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DISCLAIMER

The NOAA ~,vironmental Research Laboratories do
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NOAA Environmental Research Laboratories, or to
this publication furnished by the NOAA Environ­
mental Research Laboratories, in any advertising
or sales promotion which would indicate or imply
that the NOAA Environmental Research Laboratories
approve, recommend, or endorse any proprietary
product or proprietary material mentioned herein.
or which has as its purpose an inten't to cause
directly or indirectly the adverti~l product to
be used or purchased because of t!2is NOAA Environ­
mental Research Laboratories publication.
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Preface

This repor., on the results of the comparison of radiation sensors at

sea during the GATE International Sea Trials (GIST).. is ba!'ed primarily on

data which were exchanged at sea by smail-boat operation. Similar data we;:-e

received on the other three participa~ing ships. A small amouct of these

data (about I day) was received from Mexico and tl~ U.S.S.R. following t~e

GIST.

The article, given by reprint here, was published in the Bulletin of

the ~~ricaD Meteorological Society to make the information available before

the GATE. Because that journal usually does not publish the ratiler ex­

tensive tabular data on which the article was based, we are combining the

reprint ~rticle with the tables of data as appendices in tLis publication.
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Kirby J. Hanson

S,·n·:1ir Jnlnadi')rl {-,d,olalon', .4r[fmric Oceanogl'aphic and ItfetcoIQ[ogira[ {Abol·ato";,.." ."\"0,4/1,

Miami, Fla. ;JJ-I9

Abstroct

Radiation scmors on r,,·o sllips of rhe V' .s.S.R., one
of 'dMlico. ,nd one of rhe t·.S. were compared during
:!.c G.\TE Int .. rnationa! Sea T::;;:~ (GIST), 2-10 Augusr
J'17~. near 20~. 6OW.

P\TanOmC[{"T comparison sho..-ed tllar r",'O instruments
di-.agTecd In 23'-;. bur rhe rema illin~ four p~Tanomercrs

di ....weed hy less than 6";. The clata aho su~ the
Y;mi,hc..s\;." and Fpl'ley p~Tanometers have diSl>imilar
l-o",inc r~ponsc characleri.,lics ",,·hich Cduses ,hem to di~

"l:Tee hl' -4 m\V em'" or less ar low sun elevation angles.
P~Theliomerers on rhe four ,hi~ ""ere in agreement to
within I:;,;";. '1 ...·0 pyrgcomcrers (ar:; Anst~om type and
Eppl~' t;'pc) diffcr..d by only I.:V·;..

."n analy,i, of the GIST data s,,~e>ls that. if t:OI,di·
rions durin~ the mdin field cxp(:rimt:'nt are lhe s.~me "5
in GIST, the thrre-day wmpari'oOn period should be
sufficient [0 reduce random crror~ in p~T.. nOIDe[er mea­
s"rement, to 0.1''';,. This "'ill "Jlo...· derermination of
",,[('marie I)\ranometer errors to well within [he 5"~

I~\d spedied by ISMG. I~

1. Backgrowtd

The G.\RP .\,].wtic i'ropicaJ Experiment (GATE) is
directed toward an improved underl>LOnding of the physi.
cal proc~ in rhe rropicol atmosphere and ocean which

play an important role in d(·t(·rmining the maio fca·
tures of armospheric circul~tion ar all iatitudes. The
basis f->r achieving an impro\'ed undersunding is the
planned acquisition of a four-dimensional dara set duro
ing the G.-\TF. with hi~hest densit~· meas.uremt"nrs in
the tropical easl<'TTl .-\tlantic. Ships. aircraft, balloons,
and S3rcllites ...-ill be utilized a~ dara collection platforms.
Because many narions are participating wirh varied t~
of me"suring instruments. it is vital [h"t inrercomp3ri.
sons between measuring systems be obtained in order to
~s.~ure internal consisren~ of the data set.

A prc~ATE intcrcomparison between four ship" of
thr~ nations ..-as planned by rhe Inrernational Scientific
and :'\fanagement Group (IS~fG) for GATE and con­
ducred 1-10 .\UI;1JSl 1973. ar 20~. 6OW. The intercom·
pari-on ..... ~ called rhe G.-\TE International Sea Trials
(GIST). and induded the ";,ips ,f. Ao:'olO[), U.S.S.R.;
E. KTNlkd, U.S.s.R.; R~vaTchn, U.s.A.; and V. Urib~,

!\1cxico.

One of the primary purp<hC' 01 the GIST ,..as to rest
the adequa~ of intercomparison methods plaoned for
[he GATE main field experiment. For example, such
questions as how does ship spatial separation affect the
comparison of senson, and how much time is required
to achieve an adequate comparison. had t'l be answercd.

Te-.[s of mea5Uring sysrems included surface meteorol·
ugy. atmospheric sounding. atmospheric boundary Layer.

·!R'"prinl("rl hum 8111 .. 11:0\ Ot lin ,\MfJl.lo(" 'II fluRot()I".I< \1 "o.(MUI\. "01. :;~. :"0. -1, .-\pnl 19';'-1. pp. ~7-30-=ll

PriD~ i. O. S. A.
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'.iUCf...cc (JCr"'~T..p:h~ . .iI.Kl ul{:(·auogr.... phic ,.ou.rk.1jug_ III

addi,u ..... r"dio <.O<Dmunic..,ior". "hip p'",iri....'mg. <Lo,.
"",,,ch.,"~ ;or ..,a. and inrcrn"iiooutJ <.oordinarion ""M'e
COOOUL[..a during tl~ GJST 10 Slu.h ,t... 1""";l>ili,, ...1
r1~ opcr"'liol1~ during rhe r1,ree inrl..,.(.(tDl~ri~H:.~

pLonned for rhe G \T£ m"ill hdd .·"p.Tm....JH-whi.-l.
ind~ .. I..r~n numlx-r of :Jlip~

1 h... Jnr<.'r""ti"n"J Co<xdin .. ror of [he (;1'> J' ""." Dr.
Yuri T"r~e" (l',S,'; R,I, ,\""'",.. nl 1);r<.'<, ... 01 the J"\IG,
I>r. '·t"rnc.~r Suunli ,1·1I1\(·r~l~' of \'-i~UII~UI,; ""..10.. l·.~.

\ i,iting !'ICie-ntl~ aho.ard Ihe _-I. hrno'"o-.'. 111(· CJli('f ~i("l1­

[is.r of [lie llr'J'"rJ7(ht" 'ft .. ~ DI rinK ... ""p,trl:n.lIl. '(j \.,_

fJIt"' (:";'plain of rh(' R~\t'f1Jth~T "',I") C.J!)~HI1 L''\,.:on

PO~."f'~. '-0_\ \_ ·I"h(" R.adi~lthUI "",ubpTugLHllnJ«"'" "'Tn' l,-,n·

dunr-d on rhe "hip" I" [hc foll" .. ",!; i"d:,'idLi .. b, .of,

;':oT(}fo,', Chi.,f \Ieu~f)rol"l;''''[' \', \', :lld,,;I..,)\': F.. "',,,,,,

kd. Chid :lkt{·"r"I',:.;i,t, T, F, Dr·me. !JI.", ..••<1 .p,',i.. 1
r~di:Hion (·oll""l:lr;.tnl. 1-.. J. Dnullinin: 1{~ ....I,"a,.(ht.. die.:

