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;tie tall1.."0r• fllt:h:.s 1.u.::.:::..e:-ec 56 t.hr:n1g , 1;:o c-x::p:-isea a. rat:.er ldce 

licitec. n:i::i:e:- :Jf tt:ese are trajec~rles 3.T"..:!hble. TI:e rer.ur.i..cg fli&hts 

!:ave teen cace in tr.e tro;:,.:is:>~e:-e o:- io-er Stratos:; .ere a:-iC. ti:e perioti at 

c:>ns4:.c2r.t. altit~e rar~es fro:1 o:le-1'.al.! to several =o:n-s. In c.ciaiti:,n t.~ 

!.~e r:-.:ive:-sity flit!hts t..-a trajc-ct::>ries ~re :,::talr.ed f'r:,=: Ger.eral l!ills 

flig~ts on .. rich Uoiversit.:; caoer3s ;;ere f_:Ylffl. 

Trese fer. hig~ level fli:;hts, ~y ::1 c;r:pa.ris:>:: s:it...') tr.e Texas series 

no;;. ~e hit::r. le7el t:-3;ject>ries a.a:.: t.~ -:nn~r t::eroal structure in the 

T!:e lo;.er level .und a;ita !:as bee:: a=.al;rze-.1 t~,.: a core s1stcr.atic method 

t:> ce;-.cr::Iine tht str-... cture .:>C t.!-e Il:JI ::.n t...':.ie tr.J1=0s;?:ere a.no. one o! the 

earlier stratos;::1'ere f i&~t.s lias ::'!:en siailarly a:..alyzeo t.-:> coc.pare the 

characteristics or atoos;,,henc flo"ot at cifieren.t levels. Tar.> or t.t.e step 

flir:t.ts asceooea sl01rly t~r-:Ja;;?-, a regi.oo of 1o1r.a :::.arlat.::1 ace p.eloeo s:1t:1e 

infomation on U:e vertical strl;cture. 11:e ~hse:-v-.tior.s am the c.isc:ission 

of 'Wirn str-,1cture •1.ll te fo'.ln:i 1D secticu:.s C a~ D. 
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t 
Tte valid.it)' of U,e geostror,hc relationship rest.s on en;::irical 

evic.er.ce although 1t. can t e arg.1ec U-at just. t his equilibrium or l:;a,larlce 

of .fo.:-ces would ~ ac'hieved b:, a.r. al.nos~ frictionless at.11os::ihere in lihi:ch 

the ;:r-2ssure ~tt.,erns a:e large-scale a:-id rersist.-~nt. For t r 1s reas:>n 

U,,.e e;e:>st.r::>;,'!'11c 11r1nc equation is c:,.::..sit:erec part:icularly :.;.seful in oes-

cricir.g t~e relat1onshl.p between th mean llil.£"' ax ?r e5~ure <..J.stn'tut.ions. 

51.r:ce t.· e at·::us :11-tere is very nearly in t,ycr:>stat1c eqolitr1.uo, the 

ge-:>str:>-::i!ri.c •1r\lC e(i:.:ati:m also specliies a ;•clati.>nsrip bet .. ee::i the chan~ 

in•~ nth elevation and the J-,r:,rizor,tal te•:oe:-:at...re brauient. Froa the 

r 

Suc:st.it.;.ting fr.>:.. t.'!-e i..ycrostatie eq'.lation for # 
( ,;j /,/JV.J = "'J.{r"I ._,_ t•• 

n,us t'!ie vect::,r of the vertical :.11nc. s~ear (act..all:r 110~ .t um char.ge) i ·s 

or-:r.:>::Jrtional t:i the horizontal te::oeratiae ,1;raoient. As ·an e.xa.mle :>f t.re 

rehtions"dp knor,u as tl"-e tl>eri::ial l"oinu, a ~est ...,_r.,a ir.creascs 1-1 th "t-e1ght 

in a layer in •hich the .. armer air 1s to the s:>ut.h anc aecreases ~t th eleva-

tion i.f the 1-ara:r .or lS ta the north. 

B- Tte winter Z'.Jnal flow abo·1e s:ixty th:iusa~~ 

The Tex.as flights a.tn the Pierre f .1.ibhts -..~ oaoe at..ring the same 

nnt.er season sc, t.~at. a c;,nparl son .;t:oulc pr:>vice so:ae est.:urate of t.he 

latituaina.l variation or t.he zcr.ial flow. onrorumately, cloucs prevented 
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An::>ther porti ()C or t.he r:ieteorol31,'"ical w::>rll has been ce•otec to it.e 

cocp;t.ati:>n of tre atc::>S?l-er1c 1ilfra.--eo nux. ?"'>I' a nu::t..er of' nirht oa,s 

t!:e e!fect.ive .arcir.g or polyethylene fa::nc t,,as t:.een c:>::-.~ut.ec ana t!ie 

seas:>::.a.l variat.i.:,n of the infrared ~ of ;:;olyethylene has also been 

1x:.estiga!.ed. Tl:e various infrareri stticies a:e c.:isc:i~ed in Section rv. 

-IIJn rete.:,rol:Jt;ical practice it is qlii.te fre-i.:efitl;; assumeo tba.t t.he 

relations.11.lp be~•een fielos of pressure a."X. the honzont.al ;.;:un ray le 

aceqo1atel,y er:,ressed ty the geostro:-.J>.ic nno. eq'l3ti.:ln. The \-.asis !':>r this 

assui::pt.ion ar.C: t~e less fa::n.llar conseq:il!o:e or t.te geostro-;i.~c •mci equation. 

t'be relatio."l tet:ireen the cho.nge in ,nrcd lri.t.."i elevation ano v.e te-:pe:atu...-e 

field, ldll te revie;-.ed f:,r the reacr:r nt.~:, ·:t. a ::ete::i,rol;,gica1 back~ound 

as intr:xiucti:>n to tr.e next section. 

