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for measuremcnt ; III.B. New materia Is in solar 
energy utilization, 

The rapporteurs' general rcports and thcir sumrua- 
tions of thc procccdings in conncxion with each 
agencia itern or suh-itcm are givcn in full in both 
English and Frouch, as are thosc individual pap1'rs 
that werc submitred to the Conícrcncc in bolh 
languagcs. With a fcw c·xc1·ption~, ali thc papers 
are summarized in both En¡::lish and French. 

Within cach agenda itcrn or sub item, thc papers 
are printcd in thc alphabctical ordcr oí th(: authors' 
namcs. Refcrcno-s supplied by thc authors are listcd 
a(t¡•r 1111< text. As u rule, thcy are numbcred con· 
sccutivcly l.hroughout each paper and are indicatcd 
hy Ai abic ligures i11 prin•11tht,ses. 

The rcports und p:<pN·s are printed in the form in 
which rhcy were prnsentNI to the Con Iercncc, and thc 
aflilialions oí rhe partlcipams ar« thost· in dfcc·t ar 
thc time. Corrcctions to thc papors have been iucor- 
poratcd ; sorne of thc figures huvc bccn rcam111gcd; 
a11d rninor editorial ch:rngcs havc b<·cn 1n:ul.o. 

Tho vi11ws and opinions ('XJH'<'S'1·1l :11·<· Lhos1· oí thc 
individual authors and do not irnply lhc cxpression 
of any opi,nion on thc pan of thc Secretaria!. of lht• 
Unitecl }fatíons. 

Thc symbols appenring alter thc titles.of thc pa- 
pt1rs a1Hl r<:port:-\, and i11 n·Íl-:rt•11<·t~ to tlit"lll 10 the t4!xt, 
co1Tespond Lo tlie symbols under which thcy wcrc 
prt•scnLNI :u (he Conforcnc<:. Thcy llave b~cn ahhn·- 
vi:1t"d by Che climination of Che prclix "E{CO>I C'.:15/", 
which should be included in ali foil rcforcnccs. 1 Vnnvd N'ativu~ pubbcatlon. Sak·~ N(I.: (l:i!.l.~1. 

Tite United Nations Conference on ~ew Sources 
oí Energy was held in Rorne frorn 21 to :ll August 
J 061. A bricf review oí the procecdiugs, of !he ¡mpcrs 
submitted to the Confercnce and of the rclated 
discussions has becn printcd in N<?W Sources of 
T:nergy and E11cr1:)' Dcvelopmcnt: Nef>ort on the 
United Nations Confcrenco 011 N<'W Sourccs of Energy.» 
Thc same publication also contains thc agenda and 
the lists oí participants and coufercnce officcrs, as 
wcll as lisis of ali the papcrs ami rcports. 

Tho l'rocccclinr,s of che Confcrencc compriso seven 
volumes as follows: 
'loJ11rne 1. Gcnt•ral sessions. 
Vol11nw 2. í.~othertnal energy: T. 
Vol11nw :1. C1•otl1<•rn1al e.n~rgy: TI. 
Vol11nw 'l. Solar en<'rgy: T. 
Voh111\l~ 5. Solar <'ll•'rgy: TI. 
Volumc t). Solar cnergy: lll. 
Volurne 7. Wi nd powcr. 
Thc prcscru volume, "Solar ('O(lrsy: T11; contnins 

thc papcrs and rcports rcbtin¡:: LO thc followin¡:: 
agenda itcms: U.<.;, 1. Use of solar cncrgy íor 1111>· 
d1anical power ;i.nd <'l"<·tridty producticn : (a) by 
mcans ol piston cngincs and turbines: (6) by di rece 
conversiou lo dHdric:ily: (i) by mea ns of íhcrrno- 
elccrrlc converters: (ii) by means of photo-clcctric 
col Is: JI l. A. Solar 1'11(·rgy a vailubi 1 ity anti i nstrumonts 

TNTRODUCTION 
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whcre Q = nu-an globo} daily racliation on 
(lw hoi·i,ontal plan.:: for thc pcriod 
und<.\T consid<'ra1·io11. 

{,/o' - the global daily radbtion on the 
hr>riwntal planc on cloudlcs5 <lay~ 
Í(H' thc J>Pt'iotl 11udc·r co11:-;iclc·ra(i1u1. 

11 mean dnily amo11nl ol bright 
~Uni-hint~ hoors cl11rin8 p~·l'io<l undcr 
ronsidrra tion. 

}\! 11u1xi11u11n pos.."iihl\: runo11nt of sun .. 
shin~ hours dul'ing pcriod undei· 
(~u11sidcr;"ttion. 

11 miel b - ~onsll<nt~ depcmclin~ 011 lm·alily 
a11d dimate ol st'11JOn. 

Thc cliniatologknl period :tdoptcd varirs; us11ally 
it. is u11c n1onl.11 '" ten days. Thc value of Qo' at 
high latitudes, howcv(•r, dwllg•·s vcry r;ipiclly fron1 
day lo day tluring thc wi11tcr and a l1'n (l;\y prriod 
is bcttcr in such l'cgions. 

1t was o(tcn inferr~<l that 11. + /¡ • 1, l>ccau~c 

on doudl~s~ day' Q Qu' :rncl f~ l. Such rcgrcs- 

sion cquations are ha.sed on clinHLtological 1nc;,111s, 
and they cannot <ll'<'~ssarily he 1·xpcclcd (o apply 
to extreme: v;tlucs for particular dnys. Severa! 
invcstigations havc, in fact, shown that the rc:lation- 
ship betwecn the daily global raclialion and lhc 
perccntagc of possible s1111shinc considcrcd on thc 
lmsis of individual claily valucs is not linear (2, 12). 
Angstrüm type equalions usually give an over 
egtimate of total radiation on cloudless days, and 
on overcast day·s. 1"'his does not 111ean. hO\VPVt•r, 
thal it is not possiblc to derive salisfactoty linear 
equations for caJcula(i11g rrll:an n1onthJy values of 
lo.t;'I racliation. It is, however, necessary fo relax 
lhc condition a + b = 1 firsl.. 

There are tw() importan! prac.tical difficulties in 
11si11¡; the original fonn of thc Angstrüm ec¡11;1tion. 

(a.) The dcfi:~ition of possiblc brighl sunshine is 
ambiguous. Somc invcstigations lrnve applit~d corr&.~- 
tions to allow for the fact that the sunshine rc:corder 

[I) (. .,. ) Q ~ Qo' a+ b N 

written in Thc original Angsu·¡¡m formula 
1~ 

was 

thc Iorm: 

• Profcsscr •>Í Building Scicncc. Unhers\1.y of Shcrtic d. 
Unitcd Kmgdom. 

R<>gr~:;.~ion equations of the Angstrom typc havo 
been used íor many years íor t'Stin1aling rucan 
valúes of the total daily radiation falling on hori- 
zontal surfaces Irom sunshinc rccords. 

Tm: \)SE oe AN(;STnoM TY p¡; rol\MUL,\E 
FOR THE ESTl'.\l:\TlúN OF :'>1H~\N Y:-\1.UES 

OF GLOBAi.. l\ADlATION FRO)f SUNSlll!'\E HECOHDS 

Part J 

One oí the first problems in the desil(11 of 11'\t 
plutr- collcct ors ;, (o d•·cid<· 1111· amount of c1wr¡:;y 
ndually avnilablo ut nny locality nn(I thc bost 
oricntution íor opl im11111 cfficicncy, Tr-chuiqucs tor 
takuhting the (otnl rarliarion on clondlcss days on 
incliucd surfuces an- \V('JI known. Iu practicc, how- 
cvcr, t he problcrn is to determine rathcr thc radintion 
rcccivcd ou surfaces with different orienta 1 ions 
111Hl<:r nvt"ragl~ co1Hli1 i<HJS. 

Fcw obscrvations of radiation iutensitie« h ave- 
bcen mude in man y parts of the 1 ropics, particularly 
un a long-lcr111 <·li1nafol0Bical ha~is. l{ccords <"Jf 
sunshine, howcver, ar~ often nvailablc ovcr rclatively 
1011~ ¡wrio<ls. 1 ( was d1·cid<·cl any prcdlcrion tcchnique 
ol widcsprcad 1'ngin\'Cring intercst must thcrefore 
he bascd on tl.c ""' of si111'hin<' data. '!'he order of 
accuracy sought was of rhc ordcr ·I 10 ¡wr ccnt , 
and thc tcchniquc dcvclopcd bclow uppears to ~ivc 
resu I t s somewh :LI. h1~( r.-r 1 hu u t h is wlu-rc i L has bccn 
possiblc to check it. 

