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i. INTRODUCTION

Coupling between the atmospheric circulation and the earth's magnetic
field is strongly suggested by the evidence presented in the literature.
This evidence covers a wide spectrum of space and time scales, is usually
in the form of correlations, and has been given for all levels of the
atmosphere. For example, Flohn (1952) showed that the meteorological
equator (the ITCZ) is more nearly parallel to the geomagnetic than to the
geographic equator and that the polar. vortex at 200 mb is more nearly
centered on the geomagnetic than on the geographic pole. King (1974) has
shown that the isolines of total ozone are similar to the isolines of
magnetic field strength; and Belmont, at al, (1974b), showed that the
contours of the amplitude of the semiannual wave in zonal wind at 50 km
are more nearly congruent with the geomagnetic, rather than geographic,
coordinate system. The mechanisms which give rise to these correlations

are not yet fully understood,

Tt should be determined whether the atmosphgre or the geomagnetic
field, or neither, is the independent wvariable responsible for correlations
such as the above, If the geomagnetic figeld is the independent variable
for a given relationship, then meteorologists ought to include that rela-
tionship in_their studies. TFor example, a high latitude source of NO
produced by cosmic rays, which enter the atmosphere at latitudes determined
by their interaction with the geomagnetic field, is now being included in
studies of the ozone budget (Crutzen, et al,, 1975)}. On the other hanq, if
the atmosphere is found to be the independent variable for a given relation-
ship, then such knowledge may be useful to space scientists, but meteorolo-
gists need not consider that geomagnetic relationship in studies of the

atmospheric circulation,

The purpose of the present study is to find relationships between
stratospheric parameters, 30-60 km, and geomagnetic field parameters., The
mid- and upper-stratosphere may respond dramatically to geophysical events

(e.g., Zadvernyuk, 1973), and by studying relationships at high altitudes



it may be possible to more readily identify some coupling mechanisms between
the atmosphere and geomagnetic field. Hopefully, this could help explain
which are the independent variables for some of the known relationships
between geomagnetic and meteorological data. The method used here will be
to compare temporal variations of wind and temperature at rocketsonde
stations (MRN data) with time variations of the vertical (Z) and horizontal

(B) geomagnetic field intensity at a nearby geomagnetic observatory.

The frequency range of time variations which can be studied is limited
only by the time distribution of ﬁKN data, as the geomagnetic data are
taken hourly in a (usually) continuous sample. The MRN data are sufficiently
plentiful to define variations longer than a month, so a major portion of
the study deals with periodic analysis, the quasi-biennial oscillation, and the
first three harmonics of the annual wave, On time scales of a season or
less, midwinter sudden stratospheric warmings are the most spectacular
events., While the MRN data are too sparse to perform case studies of
individual warmings, it is-possible to stratify all years according to
whether or not a major warming occurred. This procedure has been used to
study differences of the variance spectra in MRN and geomagnetic data during
years when major warmings occurred compared with the other years. Finally,
results are given for a superposed epoch study of the changes in strato-
spheric temperature over a few hours time at Fort Churchill using solar

sector boundary crossing dates as the key events.

II, DATA

Meteorological rocket (MRN) data 1960-72 were obtained from thg World
Data Center, Asheville. Station locations and the nearest geomagnetic
observatories are given in Table 1. Further details concerning the MRN
data and results of periodic analysis of wind and temperature have been

given in Belmont, et al. (1974a), and Nastrom and Belmont (1975).

Daily mean values of the geomagnetic field elements for years corres-

ponding to the MRN data were obtained from the World Data Center, Boulder.



Observatories used in this study are listed in Table 2., Gemnerally, geomag-
netic data prior to 1960 were mot used in order to make the periods of
record of the MRN and geomagnetic data as compatible as possible. Also,
the analysis was limited to observatories near a MRN station (see Table 1).
At most observatories the field elements given are declination (D),
horizontal (H), and vertical (2) field intensity. At the Canadian stations
indicated in Table 2 they were reported as X, Y, and-Z; but daily values.
were converted to D, H, and Z prior to further processing. The observatory
at San Juan was moved at the end of 1964, and it was necessary to adjust
the base.liné of 1960-1964 data to be consistent with 1965-1972 data, Also,
the observatory at Honolulu was moved during 1960, so data for 1960 were

not used there,.

III. RESULTS
A, PERIODIC ANALYSIS OF GEOMAGNETIC FIELD ELEMENTS

1. Procedure

_ Significant peaks at 12 and 6 months are present in the H and Z spectra
(Currie, 1966), and resolving them as discrete lines provides the possibility
of studyiﬂg their phases as well as amplitudes. However, secular trends are
often very large in the H and Z data, and failure to remove them prior to
periodic analysis can lead to inconclusive results (Chapman and Bartels,
1940, Chapter 16; Currie, 1966). Inspection of plots of our time series for
1960-1972 (not shown here; see Chapman and Bartels, 1940, p. 132) indicated
that a parabola can be used to effectively remove the secular trend. This
technigque is more desirable than other filters because no data are lost at
each end of the time series. Although a parabolic trend line does interact
with the approximately 11 year cycle found in H and Z, numerical tests
made using synthetic time series show that the error in amplitude and phase
of the 11 year cycle, and shorter periods, is less than 4% after removing a

parabolic trend from a time series 13 years long.

Time series of mean daily H and Z values are characterized by a
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relatively steady background which may be dramatically interrupted during
a geomagnetic disturbance. The effect of geomagnetic storms, which last
for only hours or days, could be thought of as a very large amplitude
high-frequency variation which occurs more during some years than during
others., As the purpose here is to study the month-to-month changes of
the background geomagnetic field, it is desirable to reﬁove the aliasing
of monthly data caused by the irregular occurrence of geomagnetic storms.
One method to achieve this is to use only non-disturbed days when comput-
ing monthly means. This method has the drawback that disturbed days can
be identified only on a subjective basis., If the disturbed days form
only a small part of total daily values in a month, however, then an
objective and nearly as effective method is to use monthly medians rather
than monthly means. Periodic analyses were made using both monthly
median and monthly mean data. The resulting amplitudes and phases differed
significantly between the two analyses with the monthly median amplitudes
always smaller (e.g., 5.3 versus 8.8 gammas for the amplitude of the
annual wave in H at College). Moreover, the corresponding statistical
error estimates were always smaller in the case of monthly median data,
indicating less interannual variability of the periodic waves when monthly
medians are used, Thﬁs, the following analyses are based on time series
of monthly median values of H and Z, (Note that monthly mean MRN data
were used here, as previously, because the range of those fluctuations

is relatively much smaller.)

Monthly data of both the MRN and geomagnetic parameters were analyzed

‘v with the joint periodic regression technique of Belmont, et al., 1974a,

The technique can be used to analyze a time series of irregularly spaced
data points, weighting the months by number of observations, even if zero,
and to simultaneously determine an estimate of the statistical error of
the amplitude and phase of each frequency included, Further, frequencies
analyzed need not be integral divisions of the period of record.
Frequencies included in the present analyses are the long-term mean, 11
year cycle (geomagnetic data only), quasi-biennial oscillation (29 months),

and the first four harmonics of the annual wave.



The statistical errors given in Table.2, .which .provide.confidence .
estimates for the results, are not the same as RM$-degiationq.,,Howgvg;,
they resemble RMS deviations because .the coherence of the data from cycle
to cycle is the most important consideration.in.computing .them; .in-fact,
regression of the errors in Table 2 (SE) for the annual and semiapnual,
waves with RMS deviations determined from harmonic analysis of yearly
data showed that SE = '0,38 RMS5. "The regression coefficient is .small for
several reasons:: because the frequendies included in’the SE .dnalysid ‘are
not drthogonaliover the data, theyican iiiterfere with each ‘gther to-give
a better fit (smaller wesiduals) to the complete time seriés than can
the orthogonal components of harmonic analysis. Also, as SE
weights each point of the time series by the number of iobséwvations, it
allows occasional erratic points based on few observations to be largely

disregarded.
2; Anmdal Wave

Est;mates of the-amplitude and phase, with errors, QﬁnyhewgﬁQaa. -
annual, and semiannual waves in H andcg are g@ven.ig,Tablg!2.3;Rqsquﬁﬁﬁor
the annual wave in H and Z are plotted in Figure },ag functions of geomag-
netic.-latitude., Lines estimating the latitudinal variation in, the-figure
have been fitted by eye. These results are similar to_the corresponding
values given by Currie (1966), but have much less scatter; particularly, :
at mid-latitudes. As noted by Currie, the scatter .of his, results may
arise from differing periods of .record at the various stations, he used;
for example, the interannual variations of the annual waves in.H at Tycson
and Sitka (Figure 2) are so large that averaging a given number of ,arhi-
trary vears will clearly lead to widely varying mean values. In antici-
pation of ‘the disdussidn in Sectidn B, ‘a‘large part of the .interannual
variations in Figure.? is due to the well-known solar-cycle influence: :
on E region fonization. Wote tHat Both statiéms are atﬁfhe-fight extreme
in 1963 and the -left extreme in 1969 (1963 was near sun'spdt miriimum rand
1969 near sun spot maximum). Returning to Figure 1, .the ‘sharp ircreases

of amplitude of the amnual waves in H and Z at high latitudes has been


http:stations.he
http:scatter.of

noted by Currie (1966) whose data extended to B0ON (geomagnetic latitude).
The decrease of amplitude in H and continued rise in Z as the pole is
approached does not seem to have been reported previously, although
Langel and Brown (1974) have noted that the largest seasonal variations

of 4Z are near the pole,

The phase of the annual wave in H is fairly uniform at all latitudes,
with the ammual maximum occurring in June (Figure la). The phase of Z, on
the other hand, undergoes an abrupt shift of 180° near 65°N. Equator- '

ward of 65°N the average phases of Z and H are quite similar.

'3, 'Semiannual Wave

Ampiitudes and phases of the semiannual variationms in H and Z are

" plotted in Figure 3, The present amplitude results are generally smaller
than those given by Currie (1966). In this case, the difference may
agaiﬁ.ﬁe due to differing periods of record, or it may be due to our use
of monthly median data which reduces the occasionally severe impact of
magnetic storms which occur on a predominantly semiannual rhythm, It
should be borne in mind that the present results are for the mean semi-
‘annual wave over abput one sunspot cycle. [Chapman and Bartels (1940) .
have shown that the semiannual amplitude varies with the sunspot cycle,]
From 70° to -80° magnetic latitude; the decline of amplitude in H and the
increase in Z are in accord with Currie's (1966) results which extend to
Godhavn (80°N). As the pole is approached from 80°N the amplitudes of
‘both H and Z increase, although the large statistical errors associated

with the H values make that analysis less reliable,

The phase of the semiannual variation in H is fairly steady up to
about JOON, with a 180° shift near 75°N ipdicated by all three stations
north of SOdN. The phase of Z is less steady, but indicates a systematic
shift with latitude such that the phase of the pole and the eguator are
about iSOO different.



4, Quasi-Biennial Oscillation (QBO)

Before discussing the periodic analysis results for the QBO in H
and Z, it should be pointed out that there have been several conflicting
reports regarding the existence of a quasiniennialﬂline'in the geomag-

" metic spectrum. Hope (1963) reported that the 'QBO ‘in Kp'had been
isolated, but Currie (1966) could not find it in the ‘spectra of H or Z
and suggested that these results were based on faulty‘numeriéal filtering
procedures. Fraser-Smith (1972) presented tle spectrum of the‘ﬁp index
and concluded that no QBO exists, but Currie (1973) has analyzed H and
Z data from 49 observatories and now concludes that there is a line near

-

2,15 years,

Nearly all perlodlc waves in geophy51ca1 data show varlatlons from
cycle to cycle, “but usually the amplitude and phase converge on mean .
values if enough cycles are averaged Statlstlcal tests can be used to
determlne if enough cycles of a periodic wave have been used to estlmate
the mean wave with confidence (Chapman ‘and Bartels, 1940) As the quasi-
blenn;al oscillation is not truly periodic, but has varlable amplltude
.phase, and period from cycle to cycle (e.g., see Flgure 4), there is no
‘assurance that a2 mean wave can be rigorously deflned in a usual statis-

) tlcal sense. Thus, the mean QBO can only be defined for the years of
recotd'analyzed by each writer, with the understanding that the QBO for
dlfferent years of record will probably not have the same amplltude or
phase. For this reason _the latitudinal variation ?f the QBO values 1n
Table 2 1s ‘erratic and 1nconc1u51ve unless stations w1th the most complete

. and most nearly identical years of record are considered, Therefore only
those stations with over 110 months of data have been used in order to
obtaln the most reliable estimates of the latltudlnel varlatlon of the
QBO. (The average period of the QBO durlng these years was 29 months.)
In Figure 5, the average QBO amplitude is near 2y for both elements

) although Resolute (83 N) 1nd1cates an 1ncrease of H's amplltude as the
pole is approached The 1nd1v1dual phase dates, relatlve to 1 January

1960, have fairly unlform.latltudlnal variation except for Z at College



and H at Resolute.

B, COMPARISON OF GEOMAGNETIC AND METEOROLOGICAL PERIODIC WAVES

The present objective is to deterﬁine possible relations of geo-
magnetic to meteorological variableg by comparing periodic properties of
geomagnetic and MBRN data, Ideptifying those periodic frequencies which
show a close relationship can allow effort to be focused on them, with
the remainder of the variance discarded as being, unrelated and therefore

of no immediate interest,
L. Procedure

Waves of the same period whose relative phase lags show broad
patterns of spatial continuity are sometimes found to be related, and
charts of the relative phase lags between MEN and gedﬁagnetic periodic
variations will be presented below, However, as all periodic components
of the two data sets may have large year -to-year variability in ampli-
tude and phase (for example, the annual wave in H in Figure 2), it is
desirable to first examine the year-to-year relationship of each frequency
to determine if "average" phase lag values are representative, The
coherence square (COHZ) statistic of CTrOoSs spectral analysis provides an
obJectlve measure of how uniformly the amplltudes and phases within each
frequency band vary with time at a glven location, and has been used
here to decide which frequencies of MRN an& geomagnetic data are synchro-
nous, Cross-spectral analyses of horizontal and vertical components of
the geomagnetic field versus the temperature and wind at nearby rocket
‘stations were made using monthly data at five stations with the most
complete periods of record (Table 3), yeé well distributed in latitude,
and with a maximum lag of twelve months., Prior statistical significance
of each COH2 value was tested by the method of Julian (1975). Mo wvalues
in the fréquency band centered:at 24 months (near the QBO frequency), nor
more values than expected by chance for frequencies higher than 2m/6 months,

passed the 5% confidence level, COH2 values for frequency bands centered



at biennial, annual, semiannual, and teranmnual periods are given in
Table 3; those which exceed the 5%, 1%, and 0.1% confidence levels are
marked,

L

There is apparently closest coupling'for the annual and semiamnnual
variations of zonal wind with H at mid-latitudes and with Z at lower
latitudes. The annual temperature variation, especially at 30 km, also
is significantly coupled with geomagnetic-variations. Semiannual varia-
tions of tempexature and all terannual variétions exceed the 5% confi-
dence limit no more often than expected by chance. These results indicate
that only the annual, and some semiannual, variations in MRN and geomag-
netic data exhibit significantly synchronous year to year changes;,

therefore, only those waves will be considered further.

There are two techniques for determining relative phase lags: first,
relative phase lag can be found during cross-spectral analysis. Second,
the phases determined by periodic analyses can be subtracted. The latter
method has the advantage that a measure of confidence can be derived‘by
combining the statistical phase errors determined during periodic-
analysis. This was done by the root-sum-square technique, It was found
that all phase lags associated with a COHZ in Table 3 which exceeded the
1% confidence limit were within the limits of statistical érror of the
phase lags determined by subtracting periodic amalysis results. Therefore,

values presented below are based on periodic analysis results.

2. Relative Phase Lags

Relative phase lags for the annual and semiannual waves between MRN
and geomagnetic data are presented in Figure 6 .as functioms of height and
latitude, For each statien pair listed in Table la, the relative phase
lag of each frequency for each parameter was determined by subtracting
the phase of the geomagnetic wave from the meteorclogical wave, .at 4 km
height intervals from 28-64 km. The resulting phase lag values were
plotted at the geographic latitude of the MRN stafion. Contours were

drawn for phase lags = +30, +150 degrees to indicate areas of nearly in
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or nearly out of phase. The relative uncertainty of each value, esti~
mated by the root-sum-square of the individual phase errors, and the
spatial patterns of phase given in Figures 1 and 3, and in Belwmont, et al.
(1974a), and Nastrom and Belmont (1975), were taken into account while

drawing the contours.

In Figure 6, U-H are out of phase throughout the mid-latitudes for
both the annual and semiannual waves. U~Z are out of phase from about
10°N - 40°N for the amnual wave, with small in phase areas at high lati-
tudes. The phase lags of U-Z for the semiannual wave are near 180° in
the upper tropical stratosphere and nearly in phase at high latitudes,
The annual waves in T-H are out of phase above 55 km near ZOON, and
in phase north of a line from 28 km, 10°N to 64 km, 60°N. The annual
waves in T-Z appear out of phase in the upper low-latitude stratosphere
and at highest'latitudes, and are.in phase near 30-500N. Clearly, the
phase lags breéented in Figure 6 have broad spatial continuity. Together
with the large COH2Z values these results suggest that physical coupling
between the MRN and geomagnetic periodic variations may exist. Possible

mechanisms which could produce céupling will be discussed next,

3. Discussion

a, Annual Wave

It must be noted here that the annual variation in geomagnetic
data is not yet fully understood, although several writers have discussed
it, Vestine (1954) suggested it could be a seasonal effect induced by
air motions in the ionosphere. Currie (1966) concurred with Vestine and
offered qualitative arguments from the scanty data then available, and
later (Currie, 1974) strengthened the theory By arguing the annual wave
could not arise from modulation’ of the Sq current system but must be a

DC effect,.

(1) Suggested Mechanism: Due to the differing ion and electron

Hall conductivities, zonal wind in the lower ionosphere produces a ring

current along the wind which induces a magnetic field in the meridional



i1

plane, This induced magnetic field affects the geomagnetic field in
proportion to the wind speed, and the effect decreases with distance.
The maximum effect on the N-S component of the geomagnetic field will be
direectly below and above the wind jet where the induced field is
coincident with the geomagnetic H field. Similarly, there is a maximum
effect on the Z component to the north and south of the zonal wind jet

with a minimum directly below and above it.