Tre ge-Jst.ro;,hic v;jnc equation si~ly stat.es U-at t.,e 1li.a.i is parallel 

to t~e is:fra:-s, t,.,e soeed inversely !)rO?Ort.i::>r..al to t'!ie spaci•>ii::. betJ.een tihe 

i:..,~s am t?><e sine o!' the latitoce. In vecto:' notation wtere tl:e sub­

script S is ~d t.:> denote tl-.e t-::iriz:>::it.al ca::;:-:>nent and r • tl:e Ccriolis 

nar~ter ( Z.W 5r>.f' 1 

; ~ v :: (f;:,f
1
,;i - ~ 

J~r.ce, az: -.ill te noted later, t:e zoo.al ca::;Y.)nent or ~e -.ind nil be 

.directly i::roJYJrtional t.o the slope or U-e i:enm.oual pressure ?ro!ile 

~lotted on a sc.ale of the cosine of latituce. Sinee 

; wnere r is ~e radius or t:ha earth,. 

*· This resining portion of section A. is cy 1ray or an intri'.>aucti=m to several 
co:con aeteorological eonc€pt.s 1fh.ich ate e:aplOJed 1n t.he next section. 
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The valid.it) of U-e geostro~.ic relationship rests on e~irical 

evicer.ce although 1t can te ar~;.iec t~at just this equi.llbriWll or t.alan<:e 

o!' r~--c'?S wou!.d he ac~ieveo b:,- a.zi al.nos~ frictionless at:nosohere in -..hich 

t."ie pressure cat.terns a:-e large-scale a:~ rersistent. For tris reasm: 

Su:ce t,1e at::us~here is very r.earl:, in liyur:>st.at1c eq~litr1uc, the 

te::>str.:>·::i!rl.c wutl eGi:ation ais.:> specifies a ;·clations~ip bet .een t.he change 

·n ,i.nci witJ. elevation ar.d !.::e horizor.tal te~rature braaient. Froo the 

ge.:>str::>p. ic ,ar..c eq:.:.a.tion, CJ.f:erer,tiatir.£ w1~ res;:ect to z ana reversing 

t~ on:.er or ai!:e:-er.tlati::in a:ia vector o~rations, 

~ .) / V.) _, ~ 
( ,c ;,i '/' ,, = f v., ,?i' 

Substituting fr.:>~ t!-e ]Cr.Jstat.1c equation for #-
.a. r;/ o1i 

[~I/JV.; ~ -¾r~ "'• T ' 

Thus tre vector of t~ vertical. .. 1nc s~ear (actuall;r rao::ier.tu::i change) is 

'!>rn.:>rti:mal t:> the horizontal te:-1::ierature hrauient. A.s an ex.a::i::,le or the 

relationship knar.n as U-e U,er:lal lti~, a 1.est ina ir.creases nth l'eight 

in a layer in •hich the .-ar::ier :ur 1s to t.r-c south anc aecreases ii th eleva-

tion if U-e ua.rcier air is b tre north. 

B. Tr.e lfi.nter z:mal .flo• a::.ove sixty tt;:,usand reet 

The Texas fll.ghts aoo t.he Pl.erre r.ubhts \.ere c.ac.e ol.I"ing the sa.m 

-.inter season so that a c.:>::;:,;:;.nson stoulc pr::,vic..e some est.1::ate of t.he 

latitudinal variation of the :zooal flow. Unfortunately, clouos prevented 

(!onfioent1al Information 
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actual now measurements in all tut two Pl.erre !li£hts, ~s. 57 and 67. 

In both or these cases very light easterly flo- •as observed at li0,000 rt. 

The recovery points for Flights S6, 63, aoo 69 also provice so~ estimate 

of the high level ;,,incs; the vector tor the oove11:1cnt d.unr.g ascent and 

descent below So cb 1ras estii::.ateG fr012 the unper air naps ana then sub­

tracted fr::,::i t!'!e total vector to t e down ooint to oltain a vector mYe­

cent f:Jr the upner oort1on or the fli;;ht. ".i'l11s estic::ate proved to be 

ratr.er cruae tut dio 1nc.icate very lifbt urcs above SO mb. 

The very general 01cture :>f I.he zonal flO'A' in .. -;.nter pro'4aeo by 

t~ese cata is sl,or.n 1n Table t. 

Table I 

Latitudir.al variation or the r.ean zonal now in 
-,,i.nter fro::i_ p,!_li ,rersi 9 _flights. 

F.:levation 
(thousancs or rt) 

80 
60 

LatitUde 
(JO°N) 

22 kts 1111:esterly 
Light. 

Light 
20 kts westerly 

At 30° latitude the liest anui anrears to increase above 6o,OOO rt 

1'1ule at the same levels t'!-ie -,;est wind decreases 11-ith elevation at latitude 

LS0 • Since tl'e nun:ter of flights is qUi te scall.. it see::ed aavisatle to 

sor..ehO'K investig.ite the rep::-rsentativeness of these ol:scrvations. Orie 

c.ethod is to c:r.:pare t."·e pressure field anu ther:al str-.;.cture ic;:,lied by­

t.!:e w1rid observations of Tatle 1 with synoptic observations, but cill'rent 

radiosorxie data transrni ttea l::7 wletype terminates at SO c.b which is 

j!lst at tt.e tase of the layer to be investigated. !!Ol(ever, it was f~urd 

t.!tat even though teletype uata will 10n.1Jr proviue a direct check on the 

values at the lO"ner levels or Table 1, the otsE:-rVed ttenal stl"".M:tm'e flla1' 
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te extra;,olated to o'bta:i n a reasomble picture or t!le t~;-ature a.Di 

pressure fielcs atove. 

