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By
R. A. HELVEY

SUMMARY

Standard radiosonde measurements and procedures are subject to significant temperature-induced
humidity errors in the near surface layer. These errors , when experienced at coastal locations and
applied to open ocean conditions may result in spurious surface-based ducts which have serious implications

• for the authenticity and application of world-wide refractive climatologies in naval planning and operations ,
and in the development and verification of prediction techniques. Efforts are underway at the Pacific
Missile Test Center to determine the magnitude of this problem, and to recommend modified measurement

• . procedures and correction factors that can be applied to existing data.
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PRE FACE

Navy requirements exist for a prediction capability which will allow conversion of routine synoptic weather
information to an assessment of meso-sc ale refr active structure and hence an inferred assessment of radar systems
coverage . An initial subjective/objective effort based on worldwide radiosonde coverage and characteristic
synoptic patterns resulted in the development of an initial Refractive Effects Guidebook (REG)’ - While the
prediction technique met w ith partial success , subsequent objective evaluations of REG performance indicated
significant discrepancies in verification, particularly for surface-based ducts. These discrepancies can be exp ained
by three factors: (I) A still incomplete understanding of synoptic-refractive relationships . (2) an over ly detailed
attempt to specify predicted profile types , and (3) deficiencies in radiosonde data when used for refractive pur-
poses.

The first two problems are being addressed by PACMISTESTCEN in a continuing effort to develop im-
proved prediction capabilities. The third problem is being simultaneously investigated and is the subject of
this report.

A DAYTIME BIAS

In evaluating the performance of the REG’, doubt has arisen concerning the authenticity of many of the
sur face-based refractive ducts derived from radiosonde data. Statistical summaries of surface-based duct
occurrence compiled from these data indicate an inordinately large diurnal variation. The global distribution
of differences in relative frequency of occurrence of surface-based ducts is depicted in figure 1, for “coasta l”
stations in a SYLVANIA 2 study covering the period May 1966 through April 1969. Locations where more
ducts were noted at OOZ than at l2Z are indicated by squares; the reverse by “X”s; t he size of the symbols is
proportional to the differences in relative frequencies of occurrence observed between the two times, OOZ minus
I 2Z. It is immediately apparent that with very few exceptions, surface- based ducts were more frequent at OOZ
on eit her side of the dateline between 90°E and 90°W, where OOZ occurs locally during daylight hours. The
situation is reversed for the other side of the earth centered on the Greenwich meridian where I 2Z is during
daylight hours, although the pattern is not as clear-cut. The bias is greatest at low latitudes. Solar elevation
angle is implicated as a direct or indirect cause , presumably by its effects on instrumentation or on actual condi-
tions in the atmospheric boundary layer.

Diurnal variations in atmospheric properties over the open ocean should generally be quite small: day-night
sea surface temperatures typically vary by no more than a few tenths of a degree C3 . Unfortunately, howeve r ,
with tne exception of a few ocean station vessels , the soundings regularly available from oceanic areas are
actua lly made over land from islands or near the coasts of continents. Temporarily putting aside the question
of whether such soundings are representative of open ocean conditions, the observed diurnal variations found
from the Sylvania statistics seem meteorologically implausible. The very limited extent of some of the island
sites where the day-night variation is greatest suggests that changes in refractive layering due to diurnal variations
in local winds are not the basic cause , especially since most of these surface-based ducts are very shallow . The
esta blishment of daytime surface superadiabatic layers at land stations would be a common feature at nearly all
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pt u ’Itleiit is ,it~_ci.i’..uied ft ’ .  s t i l t  ,iiii’ lltei ~tt i it t tci t t  t h e  t i t s i u ’ , Is l t t i i  su ’ i ls t l  S i t ’ .  of the •‘ itiii1ttiled iel i _ ict i ’ .c itmadis ’ i t t s to

i t  the .l,ii,, Is I_ is ci I t t5  k t t s ’ss ‘ i s  i ’ i i t , ’s sui ta llu _’u - ,-~ s .ipp_ it et l l  t o I Igiiue .~b . esei t ss- ithout imoI t~’e.ibte c- .’i tel _ i
t i~ ’ tm t’ci’.s~’5’ i u I.u’.s’u liii. k i t s ’s’. .iiltl is ’ f i .ms ’t l ’ .e gua dus iti . lf ,e I.uige i 5 t h  let  lii t h e  ~t ,i i,t lu~ i If it’ tI t iuuui ~i f_ i ’ . eus t u ’ s t t t t t

~ i t t  . t  tz re. i rc t  tttu t itftt ~t s ’l t’~~liCiiti’ gt ath t . ’n is  ttui t it  s t t j ’ s l  . t  is  l i t s ’ ,iu’~l “ t i b ic t i .us t i t  c St _ i t i h.iu I pm o edu mcs f t ~’ t j t ’
.‘dt t ,. li l t !  iii s u ’ i i 5 t u ,’ iI.ii ,t Iu ’i tit .titd.i t u ’t (‘ii.’’~5 LI t t ’ I u ’ . t~I~.1 

~t i i t t i ’St  • i ’ ,i s i , i t  ,iihul tst ,iiid s l , i i t u ’t t ’, ilte ttl(lOinb ts ’ s t ’t
Is is _ u mule i_s uif i i i t  .i . s t  dut/t ’n iu ’s’l u ’i the ‘ i i i ‘. , i ~~.’ . t h u s  511. 11 t i i l t ’ s ’ t l l i t  ‘ii l s ’1lti ~ ed si ’ t l t t u l t t t g s  .1 ~ti~’ ll i t i i tutauutI ’ .
t l i i t i s i l l  i ic .’ l.is ci . tt ut it ito t i l l  ddt ‘It’ . sk it t i s i s  liii i t s  ul ’ptt l  l~’.f depilt