:Jurhof" drld ~I. F. P"ill(1(·'\r..[(~; .And r. l'lI'~'" 1. G.,dil ....!O

dnd \, \f"llIi .. ,

TI~ CJST ~gr"em"-"l> 'I>C' ifwd d .. ta ,",,,e/,,m;:.;{' ,t """

For the Radi"'ljon ~1I1'pr(,:..;.:-;.mnle. p~·r;JnC)mC'ler OIud
pnhdi"rn... t<.'r d"td "','re (:""d,~n~{od d,.il~' ... J]{"n "",,,Jj

boar 0pt.·r~.ujon ''"-;;IS I-lf} ..,iIJJt,...\ ~m;dl ;Jmotu)t of c.!:l[a

"'as "xclnngt"d I", m,.il "frer d, ... (,1-''1', III Ihi. "'''' "
compJcu: r;ldi;uion dd:,.1 'l("r ~'-;l:lo made d\dil:Jbl~ !o (';Ieh

of [he four po.rticipaling "hip~ .nd 10 ,IIC' J~~JC, 'I he
'tludy rt-l,)Ort(·d hCTt:' j, 1,;I"Io(-d on 111(' f;ldi,Hlon ci ..t[:d ~.,

d, .. jJOIl>le from !he '('·Iran",-r. _\t rillS ""'fillllh" lhcre
hOI'll 'X"en no form;d dd('.~ plJ!,Ji(..ltiun of Ihe R.;Idi.t(ioJl

S"bprogramm" rid''', 'J he d"lhor 1'101", '0 publi"h rill'
d..la 5<"t as a Te<.hnicdl Report of ERL,':\O,-\,-\ (Hdllson.
1974).

Th... ~riod of GJST included three phd~o as indi­
,atrod j" T"bk L Ship ""parat;on ,'ari<."d Irom I~ km
<1"ring Pha....... J ,,"d IlJ ,,'hich "'ere pl"rmed for i"'er­
",mpdri""lIs. H"..nn. during Pha", JJ "hips sirnul"t{'lj
the G,\TE d"'d "«JUi";I;OIl mode ~nJ >epar~[ion I.e,
I""{·... " ship' "as "pl'rr".imalC"ly 11111 L.m, ,\lthoul;'i' "1,,,,,,,
J I>eg-dn 00 I ,\IIII;U'-I 1!l7:L rh.. 1"'lI;i,,"in~ of ,he R"di,,­
(i"n Suhpro4~rramme "'-<t, d{"l.a~{·d un r iJ ~ .\ IJ~U~1 1973.
b<-c.au\oC' of rh~ need fOf cfi"ICu,""ioll. ~1;uhl.'rdj/dliorJ of

mC;."'Iurc-"menr ~_Jlt·dIIJC'. ;illd {"'\.(Ilarl;;<' of (1 .• (,'1 f()rnl~.

JlJh...n DatI"
: l~ f~T .

( ummr-n""d"':r ..,ha~ ,
,----

21+ 2 _\U;;U:--l j'};3 J I'h"",-' I I,,~i,,> r/(J(J() G:I-:T
215 3 r
216 + I
217 .:; I
~!8 (> I Pha:;c I l-nd" ISOO G:lJ T

:---
2111 7 II Pha.~e II begin, 0000 G:l-fT
220 II II Phase II ends 2359 G:\fT

221 II III J'l\a,;c 111 begins 0000 (;:IoJ1"
U2 10 JII
223 II III Pba.se III cnd:. J600 (;:IoJT

2

In .... "J .... , i<H1 01. tJw: r~l> of rhe (AS J R;"di"tio"
Sul>jXogr"JDJDe it is n..-ce"""ry 10 coo..idt:-r Ill.. J.;, rUTe;: o(

dlller""c,"" het"'eef) r"di"rioa ~asurt"tDC."nl,,- In l;et.<.T.J.
d sc.- dilf{"r.'rw:e> un Ue "rrributd 10 till"" GlLJ"'-"S: I i "I".".
lu[ u.lih....rion I", ..J "lid r",pu""., char...:",ri,li.cs of Ill<'
'I('TI!'Il!)r~: :!, ~mpJiJlM ~ro"s du~ [0 dK:' ~pJljal ~pdr~rjon

of the :M"'u .....Jr""; ';'IJd j) rt"t.•..,..din~ !'J,~'Ioo[cm!) ..Iud d.Jld pnJC(",,"

ing and ;lIh1-,"Tdrion m(·rll(xl~, ,...,.ior to du.· ("'\.jJ<:rlmell[ il

~.. :...~ 114:)pcA d [h~1l r.;tnd"m me...~n-rnerll diffl"n"u(.{'''J Cue.: It)

'l-p.otli..tl scp..,u.rrion of the illsrrumeru:o. alld cert:..ill d41.a

p-rocc-s,.ng ...·ITor~ "'-(Hdd be "'lIffi(i('IIfJ~ ~m.jJJ dl~jr u"..eluJ

inform.a,i"JfI LOllJd IJIC ol,taj,u,c.J {"onccrniug "l~~lt·nklli~

(!itf(T~II<:C'~ duC' TO ... b!!to()IU[t: c.,ddJr... tion !c\<."! ~nd rC'!'iipull!"lr'

(h.jraca-ri~Tic5 of the ~.. I1~)r~. 'r-his prd'·cd LI) I.)t" (11<.' C.lsc..·.

~lnd rIlt' TC'tlll:s ar~ di"'ICu~"Io(."d in thi~ report. In ~.'-{dili()J1.

i"fofnl.iJ( iOIl is jW~'nted on [he .Jmvunt of I :mt" rt"'qujred

rtlr SUdl an ("'Ix·rirol'ut. ro miuirni,(· dlC r..lld·)m ('rrOrs

dUl" to "'p~Hi":d s('p:lr. [Jon of Ihl' ~'II~()r" ;llId d.H.I proct"'!'1­
iug- 14) dl(' t·Xlcnt: rh ... l ...~ ...t(·m~J(ic error~ (dJi lJ,e <.!cll"TJnill<."t!

To ....utile.jell[ ;JCCUI="(~ 10 mcel 'r)(."cific.Jlioll) lor (;.\'1".1:..

2. DescriptiQft and iqsta/l.otioq of sensors

P"OillOml"ICrS I,,,, ... " liloo fidd.,f,,'iew. "",I .. hclI
1I\ot·d ill a Ilori"ont;JI j)ot),irivil r..cing' lIpw;Jni. lhe~ n1e:l·

....lIre ,he !o[aJ of die dirt-ocr sun an<=:! diffu~ '\ky co,npo­

n(Orlls. 1 Jley jn'C"gr~le soJ... r radi.;.triofl !'Iop<'etr;llIy ""irh

:'ppr()~jm;lte' ll1Jiform fii('n""irh ily fruln 0.3 IIJ ::: .urn. 'rlti~

illdud('s ;.IJOU[ !~94'; of rhc S4'Jtu r .•dj';Hioll ~t: the c;;lnll\

~uff;Jce.

1 he up..'ard fa(in~ p~'r"nom... [t"r >(:n",,,s on all foar
ships "re describ<."d in Table 2 .. nd the do..... n .... rd facing
pyranom...lcr. a!"{' indical{'d in Table 3, Included in the
tesl "'...re six Yan;,he\'"j,;" pU;1II0melers. four Epple"
p~ T;lnomctt~n. ;1 nd one _\1011 Cr()n-IyrhL;.j r~·J>e PYf~nom­

ell"L .\ uni<'1ue real liTe uf dl(~ {-(Jomp.. ri"""'JrJ ~'~h dle: ill­

""Ilal;"n on Ihe K",,,J,vf of " Yani,I"" -J.;,' ,\1,''1) "nd
Epple' m,xld 2 011 idt"ntic.1 g"im""J pl.,lform. ""I,,,rcHed
I,y' "pproxima,,,h /.:i m ""d iderHiol pOI('nti'm""tric
r('<-ordin~. 'J JJi~ in..,rrtlJation j~ ~ho"'n ill J--ig-. I.