=iadiosonce cata for the C10nth of J anuary 195) xere usec to c:mstr.Jct. 

along the 900 ceridian, te:c;Jerature and contour prof iles for the 50 d> 

surface, figm-es II-1 arxi ll-2. So as t::i obt.o n safficient cat.a f':lt' a 

St1::>oth avenge, each point is t.lie c ean of t.¾.."'ee or !DDre reporting stations; 

U:e stations l:Sed f::>r each point are listed on tte diagran. The abscissa 

of Fip.u·e II-1 is t!':e cosir.e o! lat.1 tuce ar~c. tl-e slope of the profile, 

therefore, vill ?::e cirectly ~r:,portional ta t:e :Jean z ,x»l geostrophic wind 

speed. 

In Figure II-2 the ..:ean z::>nal te::pe..-ature ;::;r.:>f1 le ::if tt:e !a_yer S0-100 ab 

is given as well as tl:e te::peraturc at t.he SO cl> surface. The fo::-r.er value 

will, fur pl,;l';:,.>ses or extra:::-olation, be c ;ms1uere<1 as the representative 

tecperature !~r t~e 71 QO surface. 

TI:e mtidional ;::rofile or the 50 i::b surface aocs agree •1th the wi.rd 

observat1or.s at 6.J,OJO ft in Tatle I. T!":e slope is zero or positive at 

30° latituce and 1s D!gati·.-e, ir.dicat1r.g a west n-:n, at LS0 latj_ttx:e. 

If no1r tte geostr:;phic 1,est Wind is to i .ocrease .-i th t:eight at J0° l.ati tuce 11 

the ceridior.al te-erature grac.1ent or F1e:;ure ll-2 :::ust reverse above SO mb, 

and if th -.est nr..d is to decrease with eleva.t1on at u5° latitooe, the 

i:;endional tec:pe:atu:-e gradient. at Ls=> cannot reverse. ThlS is, or course. 

just 11,hat is .suggested t,- the linear extra;:,olation or the tecperature lapse 

rate froo n to 50 d:;, Figure n-J. n:e increase or t.eq:ierature •it.h eleva­

tion is greatest. at low latitudes. The is:,thercal lapse rate to ab::Jut JO mb 

at. lati tuce hS° is actually ven.fied o:i sore or the Pierre nights for which 

the air tei:me!·at..:u:-es were measured. 
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Qu.alitatively t!?e observed am extrapolated te:i;:ierature field is in 

a.;:ree=ent. •ith the 1d.nd observations in Tatle I. However~ an even greater 

latitxi&a.l oi!terence in tte lapse rate than i.ncicateu by Figure II-3 

Till l:e required to produce t;,e observed zonal now at the 80.000-rt level 

at 30° latituie. 

C. ~as-..:.re::ects of t!:e Ve:-tical r11.nd Structure 

C:l to1.:, ste;, fli[ht.s. ios. 79 am 80, t~e talloon syste:i ascended 

slox :f tJ-.. r :)\:g~ a ngion or wim ::.ax:u~.:i:n yie.laing c.etailed infon:iatioc oo 

the vertical structure. ':,ith t~ usual ascent rates of tte t:alloon t."ere 

is c.>:::.sicera!:le Stia;; of tJ:e load a."l<i car.iera. Ymic:? causes an error in the 

~ition fixes and velocity ceasure::ients ciu..-; ::g ascent. tut in these cases 

ldt .. asce::t rates less tran SCo ft/cin the ca!:era Sliay rioes n::,t seriously 

a:"fect the results. 7~ '"ertictl nnc: structure ceterri.ned on these 

flig?:ts is sh01r.1 i=- ?i!;ures II-!.: a?Xi II-5. The vertical te~eratu.re 

st.r1:etwre fr:ll!:l r.t:art-;; raci:>sor.ce oeasurenents are included for cxparison. 

An esti::.ate o!' t1:e wa.:curacy of t.~e aata cay be ga:uiea l::y cons:i.aeting 

t~ ;;->si tioc fiies !'rO:J t~e oco-nuc.bered fra::tes S::!)cll"ately frxi the even­

n:.u:.te:ea !'ra=ss. lr....!'ferences in the tl!io velxi ty curves so obtaJ.ned ma;y 

l:e cue t:> actual "lrir.o di!!erences. but, in a.:ry event, tne error in icea.sure­

.crer.t ca."lOOt te a%fj 6reater than the aifferences l:etween the two c\ll'V'es. 

llit!l t?:.is possible error in mind, one can col'lClu:le from the velocity 

structure shor.'1 in :i.gs. II""4 acd II-5. tl:at a lllUltiple 1tin<!. caxi.m.ct wit?I 

in~ate reg:io:r:s o! str:mg ~ear can be observed as shown by Plight 79. 

Eot'?J these Sll..O!:Jer flights sl':011 a region of r:ighest "rinds in •hich the •ind 

velocity iS fairly constant wit.b elevation (oYer s~ooo rt deep) just abolre 

Collfidential Inf'orstioa 

I 

-

t 

• I J -· --



t' 
aw C)EJITUIL 

2 
.. 

I 

. 
i !ii 
I 0 • " "" 0 

w ... 
a: ... 
:, -

~ 
... "" C ~ 

I C °' w ... .. 
I 2 

w ... ., 
~ 

,-... 
~ ... .. 
s: .. 

§i 
... 

