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R R o ABSTRACT :

. A new method of analyzing Met Rocket wind data is described. Modern tidal.
theory and specialized analytical techniques are used to resolve specific
tidal modes and prevailing components in observed wind data. The objecti = is
to formulate a representation of the wind which is continuous in both space
and time. Such a representation allows direct comparison with theory, allows:

1 the derivation and other quantities such as temperature and pressure which in
turn may be compared with observed values, and allows the formation of a wind
model which extends over a broader range of space and time.

The current results for a single series of measurements indicates that
significant diurnal tidal modes with wavelengths of 10 and 7 km are present. ,
o " in the date and are resolved by the analytical technique. The application to a
o ; wider data sample is required before the full potential of method can be
' determinéd. ' . : ‘ SprH : ‘
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SECTION I
INTRODUCTION
The primary_purpose of‘this.contract is the development of a new method

for the analysis of upper atmospheric wind and temperature data, and the.
application of these methods to data obtained by the standard Meteorological

~ Rocket systems. The method embraces the premise that the most useful form of

the data is one which allows a continuous representation in both space and
time.  In order to achieve this representation, the wind data must be resolved
into distinct components, each component having a distinct set of temporal

and spatial characteristics. Such a resolution has predictive value, in the
sense that it can predict the winds at a different place and time, and also
in the sense that it can infer values of other observables, such as temperature
and pressure. Furthermore, such a resolution allows direct comparison with
theoreti¢a1~bredictions.

The analysis utilizes a: data sample consisting of a series of wind
measurements taken over a time interval of 24 (or more) -hours, and covering _
a substantial portion of the altitude range from 20 to 80 kilometers. The — ~*

 too1s of the analysis are (1) the theory of atmospheric motions in the strat-

osphere and mesosphere, and (2) an analytical procedure specifically suited
to the Met Rocket data from Wallops Island. The method requires the resolu-
tion of the observed winds into distinct tidal modes as well as prevailing

components. Each tidal mode has a characteristic period as well as spatial

propagation characteristics. The number ‘of measurements is always limited.

Accordingly, harmonic analysis can resolve the observed winds according to
their temporal characteristics only imperfectly. Further, there are several~_
modes present with the same temporal period., Thus, a method to include the
vertical propagation characteristics of each mode was incorporated into the
analysis. The method removes modes with short wavelengths, and the remaining

- long=wavelength modes are then defined by use of harmonic analysis. The
_method relies heavily on the general results of tidal theory, and the analytical

procedure is based on tenporal and vertical "filtering" operations in order to
resolve the observed measurements accordlng to their temporal and spatxal char- =

: acterlstlcs.

A brief survey of past observations and analysis of similar data are con-

. tained in Section II of this report. The analytical method is described in
- Section III and the current results are presented in Section IV.
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SECTION II -

PREVIOUSLY REPORTED TIDAL ANALYSIS

“The presence of tidal forces in the atmosphere has long been recognized
from the observations of surface pressure changes from which it was determined
also that the drivine force is thermal since the solar tide is much larger
than the lunar. The semidiurnal component of the observed solar tide has a
larger amplitude than the diurnal. For many years, this was the principal
support for the 'resonance theory" which assumed that the atmosphere had a
natural resonance period close to 12 hours. During the past few years, how-
ever, it has been determined that the motions are actually forced oscillations
in which the amplitudes are affected by varying efficiencies of the coupling
to the'energy source. It is now generally accepted that the thermally forced
tides result from absorption of ultraviolet solar insolation by ozone in the
stratosphere and mesosphere and from infrared absorption by water vapor in
the troposphere. Contemporary tidal theory and limited observational data.
indicate that the amplitudes of tidal components increase from a few centi-
meters per second at the surface to several meters per second around 50 km
and become the dominant component of the wind field above 100 km with ampli-
tudes of over 100 meters per second. The development of the theory was
hindered by the fact of the equations are nonlinear which prohibit a complete

global solution and also by the lack of observat10na1 data to furnlsh guidance -
‘for determination of useful approxxmatlons. : :

-The data are difficult to analyze because the atmospheric wind system has
several components that vary greatly in character and result from different
sources. These differences appear in both size and time scales. Some have
actually been observed and identified; others have been proposed as an ex=-

 planation of observational results or on purely theoretical grounds. The

shortest period, smallest size variations are in the latter group. The

“smallest sizes are usually categorized as turbulence and are generally
attributed to nonlinearity of flow in high shear regions. The next larger

~ scale size is often attributed to gravity waves that may result from a variety
- of sources including many kinds of disturbances in the atmosphere. Although .
‘these two smallest size components have not been unambiguously identified,

small variations have been reported by many observers and most treatlses on
atmospherlc dynamlcs 1nc1ude them 1u some form,

The next larger scale of variations is thermally driven tides with pefiodso

of 24 hours and its harmonics. ~ Some of these motions have been identified =
and related through the appropriate theory to the energy source that produces
them; i.e., absorption of solar. 1nsolat10n by ozone and water vapor.. Dlurnal

and semi-diurnal components have been reported in the Met Rocket data and
‘several other harmon:cs have been reported from other sources.

Planetary scale waves thh perzodq of several days have been obsecved also.
Thesc are usually attrlbuted to large disturbances ln the atmosphere such as

: magnetlc storms.
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“The largest period variations are seasonal, semiannual, annual, and quasi-
biennial oscillation. The source of the 2-year oscillation is not yet known
but the major seasonal changes are well described by the thermal wind equa-
tion in which the zonal wind component is defined by the meridional temper=
ature gradlent

The observational data have been subjected to harmonic analyses in order
to detect and evaluate components with periods of 24 and 12 hours. The data
have been analyzed from hourly averages over varying periods of several days
to months and. from series of sequential measurements over a day or two. For
short periods of observation, the results will be affected by the short
period irregular components such as interval gravity waves or short period
planetary waves. For larger observing periods, planetary waves and seasonal . o
variations produce uncertainties. In all cases, the best fit parameters were =
determined by a purely mathematical process and then compared to theory. ‘
Early reports by Smith (1960) who found large diurnal and semidiurnal com-
ponents from 23 observations in Nevada and Johnston Island, and by Lenhard

L

(1963) who reported similar components with amplitudes of 10 m sec~l at 60 km

at Eglin, Florida were compared to the resonance theory of atmospheric tides.
The observed phases were’ not compatlble with the predlctlons of that theory.

Since the 1ntroduct1on of the forced oscillation theory and the acquisi=-
tion of more data, a large number of tidal analyses of Met Rocket data ‘have

been reported.

Miers (1965) reported results from three series of rockets launched
every 2 hours throughout the day from White Sands, New Mexico and from Eglin,
Florida. Diurnal components with amplitudes from 10 to 20 m sec~l and semi-
diurnal component with amplitudes of 3 to 5 m sec~ =1 were determined. Reed
et al. (1966) reported diurnal amplltudes of 5 to 10 m sec~l near the strato-
pause from hourly values averageo over several months.

- Diurnal oselllatlons with amplltude of 12 m sec'1 around 56 km were deter-
mined from 16 observations within 51 hours at White Sands by Beyers and Miers

- (1966). An associated temperature variation of 8°C was also reported but

attempts to relate the wind and temperature varlatlons through the generalized
thermal wind equatlon were unsuccessful :

The presence of a sem1d1uran1 tide with amplitude of 6 m sec~l at 60 km 

‘was confirmed by Reed (1969), and Beyers and Miers (1968) confirm tidal com=

ponents in the equatorial stratosphere from a series of 24 measurements within

‘a 2-day perlod over Ascensxon Island

In summary, it appears that tidal components with per1Ods of 12 and 24
hours, are consistently present in the middle atmosphere but the relation of

" these components to the variation of temperature and pressure and to the

appropriate. thermal driving forces remains to be determined. The new analyt1ca1

; procedure which is descrlbed in: Sectlon III 1s speclflcally des1gned to deter- et
: m1ne these relatlons : : : . : :
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SECTION III .

ANALYTICAL METHOD

A, INTRODUCTION

The primary purpose of the analy31s of wind data is to obtain a repre-
sentation of the winds that is continuous in space and time. 1In order to
achieve a useful representation, the wind data must be resolved into distinct
components, each component having a distinct sct of temporal and spatial
‘characteristics. Such a resolution has predictive.value, in the sense that it

_can predict the winds at a different place and time, and also in the sense

that it can infer values of other observables, such as temperature and pres=
sure., Furthermore, such a resolution allows dlrect comparison with theoretical
predictions.