At high latitudes (Fig. 1), the maximum amplitude of the annual
wave in both H and Z occurs. It apparently has not yet been explained
in the literature. The cause .of the high latitude maximum could be the
annual variation in ionization density, which is a function of solar
elevation angle, and winds in the lower ionosphere or of magnetospheric
origin; but there is insufficient data to verify either hypothesis at

this time,

At mid- and low~-latitudes, however, sufficient data are now
available to crudely estimate the magnitude of the annual effect of iono-
spheric winds on geomagnetism and thereby perhaps bring future research
efforts on this issue into focus. Here the annual variation in wind is
the major factor as there is only a small seasonal change in electron
density. The annual.variation in zonal winds in the lower ionosphere
has maximum amplitudes of about 30 m/s from 20-50° latitude near 110 km
with phase dates-near mid-May (Groves, 19725. Ionized gas is dragged
eastward during the half year centered about May, and westward during
the half year centered about November, producing an annual variation in
the geomagnetic field intensity. To estimate the magnitude of this
effect, the current sheet approximation is applied using a width of
500 km (after Bates, 1975), depth of 15 km, uniform charge density of
5 x 104cm-3, at an altitude of 110 km. A wind variation of (30 m/s) cos
(wt+P) yields a field variation of (3.28 gammas) cos (wt+f). Of course
this estimate could easily be changed by a factor of -twc or more, but °.
the amplitude is certainly of the proper order of magnitude for the mid-

latitude ammual wave in geomagnetism (Fig. 1). Also, the charge density
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varies, particularly with solar zenith angle; this could account

winds (mid-May) and the geomagneﬁic-variation (mid-June). Since the
annual amplitude in the zonal wind above 100 km has a maximum near 50%
it should create a maximum in the annual amplitude of H near 50N and a

minimum in Z near SQ%Q, as found in Eigure 1,

Conventional heat sources (e.g., radiative heating) are adequate
to account for the ammual wind waves in the stratosphere (Leovy, 1964)
and lower thermosphere (Volland and Mayr, 1972). The MRN individual
data has high coherence with the geomagnetic data at the annual frequency
because the variations in annual wave between the thermospheric and
stratospheric wind are apparently also coherent. (The fact that the
annual wave in the stratosphere is out of phase with that in the thermo-
sphere has no bearing on their coherence.) The point here is that a
seemingly intriguing relation between two parameters may arise from a
mutual association with a third parameter through normally accepted
processes; in this case the third parameter is the annual wave in thermo-
spheric circulation., Hence, the present resuits do not suggest any

geomagnetic influence on the atmospheric circulation.

These results should be useful to those trying to understand
apparent correlations between atmospheric and geomagnetic processes, and
to those concerned with the description of the earth's magnetic field
and its variations. The annual dynamo concept presented above could be
incorporated into models of -the geomagnetic field and thereby help
overcome the ﬁroblems of interpretation discussed by Alldredge and
Stearns '(1974). : ) '

As the above calculation, based on constant ion density, does
not pertain to the large, high latitude annual waves in geomagnetism, it
is not inconsistent-that relatively low COH2 values for the annual
frequency are found in Table 3 at Greely and Churchill., Values of COH2

.in Table 3 at mid~ and low-latitude stations are less than 1.0 for reasons
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besides instrument error and incomplete sampling. Solar cycle

influence on charge density in the ionosphere, causing a solar cycle in
the annual wave in geomagnetism but not in that in stratospheric wind,
may be the most important additional reason. However, upward propagating
planetary and gravity waves, which may affect the stratosphere and iono-
sphere much differently, could also be important. Although recent
theories suggest that planetary waves will be absorbed, reflected,
refracted and radiatively damped in the stratosphere and mesosphere,
there is a large body of evidence which suggests they do exist in the
lower thermosphere (e.g., Lysenko, et al,, 1974; Deland and Friedman,
1972; Graznik, et al., 1975). The possible role of gravity waves in the
upper atmosphere is also poorly understood (Muller and Kingsley, 1974).
It seems unlikely that these uncertainties will be cleared up until
detailed wind measurements from the surface to the lower thermosphere
are studied. A preliminary effort has been made by Manson, et al,

(1975 ), but conclusive results are not yet available.

(2) Applicability to Correlation Studies: During an early

phase of the present study the linear correlation coefficients between

the monthly means of MRN and geomagnetic data were computed, Those
results, given in Table &4a, have a high level of statistical significance.
It is now realized that the correlation coefficients are large because

the annual waves in MRN and geomagnetic data are coupled and, except at
low latitudes, the annual wave is generally larger than any other periodic
component in the MRN data., Thus, one would expect the linear correlation
between zonal winds and geomagnetic data to decrease significantly if

the annual waves were removed from both data sets. To test this hypo-
thesis, the linear correlation coefficients were recomputed between the
monthly residuals after the annual waves had been subtracted. The results
of this test, given in Table 4b, show that in nearly all cases the
correlation ceases to be significant when the annual wave is removed,

The correlation remains significant at Hawaii because the semiannual

wave in zonal wind is nearly as large as the annual,
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Application of this point to other reported correlations may
help explain them. For example, King (1975) has reported that the
longitudinal variations at 60°N of the average 500 mb height for
Japuary and the geomagnetic intensity shifted 25° in longitude have a
correlation coefficient of ~0.963. Longitudinal variations in the.
circulation of the wid-stratosphere reveal a standing wave up to at
least 10 mb; in the meridional component the predominant standing
wavenumber is two (van Loon, et al., 1972; Figure 72), Lysenko, ef.al,.
(1972), and Glass, et al. (1975), have offered evidence that standing
waves also exist in the circulation of the lower thermosphere, If the
predominant wavenumber of wind speed, ion density, or a combination of
them in the lower thermosphere in January is two, then the resulting
current will induce a wavenumber two pattern in the longitudinal varia-
tions of the geomagnetic field intensity. The high correlation found
by King may therefore reflect a very mundane relationship, as long
proposed by Wulf (1945), rather than any solar-terrestrial effect. A
similar priunciple could apply regarding the relationship between spatial
variations of tropospheric ‘temperature, humidity, and surface pressure

and the geomagnetic field intensity reported by King (1974).

b, Semiannual Wave

The results in Table 3 and Figure 6 suggest that the semi-
#ﬁnual waves in MRN zonal wind and geomagnetism are also closely coupled.
For the zonal wind in Table 3, significant COH2 values are found for
the semiannual variation at nearly the same station-levels as for the
annual ;ariation. A dynamo mechanism might be suggested, as Groves
(1972) shows that there are larée seﬁiannual’wind variations nedr 115 km.
However, Volland and Mayr (1972) found that most of the latitudinally
varying part of the semiannual wind wave in the 10Wér thermosphere is
due to corpuscular heating. They suggest (Mayr and Volland, 1971) that
this heating is related to the semiannual occurrence of magnetic storms,
which‘Chapman and Bartelg (1940) have argued is due to earth-sun

geometry and thus is independent of meteorological influence. There-
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fore, the close coupling of the semiammual waves seen in Table 3 and
Figure 6 may be explained independently of the dynamo mechanism of

the annual wave,

More insight regarding the cause for this coupling of the
semiannual waves in geomagnetic and MRN data might be possible if the
cause of the semiannual wave in zonal wind were known. Possible causes
for the tropical semiannual wind wave have been discussed by Dickinson
(1975), but the extra tropical semiannual wave has not yet been explained.
As processes which show more symmetry in one coordinate system than
another may be driven by mechanisms peculiar to that coordinate system,
tests of the relative symmetry of the semiannual wind wave in geomagnetic
and geographic coordinates were made. These tests, described below,
were generally inconclusive. Finally, three possible causes of the
extratropical semiannual wind wave are discussed, - None can yet be
accepted, and it is suggested that more research is needed before a

conclusion ¢an be reached,

(1) Further Tests for Coupling with the Geomagpetic Field: 1In

order to test the relative symmetry of the semiannual wind wave in
gecomagnetic compared with geographic coordinates the relative phase
lags of Figure 6b and 6d have been  plotted in geomagnetic coordinates
in Figure 7. In either case, the change of coordinates makes little
difference, although for U-Z the contours become smoother in geomagnetic

coordinates,

I3

Belmont, et al., (1974b), Eompafed the symmetry of the ampli-
tude of the semiannual wind wave at 50 km on maps in the geographic and
geomagnetic coordinate éystems and found the symmetry slightly greater
in geomagnetic coordinates. Even greater symmetry may be found by plotting
the amplitude at each station at that level where the closest relatiomship
is found. The height of the 1level at each station was selected as that
height where the magnitude of the product of the two semiannual waves!'

amplitudes and the cosine of their phase lag (a2-b .cosAP) is maximum,

2
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Note that this parameter, which is an approximation of the co-spectrum
in the case of large COH2, will be relatively- small if either amplitude
is small or if the phases are near quadrature. The height of this
surface is shown by the dotted line in Figure 6b. Contours of the ampli-
tude of the semiannual wind wave at the heights thus selected are shown
in Figure 8, and appear to show little, if any, enhanced symmetry in
either coordinate system compared with the results of Belmont, et al.
(1974b), Clearly, these tests for increased symmetry do not suggest

preference for either coordinate system,

{2} Possible Mechanisms: Thfee hypotheses can be advanced to

account for the extratropical stratospheric semiannual wave in zonal
wind. Before discussing them, however, it should be pointed out that
Gregory, et al, (1975b), have noted that the phases of the annual wind
waves in the stratosphere and upper mesosphere are reversed. Cole and
Kantor (1974) have ncted a similar relationship with regayrd to the
annual waves in temperature at stratospheric and mesospheric levels.
Both paper; suggest that the semiannual waves in the lower mesosphere
at extratropical latitudes result from the overlapping of the annual
waves., This descriptive account of the lower mesospheric semiannual
wave ‘is useful, but does not by itself explain the semiannual wave. For
example, early descriptions of the tropical semiannual wind wave in the
upper stratosphere viewed it as the result of alternating intrusions

of winter hemisphere westerlies into the summer hemisphere (Webb, 1966)1
While that does occur, it does not explain the tropical semiannual wave,
and efforts to do so have invoked a wide wvariety of mechanisms, e.g.,
ozome heating, the diurnal tide, planetary waves, Kelvin waves, and
semidiufnal tides. Hopéfully, the discussion below will help stimulate
other iesearch efforts to explain the extratroP§ca1 semiannual wind

wave.

The first forcing mechanism for the extratropical semiannual wind
wave to be considered here is upward propagating planetary waves., 1If
these waves interact with the background flow oh a semiannual basis

they could induce a semiznnual component in the background wind speed.
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In an effort to determine if the amount of absorption of planetary
waves varies with season, the variance spectrum of filtered time series
of zonal and meridional winds have been determined at eight MRN stations
on a seasonal basis. Details of procedure and complete results. are
given in the Appendix. As noted in the Appendix, maximum power usually
occurs between 2m/10 and 2m/20 days, so for brevity only the results at
21/11 days will be presented below. However, the graphs for the total

variance and for the results at 2n/6,3 days (not shown) are similar.

Planetary waves propagating vertically in a hydrostatic
atmosphere with no dissipation increase their spectral density (i.e.,
power) exponentially with height, Further if attenuation of the waves
occurs, the slope of the power will be proportional to the amount of
attenuation. Spectral density for the frequency band centered at 2n/1l
days is presented as a function of height in Figure 9 for six MRN stations.
Although the power at a given level chaﬁges with season, sometimes dramat-
ically, the slope of the curves does not change much with season except
at Kenpedy. There is a lérge difference at Kennedy between the slope
during spring and autumn from that during the solstitial seasons. During
Winter‘unexplained absorptioﬁ occurs above 45 km at both Kennedy and
Pt. Mugu. These results support the hypothesis of Belmont, et al, (1974b)
that planetary wave absorption is responsible for the secondary amplitude
maximum of the semiannual wave found near 30°N. They do not, however,
suggest that the semiannual wave ét other latitudes arises directly from

seasonal absorption of planetary waves.

The second proposed mechanism is influence on the czone field
by particle precipitation. This mechanism W;S proposed by Belmont, et al.
(1974b), but cannot yet be directly tested due to a.dearth of high level
ozone data., However, it should be noted that Heath (1974) has found
evidence for a non-photochemical source of high latitude ozZone creation
which he attributes to incident charged particles; and recent modeling
efforts by Crutzen, et al., (1975), have shown that incident charged

particles can dramatically influence the ozone field. Also, Golyshev,
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et al, (1974), found that the amplitude of the semiannual wind wave near
the stratopause exhibits a solar cyéle modulation, To illustrate thig,
yearly values of several solar and geophysical parameters are presented
in Table 5, A’'station-year is mnot included in the table unless data

for all twelve months are available, and temperature data were thus too
irregular to include in the table. Note that the values of the sunspot
number and of the semiannual amplitudes have relative maxima in 1969 in
all cases. Further, note that the annual wave in zomnal wind is a rela-
tive minimum in 1969 at all statiomns except at Barking Sands. While
this table suffers from the short period of record available, it does

support and extend the results of Golyshev, et al., (1974).

Solar cycle modulation of the periodic variations in strato-
spheric zonal wind, as seen.in Table 5, is consistent with the hypotheéis
that particie precipitation during magnetic storms influences the ozZone
and hence thermal and wind fields. TIf stratospheric semiannual wind
variations are related to the occurrence of magnetic storms through the
ozone field, then their amplitude should be largest during active sun
years (as found in Table 5) as the semiannual component in magnetic
storm freguency is largest during active sun years. Solar cycle modula-
tion of the annual wind wave is not easily conjectured, but the well-
known solar cycles in total yearly'magnetic storms and yearly solar flare
occurrence may prove responsible, especially in view of the results of
Crutzen, et al, (1975), regarding particle precipitation and ozone

concentration,

The third possible mechanism is IR radiation generated in the
lower thermospﬁere during magnetic storms and absorbed by 002 at 30-40 km.
During magnetic storms the amount of IR radiated by the lower thermosphere
is increased by several orders of magnitude, and Gordiyets, et al. (1972),
have suggested t?at it causes heating of co, at 30~-40 km and H,0 at 7-12
km. This mechanism has appeal because 30-40 km is the region where

maximum amplitudes of the semiannual wave in observed temperatures occur
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(Nastrom and Belmont, 1975), and the semiannual component in the occur-
rence of magnetic storms would produce the proper phase and periodicity.
Large amounts of radiative energy are possible for brief periods during
severe geomagnetic disturbances, but following Volland and Mayr (1972},
the long beriod form of this heat input (averaged over space and time)
should take the same form as the variation in magnetic energy, which i1s
given bﬁ

2

-2
U1 ~ U {1-0,2 cos(Wsat)],

where U is a yvearly mean magnetic energy, dependent on solar activity,
Wsa is the semiannual frequency, and t is time, This implies that the
amount of energy deposited by IR radiation is EIR“*Einl—O.Z cos(Wsat)],
where EiR is a yearly mean value. Alternatively, because layer mean
IRA)TIR [1-0.2 cos(Wsat)].

This latter relation says that the IR should contribute five times as

temperature and energy are directly related, T

much to the mean temperature as it does teo the semiannual component of
temperature. However, im order to produce a zonal wind oscillation of
20 mfs the latitudinal variation of the corresponding temperature
oscillation must be mear 5°K (Groves, 1972), which implies a contribu-
tion to the average temperature of 25°K, As dynamic models of the
stratosphere have encountered no evidence of such a large unconventional
heat source (Leovy, 1964), it seems highly unlikely that IR radiation
from the lower thermosphere is an important forcing mechanism for the

stratospheric semiannual zonal wind wave,
c. QBO

Coupling between the QBO's in MRN and geomagnetic data may exist
despite the lack of statistical significance of the COH2 values in Table 3.
Even in the tropical stratosphere, where the QBO is the domingnt oscillation,
the QB0 is not regular in amplitude or period from cycle to cycle nor

between levels during the same cycle (Wallace, 1973), Thus, the small
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COHZ values may be misleading in this case. Moreover, the .QBO in thermo-
spheric zonal winds found by Sprenger, et al, (1975), suggests that the
geomagnetic QB0 may result from a dynamo mechanism, parallel to the
annual wave. Although the present theory explaining the well-known
tropical stratospheric QBO appears successful (Dickinson, 1975) it is
dependent on waves and processes unique to the tropics and thus. cannot

be invoked to explain an extra tropical thermospheric QBO. Similarily,
any explanation for the thermospheric QBO cannot be based on processes
unique to the thermosphere because the large megative correlation between
the multi-year variations in Z at Honolulu with the 56 km zonal wind at
Barking Sands (Fig. 4) suggests the oscillation is not unique to thermo-
spheric (dynamo) altitudes. Until the altitude and latitude progression
of the QBO tﬁroughout the upper atmosphere is better known, no conclusion

regarding the present results seems warranted,

C. SPECTRAL CHANGES DURING SUDDEN WARMINGS

In the stratosphere, rapid changes in the number, amplitude and
phase of planetary waves are the major events during winter. These
changes are sometimes associated with "sudden warmings" and it seems of
interest to study the changes in MRN and geomagnetic parameters during
these disturbances. For this purpose, all years have been catagorized
as either major sudden warming vyears (SW) or as other years (MBW). A
sudden warming is defined to occur when there is a "reversal of the
polar circulation at 10 mb. (30 km) or below™ Duriﬁg 1961-72, SW were
in 1962-63, 1965-66, 1967-68, 1969-70, and 1970-71, according to a list
by Finger.

Several different methods could be used to study the changes of
parameters during SW. For example, as planetary wave activity and
other events associated with a SW are globaliin nature (Quiroz, et al.,
1975), spatial wavenumber analysis of global data may be used to detect

changes in the planetary wave patterns, However, the MRN and geomagnetic
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data are not sufficiently distributed geographically to permit detailed
spatial analysis. Superposed epoch studies are often useful for single
station analysis, but in the case of suddenrwarmings it is difficult to
meaningfully define a key-date. Indeed, the criteria used for defining
the occurrence of a SW are admittedly arbitrary. Thus, the approach

used here is .to .perform power spectrum analysis of single station data

and to compare the spectra of SW years with those of MSW vears,

The available wind observations (Hook, 1972; Gregory and Manson,
1976) indicate that the circulation of the lower thermosphere is disturbed
during a SW. Winds in the ionosphere can act as electric currents and
can thereby produce variations in .the geomagnetic field., Of course,
processes unique to the magnetosphere can.also produce wvariations in the
geomagnetic field; but if a geomagnetic specitral feature can be asso-
iated with a meteorological process, it may be reasonable to assume that
it arises from that meteorological process. Thus, studying spectral -
changes in the geomagnetic field between SW and MSW years may help
better understand the thermosphere, Spectral analysis results for the
zonal winds and for the horizontal field intensity are presented first,
with a brief discussion of .noteworthy features. A comparison of the two

sets of results follows and a possible interpretation is suggested.

1. Stratospheric Zonal Winds .

_Speétra for the zonal winds at 40 km at Fort Greely and White Sands
are given in Figures 10-11 for autumn through spring. These stationms
were chosen because Fhey have the most complete data at high- and mid-
latitudes, respectivel&.‘ In Figures 10;13, K #s wavenumber, solid lines
are for SW spectra, and dashed lines are for MSW spectra. In autumn and
winter there is more energy at Fort Greely (Fig. 10) during SW years if
the peaks near K = 8 are momentarily disregarded. The high frequency
peaks will be discussed later. At White Sands (Fig. 11), however,
largest energy occurs during MSW years at K= 6 to 9 in autumn and K =

2 to 6 in winter. In spring the high frequency energy is significantly
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larger at both stations during MSW years. Chi-squared confidence

limits have been entered at noteworthly wavenumbers in the figures to
indicate the probability that the differences arise from chance.

These results for autumn and winter support Matsuno's (1971) suggestions
that there is enhanced upward flux of wave energy at high latitudes
(e.g., Greely) during SW years, but during MSW years the waves are
refracted toward lower latitudes (e.g., WSMR) resulting in more energy

there during MSW years.

2. Horizontal Field Intensity

Time spectra of the wvariations in H at College and Tucson are given
in Figures 12 and 13. Spectra for several observatories were computed,.
As College and Tucson demonstrate the salient features noted and are
near the MRN stations used above, only they are presented here. The
spectral differences between SW and MSW years noted below are prbbably
due to meteorclogical influences, and mot to solar induced effects.
Hauska, et al. (1973), found that over all years 1932-1969 the magnitude
of geomagnetic variations in the time range 4 to 40 days varies primarily
with the approximately ll-year cycle. During the period 1961-1972,

SW years defined above are well distributed over a solar cycle.