Sonde Exposure Before Release

I \ po s t i t c  ot t he su ’i~ f s ’ p itot t o  ~‘ h~ ’ . is ~’ s i t ,  •t ts i u . ‘ , t i i  t I ’ t i le t o .i lu _ is to ss .ti~hs it,,’. l i t t i C  duets .‘~tt f i i it tgfi
l s ’ t f s ’ sh l ~ it u t  (Its’ SlltitIt li_ is uiiuui t i i i i , ’~’d i_ t i l t _ u s e s’ii u i t tt h t iutit , i ts t u ’ i t t 1  I t s ci ~~l~ ’t t t luI f it’ I •u I tu is ’ t’\ s ’u’55 , I t O t t  ~~ (lil-
t ’ .  ~ i s l o t  i s ’ i i i l t l i s  s t i h t ~s ’ t ,ihte It ’ he.iiiitg Its su ’I,it I adt _ i t k ’ ut  t h u  t u g  pieis ’ t u ’ .isu ’ It s_ It _ it ti tio uts bs ’ c . it is c i ii iutas leqtiate
t e nh ul _ i t to u m .  ( . l ss ’ s .iue iep om ts’tl stIt~.’tt ’ .i siltidi’ hi _ is t ’ s’.’ t i  .ilIi ’ssed l ’ uu t ’I to  Is ’lt ’, i su ’ it i  Iii’ i’iilsidi,’ ~‘it ,i h o t  s t i i  l.is ’~’
‘ l it Ii , is  t h e  deck •‘f .i shut’ ’ I t~’ it ssh is’ii t s ’,isu ’ii.iIt tt - • ,uis ’ 0 s’”.c iciscd t o  ,is, ’id t im ed s ’\~ ’ u ’ s t t t s ’ to suti m lig lit and
ie t.ilisc l’ . st .uiiii .ui .’.ts sucft ,is .ist ’ Ii,ihi , stulu st. i t mi i ,uI  ii i’. iittt t ’ ‘.‘. auuuu t ig of the si ’ ,m~le ,it md hs guls lo i  c.uii tic e\fN’s’It’sI
f ,~~f i i r s’ tele,u ’-.e iou de m • u ’t t t l t i to i ts  of • I’ ,ui sk it ’s .iotl lig h t  ts i i t d s  .-~tt f i i ’ t ig hi ,u ,’~~ut ,hi ,ic III iMII 3 t b ’  sot l ice poittt
sso itld t h u  hue ta ken f~~itn t ime s,uiij~ ifl .111% •‘ ‘ . s’ il i - 1 s t i j i s i , i u t l t ,iI ht t’ u ust i_h i ll t u t h i t ’ Is it ’t l t iu t t t i  ,t t is ’ t t t ~hs~,ist~ t ot Is ’-
s i ’s ci’ .  ii the u.~,li us i ’iiiht’ I u o u t i  s t i s l i  i t t t ’t h eat ing. ~Iti~’ to t bit~ ilieu t i m _ u I  1_ ig of the u s  gi  I S t u ’ l _ ind st _i lls of the
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Figure 2. Inuluenc. of Temperature L~ .n. Rate on Refractivity.
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i tu mu mid ut s dus t h i t s ’ 5om i ( mihsit t t ,mt iii t h is s t  cc i  is ’ ilte tot a l fit i t um ,dui~ s i  t o t  ts esps ’~ i.ill) tnmp .’ i 1_ u t s s l t s ’t m Ifte

l u s t p tn mm m I t u ’ m t m  ths’ si hhuts ’ is seh es ted i_i ut l t ’ ’ .1 less hil i ul d uil d t e s l it t t h e  S h i t l , i t s ’ , as ‘.sl ieut sut lad~ pls’ss uuc is i tu i ls

‘s t u~ltil’. gis’ .uis’i tf u.u n IOtN,),tth, iii ss Its mt a s t g l t i f  Is _ l i l t  te’ .eI is ss’t es ted .11 time top oh ., sl t .ut to ss su pct_ idt .uh .it e la~ s t  -

MAGNITUDE OF INITIAL. ERROR

~ll CSItt t t3Ie of ti me tein per_ Itui c u t  th is ’ lt~ glist ut s- Ictns ’mu d.Ili he tubt .iiits’d fo r the unoufls’ni iii re lease it the
t. idtu us u ’iidc tt ’sou dt’i ~- ht _ i i t  _ ummtj m i te  s um I _ i s e t iss~~It to t t t c t e1 data ,,tc ,tvailablc. Rs’ s ’ , i i J le s~ ill ic t t tpcrau Uue s .ul la lu ’ ’ ihs ,

amid mu thi s ’ .thss ’iisc i ste ttit i g of t l ts ’ so its is ’ .iud ht uuimtdut ~ elet mieit t bs p ieetpt l_ itm i ’ u i .  Si_- aId .i~’ u t  pts ’ss t i le sl lu ui l i d

he essemmm m jlls lIIs~ s a ummi ’ outside t hts • suiti de .itisl ill t h e  .uti ami ’ ut ms h this ’ hsg uts i ii r t — l’h,sis this’ (enips- t a t t i t e  il time
ljue m is iuti f f 1_ i t sshuc h tu u~c lhtc t ssttht this ’ ~uhs s’ i ’ . s’st i_ idio:, ‘ t i s t s ’ t u tu _ il ordinate v,,iue s i’.’td’. thtc satite v.ipoi
puessuit ’ .,‘s ( f t_ i t  ~ • • i  us ’spoutdmt lg i i’ t l t e  r’’ e ht t u i i t t e i e i  dal .t.

\ mt t’~ .utnphc iii _i t cc i ’ ide t eh t atu li i i .1 so uttdim tg ‘ .s l th l  si ihst .inti_ il initial f t ) C t t s i o i  lem pe rat umc e\ ss ’ sS is shown

in f i s ’ t i t s ’ 3 hhsmii dt ts t t id ls ’.iss’s lu time l e f t . t c t tmp era tu ls  lii the t ight . and unit e upwa uds. The sonde ‘ . sas  released
at Point \ l t i~~,i .11 1024 I’S!. 30 Juls l’173 . .iutd hi id been uimi ’d if~s’d lu pe itni t g te a t cr  v e t t i s _ i l  rs’sii hutmon ts~ i t t ’

cie .isuutg the sss itchin g l at e  heist s ’ s’ l t  te nip e m_ lt u ue _iitsl huntuduts • Skis ’s ‘.ss’ rC ,JVs’td.isi w t ih hitsi s i t a t  Ii’. wh t uc h ~ as

hs’gtm imt i ttg t u t  ch~_ir . ht osss ’’ .et I, .111th s t i l  I , i s s ~ ‘ . i_ l t ts h s s i _ d c  l i_ s it kiiui ts  f iotf l  th is ’ s u i u t l t s i _es t  (ormshiutis ).

