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The University of Technology 

School of Architecture 
Daqhdr.id, I r ;,q 

l . Introduction 

ln hot dry cl imate_s. as of central and southern Iraq, chai:-actedsed 
by long hot summers and a w,ide daily temperature variation between dawn 
and t he warmest part of the afternoon, t he main concern is with the con
trol of solar radi atlon. One p'lssi ve cooling i>J ernative intending to 
overcome the natural heat flow into the building lies i n interrupting 
and delayinq, solar radiation before it reaches the building shell. This 
is achieved by creiltlng a secondary shell. par ially or entirely enclos
itY.l lh building, and thus reducing insoJation and the consequent heat 
bu1Jdup on the bu i !ding surfaces ( 11 . 'l'rellises supporting climbing 
plants are one option for such double shell systems ; they are simple i n 
cons rue Jon. low in cost. and can be designed to be aesthetically app
ropriate ( 2) . 

'l'reJl\ses can be added in retrofit ing existing buildi ngs. ill ac:lap
ted lo their cl1matic environment, due to bad building orientation, or 
because of poorly insulated walls and roofs . 'l'heir shading effect can 
improve the thermal performance of t he building. This improvement can be 
observed and quanti fied. as this study proposses. through the comparison 
of actual temperature readings (or wo buildinqs,identical i n building 
materials and in orientation, one ot which is enclosed by a plant 
trellis. 

2. Experimental setup 

Jn choosinq the building to be retrofitted, three criteria were 
observed : 

- that the building should be detached, to allow an evaluation of all 
orientations. 
that it should be il low bui !di nq. to a I J ow t:he climbing plant to 
cover the structure within one summer season. 

- the availability on lhe same site of a second building, identical to 
the first in form, orientation, and buildinq materials, to allow for 
th!' t ernrx~r ;it tJr!' mN1s1n ement s. 

'J'hP but ldinq chosc•n is the club house of a housinq compound sc•rv-
1nri the resident c-nqi nP.erinq st.:il I or the Dora Public ltousinq const-
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ruction site in Baghdad, (!attitude 33 N J. 'l'he c lub house and all the 
other houses are layed out i n a grid pattern, with their longer sides 
facing north-east and south-west . The buildings are partially prefab
r icated. Wall pannels consist of .07 m mineral wool , sandwiched between 
sand rendered plywood to the exterior. and painted chipboard o t he in
terior, provi ding a total wall thickness of .0!9 meters. 1'he roof con
s i sts of the same pannel, covered by corrugated galvanised metal sheet. 

Lightweight galvanised steel piping was used to construct a trellis 
completely enclosing the building • excluding the parts facing window 
openings. Wire mesh was layed over the piping to ensure a more uniform 
growth tor the climbing plants. 

The plant selected ,luff a cylindrica, (cucurbitaceae), is a cheap, and 
readily available, fast growing annual. Its luxuriant green leaves pro
vide dense and efficient shading. Planting c01T111enced with the completion 
of the trellis supportive structure, on the 22nd of June • figure 1 
shows the trellis on the noi:-th-east facade, and the climber in an adva
ced stage of growth. 

Ftg. l. General view, and deta1 I ot the no1 t 11-eas t t acilde. 

3 . Experimental data 

The 21st of September was chosen to conduct the field measurements, 
as pl ant coverage of the trl'lJ is was not acheived before the tirst hall 
of this month. A diqi tal surrac-r trmpPrature .~rnsor, ( lhl'rmo-couplr) 
WM; <'IT1ployecJ for measurinq ext.Prnill wal I and n>of lrmpPtillures, .111d 

inlernill wall and ceiling temperiltures, simultilneously, for the lwo 
buildinqs. 
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Local climatic data was obtained from the Central Meteological 
Station, in Baghdad and is as follows : 

the average maximum temperatures for the five critical surrmer months 
of May, June, July, August, and September, 46 C, the average minimum 
for the same months, ~9.6 C, the average relative humidity, 23 %. 
the average maximum and minimum temperatures for the 21st of Septem
ber, were 40 .5 C and 31 .35 C respectively, the average humidity 2 7 % • 

Results of the field measurements are presented in Figure 2. 

4 . Findings 

The experimental data fall into three setts of findings ; the ther
mal performance of walls and roofs of the shaded and unshaded buildings; 
thermal performance and wall orientation ; calculation of the instanta
neous solar heat qain. 