* The ana1y51s suggested in this proposal assumes - a data sample consisting
of a series of wind measurements taken over a time interval of 24 (or more)
hours, and covering a substantial portion of the altitude range from 20 to 80
kilometers. The tools of the analysis are (1) the theory of atmospheric
motions in the stratosphere and mesosphere, and (2) an analyt1ca1 procedure
specifically suited to the Met Rocket data from Wallops Island. A brief
account of pertinent theoretical results and of the analytical procedure is
given below. :

B, THEORETICAL RESULTS

In the altitude region under consideration nonlinear effects can be
neglected. Accordingly the total wind is represented by a linear super-
position of distinct contributions. These contributions are broken down into
three general categories: (1) large-scale, long-period motions, (2) tidal
oscillations, and (3) small-scale, short-period motions. The characteristics
of these three types of motxons are as follows: B -

1. Large-Scale, Long-Period‘Motidns

‘Large-scale, 1on0-per10d motions vary slowly or not at all durlng

the period of observation., In other words, they are nonoscillatory with a

characteristic time in excess of 24 hours. Their variation with altitude has:
a characteristic length in excess of 10 kilometers. The thermal wind and
planetary waves are included in this category. Although these have been:
studied theoretlcally,‘lt is ‘not considered feasible at this time to determine

their propertles 1n detail from data conflned to a 51ngle observ1ng s1t

;2' T1da1 Osc111atnons’

Thc domlnanL tidal motions in thlS regxon of the atmospbere are

“the d1u1na1 osc111at10na (with a period of 24 hours), and the semidiurnal:
',oscillatxons (thh a perlod of 12 hours). No evidence- ‘has becn presented to gﬂ@
'date of the exlstcncc, to any 51gnaflcant L\CQRL of tidal oscillations with
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‘shorter periods. Pertinent features of five diurnal modes and three semidiurnal

modes are listed in Table 1, which is based on the results of Lindzen (1967,
1968). All diurnal modes have the same temporal period (24 hours), but dis-
trict variations with respect to altitude and latitude, Twe. types of diurnal
modes are listed in Table 1: ~trapped and propanatlng. Mathewatically, trapped
and propagating modes are associated with negative and positive, respectively,
"equivalent depths." ("Equivalent depths'" are the eigenvalues of the tidal
equation.) Physically, for trapped modes, the response of the atmosphere is
confined to the immediate vicinity of the regions of excitation. Propagating
modes are so-named because they propagate energy away from the region excita-
tion. The term 'phase' in Table 1 denotes the hour of maximum. The trapped
diurnal modes, whose phase does not vary with altitude, represent motions which
attain their maximum value simultaneously at all altitudes. There is evidence
(Lindzen and Blabe, 1970) that the trapped diurnal modes are not significant

" below the mesopause.

The following characteristics are true of each mode listed in

- Table 1, The amplitude contains a factor which grows with altitude as (p,/p) 1/2

where P is the local derisity and pO is the ground density. This is essentlally
an exponential growth. The relative amplitudes of the eastward and northward

“wind components are a function of latitude only, and are independent of alti-

tude.  Finally, the northward component leads the eastward component by a
quarter of a period (i.e., the northward component achieves its maximum a
quarter of a period before the eastward component). All of the above charac-
teristics are independent of the nature of ‘the exciting source. For the known
sources of excitation (due to absorption by ozone and water vapor), the relative
magnitudes of the different modes are known. Mathematical formulations of

‘the stated characteristics are presented in the following subsection.

3. 'Smé11-8ca1e, Short-Period Motions

» Small-scale, Short-pefiod oscillations may be representative of
internal gravity waves or random motions. . Since the ccntinuous spectrum of
allowed gravity waves is broad in terms of both periods and wavelengths, there

are no general characterlstlcs of such mOthnS that are pertlnent in the presen; ‘

context, e
c. . ANALYEI;CQ&L; PROCEDURE
lg;'PréVibus Analyses

Previous analyses of Met Rocket data have treated data separately

-at each altitude; further, each wind component was analyzed separaLelv. Basi~

cally, the method conéisted of remov1ng, in some  fashion, prcvalllng* wind
and a "trend”, and then dealing with the residual wind as represcntlnc the
diurnal osc111aL10ns (or the dlurnal an 1 semidiurnal oscillations tooether)

1 Nathumatlcally thlS pxoc;dure enpyesses the eastward componenL of thc wind- as

cu(z,t) i Ai(z) cos wl

t o Bicz),sl#Vwit_
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Table 1. . Characteristics of some tidal modes

ot ned
——

Period
(hours) Name and Characteristics
24 ' First Trapped Diurnal. Phase does not vary with altitude,.
Amplitude varies smoothly with altitude. Probably not sig=-
nificant, S
2% Second Trapped Diurnal, Phase does not vary-ﬁith éltitude.
' Amplitude varies smoothly with altitude. Probably not sig-
nificant.
24 First Propagating Diurnal, Appfoximate waveléngth: 28 km.
Dominant diurnal mode, :
24 Second Propagéting Diurnal. Approximate wavelength: 11 km.
24 Third Propagating Diurnal. Approximate wavelength: 7 km.
12 First Semidiurnal. Approximate wavelength: 150 km.
12ﬁ§3 Second Semidiurnal., Approximate wavelength: 54 km,
12

Third Semidiurnal., -Approximate wavelength:' 34 km,
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ﬁi + Az(z) cos wyt + Bz(z) cos w,t (1)

N\

i

b +-P0(z) + Pl(z) t,

where

u = eastward component of the wiad

£
]

frequency of diurnal oscillation

£
]

frequency of semidiurnal oscillation

altitude

N
]

t = time

%o

P,t = "Trend"

= prevailing wind

and the amplitudes (C) and phases (8) are determined from the equations

o
]
o
+
&
©
i
SN

arc tan (Bi/Ai) S i=1, 2, o (2)

A similar expre351on pertains to the northward component of the wind. The

~ A's, B's and P's are treated as par ameters to be determlned by the method of

least squares from N observations
u(tl), v u(tN). ’[ i 3 .

.
v

'Desplte the 51mp11c1ty of this approach results fairly consistent with theoryu

were obtained by Reed (1966, 1967), Miers (1965), and Beyers and Miers (1966,
1968) These results are shown in Figures 1 and 2 (after Lindzen, 1967).

2. Data Sample and Effors‘

For an adequate data sample (say nine or mere observations over-a
24-hour period), the analysis can be improved by taking into account general
theoretical results, as well as temporal and spatial "filtering" techniques.
Some of the details of those techniques depend-on the temporal. resolutlon of
the data, and on the ability to ascertain the magnitude of the errors in the
data. In general it is best to. achLre Lhe data at evenly epaced 1ntervals 
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(e.g., at 3-hour intervals for nine observations). A theoretical estimate

, of the errors in the data is usually obtained from the characteristics -of the
? i measuring apparatus as well as from the procedure utilized to translate
direct observations (e.g., radar signals) to wind values. Anocther estimate.
can be obtained by averaging the wind values over a specified height interval
(e z., half a kilometer) and treating the root-mean-square deviation from the
average as the error figure. Cwing to the difficulty of obtaining reliable
theoretical estimates of errors, the second approach appears preferable. The
error figure at each altitude determines the weight to be attached to the
wind values at that altitude., TFor simplicity, consideration of error figures
and weights are omitted from the following discussion.  The methods of error
i assessment and data smoothing with the c0mputer codes are contained in

A Appendix B-of this report. :

- : " i

3. Analvtlc Representatlon of the Measurements

z%

‘To formulate the technique of tenporal and vertlcal fllterln
it is assumed that the measured winds can be represented as a llnear c0ﬂb1nav
tion of tidal oscillationms, a slovly-varylnn contribution; gravity waves, and
noise. Ana1vt1ca11y~ o :

-2 N(n)

g‘q f : u(x,0,t) ; exp(x/2) 2 U (6) &) cos wt + B (x) sin wt
g | ‘ E e g o - T
X ?uO(,X) f:Pul(x); * P (x)t_ * G = t) "»+"'},Iil,(x’t)' ‘ . &
v(x 9 t) = enp(m/Z) %1 éil Vnm(@):[Bum(x)~qo§.wnt - Anms1n wnt_' 
T Tl R IER By OIF BEERARES. @

‘where

A
]

‘eastxard component of the w1nd

4
i

‘northward,component df'the wind

(N
<
]

= colatitude (6 = Ooiat‘the‘north pole)

local time

e
"
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J/ﬁ dz/H(z) = "reduced" altitude
Yo

®
14

i

z raltituder

H(z) = scale héight,of altitude z
ah = frequency of oscillation for nth tidal harmonic, n = 1,2

U (6) = latitudinal variation of mth mode of the nth harmonic for
nm C
the eastward wind (known)

V (6) latitudinal vallatlon of mth mode of the nth’ harmonlc for
the northward wind (known)

P“O + Pul; + Pu2t‘
. ‘ 2
PVO + Pvlt +‘Pv2t

representation of 1ong period eastward wind

representatlon of long perlod northward w1nd

‘ Gu = coilectiﬁe,lahel for short-period contributions co eastward wind
'Gv = collective label for éhort-period,contribh%iohs totnorthwgrd wind
Nﬁ = noioe in the eastward wind component

f“Nv = roige in the norﬁhwardgwind component -

M(n) = number of modes for nth tidal harmonic

Noise, in the plesent ‘context, denotes a short lived transient
that affects only a few'of the measurements. It is dlstlngulshed from the

‘short-period contributions C, that may be present in all measurements. The
'coeff1c1ents ‘Apm and Bpp determlne the amplltude (Cnm) and phase (6nm) of

. each mode as follows

.