In general, at both stations, there is either little difference
between SW and MSW years or the spectral values are greater during MSW
vears. During autumn, the largest differences are at low wavenumbers
(K=1-3 at CO and K=1-6 at TU), while in spring differences are found at
intermediate and high wavenumbers (K=4~5 at CO and K=3-11 at TU). During
MSW autumn at College, a significant (1% level) peak is found at K=9;

less significant peaks at K=10 are found there during winter and spring.

3. Discussion

The following chart summarizes which years have the signifi-

cantly greater spectral values and the wavenumbers at which they occur:
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AUT WIN SPR
Greely SW(3-5) SW (5) MSW(3-11)
co MSW(1-3) MSW(1,5-6) None
WSMR MSW(6-~11) None MSW(6-9)
TU MSW(1-6) Nome .. MSW(3-11)

From the above chart and Figures 10-13 two points should be noted,
First, the only time the spectral values are significantly higher during
SW years is at Greely during autumn and winter, The first point was
noted to be consistent with the theory.of wave propagation and refraction.
Second, significant spectral peaks near K=9 are found only at Greely and
College during autumn and winter of MSW years- and at Greely during autumn
of SW years. The second point may also be explained by planetary waves

as will be suggested next.

Planetary waves occur in the troposphere every year. As they propa-

.~

gate upward, they may be refracted toward lower latitudes or they may
continue propagating upw;rd, depending on the vertical and horizontal
curvature of the flow profile (Simmons, 1974). As waves travel upward
they decay; the rate of decay depends on the prévailing circulation,

It is now hypothesized that waves of period near 4 to 5 days (K=8-11) are
upward propagating at high latitudes during all years. If during MSW years’
they do not suffer severe attenuation then they may continue all the

way to the lower ionosphere resulting in spectral éeaks near K=9 at
Greely (40 km winds) and College (lower ionospheric winds). During SW
years the prevailing circulation may cause large attenuation or total
absorption; thus, during SW years the peak near K=9 at Greely in autumn
is smaller than during MSW years, and a corresponding peak is mot found

in winter at Greely nor in autumn or winter at College.

The above arguments, although sketchy and heuristic, are consistent
with present knowledge. ILacking from present knowledge, however, is an
adequate climatology of circulation differences during SW and MSW years,

especially in the upper stratosphere,
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D. CORRELATION OF MRN TEMPERATURES WITH Kb AND THE SOILAR SECTOR STRUCTURE

Numerous authors have suggested that the middle atmosphere may be
heated following geomagnetic disgsturbances (e.g., Gordiyets, et al., 1973).
A desirable method of testing this hypothesis would be a superposed
epoch study using a magnetic storm parameter as the keydate., However,
as the MRN data are too scanty to permit that study, the alternative
procedure of finding lagged correlations of K.P with respect to the MRN
temperature observations was used., The linear correlation coefficients
between K.p and the 1ayef mean temperature, 40 - 50 km, at Fort Churchill
are given in Figure 14. All temperature soundings, 1960-1972, which
had data through the entire layer were used in this study. Values of Kp,
obtained from the World Datsa Center, Boulder, are reported for three-hourly
periods; thus, the correlation coefficient was determined at three-hourly
intervals as the temperatures were lagged with respect to the Kp values.
In Figure 14, negative lag means that the K.P value was measured before
the temperature value. The relative maximum correlations are found at
lag zero and at lag ~15 hours; although both peaks are statisticaily
significant at only the 5% level (if all data are assumed independent),

these results are complementary to those found by others,

Ramakrishna and Seshamani (1973) report a statistically significant
correlation between the layer mean temperature (from grenade data) at
Churchill, 60-89 km, and KP. The peak correlation occurs when tempera-
ture is lagged 15 hours, and the largest correlation coefficients are
found when the mean temperature is for the entire layer rather than
just the upper portion of the layer. They report this correlation is
significant at the 0.1% level, The largest regression coefficients, a
measure of the relative magnitude of the effect, are found when only
the upper portion of the altitude layer is used; and théy suggest this
may indicate a larger heating effect at highest altitudes. However,
it also may be due to cancellation resulting from opposite effects in
different portions of the entire layer. Results given by Zadvernyuk
(1973) indiéate that the eritical layers of the atmosphere may respond

+
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differently to magnetic disturbances; e.g., following a magnetic storm

there may be heating at the mesopause but cooling at the stratopause.

Several possible mechanisms could be suggested to account for the
correlations discussed above: e.g., corpuscular heating, enhanced IR
radiative exchange, etc. However, the correlation could also arise
from a meteorological influence on X_ in a2 manner similar to that suggested
by Hines (1973). Therefore, if correlation studies such as the above
are to be taken as indicators of a geophysical process important to the
lower atmosphere, they must be based on unambiguous parameters so that

cause and effect can be clearly discerned,

The previous studies are incoﬁclusive with respect to solar-terres-~
trial effects. Wilcox (1975) has already related KP to solar sectors.
The real question is whether temperature can be related to solar sector
structure. To examine this, a supérposed epoch_study of the 40 - 50 km
layer mean temperatures with solar sector boundary crossings used as

key dates is desirable.

However, well defined solar sector boundaries sweep past the Earth
at irregular intervals, about every week on the average, and the joint
distribution of them with the intermittent MRN observations is not
adequate for a superposed epoch study. Thﬁs, it is possible to present
in Figure 15 the sign of the temperature change at 40 km between
closely spaced consecutive MRN observations at Churchill as a function of
time, relative to a‘solgr sector bOundgry crossing and KP. The magnitudes
of tbe temperature changes are not shown, but they are random. Solar
sector boundary crossing dates were taken from the list in Shapley, et al.
(1975). There are 21 temperature rises and 28 temperature falls on the
chart, and they seem to be evenly distributed on both sides of the
boundary. From this small sample it appears that the temperature trend
shows no preference relative to the passage of a solar sector boundary.
In summary, either the purported T-K.p relationship is due to some factor
other than mutual coupling with solar sector structure, or a much larger

sample would be required to establish reliably such a relationship.
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IV. SUMMARY

Periodic analysis results of the horizontal and vertical field
intensity show that maximum amplitiides of semiannual and annual waves
are at high latitudes. It is suggested the high latitude maxima of the
annual waves arise from annual waves in ionization density and thermo-
spheric zonal wind speed. At mid- and low-latitudes the annual wave in
zonal wind speed in the lower thermosphere (the dynamo region), which
is driven by solar heating, accounts for most of the geomagnetic apnual

wave.

Annual variations in geomagnetic and MRN data are closely coupled.
In view of the above cause of the geomagnetic annual wave, coupling
between the circulations of the stratosphere and lower thermosphere can
explain the geomagnetic-MRN coupling; thus, the present results for thé
annual wave are not evidence of any geomagnetic influence on the lower
atmosphere. Other apparent correlations of the lower atmosphere and
geomagnetic field way arise from a similar dynamo action in the thermo-

sphere caused by coupling of the thexmosphere with the lower atmosphere.

Semiannual variations in geomagnetic and stratospheric zonal wind
daté are also closely coupled. As the semiannual wave in thermospheric
zenal wind is driven primarily by auroral heating, the cause of this
coupling is not clear. It would be helpful if the cause of the strato-
sphereic semiannual wind wave were known, so three possible causes were
discussed. Planetary wave absorption seems to be a direct cause only
near 300N, and heating by IR from the lower thermosphere during magnetic
storms is energetically unlikely. Possible modulation of the ozone (and
hence thermal and wind fields) by particle precipitation during geomag-
netic storms has not yet been verified by observations. Amplitudes of the
annual and semianmual waves in stratospheric zonal wind may be modulated
with the solar cycle as they generally have extreme values concurrent

with extreme values of the sunspot number. This result for the annual
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wave is believed reasomnable as the yearly number of proton solar flares
varies with the solar cycle and solar flares can dramatically affect the
ozone field, If particle precipitation during geomagnetic storms also
influences the ozone field, then this result for the semiannual wave could
also be explained as the semiannual variation in geomagnetic activity

varies with the solar cycle.

Power spectrum analysis of zonal wind variations shows that at
high latitudes there is significantly more wave energy in the upper
stratosphere during years when major sudden warmings (SW) occur, but at
mid-latitudes largest wave energy is found during years when major sudden
warmings do not occcur (MSW). This could be explained by wave refraction
which occurs in varying degree each year depending on the profile of the
background flow; however, a climatblogy of background flows during SW
and MSW years is apparently not available. If geomagnetic variations
reflect wind activity in the lower thermosphere then the noted differences
between SW and MSW years at mid- and high-latitudes seem consistent with
recent theories of planetary wave propagation. The present results
suggest that the planetary wave absorption peculiar to SW years occurs
in the upper stratosphere, far below the region where direct geomagnetic
effects are significant, and thus any direct geomagnetic "trigger' for

sudden warmings seems unlikely.

Although the correlation between stratospheric temperature and KP
appears statistically significant and is complimentary to the results of
others, cause and effect cannot be discerned., If correlation studies are
to be used as evidence of a solar-terrestrial effect, they must be based

on parameters of strictly solar origin such as the solar sector structure.
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APPENDIX

Organized‘wave activiﬁy in the upper stratoéphere hés’been studied
with MﬁN data by several writers, most recently by7ﬁirota {1975). The .
latter used only those MRN stations which had at least 30 observations
during a given season, subjectively interpolated the data to daily values
by analyzing height-time sections for each station, and computed the frequency
content of the interpolated data by power spectral analysis. Hirota's method
is very effective for amalyzing a single season's data; however, the present
objective is to prepare a climatology of the power spectra of MRN data, and
a less restrictive, objective approach is desirable. Rocket data have
historically been taken on an irregular often sporadic basis, and there
are instances of many observations at a given station over a time span of
a few weeks with relatively sparse data before and after that period. A
climatological analysis method should take advantage of th&ée intermittent
periods of dense data. The lag-weighted autovariance function method
described below is suited for this purpose, and has been used to estimate
seasonal power spectra of MRN wind éomponents, 30-60 km, This method was
also used to analyze the power spectra of geomagnetic variations reported in
Section ITI-C of the‘text. Although a complete description of this method
can be found in Dartt and Hovland (1974), a basic outline of it and the

variations used here will be, given.
A. BASTC DATA HANDLING AND TECHNTIQUE

At each 2 km level, 30 - 62 km, multiple rocket ascents over .a two-day
period were averaged together and counted as one datum in the timé series.
Due to the poor distribution of MRN observations, many data points represent
only one observation and many are missing; but a surprisingly large number
{for example, 20% at Churchill) of data points do represent multiple obser-
vations. Interpolation was not used for missing data. The time series thus
obtained at each station and level were then high-~pass filtered by convolution

with a discrete, symmetric series of Gaussian.weights. To account for missing
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observations, the weights under the filter were normalized at each data
point such that their sum was always equal to 1.0. The ideal frequency
response of this filter is shown in Figure A-1; .however, due to missing
observations, the actual frequency response is slightly less sharp than

shown in. the figure.

If an observation is far removed in time from other elements of the
time series the filtering process will be ineffective as the datum is then
filtered, essentially, with only itself. To preclude this, it was required
that there be at least five other data points under the filter (out of a
possible 30) aﬁd that the sum of the weights before normalization be at
least 0,25, These latter conditions resulted in discarding about 10% of

the data,

Autovariances up to 'lag 11 were computed for each individual season,
1961-1972, Three-month seasons were used at all stations -with winter
defined as December through February. The autovariances and the number of
data pairs at each lag and each season were then stored for future use.
Seasonal autovariances for all years of record were computed by combining

individual seaseonal values according to:

_ _ T R(DN(T)
R(T) = ZN(7)

where R(T) is the autovariance and N(T) is the pumber of data pairs avail-
able at lag 7 for a given-season. With this procedure seasonal autovari-
ances can be computed for the entire period of record, or for just selected
years (e.g., years of major sudden warmings). Autovariances thus obtained
were Hanned] estimates of the powei spectra were obtained by taking the
cosine tramsform of the Hanned autovariances, finally, the computed values,

V, were normalized:

S = V [2 MAX AT/2w)]
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where, in this case, MAX is 11 and AT is 2 days; and § is the normalized

value.

The percentage relative error of each spectral estimate was
computed by determining the variance of Hanned spectral estimates accord-
ing to the formulation of Eddy (1968). The effective number of degrees
of freedom required for that calculation were determined with the method
of Mitchell (1963). It must be noted that these errors reflect how well
each spectrum conforms to a particular statigtical model and are
only as realistic as that model, Further, they do not account for

suspected error sources such as aliasing. Aliasing, or spectral folding,

,results from sampling at a frequency lower than twice that of the natural

variability; this problem is discussed in detail by Lumley and Panofsky
(1964). If the true spectrum is a "red-noise" spectrum, as frequency

decreases energy increases, then aliasing will tend to make the
estimated spectrum flat, i.e., with equal emergy at all frequencies. As
discussed below,.this problem may be more serious for the meridional wind

than for the zonal wind,

B. "TAELES OF SPECTRAL ESTIMATES

Eight MRN stations have adequate data to provide meaningful estimates
of the variance spectrum for the wind components. Temperature observa-
tions are less plentiful than wind observations and did not provide use-
ful results, Tables associated with this appendix give climatological
spectral estimates for the wind components for each season. The values
in the tables have been smoothed with height by a three point binomial
filter. As the effeé? of missing observations on the frequency response

of the high pass filter is difficult to estimate, no attempt to restore

. the spectra has been made; but it appears that the energy in the first

frequency (centered at 27m/44 days) is reduced more than the 55% predicted

by the theoretical frequency response of the filter.

The relative reliability of the spectrum at each height is indicated

by the number of lagged data pairs and the percentage relative error
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estimates. The distribution of MRN cbservations is such that N(1) = ...
W{ll) ~ 1/2 N(O), sc only N(1l) is giwven in the interest of brevity, Also,
the percentage relative errors are nearly linear with wavenumber; thus,
errors at intermediate frequencies can be estimated by linear interpola-

tion of the values given for K=1 and K=11.

In -spectral analysis there is always a trade-off between resolution
and reliability of the spectrum.’ By averaging adjacent bands a more
reliable spectrum may be obtained, but a corresponding loss of resolution'
results. The most reliable parameter is thus the total wvariance of the
filtered data, which is included in the tables. From experience, Eﬁe
best indicator of the reliability of the total variance is the number of
lagged data pairs, and when N(l) is less than about 60 the variance

should be disregarded,.

In the tables, "VAR" is the total variance of the filtered data,
"N" is the number of data pairs at lag one, and "P.R.E," is the percent

relative error for bands one and eleven,.

c. DISCUSSION

During the Northern Hemisphere summer, the power of zonal wind
spectra at a given level generally decreases with increasing K at mid-
latitude stations (Kennedy through Wallops) and at Ascension. Zonal
wind spectra at Greely, Churchill, and Barking Sands, and meridional
wind spectra at all sfations, are generally very flat at a given height
but have large gradients with height. Although this strongly suggests
that aliasing may be a serious problem at the latter stations, Dartt
and Hovland (1974) report that summer spectra in the lower stratosphere
(30 mb), determined from relatively ceomplete time series of twice daily
radiosonde data, are alse very flat, especially for the meridional wind.
It is therefore 1iée1y that aliasing by periods longer than diurnal is
not serious in the present results, Note that it is impossible to

comment on possible aliasing by periods shorter than diurnal,
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Figure 1. Annual wave in (a) horizontal, (b} vertical
field intensity. Dots are amplitudes and crosses are
phases of stations in Table 2, plotted at geomagnetic
Jatitude. Lines estimating the latitudinal variation
of amplitude (solid) and phase (dotted) have been
fitted by eye.
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Figure 4, Twelve-month running mean values of Z (solid line) at Honolulu
relative to the parabolic secular trend line, and twelve-month running
mean values of zonal wind at 56 km at Barking Sands (dotted line). Tick
marks on abcissa are for 1 July; every third month is plotted,
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Figures ba-6f., Height~-latitude' sections of relative
phase lags of MRN and geomagnetic periodic waves in
geographic coordinates for station pairs in Table 1, 507
In dotted areas phase lag is within 30° of zero; in
shaded regions it is within 30° of 180°, (a) annual
wave, U and H (b) semiannual wave, U and H, the
dashed line is explained in the text (c) annual wave, %07
U and Z (d) semiannual wave, U and Z (e) annual
wave, T and H (f) annual wave, T and Z.
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(a) semiannual wave, U and H; (b) semiannual wave, U
and Z, .
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Figures 8a and 8b, The amplitude (m s~1) of the semiannual
wave in zonal wind at the altitude indicated by the dashed
line in Figure 6(b) or Table 1, Dots are MRN station loca-

tions, (a) geographic coordinates; (b) geomagnetic
coordinates.
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Table 1. List of meteorological rocket:stations,

& k
STATION AT, LONG: IAT. LONG, MNUMBER OF OBS, AT 50 KM NEAREST GEOMAGNETIC SYMBOL
(GEOGRAPHIC)  (GEOMAGMNETIC) (WIND) (TEMP, ) OBSERVATORY

a. Stations used in Figures 6-8,

" THULE 77 69 88 0 335 296 RESOLUTE ' RB

FORT GREELY 64 146 64 261 1011 563 COLLEGE co
GHURCHILL 59 9% 68 324 991 884 CHURCHILL FC
PRIMROSE LAKE 55 110 62 305 316 312 SITKA ST
WALLOPS 38 75 48 351" 1351 674 TREDRICKS BURG FR
POINT MUGU 3% 119 41 302 1971 1226 BOULDER BD
WHITE SANDS 32 106 42 317 2481 988 TUCSON U
KENNEDY 28 81 38 347 1916 1142 DALIAS DS
BARKING SANDS 22 160 21 265 1372 898 HONOLULU HO
ANTIGUA . . 17 . 62. 28 10 466 371 SAN JUAN $J
SHERMAN 9 80 20 350 631 522 FUQUENE ¥Q
KWAJALEIN 9 -168 1 238 318, 305 coam GU
AscENSToN . -8 1 i1 ss 1196 , 937 HUANCAYO HU
b,  Stations used ohly in Figurd 8, .
HEISS TSTAND 81 -58 72 156 156 (56 kM)
WEST GEIRNISH 57 7 60 . - 84 124 (56 KM)..
VOLGOGRAD 49° 1 44 4 " 125 87 (52 KM)
RYORI 39 142 29 207 32 (48 KM)
ARENOSILLO 37 7 476 80 (54 KM)
SONMIANT 25 -67 16 137 54 (50 126
GRAND TURK  _ 21 71 32 357 170 (50 K)
THUMBA 9 =77, 0, 146 145 (50 KM)

NATAL -6.*" =35 5 L3 131 (46 KM)

r

" .
Minus 1s south or east, :

8%



TABLE 2, Perlodic analysis results of the geomagnetic field elemants, Amplitudes are in tenths of gammas and
phages are in degrees, Statistical errors are in parentheses.
NUMBER
GEO- OF - " 2

