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Introduction

- Using the resulta of a preliminary investigation
o the »nroblem made by the United .States Weather
Bureau (U.S.#.3B. 1947). theoretical values of the
error in temverature measurement caused by the

incidence of solar radiation on the radiosonde, ‘have
been determined for Australian stations. Thebel
valuea have been compared with corrections (Vainala
1948) which are apnlied to radiosonde temperature
measured by the U.3.W.B, Using these COLPeCthﬁD
the probable error in temoeratufeo and heizghts of
pressure surfacés, méasured by the radilosonde, have
been determined for fll‘hts nerformed at 0400 and
0700 hours G.M.T.

1. INVESTIGATIONS BY THSZ U.S.'WEATHEZABU’ AU

The U.3.v.RB. reproduced flizht coaditions in the laboratory
by the use of a small vertical wind tuanel in which the radlooondg
was suspended. A bank of incandescent lamps gLoduced 2 cals.cm ~
min~! radiation at an angle of incidence of 35° to the vertical
of the radiosonde. - The increment in temperasture between "lights
on" and "lights off“ was measured, also ths air temperature and
wind speed, Yeasurements of the temperature incremeant were madc

for bébh:the:Padiosonde and a separate radiosonde resistor ex-
posed to the radiation, and were made for direct and reversed alr
flow, corresponding to ascent and dcscent respectively of the
radiosonde.

It was found that the temperature increment due te radiation
was much greater for direct than for reversed flow and it was ‘
uwgestad that this was due to the radlosoqde oealad,:ft;

1,1 Causes of the Raulatlon eror

It is suggested uhet thu above effvct 13 duu to th@ fact
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that, under ascent conditions, the temperature element is not
01fect1y heated by the radiation but that the temperature incre-
meat is produced by the heating of the top of the radiosonde

.~box, particularly the louvres which in turn heat the air

in

contact with them. This a1L ‘then passes through the duct to

the temnerature clement, Thus the temperature iuncrement

will

be greater the lower the presaure (and therefore density) of
the air. During descent the air contacts only the uaheated

bottorn of the box and the tempzsrature 13crement is zero,

1.2 Theory of the Padiation Iffect

The results of the U.3. 7.8, iave stigation.were expressed as
i §réph of the temperature error (&T) olottcd against a scale of
—— The vse of this scale is based on the thcory of the
heat balaace of a thermmometer, for which, coasidering ouly the
problem under dlucu5310d the following eouﬂtlon can be obtained

. i n

4 _ gons '9,_35-_15
; _lGon t.k (aT)
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o

- by the thermometer.
the ailr density

the air speed

the viscosity of the air

a constant
the difference between thermometer

o

i

Hp o<, o
i

il

moeLature and air temoerature.

= the rate of absor otlon of radiant cnergy

Putthn —ﬂ = conétant. i e. 2 cal, cm"‘min'“and talzing:

iIOﬁarlthms of both sides wé obtain

n 1og(°{%§ﬂ, + log (aT) = coast,

| This equation gives a straight line when olntted -on log-
log paper and “he results of the U,3.77.B. iavestigation were:

given -in thls form,

Y

, MODIF CATION O“ THs U.S..DATﬁ TOR AUSTRALIAN COWDITIONS.

_ Values of £ XY . gepre first coaverted to pressurces in mo.
by the writer, e aaouu baing determined L;om the U.S. standard at-
nososhere and v chosen as 275 metres mia~t which is roughly the: rate
of ascent of the Austr qllan radiosconde, Thus from the U.S3.'.B.

date a grash of T against pressure was obtained, the values
apolying to a flight conducted when the zonith alrle of the

wa.8 55°.

shown
zun
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To determine the radietion error at various stations and
times these values wzre then modified for other zeaith aagles.
The assumption was-wmade that the, radia tloq effect is a maximum
with the sun overhead (zenith aanple 2°) and is zero for ths sun
at the horizon (zznith angle 90‘% This was an attempt to
allow for both the devletiag effect of the atmospbhere on the in-
comiag radiation, aud the heating of the radiosonde box with
varyiag zeaith aanglss of the sun, and te make a simple correc-
tion for ths two effects, "*he dejdleting effect has besn com-
puted for wvarious altitudés sad zeaith angles by Vaiszela (1.949
but as the variations i1 the heatiag of. the sonde box wzre 10t
accurately known~ the apvroximation was at -hest a very rough one
but was necessary to sim2lify calculation. -