~ 
8 

8 
£ 

Cit 
• 

,.. 
s, • 

C: 

i 
l~ 
: !. 
18 
a; 
~"" a: 

> 
t-:i 

' 
~-

t 

... 
I 

R ~i' 
I I 
I I 

.,, 
•C: 

I I 
~! 

I I 
..tO 

I I 
8.-

I I 
• 

• rt -• 

' 
I 

Gt > :r 
C w 

l 
.., CD ;1 
ID 2 

I 
2 :::, .I ::, z 

.. o 

I 
z i o• 

I 
z 

0 1111 ~; 
I 

0 > • 
0 ... .; "' .. 

I I • • ., . 
• • r. So 

l 
• E 

c:i.• 

I 
... i 

' 
0 • ;s ► 

I 
l 

... ::. u 

I 

0 
.. t: 

1 

--' :. 
w 

\ I 
,0 > . 

I 

1111 -f 

\ I 

... ... 
\ I 5 
'• -C 

8 
i § 8 12 

• 
$HY81"1,III NI lltl\5011• 

(ilClllfUlffllL ~ ..... - - ---
* -- -· -·- - • ·---- • 

. . 



I 
• 

! 

10
0 

I 

1
0

0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
7

 

I ~ h ;:
; ,.
J
 i z - w a:
 

::::
, c f 

,
, 

20
0 S

X
) 

~
 

--
-:

:-
=

--
..

..
..

,:
.~

--
--

--
--

=
 

:~
--

-
---

~-
--

. 
.... 

--
--

.. ~-
--

-::
:;;

--
-· 

--
--

--

•
•
•
-

E
V

E
N

 
N

U
M

B
E

R
S

 

o
-

0
0

0
 

N
U

M
B

E
R

S
 

20
0 ,0

0
 

40
0 

\ \ \ \ \ \ \ \ 

I I 

) \,
 ',

 ,,
 ',

, 
G

A
&

',
 ,s

rc
 

~
I 

r 
' 

, 
' 

•6
0

 
-
~

 
-4

0
 

-3
0

 

I 
I 

I 
, 

I 

t 
I 

I 
I 

' 
I 

I 

s,
o 

1 
I 

I 
I 

30
 

a~
 

40
 

•7
0

 
T

E
M

P
E

R
A

T
U

R
E

 
C

 0 

21
 

V
EL

O
C

IT
Y

 
rn

 1
1

0
,•

1 

l'
ip

N
 l

I•
S

• 
v

o
ru

aa
l 

p
ro

ti
lo

 a
t 

\h
t 

vo
la

ai
t.)

' 
a

\ 
\h

o
 w

in
l 
•"

1•
•• 

..,
a,

ur
oc

l 
b

y
 F

l1
&

11
\ 

BO
, 

) 
J"

1.
J 

19
S)

, 

1S
00

 O
IIT

• 
Th

• 
\1

"1
'o

ra
\ll

l'I
 1

ou
nc

li1
11

1•
 a

\ 
S

\,
 C

lo
ud

 a
lll

l 
o

ri
o

n
 B

at
 .

,.
 ;

iv
o

n
 C

ot
 c

o
o

q
,a

ri
-•

 

-

\ i ~ 6 ,,. 



Page II-US Confide.otial 

a .:-egion ~r strolli: vertical "1nd shear. Unlike the pre,"i.ous ce:asl:l"ements 

t!le •l.DCi ca.xim•l.D for loth t'1ese cases extends above the tropopau.se, a 

c:>ndi tion which was coc.monl,y observed on a number ot the flights t.his past. 

sua:ier. 

D. ?!casurements or the Horizontal Structure or the Wini 

1. Background 

In the previous r eports an atteir.pt was .made to characterize the !lo• 

in the upper stratospllere (801 000 rt) by Uie ,rarial:ilit,T or var:..ance ot 

the velocity fluctuations with different periods. Three general. classes 

or periods srere used: the intertiediate ran1;e vas chosen from cm to three 

:I-ours and U:e fluctuations nth peri:ods v,l"eater or smaller t.ra.c tt>.i.s rarge 

""ere called either l.arge or small scale, respectively. In all the flights 

analyzed the variar.ce was found to have an almost constant val.ue of the 

order 1-2, m2sec-2 in all classes of period·s. This result, i.Jx.J.cating a 

nat spectral ciistribution tor the variance, was inter~-eted to .near, that 

the large-scale motion at these elevations 1s not readily aistinguish.lble 

!ro!II the small-scale motions. A further conclusion was that tee shorter 

period rind nuctuations at high levels see■ t., be the same mag:d.tud.e aa 

the short period tropospheric nuctuations reported by various imrestiga­

tors. (Voluaes IV, VII) 

This crude spectral analysis is not entirely satisfactory- .ror a numl::er 

or reasons. The variance in any class will depend upon the e:a:et, range ot 

spectral interval treated aBi it is difficult to compare results from ditterent 

sources unless a co.oplete spectral analysis is made. A 1::lrOild spectral interval 

.may also hide maxima and minima aw.i• in tact, Will tend to yield the flat 
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erect.rum observed. I)urir.g the period covered :.;; this report. a ne• method 

of s:iectral ai.ialysis of tl:e velocity nuctuat.ions l:as been used. llo ne• 

high level <iata t-.as been treater.:, but Flight 24 has been re~-zeci by 

, 
this neo1 oeth-;;,d. 

All the ne• wind cata ar.al;;zed are fr:>o lOT,er level !Ur;~ts. but tte 

il!l-:,ortar.ce !'or t'-e t.ii;;h level st.u~;; is that one is :lO'lo able to com;:are. 

q1!a11ti ta ti vely, U:e c r-..aracter:..stics or the flo.i at h1gh levels ant! lo~r 

• 

levels. 