MAGNETIC |. MONTHS QRO ANNUAL SEMIANNUAL QBO ANNUAL SEMIANNUAL

IAT ILON | H Z AMP FHASE AMP PHASE AMP PHASE AMP PHASE AMP PHASE AMP PHASE
THULE B9 [ 358 | 34| 34| 46(25) -78(44) | 47(17)-177(23) | 53(17)-175(20) { 190(69)-102(36) | 126(42)-151(20) | 138(40) 15L(18)
ALERT 86 | 1681 77| 77| 46(16) 106(22) | 36(15) 21(27)| 39(15)-154(25)j 15(24) B4(9) | 156(23) 4(8) 89(22)-173(15)
RESOLUTE 83 | 168 | 115 | 115 |, 40(5) | 159(7) 20¢5) | -62{10) | 13(5) 153(23) | 29(13)-118(30) [ 192(14) 1(4) 87(13)-125(9)
BAKER LAKE ° 74| 315 | 101| 101 | 89(13) -15(9) [ 169(l4) 174(5) | 32(13) 55(27) | 109(20) 134(11) | 112(20) 2(1l} | 79(20) -94(15)
LIERVOGUR 70 71| 87 81 1(13)-122(95) | 12(14) 27(23)| 50(4) 20(35) | 18(l4) -7(14) | 21()4) 23(11) | 17(¢4) -80(14)
CHURCHILL 69 | 323 69| 69| B6(l4) 79(B) | 102{12)-151(6) | 47(L1) -8(34) [ 28(12) 81(26) | 97(11) 54(7) 9(8) 141(73)
BARROW 69 | 241 | 95] 94 | 29(9) [-107(17) | 94(8) |-167(5) | 64{8) 21(7) 16(6) 150(25) | 36(6) 142(10) | 46(6) -141(8)
GREAT WHALE RIV 67 [ 347 | 64| 64 | 139(16) 30(7) 51¢5) | -74(19) | 39(15) -33(25) [ 40(9) ~43(13) | 41(8) -135(12) | 73(9) -66(7)
COLLEGE 65 | 257 | 156 | 156 | 22(5){ -43(15) | 53(6) | 164(6) | 58(6)  38(5) 15(3) 112(13) | 19(3) 119(¢10) | 14(3) -40(1l4)
LERWICK 631 891 20| 20| 24(10) 81(17) | 21(16)%-164(26)| 31(5) 10(10) | 13(16) B87(20) | 17(&) 7(12) | 15(3) -68(12)
MEANOOK 62301 68 68 7¢4) | 30(39) | 44(4)|-168(5) | 37(4) 25(8) 14(4) ~35(15) | 15(C4) 6{14) 9(3) -115(25)
SITKA 60| 275] 156 156 | 15(4) | -49(15) | 4B(4)| 168(4) | 41(4) 30(3) 25(4} =137(5) 7(2)  21(21) 9(2) -49(16)
FREDRICKSBURG | 50| 350( 156 | 156 | 22(5) | ~70(15) | 64(5) [ 163(5) { 34(5) 37(9) 26(5) -148(13) 3(4) -115(86) | 13(5) -69(25)
BOULDER 49§ 317 720 72| 19(5)| -11(17) | 54(5) [-174(6) | 33(5) 27(9) 17(3) -140(L2) | 12(3) 172(16) 4£(3) -BO(6Y)
STEPANORKA &4 | 11141 32] 32 9(8) | 143(70) | 40(9) [~175(14){ 32(9) -2(16) | 47(6} 104(9) 8(5) 78(55) 2¢4)  93(87)
CASTLE ROCK 43]299{ 33| 33 [~19(6) | -B8(19) | 34(6) |-170(11} | 36(6) =-18(10) 3(3» 101¢19) 6(3) -141(33) [ 15(3) 108(1l)
DALLAS 431328 99| 99| 15(5) | ~94(20) | S1(5) [-168(5) | 23(5) 29(12) | 28(3) =~96(6) 17(¢3) 167(10) | 10(3) ~-62(18)
TUCSON 40| 312{ 156 | 153 | 15(4) | -39(18) | 53(4) | 152(5) | 32(4) 44(8) 21(¢3) -158(8} 13(3) -114(4) 5(3) -43(44)
SAN JUAN 30 3 156.[ 156 9(6) | ~7(69) | 38(4) 1 175(7) | 18(&) 43(14) | 26(4) -108(9) 40(7) -138(10) | 28(7) ~37(15)
HONOLULU 21 | 266 | 144 | L4k | 15(4) | 49(15) | 35(4) | 143¢6) | 19¢4) 37(12) | 12(2) -116(9) 25(2) -169(4) 14(2) -7(8)
FUQUENE 17 | 355 49| 38 8(5) | 126(42) 5(4) | 167(66) ] 26(6) 85(12) | 8L(18) 52(13) | 57(16) -83(37) | 53(26) ~14(28)
GUAM 4| 213 { 154 | 147 | 15(4) | ~45(1B) | 29(4) | 138(9) | 27(4) 84(10) j 10(3) -75(16) | 46(3) -174(4) 11(3) -9(135)
MUNTINLUPA 3(190] 60| 60 | 84(7)| 50(5) 18(7) 1-172(23)| 20(7) -31(21) | 19(4) -48(13) | 32(4) -162(7) 22(4) -88(11})
HUANCAYO =1 354 ] 51| 44 | 38(6).| 69(10) | 24(6) (-138(Ll6}| 4(4) 149(77) 4(3) -13(58) | 33(3) 176(6) 7(3) 13(38)
TOOLANGI -47 1221 | 57 o 3(5) | 136(90) | 46(7) | 24(8) | 34(7) 50(11) - - - - - -
ARGENTINE IS, | -54 3| 96| 96| 10¢3)| 52¢22) | 36(3)| 32(5) | 33(3) 50(6) 10¢3)  13{18) | 26(3) 20(7) 21(3) 65(8)
KERGUELEN -57 1128 55 0| 24(6) | ~19(16) | 26(6) 2014) | 34(¢6) 17(1L) - - - - - -
BYRD 711336 { 91| 90| 38(37) 62(5) | 115(35) 95(19)] 15(25)-100(89) | 21(21) 61.(5) 73¢19) 72(16){ 64(19) 2(19)

6%



Table 3,

Coherence-squared statistics batween MBRN and geomagnetic monthly data, and number of data pairs at
lag one month, Station symbols as in Table 1,

30 K 48 KM 56 KM
STATION co FC FR TU HO o FL FR TU 1o co FC ' FR TU HO
N(T) 95 65 100 134 87 86 65 _ 89 , 130, 85 7 65 74 14 77
N {(u) 114 66 144 148 115 110 66 144 147 117 102 61 131 146 110
a, H-T JA2 0 .50 .23 50% 12 .21 .54 15 19,02 .16 ,56 ,16 .20 ,08
Z~T .05 .51 .06 .18 .46 .4 .55 ,12  ,05 ,08 09 ,3% .09 .10 .31
H-U 16 .32 L48% 52k 27 20,59 51+ L9k .27 .15 .53 .48% ,51% ,28
Z-U .03 W37 .00 13 .22 .02, .53 .00 W15 57 .02 35 .00 .16 56%
b, H-T g9 .28 05 L1113 J9 0 .18 .12 05,18 11,10 .16 .11 14
Z-T .18 .05 .19 .17 3% .32 .18 17 .03 .08 05 .05 .36 .13 .02
H-y .05 42 A2 W40 .09 .20 .29 29, .50% 22 21 .23 A0 ST 27
z-U A5 .25 17 07 .48 16 .03 .07 .04 .53 20,10 D2 .03 .66*
c.,. H-T .19 .38 .20 ,00 ,02 27 .22 .05 17 .08 07 .14 .07 .13 .02
Z-T 0L .03 .03 00 17 .04 .03 .03 .17 .02 +03 .05 W15 .08 .06
H-U .01 04 .03 12 .31 .0l .09 .03 .07 .05 .02 .03 .02 .07 .09
Z-U 200,23 ,02 .01 .02 02,13 ,03  ,04 Il 01 .06 ,06 .10 .24
d, H-T 02 .28 .11 .20 .06 .06 .36 02,18 A.Ol 14 24 .01 .13 .20
. Z-T .22 .36 .03 .07 .07 .13 +&5 .05 .10 .08 .01 .38 .08 .10 W14
H-U .05 .12 ,08 .13 .16 .08 W32 .09 i1 .03 .06 37 .09 .10 04
Z-U .05 .38 .02 Q3 .07 .02 .35 00 03 .27 .01 41 .01 .03 .15
CODE: a, Annual Wave , . SBTATISTICAL SIGNIFICANCE INDICATORS: * Value exceeds 0,1% confidence lewvel,
b, Semiannnal Wave — Value exceeds 1% confidence level.
.€. . Terannual Wave * : _ Value exceeds 5% confidence level.-
d. Quasi-bpiennial Wave . \ . f
Station codes are given in Table 1,
"H~T"‘='Cémparison of horizontal component of the geomagnetic field strength with temperature at

*. - . apecified level from nearest rocket, observation,

0s
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Table 4a., Linear correlation coefficients of monthly wvalues of MRN and geo-
magnetic data. Those which meet the 1% significance level are
asterisked, 5% level are underliped.

PARAMETERS (LEVEL) o o R - I o

T-H 30 .083 ;491% 223 ©.280% -.138
48 121 .485% .014 L 25T -.070
56 145 .363% -, 127 .161 071
U-H 30 -.188 -.354%  -,313%  -.218%  -,211
48 . -.277% - .488% <.350% =.320% . -.265%
56 -.338% . - 466% -.343% Z.351% ~,222
T-Z 30 .230 -.280 117 -.026 | .293%
48 .253 " -.301 .089 -.181 -.143
56 .118 -.309 -.164 -.246 -.303%
U-Z 30 _0020 .286 106[!' e 110 * -.282*
48 -.026 .284 047 -.103 - 490%

56 ; .010 .303 .051 ~-.094 - . 504%

Table 4b. Same as above except the annual waves were first subtracted from the
data, Note the lack of significant correlation here compared
with above. ’

T-H 30 -.114 174 111 .099 to=.227

48 - -.195 .136 034 .165 -. 044
56 - 024 .006 -.090 .195 173
U-H 30 .013 -.033 ~.077 -.038- . -,077
: 48 -.149 -.226 -.083 -.105 "_.051
56 ".190 . ".200 “.020 --109‘ |053
T-Z 30 .169 -.002 .132 Z.0%4 ©,008
48 .154 -.048 111 -.167 -.102
56 -.027 -.151 -.015 -.184 -.172
U-zZ 30 .095 ,101 .116 -.026 -.189
48 .083 .086 .020 -.063 -.203

56 o .113 157 -.01l4 -.082 -.196



TABLE 5. Yearly valueg of sgolar sznd geophysical parameters. Some relative maxima are underlined; for annual
wave relative minima are underlined,

e

YEARS 6L 62 63 64 65 66 67 68 69 70 71
SUN SPOT NO. 54 . 38 * 28 10 15 47 94 106 106 105 67
10.7 em FLUX 104 84 80 72 76 103 143 149 151 ' 156 113

{

SEMIANNUAL AMPLITUDES '

il
T
.
L%

STTKA (1) ‘ 4,77 43 40 3.2 2.3 &1 2,7 31 6.9 4,1
FREDRICKSBURG (H) 2,9 3.9 5.0 41 1.6 45 2.8 19 6.9 55 3.4
TUCSON (H) 3.3 %1 A4 40 23 45 4B 2.6 61 45 2.6
GREELY (U - 48KM) 9.2 9,2 12,8 19,5 2L5 11.9
WALLOES (U - 4BKM) 23,7 - 24,0 - 9.9 16,8 8.5 B.7 18.4 16,4 8,0
MIGU (U - 48KM) . 16 14,8 10.0 4.4 11,5 13,5 200" 17.4° 10,5
WSMR (U - 48KM) 1.0 19,5 15,5 151 8,0 8.8 11,6 13,4 24.6 18,8 11,3
DBARKING SANDS (U - 48KM) £ 19,3 23,9 26,5 25.0 23,5
ANNUAL_AMPLITUDES ,.

GREELY (U - 48KM) 21,3 25,5 32,9 27,1 13.2 28,6
WALLOPS (U - 48KM) 49,8 43.0 < 74,5 60,0 57,6 61,5 59.1 65,8 61,9
MUGH (U - 48K0M) 53,9 46.0 o 63,6 60,4 49,1 518 46,8 55.6 534
WHIIE SANDS (U - 4BK04) 54,4 50,3 46,0 58,3 63.8 56,7 48,0 49,0 43,5 4B.4 52,4
BARKING SANDS (U = 48KM) T 424 36,1 7.6 127,98 382

[45
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‘
(El) SEALNNT wiNTEN SEASON= SPRING
POWER (MP/SECS) VAH N PuHaba* FOWER {M2/5LC2) Vad N Pawar.
KM @ <
al 2 A0 303 534 406 236 283 ITT 3I9f 315 237 FER 69T 3 159330 “ 11 Ze w1 o8 55 42 a4 71 s Y0 54 &} 11 13914~
& /0 01 454 339 243 3249 40l 379 272 204 104 «43 El FASE4S “ 4 41 66 69 68 LS 53 T4 83 Yo L9 94 34 96 wn
© $9 341 411 JA] 237 Il4 J62 336 234 Inl Bl 367 30 Lachoe © 11 T0 99 97 BB &9 66 HS 92 w2 o0 117 I3 5b =1
2 110 43% 500 416 204 207 244 ZoA €06 039 I 397 Bl b4 64 24 d4 118 116 92 60 73 &7 44 T4 38 132 111 21 21
® 16% 485 516 319 185 ley IeS 1v3 139 119 61 355 102 24 24 ® 36 81 192 100 82 6 65 Tl &7 60 30 105 139 21 et
L0 ° 184 428 402 275 182 122 137 154 1lR da 40 sle 115 23 23 .38 0 /5 I6 IS &7 59 59 ST w6 21 91 153 20 20
® 168 326 287 225 lea 92 109 k2n W7 b2 22 223 123 25 23 = 35 55 55 ol 12 ub HT 59 %S4 42 20 B2 la4 20 20
° 145 230 259 212 15¢ H1 &5 94 6B 44 IR 193 130 <2 2P ° 35 48 U 52 od 60 55 59 52 sa 23 ML 172 20 Jv
5 130 272 28% 227 13 L T4 BL &2 48 24 elv 131 22 22 © 41 S5a 4% 55 LA S0 ed 51 43 39 21 7& B2 19 19
® 116 262 273 2)4 109 49 62 69 55 &6 24 lée 138 22 & * 49 bl 49 48 47 36 36 37 31 30 16 o2 188 1y 19
“ ° 99 197 226 176 Bu 46 6l Sy 42 J1 15 LU las  ¢g 22 © 28 59 && 42 40 30 26 28 26 23 1P &7 189 19 19
° 97 1A2 194 140 Ta 60 &6 52 37 26 & 137 145 g2 2 ® 48 b3 47 45 I3 26 22 26 26 20 9 Ay 192 19 1y
° A8 1Ta 17T 119 1T 70 T 4y 3u 43 12 129 145 2l 2] * 46 bl 33 28 25 1T 18 25 26 £0 8 45 192 19 14
© W5 16A 164 116 B3 72 67 45 M 33 14 132 183 22 2¢ ® 45 52 3% 6 22 16 17 21 23 20 8 4l 194 14 1y
® 8R 16s 157 106 19¥ 6% K2 35 27 £F 12 116 145 21 21 43 5l 33 45 21 16 15 16 18 IT & o3 201 15 19
30 ° 97 169 147 9% 13 by 43 Su 2a 24 10 109 146 22 22 °© 42 50 32 23 20 16 13 13 16 15 7T 30 204 19 19
= -]
o GU4oHO09U0000RGOTDDTLOET afado -2-1-3 -
PER, &6 27 14,7 11 HoB 7.3 6.3 5.9 4.9 4.4 4 {ELAYS) PLLUD a4 22 14,7 11 BuB 7.3 6.4 5.5 4.9 4.4 4 (DAYS)
SEASONs SUMMER SEASON= AUTUNN
POMER {MZ/SFCE) VAR k& PLR.GE.  POWER {N2/5EC2) VAR N B.OLE,
Kh & o
AD Y & 30 37 J1 34 37 S0 b% 66 56 25 6y 23 10510 ® 10 105 )94 177 119 91 5% 1a 4% 51 21 13T 1 162162
4 6 20 34 J5 34 40 44 B3 B4 &3 190 by Th 49 49 = 8 98 Io7 I35 98 B3 &3 32 S2 BU 42 97 13 122)2e
° & 2z 32 I 37 35 32 3¢ 3¢ o 12 41 115 23 23 = 1 sl 106 82 79 83 B) 70 75 101 61 126 47 B2 42
® 3 17 26 26 26 23 24 &4 Sl ¢ 12 2f 136 22 22 ® 4 67 S4 o5 103 [09 98 9% 8l 103 TI 105 77 472
° 3 15 23 21 Iv 21 21 I 20 &2 12 29 142 22 22 = & o5 107 L1l 120 £17 105 9% ov %8 75 174 97 28130
50 1 12 20 I7 la 16 17 11 1A 1 9 oI 145 o2 <2 © 17 61 100 108 9% 86 93 T7 47 58 41 91 113 21 &b .
¢ 2 8 la 12 11 11 12 le 13 13 & 16 147 22 22 © 28 58 76 Wl 62 53 &3 56 39 3n 18 BA 120 23 23
] 7 1p le 16 11 1} 19 10 1v S 1y 151 @2z 2z © F7 S6 68 69 L0 37 40 41 35 34 19 o8 123 23 23
= 1 5 ¢ 9 1o 11 1 le 9 & 4 & )52 2222 * ¢+ 50 6& 69 9 33 35 35 21 26 15 o8 129 22 22
= 3 & 7 & 8 A 9 8 T & 4 9155 22 27 ® 2. o7 nZ 92 38 27 29 30 25 24 14 a8 133 2¢ 22
40° 1 4 5 b5 5 5 5 5 & 5 3 & ISR 21 99 ®© 31 49 43 37 25 15 15 23 2o 21 11 44 135 22 27
* 1 & 4 &4 & & & 31 31 & 2 4158 P2 22 = 33 B 3 32 21 5 9 16 18 l& B 36 137 22 22
s 1 0 5 5 5 4 4 3 3 3 2 o156 222z © 29 ¢ 42 26 18 9 14 15 15 11 5 29 l40 22 22
1 3 &4 & & 3 3 4 3 3 2 4154 2222 ® 27 36 20 3 17T 11 12 15 13 9 3 29 las 21 21
= 1 2 3 3 3 3 35 4 3 3 z alss 2222 * 25 33 2 21 17 11 1L 13 1l 8 3 26 145 22 22
e 1 7 3 3 3 2 ¢ 3 3 3 2 315 2222 © 24 30 ¢l 20 l& 11 10 11 1o T 3 21 145 21 21
< <
22088 d000ed00ddRdeROddDDODOLOOOORNOOODOOLOOEDD PEUSDBHOLOOSBOUONSOREORNEROR S SBLECEEORBLER
PER. a4 27 14,7 11 BoB 7.3 6.5 5.5 4.9 4.6 & (DAYS} PEKIUD 44 22 1427 11 BuB 7.3 6.3 5.5 4.9 4.4 4 (DAYS)
(b)) season= winten SEASON= SPRING .
POMER {(M2/SECZ) VAR N P.R.E.  POWER (H2/5EC2) VAR N P.R.E.
KK # -
60 * 111 358 291 167 I76 192 147 131 140 69 & 310 3 170453 * 7 31 35 40 43 &% 37 31 43 S2 27 54 11 135135
e 52 272 265 170 154 189 186 174 187 1640 50 185 10 138138 ® 7 32 a7 53 46 &0 38 37 45 63 38 55 34 96 96
* 26 225 264 211 186 226 238 217 229 209 9T 335 26 107107 * 10 41 T3 B5 64 46 S0 S2 62 96 62 &7 73 5] 51
* 90 291 308 259 253 25] 206 184 202 192 95 325 55 71 71 « 12 48 86 100 80 &9 7¢ &6 85 124 75 133 1lo 21 21
* 127 321 352 277 253 233 173 155 183 1s6 75 326 94 30 30 « 13 49 76 Bl 76 B3 77 64 83 l1la 67 107 139 21 2t
50 ¢ 129 345 385 283 213 196 163 151 182 147 54 343 106 24 24 * 18 49 60 56 62 15 66 SZ 65 84 48 95 153 20 20
* 147 364 408 288 172 14D 127 128 153 118 39 267 §09 23 23 * 21 A2 45 45 49 ST 52 &3 4B 63 37 &3 164 20 20
@ [94 4l 430 289 153 1le 110 107 11T 82 22 315 117 23 23 ® 25 40 39 40 43 46 48 41 38 Sl 33 64 172 20 20
+ 208 424 410 260 140 115 118 106 113 Bl 24 273 124 23 23 * 31 Sl 46 38 38 42 &7 39 30 37 2% 62 183 19 19
+ 187 384 354 226 150 140 130 108 115 92 34 293 129 22 22 *» 35 61 52 35 31 38 45 35 24 24 le 56 189 19 19
40 @ 167 338 309 216 158 139 124 92 B4 62 B0 24% 137 22 22 ® 36 G4 5% 34 29 3% 38 29 20 20 .11 5+ 189 19 19
* 143 292 274 200 141 113 102 72 S0 24 3 200 138 22 22 * 37 63 SI 3% 32 30 25 20 lo 19 12 a5 152 19 19
® 112 239 230 176 128 96 85 62 37 15 1 167 137 2z 22 * 36 S7 43 29 32 27 13 17 16 18 11 43 192 19 19
* B7 182 174 135 110 86 74 52 31 19 7 14l 139 22 22 " 33 49 35 24 26 24 20 20 16 16 10 4l 194 19 19
® 70136 127 105 85 69 60 41 25 19 8 101 144 22 22 = 28 40 28 20 20 22 22 19 13 13 8 32 201 19 19
30 % 63115 110 93 74 59 S0 33 21 16 7 84 146 22 22 = 25 35 g4 18 18 21 22 18 12 12 7 29 203 19 19
o *
CRGRURNBERERNEREREERE L2 1] + e -
PER, 44 22 14,7 11 848 7.3 6.3 5.5 4.9 4.4 4 (DAYS) PERIUD &4 22 14.7 11 84B 743 6.3 5.5 4.9 4.4 & (DAYS)
SEASON= SUMMER SEASON= AUTUMN
PONER (M2/SEC2) VAR N P.R.E.  POMER (M2/SEC2) VAR N P.R.E,
KW .
60 % & 22 3 36 32 34 46 LT 49 39 20 45 23 103191 © 11 60 S3 46 BB 136 100 28 49 IIB 77 72 1 156344
© 3 1A 30 28 2T 32 43 51 45 38 19 57 75 49 49 © 4 70 79 96 122 125 90 Se4 B3 143 89 141 13 121121
* 0 15 21 19 21 27 31 a2 30 27 13 23 115 23 23 © 7 95 176 160 158 111 86 81 95 §3} 82 i3 48 61 81
© 0 13 21 19 20 2% 19 17 6 15 7 2T 13&4 22 22 ¢ 16 99 144 177 156 115 99 78 76 93 S3 139 77 49 49
« 9 10 17 18 1& 16 17 15 13 12 & 17 142 23 28 = 20 91 134 172 153 127 112 76 80 93 52 les 66 29 29
S0 0 7 13 15 14 1& 1% 11 16 11 & 1T 145 22 22 # 35 98 130 169 145 115 103 68 63 &7 53 153 112 25130
* 9 5 10 13 12 12 11 & B 9 5 13 147 22 22 © 55 101 126 19 115 71 &5 47 43 63 40 128 }20 23 23
® 0 3 & % % 9 9 T & 7 4 ®l51 22 22 * 70 100 106 126 &0 35 32 34 sl 46 25 96 122 23 23
= 9 2 & 7T B 7T 8 7 6 6 3 9152 2222 + 78 102 85 B84 Se 26 25 3& 37 30 15 B3 128 22 22
® 9 2 4 6 T & 6 5 5 & 2 5155 22 22 * g0 103 76 57 30 18 =26 35 31 e 16 72 133 22 22
40% 0 2 & S5 6 S &4 & & 3 2 &158 22 22 = 79100 73 48 18 7 17 28 29 35 24 66 135 18 33
® 0 2 3 3 4 5 5 & 4 & Z 4158 222 * 17 94 0 S0 21 6 9 21 g3 43 3t 67 137 18 34
° 9 2 3 2 3 5 S 4 4 3 2 5156 22 2 * 74 89 66 50 27 15 13 18 25 42 31 &b 139 19 28
= @ ? 3 3 3 4 & 3 3 3 1 4154 2222 = 12 86 61 45 27 21 16 17 23 37 27 67 143 18 28
© o 2 3 3 3 2 2 2 2 2 1 2154 2z@e ® 63 75 53 39 24 21 15 16 22 31 20 95 1as 22 22
3o+ o 2 3 J 2 2 2 1 1! 1 1 2154 21103 = ST 67 a8 36 22 19 15 15 22 27 LT 47 las 22 22
L
L4 - L 21 o *RES dnn - AEBSERERERNIBEE
PER. 44 22 14.7 11 8.8 7.3 6,3 5,5 4.9 4.4 & (DAYS) PERIOD 44 22 14,7 1] Bu8 7.3 6.3 5.5 4.9 4.4 & (DAYS)