'J-he hoom moulIl(·d p~'ranomcll:"r were ins(;JIJ(-d I:! III

[or-""4jT(1 of die bol\, nn the 10:0"010-..1 <:Jnd KTt!nkri ~Jnd

10 m fo",·.art,l on tile RC~(lTChn-. P~:T'Jnoml'I('r::i ".-{"re

~iml,.d mounted on lhe Korolov and A:rt'rdcr! IJut: fi .... (:'li

T(·brl\'c ro the l'lohip in (;I'<-'r;J~c) !lori.l.ollt .• J po~itj"'11 011

11Ie R",,,an hrT and L'nlJ",.

f" p)·,-Iu·liom"'f:Ts
PyrheJiomclcr, measure lhe c..unlJJIOIiCUr of (Ii.·cu ~lIuLti

r;nli.11 ion iudeit'll[ on :If ~urf;,,{<.' lIorm...,.J 10 [hr." sun's T;.ly"Jo

:l1,''',uremenls "re possible only undcr Cl>lldiliolls ill
... hich clouds are nOI ;n the field of "iC"'" of tile instru­
ment.

The p~Theliomelersof the four ships are indiolled in
T"ble 4, \feasuremcnls ..-jlh Ihese instruments "'ere di,..
continuous. The planned obser.-atiou frequency ..as 3U
min; ho,,'C"C'l", lhis v~ricd because of uoudiness at ,;om<:
ob5en°atioD times. TIle Vanishcvslcy pyrheliom<."l.crs, on



~'I!·I!!I!!~,"'$1,"",.-""S"d",""3~,,__,""'''''__''''''''~~''''''')lr.-.,...;.. ...~..,_~ ~. _ .. ~."_ ....

~hll' na~l(·

~n~,r

:L P'_l:i'lr, un .... hil·
11 ]'\";lit' :.lnd m,Ml,"

(,l,on':li.a:i..n no

d \ ..... unh,:l: ..... ·fl:-.It I" I: \ f.,r d.I::.1
j,r'''',-:-o-lrl:'':: n,\',,:I. :(~::nlJ:l

T··'"'!l;l. t11nll.·n ....... :,,11l
.......Hnpiin~ T"a:e IM'~ !l",-­
l:l:t-:':=-..Ll~";. Ill{-:h"d
;J, .. It·, : r" 1111-, hanj, ;.",:
:, \ l:--U..l~

~~;'::' !loin ,t'

""~-,,,

!"" .... I;j..'n .,", ...hl:'
T:. j~' .1 ~H: ~, ,'" 1.

f,ieI,",lll' a: If ':-: il"

': \ ...... l:r:11·,i _,"n_i'l\I'\ ["r .:a:a
j ,:,",,, •• ...... i~~:.:: ~.\ ';1: '. ,. : !"I ,i,; ;
rL'!~1J' (, '1' \j ""-'-;1: " ,r.

""I;J."':'i'illl:":: :'";1-'( :11'" h'lu"
:r~'(-~-;J;:"r~ """TW; :I.,·j

:t L;n: ," In''' han I' a;
:'. \': ...ua:

TAllU 2. (·pw.:a.rd f.;",("in~ pyf";lnonu.·((·r"S.
. -,----.-. '-----.--.-,-._-.. -----=

"',or,,/.., ;.:".luI K,....".h·../ A ,.Nfk,.i J(",-:"",.ch,.,. { 'riJ., ( '~iI.,

Btl,," l)(.... )r'] H. ... )i.1'W 1.........n1 H.." fS,..",' )101 .... )"' Brid:,.!t"' Isr .dl-!r
Yd.na~h Yani ... h Yanj ...h J·oj)Jjlt·:- Ep:)Jt":.· 1-:",,1<-,' ~foH"(iur.

:\1 SIJ :\1 ,sll :\1~"Il1 2 'IJul!,}
-1-3 2 3.,.;3 11 ','ll 121.:;Q 31Q2 ("'322~

1).flU 111; ~ I,' ; I; ;00 ~.23 S.OO
",,\,) ,.. ,,,

YI~ y ...... ~fl ~u

,:;'1 ~:; ~I ~' ( ·unl. (""n: (·l.nl

:\ X X :\ X :\ X

Tu:u .- !1ol.\.\PUarl: i.J.ll.'l:.." P.\. :'":lnl 1!lU"!l·;""".

A"r .j, : i\-rnli;;('! R,·\·('cJ.r(i:rr f ',i/lf

B'I\\ ; .. w ':"':": B.l\' :"""'11: ko" 1..... ,;\ J:k.... 'm
,"anl .. h. \ ani .. ;,. Epldl" Yot.ni .... h.

\1 ."'11 \1 SO :-;.-......
0, ,?i.IO 11"'"' 1;11

11 1(; , 'h ~.13 :--'J{.
'\:'1 :\:'1 \ I· ... ~ll,0 .:.., ("ollL ( ·"nt.

:\ X X :\

-

tIlL" A,·f),,·ol.,.· ~IJ(! kJr"I:,.f, !1.I,ll1~:I]U fadd-of·"il"""·. ""'CIT

pl.l{(·d ~,..I a "r~ltlqll.lr·. 1,1.1111.rnl !q OI)1.lin nll·,'''IIl"l·nH·(Jb.

J hl' rull I)f !lll'~' ..lIip....... .1 ... ~1I1~u_il'lllh ...nt.dl Ill.n ill( !'lolill

fcTn:lincd III I!!C !>:III<'Ji,)I1H::n· .... tH"ld 01 \Il' ..... ill ..pill'

,,! ...hip roll. ()1l rill' U,·\f·/,'JIIlri. ;111 ~tdJII"'tI.dJJr· i1II}ltd

nllJ~lll1 "";1') lJ-.(:d Iq m.lllllall~ dln=c...t III(' .p~r!lclj.-'nlC:t(·'·

I.j twld-l",f.\it·'\\,j a[ !lIt: "'UII_ ()II rill" C,'.'Ir". !'\rh~·ljl)rn(,:t("t

I~"', ~)';j7'".:J ..... ;J ... g,inlh:;lt-Jf,1l S \1l~1I": ()Il Pll\II'Il..,d.• ~,.

"i..li')II.,r~ or !J;llld heJd fill".I'.J(clIIl"llh , (, lC .1I!("lIljJln!.

I he"oC ;.u"mpt-. ...lit} IllJt prl»(!IH(' .....,II ... I.IC·II'... d_I!'I. ;.11ld

111f'~ :11 c IH)( rt·POfH·d here.

P~r~('ljml'l('ro~ "Trt: 1I~·d to nU'o";ln' Ill{" 110:. r.uli •.uioll

rronl ...1...\ .Hld <...101 It 1:-.. illlid(-III 011 .J hlJoriLqll!;J! ...llrrall·.

()llh l,",'t) IHrg:f·onwt(·r, \'1:(0'(' pn·'t·1I1 dllriIlM: 111(" (.I~J.

