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Preface

This reporv, on the results of the comparison of radiation sensors at
sea during the GATE International Sea Trials (GIST), is based primarily on
data which were exchanged at sea by smail-boar operation. Similar data weze
received on the other three participating ships. A small amouct of these
data (about 1 day) was received from Mexico and the U.S.S.R. following the
GIST.

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

the Awerican Metecrological Society to make the information available before

the GATE. Because that journzl usually does not publish the rather ex-—
tensive tabular data on which the article was based, we are combining the

reprint article with the tables of data as appendices in this publicatiom.
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Rodiation Sensor Comparisons During the GATE International Sea Trials (GIST)*

Kirby J. Hanson
Sea-dirlntrraction Laboatory, Atlantic Oceanografifiic and Metcorological Laboratorirs, NOAA,
Miam:, Fla. 33149

Abstroct

Radiztion sensors on two ships of the U.S.S.R., one
of Mexico, and one of the U.S. were compared during
the GATE International Sea T:.2ls (GIST), 2-10 August
1973, near 20N, 60W.

Pyranometer comparison showed that two instruments
disagreed v 2877, bur the remaining four pyranometers
disagreed by less than 6. The data z2lyo suggest the
Yanishevsky and Fpplev piwranometers have dissimilar
cosine response characterrstics which causes them to dis-
agree by 4 mW can™ or less at low sun elevation angles.
Pirheliometers on the four ships were in agreement to
within 1.77,. "J'wo pyrgcometers (ati Anstrom type and
Eppley tvpe) differed by only 1.37;.

An analvsis of the GIST dara suggests thay, if condi-
rions during the main ficdld experiment are the same as
in GIST, the threedav comparison period should be
sufficient 1o reduce random errors in pyranometer mea-
surements ta 0.8 . This will allow determination ol
svstematic piranometer crrors to well within the 597

level specified by ISMG.

1. Background

The GARP Adantic iropical Experiment (GATE) is
dirccted toward an improved understanding of the physi-
cal processes in the wropical atmosphere and ocean which

play an important role in determining the main fea-
tures of atmospheric circulation at all jatitudes. The
basis for achieving an improved understanding is the
planned acquisition of a fourdimensional data set dur-
ing the GATE, with highest densitv measurements in
the tropical castern Arlantic. Ships, aircraft, balloons,
and satellites will be wtilized as data collection platforms.
Becausc many nations are participatng with varied tvpes
of measuring instruments. it is vital rthat initercompari-
sons between measuring svstems be obtained in order to
assure irrernal] consistency of the data set.

A pre-GATE imcrcomparison between four ships of
three nations was planned by the International Sdentific
and Management Group (ISMG) for GATE and con-
ducted 1-10 Auguse 1973, ar 20N, 60W. The intercom-
parison was called the GATE International Sea Trials
(GIST). and induded the saips 4. Rorolov, USSR ;
E. Krenkel, USS.R.; Researcher, US.A.; and V. Unbe,
Mexico.

One ol the primary purposes ot the GIST was to test
the adequacy of intercomparison methods planned for
the GATE main field experiment. For example, such
questions as how does ship spatial separation affect the
coraparison of sensors, and how much time is required
10 achieve an adequate comparison, had 1o be answercd.

Tests of measuring systems included surface meteorol-
ogy, atmospheric sounding, aimospheric boundary laver,

‘:Rr-p:inu-d from Bonrron o 1HE AMirk s Mirtorot ol a sy, Voll 55 Ne. 4, April 1994, pp. 297- 304
Printed in U. 5. A
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surface ocranoprapdn, and oceanographic sourding. In
addition. radio communications, sliip posirioomg, date
exchange at w2 and intcrnatwnal coordimation were
conducied during the GIST to study the [cusibility ol
theswe operations during the intercompar isoas
planned for the GATE main field experiment—which
incluces a larger number of aips,