The average CLHl0\1nt of radintion rcccivcd can 
be <'akulalcd only f,11· i ucliuecl aml vertical surfaces, 
if thc diflusc radiation componcnt can be ª""'ssi'd 
with rcascnablc accuracy. Thc papcr seis out (o 
provide a rapid mcthod of carrying 011! such rnmpu- 
tations which can be uscd by pcrsons rclatively 
unacquainted wir h either tlw complexit ics of tlw 
solar rudiation cliruute ut difíerent centres or thc 
<ldailt-d movcnu-nt-, of thc sun. lt cnables thc 
monthly mean daily valúes ol thc direct and dif(n,e 
radiution to h" csti muted separutcly for ccrtnin 
vc-rf ic.rl aud inclined surfaccs using sunshinc data. 

John K. Pag« * 

THE ESTIMATION OF MONTHJ,Y MEAN VALUES OF DAILY TOTAL SHORT WAVE 
RADIATION ON VERTICAL AND INCLJNED SURFACES FROM SUNSHINE HECORDS 
FOR J.ATlTUDES 411°N-40ºS 
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records madc with the Campbell Stok<'s ! ypc of 
~unshine recorder. 
. (e) Black, Bonyt hon and Prescott" s form of t ht' 

Angsuom formula was adopi~d so that Q. would 
be detcrmincd unamhiguously. 

The rclalionship lwtwt'en the monlhly mcans of 
tul:tl <laily radiation on thc horizontal plane and 
the percentagc of possible hrigh1 sunshinc for " 
nmnbcr oí ccutr .. s, m•inly in the tropics and sub- 
tropics, has becn sludied and thc rcsults giwn in 
ta.ble 2. The original r<'gr<>>sion cquations puhlishcd 
by Black, Bonython and Prescott havc al~o h{'<'n 
includPd togcthcr with utlwr n•cc'ntly puhlished 
valucs lor low latitudes. 

1\ solar Nn15tHnt of 2.00 cal~. cn1.-t n1iu.-1 h:1s 
h····n used thron~hout as a ,.,.,uh or johnson'!. 
re<:ommendations for tlw oiations slndiNl by thc 
author (7). Tn practic~. thc rNluction prnc .. dur" 
u;('(( by Drummond wos :idoptct! {4}, the corrcction 
(lor the Angstrom scalc bcing too low) lwing applicd 
to thc computecl raclii,tion outsidc thc atmosphcrc 
Q. i1hl<•ad oí to thc surfacc data t,¿ 1'(·t·onh·<I ()n 
thc Angstrom scalc to cut down thc amount of 
computation. Q. was dcicrminc·d for latitucl.-R 10• ~ - 
60° N by using thc tabks of racliation outskl<' t lw 
atmosphc·n· lor giv~n dates al difforcnt latit"'l<·s 
l1;1•NI on thc work oí ~lilanovitch ¡¡iwn in the 
Smith..onian ~1Ncorologkal Tabl<•s ( 1 .'>). Thc ori¡;inal 
valuc<. in thc· tabh•< WPr<• incrcasc·d by thc raliu 
2 OI) 

1:94 to allow for lhc c·ha11gt•d valttc of th(• solur 
c·onshmt. These adjusted vahLt·:- lor indh-idti;\l d~ys 
wcrc ploltcd <>11 an ''"t~ndcd sea!<'. A ~mooth cu1 v" 
'''ª~ dnl\\•n. a.nd tht• nlcnn n101Hhlv values \\'Crc 
obtnincd by plauimdry. Thr vah1<>$ for latilu<l<'s 
o• - 4o•s wcrc takc·n from Dn11nt111m(l"s ¡>aper, 
which followcd a pron<tlure ··~scntially ~imi :1r to 
thal cl<•srrilw<I abovc for lhe sottthcrn hcmispht'n'. 
Thc valucs adoptecl bascd 011 a ~olar constan! of 
~.00 gm. cal. cm.-• min. ' ar<' givcn in table l. 
From the v~lue~ giwn in table 1, smootlwtl <·1irws 
can be dmwn for difieren! months giving the vari¡,. 
tion or the 111011thly mean value ol Q0 outsidc the 
almO"phcrc wilh latitude. Thc valu<'s acloptcd lor 
the possiblc sunshirw wcrc takcn frorn thc tablú 
givcn by Brooks (:!), and no adjustment was applicd 
for failurc to record at low solar allilu<h's. (Suitablc 
table!> may al;o be found in the Smithsonian ~leteo- 
rological Tahl~s. 15.) 

Thc rcgrc.~oion ~•¡ualions were calculated by thc 
melhod oí least squares :1s :\ rcgrcssion ol Q/Q0 

ºº·Kr The advanlage of adopting lhe abovc proce- 
dure is thal ali varialions between different climatcs 
and latitudes appear in the regrcssion ('Oefficients 
a and b. lt i~ lhcn 1X>ssihle to explore systematically 
fht>ir v:uiation from place to place. ll will be shown 
in a futurc paP.cr by Llw :mthor that it is possiblc 
to place the Angstrom formula on a rcasonably 
sound climatological basis, by sclccti11g tlw constants 
according to lalitudc ami the transmission character- 
i,;tics OÍ the atmosphere for any particular· SmJ.sOn of 
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lt nppcars, how<·,·rr. that no nttempt was made 
to reduce récords to a common pyrbeliomotrlc scak-. 
In addition, thr basls on which thc percenrage of 
possible snnshinc "'ª' calculated ¡, not statcd. 
Attcurio« rnust lx- drawn to the Iact that resuhs 
ol both Anwrirnn mcasurerncnts ba<e<I 011 tht• 
Mr-rvin rccordcr and results ohlairwd in othcr parts 
of tbe world by º"' Carnpbell Stokes recordcr ,,n, 
group<·cl together in the ir calculariouv, A~ corrcctions 
Ior the length of day ar<· always applied in American 
practice, it is olear that thc studies ol Black ti al. 
are bascd. ns thcy w1·1·<· aware, 011 an ambiguous 
definition of perccntage of posslblc sunshine, as 
well ns on irnpn-cisely dcfined pyrheliomerric 
scales (!}. 

l.n this paper an attcmpl has been made to avoid 
some of thcsc critici<ms by adopting thc folluwing 
procedure: 

(a) Ali observcd values oí Q wcrc rvduced to the 
Intcrnational Pyrhcliometric Scale involving a corree- 
tion o[ -2.Q pcr cent to all values measurcd on 
the Smilhsonian (19!a) scalc, and of + UI per cent 
to ali values mcasurcd on the An¡;slrom scaíc. 

(b) Thc rccorded sunshine was expressed J!> a 
pcrccntnge of thc posxible sunshine between sunrise 
and sunset. No nttempt was m;1de lo corred for 
tht> fact that thc trace is not burm>tl until thc intPnsitv 
rcaches a given crilical value bccause this corrcctioñ 
dcpcnds on a numbcr of indeterminable foctors like 
tile water and dust contcnt or the air, lhe humidilv 
content of tlw card, etc. Such corrr.ctions cannÓt 
be accurate unless ba~cd (m t'Xtensh·e local studics. 
Besidcs, it Sl\ems il!ogical to give a lol of attention 
to ;Lttempting to corree! onc limitation of s.unshine 
rccorders as a raJiation recording instrument whil" 
ignoring o! hers like the burning of lhe C>írd through 
tltis high cloud, etc. :\tlention was confined to 

where Q 110\V n•pn·"'l'nt~ the total radiation pcr nnit 
arca íalling on a horizontal plano oníside 1/1e atmos- 
ph~rt, and where the ot her symbols have rhe samc 
meaning as befon-, Q. can be dctermincd unambigu- 
ously Ior any particular vatue of the solar constanr. 
Black, Bonvthon and I'rescot t obtained th~ follow- 
ing ovcr-alf regrcssion cquation for thc stations thev 
studied : • 

Q - Qo (\).!)3 T 0.18 -~·) (:1) 

does not turn thc carel until the sun's rays reach 
a ccnain critica! intensity, and others do not. lt 
is not in íacr possiblc ro asses.s the correction without 
cletailccl knowleclge of the radiation climate of a 
particular area. 