4 .J . The thermal performance of walls and roofs : 

4 .I .I. The reduct.ion in thf' ext.ern;il surf;ice temper;iture me;.suremrnt.s , 
due to trellis shading is appreciable , averaging 8.2 C, reach
ing a maximum reduction of 17 C, for the south-west wall. This 
reduction in surface temperatures for the retrofitted building 
is not only the result of plant trellis shading, but is also 
due to the evaporative air cooling caused by the plants, and 
the buffer space between the plant and the wall , which creates 
a blanket of cool air adjacent to the building wall, increasing 
the initial cooling effect of plant shading. 

4.1 .2. diurn;il variations in the internal wall temperatures, Cor either 
building are smaller than those for the external ones. An average 
difference of 2-3 C is recorded for the internal wall surface 
temperatures for the shaded and unshaded buildings. 

4 .1.3. When comparing the peak surface temperatures, a time lag of two 
to three hours is recorded between the occurance of this peak 
for the two buildings ; that is the peak for the shaded building 
occurs two to three hours after that of the exposed one. A sim
ilar time lag occurs for the internal surface temperatures ,but 
is less pronounced. A more accurate estimation of the occurance 
of temperature peaks would have been achieved, had hourly tempe
rature readings been recorded instead of three hour intervals. 

4 .1.4. A maximum external surface temperature difference of 7 C was 
recorded for the roofs of both buildings. However, the tempera
ture drop following the maximum reading differs , and is more 
rapid for the exposed building; more gradual for the shaded one. 
The reason lies in that the double shell presented by the trellis 
acts as a barrier hindering the outgoing long wave radiation . 
Jn contrast, the exposed roof heats up and cools down rapidly: 
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4 .2. Thermal performance and wall orientation : 

4 .2 .1 . 

4 .2 .2. 

4 .2 .3 . 

When observing the thermal performance of th•!! wall as a determi
nant of orientation, the highest external wall temperatures are 
recorded at the south-west wall, and to a_lesser _extent the south-
east wall. It is these two orientations in a building that seem 
to profit most from retrofitting. 

The thermal performance for the north-west, when comparing the 
shaded and unshaded buildings, shows the leas t variation, thus, 
eliminating the need to include this facade in the retro-
fitting. 

Although the pattern of solar radiation around ~oon is synvnet-. 
rical, south-west, and west facades are more critical than their 
corresponding south-east, and east facades, ~cause of th~ ther
mal storage capacity of both the building and its surroundings. 

4 .3. Periodic solar heat gain 

Jn ca lculating the so lar heat ga in, t he periodically varrying 
tempera ure was assumed on t he ou t s ide , wh "Je the i nside temperatu~e 
was assumed constant . The i ns tan taneous solar hea t gain for both build
inqs, a t 1 600 h~. on Sep t ember t he 21 s t, was obt ai ned, following the 
equati on , ( 3) : 

Q =Ax U[I 'l'sam- Ti ) + o ( 'l'sa(t-1>) - 'l'sam)) 

Where U 
fl 
'I' s am 

'f . 
1 

transmittance , calculatted for wall,glass,or roof· 
area of the component 

mean value of the sol-air temperature, as an average 
over a 24 hour period . 
indoor air temperature, constant at 22 C 

d decrement fac tor.calculated as the ratio of the 
maximum internal and external surface temperatures 
of the building component. 

'I' = the value of sol-air temperature hours ~fore t; 
sa(t-\ilhe time lag ¢is defined as the difference in time 

between the time of maximum outdoor surface temper
ature and maximum indoor. surface temperature. 

The resuJts of the calculations are presented in Table 1. given as 
a breakdown for the different building components (walls, roof,)ancl as 
a total for each of the two buildings (calculated by adding up the heat 
gain for all five building components . 

4 .3 .l . The total instantaneous 
dinq , given in watt per 
ro"chi nq ha If I.he v" 1 ue 
building, 12 . I B w/mJ 

so lar heat gain for the re~rofitted buil
unit volume, was 7.57 w/m , thus app

of solar heat gain for the unsheltered 

4 .3.2 . The south-west facade con t ributes to over 50 % of the total pe
r; odi c he nt gain in both bui I dings . However , when comparing the 
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Table l. The instantaneous solar heat gain values for the 
shaded and exposed buildings,"at l600hr. on the 21st 
of September. 

heat gain per unit area, the effect of the plant trellis become evident; 
32.2 w/m3 for the shaded south-west wall ,compared to 54 .86 w/m3 
for the unshaded one. 