- 
• Ihe su’,tdc 55 ,1’. o~s’ if t f t s’ Ws’.uu f ts ’t Ss’t sles ’ is ~ s’5 ~J00n sshic f i itasi beeut m itod ified at I’A(’Yut ISTI S1’(’F\ i~

reduce s~ i,t i ius’.uting i t  l i d s  hi~ su i ’ . s’ l i t ig  t hie top u I  the hi~ gui stot dus t with atuimiut tut rn foil. and hlackentog tlt~
iti ts’rior of tltc duct

i’he sin l ice Ittuttt isl il~ ord utt a rs’ cot icspu uitdi ng 10 th is ’ u e l .u t mv e itumidtt~ icadimig il l ~S obtained f t t u i i i  c l ect u t e

pss c hrotneteu o sho’’.s 0 .0 ,i circled pilitti . i~ii to  Ills’ l e f t  and .it a niucim hmg hter lmu t nm dtt s that i that cor ;espoitdi~tg

to  llts’ initial location of the ~ott de f iumudius t uade ,  The hauer irm dmc ate d .i rehatmve fmu rttt ii ,ts of 5({ ~. using the
pss chronicler te mper a lsmi e of IS .s ’C. Ihe dmsere~uattcy between these two i t um ni dmtm es cot m s’spouds to a hvgrms toi

t s’ntp era ture cxs ’ ess  iii this CaSt’ of about 5 5” (’ . Tite somide data iitdieaue the top o~ a superadta baltc las e r  at

214 It’d j hi”.e the sill face Il’ht,s level is indicated in lugu mus ’ 3 by the lomig htort ,ot it ’aI dashed h u e  at ,,bout 1 4
tilmilut s’ tnto the sou ndmtt g .) (‘ se of the actual hisi ;ti tdi t~ contact sa lue t’or t his Ie’ .ct together with u h i e surface

i’s’. ~‘ lm rorne ls’r data icI~h a sut f j cs ’’IuIiscsl super refr adi l ’ .c  laser wmtht  c f r ac t tv l t ~ gi adiet t t  of —l f t )  N-owl s 1000
feet , If the f m u ut mtd i t s  iurdmnats ’ lot  fhs’ lop u u l the sopet adiabatic las et is obtained bs interpolation bs’t’.s ccii the
stui f ,iee ps scht rom ets ’r rea s hut tg s autd higher ‘ ‘ode pub is . however , a L d l i _ i s’ t l’ . t i~ gtadteu t of ’ ui t tl ~ ~35 N—unit ’ . per
1000 feet is calculated. h ut th us s’~attip le use u I  the act ual COfl !.is’t va lue lot f iu t uisl t ts - would cIc. ,uk hia’ .c r esulted

in .i spsi rio ils Hurt .ise- hu _ is s’ duct

ll vgr is tuui ot itta l tctn per.utu re ,‘s ,cess es cals ’uta ts ’s l hs the above titcihud are shots-ut mu f’mgurc 4 for Potti t

Mugu so ttuisf t i e’. front Sepls’mhei I *~
) , i ll  w itt el t  ~MQ- 51 milttar~ souts ies wet s ’  etiiphut~ ed This pet Rid Si JS s i_ el f

befor e t ite lit rod iuct ioum of s’x t ra  raduatii iii shielding. These values h,,ve been ptsi ttes l agamnsl titus’ sit ’ day . amid

d c_ irIs are scp.~i;iied into u m i ghtl iune and day t ime regimes. During th is’ da~ the ;i’.di age tcnlps’u INure C\CCSS wa s

aroumid 4”(’_ and read ied Js  f t t i ~ht .~s ~ f i t  S”(’ on seve ra l os’dasih l it s .

BIAS DUE TO INITIAL AND LAG ERRORS

In u ’ i s fe t  i uu  est imate .is’Itial hurntshitv amid tef r . id lt ’ . i i )  s l is l t tb ut io t l  with lult m iude h roun radinso mtdes subtect
to initial and I is u s’mperat ore—induced huntidit et rut s. htygm Isiot temperat Ott’ it itisi be known . ):m~ of ’ all, it

Is t es hu i red f i t i  reduction of the t ,u’.’. son~he his gu Istor dat a h lCs_it tSs’ of i ts  chi’ect ott t h e  rd _ it monsh i i1u bet Ws’s’it

Its gristor res t st  ‘_iui ce atid i el .11 t’ .d burnish It’. . huit this et ’fes’t IS 1111001 f iti t ime t e t f l pc r ’_i I tire range of ’ co i les ’ t t t  it s’i s’

hIs g r iSt Ot (em ~ s’ rh t i l ts ’  is of in uic it lust re i t iu ~~i ‘ i t  .tns’s’ , lutis t s’ s c t  . iii sill i s ’ s  Ii utg th is ’ app_ i rent tel_ it is’s’ It t m m mdii ~ f i t ;

the di f ’fc rs ’ n 5’s ’ in s i l o  i_i iii Ut slipi it prs’ssu u s ’  f u et s t ee n  I hi_ it ii I lie f ree lii titosphiere lund t im _ i I n t he _i it i it tmtncd late