Cnm ~—‘Anm f Bnm | ,,..ohm —:wh alc,tan,(Bﬂm/A“m) L i ,(5) 

fﬁrNote that the growth factor exp(\/2) ‘has been exp11c1t1y 1nLroduced as-a |
coefficient of the tidal components in Equations (3) and:(4). Note also that

~the general theoretical relations between the eastward and northward com~

ponents: pertalnlng ‘to each mode havc been 1ncorporaLed into- Lquatlons (3) and '
~(4) as well, Do . : v ; S .
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4, Temporai "Filtering"

' M"Filtering" usually refers to an’ operaLlon on a continuous signal.
In the present case the term is used to denote‘a linear combination of K dis-

tinct measurements conducted at the times ty, k=1, ..., K. Let w(k) be a
set of coefficicnts and consider the combination ,

K
3 ﬁ | | 5= kzl v UG, ) | | '(,6)

. where u(x,t) is the eastward wind measured at time t. The sum S will be free
7 of diurnal and semidiurnal contributions prov1ded the coefficienls w are chosen
so as to satlsfy the equatlons :

. {0

[} : : K

L w(k) cos w Wt =0, n=1,2 , . (7
k=1 Sk e o |
Lo P Iow(k) sin wt, =0, n=1,2 R ¢))
= k=1 o ERR
| i
, ten , : T ' |
v Su=P s wk)+P 3 wk)t +P s wk)t,
L u0 K=l ul =, “ k o u2 Kol k
AR e ©
43 w(k) Gu(t ) +-3 w(k) Vu(tk)

k— : ) k-f L

Equations (7)- and'(S) toéether impose  four conditions on the w(k) coefficients,
leaving K-4 degrees of freedom. (It is assumed that K > 9). Accordingly

(K-4) linearly 1ndependent combinations of the form of equatlon (9) are
formed. From these combinations, the three coefficients P s P'i’ Pu are
determined by a method of least squares, assuming the cont¥ibutidns f¥om ¥ and
G cancel out.  This assunptlon is JUStlfled prov1ded the: follow1ng condltlons
~are met: : R
L. The coefficients w(k) are of'compamable’
magnitude, so that noise present in a few measure—
ments does not lead to a Spu11ous result.
2..-The comblnatlon does not enhance exce331vely
- any short-period contribution contained in Gy
; B ‘ 4 - Let wg be the frequency of such a conLerutlon.
i R Tt - > ~Form1ng:d combination of the form of- equatlon '
: B TR (9) enhances (or attenuates, as the case may be
3 ‘vxifi» SR by a foctor 1G, where ‘
12




K | 2 K 2
r 2= s k) cos w.t, | 4+ $ w(k) si k t ' 0)
Foo = kzl w(k) cos Wty -3 k=1'W( v51nwg§ k) (10)

R
N

‘\\

C o s . o)
These conditions are met provided there 1s‘suff1c1en¥ redundancy
in the data. Tor K=9 (measurements) there are K-3%=5 equations of the form (9)
from ‘which the three P coefficients can be determined.

The first step of the temporal flltering procedure thus yields an
initial estima:e of the long-period wind component separately at each altitude:

(\), . l(x), Puz(x) : determined at each'altitﬁ&e X.

The second step is the imposition of the rEqulreuent that the long=-
period wind component vary slowly (and smoothly) with altitude. This is equiv-

.‘alent to vertical filtering that establishes the smooth representations

Pu(x’tk) : k"‘_’ 1, ieey K : - e (11)

These are approxin aations to the 1on°-per10d contrlbutlons to the wind at the
times of the observations.

v The next step of the temporal filtering procedure is to form the
quantities : L ' ; AR

Qu(x,tk) =‘u(x%tk) - Pu(x;tk), 1M' - e - (12)

and the cb@ﬁin&tionf;
i 3 | e 3
T = 2 a (@ Qe a3

Skl

o o ‘Qu is thus tHe eastvard v1nd thh the long—perlod contrlbutlon re=-
noved.. If the requ1rement § :

K LIRS |
: (k) cos ﬂﬁtk =% a (k) 51n
k 1 SR k-—l '

“’2 Kk

i

.".‘

t ="0; _"e :‘”(14):;ﬁ
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is imposed on the coefficients a (k), then the combination (13) is free of
i “semidiurnal contributions. Since there are K cocfficients a (k) and two con-
Lo ditions imposed by equation (i4), (K-2) linearly independent combinations of
the forn of equation (13) can be obtained. If cenditions (1) and (2) mentioned
above are observed, then the T; can be considered essentially free of noise
and short-period contributions and thus contain the diurnal modes only.

From equation (3)

SRR , - M(l) K
AR | : Tu(x,‘ﬁ) = exp(\/Z) b3 Ulm(e) [A. x) 3 a(k 2) cos wltk
B ! | m=1 1\'1 | . | '

(15)5,

: -+ B (¥ ) 3 d(kﬁz) sin &1 k] b=, ee., K-2
, o k=l . : S

P Using equation (5) this can be written as

.

,exp(-x/Z)/Tu(x,ﬂ) ‘ ,
: ey o o (16)
(¢ ' L
R 3 U (e) ¢, (¥) cos @ [1(’)
, m=1 ; o S ’

%m@ﬂ £=1?-"{K¢

The same steps applied to the northwafd?wind'éomponent_result'in the equétibn
’exp(—x/Z)‘TG(x,ﬁ)v=,

(17)

R S M(l) T L | ; g
: -F (%) 2 rlm(S)Clm(x) Sinﬂgﬁv Eﬁﬁﬁ) fi&lﬁ(xﬂ' Z =1, 111 k 2

0=

P - where

7

(R T F1(3)7f=-< S a(k,d) cos w as o

R SRR N t:l(ll)‘= zr*arq_tan s U(k,ﬁ) sin @
[ e S Tt R AN S

/| = a0 cos afﬁ) an




-

; A Since the notation is cumbersome, it seems appropriate to review

| the significance of equations (16) and (17). Given k arbitrary coefficients
a there are (k-2) linearly independent ways of choosing these coefficients

! ~while satisfying the two conditions of equation (14). These (k-2) sets of

| coeffic?ents are labeled '

ack,£), K=1, vee, k, . £2=1, ..., k-2.

;3 B ‘ There are, therefore (k-2) linearly 1ndependenL comblnatlons T
R and T that can be formed:

T, TH,  £= 1, (D).

For each £, T (x,%) and T,(x,!) represent, respectively, the total eastward
P and north“ard diurnal wind at ‘the time t. (%), enhanced by the factor F,(%)..

| The unknowns in equations (16) and (17) are the amplitudes C, (x) and phases
Glm(x), form =1, ..., M(1), where d(l) is the nunoer of ditrnal modes.

; : In an entlrely analogous manner the semldlurnal w1nds are isolated
i as well. o :
S ; L f

5. Verticaly"Filtering"

: It has been mentioned previously that trapped diurnal modes are
insignificant below the mesopause. Thus oniy the three propagating mocdes

need bé considered.  These have wavelengths .of approxlmatelv 28, 11, and 7

~ kilometers. Owing to the very slow variation with altitude of. the amplitude.
factqrs Cyp(x), the shorter-wavelength modes -can be removed by vertical filter-
ing. To 1llust1ate the fllterlno pxocedure let us con81der the functlon

- £(x) = cos (mtf- ~%¥ x), } o ' :‘ G

“and the integral =
px+a/2

: | B i -.:.~..‘I‘(a’x) =/ /2 ‘dY" f.(:;’)___’:_.:

>

o L 27a 2
- = 5 sin == cos (@F-*,7T=3)"

=
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If a =~ A/2, then I(a,x) ~0. Thus averaging the comblnatlons Tu and Ty of
equation (16) and (17) over 7 km and 11 km successively will remove essentially
all but the first propagating diurnal mode multiplied by known factors.  The
result can be written in the compact form :

€, (x) cos o £/(4) - 511(;;) Y g=1, ceey k=2 (20)

Cll(x) sin Wy t (ﬁ)'- 811(X)’_ Yv(x,Z)i ,» £=1, ..., k-2 ’_(21) :

where Y, and Yy are known. Cdn31der'now the gféphical,representations of-Yﬁ
and Y, versus x. It follows that - ' T

3

1. ,where‘Yu Yas a maximums
8y (0) = F (8), €11 () = Y (x,4)
2. -where Yu has a minimums
611(x) = tl(z) +'EI 5 Cll(x) = -Yu,(x,z)l.
, 3. where Yv,haS‘a,maximum:
81(x) = T, () - wl’ EHCRRACTH I

4, vhere Yv(x,ﬂ) haé‘a minimum:

1(x) T H g 09 = T e

L From the Z(k ?) such’ glaphlcal representatlons a suff1c1ent number
of p01nts can be establlshbd in the vertical proflles of Cll(x) and. all(x) SR

’ to -allow - a smoot1 analytlc representaLlon of these functlons.

o AfLer the longost—wavelength mode has been isolated in thlS fasﬁlon;::f‘
it can be subtracted from the total diurnal contrlbutlons of eqnatlons (16) and S
L (17) and the other modcs can bL 1nvest1gated as well :
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6. Temperatufe and Pressure Investigation ' .

_ It is a general result of tidal theory that, for each tidal mode
separately, the temperature and pressure variation can be determined from the
wind components. Explicitly, the pressure variation is

, 4aa%2 1
P 1 (#:0:8) = - @ () 5 exp(x/2)
, (22)
X -_Anm(x) cos W t +,Bnm(x) sinfmht i
‘and the'fempérature variation is
: 4aw;? o |
ATnm(X,G,t). = ngn @ run(8) -}-{- e.xp (x/2) R
(23)

v ”:H (ﬁ) A#d;(x) :-‘- @Anm(x)] coé a)n£

".:_:;f[ﬁ(x)-ﬁnﬁ:-'ﬁ;Bnm(xi], sihlwht§ :.  k  f.

where , R
Zlth‘=.presSute-Variatibn»dué to mth mode of nth harmonic
AT = ﬁemperatufe_ﬁériation due to,mth-modé_of7hth harmonic

nm

= fadius‘of:thévearth L

a
&%';ifféqdénéy of rotétion Offthé earth

R ,gaskconstant v

‘fg gravipational'constéht

“H ‘ﬁm'(e) ; 1atitudina1ivariationi(kﬁoWn).“




¥

3

The altitude-dependent functions Ayp and B, are the same ones
involved in (and determined by) the wind components. Primes in equation (23)
indicate derivatives with respect to the reduced height. In taking deriva-
tives, it is always the case that small errors get' greatly magnified. = Thus,
in practice one would integrate equation (23) over a small altitude interval
(1/2 to 2 kilometers, depending on the accuracy of the data) and obtain a
mean value for the interval.

The total tidal contribution to.temperature and pressure varia-
tions is obtained by summing over all modes

fcf”"’AP (tidal) =2 = P :
e , ‘ n om o
I AT (tidal) =2 3 T .
, : S v n-m

- ~ It should be noted that the same filtering procedures developed
for the winds can:be applied to temperature and pressure measurements of com-

parable accuracy.