Table A-1, Analysis of the high frequency variability of the wind at
Greely; (a) Zonal, (b) Meridional.
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SEASON= a[NTER
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SEASON= SPRING

PURER (MZ/YECE) VAH N P.H.F. FUMER {M2/5EC2) VAR N

KM » a

o0 * 2B5 549 4bs Ida IS 326 424 203 299 U 179 BO4 29 111111 ¢ 2 25 L9 @B TB 64 65 62 64 &8 3T 90 19
© FAR 545 437 J6H alf 3A0 249 20% 223 24l laZ 493 &b G4 G4 © 3 31 b4 g5 #6 70 S8 49 5T &2 32 79 34
© 302 B85 456 Jbs 44 426 Sd5 Jdv 199 U2 125 513 51 81 41 ¢ 17 48 L6 78 BT TI 53 T43 47 85 20 19 4&
® 33 465 53 JIB 376 406 49Y 23y 199 230 155 BLS3 he 62 62 e 34 L4 Bl T4 I3 55 47 52 51 34 12 Bl 61
° 312 BRF 570 336 Jlb 3To 301 192 le4 216 143 w22 90 I35 J5 ® 41 &7 oY Bl 70 38 32 49 S& & 11 75 Te

5§ ¢ 0] A34 H27 JeU 296 324 282 157 1FR 161 97 459 107 24 23 © 41 45 63 91 67 27 23 46 53 30 B 69 90
* 256 527 4LT Jeh 316 30« 249 136 B 113 63 407 113 23 23 @ 43 b Bl 57 L9 1T 22 50 S+ 29 & I 67
2 196 410 392 364 32k ZA6 209 liv F7T 13 33 355 119 24 &3 ° 46 6B 91 95 S1 12 21 49 51 30 1l 78 98
@ 166 333 334 422 296 229 16l 1L 6B w8 287 122 £3 £3 o 45 71 86 81 42 11 19 44 &7 31 2 71 49
? 143 267 268 #Bh fob lod 123 46 63 30 1 269 126 23 24 ® 43 64 [1 66 39 16 22 42 44 28 10 67 99

40 % 117 203 209 ¢a3 233 152 45 J¢ BT 32 5 198 12% 23 &3 * 40 54 53 52 3 17 25 &) 39 26 11 - 57 99
e B9 167 171 206 L9R 126 78 9y 45 39 1T 166 123 23 23 @ 39 47 a8 36 23 12 27 43 38 29 15 49 99
¢ Hn 1G] 154 175 163 109 Te 4y 30 3 24 1bu 124 23 23 = 37 40 26 28 2l 13 29 41 35 32 18 48 40
° 7R 155 161 195 133 Y4 b4 J9 20 31 24 N34 124 23 23 e 35 a4 g2 ¢l e 16 "24 29 27 31 18 43 99
° 77 156 170 148 114 74 H1 2u 13 26 23 130 126 22 22 e 35 36 g2 27 @4 14 k8 19 18 21 12 35 99

30 B 75 194 171 leb OB T2 a4 23 9 24 22 11s 125 22 22 « 38 39 24 27 ¢4 14 16 17 13 14 8 3% 99
M °
eas sdea OPE0ES00000UYRETOLODO000 coeoo o

PRy 46 27 4.7 11 BaB 7ad 0.3 Dab 449 44% 4 (DNaYSH PERIUD 44 22 14,7 11 8.8 7.3 6,3 5.5 4.9 4.4 4 [DAYS)
SEASAN= SUMMFH SEASON= AUTUMN -

* POWER (MP/5EC2) VAR N P.HeE. PONER (M2/5EC2) VAR N
KM ¢ * n
&0 ¢ 14 16 & 27 S8 33 M2 35 47 3 10 4 B 13212 @ B3 128 los 134 136 69 83 142 187 163 68 162 40

# 9 17 13 26 42 25 FB X5 42 3k 12 3e }5 l27iav = 68 119 112 160 143 75 90 157 202 18% 8% 218 57
® 1 20 26 2T 24 23 23 29 30 28 15 3v 22 Ilgllv e 42 127 139 166 138 73 87 147 179 187 100 206 68
® & 19 Pn 23 24 24 2% 2 24 21 16 32 37T 91 91 @ 57 158 166 162 131 72 6+ 90 1UB 12» 71 161 80
= 5 12 P21 In 18 22 24 &2 20 2¢ 12 25 S0 V7 ¥7 ® g6 171 166 152 131 B7 S4 &2 59 88 56 150 9]
50 2 10 286 21 1% Z2¢ 1Y s 1n 12 & 24 60 4bibb a 75 143 159 120 102 86 §2 23 46 89 SH Ia4l 99
= 0 10 18 23 19 16 14 ke 12 10 B Bu 67 59 59 2 78 142 150 87 S7 61 &2 18 48 84 Sl 125 103
°® 1 10 17 s )& 11 11 I} 10 i1 6 17 71 b4 ba # 65 155 144 77 39 39 36 27 42 51 27 9l 1o
¢ P & 1% 12 9% v 11 & 7 4 6 12 74 5} sl e 57 132 117 TS 46 36 32 34 36 22 ‘7 B3 106
= p 5 9 9 H g 11 le T o6 & 11 76 45}03 @ 53 15 96 62 48 36 22 22 29 22 9 77108
40 = 1 3 & 7 6 & B 8 1 % 3 4 7T 48 48 e 50 97 T3 46 39 36 15 11 22 25 2 S3 109
& 2 5 S5 &4 4 S S5 5 & 4 2 5 77 4B 68 = 48 86 SB 38 I9 2% 14 11 20 22 9 S5 lo%
. 2 L] 5 4 “ ) & -] 4 3 s 6 77T 47139 e 42 T8 92 35 44 36 15 13 21 18 b 30 118
= ? 6 5 4 4 o 6 & 5 & 2 7 77 4B 48 e 39 76 b2 3] 42 36 12 13 25 21 8 S0 111
® 1 S 5 [ 4 ) S -] 5 4 2 5 77 4B &§ * 35 T4 S5} 25 35 31 9 11 28 28 ‘11 51 111
30 = 1 4 & 4 » 5 S 4 S 4 2 o 7T 48 a8 4 33 T0 4«8 22 Jo 28 ¢ 10 ¢8 29 13 40 112
a °
SopaEnEmEs @ caod - e oty [Ty} aeo
PER. 44 22 14,7 1] BaB Tad 6,3 5.5 4.9 4.6 & (UAYS) PERIUD 44 22 lea7 11 #.R 7.3 6,3 55449 4.4 & (DAYS)'.T
(b) seasows winter SEASON= SPRING .
PONER (M2/SEC2) VAR N PJR.E. POWER {M2/5EC2) s VAR N
KM * - ror.
60 ° 2 223 359 340 305 282 221 172 220 18+ 50 280 29 111111 e 7 '65 70 36 36 4l 60 78756 33’15 -T6 19
hd & 236 373 39% 375 319 256 190 194 156 47 376 44 94 94 = 10 S8 50 35 33 4B 56 £3 46 33 17 T42 3s
® 14 220 347 430 435 358 292 210 161 126 43 38y 51 8l 81 * 10 45 49 39 3B 45 ‘50 %49 43 ‘4] 23 52 &4
& 26 204 321 381 370 351 317 211 150 117 40 315 &6 62 62 e & &0 53 49 40 46 4D 483 54 53 29 T4 6]
© 38 219 327 326 281 1306 336 251 149 o3 3I2 375 B9 36 36 ® & 42 S50 56 4B “36 3% 46 "S52 53 29 °"58° T4
S0 © 4T 204 281 274 231 226 275 256 145 69 27 26l 104 24 24 * 10 -48 60 ST 4B 36 36 46 AT A2 20 65 99
© &9 201 239 231 205 171 198 211 122 55 230 250 108 23 23 e 20 62 69 59 4329 3k 41 46 31 9 59 97
© 87 216 234 201 177 154 161 163 101 356 32 22¢ 113 23 23 * 23 T0 B TO 43 @& 25 34 39 23 - 3 62 98
= 91 219 235 183 159 151 130 )11 90 7?0 34 211 114 23 23 *« 16 T2 102 86 45 22 24 34 38 1l -2 62 99
© 103 237 243 175 147 145 l0os 73 78 &% 29 1% 115 23 23 = 10 15 116 94 42 15 20 '33 34 18 5 4 +¥69 99
40 * 116 25% 2A3 158 125 120 90 7v7 B1 S8 21 193 117 @23 23 = &6 72119 95 39 11 1427 28 1T -6 ‘96 98
* 123 260 248 152 106 99 B3 89 8% SH 18 185 118 23 23 = 4 72121 93 3¢ 8 12 29 33 1B 4 *58 98
e 122 269 274 167 97 90 7a 73 T8 48 14 197 119 23 23 = 1 73126 91 31 7 12 37 45 20 1~ 62 99
° 114 270 275 100 90 87 70 S6 61 &1 10 170 122 23 23 e 0 67 119 88 28 T -:11 36 -45 18" 0 60 99
® 0% 265 25% 133 8% 83 59 46 60 47 13 168 122 23 23 ¢ 1 5& 100 T4 27 ‘9 ‘B 26 36 19 .3 4T 99
30 ¢ 101 265 268 122 81 77 4o 4 65 S 16 149 122 23 23 = 1 45 87 69 28 2 8 21 31 2 & 43 99
- &
PHOEANENNENB OSSO REEBRLSE X 1] L E B
PER, 44 22 14,7 11 B.8 7.3 6.3 5.5 4.9 4.4 & (DAYS) PEHIOD 44 22 1a.7 11 848 743 6.3 5.5 4.5 4.4 . 4 (DAYS)
SEA50N= SUMKER SEASON= AUTUMN Pt e
POWER [HB/SEL2) VAR N -P.R.E. POWER ([MR2/SEC2) . * VART N
KH @ - .
B0 * 13 35 46 29 41 53 39 34 37 31 14 5% 8 lésles * 20 189 234 139 138 171 149 114 Bl 77 46 249 40
- 9 32 4) 39 A7 37 26 32 36 29 1s 39 1% 13537s% o 1& 146 Pg1 128 112 143 123 94 80 ¥1 37 131 57
* 6 22 33 32 30 21 15 23 27 24 13 31 22 110li0 * 5 10] 172 127 91 105 84 73 89 75 30 *134 e8
e r 12 28 31 23 19 18 17 18 24 12 25 37 91 %1 .o B 108 182 144 46 B89 75 B3 108 8% 32 137" 79
= § 8 24 27T 18 16 20 20 20 21 11 2% S0 V7 77 * 16 114 174 146 102 B84 B0 91 110 83 24 162 91
Spe 3 9 20 22 16 la 18 19 20 22 12 25 61 &5 65 = 23 110 143 119 96 87 76 70 76 S6 15 115 99
i 2 &8 17 19 14 12 13 1le 15 17 9 17 &7 5% 59 +« 31 108 117 o4 70 72 68 &8 40 "3+ 12 97 103
e 2 A 14 16 1& 10 10 12 11 <10 6 13 T1 b4 S5& *= 3p 95 98 V0 48 45 51 39 30 26 10 TS 105
¢ 2 5 12 15 13 9 6 -1l 10 8 5 12 74 49128 _+ 31 ~77 79 62 43 33 34 29 2 21 9 62 106
¢« 2 &% lo 12 11 B8 6 & @& 7 4 i1 75 49153 = 27 72 10 56 35 28 27 25 25 24 13 S2 los
40 1 3 & B T & 5 5 5 6 3 6" 7T 48 48 * 20 76 TO 42 28 24 .26 +26 26 29 11 56 109
+ 1 3 7 8 71 6 5 3 4% & g2, 677 51181 -« 30 77 68 41 '29 25 27 "2¥ 27 28 15 56 109
= 1 & T 9 B ¥ § 3 3 3 1 T IT 48 44 * 3] 67 59 40 32 31 30 23 28 24 13 54 110
« g ‘4 & T T & 5 3 2 2 1 6 TT 49157 e 28 'S4 «8 37 "32 3% 30 18 16 22 13 T &6 111
. [ 2 4 5 5 5 &5 "3 2 £ 1 & T7 4B 48 @ 21 45 %3 34 30 31 27 16 15 0 11 w1 111
30 * 0 1 3 4 & [ & 3 3 3 1 3 77 48 48 ® 17 "43 44 3% 29 30 25 14 14 *19 10 37 112
# - .
aso; asngs senp “a [ETT 3 -
PER. 44 22 14.7 Il 8.8 7.3 6.3 Sub 4.9 4.4 & (DAYS) PERIOD 44 22 1457 11 8.8 7.3 6.3 5.5 3.9 4.4 4 {DAYS)
Table A-2, Analysis‘of the'high frequency variability of the

wind at Churchill.

(2) Zonal, (b) Meridibnal.

P.R.E.

118218
103143
87 87*
X4
51
34
28
26
25
25
25
25
25
25
25
25

P.ReE.