2. ~ethods or Ar.alysis 

The c:.etl-:>d use<i in tHs re?ort ror the analysis or the time se:-ies of 

r.ind ot-servations is one ~ich :ias been e:-:;-,loyed in con=unication t.l:eorJ 

~or tr.e a:.a.lysis or noise. Reeent stat.ist1ca1 develcpm€nt or the .::iethocl. 

stioulating its ap-:>licat.icn to cete;;,rological frc;blems, is !argel:r <iue to 

r-~key {1949), alth:>t..gh the sa::ie net~:><1 haa been used in t.he analysis of 

tabulcnt flow t.7 G. 1. Taylor in 1938. 

The aim of tl:e oeth:>d in t~is case is to provice some sort or a 

cescription of tl:e spectral aistribution (uistrilr~ti~n with rrequei:cy) 0: 

~:,e aq:,litude of representative velocity fluctuations. The aet..~oc is 

statistical ar.a t~e term re?resen~ velocity fluctuations refers~ 

the value or the velocity variar.ce. Since the variance is tne produet. of 

tw:> velocities r.iich is pro;,ortional t.:> energy, the nace •po--,er spectrura• 

?-as teen given t.o Sl:Ch a rim:tion rc:;,resenting t.he cistribution ll'i.th rre-

quency or tre kinetic energy. 

The method or ar.alysis c:>nsists in first. foraing the lagged -;,roduct, 

R{t), or the velocity cooponents V(t) (sooetioes called the aut:>correlation 

function). 
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ls shown by Taylor, the cosine transforn or the tunction R('t) will yield 

the poarer spectrua S(r), the ponr per cnit spectra11ntenal, 

(2.) 

In practice one has a finite record o1' discrete observatio::is am the 

theory of Tukey is urincipally con::ernec nt..'1 the statistical proble:ia ot 

estioating S(f) from a liir.i.ted record. 

The procedure used here follows tr.at given by Tl.Ikey; i,nSteaci ot 

R(t) as in equation (1), the autocor:-elati.on function 8p is deterdned 

from a discrete record, 
tl-;-

R,,:: j:- [ u r,; lf~, fiJ ; r=IJ~ , .••• ~ 

., i=/ 

llttere At is the tic!e interval betwee:i otservations; a t.~ cucter or 1.ags 

chosen for the analysis, and N the nuacer or otservations. The choice ot 

mi, it will aopear, oepencis upon the aca:>Wlt of <iata ana 'lt.e .resol.ution. aesi.red. 

Too .spectral density is first estimatea ty the eJCPrersions 1,i obtained by a 

foroal application or th:? cosine transfora, 

Several important effects of t~ finite esticate .'.lust be considered be.tore 

interpreting 'ii as the desired funct.ion S(f') where f • l,h4 t,,, The spectrua 

is limited at high frequer¥:ies by the sampling inter.al; the maximU11 treqieoc7 
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rmax = %/Jt• Velocity nuctuations at higher frequencies than rmax will 

apoear in the lower frecr.2ency regi.on. with reduced poYler. Tu.key has als1> 

shown that the Eh will irx:lude substantial negative and positive contribu­

tions from nearby frequency bands on either side of A,{.t.,• The final 

spectral estimates are, therefore, corrected for this characteristic or 

the "spectral window" or iii by taKing a running average as follows: 

S
0 

= o.,u E0 + o.46 Bi 

s1 • 0.23 E0 + o.5h E1 4 0.23 Ez 

sh • 0.23 Eii-1 + o.5b ~ + 0.23 F,. l 

Sm • c.L6 ~l + o.Sh E11 

Sh will be the fmal estimate of tJ,e po-er or variance in the spectral. 

T'here will still be so.:e contributions frol'.:l r.earby frequencies in the S{f) 

but their effect is small except for sharp po'Ker peaks. 

The reliability of the esticlate of varicance, S{f}, is calculated by an 

extension of the statistical procedll.'.'es for c::imputing confidence limits .for 

v .1riance. The ratio of the estimated power t::> tte true power is assuned 

to te <iistributed as chi-square over ~ degrees of freedom, where N' is 
Jll 

the nUC1ber of effective velocity measureDEnts. N'1111 N-i• Thus resolution 

ana reliability arc seen to be inversely relateu, the values N, .4t, and m 

in a given series will be selected by the c:>:::;ll"omise aesired ror a given 

record. 

For cost purposes, at least. ten degrees of freedom will be required 

to detect differences in the power spectrum. and in s011e cases it is 
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advisable to use a different analysis ror different port.ions or the 

spectrum (e.g., Panofsky; 195)). .'\Ctually, the available balloon aa-ta 

is ll.oi ted so that tl:e ch,:,ice of N and tJf 11·ere set. by tl\e experiloont not. 

by the design or the analysis. 

one moaification or the described !l'I"ocedure 1ras eq,loyed. The large-

scale motions of the troposphere will have p\.!riods or the order or o~s. 

l daylight trajector; of 10 or 12 hours uurat1on is just beginning to 

measure significant. contributions from the long-period wtion, and the 

total variance obtained for a trajectory 1s, therefore, quite oepencent 

upon the total lengtJ, o! tt.e observation. The lo0t;est per:i.00. lilotions 

or that portion highly cepencer.t. upon the length or the record was first 

removed by fittm~ a linear treni to the t]..11'.e series of the velocity can-

ponents. The record finally ar.aly.ted .. as the oepar+:.ure from the linear 
~ 

fit. The variance remved by . tne liruar .fit, 'i \~as then used to provide 

an estimate or the power in the low frequency region. This power was 
e. J... 