&




: SECTION 1V

g CURRENT RESULTS .

The methods described in Secticn III were applied to a series of measure-
ments from Wallops Flight Center in June 1974. After application of the error
) assessment and smoothing procedures contained in Appendix B, the vertical pro-
T files of the northward component of tihe winds for that series is shown in
‘ Figure 3. It was found that the smoothing procedure had to be applied twice .
in succession in order to reduce the random variations to levels which allowed
the extracticn of small tidal oscillations. It was also found that 'a broader
data base was required to define the vertical profiles of prevailing zonal
wind and ambient temperature which are required in the analysis. The values
of these quantities which were obtained from the CIRA 1965 model are given in
Appendix A of this report. :

. Plots such as Figure 3 are important to the analytical method: especially
t - during the initial pnases.' The location of maxima and ninima on the vertical
: j _ profiles are used to determine the relative phases of the predominant tidal
v i - modes. The values of phases which are actually utilized in the analysis are
i computed from tidal theory for the identified modes. Soneée examples of this
j procedure for flight nos. 5, 6, 7, and 8 of the June series are shown in
5 ' Figure 4 through 7. The phase of the 7 km (diurnal) component expressed
as multiples of w is shown over the observed altitude range. The solid curve
‘ was obtained from tidal theory utilizing the prevailing temperature profile.
i jf '~ The points are from visual observation of maxima and minimea on the vertical
' wind profiles. The points are generally alternatively the eastward maxima (o),
the northward maxima (o), the eastward maxima (@) and the northward minima -

- SN OF

i)

o Verification of the amplitudes of the various superimposed oscillations in
5 the June data was obtained by applying a standard harmonic analysis to that
Lo series of data. The results are discussed in Appendix D of this report.

AR The computer codes for determining the tidal modes with the filtering me-
| ' thod are contained in Appendix C. Some examples of the results obtained from
-~ the June 1974 data are shown in Figures 8, 9, and 10. The phnse of a 10 km
PO dlurﬂal component which could not be determined visually as was the 7 km

omponent was, however, determined in the- LllLerlno procedure and is shown
in Flaure 8 for the flrst eight mpasure»eﬂts in the June series. o

R ,Tne short wavelenvtn r251dudl~aftbr the rewoval of the 7 km and 10 km vave4
I '[lenvth diurnal modes is shown in FLQUYL 9 .This *eﬁalnder eronOl) resembles
a s km mavelenﬂtﬁ selelurnql mode. ‘ NI

Flnallvyiuhe very 1on° wavelenOCh c01tr bution to the northward wind is
~shown in Tlaure 10 : : U , T .

k)

B A ' PPliCQtion'bE the program to datu from othgr observuundn"l*sgrics at dif-
- “ferent time has bueu 1n1L1at;d but couLu not bL codpleted An LLWQ 10r this
’ report. : A . . T S
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. SECTION V

CONCLUSIONS

Difficulties associated with the organization of .the original data and
the restructuring of the smoothing process were much greater and more time
consuming than were'initially anticipated. Thus the amount of actual pro-
cessed data was less than initially expected. However, the primary objective
of the contract was accomplished in that the development of the new analytical
method was completed. It was demonstrated that the computer programs produce
results with the vertical filtering procedure ﬂalch are verified by the totally
separate harmonic analysis process. Assessmenﬁ‘of the full potential of the
method must await the processing of a much longer amount of data from dlffer—
.ent tinmes and locatlons. :
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APPENDIX A -

PREVAILING WINDS AND AMBIENT TEMPERATURE PROFILES

Detailed profiles of the ambient temperature and of the prevailing zonal
wind have been established by interpolation from tables found in the CIRA 1965
handbook. Values appropriate to the dates and latitudes of the measurements
of interest were obtained from the tables at 5 kilometer intervals. Using inter-
polation techniques, we calculated the required profiles at 0.25 km intervals
and smoothed the profiles using the procedures described in Appendix B.
Graphical representations of the ambient temperature and prevailing zonal winds
are presented in Figures A-1 through A-8.
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APPENDIX B

o

REMOVAL AND ASSESSMENT OF RANDOM ERRORS IN THE.WIND AND TEMPERATURE DATA

A. INTRODUCTION AFD SUMMARY

A smoothing technique has been applied to the wind and temperature
data supplied by the Wallops Flight Center in order to remove random errors.
The technique is based on the assumption that, over an altitude interval of
2 kilometers, physically meaningful variations with respect to altitude can
be represenited by a three-term (quadratic) polynomial. Wavelike variations
with wavelengths as short as 5 kilometers are totally unaffected by this tech-
nique. ‘At each altitude, the technique yields an improved ('smoothed”) value,

.the probable error associated with the smoothed value, and the random error,

defined as the difference between the smoothed and original values. The ran-

‘dom errors have been analyzed statistically. ‘In general, the random errors

associated with the wind measurements are less than 0.5 meter/second up to an
altitude of about 55 kilometers. Above that altitude, the magnitude of the
error tends to increase to a value between 3 and 5 meters/second at 80 kilo-

‘meters., The random errors associated with temperature measurements are gen=

erally less than 0. 3°C below 60 kilometers and increase to about: 0. 89C at
70 kilometers. ,

The smoothing technlque, the analysis of random errors, and estimates
of errors obtained by other observers are presented in the following subsec~ .
tions. The computer codes utilized in the smoothing procedure and the deter-
mination of random errors is roproduced in subsectlon 5, along with the

- necessary documentation.

B. METHOD OF SMOOTHING

The smoothing pfocedure is first outlined in general form, and the
specific form appropriate to the current data is then presented.

the observed valus of a phvs1ca1 quantlty Y (e.g. temperature)

Let Yy =
' corresponding to the value z; of the independent variable
oz (e g..altxtude) ‘ _ L
- 8 = the probable error in Yk : : _'" S f-"5ﬂ(B-1)f:
a5 M . o '
’Xk,= z C tmk
~ m—l 3 _
=-a SUltdble analvtlc repxesentat:on,of Y
4‘§here - f = f (z, ), ‘m = 1, M

mk

“

'the,valuefof the-expahsioh fuhcﬁion f Aat~21'1 ,

39,
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(o]
[

expansion coefficient

<~
]

number of terms in the analytic representation,

Define D, =X - Y o , ' .  (B-2)

- #0 S =( z s}f) /K' : AT (8-3)

(B-4)

=

-

g 0
———
|
N

~
wn

ley
N
S

(B-5)

L
I
| ™
=
)

* where K= ,number of observati,ons of the quantity ¥ .

The optimum value 04’ the- co=1F1c1ents C, is obtaxned by minimizing Q
with respect to the variations of, the Ci (the least squares procedure)

—Q- =0, m=1,M

o ; The resulflnc ‘equations can be formulated in terms of- the matrix H. '
and the vectox U, where: : . :

e - Hiﬁ, = 5 f.m(}'fmk W, U = kii £ Y Vo o £, = ’1, M B

L]

(@]

jas}

R
B
P

(o}

(o

o]

'J.‘hen .U"_".‘ :

. Explicitly C = I G Y W | - (5-6)

_where G . = I fm(u ],')YS,J m =1, M, k=1, K.




. Corresponding to the errors Sy in the measured quantities Yy, there
are probable errors in the coefficients Gy. It can be shown that these errors
are reprcsented by the matrix: '

_— 1 .2 .
BCBC, = (), * S S | (3-7)

where the quantity on the left represents the corvelation of the probable
errors AC, and ACR' Further, the most probable value of Q is given by:

Q = (k-N) 'S, s (B-8)
Finally the most probable arror in Xk is given by:

M M

2 e
AX T =L L ACoAC - £ f (B—9)
k n=l ¢=1 ™ % mk 2k
M M ‘ R R
- -1, . Q2
% (H )mz‘ fmk fzk s”

m=1 £=1

If as in the present lnstance, the uncertainties Sk in the measure-
ments Yk are unknown, a somewhat different procedure must be adopted. For
the data under conSLderatlon, we assume that the uncertainties in the measure-
'ments are equal over: Lhe interval involved. Thus : S

Sk2‘= S?-.’ wk = '1, k=1, K k B p o (}}—?10) )
~and using‘(B—S) and (B—8):
_37 X : GEh S 7 )
S LDy / (K - M) ' R (B-11)
k=1 o ‘ :

: Por the pxescnt data, the analytlc repxcscntaLlon consists of a thrue- ’
term polynomial with respect to the altitude. The smoothing procedure involves .

: nlnp daLa p01an (or equLvalanly, 2 knlonetuls) centored at the daLa ~point in
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~Kourou,

question. This choice of smoothing interval allows most of the noise to be
removed without affecting wavelike components with wavelengths as short as

5 kilometers, When applied to simulated, error-free data resulting from the
superimposition of a 5-kilometer wave and an ll-kilometer wave, the method
introduced less than 1 percent ervor. Figure B-l illustrates the effect of
smoothing on a data sample with particularly severe random errors. Note the
negative correlation between the eastward and northward components.,

C. AMALYSIS OF RANDOM ERRORS

... The random er*ors‘estdblishéd'duringAthe smoothing procedure have been
analyzed statistically. They are presented graphically in Figures B-2 through

‘B-5. Figure B-2 pertains to the random errors in the temperature data, plotted

separately for each series as well as cumulatively for all the data from Wallops
Island. In each instance the plotted quantity is a 2-kilometer average of the
root-mean=square value of the random error D as defined by equation (B-2).

Owing to the nature of the temperature measurement, the random errors are small,
as expected. Delow 60 kilometers the errors are generally less than 0.3°C,
although the Xourou data gives errors closer to 0.5°C. Above 60 klloneters the

-~ error increases to a value of about 1°C at 70 kllomaters.