s , u t i ! , i s i with ti’e ii’. iZ tus i u ’ l  - wit en fits ’ te ml ipd ta t t i re of the f a t t e r  t i t t e r s  friutti the I t s ’s’ atr temperature It’s uneasuted
fu~ this ’ ihii lrl l iisiu’ i ~itmtst sIe the sutt ide. i l ’ sg r t s tuu r  Is’ttt ps’Iau l t i s ’ can be tiieasuus’tl d irectl~ by a thermuistor placed on
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t ime h is g mist o r_ hut t i t us t sq l i i t s ’ s  pi t is i s ti u t t ut u t i h i i i N l t i t t  tHug tim e .itldi t uutt ihu l teiml l is’I a l tu ie  to t i i t  slit has’s’ -‘tui otl iet
app rtmh icti iii vu ml vs’s ca Ic ui_it i rig t l iesume I ic_ if hi gi is t i_ u tenm~te u_ it site i s’Sp(iit’se to inc_i_ui esl f t  s’i_~ liii  leumi hit’ i - hit t i lt ’s , comi ’
sitlem tug Iuv g tu ’ .iot te im m p er alume s’ t u u i i  lit this ’ ntottiemt t of Is’ht’ase , auth the ehIes’tive hi ygu isto m thi s ’muih u l tim ul e ci ;flslamt t
d rue iii the s i lt mmii timed I Item mit _ i l hag c it_ it l i s t s ’  mi s t is’s of’ t Its’ hi s gm ui _ f u t  ehci mte itt Ii mud Ore i_ nt r outtd imig duct - csurresisuutd imm g

to a vs’ i i t t Lu lioui ra ts ’  luppiutp riatc liii tIme ty 1te somids’ used jnsi ,us esuii rate c~ pctiem iced I. Al thoug h healing ill this ’
Im ’ig i is iu ’ i  s lim e iii ‘.,ih,uu ma dua t i t tu t  is the s i l t i l t s ’ si t i s  u u i m t u , il i c m t t p — i a t i u i s - h i m_ i s , t h i s  is  i iuusIi sl ut mmiiiishme d a lo ft  (tim tI re
m ; mm pui uv ed suutide s ,uhuirii +Oi,ui (~ ims’am se.i leve l) bes lut iss - i t t  the iuicteaSs ’ i i i  s i ’ mmli hatuuuui  •uh let  cit _ u s e , t i u eue l t mus ’ , l i t

ihme si m ’ ucu’usuu im i w i tu s hi follows , the so u l ri humi i o u  itt i lid I_i t  uuii m iii lime ii i t _ i l  em m iii a/u/I li_ is muu it fit-ci t iiis luds’d -
Results oh aim app l is h t ulu iti of this ’ hippi uuhus ’hi oh c h uh s ’uta l im ig liygt ist ui t ts’t mi pt ’i a t uts ~ ,uue depicted i i i  tlguic S using

d_ ui. u f t  ommi .u p_ u oh ’ imupt oved JOOS Wcathts’r Sci vi~’e thud i,isomm des meheasetl s t u n  tilt huums ’ ,i iusl ’ . ,mi I’AUM IS’l’I- S I’(’I~N at
I 705/ (ou)ocPs1’) 4 Mas h°)77; at time of idiehuse i_k’. c o i m dut iu iu t s  were 3/10 stimulus , wi th uip ish u ou e winds oh (t

kmm oi - h its’ situ isles wets ’ lii let ed hut PA(’M lSTI~STCFN to permit it h i l le l  s t -I I ucal r esol itt tout. Al ( f lu  tughi I lie st mdc
1i_ uck.ig es W s ’ t s~ ud em i fichul . limes wets’ e;it’h i hhuu md led mu a di f t ’e ieuit u mmauiume t pt nit f i i  teh e_ is e Aim his ’ s’i u ihu t C  esti mate iii
Its’s’ l i l t  temper_ it tires was ties’dcd liii cititi pull tig hygrist or f ciii ps’ thu t sties - Ti i miii ni mmm lie C tf e~’ Is oh’ radial ion out
t ciii pe; hut Sirs’ s iid ic_ i led liv hit s ’ t h e n ii is tu tu  Ii t his’ mnom m meti I of ’ re kass- atid t i m m ougim the Itiwil r pa i t  of this ’ soummd I mig,
uuits ’ i_su m_ It’ s t _ i s  fsirc e-veuiiulats ’d itt ,u t l tenmtmsms c ret ’ mt ho t about live mimir iutes jus t before iclehiss’ - Ts’uiiperal uie data
trut h tit us sittid s ’ us s h ui is s - m u .us put l :~s ! mu time uppem lelt se s t lu t i t  oil ’ t ig umc 5 Thus te mm mpemat im i s ’ ptu i t i l s ’  was used to
calcula te a tiu itmher of hiy pothet ic_il e \ht t uipies ut psussi hls’ his gt istuli tenipe rat Si ts’ VIII lat ion with alt it tids’ , assumimmug
V_ i l  i to’s his gIl_ t ill t s ’ mimp elhu i lmut ’i_ lii time mtt unts ’tit sit ’ is’Is’ass’ (e~ h it s ’sss’d his ‘‘itii u i hi h s ’m i uuu ‘‘ be tws ’eui hty g u ui _ t o m h uui d
incasitie sh free liii leut t h te mhi ti uis ’ b . ,1 hi s gm i~ tot tiu e rmm t hih Ihug iii I S  ses’onsls , lund ascent at the observed th u d (5 5 5 f t !
umm im m ) t hm uu iu g ht this ’ t e t im p eihui ins ’ e i uv i r u tm tum m ‘ i t t  itt rh is ’hit s ’d his- pnu i i i h e I . ‘I’h mis vhul ut’ for Iiuem mti al lag hiphihies to h i s’
chi t bttmm Its gm isl ot iii t h e  J005 i t u m i i t u sed i_u - title h’_ iskhi g s . as ui ieut t t o t umesl  ea r hiet cutum iput ed profiles 2 . 3. lund 4 d i f f em
sii le ls as u t o ’stulf sit sli t h-is’nl h ussiiu t ms ’d ui t i u t : l hygr istoi r le t tm ht e mh m l u rs ’ bi_ i ss’s Itt hull’ . s’veu mt this ’ effect of thermal lag
tim Ut is s t Iu l . i  iii il i w tilt ims’g~u i t  ye I emmm ~ie nIt to re I,i 1tse n_ i is’s It ’s sh ow it his puofuk I would c h Ost ’ hmygn isl iii tt’iu pet hit lilt ’S
W Ii nflts’t t lih i Ii I f i t ’ his ’ s’ h i m  - i_s t i l t  s’ t t u m s e i  I lid list ’ wit mcli ~mne disc uisscd lie loss- .