"11(' 011 lilt" /{,o"'fnrhn ;'11<1 0)1Il" "II tll(o A,,.nhd. ·llte'l'

in ...rrllnwllI ... ~:l'n.0 (ornp~lr('d (jlll~ OIH!" 101 ,I !-'t-riIJd 01

rl,Uf IIOll,... aile! Ij nlill 011 .1a(0 lIi:.:,ht of '-,-'i \ugU"l 1~1';:1

0/1 lI't· I.." ...' f.r !ll(' A·"o'JI:rl. III(" ~'::,,(lr, .11(' d(,·"\o( rillC"l! ill
t

Tabk .;.
'J he iJ]'lf~lmt.'llt on t1w A:n-"I.:.rl W.J ... ;Pl :\I1,!:;",rrc'jm com·

pCIJ~Tion p~rg(-()m("tl·r ~:-. d("\.T]Opt·d (,\ .'-n~rijm (I~H(·).:

;lI1d d""<riIJcd I" :he r.omllr ~p,.(/(/l tit: f.olnr".,. (;co·

jJh}'\I'lI'" lrr't"nu;,'!'('Hlfll,- (1 ~';j~). -rhe ilJ ....trument. on Ih<..'

J<",<l'"rchcr .... , an Eppley p~T!;eOmelL7 ""hi,h employ.,
a KRS·5 herni'phere wilh inl<""I"rerenLC fillcr 011 j" inll('T
.,lIrI,,(C (EppJr-y L"I>. I"Ii I). The compo_ire lrall,mi"ioll
of rhe py'rgeometer hemispheric ,,·indo... j_ 4-:;0 ,.ro.

3

3. Pyranometet' comparison

\fea"'iUrrmelih "'ir!l p~'Talloml'I('r~ ""·erc.: ul,r:Jincd UlJr

ill~ rhe pc:ril)(.! ::?-IO .'u~lI~r 19;~~. 1 he rc...... uIrill;.; hOIl1::

aud d~lily jlltq:~-"":Jll'd rac!j;Jlioli ,,~11It:... for lJolh lJpL4.C.ill~

and dOWIILI( ill~ pyr:JnomC:ler~ W':'P'" C""\.chdllJ;'t'J at ~:1

F,e.. L Ins,all..tion on lh<: bow of th<: E.. XTaUtLl of an
Epple)' r-todd 2) pynnometer and Yanish<:vsk~ (Mockl M.80)
pyranomcl<:r on id=tial gimbal mounts. Mr. £... I. Druzbinin
of lhe Main Geophysical Observatory. Leningrad, U.'i.'i.R.•
...ho was Tesponsible for the instal1:ltion is shown in the
photo.
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From Ih;, inform.lion. il i, d".r lhal rC/i.ndle-ss "f
"'h"rJl<:'I' Ihe <bt;. from ollh Phase I and III "re u""d
or ...her/>er .11 Ihr.... Ph"St"S are illuu.!'-u. [II.. sam" rela·
li"e:- response or ..aell ""n,;or i, 01>1. ined. The I"rg.."r d("·
1"'r1urt->. from Ih...H·rag" of all ,,<"n'Vr, 'lrt" by p\I'anom·
e-rt"J' Xo. 43 on th., hOTlov (-"-I::.,,";,) and pyr"nomcter
:'1:0. ~ on Ihe:- Arr-nkr-I (-10.7~·;,); .nd Ihe differ..nc.. u...
I"'ern r!l~ 1"'0 sen!iOr, is ~3',·;. The other (our pyranom·
t'tn-~ present In [ht" inlercn.mpari~n are wiulin ::!-4.(.'~ of
[he a"er.ogc' o( .11 sensors.

Sul",..-quenl 10 lhe Iidd comp"ri n. G"Jindo (:\/(""ico)
has ..dvised. t!Iilt [he r.di.. :ion " lues (or p\Tallomc-rer
:'I:n. 6H3:?24 should he inere.sed I)'V 5~: duc '0 d I''''"rd-

FIr.. 2..""~'ll.. hourI-' p"ra1lOlJlt"lcr "alues durin!!: Pha""" r
,00 nr. The d:ua indiole I~ ",id<'S[ ..nll\: of pyr::u,olDelcr
responocs. Da'" from other pynnomrlers nol included h..rc
(for corn;cniaICr of jJluslr-..Lion) :ilrc IP"C11 in T.bk 6.

Fie. 3. Avera«.e daily ~"1'2nometer values. indiating the
widesl range of ~11OIIIdC~

KnsJuJ. R~ Cribr C~

MXI-ship Boa- Br~ Brid"r
\'aais.b. F..ppk-J.· YatW;h. Y;;Ll1i>.b.
-'~T-SO ''JP

24, 1194b ;97 5-05.'15

6.32 5.6.2 590 6.69
Xo y.." :'1:0 :"0

--------

4

4.965

TASU 4. PyrbeIioaoetrrs.

6.35
;'1;0

Mid....bip
YUlisb.
.-'\T·SO
(J(>j2

2.22

Krerrkd

Angstrom
6

TABLE 5. Pyrgeomn.,,-,;.

I. Ship name
2. Sensor

a. Type
b. Identification ~.
c, .'\sswl' eel 5t:IlSiliVicy

for data processing
(mV ca.I .... em' minI)

1. Sbip_
2. Sa:mor

a. POIIitioG 011 ship
b. T.~ aod JDOdoeI

c. I<IcDtiIOcatioa.~.

d.. .-\:;o;wne<I ~Livity i... data
p<'O<-~ I.n\' ,,",,'1 em ~ min I)

r. Trmp. com..,.,usation

and scn'~ 4IS d"" Ihj-".. [ur lhi,. r"porL The <tal" ... ill ~
published b~ H"n,<>11 (19';-1).

a. Ti7J1J1!! av~agt!s

In ordc:r [0 eomp;u-e elM" p~rallVlDd.~s on <b," "'hen
I~ ship" ...torr in d~ IOGH;on (Ph"ses I .lId HI). Ihe
d;.ol;l [0(' 2. 3. 4. S. 6. ""d 9 .-\ugu~ hOI"e bn:n ",.".age<l.
.-\ugust 10lh ....5 nO( u-ed ;n Ill<. 01"("1'''''' UeQu>e Ihe
l..'r'b<! "'as nol pr~nl 011 th'l[ d;.ole. During Ihi,. a"er"g,
ing po-riod eonunuous m.ril".,.r~enIS 011''' a,,,i1,,h1,, [rom
a.U ~anOlDC't("l"S <:X£rpt :'1:...... ::I19'.! i1nd 171 I on Ihe ('rib.,.
Foe rhi~ r~.. !tl).fl (ht"~ 1"0 !'Jen...)r-~ are IIO( iududni in d~

Ph-.se 1 .nd JJ I aUT.",.
Hourly sol,"" riidialiOQ aver"grs "'C.Te GlIc"I"I"d for

"aeh St:nsor [or the Ph.se ! and III period. 'J he rt-..ulls
"re gi ...,n in Tai.>k 6. Plouo=<i in Fig. 2 are hourl~ radia,
rion vaJues [Tom four of the sensors "'hich include Ihe
upper .Dd 1o...t"J' .....nge 01 mc.-asurnnelll:>. Jo'rom Fig. :! il
;5 dear Ihal there exi",s sy'>lem.alic differ"n<:es bcr",c.-en
sc:nsor-s and I~ differ~<:es .re eon"'>lenl from I,our lu
hour.