4.3.3. The instantaneous heat gain for the north-west facades for the 
two bui ldinqs is simila~ in value ; the reduction in surface tem
peratures due to the trellis is almost negligable . furthermore, 
had it not been for the fenestration in the north-east facade, 
constituting 20 % of the wall area, the instantaneous heat gain 
for this facade would have been close in value to that of the 
nor.th-west wall. 

4 .3 .4. The solar heat gain for the roof jn the retrofitted building, 
given per unit area, was only slightly smaller in va.lue than 
that of the exposed one . llowever, had the c limber been pliln
ted earlier, as early as April, it would have provided a much 
more efficient and dense coverage. 

5. Conclusion 

ln designing the field e xperimen t . t he aim has been to provide 
CJl:lan ti fi abl e data U lustrnting t he rol e o f pl an t trel lises i n impro
v1ng he t hermal performance o( he prJ mary biJ!J dinq she! I . A t mi n m:i l 
Initia l and running costs, plan t trell ises can be s uccess l ully emp loyed 
i n re rofitting exis ti ng one to t wo store y st ructures. They can a lso 
be i nc J ucled i n the i ni Ua l design, l orming part o t' the archi ectura l 
expression, and amplifying the energy conservation of better insulated 
walls and roof s. 

The findings indicate cons\derable reduction i n t he externa l and tn ler
nal surface t emperatur es , due to t he combi ned ef lec of pl an shadi ng 
and evaporati ve cooling. A similar r educ ion was a lso noted i n the 
instan t;meous hP.a t qai n for lhe rl'trof i ttcd bui ldinq. 'J'ht- r«lucllon in 
so la r heat q;i in were more pr"•Jtni n1•11t l tw lh<' f:o111h- w1'" ' r .w. ~ 11• t h111: 
;ich1 e v i11q s<>vi 11q i n coo l i nq enerqy for t he pe<ik-lo;xl time o l the bui 1-
dinq , and for the s ;ime tlme o l dny , late af e rnoon, ne rqy savi ng lor 
t he peak-period for el ectricity u i l i l y . Such rfrlu-.tions in both peak 
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load, and utility peak load, result in a possitive environmentill .im
pact, beyond the boundaries of the individual building. 

/II thouqh plant trell \ses pos!les several advantages over tree shad
ing ,mainly , shor er and faster growth characteristics, and a higher sha
ding efficiency due to t he ir proKimity to the building facade, t hey 
cannot be utilised in shading fenestration areas, since t hei r proxi
mity would negate the basic function of the wi ndow. 1~ the cours~ of 
he field experiment, it was noticed that trellises adJacent to windows 

provide considerable shading of the gl;iss, depending ~n the tr~!llis-wa11 
distance and wall orientation. Jnvest igating the varying trellis-wall 
distance , as a determinant of the window shading coefficient , is one 
;is1.iect o be rcsP.arched, in order to provide he additional data nece
ssary for the design of architectural trelJises. 
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A LARGE CLIMATE-MODERATING ENCLOSURE SUITABLE FOR HCJf ARID CLIMATES 

Christopher G.H.jofeb 
Ove Arup t.. ParlneN 

J 3 Fitzroy Street 
London WIP6.BO 
United Kingdom 

The purpose of Lhis vork is Lo des.ign a large volume ( >10~ m3 ) 
cJimate- moderating enclosure suitable for bot arid climates. Without 

air-conditioning or any olher powered mechanical cooling devJce it is to 
maintain an internal temperature significantly cooler Lhan outside a.mbienl 
The interior is lo be naturally Ill. PotentieJ uses of such an enclosure incJude 
agriculture. s.hoppins centres. office pub and manufacturins . 

The background to this vork is diverse: Buck.n:1lnster Fuller 's one mile 
diametor dome o..-e.r Manbatl&n (3); the one buod.red acre roof of the llaj 
Te,.minal atjeddab airport; the vi.ionary ldeu of NikoJaus La.ing (6); Md the 
pioneering computations of a group at Lhe Oe.t Ridge National Laboratories (8). 