(b) The precise value of Qo' to adopt cannot be 
detcrmined in thc abscnce of local radiarion measurc- 
mcnts. 
· The use of tite mo<iified form of Ángstrom typc 
formula gets round the second difft1:ulty (1). 11 the 
formula is wrirtcn in thr- following form: 

~tean values of sbort "'&,•e radiar-¡oo 



1~HE SEPAHATION OF l)ll<EC'l' J{AUIATIC)J'\ 
FHOM J)JFFtJSI' J?hDlATION 

Thc secornl step in thc prol>lem ol calculati11g 
the monthly mean total daily racliation iru:ident on 
inclincd sw·faccs ft·on1 s11n!':'hine <Jata is to St~paratc 
thc difftcse n1diation from the direct rncliatio11. 

JJ:xaminalion of the records of ten selected stations 
where observations ol both total ancl diffus•· radia- 
tion have bccn made inunediatcly rcvealcd t.h<tt a 
linear regrcssion cqualion couJcl be clcriwd from 

Part ll 

i1npossihk· Lv fiud ;1 ~igni firaut r('t)n'ssion 1·quatiuu 
from monlhly nwan val11<:s. 

(1/) Jf s(:ason ol high L urbicl i 1 y coi 11( id,•s wi th 
~caso1t of grcatcst perccntagc of p<"sibk s1111shi1l(', 
11 L<'11<ls to l>t· high and b low, IM c·xarnpl•·, Pretoria 
and Stanlcyville. This oflcn otC11rs whcn dust i> 
r('sponsiblc · for thc incrcascd turbidiLy cl111 i111; lh<: 
dry l'lra~on. 

(e) In places willo loi¡.(11 val11c·, of ¡)()ssil>lc· s11uslii1w 
" iends to be hir¡h and li low: thc oppositc' holds 
for places of vcry lc1w 1x1;.silJ1" 'uu$hi1h:, whl'r<' " 
1<-11ds lt> b~ low and b high. This cffcct rcsults bcc:tusc 
t he nctuol curve is not slrictly li1war b11t loa, ª" 
lll''''anl curvat111·~~ ií considt~r"d ovc.:r a \VÍ(l(.• cnou~h 
rangc of valucs of ;~. l l<•nn: (hv slv¡m i~ ¡.;r,.:llcr 
at low vruuos than al. nwcliu111 v;ihu·• oí pos~iblc 
su11>hi1w, aud vic•• v('rsa :1t high lcvcJs of pos><iblc 
sunl'hinc. 

(j) T/Jerc appcars to be a fotitudinul cffoct but 
it l1•11ds to be swampcd hy v:irialions in turbidity. 
lt lollows !lwt thc constants a and ó must he sclcct<'fl 
with considcrnblc mclcorologkal i11l1'1ligN1t'(·, in thc 
ahsvnr.c t>I loral records which would 1'11<tble tl1cm 
to be clctermined satisfactorily lor a partirnlar 
rcgion. Thc mosl. imporl"nt factor to consid~r is 
the v:1riation of thc trnnsmission charndcristics 0f 
thc almospltc:re alwvc thc silc in <1ue>lio11 al clifferent 
times of thc ycar. 

Whcic </> is lh<' l:d iti1<1". 

Thc aut lror prc·f,,rs ll• use monthly mean values 
uf total radintion und sunshine, Ior thi~ will he Llrc- 
<lata nonuall y :1 "" ila hh· for ,.,. lcu l;< ti ng cli matolo¡¡ical 
mean valucs of total radiation. Thc conseqn-nt 
rc~rcs>ion Iormut,rc cauuo], h" rn«•<I Ior prcdk.tin¡; 
daily values of total radiation from daily sunshinc 
v,du<•s wií lt arcurncy, but they wcrc 1101. dt•rivt:rl 
Ior this purposc. Tl11s l'"-J"'r clcah; 011ly with clima- 
Lologjcal 11 u•;i n val 11•'1'. 

Thc rucan values of " all<l /¡ were founcl to be 
cu:i and 0.112 rcspectivcly. These values are idcntical 
with the mean valucs suggcslt•d hy Glover and 
McCulloch íor lutilude 32 (O) and diff~'r very Jittlc 
Irom thc mean vntucs ol 0.23 and 0.118 Iound by Black 
el <11. ( 1 ). In practice il is bettcr, howcver, lo try 
to selcct climatologicatíy appropriatc values uf u 
nud /1 thun to use mean vulues. Thesc can be bcst 
r-stablishrd by study of rarliation data and sunshine 
data Irom othcr stations in thc samc typc ol cliinate. 

Exa111inalion of thc rcsulls w far computcd 
shows: 

(«) (f Jow µcrccntage oí possiblc sunshinc coincidt"s 
witli the season of high lurbidity, thc value of " 
will he low, and thc value of b high, for cxample, 
Kcw and Dak;1r; also, moditicd by heíght, Windho~k. 

(b) lf scason o( high turbidity falls in period with 
intem1ccliatc ~unclu11t of possiblc su11shi11c, thc 
correlaticm coefficicnt falls, for thc poinls in the 
turbicl months foil off lhc curvt', for example, 
l .copolcl villc. 

(c.) In pfaccs whcrc lhern is littlc variation in 
possiblc s1111shine hut turbidity variations duc lo 
movement ol the lntcrtropical Convergencc Zonc, 
thc points will be very scattered, ancl it 1mly bccomc · 

,. 
O. 2~ cos, <{> + o.r,2 ·V Q/Q. 

t ln- ycar in any give11 locality, Tite author's work 
on this subjcct is uot yct n•a<ly Ior publication, 
but his preliminary invcsrigations show littlc confi- 
dcuce can be placed on thr- (ornml« sugg1•sl<•d by 
(;Jowr n11d Mcl'ulloch (O). 
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·rabie l. !\<lean «atoes tor calendar montha of tot~l <lnily radtarlon on ít horiwn(ul pfunc outsíde 
the ear-th'a atmosphcrc, latltud~i:> 40•N-40•S. (Solar constant Z.00 cats. CHl e tnin.->.) UnH~: 
cala. c;i-n-;:, day-1 

!.l'Jtitude "O'N. . 10~.\'. !!IJ•N. to-«. • • JI)•!), !!O·~. ,J()•"i. to-s. 

J:tnunry 37:·~ 521 (i;j!) 1~0 ~··' uo; 1 oso J 04~ t f;.(il 
l•<-brui\r~ . ~Íll~I ti:l2 ili :-oi1r 9J ¡) 1101 ~n., ~)l¡ .. 1 ~):.!!) 
.\litrch 1¡';.1 ;12 $48 >l!l!J n:t:i VI:-- S~I >-2:1 741 
;\fll'tl li:l!J HH!I !l:.!4 9~·' SV:J 8311 7(JI li51'\ .-.:~n 
)1ay . !)7() f,":"; U59 ut 1) 8 ru 1iiK t>·t$ ü:tO 3S:? 
jum-, t IJI 1 1 (JU.~ HU.') !!U:! $17 713 ;),S1) 15li :ll:! 
J1dv. U!IU OS? v~v ~IU(í S~'i 12iJ UI 1 IH:J :~ 1 1 
.\ugusl. 1'!1!i ~1:?7 i•3·• 11 I :l 86? "º' 7Híi ()\}! l!i,") 
S<·plc·n1lh·r 1·111 s·)·) ~71 ~)(J4 IJll(i !'\hO \\:!ti i·fS U I~ 
()1'tc,l'lc'r /)11·1 u~:i 7SI suu 011 1)37 !)ji Uv3 ~'1 
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Ti.11~ i·:STIMATION OF DJ1(1~c·r HAIJl1\·r101" 
ON J!'\Cl ... INJ.::IJ SUl<JfA<.:J~S 

Tlw third stagc in the probk•111 is to convcl't thc 
clitn~•tologit~t}I rrt<~an vahH·~ ohlain(•<l fot horizt,ntuJ 
incidcnce to np1n·oprin.te valu($ fo1· inclin~d planes. 
'fhP <lire('l and (he diffu~c 1'adia1 ion 1nu:-:.l be hanclled 
septtrnfdy al this sta¡¡c. 