The aVc:r'ilgr dilily rildi"lion mGl",-,remenl from eacll
upLacing pyranornerer .and for ~a.ch d..ay during Ihe
period 2-9 .-\Ug-.lSl 19';3 is plOlled .5 a time series in
Fig. ~. -'''goo;''. il is .ppiirenl tlut IhE "jgni6airt differ·
~lU:es between I~ sen...,." .r~ mainl.aincd from d;.oy 10

d;.oy. In Fig. 3 ;1 can be:~ Ihal the sampling error due
10 spat;aJ separa~ion of Ihe ~nsors i~ :>Ufficienlly sm.all
(even in Ph.se II) Ih.al lhe systemalic differences b<-l",,,,,n
!MlSOr" measuremcn~ are not obscured.

nnaJly. rhe data have been ;;"ic:-r.~ for Phase I .nd
III .nd for Phase 1. II • • nd III to determine a single
avenge d;.oily radiation v.aloe for e:ach ;nsudt1lent dur,
ing both of these two lime periods. ,:he resuhing a"cr­
:ilgr5 arc silo..')) in Fig. 4 as avcrage irradi.nce values and
in T.able '; .5 the ralio of Ihe individual seftSOl' response
[ollIe average of .11 sensors.
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Ship \~ EI\. 'K "'K EK RES RF.~ \T \"1" F.K
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~ ~ 9 10

---- -----
Q 2.:- ~ (J '.1 II 7lJ I t~; \.-11 I ().jX II ](l 1.;0 0.20

ill !..;. !s ~ :"\3 jIJ,fl.! 11' Il' II.!MI J I"'; I2A2 12 10
II .' ; .;.:""1 .i ,::...; .!'tJ3U 31.0:; :q·.l.~ 2,."\;": 31.>'0 31.4.."1
1~ " ()~ ~ "",;, ~. III "'J " .s~."'.;; -I...; 2.~::; :;4 til :;l.43
13 ....lj ,.... ; ,,,-,,2 -+.2~ (J; -I., ; I ~J 7''':;.;3 ) ..;;5 TO.23 ;Z.;O
14 (J~ ;,...; ~ "'2 ~ 2,"' ;-;.1)2 ,'-:;-.-I~ 9"1 <J;' 1.(,.~ S3.2; IllU5

1" III" ;11 .;. 12 4 ~; SO.;oO ,~f) (J<oJ., t.17A2 2.(.": lJU,tJ:" ~Ht 9137
II> 11 4.0; ~ ...." ~ ....3 SI.tl>l ,I><:I) ()2 (;~ I" 2.(~ ~~.(J~ indudc.-<J \l5.I~."
1~ (J2 72 ; :-2 4-.32 ~~.K; ,....0_7."0; X,1ol 13 2.•"'" s5¥1 ~;.';7

1.' 0,;2.13 .'; (.; ~.2~ 6.:'.,::'0 ; 1 0" ;.::i.1"Jo: ~_IJ:'i ;~ 12 ;7.+;
I" r).' 'HI .~."n -t.I."l. 50.1.> .....~ .~ ." .::. ~ 1; 1.4.~ $1..~,1.\ ~9.,lo;;

~ll "1.33 ~ '" ~ . ..;..., .12 ()2 3 ~ tJ7 3~.1,~ u; 33,(),'; 40.;~

cl jlJ 0; 2 7~ 3. ,., 13.;;- J2.';'''' 1';' 1.' 112 14.;l<S 1~.Z7

." 1)3 u (,I~ 112 1 52 ~I.:OO; :- L.l2 II 10 I 3() 2.33
11,1:',.

"' v '-:-;I:':~' '. I; , 0:- :'.2:- ';.:;,3S -1.'.\15 51.."0 LS; ,+1'.3,"':: 52.20

-----

Fit:. 4. Indi,·idual pyranomet<"T nl'T.l~~ rOl' lwo .lilferent
.;}u'r;lJ,:,inl:' p,"riod... f)urill~ Pha"'<.~ I and III the: !'o.hips """cre­

scp.:.r"lal br onl~ " few kiloll'l"lers. but during Ph...", II "'ere
Separalcd by "PP,oxim"tel~' 100 km.

4. Pyrheliometer comparis.:;::t

:l.re~surcm"nl' ..ilh pyrhdiom"l"" ..·.,re ol>l'lined on
each da~· during the period :2-10 .\u;;ust 19i3. :"ot all

,hi?~ OhlJincd me~suremenlS eJch eLy. hut a sufficient

1~.__. ~ _~.'.'_"_'"'i __ .,_~, _
;~ ... ''0''_-

'-O~ __; =:'::-'.~'::.:::P:".~,.='

~~_ ••_' __ ~1_1,
""f

"'-Y. :.: =
(~ ....._ , 2-9, lti7!U

"'- '--"'-'.'-­-_._'_"';'loOO"._

_"'':J~ :_=
._._.0I0lI ~OIII~ ;>.~,. ~,liJ"""''1.

III r·v:dll.I'{ill~ the d.n:I, it ","':1'; nOTe-c) th:Jl lht" Y~Hlj~h('\'­

,k~' \1 )ro.l) pyr:lnometcT appC':ITt"cI to give rel.Jri'·d~ hjghl':~

".IIlIc~ dl.Jn ,he Eppley 'rrlde:l .2 at low "'un dt:V;llioll

J r.~Jc~ and the oppo~jte for br~~ ",un ell-\ :.Irion angle.....

'!"o (llJallrir~ {hi". (ne hourly d..lta of three' Y~ni~lC'\'~k~'

p'r:mum"'ers (:"0'. 1:>. :2. 'md j373) 'mel l'A·" Fpl'k'·
p"'.:IIlO'm(·(tTS (:'\"0"'_ II:J:'I9 :Ind 12159) \I.'l-re ;J\"C'ra~ecl for

[h~· !X'riod ~-9 .\L1g-t1~ l~j73. Tht.: re-~lIlrs in Fi~, :) ~h()",'

Ih(O rKf¥Hl"t(· of ea(h of lhe.....e two in~uunlclH types reI,I'

I;\(' rn rhe :J\:('r:.age of :tJl instruments. and in Fi;::r- ti thl:'
LI4.Ii•.J(jo!": differeoc{"'S are ~hown_ From these """0 figures it

'I'f"'"'' tll:!l lh~-re "re rel"l;w'!y high pereenlage differ­
t:n((~ I*[,\,\:cen th('o;;,c £\,-0 in,rrum('nt tYlx'S at low sun

clt'\';uion ~ng]c~. :.tJrholigh lht' cnrrgy ,JifTtTences ;,.­
lil,''oC In);"les is less ,h"n 4 m\\' em".

IrJ~ ('rrllr \\-!lith '.-CfS dClt'Ge<! .lflC.:f till' ~"xp(:rjm('nt. "I hi:'lo
"ll.~,:..:(·q ('f! (orn.'( tion !I.I~ nor ]XTJI ;Ipplit"d in du:~ prC'!'tCnt

n'porr IJut ,h'Il.ILl I~ .on... idt"n·ci :'pplit.... IJIt:' In any future

U"o(: of [hi .... t:(impJri~),1.

.h·.-r;.IJo:ina.: I..-dod .o\\.'il!r..l.&ina P"!'I"iod
""7 4• ..+. S. 'I. il,ntl ., .\u,,:u,,:, IV;3: 2-9 _·\U.l:.U~ IQJJ

,I. "'·'Iru!.tr...·
". 1\rOlkrl
k,sI"/U'ch,.r
l'. I-ri~

IC. Krmkrl
r:. K"..krJ

.:+3
33;3

1215'1
(JlU1l4

11539
2

ItoW bQom
I.IOW honm
tJlIW IJIOOm

"rid/-'"
I",w

1".)\\"

Yanisnt'\.'.
'·anis.he"'.
F.",,19·
M.G.
Eppley
Yanishe".