A mathematical model ba:s been con:ilrncled on a Macint.osh 
microcomputer of the energy fJows within a hy(IOlhelicsJ lttrge 
di.mate-moderating enclosure (lCME) situated near Tucson, Arizona . The LCME 
ill very simple and is shown in fisure I . Jt consists or a !.haJlov depression le 
the ground surrounded by WI earth •alls. Tbe roof canopy is made of a durable 
a.nd reflective arch itectunl fabric arrM ged in large see.le louvre~. supported 
by a -widely spaced regular grid of :steel or timber ma.slS 

Convection 

Longwave exchange 
with cold sky 

Solar radiation 
reflected '!11111" f 

,,1111 ! 
,,,1 r 

,111' i 
,,11

1 l 
1111

11 Canopy t 
•I////// / //.,;,.,,.~· //// , ~ · 
~ , -

Floor or enclosure set below desert surface 

Fig . I. Prototype Large Climate-Moderllling Enclosure 
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The principles behind the design are also Yery simple. The canopy 
reflects most of the incfdent soler redielion. At the seme time it is elso open to 
the sky .,..hich permits an exchange of long-traYe radiation bcl1n:en lhe 
interior of the enclosure and !he sky, vh.ic.h ects es·aredietive si,nk . The 
massive earth valls insulate the sides of the enclosure . The roof is set belo-r the 
top of the veils to discourage the mixing of vind-driven hot outside air vilh 
the cooler air vi thin the enclosure. rn this Ta.ya pool of cool cir ls maintained 
at the bottom of the enclosure. Natural convection ensures that the bonom of 
the enclosure tends to remain Its coolest part. 

The energy f1ovs that are e.ccowlled for ln the model e.re as follovs : 

LLon~ve and short Tll.Ye radiation. both inside and outside. The be.sic 
radiative exchanges ere shovn in figure 2. The symbol R means e:lther 
longwave or short-yave rl'ldie.tion . Rl i, Rl5 end RJ6 represent emissions from 
the upper and lover surfaces of the canopy and from the ground and ere 
therefore only lcingvave . RI repre.sen ts either shortwave ra<fiation from the 
sun or longvaveradiatlon from the sky. The radiati ve temperature of the sky Is 
caleuleted using relationships devised by Berdahl and fromberg (2). The 
de"J>Oin t temperature is calculated from the dry bulb air te.mpereture and 
relative humidity. 

fig 2. Basic Radiation Exch8Dges 

Z.Con-n:ction from ground to air and from c!'lllopy to air . The basic 
convective exchenges are shovn in figure 3. These e.re based upon correlations 
established by Ale.mdari Md Hammond (I). 

3.tondui::tion or heat in the soil beneath the !1oor of the enclosure. The 
s.ub-soi l conduclion of heal Is calcula1ed using the layered model shovn in 
figure 4. taken from Ingersoll. Zobell and lngerroll (i). 
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Buoyoncy-drivon: 
ff=lf 1.4(AT /LY0_25}-6•{ 1.63(A n·o. 33}·6ro. I 61 W /m"2 K 
S tubl y-strnt if i ed: 
8=0_6(A T IL ·2ro.2 w1m·2 K 
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fig. 3. Basie Convection Model . 

During time Al : 

Heol flow from pl one n- I 
to plone n = 
Al(Temp(n- t J-Tenrp(nl)t:/ Ax 

Heot flow from plone n 
to pl one n• I = 
A l(Temp(n)-Temp(n• I ))k/ Ax 

k: thermo I conductivity 
C::: heol copocfty 
d: density 

Net flow or heot Into plone n = 
At(Temp(n- t )-2Temp(n)-qemp(n• 1 ))k/Ax 

Rise tn temperolure of plone n = 
A t(Temp(n-1 )-2Temp(nl• Temp(n• I ))k/({Ax-2}dC) 

fig . 4. Bask Soil Conduction Model . 

,, 
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The model abo takes account of the folloving: 
I .Soil Prooerties. 
The soil beneath the floor of the LCME is d1Ylded 1oto 10 !ayers, and each 

le.yer mey be assigned its ovn thjcl:ness, conductivity. de.nsity and thermal 
capacity. The surface of the soiJ ill assigned reflectivity and a.bsoJ"btivily in the 
shortwave a.nd Ion gv&ve. It is aJso assigned a longvave emissivity . 

2 .Caoopy Prooertie.s. 
Tbe roof canopy is assumed lo have no lhermaJ capacity . ll does have 

both 10011- and shortTavf! reflectivity. absoJ"btivity, lransmissivity and 
longwave em.issivity . 