Thc mcthod proposed in this paper to convcrt 
thc mean duily radiation on 01e horizontal planc 
lo mca11 daily dirccl radiation on inclim·d planc:s 
is based on the u::;e of convt.)rsion factors derjvecl 
in the (ollowin¡: way : 

(tt) A standard direct rndiation curve rcprcsenta- 
tivc of tropical conditions was selcctcd. This ct1rvc 
is givcn in table 4. Values sli¡;htly lower than Moon's. 
standard curve (J l) were adopted, which it was 
hoped \VOUld be 1110rP. r~prl~Sentalive of general 
tropical conditions at stalion$ reaso11ably closc to 
sea l•·vel. TIH.: lul'hidily oí thc tropical atmospht'J'(' 
is oftcn high, either \)e<:anse of tlw high moisture 
or high dust contenl of lite air. 

(b) l;sing thc standard astronomical fonnulac, 
tables of incidcncc !actors wcre prcparcd <tt hourly 

(6) 

Pnrt 111 

dQ" D11 =cQ-1 Qo 181 

Thé 111axi01urn value of })11 which is cqual to- e• Ql,, 4( 
occurs whcn Q/Qo - ,/¡( Sincc Q!Qo - il + /, ,~,, 
iL (ollows that the corrcsponding viLluc of ~~ i;; 
/ e a\ . . 
\ 2 d b b J · lJs1ng the 1nen.11 valucs ol a, h, ,., :1.nd d 
nb(aincd from mbles 2 ancl :J, wc h;wc nrnx. .,, 
0.221 Qo. lt occurs whcn Q/Qo - OA·J or ;,, - .40. 
The rnaxi1n11rn diffnsú radiat.ion th11s O(~cun; on partly 
<.;]oudc:d cl;tys a.nd nol on Gl1•ar or ov1~n . .:ast day:.;. 

Ali (he: obs.:rva1io11s cvnf'll'ln Lh<: farl 1 hat línear 
intcrpolat·ion bo'lwccn cliffnsc rndiation on clcar clny~ 
nncl ovcrcast days givcs complctdy crrc1111)óus 
r"sults, :uul tb<lt this 1hcor~tic'1l pan•bolical rclation- 
ship <loes actually rcprcscnt thc obscrvations with 
n•;i.son:-i hh~ aC:<'1 ir·acy. Ct•rl Ri n E11l'opc·a11 l'f ucl i 1•s lu1 vf~ 
hccn bnscd on thc :issumption that /)11 is not a 
íunclion oí.:; (l(l, l7). This assi1111pli<>11 haJ>l'""' 

l\' V 

to l)c approximatcly true, if onc is conccrncd with 
1ha,I parl i>Í lho 1>al'tlhc>lic rnrv(' n1·~11· tlu• 111:1:<in·1urn 

wliil:h is olh·n l.ht~ «~ti~O i11 l~11ropc•:in C('ll~ J't•s \vh1·n~ ;t 
apprn.,imatc~ l<) ;)(í - GO pcr cent. Tht: '"'"11mp(io11 
is ccrtainly not sound in tlH' hot dry nrid rcgions 
ol thc world. 

[5J 

Thc rcgrcssion i>qnaiion for lhe diffu~e rndiation 
is, of coursc, ot paraholical íonn for, n·arra11gi11g 
the Cfl\l~ltion, \ve ha.ve 

Thns fhc valucs of 1)11 can be ,;¿c~ily calculatcd 
using thc valucs of QJQ. previously obtained by 
use of lhc Angstrom typ~ formula. Cttlculations (or 
hu1nid tropical regions i1·unH~clü1tc-:ly sho\v tl1al. aboul 
half thc ntcan daily total r<~di<Ltion on horizontal 
surfnces is cliffusf' scal.(ered r;uliation. 

The rni¡11\hly m1~an dirQct rndiation on the hori- 
wnlal plan.: (i.c., 'i:.l v sin O whcrc I /J is thc direct 
radiation intensity norrnat to tite sun'ti tays and O 
is the sol~r altitude) can now be found hy differ- 
ence: 

D11/Q ~ 1.00- 1.1:1 Q/Q. 

whcrc D11 is thc monthly rucan daily diñuse radia- 
tion on a horizontal planc, c. and d are coustants, 
climatologically determined. Q ;md Q. havo tite 
same menning as beíoro. 

This equation. like tite typicat Angstrom formula, 
does not hold for d:iily vnlues, lt is rcasonably 
valid, hO\VCVél', <.:VCJ\ under thcsc daily conditions 
except when the wcather i~ overcast or ncarly 
overcast and on cornplt•te1y ck-nr days whcn r he 
rogrcssion cquation lcads to an undcrcsthuato of 
thc value o[ /)11/0. This ratio reaches a valuc of 
1.00 on overcnst (fays for :\ value oí QJQ0 approxi- 
matoly cqual to 0.20. l lowr-ver, this paper is con- 
cerned with climntological mean values, nnd not 
with dnily valucs. 

The rcgrcssion constanis derivcd Ior thc ten 
stations so far studied ure given in tublc 3. i\11 
valuos ar<; l>asccl ou tl«: l 11ltH'11at ional Pyrhcliun¡ct ric 
Scale and :i. value oí th1• solar constant oí s.ou gm. 
cals. cm.·t 111i11.-1• There is sorne variariou írom 
stution lo statlon, bul a ful! climatologic.d explana- 
tion oí these variati1m>' has not bóen f01111d yet. 
Onc difticulty w(IS to discover whethcr rhc appro- 
priate correctiou h.ul b1:1:11 "P¡>lic1l íor ih¡; sl1Hdi11¡; 
ring, and if uie correction was properly dctermincd 
climatolo¡;ically. Thi, was knowu lo he LIH: C>iS<: 
Ior the South Aírican srarions (ñ) and for thc Congo 
stations. A corrcction was applicd to thc Kcw 
observations bnl thi~ \VH~ ha:-(td on i:-:ol rnpic tli:-.lrih11- 
tion o! difíusc radiation, and was nor cli matolo- 
gícaüy dctcrmincd. 

Clearly low vuhu-s of D11/Q are normally associatcd 
wiíh regions of r;rcnt clority. and high v;1l1ws oí 
D11/Q with regions o( high turbidity, ll is thcreforc 
possiblc to select frotu tuhh: :1 vulur-s oí e and ,¡ 
which appear reasouublc Ior n particular area, by 
considering tlu- c:harnCLl'I üaic~ of (he atn•osph<>re in 
that region. Thc mean rcgrcssion cquation for llic 
ten stalions is 

D11/Q =e+ d Q¡Q,, 

the published observations, linkiug rhc ratio of 
diñuse radiation on a horizontal plano to thc total 
radiation with the atmospheric transmisxion Q/Q(). 
Thus wc have thc rclationship 

S/98 Mean vatues of short wave radfatíon 



The diffuse short wavc radiation on indinecl 
planes is madc up of lwo parts. radi<1tion diffusdy 
scattered from t~e sky and l':l.diation difiuscly 

ESTIM:\Tl01\' OF TIIR DJFFT;SE RAUIATIOX J>1CIDH~'r 
())l VERTICAL ;\)ll) l?\Cl .. l;.IJ;:U Pl.o\t\.ES 

Pa1·t IV 

covcrs latitudes 0.,-40°. [Conversión Iactors are 
available np to (SOº.) The conversión factor;' are 
giv<~n for t>tich 1uonl h al suitahl<· int(•rvals of latlturle 
for diffl'renl: snrf:ítes. The co111p11kd v<iluc ol -,,¡ 1, 
sin O is 1n<:r('I y 1111111 i p) if:d hy thc H pproprht lt~ factor 
obtaincd lrom thc table co find tlw monthly m<·:ll1 
daily direct r~dbtion on thc planc in qucsiio11. 

l•~aclots Íül' ~urfac<~S olhcr tha11 tl1ost~ act 11nllv 
giv<'n in t~i ble 5 tnay so1nctin1cs. be dL'rived b}· 
:;irnplt> trigonon·1P.tricnl rcsolution. 'fh<' csscntial 
con<lition i:i \\•hf:tlu•r LlH~ dirt:c:I. raclial it>n \vill l'l'HCh 
thc collcccor Lhroughoul thc day ~11. fL p:trl.ic11l'1r 
time of ycar or not, for radiation falling lwhin<I tl11· 
collcctor must not be considercd as ncgatiw. b11t 
'l.ero. Thus, if wc considcr an inclincd surfacc facing 
tlu: f'<1ua1or, in 1hc \vintl.!r hBlf of lhe ycar, nor1nal 
trigonoinclrica.l rcsolution can he u!';Cd, for t luA sun 
\Vill al'\'ays rcn.ch thc surfacc un.el can 11evL·1· be 
bcldncl. 1"his \vill not ht• true in sun1rner \\'hen 1 he 
sun will movc on thc: polcward siclc oí th<' snrfar<· 
for at lcast pRrt of thc day. For cxamplc. Lho:: factor 
f or :1. sou Lh faci 11g i nc-li ntcl :-.u rfac(· at .t-0° >i. ti 1 tL:d 
at (JOº to l he horiwntnl i,; cqmil to ( 1 x ('o~. (i() .¡ 
.9:) x sin (60) on !\farch J ó. l lowrv .. r. on .) ""(' rnt h, 
thc· factor is 1101 cqunl to (1 X cris. Uf\ ·I 11.Hl x sin) 
hccausc t he nort h ward~ componen t has bc'.l'll ignor••<l, 
;Lnd 1 h1\ int,~gr" tion eondi t ion rn~lk<·s it jnipos~iblc 
to t:tk<· ncconnt of thc: C<>1T<•r.tion from t:11Jlc: •i. 