l Ime ~tt ims ’ i t hu sh i,tsuiiisle i_ t his used to ut ht _ im im maw ht~ gi i_ h it (Ih ithu rm imds ’ m cuimud i l ions wh ich i_s- u uhd Cilli h i t is ’ s’ hi)
gr iSto r Vt i hl t s ’ ia bi hl ts hut u tv e ihm e hui t u m g .  amid w iimc li i t s ’ suspected iii u i _ c u t at f lu mes with r st u tmmm s’ sst urmdi m mgs . Tlits
somide w as allowed lit sit umu time stiti fot thi s ’ i_ a l lis’ five u mmitmu Is’ pet m u d  iii t im m mc pm liii to re le_ use , out lop ut f Ii woodem m
htmx hihutut outs ’ humid oit c-I ialf t i— e l hlhtt vs ’ lilt hisp hia lt Itavelime itt A sii bst ,uum t liii Li t _ is o i l its gr ust o m teiiihis’i hit i i t s ’ h ih i ui i_ 5’
t h at  in th is’ It cc h i t mnosphiere si_- .us oh i_ cu veil Iii develop by time f t  mile of u els’hise wit us’hm in_ is’ be chili Flit ’ Is’ u mi _ f is ’ it t ’ multi I iume
Situ mm d mm igs whit’ re ft rechuu f mu i t t ’ .  hugh i list 1tre - flight I hehi f t  1mg i i i  as not he tak e mm I hi’s itt f emu i’d Iii tumi t Ime thud luts i i t it is ’ record s’u
c hhm ru h s- I he ins’ I list_I IILII fitted hits -’.’ tut n’.l~

- ml anmutt tn ted t o  1ubutu m + 4°(’ , ‘Iii is us this ’ ,mss im itied tutu I thu t’ t i  ‘ it wit is’hi
i s’st iIted t i  gemte ’ihi ti (m u i i t t  it ’t ut pe raf h u t ’ 1~t 0t ils’ 31 cuuiusei ~imeuit ly l i ihi t f i t o ut t ie pte stu itt _ ihils tu mul t ’s chutse si lii ut ’pt eseumlu m ig
list u_il I is-g r l i_ toi l  temp er_ it ute hs’Ithuvislu with 11101 tisf s’

the ss~ misit m v m t v of so tune Intuit isl its ~ue i_ it s’sl pa raitte lets to hi~ gi ist Ot t  tet imps’ i 11101 s’ s ’ i t  i_ t i ’ s  ii. detm istitsi m ~i ted itt this ’
tit her hutxed Scc t tub t t s  out fi g u re 5, liv im rol ’ihc s of rs’Ialive Im uum m idi ts . tmm i ’ sm m mg ta int , autd t s ’ t t as ’ t iv t ls  , tm umnhs’is’sl it t

,i5s - omr dau icc wi t im flit ’ phi rI ictila r hygu NI il l I emupe m I m I rime pu ut f the .u s ’ s tu ui me sl , l ’hme i ass iiygnisf i_ ii data W hit (‘ii st i-educed
ui _ i  mig each oil’ I he I s ’ umm ~ie u,ut tire pnutt ’i Is’s I mi f u r  ti Itt oh thu lit tour sets ui I - ulilihi remit i elhit use It limit Id it us’s . Itt t lie dhtst’ itt
prof u Is’s 2 , 3 , amid 4 I h ess’ It Limit Id it ms ’s we us ’ I iis’tm is’ mit hit itc h v cu l u t e s ’ ted f u it i_ I if f u’ i c i t i es  bet weeui t ime h i_ i_ ui timed imygrist iii
i eum t pe rat um s’ s repress ’ li t ed Its time con mespouid i ugly i t  uutihs’ red I s’n~ pet at o m pm itt i Is’s , himid I lie (‘tee hut I I t’mtt h ) ethi ( nut ’s
I s-p rs’sem i fee l Ii’. I emit ~ie rat lire ~irolihe I . Alt Ito rug im flit’ tent ps’ ra l ois ’ hi mm d liii in ud if y mit hum m t  loin s’htt flC Ii omit twit
st ’pa F_ i Ic si it ids’s , it m’s iis’I ieved I lihi I time ’ .’ S h umu t pled csss ’ul i i,m I Is thi s’ s_ i t t  is’ vol ii time u’ t 11mm due t u t time in siumi tilt hitt ’uil iS
ide_ iso’ iti sl it_ C p u ut ’ s m l t t i f ’ . .  Profiles of Imt i \ im tg ratio and t e t m _ i s ’ i m v i i ~ were s’ ut umm p uf s’ t I  f t i t umi ih is ’se s’o iut’s’fed re lh itis -e
htttnu slmtics humid his’s’ h utu ts ’mitp e raft i res . 1mm this ’ s’hist ’ ot h i~uoi Ile I f u ~~ this ’ hmu m mm u di t s phuih ui iteleu i_ , i t u t c o u i e t ’ i i u i t u s  si _ cue
1i~mp lidhihl e , th e his gi isior ts’mtmp eu h ints’ heiumg hts siuti tu ’d ideumlm cal ii ’ time its’s’ lu ll teultp euat uit t’. Oh flit’ t dative ’
hmuntidius - mnm ~ mIig Thu iii . a mid met i his ’ I uvu Is putt des slmoist ’ ii . pm o t t  lIe 3 i5 P~ 