3.Sol&r and other feather Jo put ('.5.9). 
The soJar intensity on a horizontel surface ca.n be specified al hourly 

inLervaJs thJ"oughout the day . Dry bulb afr temperature and J"efative humidity 
are assumed lo vary ~nusoidaJJy. The program user supplies the lowest 11..0d 
highest da.ify vaJues and the ti.me al vbich the lowest value occurs. 

.C.Heat Sources aod Sjnts. 
a.Infiltration of outside air. 
b.ArlificiaJ sources of power at floor a..od canopy levels. 
c.Absorbtion of specified fractions of long- and shortwave radiation 
inside the enclosure by plants. 
:l .Sriquence of Calculations. 
Tbe program performs its calculations al regular time steps throughout 

the day and night, lypica.lly hourly or half hourly . Before it can begin these 
caJculalions it murt 'initialise' the soil , that is to s:e,y it must esl&blish realistic 
temperatures in each of thri soil layers. This it doell based upon the user 's 
guessed range of soil surface temperature variations. At any depth the 
temperature range is calculated from (7): 

AT - AT e-z./(rr/KP) 
l 0 

vhere AT is the surface vave amplitude , "'To is lbe vave amplitude at depth 
z. [ is the iberma.I diffusivity or lbe soil a.nd P ls the wave period in seconds 
(86'400 in the case of diurnal cycles) . The time lag is calculated from: 

l-(z/2) ./(11'/t:PJ 

where l is the time lag . The canopy temperature is initialised by searching for 
a temperature al which radiative and convective flu:1es are in equilibrium. 
lniliaJisation and analysis begin at a time chosen by the user. Chects have 
shovn that lbe predictions of the model are not sensitive lo the choice or time. 

Once conditions have been initia.lised, it is possible lo proceed with lbe 
m!Un analysis. The sequence of events is shown in figure~ . Al each lime step 
the re~iults of the ca!cuJaUons are plotted graphica!Jy on tbe screen of the 
computer and a.re also printed in tabular form . The grapblcaJ output of a 
typicaJ run is shown in figure 6. 

The tempera.ture or lbe surface of the ground represe.nls the coodlUons 
at the floor of lbe enclosure. which are always cooler lban the outside air. 
During the daytime lbe canopy heats up to much higher thlLO the !Ur i.n order 
lo find equilibrium between its solar gains and its long-..,ave a.nd convective 
losses. At night the opposite occurs and the canopy reaches equlUbrlum at 
temperatures between the ground a.nd the air. vith long,.;ave radiative losses 
balancing smllll convecUve gains. The sma.11 steps In the sly temperaWre are a 
feature of the model used. vbich cba.nges sligbUy al dawn and dusl: . 
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NEXT TIME STEP 

CALCULATE NEW OUTSIDE CONDITIONS: 
AIR, SKY, SUN 

CALCULATE ALL RADIATION FLUXES 

CALCULATE INTERNAL 8ROUNO SURFACE 
NET RADIATION FLUX 

CALCULATE INTERNAL OROUNO SURFACE 
CONVECTION FLUX 

CALCULATE SOIL LAYER TEMPERATURES ASSUM I NO 
SURFACE RADIATION ANO CONVECTION FLUXES 

REMAIN CONSTANT OURINO TIME STEP 

CALCULATE CANOPY TEMPERATURE ASSUMINO 
EQUILIBRIUM BETWEEN CONVECTION ANO RADIATION 

Fig . ~ - Analysis Sequence. 

Table 1 Hsts alt lbe panuoeten used in the run presented Jn figure 6. 

Analysis Be1ins at 611.m. No infillration or artificial pover input. 

Rm.Un Prooerties (7. ). 

Canopy 
Short 
Canopy 
Long 
Soil 
Loni 
Soil 
Short 

Absorbed 
2~ 

Refles:led 2, 
7' 

I~ 

3~ 

Soil Conductive Properties 
Thickness CoJ)ducUyiW 

m W/m/[ 
om 0.3 

Outside Ajr 
LoyesiTemo 
21 ·cat 'am 

Solar In put. 

Highest Temp 
3TC 

Time 'am 

W/m2 
7pm 
0 

6am 
6pm .,0 

Table l Basic Parameters 

7am 
'pm 
300 

Sam 
'4pm 
~00 

Irumit~d 
~o 

10 

0 

0 

!&uii.IY 
j!m3/K 
1280000 

Lowe~l RH 
13'!. 