'l'hc vnlidity vf thi~ incthvd of compul.11 ion 
di.'P<'1Hl~ cut ( J.n follo\ving ~1ss111up1 iuns: 

(n.) That thc fünshinc is cvcnly dislrib11led 
tln·ot1¡.:hout thc dtly, ;tnd i:; not mnrk1~dly ,1,ym- 
11u·1 ric:d ahoul 110011. Thi'i is not alv.1ays so. 

(b) Th;ct thc standard r<idi¡ition curve·~ are apprn- 
pri;i.lc· (or av('l'HS<' roncll1 ions. 

Thc ;ulv:lnl:l~<:s from thC! romputional ¡>()int nf 
vi('\V i11 \V(Jl'kiug \Vilh ratio:-; of radi;lliou vah1e!'\ 
an: : 

(a) Thc snmc valucs of thc rat1os nr(· obt<•incd 
ior both hc111isphc1·cs, and no corn·cli<m fl11' varia 
tions iu ~olar <lh;t:uu:(~ art" 1·equit<.>d. AJI thl..' ncccssary 
concctio11s are nll'eady in~vrporated in tabk 1. 

(b) Sincc Lhc A11gstriim ty¡"' for11111lal' suggcstcd 
c~u1 makc s<>n1c .:dlo\vancc in variatio11s of tran:.:· 
parcncy according to local cu11dilions, ami !lw values 
of thc conv~·rsion factors b~in~ ratios are rt.~IHtively 
in$Pnsitlvc to cJtangc of turbidity. lhf· <·onq>11tt>cl 
valuc:R obtaincd ío1· incliued ~urfa('(•s are Hkclv lo 
be mon' rclinblc th:rn might be cxpc:ned from .. thc 
conve11tio11al use of standard radiation <:11r\'('::-. 

intervnls íor htiLnrlc•s O - uo• f<>r declinations O, 
.L 1ov, J_ 20", ± 2:iº27' lor vi-rrical north ~011lh 

surfuces, vertical oast west surfrrcos anti horizontal 
surfaccs. trom thcse basic tables of incidcncc fncl<l!'S 
on fhri:<· plnn1'~ at 1·ight a11gles, fact<)rs for any 
othcr surfaces could he rapidly obtaincd with 
lit lle rurthcr calculatkm by ,irnph: u ig110111t·Lric::il 
11u·Lhocl~. 

(r) Thr- follnwing surfaccs wcre sclcctcd for 
cl<•toil<•<i study : 

1. V<·1 l.kal fat'Ínl) <''J""lol'. 
2. Vertical focing nwny írom r-quator. 
3. Vvrtical cat--t or \Vl·~L 

4 l ndinPd "t .~;,• to horieonml facing cquator. 
5. í nclmcd al tilt eqnal to latiwdc focini; 11"' 

cquat or. 
li~inH t lrc stuudurd mdiution curve givcn in 

table 4, calculations wcre mnde of tl1" dil'ect radia- 
tiou iutcnsltics (_tt hourly iutci vals on thc abovi- fivc 
s11rfac'<'s. The honrty valúes wcrc plottcd gl'aphicnlly, 
aud tlu- daily totals wcre Iound by planinu-try. 
Log<·l her wit h the daily totals for the horizontal 
planc. 

(<l) Thcsi- daily tolab wcre smoothed hy use of 
differc,ncc tables as a check against graphicul errors 
i11 i11tc·gr;Ll:io11. The rntios of thc daily direct radia .. 
tion ou lht· sclcctcd planes to tlu- corresponding 
dailv direct rHdiation on a horizontal plano \\'U::> 
calculaled for differeut lat itudes at suitable vnlues 
of l lu: dccliuuí ion. The conversiou íactors \\/Ct'C 
plor tcd against dcclination, and appropriatc valúes 
Jor cach month wcrc Iound from th« curves. ln 
this wav, a series of conversión Iactors was obtained 
to convcrt daily valúes of }:;1/J sin O to corrcspond- 
i11g vnlucs Ior 1 he i nclined surfaces in question. 

Thc results oí this vcry extended .md tedious 
series of calculations are given in table 5, which 

:!.') 
.:i·I 
.:J{I 

1 {l l 
1.15 
l.:l l 

.•:l '" ··'' 

.uo 

.2• " 

l>fru: f'lUll.~1fy 
IJ> 

'Tabte 4. vutucs '>f tbe dir-ect tutenstry of tnc sotar bcam 
01\ a .surfucc nor-mal tQ rhe sun's rays '\Vlth {'ltltudc oí 
tnc sun uscd lo couear uct tabte 5 
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diffnsc ra<li:1tio11 balanc1' oí slopes can be estimntrd 
satisfactorily hy the isotrnpic <Lpproxima1 ion. 

Thcrr ap¡wars to he no publishcd informatio11 
aho11f partly clondt>d days, bu! qu:ilitativc ohscrvn- 
1.ion shO\\'S that 1.l11•rc: nn• tv.•o n1ain fr1étors inftucncin~ 
llw clifftHC rndiation clistribution: 

(a) ¡\ lc:nc1,•11cy to fin<l r&gions of high brigh1 llL'SS 
oí dou<ls clo;e to the sun. 

(b) A 1cmci<'ncy to í1nd rt>gions of high bright11t'>'S 
on cfouds \\•hich stand opposilP tht' sun giving 
sil(nit\cant back •<'ílcction, p~nicularly to stcc:pl.v 
incli11t•d slopcs, wlwn tlit• clouds a1'1' v<·rlkally <lcc·p. 
c·.g., rumulus clouds. 

'l'ht v:i.rious fuctors n1cutioncd abovc nro 1.0 so1T1(• 
dcgrcr: rornpc·nsatory. The nuthor has 11\acl.: " 
pr1·1iminary study of thc m .. an cliffus¡· illumination 
v:tlucs rccc)rd<:tl hy <p•Hdrnnls at l(~w represente·<! 
hy Mc0m11(l(t and Gordon !:imilh (10). Tliis sí·1uly 
in<licatcs. jor vcrlical wrjat.:• (« !l<•º) c'mpiricnt 
corr~ction factor" 111i¡¡ht I><: >1pplicd to thc dt1ily 
cliff1"c· rmli.,ti(ln (\S calc11lntNI by thv botropi1· 
ap1,roxim:ition as lollows; 

(11) Vertical or stccply inclim·cl nori h-so11th suríaC<!S 
focing th.- pr1·1lorni1111nt dircction ol thc sun, if tlw 
s1111 is rcnsonahly low, i.c. ¡., ;i• OA, nmltiply 1>11 by 
u factor 1)! l. 2 l>dor•' 11si n¡: in cq ua1 i<>n 1 \l ¡. !f stu 1 
is modt"ratcly high js ,;,; 0.4 multiply by 1.1 hdorc• 
usin¡i( in cquntion (íl). 

(b) Vertical or stecply i11<'lirll'cl snrfarcs facing 
;•ast or wcst. Mo111i111,; 1·xc"ss tends to bala11cc nJtcr· 
110011 ~li!Ílci('ncy on c~st sid<"' etJ1d vice vl·r·:-:a oll 
wcst sidc. i\pply no C(l/TéctiM. 

(e) \l\·rtic;d or slc1,ply in!'iin~rl surfaccs fo(ing ª'"ª)' f1•0111 prt::dorninant dirccl.inn of sun, 1nuH ipfy 
LJ11 by 0.8 hdort• using in c·q11ation [!lJ. 