1.~25

1.027
1.019
0.972
0_963
0.893

l.llO
].OZI
LOZ~

0.981
U.961
0.891

5
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TI\B LF. ,,_ Comparison of pyrhdiomctcrs.
====

A .. K orrJtIt' Yanish",'. (>6,;2 76 O.9'J3
J'. Arenke! \"anishe\;. Z~, 1.000
ResC47'Ju, Epple~' 119-16 63 0.983
v. L'ribe Yanishe". ~58.5 9 1.002

FIG. :i. ReLar.ive:' rcspon~ of a ~.()up of Y.ani,hr-.sk"
pyranornet"Ts /:"05, 43, 2. ami 5~,~) allo a pair o[ Eppk~'
pyral1t>m~"r.; (:"os. 11'.39 and 12159) &<.11';111': the period 2-!1
.~ugust 1973. ~ho\\"in:fl the \':arialion in Je--;pon~ due La ~lIn

d"n,ion an!tlt!,
In c(tnlpar"il1~ p~rl,(~li()mt'"Il"1" m(:a"tllremc.:nl ... IX:I~·(·l·1I

Iwn ....hip,. il w;;~ found That Ih(· ;"er:I~(~ '1;lJlCbrd <1c..·.. i.A­

lion of the two me:....uremellf', ","';I:'t Irom 1.3 to 2.11 m"­

em -:::. since the t:rrnr in ~tnlp]il1~ i .... probO::lbl~ f<lndom"

Ihe 1.5-2.0 m'V em-> uncertainry as.'lOCiated "'ith ;a single
(unJp;uiv-'n "'ill decrl"a~ (by I II n) ;" the lluolLer 01

""mples is jllcreased. Thus, the unc('T':ointy associated
,,·jth Ihe comp"ri""n of pyrhdiomell'rs on lhe Aorolo.'
:Jnd K"e,,/u'/ (in "'hich ,6 sjmultaneous meaSUTl'mem_
;Ire """Ilable) is prohably a),out o.~ m\\' em" or n('ar
O.4~·; of the mcaS"lrel1HSH \';j!uc.

Flf:. 6_ llitfc.'IM1('(" in r~jdi.uion mC:J:surro h\" lh~ p\"I":anORW'ler

gTOII~ of Fi~. 5.

5. PyrgeometeT comparison

.\ comparison of ''''0 p~TgeometeTs "'as C1rri(·d out on
the Ku"l:d from 0200-11615 G:'-IT. 6 August I~":;. The
p~Tg('omer{"r l~·p<"S and their sensitivities are gi\'cn in

T;able5.
:\ rota] of 35 ~imlJlr:lneous p~Tgenmel'-'"T meaCr\uremcn[li)

were ohtained. The cloudiness ":Jried (rom I/Ill to 4/10
cumulus durin~ (he <..omp~rj~n. .and Ihe temlx-rat~Jrc of

dlt' r;ldi;ltin::;: 'iurf~("e of the .r\ngslrum p~.. r;;;cometer varied
from ~fj.0-~6,9C. The measurt-ments wer" exc!t:lIIg"d :II

!oC:J "nd "'ill he puhlishl"C! by Hanson (1974).
The ;a\"cr~ge "tmosphcric do....nward IR rac.liatioll was

3~.S4 m'" em" measured by the Arf"nf,rl p~'TgeometeT

;lIId ·W.::>; m\\' cm-' me:lsured b~' the Re.,eflrcl":T p~Tgeom·

('Ier; Ihe an.,.ages diff....,. 0.54 m\\' em" or 1.3';~.

6. lmpli::ations about radiation sensor comparisons
duri1Jg the GATE rnGin field experiment

One of [he primary purposes of GIST w"s to Ic~TIl

about the uncCTtai'!! ies involved in intcrcomp:lrisons
at SC:l and to detlTmine the length of time required dur­
ing com[>:Jrisons in ordc'r to st3nd~rdize the instruments
[0 suitable accuraCl-'. In this sense GIST W:lS undcnak.en
to le;arn how to conduct comp:lrisons during the main
field ph"scs of Ihe GATE-

As indicaled in ule fiTSt section of this report. differ­
ences 1.Jen,.·cen Jryranomctel's in comp:lrisons at sea {in
....hich instruments are separated by a few kilometers)

6

="uml~ I ~'n~r
.....ml ...·~ r·-"'IOC,lIl'4.:

... imul- rrl.6ill"·C'
lant"'(ltJ:- I tu K~"'IJ.·rJ

wll h I\.,,,,,J,,,£ I Jl~ :-hdlonWll'!""

~1I'·.or
_fl.u
='0_

~hip

n umlKT "'"ere: ()l)[~ i nrtl duri ng t hl: 1X.~iod to pro'ide d

u~ful compari~n. \lea~lIremenh "-ere l)IHainoo once
e;ach 30 min wh...n cloud conditions allo,,·("<I. The p\Theli·
omctt'T medsurerT1ents were <..,.,;ch;llI::;ed ;It sc'a ;.tnd ~r\c

as the basis for this report. The hasic d.ita will be pul,.
lished h;.' Hamon (19,4).

In ordl'T" tr. comp:Jre sensors, <i'la from pyrheliometcrs
on dte AOYO!Oi.J, Jl."v'flTrJlt'T~ and C:,-ilJl'~ were compared

indi,'i~u;al1y "'i[h the I'~Theliomeleron Ihe Are"kel (:--':0.
24,) uy considering only [hose cases in which simultane·
ous measurements ...·eTe obl:oint'd, .\s indic:oted in T:lble
R, [here were ,6 simultaneou, me;,~urements "etween
the KfYrolov and Al'e"krl, 1)3 Uet ..... t·en Ihe ne.,rarcl,er and
Arenkel, and 9 belween lhc ("'jhr ;,nd Kunkel. .-\bo
given in T:Jhle 8 are the r""ponscs of indi\"idu,,1 p~Thelt.

ometers, ,III rd:Jti,'c [0 p~'rhdiomeler :\0. :.. '7 on the
J,.'rer/kef. The results sho..... that all [our p~Thd".71ete,..

arc "'jlhin 2'.';, and that three o( the four arc ";Ihin I'.'.,.
"1 he pyrheliomclcr 011 Lhc R,".V""rrJU"l- ha' IT;ICC;lbilily

10 Ihe International 1·~r1,eli"r.'l"lrkSeal<:. I~):;I;, as do the
pyrhdiomcleT> on the A"IOI"" allll K,en/;eI; Ihl."., Ihree
instruments differ :It most by 1.7";,. The pyThdiometc'T"
on the l:rilJe (:--':0. :;,1:;:'15) W;IS cali"r;ll"d ,,[ sea ag,ins[
YanishC"sky control pyrhdi"mt'ler :--':0. 209 on hO:Jrc.l
the Kre"kd. This accounts for Ihe dose ;':;recment
(T:lble ~) Ix'(\..."en p~hdiomelers 011 the Kren/;eI and
Uri&e.



an be a=ibuted to three SOUF..es: I) absolute c.liL.ra­
tiOil l~'d and n-!>pOIl~ d'araeterislics of sen,;or,,; :!)
sampling errors due to spatial St"par.. tion of sensors; and
:S) r~Cing systems and dau in!'"l;l"aljon lIl<:"tho<!s.