T he Inwernational Coordinator of the GIST was Dy,
Yuri Tarbeey ('S5 R, Nssistantg Dirccror of the ISMG.
Dr. Verner Suomi (Unnersav of Wisconsin; was Us.
visiing scientst aboard the 4. Avro’ov. LThe Chicl Mien-
tist of the Researcher was D Jumes Sparkinan. NO VAL
The Captain of the Researcher was Capran lovon
Powes, NOA L The Rudiinon subprogrammes were con.
ducted on the ships by the followmy individuals: 4.
Koroloz, Chiel Metevrologist, V'V AMelnikov: E. Rren.
kel Clnef Mecorologist. T, F. Demechbha, d spocial
radiation conscliant, E. I. Drurshinin: Rewarche:  the
author and N F. Poundexter; and 7. Csiler, 1 Galindo
and v, Muhlia,

The GIST agrecements spedibied data exdhange gt sea,
For the Radiation Subprogramme. prranomcter and
pyrheliomerer data were exdhanged duily when small
boat opefation was posible. A small amount of data
was exdringed by mail after the GIST. In this wuv a
compicie radiation datr ~er way made availuble to cach
of the four participating ships and to the ISMG. The
study reported here s bised on the rdiation data se
available from the Recarcher, Ar this writing ihere

three

has feen 1o tormal daa publication of the Radiauon
Subprogramme data. The author plans to publish the
ddta set as a Technical Report of ERL'NOAA (Hanson.
1974).

The period of GIST included three phases. as indi-
cated in Table 1. ship separation varied from 1-6 km
during Phases 1 and 11! which were plunned for inter-
mmparimnx However, during Phase 11 ships simulicted
the GATE darta scquisition mode und separarion le-
tween ships was approximarely 100 km. Although Phas
I began on [ August 1973, the beginning ol the Rudia-
ton Subprogramme was delaved until 2 August 19735,
because ol the need for discussion. stinlandization of
mcasurement schedales. and exchange of data forms.

hedule - radiation ~ubprogramme.

TarLe T GINT

J:“':n Dars ,‘ :"_::_I { ommen:~

214 7 2 Nugust 1905 T . Phase T lngine o000 GXIT
215 3 S S

216 4 S

207 | 5 S

28 6 i I ! Phase ] ends 1800 GMT
219 s ' IT ' Phaxe If begins 0000 GMT
220 ] II ' Phase IT ends 23539 GMT
221 9 III Phase 1T Ixgins 0600 GMT
22 10 o

223 11 . III i Phase ITI cnds 1600 GMT

In evaduation ol tie resulis of the €151 Radiation
Subprogramme it s necessary to comsider the narure ol
differences herween racdiation measurements. In general,
these differonces can be attributd o three causes: 1 abso-
lute calibration Jevel and response charucieristics of the
swrsors; 2, sampling errors due to the spriial separation
of the sernsors: and 3; recording svsiems and data process
ing and imegration methads, prior 1o the experiment i
wiay hoped thar randem messurement differences due 1o
spatial scparation of the mstruments and certuin data
process.ng crrors would be sufficientys small dhut uselul
information could e obtained concertning stslematic
differences due 10 absojute calibration jevel und response
chiaracieristics of the sensors. This proved 1o be the case,
and the resulis are discussed n this report. In addinon,
inlormaton is presented on the amount of tme required
for such an expernment to mitimise the random orrors
due 1o sputial separ ton of the sonsors and data process
mg 1o the extent that sustematic errors can be determined
to sufficicnt accuray 10 mect specifications lor GA'TL.

2 Description ond installatien of sensors

a_ Pyranometers

Pirunometers have a 1RQ* fcldof-view, and when
used ina Loricontal positivn facing upwird, they mea-
sure the total of the direct sun and diffuse sky compo-
nents. Thev integrate salar radiution spectrally with
approsimate uniform sensitivity from 0.3 w3 um. This
tncdudes about 497 of the solur radiation at the cartly's
surface.