Thcsc corrections me cxtrc111cly mhitrnry. but il 
is dillicult to "''e h()w more rdiahle corrtclions 
coulcl be proposcd in lhe light of cxisting k11owJedgc. 
'l'hese rorrcctions woultl nol. app(•ar to be out oí 
linc with diffuse radhttion datá l!btnincd by 
To11rw { 1.6) for latitude 5:¡•N by careful consid...-a- 
tion of thc: cli{cctional characteri$(Ícs of thc ~ky 
hour by hom·. Th<:ir only j11stií1rnt.ion is tha( (hcy 
appear to givc acceptabfe rcsuJts \Vhtrc·vl."r lt has 
b<'en possiblc lo chc:ck tlieoretical prcdictions ilgainst 
ohservecl results. Thcre are, of coursr, rcm;u·kablv 
(c\v observtLtions of radiation on vertical and in<;line(I 
surfrLCC,, anti rnost o{ thesc have becn maclc; in high 
k1titucks. 

For ~doping north-soutii ~uríacc:s inclincd hetv.·~en 
:JOº and 60°, the samc factor of l.2 rnight be apprn- 
priate for su1faccs faeing the prcdominant dircction 

1 HJ 

whcrc 1$ is rhc slope conversión factor Ior slopc .S 
[or a particular month, whcn- Lln sin O and 1)11 
ar e- thc mout hly mean daily valucs of thc rlirect 
and diffusc rndiation on a horizontal planc, whcre 
"is the anglo ol iuclinaüon of the slope to thc hori- 
zontal plane. and whr-re r11 is l.ht! diffnsc flux 
reflcctcd írom thc grnuncl. 

The reílc:c;kd flux will tw equal Lo YQ wherc Y 
is l he albedo oí t ho surface lo short '"'ªV~ radiation 
and Q is thc mont hly mean dnily total. radiation, 
Er~vid<·.cl 1 hat t he ground is not <)vrr:-;h.<id~'vcd. 
l'his will norrnnlly be t hc C<IS<' Ior thc lfülJOnty oí 

sotnr cnorgy <'<Jllectors which are oricntated to fac" 
t he equator for maximum colk-ction cflicicncy. 

Equntion [OJ ¡¡ivl's t he inc1)111ing monthly mean 
cl"ily total rud inrion corrccrly. proviclc·d 1 he isorropic 
approximat ion i' valid. This assumpuon must now 
he cxaminerl in dctait for it is wcll k11ow11 11111.1 tho 
liiffus~ radintion is t\Ot isotropic. L"nfortnn:itely, 
a vcrt\g<.• condir io11~ h» ve IH'vPr bcen st udicd in d..:tni J, 
t houg l 1 i 1 is lx-licvcd that work is ge •i 11¡¡ on now 
in this direcriou in Russia unclc:r rhc control of 
l<ondratic:v. C011sicl1•rable attcntion has, howcvcr, 
hcc·11 gívcn ro cloudlcss couditions. ur«! ª"">111{ thc 
moro uscful ,tucli1•s in this ficld may l)e rnenrioncd 
1.11<: si u clics oí Kondratiev and Manclovn i11 Hn~$iiL (11) 
and th(' work of Pa1·111c:lc:1~ in Americe (Ja). Parrnelce's 
\VOL'k is ronhn('d to instantaneous valucs on vi-rt icnl 
snrf:tccs while Kondraticv's work d1~::ils with instan 
(ancous valucs 011 inclhu·d surfaces as well, Parmclcc's 
wo1 k show>; the groa! importancc of almosplwrir 
turbklity in dctcnnining tho tlifitN! rndiation 011 
cloudless days. A ckneasc in tbc inten~ity of thc 
dim'I beam is accompanicd by an apprech1blc 
inci case in thc amount oí diffusc radiation avaihlblc. 
l\.onclra( it-:v's \VOrk shovo1s that thcrc arP tt!rtuin 
compc~11s;1ti11g cffccts which '"ªY makc the isotropic 
npproxin1<1tion rnor<" rc1i<'lbl(" fvr average <:onditions 
1han woukl al first sighl app1'ar. An important 
!actor i 11ilucnci11g t hf, n•di "tion balance of inclincd 
surfaccs is th~ changc of albedo oí th<' gr·ouncl 
surface with the a11glc of incicknce. The albedo 
incr<;ases vcry apprcriably at low anglcs of incickncc. 
i\nuthc·r importan! factor is 1.hat apprcciably higtwr 
diffusc radiation is rcccivcd frnm the quadrant of 
thc sky fadng 1 he sun than from the quadrant of 
(he sky facin¡; away from thc sun. The isotropic 
approxirnation is not. :<'1tisfoctory on cloudless days, 
ov("resfirnating the ra<li<:Ltion on s11rfart·s ~l.\vay 
frotn Lh~ ~>llll, and undcrcsti1nating the racliation on 
surfaccs facing t he sun and 01l surfaces at righl 
angles to the sun's azirnuth as \VC]l. ()n over('a$t 
days, on the other hand, Kou<lratiev shows that the 

! ,. ¡ . o .... /) . • a 
=v t s .... ,,~1n +c<1S":j 11 j sin ~'Y11 ~ ~ 

-e- (1 j) . . -c f (11 + cos ''') /) ( 1 - cos "') .t... + . + r)~ = .ó... lf + --~2 H + -~- r,, 

rclk:t.i0.<I (roru thc ground. lf wc assume that thc difluse radiation is isotrnpically distributed, thc 
total radiatíon on a planc S will be given by thc formula : 
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Refe1·cnccs 

A 111<tLho<l oí calcula(ing mean valuc• of thc tolal 
tadiation on inchnc<l p]anes frorn snnshinf• t'CICOr<l~ 
leas bcrn givcn which can be us1:d lo n1lcuh\lc: thi· 
O])lil'nnrn oricnta1ion oí íl;i,t pJa(e sülar t>ncrgy 
collcctors. The tet.lmic111& proposccl has been chcckcd 
ag~linst thc· liruÍlPd n11rnbt~r of availab]P lllt'tc·o- 
rologiu1I observ:uions of the mean monlhly daily 
racliation on inclincd surfaccs ancl rcason:i'ule agn·u· 
nlcnt bc-t\i.•cc·n prcdiction and rn<'asurútncnl '1•.ns bcc·n 
:'lchic!ved. Tht~ ;rvérnge error of thc cstin1at1.:d rndi~L~ 
lion appcars to be of thc order of .! lO pn cc:11L 
Thc tcchniq11c proposc'd for calculating (he 11mm 
dtiily radi11tion is 1 h11s quite satisfact·úry for gonenil 
cngirn•c:ring pm·po;;,•s and has thc adv:ITll~g,, of 
¡;iving, wilh vcry littlc computation, tlu· n'htivc· 
an1<)1111(s of dircct or diffusc mdiation on th,; phn,~ 
in q11cstio11. In many p:11·ts ol tl11• humicl lropú:s, 
difh1sc .-adintion prcdon1inatcs. Tlle optimnrn r;1·ientu- 
tion of " colkcling clnvicc: is tl1u$ inJlucnccd vc1y 
mnch by this factor. Al latitudc 40°N, f01- c·x:1111p1". 
lhe op(imum tilt (or tt. Nil~ctor to C<)Jlccl ni:tximum 
1•11c·r¡¡y i11 T),,.,~mhc:r i~ about G7• if thc p~1·<·cn1~g~ 
of possiblc sunshinr. is 4.Q pc·r """1 ""'¡ Ú'Lº if th" 
pcrccntngc of possible snnohine is i5 pcl' cent. Tlw 
maxirnnrn """"' claily lotal 1adi:1tion avnilable wiih 
40 pcr cc11t pos.~ible sunshinc is 180 c;ils. 1·111• clay 
cº"'\"'"''d wilh ,¡.¡o r.als. cm• with 70 pcr cent po~sibl~ 
$t111s 1i1w. In l.he lirst c:1sc 45 pcr cent or th1: avuilahh: 
1:11t:rgy i~ dirfu~c, in thc sccond only 14 pcr Ct!nt is 
diffusc. Solar collect(ln; m11st tlu:n:fou· hi: ,Jt.,igncd 
to takc proper <tcco11nt of the radiation C'limal<' i11 
whirh t.li<·y an: to be usccl. l·:tnci~nt 11se o( diflusc 
rndiation is ess('nti¡il in 1 llC' h111ni<l tropic5 whcrc 
much cloud is oft.e11 found. Thc ~uthor would pa1 • 
Uc11larly wdcomc any availablc i11formatio11 al;out 
mcas11rNl mean valucs of short wav~ racliation on 
inrlinvd surfaccs in ordcr to m<1kc" rnorn systcmatic 
check on thc validity ol thce nwlhocl ol an<uysis 
proposcd. 