;
PuR.E.

i

142453
103103
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(a) SEASANS wINTEX SEASON= SPRING
PUNFR  (HP/5ECE) vay N PuH.E. POWER {M2/5EC2} VAR N P.R.t.
KM @ o
a0 2 4a 1T 255 327 30% 21u 143 271 IHZ 133 8]l SAo S lablab hd g 32 o8 11z &5 38 L3 0 38 89 58 g4 3 1431463
6% 202 322 315 255 190 131 239 352 19% 2% Jsn  la 12ei2s ° 2 37 76 8% €8 34 15 20 a8 TS5 43 64 21 113113
@ RS J0A 40] 292 11€ 192 10w los 2ab 1he  2e 298 2B 104l0e * 8 b5) 69 64 L6 43 36 4T 95 L0 24 b6 3% pY B
+ AT 31% AT3 ¢2hs lun 139 47 ue 142 120 46 233 42 BT 87 * 16 62 JU 98 B0 56 en 4B 44 31 15 83 65 59Y 59
@ 105 33~ 33A 23R 1A lott 11w Y2 123 119 59 Zed 51 7o 76 e 25 61 L7 43 47 44 35 37 33 24 12 50 a7 3I» 35
HY ¢ laa JAS 330 21T L7y 1BS 143 1o 134 132 57 297 64 65 &4 ® 33 63 S0 35 36 28 25 31 31 27 14 S 96 26 26
8170 3K AT 223 199 2Umn 156 Yn 130 lst 61 28o 71 ba Sa &) 69 52 38 4T 27 22 24 25 28 15 54 1063 21 21
@ 147 126 320 28D B¢ Paa 161 49 114 123 S0 305 7o 4B 4R P o44 Ta Ha 46 43 26 21 18 19 25 1o S4 107 22 &2
T EZP A0~ 329 31 2ww 26a 1n3 J3 SR Bi 32 292 TR ab 4k e 47 79 68 o7 48 26 19 19 18 25 17 64 loB 21 21
9 11 05 421 &Y% Y9 Fel 140 ke 4Y 6a 4D 2T TR 46 un = o5 T J2 &1 &7 28 17 18 19 25 17 64 108 2i 21
LU S 101 280 29k 282 2RD 21T 131 1o 7 n3 54 293 TH 4B 4R = 40 &9 67 o6 41 25 13 14 18 20 13 55 107 21 21
498 PhA 267 219 223 2iu ¥y 14 4% wv 51 203 TH 4b «b * 34 B4 o2 49 45 20 10 10 M4 17T 9 4 l06 2} 2i
D L9l 253 P39 Inh sl 12w H2 24 31 Bh sk ITs T 4T &7 ® 28 %9 9y «% 31 19 11 9 10 13 & 43 105 22 22
T Ly 2o 208 131 90 T4 4y 31 &2 B9 a4l 14T TS 5S¢ Lo ® 25 54 57 &1 2% 16 12 10 10 11 T 38 105 22 &2
9 QE Pln 176 MU Hy me 36 3u 39 53 36 128 T4 51 51 * 22 46 &8 35 13 10 10 ¥t 10 11 ki 33 1los 22 22
M0 AR 194 (58 Al «BR o4& 3¢ 27 7% 4w 33 9h T2 Li b3 = 20 a4l a2 32 16 8 10 ¥ ko 11 6 265 103 22 22
- o
° ae dmgloDOS FESoD
PER, &4 Pr }4.7 11 H.n 7.3 5.3 boh 4.9 4,4 4 (DAYS) PERIUD 46 22 1947 1) 848 7.3 6,3 5.5 4.9 4.4 & (DAYS)
LGNS SUMME R SEASON= AUTUMN
HFOWES (MP/SECE) VAR N P.HoF. PUWER (M2/5EC2) VAR N P.R.E.
KM © o
60 ° 21 15 S¢ Bu Bb H7 F1 L3 4T ab Pa Tu 4 laslaa e 44 72101 121 86 9 98 6% 38 17 2 99 1 154154
¥ 14 2% Th %) Bd T4 62 6B 63 ST 29 74 19 116lls e 37 69 97 111 Ha HZ 100 63 30 13 3 19 13 123242
< A 60 106 JUD BY b & & 45 Tu 31 103 43 He Ba ° 25 02 ¥9 87 T2 17 81 o0 28 21 15 dz2 27 107253
# 11 A% 114 log bS I& 33 He AH BA 2] Bb Tl 5% 54 ® 21 %6 75 T0 40 &2 57 &% 37 35 20 80 45 83 83
= 27 8% 117 1o o9 34 31 ¢t 21 b7 7 7y 87 36 3o ® 26 50 59 59 H6 48 42 &1 3v 30 14 &3 63 62 62
S0 ¢ la 640 ARG 44 K JA 2y 21 10 @ o w8 100 22 22 # 26 51 59 b4 &8 37 29 34 31 20 9 S5 T8 a6 46
- 1 2% &3 44 Ly W 2Y 25 23 28 17 3d 109 2! 21 e 24 ST b9 LB 44 32 26 26 Z0 13 & B¢ BT 36 Ja
i 6 10 21 27 27 2% ¢b £4n 30 33 1A 33 118 21 ¢l « 21 56 67 55 40 31 28 24 15 9 L] 51 91 32 32
< 1 A 15 1M en 20 2Z Zn 28 23 11 2> 117 21 21 ® 21 5% b2 52 39 31 29 21 l& 1} L] 43 93 30 30
* A 3 12 % s 15 17 g1 10 15 7 1% 119 21 21 ® 25 6] b5 99 46 34 27 & 15 I 2 S5 93 29 29
40 = 3 # 12 13 11 12 13 1« 13 11l - 1% 120 20 2o ° 28 64 OB 63 %0 33 25 18 17 10 0 53 91 31 3
< ? A 12 12 “ 14 11 1)l o b % 1« 122 20 2v @ 31 69 72 65 50 30 234 19 1% ] 2 %3 91 31 3
- 1 & a v 1y L] E] A 7 4 9 122 z0 2o * 32 74 74 68 56 35 26 18 10 2 4 56 91 31 31
e 1 « 1 S 1 ! 6 & L b & v 120 20 2o = 29 5 73 63 57 38 28 16 7 1 5 56 &0 32 32
- ] 4 I 2] H L] -} -} a4 & 4 7 120 20 20 * 26 69 6% 53 &9 31 24 17 3 1 4 %7 @8 35 35
I 1 4 7 7 n LY -1 5 4 L 3 6 119 20 20 * 24 63 Y 4T 43 26 18 v 4 4 4 33 &8 35 35
e -
e P sons oooaas aoman .
PER. &4 272 14,7 11 Aun Tad 6.3 9.5 4.9 4,0 4 tDAYS) PEHIUD 44 22 1427 11 BB 7.3 0.3 5.5 449 4.4 % (DAYS)
t>) SEASON= wINTER SEASON= SPRING
POWER (M2/SECZ) VAR N  P.R.E. YOXER (M2/SEC2) VAR N P.R.E.
KM © »
60 = S 79 B8R 57 105 200 187 73 8 27 ? 115 S 230¢1% ® 11 19 44 52 3% 33 51 57 48 42 22 ¢ 3 137256
* 15 89 112 80 92 153 141 &0 16 13 11 89 14 124272 ®= 11 1T 41 49 39 34 4% 51 46 42 23 57 21 113113
® 32 117 158 104 73 114 109 S6 48 68 39 145 28 104104 - 8 16 38 «6 4] 33 32 38 37 3% 19 41 39 88 88
® 29 139 172 10B 87 131 118 60 47 71 4& 1a2 42 87 87 - 4 19 36 40 38 33 29 30 27 2% 13 39 &5 59 59
® 22 132 151 126 137 150 114 &7 Sb 5% 30 136 S0 77 7 # 0 24 36 31 31 33 28 26 23 =26 11 38 arY 35 35
So ° 9 120 140 139 163 164 122 90 83 66 28 16T 5B &B 6B e 2 24 37 31 25 29 23 &b 18 Ir 1o 30 96 26 26
- S 118 135 12¢ 129 143 123 92 77 67 34 14T 68 57 57 L4 2 21 36 35 24 17 17 18 1B 18 10 29 102 21 21
@ 1% 107 11ls §5 9/ 122 113 ¥3 B &7 2T 112 T3 52 52 « & 21 40 30 22 14 14 & 21 23 12 3¢ 107 22 22
° 17 88 95 #1 9F 121 101 5% &7 26 17T 10% 75 50 50 - 4 13 24 26 2% 17 12 18 23 25 14 25 108 21 21
* 13 66 6A Tl 94 %8 T2 4% 23 1ty 13 19 13 52 52 # 4 18 26 32 32 21 11 15 20 23 & 3% los 21 21
40 ¢ 11 S0 S2 63 Bl 68 42 31 23 1s 9 58 72 53 53 - 3 16 26 32 29 18 11 13 17 20 12 28 lov 21 21
- A 4a 49 52 62 54 33 25 20 L& ] 50 72 53 53 ° 1 12 20 24 22 15 10 13 15 15 a 20 106 21 21
e 6 38 4p 6b 45 a1 31 25 20 16 9 45 T2 S3 53 0 10 16 20 20 15 10 10 12 11 S 18 105 22 22
- 5 32 40 A0 36 3] 22 21 21 7 a 37 6B 57 57 - 0 10 15 18 18 13 B 8 9 8 4 l& 105 22 22
°© h 29 34 28 27 2¢ 1a 1a 19 1B 9 31 68 57 57 = 0 ¢ 13 15 18 12 8 8 B8 S 2 13105 2222
3o e* 7 28 30 20 19 21 12 11 l& 19 11 22 67 59 59 = 1 7 12 1s is 12 ¥ 8 T 3 o D 1lo3 22 22
- -3
G24egaAqO0N JOIROTH LL] L L3 Ll LRI ITLE 2T 2T ]
PER, 44 22 14,7 11 .8 Te3 6.3 5.5 4.9 4.4 4 (DAYS) PERIOD 4% 22 14,7 1] BaB 7,3 6.3 5.5 4.9 4.4 & (DAYS)
SEASON= SUMMER SEASON= AUTUMN
PORER {M2/SEC2) VAR N PaR.E. POWER (M2/SEC2} YAR N PuR.E.
KM - £
&0 ¢ Lp 25 59 53 38 45 35 J¢ T3 T4 24 &7 4 142314 h T 31 17 6 2% 45 41 31 21 30 23 41 1 156398
2 A 30 55 &3 32 38 3 27 55 60 285 So 19 1i6lls + 10 43 27 13 31 40 33 27 25 30 18 37 13 127127
- 1 27 38 28 27 32 28 24 28 39 @25 35 43 88228 *= 12 657 40 19 30 34 25 30 41 37 1l6 47 27 106106
hd 3 16 25 &5 21 s 36 27 19 25 18 35 71 54 54 b T 53 46 &7 36 32 29 36 ab &6 23 56 &4 BA54196
< 6 11 23 28 29 32 35 28 17 15 10 3l a7 36 36 ® 4 41 a8 &1 37 33 31 29 32 40 24 50 62 63 63
50 ¢ s A 19 25 29 26 24 22 16 13 T 24 1o 22 22 ® 6 31 44 AT 39 34 31 22 2« 27 13 45 T8 46 46
- L g 17T 18 20 20 18 17 le6 17 1o 22 109 21 21 e 5 26 39 4% 38 33 29 23 22 18 7 37 B7 36 36
* 3 o 13 12 12 1o 7 le 1+ 1o 16 16 114 21 21 « 5 26 35 39 3+ 28 25 23 20 15 &8 39 91 32 I
= » & g9 9 10 & 16 & 11 12 7 15 Il7 21 21 e 7 28 33 32 31 2Y 21 17 1% 10 S 27 93 3¢ 30
- 2 & T 7 4 11 1t 9 8 9 s g 119 21 21 . 5 27 32 3¢ 31 29 2o 12 9 & 2 31 93 29 29
40 & 2 - 6 -] 7 a -] 7 B 9 S B 120 20 20 A 3 22 ¢6 264 27 26 18 10 7 5 2 21 91 31 31
- 2 3 7 8 8 T ] T B 8 4 9 122 20 20 - 3 9 22 18 &0 20 15 10 T ] 3 i 291 31 1
® 2 3 ] 7 1 S L] & L] T & o 122 20 20 hd 3 19 g6 22 17 15 11 8 -3 L4 2 1§ 91 31 31
e 1 2 & S 5 s L] 4 & -] 3 5 120 20 20 A 2 1 32 29 18 12 9 7 ] 1 L] 19 90 32 32
-« 1 1 3 &« S5 &« 3 3 3 3 2 4 120 20 20 « 0 15 28 26 16 }1 B8 8 &6 2 ¢ 17 BB 35 35
3¢ - 1 1 3 4+ 4 3 3 3 3 3 1 2 119 24 20 - P13 24 22 13 9 B ;] 7 3 1 11 88 35 35
- -
SoDRD0OSDSLROUERNENOUNECLUSCEbDOROURRRRBEREDS cane aefdhhARARADGde
PER. 4& 22 14.7 11 848 7.3 5.3 5.5 #.9 4.4 4 (DAYS) PERIUD &4 22 14.7 11 BaB8 7.3 6.3 5.5 4.9 444 4 [BAYS)

Table A-3, Analysis of the high frequency variability of the
wind at Wallops. (a) Zonal, (b) Meridional.
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(51) SEASON= WINTEH SEASON= SMPRING .

POMER (MA/SECZ) var N P.R.E. POWER {H2/SEC2) VAR N P.R.E.

KM @ ° .

60 ® 153 393 Jah 275 337 343 217 127 1b4 134 41 3@ 9 125125 L 7T 40 (g1 107 96 65 a4 &)1 4l 29 13 4o 7 133133
¢ 151 426 433 31ln 310 291 187 122 148 104 35 332 48 78 78 + 11 47 484 101 82 S6 4l 39 40 &0 22 78 %2 83 83
* 132 472 %54 367 270 235 167 120 91 66 28 Je9 90 32 32 « 21 60 85 89 &6 42 36 34 4l L2 29 43 103 21 ¢1
® 126 49R 602 382 ¢5¢ 231 189 129 RS 70 32 Jas¢ 124 20 20 e 25 63 77 76 60 36 20 32 A0 44 22, 73 154 18 18
2 13R 556 663 410 27+ 2b5 217 las 97 97 &8 «0% 147 20 20 « 24 55 6% 63 55 36 26 27 31 29 12 S8 207 17 17

S0 ¢ 171 656 752 45A 321 291 230 147 96 102 55 a74 160 19 1y a« 24 S0 BH BT 92 36 23 22 24 20 8B 53 232 17 17
2 214 727 80 a8s Jap 293 211 129 71 TU 40 49a 170 19 19 « 21 51 47 95 47 32 2F 19 21 19 B 51 Zal 17 17
@ AT T0R Fe7 4dl 334 261 179 11l &3 2% 17 48a 174 19 19 # 31 53 s5& 50 40 25 19 18 20 19 9 49 245 }7 17
® 236 bl6 BT4 661 30Y 211 139 94 29 £ 2 396 176 19 19 e 35 %6 52 45 35 23 17 16 6 1T 9 a5 246 17 17
° 221 507 Shh 421 266 157 105 84 32 T 5 338 177 19 19 e 40 &1 S 43 33 22 16 la 13 13 7 46 248 1T 17

G @ 201 411 455 350 207 107 89 dv 47 1 S 281 177 19 19 ® 43 b b Al Il 20 1% 13 12 11 e  4b 250 17 17
° 176 329 346 273 Ilne 71 67 88 62 19 1 23w 179 19 19 o 40 56 47 38 <9 7 14 4 11 9 5 4l 250 17 17
@ 143 253 262 £06 11v 95 50 &y 6F 31 8 182 179 19 19 @ 32 4T 41 46 2% 16 15 1% 10 4 & 3% 250 17 17
¢ 107 191 195 148 8y &8 38 44 46 27 T Ois9 T8 19 1w ¢ & S8 Jo 28 20 & 16 12 g 10 7 3% 250 1717
@ 76 137 136 102 &7 40 28 Ju W 19 5 a8y 178 19 19 # 19 32 30 24 1T 1)1 10 B, & 9. & 24 2b0 17 17

30 @ 63 114 ]1¢ B4 5B 36 24 B 43 1 a4 T2 178 19 19 ° 18 30 ¢9 23 16 .10 8 T 5 8 .6 22250 17 7
L) o
ocvaoao poboboDODORD G OUOROD OO RO L ERC RN RCC OB NUANDEROOQUATRDTERRRD

VER. 48 22 14,7 1] 8.8 To3 5.3 5.5 4.9 4.4 & pays) . PERIUD &% 22 4.7 11 BeB 1,3 6.3 9.5 4.9 4.8 4 (Davs)