uih_ihls utm OSt rein t’St’til hul ms -c utf ,us ’t u_il
lutunosp hienlc t’uridul: ut uis for titu s soummeit itg . hiS if i_ t h is dei e uu mi imt s ’tI h~ c u t  t i ’ s ’ f  li tmu s hIts. ti out time muuosi  h i i t h t uut l t u ihu f e
inN u h f hygristoir temperature hi’s potiuted out previously, On I he utthi5 ’t Imaitd - e~eep’ ‘‘ i the iiuithiet’ point (aitd uhie
immure tI~f ailed resolution of ’ these sotundiu mgs) . proif ’uis’ I f o ’ u th e hiitniuh i t ’ .  -u elaft ’sI f l_i l .1 i t t t ’t Ci S th u _ I m I tts ’s t he kitid of
ns’su lts to  he c\pes’fed unels’i slamisihu rd retlut’t tsmm m ;nstcs’stu;s-s . whie h u in d Ied as sw mme ieuo 11)-gm ustut i  th me m m_ iI Lug
hitid tumu l t _ i l  hihis hs ignoir I ng f i ts ’  s’ f t t ’ s ’t u if f lit-se 5515mm s’s ’ s oh c ruin liii I lie hi limit ud mm ’ . oh .i i .u hi f t  ci t eht ’,uso - - Li nsleu s t i s ’ii
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~t i t t i_’t’t iutus ’s _ this ’ list ’ ou t ,u 1is ’ . ~h mtiui i ii _’I~’i wu tul d li _ i t t ’ is’suhtt ’tI i i i  ‘.Ot I_ i t t ’ t _ m luus i_ oi u u ’ .t’ i i i  thus ’ s l it f_ is ’ s’ f t it ui it uu t  f u m u i

f ile I tutu t s ’ uu mf t t ’ u_ i tu i t’_ amid p i o tt ih e 3 to m liii ’ hu uuuti udi t y ’ ie la te ’ d f th i t lu t t l t ’ It ’i’s it t u e  u mmut ih u h ii) gi t i _ lo u t  m emmu t t e u . u t i i i t ’ f i t _ is
st _ us iii t ac t  ahutut t4 °(’ _t s hi _ us its’s’ui uu t t eu  it ’tl Wi udt’ iii is ’ i i t i s  o t t  guhitiis’ m i is  iims ’ic Is lii lit ’ dt t t t ’ t t ’ut~- i_ ’ Its ’ iwes’uu puot ifs ’s
I atid , this ’ sui hts lilu i tti iui ill 1i~ ’. shu t o t i i me f i ’i dai,u h u t  lI m e su ti f _ i ~~ ’ f usu uuu i uut gi ’t hus’ i i_su it flit ’ l iSt ’ u i  uim s’o u I is’s’it’d t , u ohu i u

so tiids ’ i l _ u t _ i  ah t if i  ii i ’ e s ’ ss_ i i i l ’ .  u u t t m o u s h u u s ’ es ,u t ueg , u t t s s ’ hi.us um i t h e  i_lIt S t u ui is ’ ‘.‘s’ t l i s ’ _ iI g m ash i t ’ mi l ’ .  o t t  hiruuuiidu t ’ . hiuuol It ’ t t hi s ’ i i t i t t
i i i  t h e  stitl , is e I _ us t i  - I’fi~’ I u t s l  s i g u t u tus ’ iiii (o u t  uu ih i iuo l_ iu i u u ’ .  I ls’tt ’I ,ibiti_t ’ tims ~ suit I_ it t’ defit it ’’. thi s ’ t o u t  i uf liii ’ so t  f _ l e t ’I,u s s’i _ _ iti si i i i  t hits so iuumthng tt’ttulsl pu othi _ it i Is Its’ i_c let ’ t est .us i lit’ t o tp of t Its’ i_tips-i ad uj ha lit ’ I,t’. e I cv ioit ’i ii ~i I alto nut
2S0 les’I .u ht u tu t t t ’ i i i  t c i mm pe r_ i t uis’ f t lu u t i l t ’ I - Ko u l iii ft i, is’ i i s u_’ this’ _t~t pams ’ uu t alt ut ut ie oi l  _i sigu uulica um t ls’ve h us iou
sointe e %,ts ’ i t i  t o i l  t um tot t i i_ i_tnt’s’ t Ime u ashi ot soumo te do it ’ s m i o u l  It  amus u mmu I e_ it’hi ~um 1um umel em torn liii ‘Jo uiis i ‘. , .ul s uu , m s’sithui m iu mu
is o t i shm nj u mh~ ss t u uie i_vh_ it hti uo ius’i lh1uuu i t t  it i im i_pci_ i_ i l s’u ti iiu up ht’ hem s ’, ~.liiIt’ s’oiui th i ti stm is i t t  this ’ sum f ,u s ’ t ’ i_ us t i  i ui l imit
t’_ist’ .u~-tn _ uf h ’ . a~tpe_ iu Iii hi,i vs ’  bet ’u i stuh i i etu ~is’ l i v e as imuthm i_’_ iii _’~f his ts ’ Ii ,ls- t isu t ’ . itmoul ile 3 , sekclui m ui out t h e  lop o u t

the 501 thu s -c h_ u ’ . s’l at ,imt ’ . hu flilu ds’ hu’ws’t It t_ itt _ ihio u t it ‘(itt is’eI and uethut’ti i tmi uuids’i Si.iuiih,iIi I nmoces ttuies woulst
It _ it t’ i esuhleth i ii ,i fis t it u~ius siu u I_ i t t ’ ht ,ust ’tI It 1uppm uig I_ u ’ . t’ t

TRENDS IN THE BIAS AT PACM ISTESTCEN

?tl h ut o i i  ,It,iiigt ’’~ iii ‘ . I _ i u i s m m s- s oil l iut t i t oh it ’ .  _ u u i oh tt ’I i .iohutt ’ gm .idie uuii _ u i _ i t  iits~ ‘ .s ’am s l i_ i s~’ fts’s’u i m i o t ls ’ti t i m Pttiiu t
ttluigii i Iith ioii _uliusi t’ sI hit _ i st l u s h tilftjt ut i I i ii ‘ f i t  ecs’s iumig iutdi s’4u t mi nts u I  s’ot ui l .u uuiuu i hu t i t u u m Its is’tui lts’ihoiuis’’uuishucesl
iit t mumi t h i l i _ t’ l to i l  s~~ \ hts ’  I ~ut uoui is mit  u . i i i i uu ’ u u u t Jt ’ t u sh u imt ie i u i , u t u u t u u  .u iit l i l _ u t _ i  ms ’sius liou m i t to us ’s’dumies hut lb o ui u i i i~tugo I t u t u
I t)tt ’ Ihi it iimg hu h ’~ 