Values of the radiation error (AT)zs givea by the U.S3.¥W.T.
wsre therefore modified using the following ecguation :

@T)g = (AT)Q5 x cosf
‘ cos 35
where @ is tn sun's =zenith alcle for a 3artlcu1a station
and - tlmu,

a1d graphs of the LOchtlon ar or:plqtteo agalnst pressure wers
eoa“ed for ""1ectcd Dtﬂtloqs. So .

o

3, - COMPARISOX OF THTO

“ﬁf‘”AL VALUJD SUTH CORITICITONS ARPFLIND
B SO :

A U. 3. oD

SuOcquvlt to thlo work a cody of the U.3.°LB. Menual ef
Radiosonde Observations. (1950) giviag eorrsctions to be
applied to radlosoqde temoefauures was recsived by the writer.
This included a nomogrem for determining the corrections and
enabled them tc be calculated guickly fer any rete of asceat.
Use of this diagram showcd that as already found, th: error
was a function of

(1) the sun's. clevauloﬁ, amd increased as the elevation

angle iacreéased, and _ ‘ )

(2) the rate of ascent of the radiosondes balloon, aad in-

creased as the rate of ascent decraased.

The gransh of ths error analnbt nressure wes a straight. :
line on log-log pcher but with a JlffuLyﬂﬁ alooe to the theor-
etical curve. ‘ ‘ b ; :

The dirfferencs 11 the error ds uermlmed by the twq‘yethods
was of the order of O. 5°C at 1.00 mb. for 275 mqprcs mia~t rate
of ascent. T . N .

I ) T . B . . . e N
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4, VALUﬂj or THE

Based 04 tha U.S.7.5. Dadiosonde Maaual (1950) the follow-
ing table of errors was preparsd, The rates-af asceat were
ch0mon to a0010X1mﬁtc to the maximum, mldlmum, and mean values
Tor Aust ralqu radicsondes. :

~

0400 7 relcase.

{ ) i e e e e e e )
P e Swangy R A Vlﬁter O
¢ Station | Rate of ascent :- Jate af ascaat T
é @Pfes{200y975iaoo54001275!400 400;5701400 200} 2751 400 _|

| surel Temosratiurd T Height  [Temperature Heizht
!' i mb. (OG) ) (o ) , ("Jt)
i e v e | e ' ..... -8 Lo
{ l300 o.6l0.6 0.6 3 0.630.6 0.6] sl 8l o
i 1200 11,310,910.7 | 4 34k,110.910.7} 42( 38) 54
Darwin 100 |12, 6{1,9(%1.3 17 404}2.4 1.712.816%z1126{101
| 80 [3.2{2.2]1.6 |2« 13518, 21%.212.0}22611.72{140
| ' 60 |14.2/3.2]%.1 [53 17214.,013.0(1.5 [320{240{187
f T N L S } P— PN
; 1500 |0.56|0.6]0,6 alo.6l0.6]0.6] 8 8| ©
; gzoo 1.3/1.,010.7¢ 4 J401.210,9 (0.7 44 53] 34
‘Guildford {100 |5.5]%.2!1.4 |21 105 2.3 (1.7 {1, 21851556 99
i P80 l14.2{2.9(1.7 , 3.112.0]1.5
| 2 i 60 [I5.5!4.312,7 | 4,012,811.9
:mﬁnwn.www“?”“_“_wuﬁu$,_.Hmmhwﬂ__‘ﬂ [ I | M . PO NSO