Figure B~3 displays the randem ervors for the cunwulative wind data
from Wallops Island., Below 55 kilometers the errors vary between 0.5 and

1.0 meter/second for both the eastward and northward wind components. Above

55 kllOﬂete;S, errors increase to a value of about 5 meters/second at 80 kilo-
meters. The dashed curves represent the uncertainty in the smoothed wind values.
These are generally about half as big as the random error at the same altitude.
The apparently oscillatory nature of the random error in the eastward component
above 55 kilcmeters is not due to any physical process. It is, rather, a for-
tuitous result of the superposition of all results from Wallops Island. This

can be seen more clearly in Tigure B-4, which displays the correlated error,
as defined as: 2 , ‘

D(E) . D(N)y"

i

Random error in eastward wind,
Random error;in,northward wind,

D(N)

Figure B-+ reveals that above 55 km the eastward and northvard efrét?

‘are strongly correlated, possibly owing to the e\porlmental difficulty of
‘accurately establishing a dlrectlon of observatlon at h10h altitudes. ¢

Figure B-5 iSTdnalogous to Figure B-3 but pertains tO'the data from

In sumnary it can be said that random Lempexature errors are 1n31°~

'nlflcant below: about 65 kilometers, whercas random wind errors are small belov

about 55 ! 1lomct01g.  It should be noted that the technique Utlllzed in the
current study does not deLoct svstcmatlc eLLors. :
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Figure B-’l. Altitude Profiles of the Original and Smobthed Wind Components Measured at "
L o Wallops Island (23 20 UT, June 29, 1974). Solid Curves are Original Data. :

Dashed Curves are Smoothed Data. =~ - '
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D, OTHER ERROR ESTIMATES N

| Some of the estimates of error associated with standard Met rocket
measurements of wind and temperature are listed in Table B-1. The general
ectimates were determined by the authors from the various factors involved
in the measurcements. The observed differences were obtained from comparlson
of two or more measurements. Susko and Vaughan, tracked Jimsphere wind
sensors with two different FPS-16 radars and compared the results. Miller,
Wolf, and Finger, compared the results of simultaneous temperature measure-
ments made with a U.S. and a Japanese sensor, Miller and Shmidlin compared
the data obtained from pairs of identical rocket systems launched 5 minutes
apart, along the same trajectory, Finally, the uncertainty produced by the
angular error of the tracking radar is estlmated for data taken at altltude
increments of 250 meters.

"E, THE COMPUTER CODES USED FOR SMOOTHING THE DATA
This subsection centains a listing of the computer codes utilized to
obtain smoothed values of the wind and temperature data, as well as to calcu-
late the random errors in the original data. The smoothing procedure utilizes
two subroutines, SMOOTH and MISCELZ, together with a calling sequence.
MISCELZ is called once:to establish parameters common to the smoothing of all
of the quantities of interest. Subroutine SMOOTH is called successively to
accomplish various tasks, as indicated by the calling sequence. Each sub-
routine is listed below, together with explanations identifying program vari-
ables with the mathematical quantities defined in subsection 2 this appendix.

F. ' SUBROUTINE MISCELZ

Subroutine MISCELZ is listed in Table B-2. This subroutine defines
~the four sets of parameters required to carry out the smoothing procedure.
The program parameters and their relation to symbols previously defined in
subsection 2 are as follows: :

HI  is the inverse of the matrix H as defined in the
equation preveding (B-6)

F(M;N)' are the analytic (polynomlal) expansion iunctlons
defined in (B~1)

k G(M,N) are the auxiliéry functions defined by (B-6) and
the eqUation,that-follows it

ESQ(K) is the quantlty on Lhe 110ht side of (B 9) thhout
 the S2
G. 'SUBROUTINE.SMOOTH :

Subroutine SMOOTH is listed in Table B-3, This subroutine is designed
~to produce smoothed values of the two wind components and the temperature.
IL was found desirable to do a double smoothln" of the 011g1nal data. 'In

s




Table B-1. REPORTED RANDOM ERRORS

Windspeed m/s Temperature °C References

General Estimates

3 -5 , Smith, J. of Meteor., 17, 296, 1960

| + 2.5 g V Lenhand, J.G.R. 68, 227, 1962
| + 3 42 : : Beyers & Miers, JAS, 25, 155, 1958

Observed Differences

+ 0.4 : Susko & Vaughan, NASA TiX53752, 1968
L +2 o Miller, Woolf, & Finger, J. Appl.
| : , ~ ‘ . Meteor., 7, 390, .1968

+ 3 o+ 1 : Miller & Schmidlin, J. Appl. Meteor.,

10, 320, 1971

Radar Precision’ FPS-16

L Alt, Angular Error " Fallrate : .Wind Speed

km , mils ; m/s error m/fs
| et 0 | 100 L 3.4
B 1 20 o 0.1 L 10 | 0.1
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Table B-2.
‘ . y |
oy T C o SUERCUTIRE hjSCEL2 S
| C COLTAINS nISGULLALESYS LATA
| COPHLI/i15C2/HT(33) 1 F (259)9G(349) 1 ESC(9)
LATE RI/7  2.5541E-01y O, 1~3e4632E-C1s
S | = Go v 2.666TE=GLy Go s
2 ~3e4632E-01y U, v $¢3117E=C1/ ”

Cotvdttttsttdas+ | o
CO 140G fi=lsy
F(lql1}=1.0
LO 110 =243
110 F (M3l ) 2{Gecla (1=9) ) ¥ (H=1)

U0 130 1i=143 o
CC=0,40G '

D0 212G L=143
120 CC=CU+ET (Lal)#F (Laid)
130 Glivgl)=CC | S
140 COMTINLE -
Commmmemmn oo
RIS O I T AV - OS]
(C20.0 |
DG 164 1izle3'
O 184 $i=1,3 o R
: , 184 CC=CLRI (Rt #F (e d)»F (ned)
AR 165 ESL{J)=CC Lo Sie
. . RETUKHR
ERD

3
8
e
0
4
:

[.

Ay 0




Table B-3.

SUERLLTINE S OCTH (1aITik;umzn.nﬁkx,FA.FB,Es»DS,Fl)

C
C CIVENM FAMN) « [z ittlieigiaX AT 0425 Nit INTERVALS
C. CnlCIFS A USTis TiR L--ﬁznn PULYMOMTAL FIT OVER TWO KILONETERS
C (9 -FOILTS), ki =blofTmEn VALUES OF FA
C FOR JTERE=2 CALCULATES Pu fuuqu 'RﬁLrS S,ARSCLUTE ERIZORS ps”™
C CFOR 1=3 ALD I1Teh=2,3 CALCULATES F1= [ERIVATIVE UF FA
Cgoc.d -
LOf-Z:'"(jr"l/{,‘:,’-_T/’\S‘,/ \’1 (_,,_')61) 15»5(3;.‘)&1)9 SH(36361) D51 {34301 4D1H(361)
1 qL?I(4J1)
(G LR CIRVEED N C//}'(DsJ)OF(ng)sb(3-7)1'uh(c)
1 DIlc' w FA{3 (l)grL(Bb‘)a =S (361)s0S5(361)3F1(361)4C(3)
| C '
f C IITIA LlZi CUTFUT QUAKTITIES
| LO 14U N:hJI!QIHAr
, 3 FE(M) =¢6440
f ; CES (M) =5589,.0
1 ; DS =859,0

P F1{k)=665,0
9 190 COnTIruE
| Cotsssatitesstdiy
| v CdkAxE ¢
: ' Julg—i
CRRE U X3
- | JG0=1
P i Jivsj =l
’ - BIS PRI -0 Pt /2+.
i o BLGElkIn-l




T T e

200

210

240

2tC
251

270

280

265

‘ Table B-3 (continued).
SMCOT AL PGS AT A THACE
O NI T
M=l LOe gl ANel
T (Lol LT .l x) GO TG 210
JUER T = JiaRzerl
JEL AR Ji AN
JeG=3
FIND [XPANSTON COEFFICILNTS
LG 230 1i=1,3 -
CC=0e0 :

LC 220G Jil=1 4 JMAX
je=hLCadll=1 o
CC=CHG e dily #FAIR)

;L) =CC

IF (ITEGJ o2y GOTYH 251
CALCULATE CFROES

SUM=0.d0 ,

LO 25¢ Jti=1y JEAX

feMLGr Il

C=0,C

DG 240 =143

CC=CC+C Gy =F (Mgdith)
CC=2CC=V\T (T4i2)
SUb=SLr ¢ CCHRZ

CGRTIrUL

GO TC (2704260 4270) 90l
JoC=z (M1ollE 1iTERVALS)

C hERLCHIE AN 2

FE () =C (1)

FL(R) =C(2) -

IF (1TF&.h2.2) GO TO 200

US () =CL) =WT LTy

ES (1) =SCRT (SUE *ESG (J IJ)/U\H)
GU TG 200 | |
JUC=143 (FIRSTSLAST INTERVALS)

PO 285 Jdh=Jdidili e JiNriAN
h=NLU+Jh;1

CC=0.0 N

LU 280 M=143 :

LC=Cl+ Cr)yaF (FadN)Y

FB () =CC '

Framy=Cc(2)+2, 0%C(1>‘t(2,dd)
IF ‘IT&?‘Q n—aZ) (JO T\J )J")

DS () =CC=VVT (Tsiv) ;
tb(u)‘qrrT(aLanSO(Jn)/ Lu)
COLTILUE

IF (JCCL E0.3) 0TI 790

SJdal=2

290

GG TO 200

CONTIHUE
RETUR

ERD -




o . .

other yords, the smoothed values obtaand on the first iteration were used as
the input data to obtain a new set of smoothed values. Errors are defined as
: the difference between the original data and the doubly smoothed data. For

;, temperature data, the first and second derivatives with respect to altitude

‘ were evaluated as well. Initial values for the first derivative were obtained
during the second smoothing of the temperature, These initial values were

.~ then smoothed to obtain the final set of first derivatives and the initial

| values of the second derivative. Finally the second derivative of the tem-
perature was smoothed.