assucned to t-e distributed in tre !"requerey range, 0 ~ .f - JIJ{N •, ll'here 

~ tN is the total length of observation, and the value t./JtN'.t...,. is plotted 

as the estimate or S(r) at r = 
46

1.. This value ,i)r s(r), of co\ll"se, l>as no 

statistical 3igai.ficance cut is a useful descripti•e estimate of ~~e power 

of the large-scale motions. The value s
0 

needs some modification n::1ii since 

it applies onl,1 in the interval J!;i11 ~ f ~ ~ , and the adjusted 

value or S(!) at t~e center or this rreque~y interval will be #- S. ,r-Z-

Qur spectral density function S(t) still follows the relation that the 

area uncer the curve iS equal. to the velocity variance, 

* Since a Urie~ tren:l ca.n very nearly tit a half-period or sinu1:0idal 

velocit.Y fluctuation. 
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_j_ 
z•t' 

~ 
f;o 

t 1 +C,t ').. is the total ..-mance -,r tl1e oripnal set or otse:n.-

J. !)a.ta a:r.a Jr.tcroretation. 

i;ere ar.aly.z.ed, as 11ell as several s~.:,rt. ;:-enod l:,;;er level !lights. ~ 
:eSt:lt~g s;:icct.ral ce:isity fur.ct.ions are plotted in Fi£ures n-6 .;mi n-7. 

anc t~e pertinent. fli6ht. cata is g-tven in Talle n. Beca~e ot the e;d:rel!'.e 

rar~e in poi-er ::.r.d frequency investiiated, the coorcinates i!SeC are !':!:S(!) 

versus log r. Tt:1s tra~sf.:-.n::.ation is a.-ea pre.serving; tl:e area uncer t?!e 

curve JS still crcr,ort.ior.al t:, t~ ;.-:,;.er in arrJ freqae::cy :l!i":erval. 1s 

in~rval is five ;ri.nutes are i:J.V'e.-i in ?i;-;u.-e u-6. The ~ect.ral. ce.DSity° 

curves ¥-ere cra11T: fittir.g 'ty e;e a sic;?lest cu:-ve r.1tlun t.be s5$ com:m.cence 

llaits or tt:e analysis. For bath fli.;ht.s t..l-ie p,o;;er tncrea.sec nth :i,m:reasing _, 
!"requeccy at aooat f]:;- 2 cycles h,r • J..n analysis or tte effects o!' ea-or 

(li"hl.ch v."ill be tO'l!Dd in t'he append.X) s~o•eo t~at. t?iis result c::,w,g. be caused: 

1::y t..1ie err-:,rs ir. positioni~ or t!".e tallo:::,n. -:he anal;isis also shows t.'bat _, 
errors s"houlc. not affect the spe.:tru:l at r L2 eycles 1,,- • And, :the-.~ore, 

the UJll:'eliatle !Jortion or t:.e s;:ie,ctru:il is di-sregarded. 

Fli&ht 24 •as c~osen for t.!le c~lete a:-.aly5iS becau~ it seelll!:C Cai rl7 

typical or t?'!e high level trajeeto:-ies. The t:o:.,ooo-rt fl(lll(, ace:>~ to 
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Fipire II--6. is characte11.zed lb,;' a very fiat spectrWll with no appare~ 

difference :etween the two veJ:x,i:ity components. This nat spectrwll ma.7 extend 

to the hi.gbu-t. frequencies shc:,,a, f> 12 cycles hr-1, but this result is ob-

scured by en:ar. 

The p:wer spectrum for Jl.oer level flow shown by GMI No. lOOh is .ab:>ut. 

tbe same as t:::ir N~. 24, at hip frequencies, but much greater power at. 

l~er tregm:ru:ies, f'~ l cycle llrr-1 • Both components of ~he lower level fiOlf 

increase at :.:ntE"rmediate frequ!'ncies, o. J 5: f.£4{ cycle hr-
1

, but at the lowest. 

frequency ~•e C?ross-track comp::toent of the velocity var1.ance is much greater 

t~_an the ic:i::;cnent parallel u the traject.'>ry. The neaning of this last 

result ma,y ::e clearer t,y poiLJ;t.ing out " .. at the trajectory travels through 

90° of ar..c: .nth a radius of SID miles and the centrifug 1 accel.er~tion (or 

cross-trai£ -..relocity variancce) is much larger than the acceleration in the 

ci.rectioo :f the flow. 

~ BO was a step ffigb t with three short portions of Level night. 

at differ£:!;. E'levations vihicb provide further information on the wind. 

structure u. the lower atmos_;j!i:ere. Pere photographs were available f?!lel7 

ninute a:nc ®re accurate positioning was attained by mapping the trajectory, 

tracini; c..--e::tly n-om t.he eriDa.rgement. ot the fil.JD. Thus tbe high trequencJ 

er.d of tt.."'e spectrum can be i:nJ1:estigated. However, the lengt!t ot record is 

less than .m hour in all cases and the confidence limits or the result are 

quite tr.me.. The power specttzrum (Figure II-7) for Flight 80 shows ror the 

first tw:> $eps that the regii.00 (!f low power extends to the highest. rre­

quenc1e:s ±ser:-ved and substactiates the previous point. that the mgb power 

s~own i!!.'t '.ti.git frequencies :iJm Figure n-6 is due to the ef'tects of error • 
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The spectrum or the velocity varia!Ce at t.he highest elevatiOG i■ 

very difficult to interpret. In this ca:se, the power in both components 

is almost as high as that observed for ~ large scale motion at 200 111h. 