The upward lacing pyranemcrer wensors on all four
ships are described in Table 2 and the downward facing
piranometers are indicated in Table 3. Included in the
test were six Yanishevsky pyrunometers, four Epgplev
prranometers. and one Moll Gorerynski tvpe pryranom-
cter. A unique [cature of the ¢omparison was the in-
stallation on the Krrnkel of a Yanishenskv R0 und
Eppley model 2 on identical gimbal platforms s parated
by approximately 1.5 m and identical  potentiometric
recording. This installation s shown in Fig I

The Loom mounted pyranometer were installed 12 m
[owrward of the how on the Korolov and Krenkel und
10 m forward on the Researcher. Pyrunometers were
gimbal mounted on the Korolor and Krenke! Dut fised
relutive 1o the ship in Gaverage) horizonl position on
the Rrsearchey and Uribe.

b Pyvlielioreters

Pirheliometers measure the component of direor ol
radiation inddent aon a surface normal 1o the sun’s ravs.
Measurements arc possible only under conditions in
which clouds are not in the field of view ol the insiru-
ment.

The pyrheliometers of the four ships are indicated in
Table 4. Mcasurements with these instruments were dis-
continuous. The planned observation frequency was 50
min: however, this veried because of dovudiness at some
observation times The Yunishevsky pyrheliomeiers, an
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thie Koroios and Rrenbel, aving a 10 fieldof view, were
placed maa statonars platlorm 1o obidin measuremenis,
Ihe rall of tose ships was suthaenty small e she san
rermained i othe pachediomeier’s field of view i spate
ol ship roll. On the Researchier - ans adjostalide topand
mount wis used 1o manaally direct the parheliometer
3 tieldofview, at the sun. On the Urhes parheliometer
INa. 345050 was gimbaled on X Vugust On provious days,
stavionary or hand hekd measarernentis vere attempied,
1 hese areempts did nest '”Hl!ll(l' satishacsay dara, and

thew e not rrlmnt-d here.
o P zeameters

Pyrgeometers were used 1o measare the IR radiation
from shy and cdouds madens on o horizonts] surface.
Only 1wo pargenmerers were present during the GIN1
ane on e Reseeneher and one on the Krenlel ' hese
imstraments were comparcel onfv e lor g perind ol
four hours and 13 min on .l might of 56 Aagust 1973
on the Low of the Krenfiel 1 Iur- wissors are desribed
Table 3. '

1 he instrument on the Krernkel was an Angstrom com-
[RENRATION PATECOMCICT U developed Dy Angstrom (1905,
and deseribed by the Comite Spreial de PAnner Ceo-
phyaque Imternationale (193%), The instrument on the
Researcher was an Fppley pyrgeometer which employs
a KRS-5 hemisphere with interference filter on it inner
surface (Eppley Lab, 1971 The composite transmission

of the pyrgeometer hemispheric window is 4-30 um.

Tavrr 2. Upward {acing prranometers.

Krenkel Aremkel Re<earcher ! ribe { ribe
Riow baoon Ham Bow haom Rridyre Br.dge
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2 2 ultsy
11530 12159 3192 OK322%
L R .17 .00 K23 .00
No Y- Ve Na Na
M 4% ant, Cont Cont
X X X X X
facing v ranometers,
nrenre! Revearcier ! rrhe
Bow oo Row huwen Baom
AEITUN Epple Yanish.
M RO B
260 11200 171
S, 815 .06
,\Ill \ U= xll
M) Cont. Cont.
X ~ X

3. Pyranometer comparison

Meisurements with pyranomcerers were obtained duor

-
]

mg the period 2-10 Aaguse 19730 The resulting o 7.
and dailv integrated rudiation vatues for bodr uplading

and downfading pyranometers wers exchanged at sea

Fic. 1

Installation on the bow of the E. Krenkel of an
Eppley (Model 2) pyranometer and Yanishevskv (Model M.80)
pyranomcicer on identical gimbal mounts. Mr. E. [. Druzhinin
of the Main Geophysical Observatory, Leningrad, USSR..
who was responsible for the installation is shown in the
photo.




1. Ship name l Korolor !
2. Semsor :
a. Position on ship Mid-ship .
b. Tvpe and mode! | Yanash. E
AT-30
¢. ldentificauon No. ! 0632
d. Assumed sensilivity for data i
provessing (mV cal ™t cm T min !) | 6.35
e. Temp. compensation No

and scrve as the bass for this report. The data will be
published by Harmou (14974).

a. Time averages

In order 1o compare the pyranumeters on davs when
the ships were in dow location (Phases 1 and 111, the
data for 2. 8. 4, 3, 6, and 9 Augus:t have been averaged.
August 10th was not used in the average Lecause the
Uribe was not present on that date. During this averag-
ing period continueus measurements are availabic {rom
all pyvranometers except Nos. 3192 and 15711 on the Uribe.
For this reason these 1wo sensors are not included in the
Phase I and 111 average.