The subroutine arguments have the following significance:

it

- I = index specifying quantity being smoothed

it

| , o 1 for eastward wind

2 for northward wind

]

3 for temperature

.ITER1= Indéx specifying iteration number
= 1 for first Smoothing
= 2,3 for subsequent smdothings and defivative calculations
= Limits on height indices. These are determined By the

availability of data subject to the restriction that a
0.25 kilometer grid is assuﬂed

FA = Vector containing values to be smoothed
FB = Vector containing smoothed wvalues

DS = Vector containing differences between smoothed values
and original data (as defined by (B-2))

.  ff -~ ES = Vector containing probable error in smoothed data (as
- defined by equation (B-~9))

1

"~ Fl = Vector containing derivative of smoothed quantity.

within the main body of the subroutine the index JGO serves to select
the procedure to be used at the beginning of the altitude range (JGO = 1),
- A the end (JGO = 3) and the middle (JGO = 2). This distinction is necessary -
! ; » becausz sm oouamd values at each altitude are obtained by considering tHe _
: ‘ four aTtLtudes that precede it and the four altltudes that follow it, except
‘at the beginning and end of the altltude range. ‘ '
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1. Calling Sequence

|

| The calling sequence used to accomplish the tasks described previously
ﬁ ‘is evident from the listing provided in Table B-4, It is assumed that it is

| preceded by CALL MISCELZ which cstablishes the necessary parameters, as well

Z as by the definition of the index I which serves to define the quantity to

be smoothed. The variables that appear in the listing have the following
significance. : ; .

VT (I,N) is a matrix that contains the eastward and northward
< ~ winds and the temperature. :

St (I,N) = Matrix containing final set of smoothed values for
quantity I.

ESM (I,N) = Matrix containing probable error in smoothed value

f ' . DSM (I,ﬁ) = Matrix containing random error in original data
% DIM (N) = Veétor'coﬁtaining.first temperature derivative
f D2M (M) = Vector containing second temperature derivative




110

Table B-4. Calling Sequence

CDEFLI D CUANTITY TC ol 5-00THOD

LO 110 fi=iaill g AX

FOIE) =T (Ta]) . oy

FIRST ShoOielie OFLUARTITY T

1ThR=] : ‘ g ' ’

CALL SECUTH (I ITUR il taittAA s FH o FRaESs05eF 1)

SECLIY SPOCTHINGS oF CUALTITY T (W1TH PROLADLL ERRQOK ES.ADSOLUTE
tlFFLhLNCt S F’ﬁqT DENIVATIV: Fl1 Fer 1=3) —

1TEl=2

CALL r«'“,n (1,11 e s e radAX FnaFusLSsUSaFlJ

CSAVE CALCULATEL UbA‘IITIES

126

140

- LU 126':;*“',1 Del AN

5[(19“): ¢(')

v ESM AT oY =ES (i)

LSy =05(0)
SIE L LT 3) GO-TO Ll4u

CFOK TEMPERATURE (153) !.LY o o
CSHCGTH FIRST TENPERATURE DER CLVATIVE. FIND.SECOND DERIVATIVE

ITER=3 .
Cati JFOUTH (I,LTLH,NHI,,GNQX1F19DIV9£55ESeFH)
SHCCTH SECCLD TERPURATUNE DERLIVATIVE

TER=4 ;

CALL SHOCTH (T2 ITERSHMININAARIFRID2M9ESIDSHF L)
CORTINVE » |

’557:‘




APPENDIX C

COMPUTER CODES FOR DETERMINATIONS OF TIDAL MODES

This program resolves short-wavelength modes from vertical wind profiles,
The following subroutines are required:

RPARV
RFILEV

RPREV
ZFURS
VEURS

Viilter

Extracts short-wavelength modes.,

Reads parameters for vertical analysis.
Reads data from smoothed vertical profile.

Reads prevailing wind, temperature and
temperature derivatives.

Defines height as a function of height index.
‘ .

Calculates expansion functions for
vertical analysis,

"~

e ) 1 et e
y

Lk v

.
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PROGRAN TMODES(INPUTyOUTPUT s TAPEL=HPUT» TAPE2=0UTPUT s TAPEL L,

1 TAPEL2Y . :
C ! N
C RESMALVES SHURT-WAVLLENGTH HQDES FECM VERTICAL PROFILES
C RECQUIKES REARV (RFILEVVFURS 3 ZFUN ¢ ARRAY (M 1LV PHASE
B C t . o
0060603 COtMOr 7 LODEN /I IT W NCTWMTAPL L TAPE + P | )
00CC03 COVRUL /BEADSZIBLR LG LSMAX TCE (7)o FLATyFLONGy TLOC (T4 JNHR (16)
. 1 BT ELA)Y llOAY (1) JHMO(T16) JEYE L) dNTT (16) sHNTP (14) oVERICLE(14)
000003 COMMOL/OATAS/VVTL34260) (SH{3,2607VESHIZ¢260),05M (3,260} 4DIM{260)
1 D24 0260) JHMN{3414) v hiX{3916)
000003 COMMON/PHEVS/PREV (342601 ¢ MMIb y 2iMAX :
0CG053 COMIION/PARV/RPOL ¢ 26 SCALE WKHR ¢ NH U3 ) o MH(3) JHHN (3) fHOPTWHINT
000003 CCHI O /COOES/LFPRIT  IFTARE
000003 CONMONZFEMNS/FRN{T4260) ¢ AL(2+260) 4 X1 {260}
C
0060603 NI1T=1
0G00G4 HotT=2 .
00005 KIAFE=1Y
0COoC0s LTAPE=12
000007 PI1=3,14155265
C READ PARANETERS FOR VERTICAL ANALYSIS
00CcO011 CALL RPARV DR
000012 WRITE (0T, 100 '
cenlts 100 FCIMAT (1H1/x PARAMETERS FOR VERTICAL ANALYSIS®/)
000016 WRITE (NOTWI10).KPGLWZBSCALE - - : . .
00GG30 110 FCRIMAT (13,5 POLYHOMIAL TERNMS, ZBz#yF5.24% SCALEz# Fb4e2)
000030 WRITE (KCT 41201 #HR S
00C036 120 FORBEAT (/713+x HARMONICS®//%# K N M- Hil=)
000036 . DC 130 K=lekRHR . :
000040 120 WRITE (NOT.140) KiNH(K) 4MH(K) ¢RMN(K)
000056 140 FORMAT (313+F8.4)
000056 WRITE (NOT4159) MCPTHINT ,
000065 150. FORMAT (13,#==0PTION, HINT=#,F5,2)
C READ PRINT/TAPE CODES
000065 READ (NITv140) [FPRNT4IFTAPE
C----— fem
-C READ FILE HUMBER LIMITS
000075 READ (NITw140) LMINVLMAXWLSMAX
’ » c____ _____________ .
000107 CALL RPREV
000110 DO 16C-N=14260
o0ooil2 160 SM{3 M) =PREV(34N1=27340
ocolz2 L=1 . .
ocolz23 HMH (3L =1 ‘
00C125 HMX (3,L)=260
600127 . TLOC (L) =040
S DEFINF EXPANSION FUNCTIQONS
000130 CALL  VFUNS
000131 DO 500 LL=LMINJLMAX
: C READ DATA
000133 T CALL RFILEV
000134 CALL VFILTER
000135 800 CONTINUE
‘000140 CCERD
0 | . . SR
10;;1'.1(3(1)1\10‘4L PAgrg




ooeeG2
000002

- 000002
’ 000014

00014
000022
00C024
000043

00GG43
000052

100

110
120

060053

SUBROUT THIE PA ;

READ PARAMETERS FOR VEFTICAL MnALYJIS

24-MAY 75

Corh! /XOQtV/an.NOT PTAPF.LTAPF.PI :

COMMOL/PARVY JKPUL ¢ ZU G SCALE yRAR ¢ NH (3) 4 1iH (3) HHN(3) NOPToHINT
PEAC PUMBER OF POLYROHTAL CCEFFICIENTS

REAR (MITy100) KPOL42BsSCALE

FORMAT (1342F3.4)

" READ HARMONIC FUMCTION DATA

READ (MITy120) KR
DO 110 K=1,KHR

READ (NIT4120) ﬂH(k).VH(R)gHVN(K)

FORMAT (2134F8,4)