{300 Jlo.s8]0.6l0.60 &1 of gl0.410,4(0.4} 8| 8 8
z 1 200 11,2, 1.010.7 | 44} 40| 84}M. 510,510, 41 <3} 264 24
fiobart 100 |l2.8]1.8|1.5 }i7elizsl o2ll1.5{0.910.6} 94| 74 57 f
; ' 1 80 |I5.8]2.4{1,6 1.8]7,7110.9
55 i 60 4:1 5-5 2/:‘3 42.‘_1: 1:6 1:2

- The error for any Austrzlian statien would be within tae
vaanse given by h tw*ee represeatative stations,

Prom the tablc it can he seen that guite largs errors can
be expected at oressures of 100 mb., and lower.§ HOWSVED foir oae
wote of ascent the differsaces betwesn the ecrers at aay oae
osressure levasl are not large, and counstruction of 1.00 wmb. C.P.
charts would not be quthCd but differences between the rates

of ascent can producs cuits quoé vaLlatwoﬁo 1n uhc error,
s
Graphs of the radiation error as a fuactlion of pressurc
ase given ia Figures 1 aad 2, for the preseant time of relcase
of 04007 aai for the formers time of 07007, Of. tho el dese
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times 1a the past the errers for 07302 relcase will be slightly
smaller than at 0700Z, and~the errors for 0830Z will be nil
except for Western Australian stations ia midsummer  when small,
errors (maximum 1° at 100 mb.) are.possible,.  Tor Jestarn
Augtlalian stations in wiater and otnur stations throughout the
year the err-ors for 08307 fClC adc -are 'nil, At any other relecacc
times (1600Z, 1400%, 1100Z) the erryr 1s zero for any station at
any time of thu year. . - . s - '

5, RATEé"Ob ASCENT OF THZ RADIOSONDE

A graph of the radiation error as a function of the. rate of
ascent for one station, opressure and time, 13 showﬁ'i* Figure 3.
The average amount of gas rac¢uired te achicvz this rate of a3cent
with standard radicsonde equloment is also shown. - These graphs
show that whilst high rotes of ascent (2.2, 600 metres min~t)
would make the error small, the cuantitics of gas reguired malc
this solution imdracticqole. AloO Varlct101m i1 rates of ascentb
are largely outside the cbservers' coatrol Jue to chanzesiin ths
ghape of the balloon aad to vaflqtloqs in Reyaold's aumber
(stewart, 1945), Alao the observer must vary the rate of ascent
to meet such cenditions as iciag, strong or llrh* winds, and the
recuirements of snwin and rawina fll“hto- ’ . ‘

In view of this the rates of ascent between 200 aad 100 mb.
were studied to find what variation could be expected. Twenty—-
five flights from ecach of th: seclected stations were examined,
and thei' frequency distributions are ghowq in Figure %. Most
‘stations have a rate of asacent ef 230 £ 50 metres mia~+ but in-
dividual flights can have much fastewr retes of asceat and large
variations from station to station and flight to flight are

ssible. The chaage in the error in. the height of the 100 mb.
pr Jszure murfavi for a change of the rate of aSCult from 20C te-
400 metres min caa be of the mrder of 180 ft, and thls must”
be boranzs in mind when attvmptlag 100 fb. C.P. analysis with
observational data desired as - at oresvut

6."beIﬁRNA;jVARIATION OF THD RADIATION TRRCR

_ An example of this va*latloq 1s ahOWﬂ in Pipure 5. Curves
for ‘other stations difrfer 1little from this. in summer but in
winter the amplitude of thz curve. for Bobqrt s only h 1f that
thsycurve for Pea ce (or Guildford).

7 ._V“ IPICATION Oﬁ mHT ADIATIOV~g”?O

The U S. V. B. 1n'thui; nfcllmlaarv iave stigationfadoptcd en
indirect method of verificatioa by compardng.the difference -
between the radiésonde ahd a ascparate radlosonds resistor: VXPOD6U
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te the radiation, both in thes wind tunnel and ia actual flights.
Ia the latter case the cxposed resistor was wired to record in
the humidity iaterval of the radiosonde. It was found that
there was generally good asrezment ia the temperature differences
measured by the two metheds. ’ : ' :