Hourlv solar radiation averages were alculated for
each sensor for the Phase I and 11l period. The revalts
are given in Table 6. Plotterd in Fig. 2 are hourly radia-
rion values from {our of the sensors which include the
upper and lower runge ol measurements From Fig 2 it
is clear that diere cxists svstematic differences berween
stnsors and these differences are consistent from hour to
hour.

The average dailv radiation measurement from cach
upfacing pvranometer and for each day during the
period 2-9 Augase 1973 is plotted as a Ume series in
Fig. 3. Agairn, it is apparent that the sigmihcam: differ-
ences between the sensors are maintained [rom day 1o
day. In Fig. 8 it can be seem that the sampling error due
to spatial separation of the sensors is sufficienty small
(even in Phase II} that the systematic differences between
TMSOr measurements are not obscured.

rinally, the daua have been averaged for Phuse [ and
III and for Phase I, II, and III to determine 2 single
average daily radiation value for each instrament dur-
ing both of these two time periods 1he resuliing aver-
ages are shown in Fig. 4 as average irradiance valucs and
in Table 7 as the ratio of 1he individual semsor response
ta the average of all sensors,

TanLE 5. Pyrgeometers.

1. Ship name i Krenked Researcher
2. Sensor
a. Type Angstrom Eppley
b. Idenuficarion No, 0 11330
€. Assum ed sensitivity
for data processing
{mV al cn® min') 222 4.965

Kvenbeel l Researcher | U ribe [ ribe
1 i
Midship | Bow | Bridge ' Bridee
Yamsh | Eppley | Yansh | Yanish.
AT-50 I NIP ‘ '
247 | 11946 o7 : 34585
!
|
6.32 ‘ 5.62 | 5.90 [ 0.6%
No ' Yes I No No
From this informauon, it is dear that regardless of

whether the data from only Phuse I and I are used
or whether all three Phases are induded. the sume rela-
tive response of each sensor is obtained. The largest de-
partures from the average of ali sensors are by pyrunom-
eter No. 43 on the Korloy (#1259, and pyranometer
Na. 2 on the Krenkel (=10.7¢); and the difference Le-
tween these two sensors as 2347 The other four pvranom-
eters present in the intercomparison are within 2-490 of
the average of all sensors

Subsequent to the field comparison, Galindo (Mexico;
has zdvised that the radiation values for pyraunomecrer
No. 683224 should be increased by 577 due 10 2 record-

St [y Soddw Lecodeprvat
g 2.2,43.40 7

] L] (-4 - " L] 20 22 24
P Smgwmag  (GWT]

Fir. 2. Average hourly pyvranometer values during Phases T
and IIl. The data indicate the widest range of prranometer
respomses. Daiz from other pyranometers hot included here
(for convenicnce of illustration) are given in Table 6.
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Fic. 3. Average daily psranometer values, indicting the
widest range of pyranometer responses.



TanLr 6 Phase [ and 111 pyranometer data

EK Ak

‘mW em . Averame for 2, 3,3, 5, 6, and 9 August 1973

Shun 1K | XN EK RES RES v
Measurement H, H H* H, H_ H. H™ H.
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tour
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g error which was dewcted after the experment. 1 his preyr— o
sggesiod correction s not been applied in the present iReerip g Por o Auguet 7,54 36,5973 |Ser o=y "ro0 dugat 2-9, BT}
report Lut should e ronsidered applicable in any future
use of this comparison.
aar
5 Sewsor rharacteristics R it Tt el e
»r et
In evaluating the data it was noted thar the Yanisheyv- IR ey ot :
- . . HIE T BT L e w amtare v w 20" e m s 1
skv M 80 pyranometer appeared to give relatively highes ey T LTI U E ity byt T
values than the Epplev Model 2 ar low sun elevation e D D A
angles and the opposite for large sun elevation angles. 4 i
To quantify this. the hourly data of three Yanishevsky “r e
Prranometers (Nos. 430 20 and 5373) and rwo Fppley

proanomerers (Noso 1539 and 12159 were averaped for
the period 2-9 August 1975, The results in Fig. 5 show
the response of each of thew wwo instrument types reld-
trve 1o the average of all instrumenis, and in Fig. 6 the
radiation differences are shown. From these rwo hgures it
appears that there are relatively high percentage differ-
enees berween these two insirument (vpes at jow sun
the
these angles is less than 4 mW em™.

