnmi¡g thq,

appropriutc nunrbc
, Note that lor a n'Öpaque

can bc lar
barlier (to which, Fig. 3

,'applics) thc barricr .ñ'onr opaquc to the wind
und thus bc loosó cnou-Þir io providc _uood shcllcr. This

. : ,', ,:is largclv bccausc rvind doòs-not rcq ur rc an unobstructed
,ttruiqht linc to pass rcadily th'rro tugh an objcct. rvhcrcas a,
rlrv ol' liqht docs.

Figurc -1. anti t:hc othcr buttcrlì\, diagranls. plus thc
data in Fig. l. show thar clì'cctivc shcl tcr can bc achievcd
rr'ithout unl,scrious rcduction in þa ssìr'c solar gains

[jurthcl dctlils u ill bc fìrurrcl in [-i]

s. co\ct.ustoNS ÅND St (;(;¡ts'[loNs 1,o¡t
l,L tì't'iIIaR \\ORK

()rr r rr ork on si rrglc ( non -itlr:lrl ) sllcl ter.li:l Ii lllis Shtltr iil "
tlìut tlìù Icss suhstrrntirrl (tlrc nltrrc Pùi.()rrl) tllc bc.li thii 'l'
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broader and shallower rhe profile ol wínd reducrion. theoverall shelter being better than that provided by themore substantial belts. A seasonal effect has been dis_cerned: the rvind speed reduction in even a partially foli_ated srare can be abour double that in a ¿.tli;ut.¿ .tut..The da¡'rime ambient temperature at a well sheltered sitecan be as much as about l"C higher ttrun ai a nearby
unsheltçred site.

Reasonable solar access in winter and adequate shelterfrgm.south easteriy to south westerly *ini.-. *in¿, .unbe,achieved in the U.K. ut 3 to
4 Í{ to the sourh ola buil heieht
co¡çpa¡able to thar otthe b i.trït
ofrhÊ's¡¡rt in Figs I and 2 üì;-êt
Frresence of buíldings. In the summer, because of tne úigh ïnoo-n ahitude of the Sun, a sepârate row,of tre., ;;'provide summer shade, a row that does not in[ê.fer.
with winter shelter and winter solar access. 

'--- '

Our q.ork in the Milton Keynes Energy pplk ar.u"has broadly confirmed ihe effect oi strettei'ontayti.me
ambient temperature. It has also ¿.rnonrt*t.ã the use-
fulness of the wind rose ánd the associareJil,-.åg., ou.,u'ind direction, and that Meteorologicuf Omi.ìutu 

"unbe used as a reference standard ."ãn *n.n-ìie'nearest
weather stations aiê several tens of mites away. fniswork also,acrs ai a case study. on the effect oi muf tipleshelterbelts and.öf land form ãn tr,. *inå.li Iiå*, ti,"tMilton_Keynes ís windy tof an urban o; i; irrJ _i¿Al.ol thc U.K.. and that a shcltcrbclt tro, rno*irnu-rn .m."t(even allorving ror rvind-chi, ) whcn it ir o.i.ni"å nortrr-
west to south-east. This work (along with that otothers)
has influcnced the plan forur,.i,., piuniin;il,* MiltonKeynes Encrgy park.

Shcltcr n .,,i^r ^-^^:
ambient , t wind spccd and increasing

sunìprion ii ït"ï:*:ï::ii::J:
bicnt tctì.t
rc<jucrion in rrin<i spcccr. ,, nll;:.iïlï;:ï:,iiii,iiî
lor builcli¡çr iq thc LJ,.K. a risc in ¿rvcr¿rgc u¡nbicnr [cnl_pcriltürc ol'onl) l)._s 6 r,¡.¡¿, irbout 9ilo rcclt¡ction in

energy consumption for space heating. Horvever. the pre_
cise.overall savings are_very difficult to quantify, par_
ticularly because shelter barrier s also ¡rrrrirr.n..gy .on-
sumption in buildings, in vanous ways. But shelter bar-
riers have effects other than those ,rfuting io .n.rgy.on_
sumption in buildings. such as aesthetiJ influence, and
an rncrease in outdoor comfort. The benefits that resultlrom some of these other effects .un ou,*.igi, 

"n..gyconsiderarions. To save energy it might be U.ttãì in ,or.
cases to build better insul¡ ted, betief draught_proofed
buildings, the energy consumption of which is influenced
less by shèiter barriers.

Much fuither work could be done. In relation to single
shelter barriers we could examine in more iet¿ll t¡e
:T::,. gf.porosity, angle of incidence of t¡e *ii¿, uaria_
Dtltty ol the, wind in speed and dírection, belt length, andthe land form. In relation to ambient tenrpoårur. *.could examine the inffue¡ce of many purur.,.r, pu._ticularly night versus day, the *Oiåriu. ,ì.hanges
between ground and sky ofien beíng the revers-; of those,during the day with the outcor. ,¡i äiïtgllu ,rr.lr...a
a¡ea will usually be cooler than an unsheltãred area.

Further work cou.ld also be done on porriUt. air-
benefits of shelter barriers, for example, o'n-ii. ur. orclothes.driers.i on 4¡y tendency to ou"r_.o*p.nìut. io.reduced ventilation by window op.n,ng, on untìeduced

doo¡ temperatures because
omlort., Another disbenefi t
e capital and maintenance

be done on: how buildíngs
he offeot ol shelter barriers
on outdoor thermal com-

examprc bicycres vcrsus buscs:t"ta""*ï:t 
outdoors (l'or

Fig' 3' A hutterfìy diuBram lor calcularing the reduction,in passire soiar gain ror a south facing vcrticarsurlãce. rcsultin-c from an opaquc shclrcr qì,.,ili;;ü;r/. in lhe u.K. during rhe period r3 ocrober ro 
'April in a t¡,pical 1,car.
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