9am 
3pm 
700 

JO am 
2pm 
800 

~ 
0 

1, 
8~ 

0 

~ 
tg/m3 
1600 

Hi1hestRH 
36'!. al2pm 

Ham 
!pm 
8~0 

12 

900 
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Fig . 6. Ty pica.I I>a..ily Cycle Of LCME 

The results presented in figure 6 ue for just one of <f'5 combin&!-io_.ns 
of ca..nopy ra..dilltive properties that have been e:iuunined. The range of ra..d1aUve 
properties &re giTen in tables Zand 3. 

Al!~rb~!I Be fleeted Inii:imiu.e!I ~ 
A) 0 0 100 0 

B) 0 2) n 0 

C> 0 '50 )0 0 

D) 0 7'5 Z'5 0 

E) 0 100 0 0 

f) Z'5 0 7'5 0 

G) Z'.5 2:5 '.50 0 

ff) 2:1 '° 2'.) 2:1 

I) Z:> 7' 0 2'5 

j) )0 0 '.)0 '.)0 

K) :50 2:5 2'.) '.)0 

L) '.50 :10 0 '.50 

M) 7'5 0 2' 7'5 
N) 100 0 0 100 

Table 2 Canopy Longvave Properties (1.) 

A!:!sorbe!I Rcflett.e!I lUYll!miUC!I ~ 
1) 10 70 20 0 

2) ., n IO 0 

3) 20 n ' 0 

Table 3 Canopy ShortTave Properlies ( '1.) 
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Table <f summarises the results of lhese runs. The conclusions that can 
be made from these results are . perhaps. not surprising and therefore 
encouraging. It is elev that significant reductions in lClmperawre &re po~ible 
by pusjve means alone. There ere at least three basic conclusions to be dni.vn 
from these analyses. The first is that the longya-ve absorbtivity of the LCME's 
canop-y should be as low as possible. The second b that it.s longwave reflectivity 
should be as low as possible. The third is that absorbtivity is more crucial than 
reflectivity. These can be summarised by saying that Jongwa.ve lrl..nsmlmvity 
should be as high as possible . 

SbOI!IIY~; l 2. 3. 
Lon1wa.ve 
A) 37.3'C 27.3 22 .4 
B) ..0.9 28 .6 22 .-4 
C) -43.8 29.0 21.0 
D) -47 ., 27.2 lH 
E) i8.3 
f) <f2.8 32.9• 28 .6 
G) <f7.<f 3'5 .9 30.6 
ff) '.)2.9 38.8 32.I 
I) ,8.3 ..0 .3 31.0 
j) '46.0 37.2 33.2 
K) '.)1.7 -co 36.4 
L) :>82 '4) .9 -40 .9 
M) '43.7 ..0 .3 36.) 
N) ,6.2 4).6 '41.7 
0) '.51 .'5 H .O 398 
• Did nol converge lo a. 90Jution aft.er -411 hr9 • lllutlraled in figure 6 

lllble -4 Summary of Muimum Internal Ground Level Temperatures For 
Different Combinations of Canopy Short- and Lon1val'e Properties. 

E:itenslve runs have bean carried out to aate rure that the result.s being 
obtaloed are not sensitive to any of I.he U!IUmptions made or perUcular values 
of parameters choten. These ace summari.sed in Table'· The pa.ca.meter that has 
the most marted effect on peat i.nterna.1 tempenture Is the assumed absorbtion 
of long.,,..-..e radiation within the LCME by. for en..mple. vegetation . Leaves are 
very good absorbers of lonswave radiation (9''- is a typical figure) . However 
lhe behaviour of a plant staud is different from the behaviour of its individual 
leavet (7). A more re.aJ istic model of plant behaviour would have daytime 
shorlvave a.nd long-wave a.bsorbtion by lhe stand _partly offset by convection 
and longvave emission: at night it is quite Jitely I.hat convection would partly 
compensate net Ion pave heat. loss by the leaves. The nest st&ge lo lhe 
developme.ot of this program is to construct a s.i.mple model of plant stand 
behaviour. 

Apart from the a.bsorbtion of longvave radiation by plants. the parameter 
that has I.he most m.arted effect on the model's predictions is the thickness of 
the soil layers. This is not surprising because il can easily be shovn that with a 
dry sandy soiJ (I.he kind of soil whose properties have been assumed) dgjly 
temperature nucluations penetrate to a dopth of less than 0.)m. Even a.nouaJ 
fluctuations reach only about ,m. ll is therefore i.mportA.nt lo have thin 
enough upper layers in the soil so that the model can perform appropriately. 
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