clevation  angles, although energy  Jifferences

AMeaurement

~hip .

Seeneor N, FPetlion ~en-—or

TALLF 7.

Fic. 4. Individual pyvranomecter averaZes for two different
averaging periods. During Phases [ and TIT the ships were
scparated by only 2 few kilometers, but during Phase 1T were
scparated by approximately 100 km.

4. Pyrheliometer comparisen

Measurements with pyrheliomerers were obtained on
each dav during the period 2-10 August 1973, Not all
ships obtained mceasurements each dav, bur a sufhcient

Avernging period .

Averuging period
405, 0, and 9 Augus 1973

Tvpe ea~or 2 2-9 August 1073

L Roerisdere \ 43 how boom Yanishev, : 1.125 i 1.120
I.. Kronkel ‘ 5373 Low boom j Yanishev, ! 1.027 : 1.021
Researcher 12159 } bow boom f Fppley 1,019 1.024
L. {ribe | 6X3224 | Liridze ! M. G. [ 0972 0981
£ Kremkel 11539 ! Low Eppley 0.963 U.961
£, Krenkel i 2 ! bow ; Yanishev. } 0.893 0.891




22

Howr Beguwing [GMT)

Fic. 3. Relative response of a moup of Yanishevsks
pyranometers (Nos. 43, 2. and 5373 amd a pair of Fppley
pyvrannmetcrs (Nos 11539 and 12159) during the period 2-9%
August 1973, showing the variation in 1esponse due Lo san
elevation angle.

number were obtained during the period 10 previde a
useful comparion. Measurements were obuined once
cach 30 min when cloud conditions allowced. The pyrheli-
ometer measurements were exchinged a1 sea and serwe
as the basis for this report. The basic data will be pub.
lished by Hanson (1974).

In order 1~ compare sensors, data from pyrhicliometers
on the KRorolov, Resrarcher, and Urtbe were compared
individually with the pyrheliometer on the Rrenkef (No.
247) by considering only those cases in which simultane-
ous measurements were obtained. As indicated in Talle
8, there were 76 simultancous measurements between
the Korolov and Ryenke!, 63 between the Resrarcher and
Krenkel, and 9 between the Urile and Krenkel., Also
given in Table 8 are the responses of individual pyrhelt-
ometers, all relutive to pyrhcliometer No. 117 on the
Rrenkel. The results show that all four pyrhelicmelers
are within 29, and that three of 1he four are within 1¢,,

The pyrheliometer on the Researcher his araceabiliny
to the International Pyrheliomerric Scale. 19536, as do the
myrhcliometers on the Rorolor ind Krenlel; these three
instruments differ at most by L.77,. The pyrhcliometer
on the Urihe (No. 51583) wis calibrated at sca aguinst
Yanishevsky conrol pyrheliometer No.o 208 on board
the Krenkel. This accounts for ithe dowe agrecment
(Table 8) between pyheliomerers on the Krenficl and
Urile.

Taucr & Comparison of prrheliometers.

‘ Numler \ Senzor

Sl ~aipdes [ 1Y

~hip Type ~wn~or Tl ~imul- relutive
Na. taneous Lo Krenkrl

with Krenkel | py cheliometer

A Korob | Yanishev. | 6632 | 76 | 0993

I=. Krenkel | Yanishev. 247 ! —_ ‘ 1.000

Researcher | Eppley 11946 63 ¢ 0983

V. Uribe Yanishev. 54585 9 } 1.002

L Yonatieviay MoSel W8N

4

Ak
[ Y )|

-6 " i . . " "

10 2 4 w ] 20 22

How Bagrnog (GMT)

Fic. 6. Intfcience in radiation measured by the pyvranomeier
mroups of Fig. 5.