‘
~~ hits ’ mi o t ls ’d iii tugu ic It , _ uiuul ug w - ui f t  .u pl ti t itt ‘.t ,it t ’ t i_ h i ( l i t i  )hi5’sStiit’ S h i l l _ i t  lu O t ss u~hi alliltisl s’

iht uou i m g hm h u t ’ fim si 111)-eu oil se is ’ t iu’ih soiu m it d iuu gs I mo u t h t huh i t  ~ts’ tuo t s l, sc us u is tI _ i f s ’ hut o uu t le i fit ~t uotv i s ls’ a tu i O t i t ’
I rst n mi_i g e uis ’ oflis 5 ,1111 plc . I Its’ souimit mmm gs ic~si  st’ i tt s’tt ‘ .s ’eu s’ sass ’ s si_ his ’ i s ’ this ’ I emiip s’m 1it in t’ deci s’hiss’tI its’ I we s ’u t 3 t o t  4 

ii

(

f u tt imi this ’ i_Ui f l i t s ’ lo u h i t ’ h u h  u uf  ihis ’ i_ UI f _ i s o ’ ,ut i t I , , ut ud liii w ’hi is ’ii this ’ t u ft ill Ifilu l Li’. t’m i_ i_ li ’. bs’twe t ’ii I (It) to t  4(1(1
tt’s’i ,uhi uis t’ t hus ~ sot I h i t s ’  -

-
~o s u ih is t au m l u _ i l sie’s’Ii ti s ’ i mu uui . i g mu i f uds ’ ott If ~s’ ue f t i t i t s ’sl s’ltp oi m iiis’ssu ume dith s ’t eu is’s’s iuv t’i thus ’ ‘. t ’_i i s is ou h tti i uiu s ,

t h u f lit’ gu e~t ts’si thu _ i tugs ’ iii ’s ’ nit tug It5’ iw L’L’Ji ,u ht u mut I’ ) 7 1  amid f ~)7 S - pu sufiabl~
- is’ (icc i iuig adopt io tui of two it t _ i t i t t

sh l.uui g o ’s m mmoti u f it’aliou i oi l s o i mu ol t ’s s t _ i l  t i mu g Jou l~ Ii) 71 Iii t mii t t i mtmiie Itud ihufi ott ial hlehu ti ml g , au m d ulih i iatm oti i oil hi I_ i t t ’
s- t’ mit ihh u ted time tfl t i_tsl.’ i s’eut li_ t i f l i t ’  t dc lust’ coin_ I uinturung itt ’ t hit ’ i_ it t ists ’ s st _il l i mt g in Noveutibe i 1~)74 - (‘hihumiges ill
ef ra c l i vs’ guat h iemu l s t h u l i s i u o s l i l t time i_ t i m f ,ice I_ ms s-i ,l i e hu t _ u s’videmi u , ,us si io t w ’mm uuu h’ig tu mt ’ 7 A temmiamka bl t ’  tles’h i m ie

imi this’ it’ pou test It di liii’ it s ’ . o if ~~‘~ ‘ u u u i  etis’s’ o i l t hus’ mi iot rs ’ s’ ~l ns ’ ine us ’ f r _ i s ’  l i s t ’ gm _ id is’mu Is h i t  k itt ,isc lit ’ s-I I hi is pt ’ t toid -

Iii h%~. IuI u u m outl -lit’ , ott all sotu uid imugs uut shii ’ hII eti suil l hui ’i’’bhi%s’sh tr hif t pim mg , elmoppimu g lot  less l i th ium it ~ i l l  l°)75 humid
l~>7t i 1 Iii’ f u it it f i I i , u t u t  b utt7 lot I tIltS is ftt ’Iues - s ’sl shut ’ iou liii lil s ’ tt ’hi ’ .i’ i i i  s’iti pft ll’s is hit t h ihut tHUs’ i i i  i t ’~~Ot i  tiu ig Stit hillt ’I
It’,iiu mi i_ s i t t  t ht t ~ so i uu ui shuu t g , h um t th iii .u s i_s llo ’ f u iu u g u u t ~uoIi f us - h im l o u t i  lit llls ’ l t ’.ti_ t ’ hium t ti id i t ’ . It it ’hisiiis’ultt’t t t s .

OTHER CONSIDERATIONS IN ASSESSING OCE ANIC REFRACTIVE STRUCTURE

A uiou ii iiten oil ’ ott h mem tu i uis l i ls ’ i _ i f l u i uis lilt’ imuvo i it ’eu,l iii .is%s ’ ’ s s ui i t ’ i i t of t i l t ’ 1iulhis’ mi tu t ’ i u’ .  humid ht t’hi,is l i i i ill ous t - hei _ t ’i
u ti ’ t’hiilu t ’ I eli lis t i t t ’ si i ui_ I liii ’ hasesh u mu m I as hmo ts otu t il s’ th , ut _ i AsiVt’s’f Is’s’ humis i stmbs ishs’uis’s’ pm u is’t’ssi’’. wil l hit uu ig huht s iuit
i _ lu uiu mg slum tas’e’hi _ u’st’ti it ’Iu lis t i t t’ gm ludme mi ls of substatit ih i l ds’ 1ttim imi cc ii . m u t u m t ’g motm is a mmd ws’1ullls’u I t’glluue s But
sft i i i ’ iui es slime lot lo is _ i l  ha t t o l  ss’hi ef ’fs ’s’Is sshi uu,’hu apI_ear i i i  isI~u m i sl amm d so t_ s i_ i l  iht ihio isliui(Is’ s I. ui.t amid ss h i l t I t  111.1 ’ . It o’
s’uim tm p ls’ts ’l’.’ i c_ il - iit ’ts ’ it fts’lt’ss mt ii u y m u t t it s ’ i s’pu s’si’tt ill live oil s t pen o i s ’ s’ 1uti cs i utshiti s tuis . t~ttItotug Iu ‘.uuiuiiit Im ig s lu s~mit
shi1is out t h e  sifts’ hi  u is’5’_i uu shooht l lie Ii cc ,if i_nc hi it t  t i his’ mi ss’s - hi l iot I lieu i_Ou t is ’s’ oil ’ lii l i_ il l f o t u  tilhi Iii lii It I .t ’ . .11 i_ i ’ lit flit ,
prs’i_e’ mice i i  f ~i i t  s ’S lupoi I ,i I iSs ’ slu t ’  I . t h i s  is ps’ o ut slut’ I is shi l l  i Its’ I t’t I / ci_ l hi~ hi f .uuuts i_li_ ill u ut i_ s iu t  I . 1 s t ’ - ht .u st~sh i_ups’ u me ft ,is ’
live’ ns’gu ot um t it us ’ tot t hi s ’ ft s’tloo ’tt t Is SI rtimm g , o’shi ht ,u u ,ui uui t u . s ’ .utt i_s’d ifs ’s’ i t’,isi’ i i i  Iiu i iiii oIit ~ snu tlu lilt it Uthi’ i t t  this ’ hulimio t i_ f t i it ’ mt ’
uu~ ntt’ol u,iu s’Is ahoive’ this ’ uts ’t’huut sum rI_ is’ e - A i_u l’tlc mcii th y I mu ls’ui ‘ss ’ d% ~i 1t i it .i l i s t ’ dIms ’ i s o  tuld be u m lusl aLe mm (‘i t  I .m iii’s’ It o _ i
s uit Ias’e ’hi_ ist’d duct ht t’s’h uuis t ’ oi l t his’ itm h u bi h lt s u I  Ii t h i t h io is u i uut i t ’ Iii u t ’soils o’ this’ Iuu i m i tei h s i i  imu _ ’,uI i’\l em ul oi l  li lt ’ fo t mmu i i . m
wi lii 1t o ussultl ’. set iouis s’f It’s’ is tt i i ltSSs ’’ssu i is ’ii I itt ’ protphugiut 101 mm co t imthul h u m s ,
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CONCLUSIONS