In the first Glse, the error in in>O"ument response Is
lDdinI~' ';'Slematic but to a """,11 extent could I.., random.
if. for example, iastrument characteristics differc-d and
therefore instrument re..ponse ...·0111<1 depend on cloudi­
ness ...·hich is r ..nclom. In the second case. the error in
instrument rNponse is m .. inly random beCluse of [he
r.. mlom nature of dQudincss and [he physiGlI "'par::tioll
of inSlruments b~' a (~. k.ilometers. In the d,ird os<:.

tile l"rrOr in nlt~~~urement could Uc: syMcmatic :lom
rt.'<ording errors and also random duc '" visual inLq~ra­
tion melhoos which are usuall~ employed in data pro·
cessing.

\'"ith rh("'Se l~rrnr ~UTCl"'S in mind. i[ is of inlcn..."'l t~J

c.."x.;Jmine tht., GIS-r d'H;J in ordl'T [0 <.omputt: these errOl"'"

.Jill.! the lime :!J<.-ri(·~ lIeeded. tu millinli.le rall(lom (·rr()r~

'0 a point ...here S\Slc-matic dilkn:nces Uc:t...·.."'n inslru­
ments can be re,oh cd.

The GIST p~Tanomet<-ru..w gi\en in Section 3 of Ihis
n-pon sho\\; Llu.7e wen: large s~sl<"m~tjc diff(·rcllc('s !Je­
l ....e.,n lhe measuremC'1H k\'d uf som<: pyranometl'r" The
largest sys.r:cm;.j[jc difference bet""ccn two pyrotll0l11l'ter't

was I I. is m\\' cm ' or :!3<:~, of the daily int("gl",nc:cl ,ular
r ...di ... tion. HOWl"\CT. for the other lour p~r;Jn()mct(;'r~.

djff<.'rellcC's tx--n~:c('n ~II...ors ~re Jt"s~ than tit';, dnd tor

..orne sensor piliT:"I \,,·crc le....s than ~(';. ~r!lt" IS~dG h:l~

a-,leu Ih"t pyr"n<.fI1eters ill G,\TE he ,'."'J....-dizecl 10

""ithi" .:i~~ (Kraus, I !:I';"3).

.... s prC\'iou~y' indicated. tIle randum differences be­

[...·cen ,.,n-.ors is due to t ...o s()urc~: I) spatial sampling,

and :!) \'isual integration. \,'e han~ e\aluated the !>Um o(

,hese tWO sOllrces as a (unction of Ihe tim., period mer

....hkh Il'e dala arc inl~aled. 1 he cun'e ,11O... n III

Fig, 7 represcllts sensor departure frum the ,,"erage o!

~Jl :3IC1I~)rs ... fu.'r ;t ""}~tL"'matic.. dillt:rcltcc Lonl}J'oll('IH !t;,t')

1J<."<'·il rt'mo\cd. It is dear that for longer iJller;T'llillg lilllC

pc:riexh the sellsor dc:p"nure (Ir"m lh" "\c:r";,;e ul all

S(.·ulJOr!'l) "'ill dl'cr<.:';.a~ cl~IC lu tile r:'.lIdon1 nalur<: 01

doudiJIl"':ot, .lIal "-;'),1.1;11 i.tt(..b....;,Hioli crr()r~,

..............
......... _- ...

OL.:,':..:'.----;~':"'::-----~I:-_---Z!:"'"~'~.~~6!""'...
OOTS

f·JC.. i. ~1.urc of p~ldIlOl.lK...Cl- :!lCII!lCU due Lo randufU
('r1or~ in mCa..M.tr("'1DCIiL -rime inclic.alcs rhe period U\(.... whid.
tile <!.au are iategTated.

7

..

O~~-';"~~~~"';::::::-:-"::2;:~~~~.:;;;~ ..~J
...,.

FI(~. x_ IlcJXtrlur~ of P~I:J'IOIJ1c.·l(''I" §("I1!'l1ltr due 10 T:lndum
L·l TOrs of (I, .!'op..Li.al ~mpliu~ and I:?) dar..... inl~.alion. Time
inc!ic;iln t~ pt:ri~ ·.:.\('r "haL-1i LII<: d .. u inc averaged.

By u_ing the d"ta from ,I,,: K,.,."hd on ",hid~ three
p~r.. nom __·tcr:"l '~,Tlt: located, we h;l\e ["",,;.IU;Hc:d [be c..-rror

due (0 \'i"u~l inte~r:ltion ;.11011(', In thi~ W;J~ it " .... ~ po......i­
hie 10 ..... p;or;ole [he 10lal r.IIJJom C-ITOI' (Fig. 7) into Ihc­
tWO comp()IIt.'I·I~ 3S ~ho~:11 jll Fi~. S, ~1I;d [0 ex.amille ho""

lhoey \'a:-.ied ;IS i:I fUIl<."tioll uf illll"gTariuli time.

OJ he inform~d()11 in .'ii!.- S i!) useful in il1u~tr"lino

Ihc..~ n:Ialion:,.hip bc:lWCCIl tile a<.c.lIracy rc-quireJ [0( ....

G.\-l"E measun:nl(:"lt[S (,Y,,~) .and the r;,lId()m c..-rror~ 01

'pati;d :,amplillg: ;lIU{ d:ll~ iI11(-gr~ltion; it ."ho sho''':s ho"·
Ihi, rd:Hionship depend, <>n the p~'ri,x1 of jntegr-.. tion.
F"r example. if rile !eng-III o( 'he intcrcumparisOn "'ere
o"I~' olle hour. it is c",'idem Irom J:jg. ~ th"t the de·
parlure of a ... il1g'lc pyr;lIloml"tl."r from the il\c..·ragc o[ ;111

p~r;1110mc-·l(,T~ i:ot Iitt..'I~' 10 he IIC:lr t)(,'~ due 10 the randunl
errur "if HI H_l"S. -] hi~ i'l ],argc..'r Ihan tlie: ."cc.uracy n.:quile-·

mc-IH specified by IS\IG and. of course, ....ould not pro­
\'ide an ade-quate basis for standardizing p~Tanometers.

Clearly, i[ i, mo,[ desirable to use a lo:ng integr.Jtion
period 10 minimi/£ the random p"n of the measurement
c.lifferences.

'I he pn'sCnt IS\IG ,,1.11I sll~e_l> tl,," thre,,-<Ly imer­
Lomp:.triwils ""ill be cOl1du<.tt."d. at !JC.I dUTing the m;Jili

lield ph~5(."s ""ilh "ppro"imalely the ""me _hip ,pacillg a,
ill Cls·r. i-he l·!'t[inl~t<.~ in Fig. l'; sugge~t th;Jt if tht.:

I'\'ranomc:'er dOlt" OIre inlegraled for a thrcc4y period.
the 1IIlcc:n.ailll~ ill in<..1i\.'ic...lu~1 ~'I1 ..... )r nlC:lSUrcmcllt due to

random sourcc.,; ""ill he "hout u.~e·;,. ul ....hid, about ~.':l

is due: to \'i~u.aI iUle'gT.<Jtioll (TrOT ;,tnd 1,.:~ is due to ~1);Jli:,d

s,.mpling error. Jf [""0 sen""rs are com 1''' red. the lIncn·
t~inty clue to random ~)UI-<.t..~ "'·ould double. ;.e,moullting­

to nearly I.6~~. Tllis means th"t in such cumpa-risons sys­
leTl1;Jeic difft.·Tt·lln~", het"'t'ell ill ...trl1nl'l-~llh t.- ..HI [a: rt.-"ITlo\.'cd

wil h a rcs:du:1I 1I11«·rtailll~ 01 l.tjl:;,_ "I his i~ well ,,·ithill

tile ':;f:; ,i.ICClIr:I(: J"t"(luirl'u IJ~ IS\IL lor p~r:JJlOnlclL'r

measuremellls ill (;,\'1"£.