In comparing prrheliometer measurements  berween
two ships, it wis found that the svernge stamndard devia-
tion of the 1wo measurements was from 1.3 10 2.0 m\vV
e Since the error in sampling is probably random.
the 1.5-2.0 mW cm™ uncertainty associated with a single
comparivon will decrease (by 170 1) as the numler ol
samples is increused. Thus, the uncerfainey associated
with the comparion of pyriictiometers on the Rorafor
and Krenkel (in which 76 simultineous measurements
are available) is probably about 0.2 mW em™ or ncar
N4, of the measurement value.

5. Pyrgeometer comparison

A comparison of 1wo pyrgeometers was carried out on
the Krenkel {rom 02000615 GMT, 6 August 1975, The
pyrgrometer Lvpes and their sensitivities are given in
Table 5.

A rotal of 35 simuliancous pirgeometler measurements
were obtained. The doudiness varied from 1710 to 4/10
cumulus during the comparison. and the temperature of
the radiating surfuce of the Angsirém pyrgeometer varied
from 26.0-26.9C. The measurements were exchanged at
sca and will be published by Hanson (1974).

‘I he average atmospheric downward IR radiation was
3984 m\\ am” messured by the Krenlkel pyrgeomceter
and H1.58 m\V an™ measured by the Rescarcher pytgeom-
cter; the averages differ 0.54 mW am™ or 1.37,.

6. Implizations about radiction sensor compuarrsons

during the GATE main field experiment

Onc ol the primary purposes of GIST was w learn
about the uncertainties involved in intercomparisons
at sca and 10 detcrmine the lengih of time required dur-
ing comparisons in order to standardize the instruments
to suttable accuracy. In this scnse GIST was undertaken
to learn how o conduct comparisons during the main
keld phases of the GATE.

As indicated in the first section of this report, differ-
ences between pyranomciers in comparisons at sea {in
which instruments are separated by a few kilometers)



an be atmibuted o three souarces: I) absolute colibra-
ton level and response characieristics of semsors; 2
sampling errors due 10 sputial separation of sensors; and
3) recording systems and data integration methods.

In the first case, the ervor in inxtrument response is
manly systematic but 1o a small extent could be random.
H. for example. instrument characteristics differed and
therelore instrument response would depend on cloudi-
ness which is random. In the second cuse, the error in
instrument response is mainly random because of the
random nature of cdoudiness and the physical separztion
of instruments by a few kilometers. In the third case.
the crror in measarement could be svstematic lrom
recording errors and also random duc 10 visual intcgra-
tion methods which are usually emploved in data pro-
cessing.

With these error sources in mind, it is of interest to
examine the GIST dina in order o compute these errors
and the time weries needed o minimize random errors
o a point where systematic differences between instru-
inents can be resolved.

The GIST pyranometer data given in Section 3 of this
report show there were large sistematic differences be-
tween the meusurement Jevel of some pyranumeters. The
largest systemutic difference Letween (wo prranometers
was 118 mW om ® or 239 of the daily integrated solar
radiation. Haowever, for the other four piranometers.
differences between sensors were less than 67, and lor
vome scnsor pairs were less than 2900 The I1SMG has
asked that paranomceters in GATE be standardized 1o
within 57, (Kraus, 1973).

As previously andicated, the random differences Le-
tween sensors is due 10 two sources: 1) spatial sampling,
and 2) visual integration. We have evaluzted the sum of
these two sources as a function of the time period over
which the duta are integrated. The curve shown in
Fig. ¥ represcuts scnsor departure {rom the average of
all servors after a sistematic difference component has
been removed. It is dear that for longer integrating time
periods the scusor departure (from the average ol all
scnsarsy will decreuse due o the rundom nature ol

cdoudiness and visual fLategration errors.

INSTRUMENT
DEPRRTURE 2} E
(wgrcent )

[ \ -

“n-‘
e
[] n " -
1= S 1 2 3 4 6
Dars

Fic. 7. Dcparture of pyianomcter sensor duc o random
criors in mecasurement Time indicates the period over whic
the data are intewrated.