()um f lit’ h i_i s is  iii f lue large disparil’. ium sI_ i’. ‘tiigfii suuhacc ’based duct ou,’c oi mu s ’mices cj hs’ulj tcd t ust ni u_ idus uss tutds ’
cl_ it_ i Is’p otm ted at iti_ iui’ . sm _ i t h i lt s , amid the mu _ it o h ds’s’hiims’ in appauenu duct .i_ct’uu t t ’ iis ’ s’s adcouiifiaum’. mmm$ ul ii f i ut t%- t ’ lii eu mt i_
itt uutsl uunmenth utishu m *t ti_t puit se’dtu t t ’s hit Pt tit i i Mugu, it us cotuichuded that Ihuese ducts aus’ appaut’tmi lv mimi_ hi less
pie ta lcum I u ‘ i _ t ’ i this ’ u is t ’ ,i i ms t im _ i  m u tu ,u s hccmi liii uims ’ ml ’ . inst ic_tech

I i mu s us due f i t j  cit imihiumati ttu m i t t  reduction auid hauidhimmg proc edures, ant i he u mu ps ’ ua tur c ’ huisI u cs’d h mo i m uuud iis
C utouts lii 1’ S ,ut t&j tm lfm ,,’r iaditti_tiiiski_ susceptible to uad mat iotuiah hcalimmg auid thcrtnal lag eff ects oumi imunuiduty
tns’JsLui s’umis’uuis , This’ ht uouhheuum lu_ is se rhotus uuiiithit’ iuttotu is h i m  this ’ aut ltt ’uutwut ’ .- amid appths’_iuisiui oh’ i s’It as’ iu’ . c
chit ti h ll o ilti g is’s in it_ isa ) pl_ iuiuming auud pis’slict uot n techniques.

Although t t sce nts cunhiks’i’. th at soundings lak~n in ihs’ pasi ca mm be satisfactori ly ctt rrs ’cts ’d o t u t  atm iuudivudual
basis dime hut difficult’ . i t t  us ’ s u u i t s i rucli umg ,ull flue rs’Is’vauit puoc s’dut_iI. tustrumental. ‘and metetnsiksgtcal lhtt’toIs mu
s’hi’s’ct at t his’ h umus ’, lime chumuiaf ot ioig icai douutaminzition u i_i’. hs’ SU bi_ f autt ia l l’ . reduced Ii)’ applicalioum of ’ resu lts ott ’

comparative siiidms’s which ~ure plammums ’d at PACM ISTEST( ’t’N -

Such stuidies will imi s , ils c coumupai t u g  st ,iiidj rd radiotsttm ide sstummdiimgs with neat -sunultaumesmus soundings
eut ipiots umig tuutslihls’d su u uiili’s ott prot’s’durs’s such as are u sed tt pe ratu o mm ail y iii nlauiuis’d at PACMISTUSTCEN. l’lms’
mitel ml ic ,u i i t i lt S inch uds’ f lit’ hi s s’ ot t vent ut_ i t eel siis’I le ts  firitir lot h_il lstoui Is ’ ls’luse to mu in ium u u s ’  cmi Otis slims’ lit hug h u s h
u hid i at uu l u m - (‘ ounu p a u1uh us e ssuut md ungs .ou e ptammned liii Poimmit Mugu. Cahit ’sttnual San NicotIhus li_land, oft ’ the (“_ihuloi umua
t’uthisi - Karkim ig S_ i ui d s , Uaw-ju i amid po issml t ls sifhs’i loca liot uts , It us hitps’d (hi_il (‘rou t thmese studies. t ’osr i ~c I i oium
I_ us ’i oi t s will he ds’vehotps’d which will inipritve this ’ ciimuatological dala present ls’ available sin low-level almnosp hs’ruc
u ehihi c l i st ’ s t ructure u ser time otceamis . .im m d lead to t a llrmims’u h_ isis on wh ich t o t  devel op ts’chimuiques o uf pue dicllmig
re f ract ive St rucl uu e f rom all utm huss ’,iumd i_s s’ l uth ms ’u cosmmsidc,at mot is. 1 m m adsl i t is t n, ml is auit icipatcd thiat prstcedtuu s’s si_ ill
he re’cttnmniemmds’d w hmich m i_s ill result iii tt i if t rotved hit ’cw ,is ’ % tu t u  t Ulure tt mel u s Uu s ’ u i tCumtS .
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