The lower 95% confidence limit is indicotec to illustrate the magnitude 

of the difference which must be explained. One possible caase llihich c~ 

be entirely dismissed is that the appa.rel:t velocity fluctuat.ions are due w 

camera tilt acquired du.ring fli~ht, and • st renects the rotation of tbe 

camera. The record is too short to eli!Clinate this hypothesis statistieal],Jr 

but no &reat relationsrip appeared upon cooparing the balloons' deviati.m 

from a reg:il.ar path and tho azimuth angle of the camera. It this high ~ 

at. high frequencies is real, a plausible explanation T.ould be that it~­

sents the effects of convection. It ma:: be seen from the plotted radi:D!SlllmUe 

rcpor~ that there was a very deep layer v1th a steep lapse rate, almost. 

approaching the dry aaiabatic. The first two steps r.ere nade at o6Jl a:m:dl. 

0731 local time, while the last level ;was made at about. 0900, so that dl:xriI"& 

this t1lll0 co11vection would be expected to inerease. Then too, as will~ 

noted from the preceding section on va-tical structure, this observat:im:11 is 

::i:ade in a region of strong vertical w.i.m shear just belo-w the Yind ma:d.mla 

and 'rorizontal flue tua tions in the veJl«,::i ty field W()Ula certainly resullt. 

from even small vertical tiisplacements. 

1.i. Conclusions 

a. Structure of H1gh Level n• . 
The flat spectral distriblil~ion ot the velocity fluctuatiolllS at 

the 80,000-,ft floTI vmich was suggested ty the previous :;tudies has beell 

verified by the new method or spectral analysis. the lack of high power 

ContideiiUal Intormat.iOA 
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at low frequencies is quite c.iistinct from Ut? characteristics of tropo-

spheric motions where the greatest flt1Ctuations are associated ,11th m:>:t:i.mu 

of the period at least as great as a day. I t is, or course, this charac!llf:r­

istic of the tropos;::t~ric nOII that makes i t possitle to oraw weatherma,s 

and successfully track a nd extrapolate nx:,;; patterns with the present 

spacing of upper air observations. Tt-e 11;ooise" <bes not scrio:.1.sly ints--

fere witJ. the desired information. In tbe up?Cr stratosphere., on the n~ 

hand, the lonber te~lJ0 m~tion cannot be idist.ingu1shed from the high f~er.c7 

"noise". It is d::r:itttul.) U:.erefore, that ~ven if the curr0nt Tdnd netvcri;. 

could reeularl,y octain syr.opt1c uata to 6c,:;oo rt, it would be ;,oss1bl~ ta 

construct daily weather i::aps for tt-is leve!. l:ec:.i.use many of the w:ud vma­

tions on such a cl-art l'.l ould tie associated -::it~ sy:.tcms smaller than the 

distance between w:inl: reports. 

b. Struct:rre of Tropospheric na;1 

The s,;::ect.ral oensity analysis of the lower level flow shov.tli the 

great.e ::;t pol'1er at the lair frequencies ass~iated v.i tr. the larger-scale ar 

synoptic-scale flow. The higliest rrequett3 region investigated, which jjilSt 

borders the frequereies generally t.eraed tm:-bulant flaw (e.g. Pan:>fsk.Y. ]$.53), 

is a region or l::>w power. The one excepti~n or high por,er at high rre.;u:e:ric1es 

may be unique tecause the trajectory was made in a region or strong ve:rttical 

shear and relatively unstable tempcrat11---e lap~e rate. 

The intermec:iate .frequency re6ion (::.oti:>n with periods ot l to .U.111 

l-ours) is a region ~r relatively high pDP-r. The importance ot this 111:il:arva­

tion to the theoretical ceteorologist ma.7 be seen by t.he r»llo'tri•• 

Conventional upper observations, si.-ice the7 are made only at 12-bJur 
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intervals, camot be expected to c!etect ~ track nuctuations with periodS 

less than 12 tinu-s. It is e\-i.dently necessar'./ ~ also classil'J as •noise• 

tr.ese .,_uctcations of intermediate period. therefore, the fact that these 

ir::.e~diate !'luctuat.ions are al1DDst equal in am;,li tude to tne ale>1g-track 

velocity .nuctuat1ons, c:eans that the •noJi.Se• may interfere with the aeasire­

:::ent of acceli'rations. For example., tre cross-isobar wind comri:,.nent durir& 

a s"-Jrt time interval may not be related to the lar&e-scale no• pattem. 

• 

~:?.allti ties a-;:er,dent upon the ~asurement ,r accelerations such as the 

vorticity cr"';"§;e will be t ,1ghly dependent ..:.pon the definition or scale. 

APPENDIX 

Bffect of position F..rror am the Spectral Anal)'siS 

A co:l!;~~te analysis also requires !!:Qlte estimate or the effects ,r 

e:-rors in ilbr basic data. This is partiwarly important t1hen a C'lwf'.artson 

is x:iade of :s;iectral oesnity functions f'.]11" which the basic data is obtained 

For all ideal case ae will assw:le a ~ime sequence which consists 

entirely Ti! errJrs ;.h:..c~ are prcsw::ed u re a finite ranioa selection fr.>m 

a norlilal 'UllS~ibution nth zero mean anci variance 'i"'• Tren on the ave:-age, 

V:~ la
6
ged r.,.,riMJCe of suet. a series or e:-rors .rill l-e1 

Ro lef'Y,1") = t." 

arAi the pll)1l,er spectrun 5!-i (error) = J~I 6,,1,,. tor all h. Thus, on the 

average, Wbe error coci::onent appears as a constant determined by the otserva­

ti.on intervr.al ani the error variance. 'lb.S constant fWlCtion is ne:irly 

Confide!ntial. tnrormatioD 

, 
. . 

t 



C· 
) 

C:::,nfi<ient.ial 
Page Il-lh8 

realized in any particular sit-at.i,:>n 111hl.cl• satisfies t.he f.Jre-s;:eci!ied 

If 1,0'.; a tillk! sequence c .msi~...s 'J! fl'Jc tuat.1 01.s aui error or t.':e t.;~ i:eing 

con:;iue::-ed• tl,eu the true po:..-_rs ::,f the f_uctu.:i.tions are :::,btai.nea t;r s11b­

:nctinG 2~l G/ fro.0 each c.:c~uU::d value of' S or cquivalent.11 cy s-..lb-

,,,.. ... 
tractiri.g IOl 

!r III R ;,::.Sl!r,red) be!::n-e c::ic:1utin.; tlie s;:ectral c.ensit;;. 