SEASON= SUMMER SEASQN= AUTUMN v
POWER (M2/SEC2) vaH N P.R.E. FONER {M2/SEC2) - VAH N P.H.E.
KM e L
50 & 0 B3 109 69 75 116 12¢ 934 I3 65 Il 14 2% 109109 © 54 .10 110 103 o7 32 4% 66 74 9% S7 136 15 120120
@ 3 69 82 64 I 95 94 Iu 68 63 31 -91 53 70 70 o &5 99 Jo4 94 65 37 43 63 T4 Bl e 97, 45 80 80
e 3 31 51 63 T4 66 Sb6 9T ST &9 23 &b 119 1% 19 e 30 80 ©3 82 66 &9 &5 61 6b w2 33 Y8 99 22 22
¢ 2 29 43 99 67 56 ab I 50 I9 1T 64 196 14 18 e 24 T2 Bh T3 62 B4 4T b4 55 L0 28 a4 ka8 19 19
- 3 19 33 «1 53 48 44 &6 42 JI9 2D 60 232 17 17 ® 26 76 B6 6B 54 4T &)1 42 4D 39 24 79 170 19 19
50 @ 2 la 23 32 37 3w 31 Ju 32 34 17 3t 253 17 17 # 34 B6 93 o8 &6 39 36 36 34 I« 20 T« 185 18 iy
* 1 190 17 2% 27 &4 19 21 27 26 1¢ 27 263 16 l6 + 42 91 93 b8 44 33 32 33 32 29 e 76 200 13 ld
= 0 A 15 22 23 Iy le 1w 22 21 1D 25 ¢67 16 16 = 45 B9 Be b3 40 26 25 2R 2 b 13 o7 205 18 18
= [ & la.lB 19 16 16 i 17 1% 7 20 268 16 leo - ‘oBa Th 57 3T 20 18 21 22 21 12 s7 207 18 18
s ] T 13 16 16 14 1% 1la 13 11 S 18 268 16 16 = 5 Bs 74 583 36 16 14 17 17 20 13 ST 208 18 18
4e° o e 13 17 15 11 1l 11 10 % 5 13269 1616 ° B 90 78 58 33 14 13 16 15 I7 11, 60 208 18 18
= o 6 13 17 I> 12 11 11 18 9 5 17 dés lo le ° B4 B9 e A3 27 1s 12 -15 14 12 8 55 208 18 18
b 1 € 12 16 1s 12 12 11 g9 i 3 13 266 16 16 e 48 7 S8 36 £3 15 13 1% 12 8 [ 43 207 18 18
- 2 6 10 14 13 10 10 1op -1 & k] 12 265 1é& 16 ¢ &0 o5 45 27 21 18 14 14 9 6 L 39 247 18 18
= 2 & 8 11 11 8 % v 7 o 3 11263 16 le = 33 53 47 22 18 15 12 11 B 5 3 32208 18 18
jJos 2 S5 = 10 10 8 9 8§ €& o 3 v 268 16 16 « 29 45 343 19 15 12 10 5 ¥ 5 2 23 207 18 18
a * a
CeENIEARDCES $oooDOOCODRG apLpo tbad
PEM., 46 22 14,7 1] 8.8 7.3 6.3 5.5 4.9 4.4 4 (DAYS) PEHIUD 44 22 1427 I} BuB 7.3 6.3 5.5 4.9 4.4 & (DAYS)
(D)} seasons winter
SEASUN= SPRING N
POWER (M2/SEC2} VAR N P.R.E.  POWER {N2/SECZ) VAR + H PuRME.
KM = .
60 * 15 161 213 211 208 177 140 75 28 4l 3
© 27 160 193 163 160 152 136 73 39 & gi }zg ‘? 1§ga$; : }g g‘z’ £3 58 63 62 -48:.40 44 64 41 65 7 139348
* 44 155 157 103 102 113 65 62 35 4] 22 Izl 88 35 35 + 'S 55 46 45 5655 e 36 o9 49 o T2 a2 ed1se
* &9 145 137 95 96 99 BgH 64 &2 31 N ' 4 + - 21 21
@ 43 133 133 107 230 103 91 70 45 33 i; i;g iig gé g; $ ol 2 2 38 34 32 32 29 2223 1b 38 154 19 18
S0 ¢ 41 127 133 114 111 98 00 72 46 42 28 131 152 =0 =0 ViR n B oo owmoa.moaole 3o Ty
2 40120 132 112 93 75 79 69 44 47 29 119 162 19 19 o 305303 2 z5 23 @z a4 2423 12 3523 1717
® 38 108 126 111 B8l 58 &5 S5 37 46 29 104 156 19 19 : T 23 31 26 24 22 19 20 21 19 9 . 30 241 17 17
* 35 89103 99 75. 51 54 43 30 40 35 95 167 8 24 30 25 22 20 16 15 16°16 @ 27 245 17 17
1028 66 73 T6 62 44 43 34 25 26 To o4 le7 2020 - 5 33 oo o 201805 de 37 2rae 1w
40 =-19 47 S5 59 5 3% 3+ 26 21 20 10 54 167 R L REER Rz s B 7z
° 12 33 A3 &7 %1 33 28 21 19 19 “ 6 1T 20 18 16 13 31 I 13 12 6 19 250 17 17
19 1% 10 43 165 19 19 « & I8 7 16 la 10 100
< 9 23 31 34 2B 24 22 19 la 1y 8 32 166 19 1o . 11 12 11 5 19 250 17 1%
s & 18 23 2 20 13 1s 15 lo.1s & oo et 1212 © o613 18 13 12 10 9 9 10 8 3 13280 1717
. L 131817 17 18 15 10 d0 10 4 1516k 2020 M A - & &.3 12z a1z
e 2 1 ' . o
2 16 15 16 1% 15 8 7 8 4. 14 166 19 19 = 1 5 8 B 8B 7 7 6 6 6.4 '8oop :; i;
HO0SRREOSERNBS ™ - -
PER. & *Rue L5 ] sasnay -
4 22 14,7 11 848 7.3 6.3 5.5 449 44 4 (DAYS) PERIOD 44 72 18.7 11 6.8 7.3 653'5.5-5,9-444 « 4 [DAYS)
SEASON= SUMMER
SEASON= AUTUMN
POWER {(M2/SEC2) VAR N P.R.E. POWER (M2/SEC2) N VAR N P.R.E.
KM = - -
60 = 10 55 49 40 55 51 41 41 38 3
* 8 40 37 37 SI 4B &0 39 J¢ 3 v o 4 109109 T 2% 6B B3 75 57 S59.°67 &3 75 75 34 110- 15 120120
* 4 2 26 33 40 38 33 29 25 30 20 35119 1o 39 - o5 & 78 69.54 43 SU 48 63 69 32 82 45 8O 8O
© 2 1s 23 27 26 26 26 22 .15 23 15 39 1ee Lo 12 : 9«65 &0 S0 3T 28 3D 50 58 7. 66 99 22 2
T 2 1s 20 2l 2005 21 21 20 18 5 2623 717+ 5 <3 4 ee 39 op 25 2 A3 4T 2 59148 1915
S0e 1 11 19 20 18 le 1F 17 17 16 a8 oG 717 T 9 42 54 45 39 32 25 2B 35 I7 I8 S0 170 19 19
2 1 10 17 18 15 14 14 14 14 15 g 20 263 16 16 .2 g’ 44 36 36 31 26 27 31 27 13 4% 185 14 1a
> 1 1o 15 14 12 11 N 2z 13 13§ e cer lele ® 8 33 3 31 M 28 21 25 25 18 .7 36199 18 18
© 1 B 12 10 B 9 10 Il 1l 10 S5 13 268 16 16 T 7 39 3 23 .29 23 16 20 20 14 & 31 205 18 g
® 1 6 9 7T 7 9 10 10 5 B & 112638 16 16 ® 7.29 34 27 22 17 12 1% 17 15 T 27 207 1a 18
40% 0 4 6 & 6 8 9 9.8 & 3 @389 le 16 o 25 32 2 18 13 10 12 16 12 T 25208 18 ls
@ 0 3 & 6 6 1T B B8 7 & 3 % 268 16 ) N 5 20 28 22 15 12 10 12 15 13 5 22 208 "18 18
r 0 3 5 5 1 & & & 5 s o § 266 16 Ig : 4 17-22 17 1312 10 12 12 1o 5 18 208 18 1
a o 2 & & & 5 & % . - 3 4 265 1o 16 . 4 15 17 13 11111 e 9 4 g 5 15 207 18 18
Wt 9o s ¢ 33 3 3 3 3 5 (33 R v 2 lé 13 1119 31 8 L7 % 1z s
[ . » g
L 02 4 40303 3 3 3 3 2 g2 1s1s *T1 4 7% a8 7 6 5.5 3 1 22 o1
s i . N -l - *n I,I.‘ SaEsSanddididane
ER. 46 22 14,7 11 8.8 7.3 6.3 5.5 4.9 4.4 & (DAYS) PERIOD 4% 22 14.7.11 8.8 7.3 6.3 5.5 4.9 4.4 4 (DAYS]

Table A-4,. Analysis of the high frequency variability-of the
) wind at Pt., Mugu. ' (a) Zonal, (b) Meridional.
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(a) season= winten SEASON= SPHING
POWER (K2/SECE} VAR N P,R.E. PONER (M2/SEC2) VAR N P.R.E.
KM & L3
60 ¢ 102 369 464 348 251 289 102 171 99 1l w0 32< 90 31 31 + 26 98 1I7 99 ®D S8 S7 97 1Zo 110 51 150 leéd 19 92
¢ 92 3IRA 479 366 263 2Ys 308 18I 113 11T HT 407 126 20 20 = 20 B8 106 92 &% S0 S0 72 9B 103 5& 109 1BG 1 LA
e 97 372 #82 383 27J 283 285 17d 132 141 ST 359 154 19 1% « 33 T4 H6 TB BT 46 45 42 58 86 53 9l 209 1o 1B
o FIA 384 464 3TI 267 262 254 1b2 120 132 60 385 171 19 19 ° 35 68 73 10 ol 53 46 35 39 b3 42 B3I 233 17 17
@ 127 399 465 393 452 246 235 139 99 113 59 335 142 18 18 o 34 64 6B 69 &7 56 41 29 31 4y 33 77 251 17 17
50 © 14} 423 4TT 345 239 217 192 128 101 107 »5 349 190 18 18 s 31 6F 6B 67 65 52 36 27 30 49 33 73 60 17 17
o 156 431 475 344 235 195 158 Ilo 110 111 59 340 195 18 18 ¢« 31 63 oB 61 S &6 3y 31 32 47 29 73 268 17 17
° 163 404 428 320 227 174 laz 115 10S 107 61 329 198 14 14 o 30 64 TO &3 LI &7 44 36 44 Jo 18 6T 271 17 17
® 170 380 382 263 201 159 131 104 d& 42 4aH  2B3 202 14 I8 e 31 65 Tu &9 59 49 4L 3F 28 ¢6 11 Tb 273 17 17
® 173 36% 356 240 les 14l 117 A7 67 55 29 2h3 205 18 1A * 33 63 68 59 5l 42 32 24 22 20 10 58 274 lo 16
40 © 159 339 326 205 134 1lw 99 d1I 65 40 1& 23 <09 18 I8 © 33 59 58 45 38 32 ¢e 21 20 vy v 52276 16 lo
s 139 293 260 185 117 94 74 68 62 36 )1 19v 213 18 I8 = 30 57 45 40 33 29 2« 19 19 17 uw a6 28! 16 le
© 120 245 250 1é6 100 71 5@ 49 S0 34 11 167 215 18 18 s 26 52 62 49 31 27 22 18 18 16 T &b 284 16 16
° 9 192 169 13% TH 52 38 34 3% 27 10 130 213 18 K e 20 41 &2 36 30 25 19 17 17 1b T 3B 286 16 1b
& TH 142 145 A9 b6 35 20 27 25 20 8 94 212 18 18 e 16 32 36 31 26 19 15 14 13 12 6 3l 287 1o 16
30 ¢ 65 117 119 A3 46 26 22 &9 23 17T 6 6o Zl4 18 1A e 15 31 33 29 ¢£3 16 13 12 11 10 5 26 287 16 16
.
Qoo > occosepddooscomodnos -
PEH, 44 22 14,7 11 BB Tod 6.3 Heb #.0 4.4 & {DAYS) PERIUD 44 22 14.7 1] BuB 7.3 6.3 5.5 4.9 4.4 4 {DAYS)
SEASON= SUMMEH SEASON= AUTUMN
POWER [M2/SEC2) VAR N P.R.E. FOWER [M2/9EC2) VAR N P.R.E.
KM & °
60 © 7 &5 112 122 1u4 95 94 Y& 107 8% 31 154 137 19 19 8 14 lké 155 197 171 149 114 116 97 78 45 168 127 19 19
& 6 66 102 102 92 89 87 91 99 /5 28 105 188 17 17 s 15 L6 149 153 led 138 107 112 100 €2 45 170 180 18 18
e 9 57 A2 7+ T0 79 8y 85 AS &8 31 110 229 17 17 e 20 104 152 156 146 117 94 107 10B 90 &% 146 213 18 18
¢ 7 3p §9 56 S 66 T« 75 69 64 35 81 253 17 17 = 30 117 168 164 140 109 91 107 112 96 &7 181 227 17 17
@ & 27 40 4Z 42 55 &b 6% 53 S0 2B 6b 268 1& 16 o 135 120 1/2 152 115 98 93 97 93 85 &5 162 238 17 17
S0 5 3 2P 34 34 39 45 S& b2 4l 38 22 55 219 16 16 o 38 110 150 11% 75 77 84 75 6&F S6 32 23 252 17 17
e 2 19 3z 3T 37 36 40 3% 32 29 l6 43 PB6& 16 16 ° 43 946 112 86 SB 64 &7 ST 45 J9 22 92 264 1T 17
. 3 1R 29 33 33 30 31 32 29 26 )2 37 288 16 l& * o= 89 9] T2 53 95 55 44 62 37 19 47 267 16 )6
e 2 14 25 28 28 25 24 £9 29 Jé 11 3b 290 1o )6 e ".y BT Bb 69 54 B 4v &3 37 31 16 81 271 16 )6
= 3 17 25 28 29 2+ 19 23 2 22 10 2B 294 16 lo e &4* B2 To 69 5B A% 44 39 31 26 2 75 275 1l le
ap e 3 17 24 28 31 26 19 19 20 1y 9 35 300 16 le ® 46 86 79 68 52 37 3% 33 29 25 13 T2 278 16 16
e 2 12 1a 22 24 20 17 1% 15 164 7 21 363 16 16 = 48 92 s 63 «0 25 22 2% 28 2T la 69 277 16 1&
= 1 7 13 7T 1% 13 1s 13 11 I 6 1> 304 6 16 ° 44 i T6 94 33 20 l6 20 26 24 11 59 277 16 16
e 0 A 13 16 13 11 13 1¢ 11 10 S 17T 303 16 16 ° 36 bbb LB 42 29 20 kY 19 gl 19 9 &% 277 16 16
= 1 A& 12 1a 12 10 10 9 9 8 & 12302 16 l6 « 26 51 43 33 ¢5 8 )7 17 17 1T 10 39 277 16 16
30 @ 1 A 11 12 10 8 7 T 7 ? 3 10 304 1o l&6 « 27 46 34 49 22 16 15 15 15 17 1¢ 33 278 16 1s
-] -
LYIxr ) decsceddoscssnood Id...'lIIIIIﬂIlIICGQQQOOOOOQOOQGG.‘.l....l...'
PER, 44 22 14.7 Il BuaB Te3 6,3 5.5 4.9 4ou 4 (DAYS) PERIUD 4% 22 14,7 11 8.8 7.3 6.3 5.5 4.9 4.8 & (DAYS)
(b) seasen= winter SEASON= SPRING
PONER (MR/SECE) VAR N P.R.E. POWER (M2/SEC2) VAR N P.R,E.
KM = a
60 * | I07 158 162 156 132 115 117 115 114 61 168 90 31 31 « 2 31 sB 66 63 TO T? 78 15 63 30 95 140 19 19
e 11 118 170 167 152 122 498 101 107 99 4% 176 126 20 20 @ 1 29 5! 57 53 63 70 Tl V0 &6 34 76 ka0 13 18
® 729 }3) 167 3151 130 loo 71 BI 100 90 44 l&b 150 19 19 @ 0 26 42 43 44 51 57 57 59 62 33 68 209 18 18
® 43 t3e 148 125 107 79 sl 76 95 9§ 53 1a6 165 19 19 e 2 23 36 36 3B 44 4% &5 46 a4 23 52 233 17 17
® 44 137 146 129 108 T4 &5 T4 B2 B5 &7 138 177 19 19 = 5 22 29 230 33 4D 40 37 37 38 21 Al @51 17 17
50 © 42 133 15} 138 116 77 71 76 77 &8 32 136 185 18 14 e & 2I 27 20 33 4D 38 34 36 42 25 51 260, 17 17
* 44 1290 148 135 106 T7 T1 T3 ¥4 59 24 138 189 14 18 = f P2 3¢ 33 3T 40 35 29 32 3% 23 b 6B 17 17
¢ 37 109 130 22 Y96 T3 648 64 60 48 20 117 192 18 14 L & 22 32 36 35 36 232 2T 29 33 1% 45 271 17 17
° 2R on LI} 99 77T 61 60 S6 48 &l 21 94 193 18 18 ¢« 5§ 21 32 34 32 30 29 21 27 26 14 39 273 }7 17
# 25 T8 9p 7% 61 S0 49 483 42 39 21 84 195 18 18 ¢« .5 20 29 28 26 27 26 24 20 17 8 32 274 le 1e
40 @ 21 S8 64 H6 53 43 35 23 33 34 19 62 200 18 18 e 6 19 25 23 22 23 23 19 15 12 6 26276 16 16
@ 14 40 S50 S1 4B 36 25 22 26 28 14 &5 205 18 18 * & 16 19 20 20 20 19 15 12 2 6 23 281 16 16
S A 30 4& 47 &0 D32 23 21 23 23 12 45 209 18 18 © g 13 15 16 16 16 & 13 12 13 T 19 284 16 l6
o S 22 33 3% 30 é6 22 20 19 20 11 34 208 15 18 A4 5 12 13 13 12 12 1l 13 1lz2 1l2 7 18 286 16 le
d 5 18 23 23 g2} 26 7 13 12 1% 10 23 205 18 18 * 3 10 12 1} g 1o 12 1¢ g 10 6 13 287 16 l&
3 6 15 19 18 1l 17 15 10 8 12 & 17 208 18 18 « 2 & 11 10 9 o 10 & 6 8 5 11 287 16 16
& o
- SRR "ea® *S8ES
PERs #& 22 14,7 11 84B To3 6.3 5.5 4.9 4,4 4 {DAYS) PERIUD &4 22 14,7 L1 8.8 To3 6,3 5.5 4.9 4.4 & {DAYS)
SEASON= SUMMEH SEASONS AUTUMN
POWER (M2/SEC2} VAR N P.R.E. FOWER (M2/SEC2) VAR N P.R.E.
KW * -
60 ¢ 1 41 6% T6 T& &9 61 52 61 67 33 88 137 19 19 +« 3 4B 79 92 9% 88 T4 Bl 72 77 49 115 §27 19 19
- 1 39 65 %2 &6 58 S5 90 56 62 31 79 188 17 17 & 1 &4 71 B8 91 B0 TI TI 69 T4 a4 94 kY9 18 18
« 0 33 59 65 55 48 S1 44 46 S0 26 63 229 17 17 @ p 45 62 77T 83 T4 63 51 59 61 33 92 213 18 18
¢ 0 26 47 54 53 S2 S0 4« 39 38 20 &4 253 17 17 @ 11 51 65 63 66 65 52 &6 44 41 21 70 226 17 17
@ ] 22 3T 3% 43 &7 w2 38 36 32 16 46 268 16 16 + 12 53 &5 56 45 Hé 43 36 36 30 13 A0 234 1T 17
50 2 21 31 29 30 3& 35 33 33 28 13 41 279 16 l& a g 49 &£& 58 5S4 50 33 33 35 29 11 62 249 1T 17
+ 3 19 30 27 25 29 30 28 27 24 11 36 286 16 16 @ 7 Ak 61 57T 53 49 3T 30 31 26 11 57 261 17 17
» 2 16 26 26 24 23 22 22 22 20 10 30 288 (6 1& @ g &0 52 48 47 4& 34 29 29 25 11 50 264 16 16
*« 2 12 18 22 22 18 17 19 19 17 B 24 290 1o L& @ 6§ D4 46 H2 43 38 28 26 26 2& 13 4T 271 16 16
e 2 8 13 16 17 15 14 16 18 16 7 19 294 16 16 e 4 32 &1 37 38 32 21 20 1¥ 17 1o 35 215 15 67
40* 1 7T 11 3 1& 13 12 12 1a 14 T 16 299 16 16 « § 29 36 31 31 25 15 15 1l 11 6 31 278 16 16
e 1] 7 1o 11 12 2 It 9 10 11 5 13 303 1I6 16 « 5 23 26 23 23 18 12 la 15 2 6 23 277 leo le
¢« 1 6 © 9 % 16 9 9 9 9 5 12 364 16 L6 e 5 14 22 19 18 13 12 15 15 1lI § 21 276 16 le
© @9 4 7 B 8 8 8 8 8 B 4 9 303 6 16 = 3 15 20 18 1& 12 11 1l& 13 9 4 19 277 16 l6
e ¢ 3 & ? T v v 7 1 & 3 8 302 6 16 * 2 11 15 16 16 12 10 11 198 9 S5 16 276 16 l6
0 0 3 & 1T 1T T T 1 & & 3 8 304 16 16 ¢ 1 9 13 )& 15 12 % 9 9 9 S 12277 16 16
L4 -
- o dRRSERbDERERUERRERON &
PER. #& 22 14,7 1! B.8 7.3 6,3 5.5 #.9 4.4 & {DAYS) PERIUD &4 22 14.7 11 8.8 7.3 6.3 5.5 4.9 4% & (DAYS)