Conclusion 

albedo, it would appear rcasonabtc to adopt values 
of thc cmler of 20-25 prr cent on rnniJ sit<·'s cov1<iwl 
wit.h vegetat.ion and L0-15 per cent on central 
urhHn sit(·~. \Nhc.:rH building a1\d road :-:.urfacts 1na.y 
predomina te. 

of thc sun (providcd js ;:;, 0.G) and no correction 
be applied otherwise, nor to surfaces íadng east 
or west, The factor for inclined suríaces Iacing 
awav Irorn thc sun is likelv on the evklence of 
Ko1{drntiev and )lanolova -i8) to be somewhat 
lowi-r thun that for vertical suríaccs (acing away 
from thc sun. This is a rcsult oí rhe fact thar thc 
region oí rhe clear sky ot lowest hrighr ness is íound 
al a point 01>positt~ tlu- suu such rhat rhc anglc 
bctwccn che alritudc of this point and thc sun's 
altitudc is 90º. lt might be rcasonable t.o adopt a 
valué of \t.75 1)11 Ior such iuclincd surftlc~·!'. in light 
of present knowledge. Thc whole matt cr obviously 
rcq 11 iros fa.r 1 non- < leta iled r-x plora t ion, howevcr, l han 
the author has been ahle to giv<: Lo it. 

For surfaccs of low tilt, thc isolropic approxi- 
mation is likcly lo be satisfactory exccpt íor north- 
so11t11 surfaecs f;1.cing tite prt:do1ni11anl di rcction of 
r he sun whcn it might b~ reasonable to assume 
that thc monthly mean daily cliffus~ rudintion is 
iuvari.uu [or tilts bctwecn 0°-:lOº :111cl r-quál to l>11. 

ln cquatorial rP.gions it should be rcmcmbcrcd that 
thc prcdominnut direction oí thc sun changcs írom 
nort h to south according lo rhc time of thc ycar. 

Tho alb~do of tlw ¡;rouncl surface shculd. if :H 
all JJnssiblc:, lle dcturtniucd Iocally in vicw of the 
widc variadcns which occur with diffon·nt ty¡ws of 
ground, covcrcd or uor as tbe case may be, with 
vc¡;C'.l.a1.iu11 uf <lifíc:rrnl , cücction having character- 
isrics whirh wi ll vr1ry acrorcli11g lo ~c:ason antl 
rainfult. !11 making such measurerncnts it is cssential 
(hal. t l«: tolul alh(;(lo shouhl bu mcasurcd by suitablc 
insuumcnts which record ovcr the whole short wave 
spcctrum. Thc corrclation bctwecn thc visual albedo 
anti thc total albedo is oftcn pv\1r, lwca11se 111osl 
1,lants have a rclativcly high reflectivity in tho 
iufra .. red l'CHion. and oíteu a, rfltd ivc·ly low 01u~ i11 
the visible, Typical valucs b)' [{onclr;1(i~v, Mironov:1, 
;11ul Dac:va (9) show l'di<:ctivith;; for grOS$ of thc 
ord('r of 1tl- l!j pcr c<'nt in thf.• vi¡,¡ihlc n·gion a11d 
<10-50 pcr cent in the infrn red. A summnry of thc 
mrli<·r nl<'as1111'11\t'n\s of albedo may be found in 
thc Smilhsonian MctcorologicaJ T.:<bles ( 11)). Typi<::il 
valuc~ ol thc totnl albedo for !(l'C~n v~g<;t;Llion are 
Zií p(·r <:cnt, for d<trk soil~ 10 1><·1· <'c·nL. ft)r cl~serl 
~ands 20- 25 pcr cent, lor ()1·y grnss :JO pcr cent. 
TI dct,.ilcd infornrntion is 1101. :tvailabh: ahoul ¡;rouuu 
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The valuc ol r11 will be cqual to YQ, if Che grou11d 
is not ovcrshadowcd, whcrc Y is t he total ~hort 
wnve albedo (not visual albedo). 

1~h<: lirnit<.iClons of the isotroplc approxin1ation 
are discussed ;\nd cerlain empirical correction factors 
are proposcd to lakc accouul oí <.n ieulalio11. 

Thc nccd tor furthcr licld obsc1 vaLio11~ is slr""'"l 
as w<'ll m; tht> fact ,that the mcthod of analysis is 
rcstricted to monlbly me<in values of possiblc 

is the diffuse radiation from the • 2 oc 
Slll .2 r11 

grouncl. 

sky 

diffnsf' radiation fro1n ttu~ ~ J) 11 is 1 lu· t 
on tire slop(· 

co:.f' 

\vhcrc ./~ L.llJ sin O is llh· dirccL radial ion on lhP 
slopc of inclination 

= ¡, L 111 sin O+ cos' ~ 1)11 + sin2 i "" 
+ cos ") J) ..l. (1 - cos °') 

., - 11 -2--- r11 - . 

Thc, mo11thly 1111;an valuc of thc daily clircct 
radiation on th<" horizont:1 I planc l.l n si11 O ruay 
lw Ít¡11nd írorn Lh<: rd:Hicnr 

:i: lo sin O - Q-n11 
V::tlues of e and ti. fo1· v:irious localitics ""'Y l•• 

fo11nrl in table :). lt is shown tlmt 111aximu111 di.fíu!«' 
l . . 1 1' '0 "" rae 1at1on occurs w 1r11 N ·• .,,v pr•r Cúnt. 

Tlw t hirtl pa r1 o f t h is pn ¡H'r tl1•als wi l h Llw <'011· 
v1~rsion or dircct radiation on thc horí1.onrnl pla1w 
to di rcct nul in tion c>11 i ncli ncd phi 11('>'. Table ,; 
<.'Onlains n st•ries o( co11v<'r~ion Í:-\ClOr~ /1 for latil udcs 
Ó·''ºº to coiwcrt valucs of 't.!,, sin· O into val111•s 
o( / ,, tlH~ tlircct nidintion on slopc S. 

factors are givcn lor che íollowing surfaccs 
( l} \'cnical facing cqu:itor·, 
(2) Vcrtic:il facing polc, 
(3) Vertical facing ~asl or wcst, 
(4) \1Prti<'>1I r,.cing ('(Jll:llCH' 1 iltrd al ~.r,• lo horiwn. 
(ú) Vúl'lical facin;.r rquator t ill1•<l al :\nglc to 

horizontal c<¡11al to latitud<>. 
Thcsc foctor-s are b:\$Cd 011 radiation curves drnwn 

using stand<1rd rndiation curve givcn in (¡1hle 4. 
Thc lo11rlh part ví tl>is papcr· dcals with the 

t'stimation oí cliffnsc racliation on inclincd s11rfaccs 
using thc isotrnpic apprnximation. 

Tlw total mdiation on slop" S is giw·n hy: 

( ( 1 
:i; J, + :l:(/ 1 /J f-r), 

vhcre Q is the mont hly mean daily total radiation, 
'dt> is t hr correspond in" mon tl rly rnc-nn dail y rnd iu .. 
uon 1>11tsirlt· tlw ntmosplwn•: ll and b are ccnstnnts 
which ar1: cluuatologically <kt<·rn1Íl11·d; :~ is th1• 
¡w1·1·rol:t!i<' of possible sunshine. 

v,,111es r¡f a and /J fer varions tropical staticns 
are givcn in table 2, whih: vahu-s n] (J. muy bo 
íou nrl in ta hlc 1. 1 t is suggcst&d l hat t he va 1 ucs 
of a and b should be sctcctcrl tli;r l. ar<: rq>n·"•nt:ll iV<' 
of th<> transmission charactcristlcs ol t lw ntnrosph(•rc 
in the locality 1111d~r study. 

Tlw S('('<>Jld part dcals wiLh t h« sq>arntion of thc 
mean horizontn! diffuso radiation [rom tlH: t<,l.a) 
radiation, usin¡.; a n·gr<•ssi()ll ''([llation oí thc fonn 

!)11/(t e 1 d (}/Qo 
whcrc D11 is th~ 1nonthly mean daily diffus<' nulia- 
tion on a horiw11t:1I planc. whcrc e ancl ti ar~ 
climatologically d~tc,rmincd constants and whc:rn 
{! and {>0 have tlw ~umc mcaning as bdorc. 