0 
• 

In t,,a i;resent case t l:e E:rrors in t~1e Fosition fiJCCS ~ rcasor.ably 

te cons:.cc.~c t'J be randomly ~!.ccted :1:xi norcally 01:;tnl uteo. ~.::;..:vt:r, 

v,~ velocity ert"'.>rS w-...j ch cE';:,---...=iil on the 01>s1.tion fix errvrs, alt\.-:>u.t': r-:.0r-

,;:ally cistril,uted, a.-e r,ot ::-ca:;.o.oml:,r selected iu tir.ie. This is <ice to t~.e 

r cor.scc;;-..i'Ie veloci tic. ore ;,artiallj cet~r=il'l'-~ ~"/ a 

variance for vt:locity error ell be 

2.G.1.. 

-G~l 

0 (or pl I, I- o 

R
0 

(error) = 

R1 
(<"rr :::,r) = 

~ (e::-ror) = 
-v1hel"e G,,, :is t r.e error va.ria::ce or tl?.e veloc1 ty <;ue t,:> Slf'--;1£: ;:c!';::. ticn 

!"ix error. fl"o:n this we otta:n 

as the avera;;e first ~stioa.te o! err-:>r po.ier. Thl..S t~e c.>ntritutix o~ r:>si-

ti,Jn fix t>rrcr to a velocit;- !'luctuation f'\)li 'r spc:ctrun iucre:ises T..l.t r~­

quer.cy t:> a oaximrn or J 4f '- 1,,,- at f == '2'"!£• If ~). is ;m~n. U:e t est 

estii::atc :>! ;:-:,,;er is obtaire-~ y :;al·tractir.{; R0 (error) ar.d Ki (error) rroo 

t~e corrc~p~ndir~ iacr,ed variances or the velocity record. 

Coofide:1tial Jntorgat.ion 

, 

I 



---- --- --

Page II-149 Confide nt.i al 

REr'EHE5CES 

Taylvr, G. '.l:.
20 

"Troe spectrt:.::l -:,;' turbulence.• Pr-.ll- jb7. Soc. 
L:mdon, Ser. &, le\ (}if). ~i6 - 490, rel:. 19)3. 

Tukey, J. ~v. 
21 

"T~e sacplirlt; tl'ieory of power s;,ec'"..::-mi 
E:sti.matcs. '11 Sy~~~osiuc o:i ).:::-plications of Adoco:::"'.:telat!OD 
.!,nalysifi b ~ysical Proble:.s. Office of Nav;,l ;ie:s'!.;rch, 
Department 'if: the !\.wy, ~-1~::ington, 1J .c., p;,h7 - 'f:.1 ~ Jcr.e l9W-

Panofsi<Y, i,. ll.., "!:tatistic<Jl Properties of the llcrt1cal Flux 
and Kinetic 5'::!erg;; at lC-0 ~ters. 11 The Penns:;1~ .i~ate 
College, L:i1.dision of ;.'.s;:te:>:-.c;logy, Scientific Re~.::rl :ll'. 2, 
?roject }!o • . ?F 19 (60h)-166, ,\ir Force Cambridge:- _iesearct. 

Ccnter,Jul,y l!S5J. 

Confiaent.ial Information 

I 

- .. 



I 
f 

Ii 
I 

' ( . 

.y1 , c~ 
f.i l • 

I 1 _., J 

I 

; 
I 

..,, 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219
	0220
	0221
	0222
	0223
	0224
	0225
	0226
	0227
	0228
	0229
	0230
	0231
	0232
	0233
	0234
	0235
	0236
	0237
	0238
	0239
	0240
	0241
	0242
	0243
	0244
	0245
	0246
	0247
	0248
	0249
	0250
	0251
	0252
	0253
	0254
	0255
	0256
	0257
	0258
	0259
	0260
	0261
	0262
	0263
	0264
	0265
	0266
	0267
	0268
	0269
	0270
	0271
	0272
	0273
	0274
	0275
	0276
	0277
	0278
	0279
	0280
	0281
	0282
	0283
	0284
	0285
	0286
	0287
	0288
	0289
	0290
	0291
	0292
	0293
	0294
	0295
	0296
	0297
	0298
	0299
	0300
	0301
	0302
	0303
	0304
	0305
	0306
	0307
	0308
	0309
	0310
	0311
	0312
	0313
	0314
	0315
	0316
	0317
	0318
	0319
	0320
	0321
	0322
	0323
	0324
	0325
	0326
	0327
	0328
	0329
	0330
	0331
	0332
	0333
	0334
	0335
	0336
	0337
	0338
	0339
	0340
	0341
	0342
	0343
	0344
	0345
	0346
	0347
	0348
	0349
	0350
	0351
	0352
	0353
	0354
	0355
	0356
	0357
	0358
	0359
	0360
	0361
	0362
	0363
	0364
	0365
	0366