"'hether these GIST results art: re:,liLed in the G.\TE
inlercomparisons ... ill depend on ...·!lether doud condi•
tions and intcgration methods in GIST are duplicated.
Certainly. emphasis in pre-G.-\TE training should be
placed on optimiLing integralion methods through the
use of electrical. mechanical, or computer intC1,'1'alion. JIl
tIle t:.5., pre-GA.TE planning and training is stressing tlte



_.

nttd for computer integration of w Ddi....;oa ~wre­
nk"nlS in order to elimjna[C' [h~ \:i~l integration error.

Compari..on of p\TlwliomettTS in G.-.T£ im.....com·

l'ari!>Ons i. not \I"('I~ to pt"nl"nt a prohlem DeO u>e lhe
in~rumC'nl \ K-\\.·s onl~' a 5-1';" fic."ld,,[-\ ae-0

" and meO:t'!tUT("­
m('nt~ an: not uhf.Jined ~h(:11 (Ioud:!t .Jre prl~~·ul IJe(~-t:'t:1I

th(.'" "",un diU..! ill ... trunleur. J hu~. diC sp.... li.:.a! ;:""ffiplirlg ~rrul

lur pyrh~honJt:'ter comp.lI-isol. ~'iU n',ulr onl\' fro-m hOI-i­

r.onf.:l) inhomc~t·lIt·i,i(."'~ in ~lln()"pheric tr.ul:'I.niu;,tlu l" ill

:lrt.'dS tx'twet:n the doud ... , 'Iud tr.i~ error i~ Ijl,;.eJ~ to Ix:

<Jui:(" ~:lll. ]n ~udiljun. IJu'rt:" J!'o lIu I1l"ed for lime: illfl"­

.~1;.Hjon '-:illl p~rlwli{)mc-rl."r nlC:"iJ.,uu"nn'lIh..\~ d.i~II...·,.t.'d
In ~ttion -1. il j, lilt'J~ that .a ~rJ;:;Jt:' ...imuH~n\.·ou" rued­

"'''Tenn.'ln !J~ t" f) IJ~ r! 1(~1 iUIIKlcr'"'l "II -.t"[~lr;jte ~h i p'" \\:iJl
h~I'l." ,,'11 UII(..-rt.lillr~ o( I 5-~_o m\'\' tn.:- or db.... 1I1 ~-·1· (.
(oil tile mC;l'"lIrl'merl{ \.dUl'. Ho"'(·\t'r_ [hj~ uf1ct:n;Jilll~ ,",'JJ!

dCt.rt:.I"I(' dO; [lie: Ilumhl'r 01 nl(.'~I~llremt.·Jlts i ... in(xt.-;t.,..·d.

Je. for c,,-:.nlplt-. If; ... inlllh&tll<.·ou"t m(-;I~Url'n1('IIT" ~IT ob·

t;lilled durin;:; 111(: 3-d.1~ illlt,,.<..ompfJ. J~'II,," 11K ulJ<.t:r·

t.jillt~ ~-ill IJIC n ..du<'l-d 10 :r'~ or I........... III tile.: l'.S,. piC­

e,.'·) E training i~ ... pc<..if~ill~ rill' 1It.·(·d jf,r at 1<.:.1~1 till"

8

Dumber of JDeasw-etDeIHS during e:och of the G ..\ TE
int~comp.;tri~s..

Alll'l'trnm. 1\.., 1!I05: l'cI,.,. die .'\Il""nKIunlt d .....lc-kri-eheR
Komp""",tionlDethodc JUl' B<-.Iimmung der Il4l<:hlicheu

.\us.-rr",hlunJ;. ~O\'" \<'La ""C. Xi, l''''''I.. 'Wr. 4, J. So. 2.

C.um I Ic:' 'pn:ial de I'Annt,."C Geophy~uc Inlc..ToOilltionalr

(C'_~<"I~ "'ioub Coramis.""ion for Radiation InSlTuctions of the
R:Jdi;,uion (..ommiN'lJon of 1:\\1. l~"~: Annau af rh~ 1n.leT­

"tJlw~J (~#"U'P""J~/~Ql }'#"Qr~ JJl.."u;amOII Plt'~" Londcm, \01.:',

pp. ~:l"-lI(J.
F.ppl(~y L.. IJ()la'o!~. Ioc_, 1~'71: Inotll-umenuliol1 for lh~ ~­

~urcmc-nt of LOrrJpollt"n(~ of ~()I.r ;J.nd 1(~rr(·"""l'i:.l1 rad i.a I ion.

,'I"npubli,h<'d document of 'he F.ppl<-~. LoIJOlalO'~·. ~c""

1'011. R.L. ~I pp.)
lf~n"'o(')II. K_. I~'';..J.: R ..uli;llioll .... ·11:'14'1 <:()mp.rtri-..nlb J)urin~ the

<"AT.~ Intcrll.nionaJ ""'c,:a l,i,;,:I!'o lei"'''! l. 'ubmilh:d tor pub~

Ii<alio.. as a Technic",1 R"port of ~.RL:~O.\.\. Boulder.
Colo,

K.au ..... H_. J~'73: I-h." R.adi.i.lllUII ""UhpIUlo:,l:..trlln1C fur .llt:
G.\TE._ (..-\-rF.. kC'pOll ::\'0. -1, 1IIll."Ilialiullal xwu[j'ic ,,-:
";JII;J~l·mc.·nl (~I(JOiIP for (..\ 11::. h:: pp_. _'ppc.."JI(!ixcs.
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P'YRCECMETER DATA August 6, 19n

Ship lCRENKEL RESEAROIER

Sensor no. 6 11540

t.~ '! L~

2 (OC) 2(_/em ) (mw/cm )

0200 39.8 26.6 40.3
0205 39 .6 26.7 40.1
0210 39.8 26.7 40.1
0215 39.9 26.5 40.4
0220 40.6 26.4 41.2
0225 39.9 26.4 40.5
0230 39.9 26.4 40.2
0235 40.1 26.4 40.6
0240 39.9 26.4 40.4
0245 39.8 26.2 40.4
02SO 39.9 26.3 40.2
0255 39.9 26.2 40.5
0300 39.9 26.3 40.6
0305 40.2 26.5 40.8
0310 40.0 26.8 40.3
0315 40.3 26.9 41.1
0320 40.4 26.5 41.1
0325 40.3 26.6 40.7
0330 40.8 26.5 41.5
0500 39.2 26.2 40.0
0505 39.4 26.4 40.0
OSlO 39.0 26.1 39.9
0515 38.9 26.2 39.8
0520 39.3 26.4 40.0
0525 39.6 26.3 39.9
0530 39.6 26.0 40.3
0535 39.7 26.0 40.5
0540 40.0 26.2 40.4
0545 39.9 26.2 40.4
0550 39.8 26.2 40.1
0555 39.8 26.2 40.1
0600 39.4 26.0 40.1
0605 39.9 26.3 40.3
0610 39.7 26.1 40.1
0615 40.1 26.2 40.5
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