The writer has attempted to verify the errnr by usiang actual
flights and comparing ascent and desceat values at the same
pressureas. However it has been found that the other errors -
veatilation, reproducability, aad sampling - mask the radlation
effect, ' C : - : " :

LI
~
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8.  CONCLUSION,

The investis . | Fighre 2.
gation has showa . .- "\ {. 1. -
that errors are . ' 2. HOBART D Midsummer
DLOdL ed in the . A - d. DaRWIN

radliosonde temp-.. N 4. PEAROZ Midwinter
erature measure— ' Nil HOBART, DARWIN Midwinter
meats by aolar - ‘ -
radiation ~ and
that these errors
are important '
above 200 mb, and
will make the
construction of
accurate 100 mb.
analyses diffi-
cult unless
corrections are
used, - o

PHARCE )
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The 7.9 W B.
nomo gram makes it

possible for the - _ \\\

A
N2

error Lo be correct-
ed during the radio-
soade vlight,  The
Australian radio- 04
sonde, although of - 875 3/ rate of| asopnt
+the samc design as 0700 G.. .T. relisasel
the U.S8.7%. B. radio- ,
sonde,£uses digfer— 0l ‘ T ,
eat materials for ’ ~ ; gy

the outer covering 60 80 %Qoll50 200 5OQ 500 lOOQ
of th> case for the - PRESSURE. 'MBS.' “ '
louvres aad for the ' ‘ -

duct, and thio may oroduce differeuceo‘iq ‘the errnr. . UXUGPl—

......

UPP@Cthuo‘are dlrectly aoollﬁab1° uo,the Auatlallan radio-
3ondae, R

Acknowledgment

The writer desires to acknowledge with thanlzs the
aszistaince of kr. H, N, Branm, Supervising Meteorolnszist,
‘Instirunents Section, Ceantrel Weather Bureau, Melbourne,
under whose guldance the investigation was carrled out,



-l2-

Referpaaes
. S OTEWART, H.J. - 1945

TiS W.B. o, - 1947

' ULS.W.B. .. +1950

VATSZATA - 1948""

. 1
Aleo, with referenc

Handbook of Metebrelogy,
/Berry, Bollay & Beers)
0,450 (New Yorlk)
Performance Oharasteristios
of the Radiosonde, U.S.
Dest. of Comaerces.,

Manual of Radiosonde
Observations, W.3.4.N.
Oircular P..

Geophysiosa, Vol. 1, No. 3
(Finland) '

to Reynolds' nuzhsr :-~

CALLOGE © 1708 - Proc. Roy. Soo.. ».80.
. OLARYE & ZARFF 1914 - Jour. Franklin Inst.
: _ TR Pp. 232, 341.
7 ’ —
‘_“ _w___.: . . 4 :
U ; \\\ GULILDFORD.
in 1 - . Midsumaery  “0400[ G.M.T. feleasc
g O\
oV ' X '
Q NE
<3 &N
14 . :
J . )
¢ 1 \ _
1 . 76 cpfb, || v—
s 108 Rk« nelauireo FoR 350 6 |
, . BALLPON + TRAIN
° loo doe 300 too %o oo

RATE OF ASCENT, memzs/mmwre

- Figure

(54

‘.



-13-

"ANIOSY 40 Fivy
00} 0
|
—o/
—ot
&— vavy Q2QUHS I.Qm,
A SiHd  NIHLIM I Yy
S ARYNDONOTD
e ; FITNASNMOL
STINIWHIYY  —x — s s ‘S1 MO WON
- . / /] IOWUIL  —
 SONIYIS oMY -0 - M\\\\\\\\ NOLWIA YT i
w\\\ NIMYYT
S . v V\\\. wWOd SNOLLAIULISIA ADNINOIWS
LSTLVY INTIOSY 20 NOILN \\ g —o¢
~GIVLSIT AININDIYS .\.\\_ S
v Fdnoid | m/\\ .‘
i | 1

% ADNINO 3V



ZROR AT

7
)

RADIARTICN

-1l4-
S Figure 5. x
DITREAL VARIATION OF RADIATION ERROR AT PRARCE.

Midsummer. Rate of Ascent 275 M/M/
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