RCAD OPTION (MOPT=-1 FOR FIXED FITTIHG INTERVAL "HINT)
RE'D (NITy100) NOPTyHINT

RETURH

€D

ORIGINAL PAGE IS
' OF POOR QUALITY]
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SUBRQUTINE RFILEV = ;

| C REALS SATA FROM SMOOTHCD VLPTICAL FxLE
; C 23 MAY 75
i 060CGC2 CGHEON /1L DEV /R IT o NOT JWTARE JLTABE P :
» - 06GL02 COPNONFEAS/10FR L LSMAX TCELT) o TLATVFLGNG «TLOC (14) ¢MHR ¢ 14). -
‘ E : 1 KRICLA) JHUAY(14) J R0 014) JRYE(L4) o P I{14) HTP(16) WWEHICLE(14)
P c00002 QO'?LI/P'TMS/VMT(’quu)qS“(J.?bO)gLS’(39c60).051(3;2&0);01“(260)
: . 1 sDSH 26U MMM (3614) oMK (3014) !
{ . c .
5 060002 RE&D (itT&PE210) IS:P LyLSHMAXYTCHFLAT ¢FLORG TLOCIL) +NHRAL)
| 1 BATALY S HSAY (L) 4O (L) G RYE (L) o RTPELY W hFILL) o VEHICLE (L)
p oce0ss 210 FORBAT (31343TR10/72FL11.64F9.4 v713445)
i 000055 : DO 240 12143
| 660057 : READ (MTAPE220). NMINJNMAX
5 00008 220 FCRMAT (213) '
| 00006 - AT LY =L
’ o006z LMX{ Tob) =iitax :
f 000075 - READ 'Tur- 2300 SMUIWR)AH=hMIKGRMAX)
§ 000111 READ  (MTAPE230) W(ESH U M) ¢H=AMIN e NHAK) , «
| ocolzs READ (HTAPE,Z}O) AVVT LT oY gHERM TN g RHAX) e
i ..000141 IF (1.NE.3) GO TO 240 R
’ : 000143 : READ (-”.TI"«PE\230), {(D1MAIN) JN=HMINGNEAKX)
g 000156 COREAD L (MTAPEL230) (D2M(N) JReNMINJLMAX)
{ ocot71 230 FORMAT (10F&8,42) :
! . 000171 240 CCGHTINUE
| 000173 READ (MTAPEL130) A
} 000201 130 FCEMAT(AL) :
000201 - 1F (ECFWJITAPE) 1604140
000204 Cl40  WRITE (MOT4150) L :
000212 . 150 FORMAT (/% ZOF HOT THERE AFTER FILE®413/)
000212 - 160 RETURN : '
000213 ERD
i ' » ' ORIGINAY PAGE 1o

L . QF POOR QUALITY
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0c0002
000002

000002

060002
000002
000602
603003
000004
000012
000012
0GCG14
GoGoL7
0C0G21

. 0000636

00003%
060037

‘000056

00c074
060112
000il4
000115

100

110

~ 2o

150

SbeO\TIJC KPIEV Lo SR

READS PREVAILING hliD.!CWP&L TbPF AlD TE PPCKATU?' DERIVAT!VES

CC.".."OI'/IO{,C\’/I.J. SCT oM IA"E;LTI\PL'PI |

CONMOI /HEADS /I SER WL 4L S? ‘AXQTCLH'” yFLATSFLON CsTLOC(l’o) s NHR(14)
HI1(Ih),LJhY(lé).hu0(14;gnYL(l%)vaI(14)'NtP(lw)QJEH ICLE(L14)

COMMON/DATAS/VYT {3432060) JSM(3,260)4ESMI34260)4DSM(34260)4D11M(260)

, 028 (260) oMM (30 14) 9iiiX (301 4) :

COINC /PREVS/PREV(34260) s hMINGNMAX:

DINENSION DUAMY{(80)

ke

MPtAX=260

READ (111741000 ~1SER

ForiFeY (I3)

oo iso 121,342

READ (NIT4106)

IF (1,e0.2) GO TO 120 -

READ (NIT4110) (PREVI(I, N).h NfIh HMAXY ¢ BURK

FORMAT (10F542)

GO TC 150 :

READ (KIT4112) DUMMY G (PREVIIWN), h-NPIf HMAX ). ¢ BUNK ;

READ (RIT.110) DUH\Y.(Dlu( V) |n-hnlh,n. X)‘BUHK : "~

READ (HIT9130) DUMNMY (D2ZM(N) s NENMINGNMAX) (BUNK :

Cvi T ‘\LJE ) . .

RETURN o

EKD
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000003
000007
000007

FUNCTIGH ZFUN (M)

DEFINES HELGHT AS A FUn\CTlO;‘l OF H{'IGHT IHD:—X
ZFUN(1)y=20,00 KMy ZFUN(2)=204,25 KM, eses ZFUN{281)=90,00 KM
ZFUN=19475+0,25%N ‘
RETUKRN

~END-
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H
i
i

000002

000002

000L02

0000GG2
poeCo2
06Cc002

00c002

00¢002

000006
., 00C011

000012
000014
000017
006024
006025

000045
000046
000050
060051

000052
000054

000062

- p0N06%

000065
000Ces
000070
000072
000075

000076
000077

000101

000106

000106
000113
000115

0C0l1l7

000122
000124

000130

. 000136

000140

Q0G142

000144

. 000153

SUCROUTINE VFUNS

SCALCULATE [%VAHSION FUNCTIOHS FOR VEKTICAL AHALYSIS
COMPOLZTODEV /NI T yNGT JMTAPE JLTAPEWF ‘ :
CONMON/HEADS 7 IOER Lo LSMARN s TCBT) o FLAT o FLONG  TLOC LAY s NHR (14) o

1 !VI(IQ).HUMf(lG).H.d(LQ);hYE(lQ)'“Fl(léj.hTP(lQ)'VCHICLE(lh)
COPf(P/DﬁTAJ/VVT() 260) 51 (34260) JESM(3, 260),05h(3.?60)'01 {260)
1 ~U7f(?60)|fhh(3014)oNPX(3v )

CONMUK/PARY /KPOL s 20y SCALL KHh.lH(3)ng(B)'hﬁN(B).NOPT|HINT
CORMGn /7CODES/IFPRUT$ IFTAPE
COMMOMN/FRNS/FRNLT4260) yAL{24260) 4 X1 {260)

CDIFEFSIGH ALP(3) (GXH(3) yUXH(3) 4BXR{3) yWAVE (3)

—-.-.-....--....___..-...-_...._-.__—_......--..-...-_-_—.—_----_-—_--..—-_--—-..--—..--_-,_-_....-

110

120
130

140
150

(IR AR AL NEC I ¥ I

CRMAXERMNA (2, L)

IF (HB N EQGHIMAYY GD - TO S00
DEFIHE POLYROMTAL FUNCTIGONS
DO 100 H=ilMIH  HHAX
FEI{LMY=1,0

Z=SCALE® (ZFUN(N)=Z8)

DO 100 K22 KPOL
FRE(E JH) = 2% (K=1)

DEFINF HARMUNIC FUNCTIONS
CHT=2,932E~02

CGAlM=2,0/740

Dz2=0.25

R 1G=101

IMITTALTZE ,

DO 110 K=14KHR =

AL (KQNMIN) =0.0

XT(HN1H) =0,0

LINES:

ITER=)

lispiMIN-

h=tie}

IR M L,GT JMMAXY GO TO 180

IF (N,EQ.NHIN) GO TO 150

FCR {N GTMMIN) REDEFINE QUANTITIES
HH=HM & - ‘ :
DO 140 K=1, KHR

O/h(k)-OXN(K)

COMTIRNUE

CCALCULATE NEW SCALE HEIGHT AND I1TS PERIVATIVES WRT H;IGHT Z
Hh-LHTf\51(3.N)+273 0) :
SHI=CHT®D LM (1) ’

H2=CHT=D2M (1)

PH= HN%(HI*CUAH)

160

CALCUATE HEW HAVCNUMBERS AND VAVELENGTHS

DO 160 K=1,KHR

CC==0425+ PH/HNN(K)

OXN (k) =SURT(CC) -

IF (ITER.EQ.2) GO TO 200

FOR FIRST [ITERATION, FIND UNSHIFTED XI PhASES
TF(NJEQGRMING ¢ TO 130

CC Oo )‘5 07

XTI ANy =X] (- l)+CC*(1 0/HH+1 O/HN)

DO 170 K= l KHR -~



3 T | | i 1 1 I 13
| 000155 170 AL (K M) =AL (K N=1)+CC* (QXH (K) /HH+ QXN (K) /HN)
i 060177 GO 1C 130
| 000177 180 IF (ITFR,EQe2) GO TO 500
: ’ C. SHIFT xI, PHASES AT END OF FIRST ITERATION
§ 000201 XIN=X] (D) ' )
? 000204 DO 1&% K=1,KHR
. 000205 185 ALP (k) =AL (K NMID)
00Cc215 DO 150 N=NMIH NHAX
00n217 X1 =XT(N)=XIN
| 000222 DO 190 K=l4KiR
[ 0c0223 190 AL (% 41) sALP (K) AL (Kyi¥)
o 000236 ITER=2 ‘
| 000237 GO T¢ 120
i C:::::::::::::::::=:=:.‘::::::::::===‘=======::::::::::::::::::::::3::::::::
§ o C SECGED ITERATIUN ONLY -
% 000237 200 Z=ZFUK (M) o '
L 000242 EX=EXP(045#X]1(N))
| 000247 PH1=0,5% (PHXHL«H2xHN## 2)
i 000254 DO 210 K=laKHR :
; 000255 OXR (K) =PHL/ (HIHI(K} #QXN (K) %%2)
% 000262 CC=EX/SCRTLVAHIKY)
! 006266 €C=1.0 .
; 000267 1ZKPCL+2%Kal oo ,
; ~ 000272  FRN (M N =CCRCOS (AL (KyN) ) .
‘ , 000302 fi=tle ] .
| 000303 FKM(Mell) sCCRSTIN (AL (KN )
! - 000313 WAVE (K) =24 0%P I xbil/0XN (K)
i 000320 210 ALP(K)=AL(KyN) /P
000328 IF (1FPRNT,EQ.1) GO TO 300
0003320 IF (LiNNES.LT(50) GU TO 230
000332 CWRITE (NOT4220) ISER4L,TLOC(L) e . :
000345 220 FORMAT (1HL+%SERIES*4I3 (% FLIGHT#4+13s% TLOC=#4F7.3/ A
1 3Ky LHN 45X e LHZ e 5X y LHH s 4 X 1 2HHL 94X 9 2HY 192 {SK42HOX 15X
2 2HOR 93X s 4HAAVE ¢ 2X 4 SHPHASE) 4 2 (5X 4 2HFCe 5 X4 2HFS))
000345 LINES=3 v
- 000346 230 MH1{i=kPOL+1 e
- 000350 - MMAX=KPOL +2%KHR | L :
000352. CWRITE (NOT4240) RyZoHNGHIGXT(N) o ({GXRH(KY QXK (K) ¢WAVE(K) sALP (K) )y
' o = K=1aKHR) o (FKN(MogN) ¢ MzMMINyMMAK) g
000422 | 240 FORMAT (1HH13,4F6424(12F743))
000422 ¢ LINES=LINES+l
000424 300 COMTINUE
000424 GO TO 130
000425 500 RETURN
000426 - END .
ORIGIN .
P por L py
“lop (&)
! Ty ‘
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.
|
!