Fie.. % Depurture of puianometer senwor due 1o random
virors of (1) sputial sampling and 12} diia inwegration. Time
indicatey the perind <ver which the data aie averaged.

By using the data from the Krenkel on wincl: three
pyranometers cie located, we hine evaluaned the error
due 1o visual integration alonc. In this way it Wiy possi-
ble to weparate the total random error (Fig. 7) inwo the
two componeirts as shown in Fig 8, aid 10 examine how
thev varied as a function of inegration time.

The information in Fig. 8§ is useful in illustrating
the relationship between the  accuracy  required  for
SATE messurements (370 and the random crrors ol
spatial sampling and date inegration; it also shows how
this relationship depends on the period ol integration.
For example, it the length ol 1he intercomparison were
only one hour, it is evident from Fig. 8 that the de-
purture of a single pyrapometer [rom the average of all
prranometers is likely 1o be near 600 due o the random
vrror sources. This is Jarger than the accuracy require-
ment specified by 1SMG and, of course, would not pro-
vide an adequate basis for standardizing pyranometers.
Clearly, it 1s most desirable to use a long integration
period 1o minimize the random part ol the measurement
ditferences.

The prosent ISMNG plen suggests that threeday inter-
compuarisons will e conducted ar sea during the main
lield phases with approximately the same Ship spading us
in GIST. The estimates in Fig. 8§ sugmest that if the
pyrunometer data are integrated for a three<day period,
the uncertainty in individual sensor measurement duce to
random sources will be about 0.8, . ol which about 23
is due 10 visual integravon error and 13 1s due to spatial
sampling crror. J{ two sensors are compared, the uncer-
tainty due to random sources would double. amouming
10 nearly 1.69;. This means that in such comparisons sys
rematic differences between instrunrents can Le removed
with a residual uncertainty ol 169, 'Lhis is well within
the 53¢ accurudy required bn ISMG lor pyranometer
measurements in GATE,

Whether these GIST results are reulized in the GATE
intercomparisons will depend on whether cloud condi-
tions and integration methods in GIST are duplicated.
Certainly, emphasis in pre-CATE training should bLe
placed on uptimizing integration methods through the
use of clectrical, mechanical, or computer integration. In
the U.S., pre-GATE planning and training is stressing the



need for computer integration of the radiation meusure-
ments in order 1o eliminate the visual integration error.

Comparison of pyrheliometers in GATE intercom-
parisons is not Likely to prownt a problem because the
instrument views onlv 2 5=11° Aeld-wivrew, and measure-
ments are not obtained when douds are present between
the san and insiroment. s, the spatiad sompling ermor
tor pyrheliometer comparison will resulr only from hori-
srontal inhomogeneities In atmospheric transmitiande in
urcas betweern the clouds and this error is likel o Ixe
quite small. In addirion. there is no need for time inte-
cration with pyrheliometer measarements. Ay discussed
m Scection 4. it is Jikely thar a single simultancous mea-
surement by two pavrheliomneters on separate ships will
huave an uncertiimy of | 53=2.0 mW om 7 or about 211,
wb the measurement value. However. this uoncertamty will
deareawe as the number ol measurements s incrcased.
If. for example, 16 stmultancous measurements are ob-
taiined during the 3day intercompanisons. the uncer-
tainty will Le reducd 10 19 or less Inothe USo e

CNIE trinning iy speafiving thie need for at Ieast this

number of measurements during each of the GATE
intercompar isons.
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Appendix C. Pyrgeonmeter data
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PYRGEOMETER DATA Angust 6, 1973

Ship KRENKEL RESEARCHER
Sensor no. 6 11540
LY T LV
(e /cm®) °c) (o /em®)
0200 39.8 26.6 40.3
Q205 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
0250 39.9 26.3 40.2
0255 39.9 26.2 40.5
0300 39,9 26.13 40.6
0305 40.2 26.5 40.8
D210 40.0 26.8 40.3
0315 40,13 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
0510 29.0 26.1 39.9
05815 38.9 26.2 39.8
0520 39.3 26.4 &0.0
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
Q550 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
061S 40.1 26.2 40.5
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