J\ tt·• hniquc Ior calculariug mont hly mean valui-s 
u( ioul daily rnrliution on inclined surfacc .. s Irom 
sunshtue daia has bceu proposed. 

Th.; J1rst pan deals with t ho culculntion oí mean 
values of 1 uta! radiarion on horizontal planes, 
11sin¡: 1 he convcntional typc of regressiou equation. 

lt Q¡Q. '""'(/ + b 'N 
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. " 7. sm· 2 111 cst le rayonnement diffus du sol. 

cos' ~ nu c>t Je rnyonncmcnt difius du del sur Ja 
pcnk, 

j,, klo sÍJ1 O (•st h-• r~l}'OnnttHPnt direct s11r la pt->nte 
d'inclínaison. 

expression clans l<1<p1~1le 

~ (1 1 l) ·I r), ~ 'L l., 

dans lar¡udlc U11 cst k rayounerncnt diffu~ quotidicn 
moy~n sur un plan horiwnt;iJ, e e1 ti sont des cons· 
t<Lnl:~s elétennin1~es climatologi<[U\)l\\<'11(, 1·t Q et Q. 
ont la nlCn1c: signification qu'auparavanL 

o,,¡q =e 1 tl Q!Q. 

dan~ lat¡uclle Q cst la moycnnc quotidicnnc du 
ruyonth'UH:nl. lol al s111· un 1nois, Q0 la n1oyt·nnc 
<l lloti<I icnnP <•xt rfl .. at 1no:-i.plH~1·iqtu· <·or1·r~s1 >oncla n t<·. e• 1 

a l'1 h dts C<Jnstault·s <:li111atoh>l)Í<¡t1l:~. ~~r C-tanl h: 
pourccutngc d'cnsolcillc111cnt possibk. 

Le tablen.u ~ donJ1(' les vnlcurs de a et b pour 
l11s di V('TS post <·s t ropi<·a u>:, l't IP t n hll'H u 1 donrH· 
les valeurs d0 Q •. J.'ant~ur $Ul(f(<ire q11e l<'S vnlwrs 
th' a t~( /¡ ~oil~lll c·hoi~ics po11r hi<~ll rt•pr<:~c·nlt-1' lt'~ 
carac.téri~ti<]ucs de transmission <k. l'atmosphcrc 
dn11s lo. locnlit~ ¡, l'étudc. 

L:1 dcuxibmc parric du mémoirc porte sur la 
séparo.tion du niyonncmcnt 111oycn horizontal clíffus 
l't c111 rayonnenh'td (o(al, c·n St' s<·rva11t d'unt~ (:qua 
tion de r~grcssion ele ln forme : 

,. 
a+b,, 1 . 

La pr<~tniCrc pflrtic d11 n1é1noirc portt~ :.ur 1e c:aJ('u} 
des vntcurs n1oyenrt( .. S du r:\yonncrYH"ñt 10t.:l1 S\lr 
d<:s plHn!" horlr.ontaux, en s<· scrvallt dü l'(-qu~\tion. 
d:lS$iqu~ el~ r1<grc·ssio11 

On n proposé nn~ l.e('hniquc de c~knl des valcurs 
inoycnnc~ nlcnsucllcs du rayonncn1cnt quotidit.>n 
1·otnl ponr les :-:.11rfact•s Ín(~lin(·t•s, ~1 partir <.h:s clonn6cs 
cl'<·nsolcillcment. 

- j, .'i. lv sin O ..l cos•; U11 + sin•; r11 

La valcur de r1.1 sera égale iL YQ si le sul u'cst 
pas ornbragé, Y étant lalbérlo total ondes courtcs 
{et non pas I'albédo visuel]. 

Les limitations el•: I'approximatíon isotropique sont 
pahsécs e11 rcvuc et ccrtaincs corrcctions en1piriqucs 
sont proposée:-:. pour tenir con1pt.L: (le l'oricntation. 

L'auteur soul,igne le besoin cl'autrc~ obscrvations 
sur place, ainsi que Je fait <¡u& h méthodc d'<inalyse 
Psl Ji1nitfr :\ rlí:s vaknrs rnoycnncs mcnsuelles de 

Í.H. valeur rnoyc:llll{' 11H}llS11<:11<: du rayonncmcnt 
quorirlien dirccr sur le plan horizontat. 'i.l,, sin O, 
pcut étrc tiréc clu rapporr }:./" sin O Q • D11• 

L<• tnbloau :1 donne les valeurs de r et d pour 
divcrscs localirés. L'autcur moutre que le rayon .. 

diff • 1 . 1 11 ncmcnt t us )l1HX10'!Ul)'l $P prO( uit quanr ~J 40 
Jv 

il. so p. 1 OO. 
La troisieme partic de ce mémoire porte sur l;c 

<'011vt·1 sion du rayouncmcnt dircct sur le plan hori 
zontal en rayouncmcnt indir<·cl sur l<·s pluns iuulinés. 
Le rnbtcou s contient une séric de tactcurs de conver- 
sion, correspondant aux latitudes o. 40•, pour trons- 
Iormer l<•s valcnrs th• l.!,, sin O en valeurs de J,, 
rayonnement dircct sur lo, ponte S. 

Le mémoire donnc les fo1·t~un; ponr 1"s '""'"'·"$ 
suivantcs : 

1) V,:rlin1.Jc. lo1111u\C' vcrs I'équatcur; 
~) Vcrticalc, tournée vers h: ¡><>I<·. 
:)) Verticale, Iaisant Jaco a l'esr ou i1 l't>\IC'sl: 
·i) Vcrticnk-. íaisunt f:lce h l'équatcur et ii1di11fr 

~ 4¡;• sur l'horizonmlc ; 
.';) Vert.icalt:, íalsant lace a I'équatcur et mclinéc 

sur l'horizontale 1l't111 >1ngh: égal i\ la l:ililudc. 
Cos íactcurs sont basés sur des courlx-s de rayon- 

ncmcnt établics en se servant ele la conrbc de rayen- 
ncmcnr standurd elu (ablcau 4. 

La quarl'icmc partie de la ccmmunicatiou porte 
sur les évaluations du ruyonncmcnt eliffns sur les 
suríaccs inclinées, en S<' servan+ el<• l'uppruxiruatiou 
isotropiq uc. 

Le rayonncmcnt total sur la pcnt« S «st donué par : 

( l -1 cos "') D I (1 · cos "') 1- - - -- · 11 rll 2 2 

ÉVi\LUATION ORS VALBURS MOYBNNES l'v!I,NSUELLES DU RAYONN~:MENT TOTAL 
A ONl>ES COURTES SUR L'RS SlJRFACES VERTICALES ET lNCLlNÉRS, O'APRES LES 
RELJ<:v~:s D'ENSOLRTLLEMENT POUR LES LATITUDES 40ª N Wf' 40º 8 

radiation clirnate in any loc.:ality and it is suggcsred 
that attention must be given to thc problem ol 
properly ntilising this diílusc cncrgy in fíat plate 
collcctors. particularly in the hurnid tropirs whcrc 
half the available energy may be diffuse. 

sunshine and so is not applicable to daily valúes of 
sunshinc. Th« atcunL<:y of prodiction appcars to be 
of the order of ± 5 pcr cent Ior monthly means. 
J.t is shown that collector orientation Ior máximum 
effü;icnc;y is in (luenccd v0.ry much by thc diffusc 

!!{% Mean vaiues or short wave radíatíon 



rayonncment diílus en tous Iieux. et ce mémoire 
s11ggere qu'on doit s'at tachcr au problcme cl'utiliser 
couveunblcmcnt cetro énergie diffuse sur des collec- 
teurs a plaque, particuli/,rc:Jllc11L dans los tropiques 
humides oi'i In moitié de l'éncrgíe disponible pcut 
órrc diffuse. 

l'ensolcillcmcnt possible, d ne pcur done pas s'appli- 
qucr a des valcurs qnotidienncs. L'cxactitudc des 
prédictions scmble ér r« de l'ordre tle ± 5 p. 100 
pour des moyennes mcnsnellcs. l .. 'autcur montre 
que l'oricntation du collecreur, pour avoir le maxi- 
murn de rcndcmcnt, llc':pend bcaúconp dn climar de 
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