000002
00eC02

000002

pcece2
000002
05cG02
000062
066002
0002
0ccQo2
0GG002
00Cc004
000010
060013
00G014
000C1s
000017

.QC0022

00CG24
o0QC37
000041
000045
000054
000062

000064
006076

000076

. 000104

000106
000110
000111

000112

000314

Q00116
000120

000122

- 000124

000125
000126
000127

000127

000133
000134

000135 .
© 000137

000141
000153

000155

ala}

100
110

120

130

SUBROUTINE VFILTER

EXTRACTS SHORT WAVELENGTH MODES
COMNGHZIOIEV /HTT JHOT W MTAPE WLTARE P
COrKCL /HEADS 7ISERGLyLSHAXTCU (7)) ¢ FLATWFLOLG ¢ TLOC L 14) ¢HER(14) o

1 WIL14) JHDAY (141 1N0 (140 yRYE (14) WKL (14) JNTP (14) yVEHICLE(14)
CO”“OH/DATAS/VVT(3}ZQD)v5H130260)cESM(3'260).DSM‘B,ZéO)qDlM(Zéo)
1 aDZ2MZ260) i {3401 6) X (34 14)

COMPOE/PARV/KPOL 4 LUy SCALE W KHRyNH (3) 9 MH(3) 4 HHN(3) ¢ NOPTWHINT
COMICit/CODES/IFPRNT « IFTAPE
CONPICH/FRNS/FKIN (T74260) 1AL (242600 4+ X1 (260)

COMMON/PREVS/PREV (342603 yNMIN yNMAX '
OHIELS O H(10410) M1 (10420} sU(L0} 4 C(L10) 4SV(100)sAMP{3) +PH(3)
DIMENSION YC(B1)+ER(81)
DIMENSION Y(260)4W(260)

DO 4G0 1=2143

M= MN (T L)

MMAX=E X (T gLY L

IF (tUINEGJiMAKY GO TO 400

1IF (1,EQ,2) GO TO 110

CC=0,0 - .

IF (1,EQ.3) CC=273,0

DO 100 N=HAIN,NMAX

ST« =SHIT¢N) =PREV (] N)+CC

DO 120 N=iMIN KMAX

Y(hYy=sM{Tyn) R

IF (ESMUT4N) oLTele0) ESH({TN)=1,0
Wit =1,0/(ESM{]I 4N)*#2) e
COMTINUE ‘ :

WRITE (10T4130) ISER,L4I
FORMAT (1H1/3144% = SERIES, FLIGHT, GUANTITY®/3Xy1HNyTXys1HZ,6X,

1 CHYCs TX s LHY 16X 2HER 9 SX e 3HSUM O X s ZHYP s 2 (5X ¢ SHAMP « 6X ¢ 2HPHY /)

JHAX:A*(HINT+0.0I)+I .
KMAX=KPOL+ 2#KHR

 DHM=JDAX= (RiI1AX)

200

210

JGo=1

JHMIN=1 ,

JUMAX=JMAX 7241

NLO=EHIN=1

BLOSNLO+) : v,
KHI=NL G+ JHAX=1 CEP$95245‘
IF (HH1GLT,RMAX) GO TO 210 , & 3@
JHMIN= UMAX/2+1 o o @
JHMAX = JHMAX ' : o g
JGO=3 :

CONTIHUE T . SR
DEFINE/REDEFINE MATRIX He VECTOR U
IF (MLOLGT,MINY GO TO 250 ‘
FIRST DEFINITION OF H,U

DO 240 K=1,KMAX '

220

DO 220 JII=1sJHAX
h=hLO+JN=1 .
CCECCoM (M #FRIIK ¢N) ¥Y (N

“U(K)=CC

DO 240 M:ngHAX‘
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000156
000157
0UO161
000163
000177
000210
000210

ocn210
006212
00C214
oo0C2lLs
0C0235
000236
000270

000270
0G0272
000273
ooC303
000206
0Cco307

000217
000321
000322
000324
000336

000342
000343
000344
000346
oCnN347
000351
000362

260
270

(8}

280
250

300

000365

006370
000376
000402
000411
00C413
000415
000417
000422
000423
000424
000435
000437
000442
000452
000463
000466

000527

000527

310

220
330

340

360
370

000532 -

000534

CC:0.0
RO 230 JH=14JHMAX
=hi.0+Jh=1
CCaCCW ) #FRKN (K gN)Y#FKHN (MoN)
HK ) =C0C
GO TC 270
COnTIrUE
RECEFINE HLU
NF=NLO=1
HL=HH]
PO 260 K=1,KMAX
U(k) U(K)+N(NL)*FKN(K NLY %Y (NL)Y=WINFYRFKNAK  NF) #Y (NF)
DO 260 M=l (KMNAK
H(k.n)-H(Kq”)&w(nL)*FKN(K.NL)*Fkh(MvNL)-W(NF)*FKN(KQ NFIRFEKN(MoNF)
CONTINUE .
THVERT MATRIX H
KK =KMHAXK#KITAX
HeoE=2
CALL AﬂPAY(nODE‘hﬁAX K”AX KKy104104SVyH)
CALL - DBINV ISV KHMAX KKy D)
HODE=] -
CALL ARRAY (MODE KEAX ¢KMAX 3KK 410410, SVyHI)
FIND EXPANSION CUEFFICIENTS
DO 2900 K=14XMAX
CC=0,0
DO 280 M=i KMAX
CC=CC+U M =HT (M¢K)
C{K)Y=CC ,
CALCULATE ERRORS
SUM=0,0
CO 310 JH=1+JHAX
RehlLG+dNal
CC=0,0
DO 300 K=l ,KMAX
CC=CC+CIK)Y XFRNIK ¢N)
YC(Jhy=CC
ER(JH) =CC=Y ()
SUNSSUMSW NI #ER (JN) #%2
SUM=SCRT { SUM/DINM)
GO TO (23043204330} 4JG0
JHMI L= JHMAKX
DO 370 JM=JRMIN ¢ JNMAX
N=tLQedN=1
Z=ZFUL (M)
YP=0,0
DO 340 K=1,KPJL
YP=YP3CUK) #FKN (KeN)
DO 350 K=14KHR S
KKzKPCL+2#K~] i
Ahr(k)—SORT(C(Kk)\*2+C(KK+l)**2)
PH(K)Y 2PHASE (C(KK+1 ) §CIKK))Y /Pl
YY2YC(JN)Y=YP
WRITE (HOT, 360f N'ZQYC(JN)'Y(N)gER(JN)qSUM YPQ((AJP(K)QPH(K))QK b
+KHRY 4 ¥YY 4 2

1
FORMAT (1 «.lea 2)

CONTIRUE
CIF (JGOWEQ,3) GO TO 400
JGO=2

”WM"‘””M@ 8
QUALITY,




.-..r,..._,,..,.,_vq,ﬂmr

i
W

Qicsas
000535
000537
000540

30 TG 200

400 COMTIL.UE
RETURN
END
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- correlation between C, and. Sy,;and between Cy, and Sy, is good

APPENDIX D -

HARMONIC ANALYSIS OF WIND DATA

Standard harrmonic. analysis techniques have been applied to the data from
the June 1974 series at Wallops Island. The results are of a preliminary
nature, in that the vertical resolution techniques have not been applied..
Nevertheless, the preliminary results are sufficient to demonstrate the valid-’
ity of the elements of tidal theory that have been previously mentioned. Of
particular interest in the present context: is the fact that the eastward (X)
wind component lags the northward (Y) wind component by a quarter of a period.
Let the temporal behavior of the wind components be expressed analytlcully as:

x .
1

C. coswt + S sinwt - (D-1)
Vx X

"
n

;C_coswt + S sinwt.
y y

Then it follows from tidal theory that:

y x y X 0-2)

where K is a coastant determined by the latitude. This result holds for each
tidal mode individually. :

The correlation implied by Equation (D-2) is evident in Figures D-1 and
q

D-2. Figure 1 displays the coefficients C, Sy, C, and S, for the diurnal-
wind component, 4s. deterwmined by harmonic analysis. It can be seen that the
, even though
the diurnal component is made up of several modes. In Figure D-2(a), the
‘correlation in -the semidiurnal component is even more remarkable. Some

degree of corre‘atlon is also ev1dent in Figure D-2(b) for the tardlurnal
component. :

Flgure D=3 dlsolays the plevalllnc winds for the eastward (curve (a)) and
northward (curve (¢)) wind components. Also. plotted at -5 kilowmeter intervals
are values of the eastyard prevailing wind for July 1 at the latitude of
Wallops Island, as- listed in the 1965 Cospar Reference Atmosphere. The gen-
eral agreement between these values and the prevailing wind deduced by harmonic

~analysis is good. The significance of the eastward trend (curve (b)), is un-

clear at this time. The same remark applies to the northward pxevalllno w1nd
and trend (curves (¢) and (d), respectlvely)

In summary it can be stated that the prelimirary results of Lhe harmonlc
analvsls are in general agrecment. with the. results of tidal theory
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Figuré D-1. Harmonic Coefficients for the Di@rxml Wind _Co"m‘ponen‘t_.' ;
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- Coefficients for the Prevailing and Trend Functions for -
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