Table A-5. Analysis of the high frequency variabiliFy-of the
wind at White Sands. (a) Zonal, (b) Meridiomal.
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(51) SEASON= WINTFR SEASUN= SPHING .
POWER (MP/SECR) VAR N PuH.F. FOWER (R2/5EC2) vaw N PaR.F.
KM 2 o
60 2 181 354 274 236 205 114 Mov 119 84 7 20 244 12 120120 e 14 78 Il 49 60 GO- 48 S50 60 Te &b Y8 B 124124
@ 17] 336 264 210 18> 1lz 92 194 87 29 3 231 58 &b &6 e 16 77 oD 77 6@ 57 4B &5 S5& 65 3T 43I 62 62 62
® 161 308 245 175 163 111 BT 98 #5 S6 20 207 107 21 21 s 20 71 I8 57T 45 60 45,38 42 4T 26 T4 115 21 21
¢ 185 297 241 177 165 ll6 93 102 H5 66 31 223 l&7 19 19 « 26 6B 66 46 4% AR 35 25 33 33, 1% HH 165 19 19
° 146 286 257 197 173 113 89 102 Be 67 32 <26 179 19 19 @ 32 71 &8 49 41 35 24 22 2%. ¥5. 10, %y 191 19 1o
50 @ 139 281 277 225 186 111 41 92 79 53 g1 <Zlb go0 18 1y @ 3b T2 Te w2 48 28 19 U 25 <24 11l - 56 204 19 )9
® 128 265 290 266 207 10A &0 92 73 40 12 231 215 1y 14 @ 37 Tl T S2 35 23 ld 20 22 4. 14+ 45 214 18 1n
= 114 242 281 269 P00 96 B0 9p 70 3b 1N 21w 227 18 1a ® 36 o> bb B2 3N 25 21 21 #0 <20 12 5S4 220 lu 18
* L1} 231 25A 236 k73 Ba 71 Hl 60 29 6 1BY 231 18 18 * 30 55 b9 55 44 29 22 21 17 16 9 51 227 18 18
@ 120 231 22R 192 141 TS5 &2 %9 a3 21 2 1¥% 231 18 18 ® 22 44 %5 »9 47 27T 18 18 16 & 7 %7 232 18 18
40 ° 126 224 19T 147 105 61 S1 41 27 16 & 143 232 18 le @ 17 40 B4 S6 &2 22 13 15 18 l& T 42 234 18 13
© 1le 207 168 107 74 47 39 2 16 1o 8 120 £33 18 18 # 17 &l 5 90 do 2o 13 13 14 la 7 38 232 18 14
° 97 177 137 17 56 41 31 ly 12 15 9 95 233 18 1R ® 20 42 AT 44 35 21 1s 13 12 13 # &0 229 lo s
@ TR 139 101 ST &5 37 P8 Mg 14 15 8 79 230 18 1A ®= 20 36 35 34 0 Q1 s 12 11 12 7 35 228 14 1
# 54 93 69 w2 37 33 25 17 1a 1 7 56 225 18 18 # 1h 25 de 26 23 17 11 9w 10 11 & 23 226 18 1B
30 : 43 T4 56 36 36 41 23 la 13 13 7 &S 221 1b 14 ® 11 20 &1 2Y 19 Y5 10 B 9 9 % 1Y 224 18 1y
°
oscpopoROeddIIDY LA 2-3-2-2- 0 k1 321
FER. 44 27 6.7 11 8.8 7.3 6.3 59 449 k& & (DAYS) PEHIUD 44 22 14,7 11 848 .3 6.3 5.5 4.9 4.4 4 (DAYS)
SEASON= SUMMER SEASON= AUTUMN ' 0
PUWER [M2/SECS) VAR N P.R.F. FOWER {M2/SEC2) VAR ‘N PuJR.E,
KM ® a '
AU 23 32 BA 112 99 97 122 1190 BT Te 44 1lo 18 109204 ® 34 115 97 73 67 35 3J4 102 122 63 1T 122 26 109244
© 11 45 B9 105 9% 97 120 lla 79 64 35 120 &8 5S4 54 * 41 120 101 &B 61 42 34 78 92 55 21 349 58 &61%6
@ 1} S50 %3 100 78 77 101 16} 76 S5 25 106 136 20 20 * 44 116 192 66 b2 S1 &) SB 62 43 24 100 9% 28 28
® & %1 91 96 67 S6 T6 HBa 75 TO 3IT 93 179 19 19 2 40 101 96 70 61 4B 4% B8 59 9 25 92 125 20 20
@ 13 %3 Té Té 60 52 59 &1°%9 T£ &5 106 199 19 19 ® 41 91 92 68 53 42 39 46 47 a& 24 B 156 20 20
50 @ 10 33 46 47 44 40 42 4a 43 4B 2R 45 213 1B 1B ® 42 B85 MUY ok 49 41 33 33 31 M 1B V1 L7T. 19 19
@ & 17T 2T 33 30 27 30 3% 35 31 15 4l 224 18 1A ° 42 T6& T4 62 & 35 27 27 26 21 Il &7 lRe 19 19
> 3 4 23 2e 24 24 27 &3 27 24 14 33 231 18 18 3 46 FO 3T A 27 24 24 2k 20 9 55 191 19 1y
® 3 15 23 2% 2> <26 27 24 21 20 11 26 235 18 )H ® 3 62 &% B3 JbL 24 25 22 20 19 v b2 200 19 19
® & 1A 26 27 29 30 30 2o 21 1t 8 39 237 w18 ® 3% 62 Y2 96 30 27 26 18 14 16 9 55 206 13 18
40 ° & 16 23 24 25 27 28 Q¢ 19 1t 9 29 238 18 18 * 33 57 H7 96 32 25 23 16 1ls 12 & 4621t 18 18
@ 2 12 18 20 20 20 2v 13 158 1s 1o 24 234 18 1¥ e 32 =1 by 55 3% 22 17 17 1% 1o % %8 214 18 18
¢ 2 9 15 19 20 17 15 la 13 15 9 20 238 18 18 ® 28 ~v 49 4T 31 17 12 )% 13 10 5 39 213 19 19
¢ 1 7 12 18 20 15 14 14 12 12 T 14 237 18 18 @ 19 3b 4 35 24 13 QU 12 12 12 7 31 213 19 19
¢ 1 A 10 la 15 14 14 13 12 1+ S5 18 233 18 e * 11 ¢ g2 27 18 11 9w 11 11 12 7 24 212 1919
30 1 6 9 11 12 13 14 12 11 4 S5 11 229 1B 18 * 9 24 30 2 16 10 "9 1% 10 10 & 20 2l0 19 19
* L
GSoPSA0DAGOOdERBRERELOD B3SO CEOGGGYNOGROORCRdRacddnlPonaacsdbissanas -
PER. 46 22 1447 11 848 T.3 6.3 5.5 4.9 4.4 & (DAYS) PERIOD 44 22 14.7 11 8.8 7.3 6.3 5.5 4.9 5.4 & [DAYS) -
(b) season= wintER ' SEASON= SPRING .
POWER [M2/SEC2) VAR N PuRE. PONER (M2/SEC2) VAR N PeR.Ea
KH = - =
T 60" & 82126 130 125 115 92 T1 63 45 17 109 12 120120 = 2 26 30 37 49 39 26 27 3T 45 25 A9 B 124124
° 1 75 129 139 129 111 87 77 68 41 14 134 6B 66 66 e 0 25 32 35 42 3T 30 3& 37 6 19 46 62 60132
< 5 67 124 131 113 89 70 7} 67 43 16 190 105 21 21 < 0 25 37 32 29 @29 31 3&% 31 & 11 3B 115 21 23
® &% 63101 98 B0 65 54 58 62 52 23 90 145 19 19 = 3 27 31 30 23 23 24 26 23 19,- 6 , 32 165 19 19
« 1§ 63 B1 T4 63 54 49 55 57 47 22 82 1717 19 19 * 4 22 30 2T 23 22 21 21 22 lg 7T 31 19F 1919
50 ® 22 &6 T4 63 53 51 47 46 46 39 19 T0 198 18 18 = 3 18 25 24 21 19 20 22 26 22 Il 27 204 19 1o
* 22 &7 T 56 AT &9 4T 42 41 35 16 T3 193 19 19 - 3 20 28 24 19 1o 18 22 23 26 15, 31 186 13 19
* 21 6B 76 55 45 47 &5 4] 136 26 11 6l ge5 1B 18 « 3 22 33 26 19 19 21 20 I8 22 13 29 220 18 i8
= 20 66 T1 55 S0 46 39 37 33 23 9 69 230 18 18 * 5 26 34 26 21 P2 22 18 1+ S, 9 32 227 18 18
® 17 S& 57 51 4% 38 30 32 33 25 10 63 228 18 14 . g 26 31 23 1% 15 18 17 15 14 8- 27 232 18 18
40 © 16 45 48 44 4l 29 22 24 27 35 11 47 229 18 18 * B 22 27 22 1% 17 15 15. 15 14 7. ®5 234 )18 18
@« 13 37 40 35 34 28 20 19 20 21 11 39 230 18 18 » & 19 26 22 19 18 1lé 13 14 }3, 6 24 232 18 18
¢ g 27 30 27 30 27 20 17 16 16 9 32 230 18 18 * 4 15 23 21 18 16 1+ 13 14 11 5 23229 1B 18
¢ R 23 25 2} 23 23 18 la-12 10 5 25229 18 18 « 2 10 15 16 1S5 13 12 11 11 9 4 1lo 228 1818
- g 21 22 18 17 17 14 1o a8 T 3 19 222 18 18 * 1 8 11 11 10 10 10 [} [:1 7 o 12 226 18 18
30 * 9 20 21 17 15 15 12 9 7 & 3 18 218 18 ]a ® 1 7 11 9 H 8 9 T -] [.] 3 8 224 18 18
£ -
pew - o#oo - *ERE0 LT L L LA g fal -
PER« #4& 22 1%.7 11 8.8 7.3 6.3 5.5 4.9 4.4 & (DAYS) PERIUD 44 22 14.7 11 BB 743 643 5.5 #.7 4.4 & (DAYS)
SEASON= SUMMER SEASON= AUTUHN
POWER (M2/SECR) VAR N P.R.E. POWER [H2/SEC2) - VAR . N PuR.E.
KM ® - - N
60 * 3 43 65 75 ¥3 74 8l Bo T4 66 33 108 18 112112 ¢ 16 46 36 4T 69 58 36 34 32 33 21 IT 26 109109
# 1 42 S8 63 63 65 70 69 64 &0 31 75 &8 54 54 ¢ 32 38 35 &5 S5 &6 3/ 3% 31 30 18 a2 58 67 67
@ 5 37 50 51 53 54 S0 48 49 SU 26 67 136 20 20 - B 33 38 40 35 32 41 44 26- 30 15 %1 94 2 28
® 4 29 43 AT 49 &7 4l 41 &1 37 17 S5 177 19 19 * B 38 A3 36 2B 31 43 45 40 33 16 51 125 20 20
® 2 21 34 40 41 39 38 40 39 29 13 45 196 19 19 ® B 3T 43 3 32 37 38 31 30 32 17 46 156 20 20
50 * 1 16 3@ 3T 35 33 32 33 35 29 13 42 212 18 18 - B 34 &3 27T 37T 40 34 23 23 28 15 4T 176 .19 19
e 2 18 32 3% 29 27 286 B9 I 26 12 37 195 19 ig * B 32 43 238 33 33 27 22 23 25 13 sl 159 20 20
- 2 15 27 28 23 2& 27 239 26 20 10 33 231 18 18 - B 30 »~0 34 27 25 22 23 26 25 13 38 188 19 19
e 2 10 17 22 23 23 2+« 234 20 1& 8 26 235 18 la e 7 24 34 31 2 20 20 23 27 24 Iz 36 199 19 19
e 1 7 11 16 19 19 17 16 14 14 8 20 236 18 18 i 7T 21 29 30 24 17 15 18 22 2] 10 26 205 18 18
40 @ 1 7 10 12 14 14 13 12 12 13 7 14 237 18 18 e 8 21 27 3¢ 26 18 14 15 18 17 8 30 219 18 13
- 1 6 10 12 13 16 12 13 1¢ 1) 6 V7 237 18 48 - 8 20 ¢4 26 22 17 15 15 17 15 7 27 21+ 18 18
* 1 & 9 10 10 10 G ;] 8 9 S 11 237 18 18 - 4 14 19 I8 14 12 13 14 16 14 T 19 212 19 19
* 1 5 a 8 7 7 & [:] 7 -] & 9 236 18 18 - 2 10 3& 15 12 10 10 12 12 11 5 15 212 19 19
* 1 A T T ) 6 -] 5 & 8 & 9 231 18 18 L4 2 8 12 12 1y 9 10 10 9 9 L& 132 2t2 19 19
3 6 3 6 6 6 & 5 S5 6 T & & 227 18 18 ® 1 7 11 10 9% @9 10 9 9 B 4 10 2l0.19 19
- -
'] - - .’-'.DI....".OOGHI chasbels Snco8es -3
PER. #& 22 14.7 11 BuB 7.3 6.3 5.5 4.9 4.4 4 (DAYS} PERIOD &4 22 14.7 11 848 7.3 6.3 5.5 4.9 4.4 4 {DAYS),

Table A-6. Analysis of the high frequency variability.of the
wind at Kennedy, (a) Zonal, (b) Meridiomnal.
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(a) SEASON= WINTER SEASQN= SPRING
POWER (M2/SEC2} VAR N F.R,E.  POWER {M2/5EC2) VAR N PeR.E.
KM © o
&0 © la 251 364 280 272 25« L6Y 149 B3I k02 B4 282 7 139311 = 15 66 85 62 49 49 43 &5 66 40 13 75 7 139139
= 'R 261 335 266 279 240 155 139 103 119 91 260 21 115280 s 18 68 B2 61 52 49 41 53 59 &1 15 78 25 103103
© 44 261 295 271 304 235 147 124 94 134 103 299 &0 b6 &6 o 22 &l 69 B4 Sa a4l 3% 42 48 37 15 68 80 Ak 44
* 64 236 255 268 309 261 150 82 47 110 9l 261 85 3% 39 e 2] 49 96 2 B3 42 3L 38 a1 31 12 59 119 22 22
° 5 197 205 225 277 235 156 74 39 BY 69 214 100 23 23 = 18 45 D4 48 S2 36 23 ¢7 33 30 14 5o len 22 22
G0 % 45 171 183 197 263 233 180 96 &5 100 62 21T 111 23 23 & 20 48 b5 85 51 31 17 20 26 29 16 56 lab 22 22
® 57 190 197 194 220 219 182 10t 74 104.° 60 231 115 23 23 “ 23 B0 68 71 w1 29 11 18 21 27 11 58150 22 2%
® 93 339 224 196 194 172 145 B¢ 63 B9 53 218 1lp 23 23 « 33 43 62 71 S50 30 23 20 18 23 15 %& 1s2 21 21
° 122 272 238 178 146 113 106 83 62 73 43 231 117 22 22 = 1o 32 49 62 48 33 26 21 16 17 11 50 156 2 2!
® 123 266 220 141 43 73 73 6 68 &7 35 177 118 22 22 e 16 26 37 o0 4% 32 2% 19 13 11 7 37 1s0 21 21
40 ¢ 112 233 196 102 S6 49 S8 68 71 61 27 l4v 119 22 22 * 14 24 33 3 40 30 22 16 10 ® 5 38 162 212l
° 94 18R 152 76 43 36 40 55 65 S3 21 116 117 23 23 = 31 23 33 &1 46 27 21 15 9 & S5 "33 lel 2121
e 70 139 113 65 42 2y 28 39 51 &3 16 Hs 116 23 23 = 11 23 32 38 31 21 18 13 B 7T 4 29161 21 &1
s 5] 107 9% 63 43 27 21 27 37 31 11 Fu 116 23 a3 e 11 23 2% 3 26 16 14 11 7T 5 2 251l 2121
® 43 94 B4 b6 42 28 15 16 26 a1 6 62 116 23 23 = 11 22 £6 2% 23 13 11 9 6 & 2 22160 21 2]
30 ° 40 89 TR 51 40 30 13 0 20 17 5 4y 11& 23 23 e 9 21 ¢5 26 21 11 9 T S5 4 2 17160 21 21
- L3
-1 T-XF-T.T- 7. VeRteedodaaR T X212 fpen
PER. 44 27 14.7 11 B.8 7.3 6,3 5,5 4.9 4.4 & (DAYS) PEHIUD 46 22 14+7 11 BB To3 6.3 5u5 %49 424 & (DAVS)
SEASON= SUMMER SEASON= AUTUMN
POMER (M2/SEC2) VAH N P.H.Es  POWER (H2/5EC2) VAR N PuHeE.
KH o« -
60 ° 35 45 B3 100 1eb 17y 126 93 8t 7L 36 127 15 129324 = 31 143 157 93 S8 64 69 65 73 69 32 117 11 194513
s 2% 395 7H H6 129 1b4 119 85 76 74 38 130 35 91 9l e 29 145 [67 101 59, 57 57 &0 73 65 27 L2l &7 19 79
® R 33 62 6z 70 90 82 63 63 63 33 81 96 26 26 o 18 128 171 116 73 S7 39 44 o6& 53 18 10y 87 36 16
® 1 231 46 Su 43 39 40 &l 43 a4 26 Su 136 21 21 s 12 1u6 161 126 86 &0 27 27 48 38 11 97 1i8 22 22
© 3 17 33 &2 30 28 28 &7 <5 29 19 40 159 17 62 ® 18 100 196 126 78 S0 21 18 35 2T 7 9¢ 135 21 21
wo @ 4 1% 24 4 29 29 27 &4 20 2¢ 12 32 168 19 1% # 21 YT 144 111 &0 35 17 14 24 23 10 4q 1s¢ 20 20
© 4 13 18 20 23 2 24 21 18 1r 9 27 187 19219 © 20 86 116 82 41 24 16 14 19 24 14 64 155 20 20
© 4 12 16 18 19 20 1% I8 16 13 T 21 190 1% 19 = 17 65 86 59 29 18 17 le 18 22 13 47 161 20 20
@ 3 1o 15 17T 1s 18 1B 1¥ 16. 12 6 21 193 1919 ® 14 50 61 46 24 17 18 le 16 20 12 4l led 20 20
s 3 14 15 17 17 1& 18 1% 15 13 7T 21 19& 1919 ° 3 37 42 33 21 16 1& 15 15 19 2 33 le6 20 2
&0° 2 10 15 17 16 & 15 15 12 11 7 20 195 1919 = 11 e8 31 26 17 12 1 13 1 1T lo 25 165 20 20
e 7 A 13 14 15 12 tt 9 8 % 5 ls 19 19°19 ° 9 24 29 e& 17 12 11 12 12 13 7 24 1e6 20 Qv
© 1 & 10 11 10 Y 8 ! & 7T S 10185 2020 = 7 23 2% &1 15 13 12 11 10 10 5 22 166 20 20
e g & w I1b ¢ B8 7T &6 6& 7 4 1lu 1Bl 2020 = 5 21 47 18 13 13 12 11 B8 8 5 20 166 20 20
© 0 4 & 10 ¢ 8 7 & 5 5 3 %173 2020 = & 16 21 1% 11 11 11 1 8 8 S 16165 19 87
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60° 6 95138 67 27 35 a4l 65 93 85 38 84 T 144366 ®* 17 24 40 4B 59 57 S50 A5 &9 48 22 64 T 137306
* 4 g7 123 72 39 43 58 8% 99 74 28 lol 2l 105109 ® 12 21 Al 48 <49 &3 42 40 42 42 20 SO0 25 103103
e 7 70 96 73 S2 ST Bl 106 100 60 21 104 S5¢ 68179 + 2 21 39 41,32 20 34 32 29 30 16 4l T9 45 45
© 10 Sz 71 64 49 53 69 39 83 S8 2T 93 84 40 40 3 23 33 30 26 26 28 23 2% 23 13 34 119 22 22
* 5 37 S8 59 48 44 49 63 60 49 27 &l 98 26 26 4 21 31 31 28 25 19 15 LT 21 12 30 140 .22 22
W50 * 3 29 51 &0 63 45 49 56 45 35 19 65 108 23 23 e 3 18 31 34 28 21 16 1a 14 15 8 29 lae 22 22
e 7 31 50 59 50 42 47 4 39 31 16 &9 111 23 23 # 4 16 27 30 25 17 15 14 12 1l 5 2150 22 22
4} 3% 852 55 42 34 38 37 36 37 20 54 111 23 23 = & )& 20 26 21 16 14 I5 1é 1@ S5 20 i52 21 21
% 13 42 50 &7 37 30 29 3¢ 37 43 23 56 113 23 23 * & 13 7 19 19 16 18 16 15 10 & 22 156 21 21
e 11 37 39 33 30 30 29 32 37 36 18 45 116 23 23 * 3 11 16 16 16 14 14 14 13 10 4 18180 21 21
40 * 7 29 32 2Y 25 26 28 3] 30 22 10 3T 117 23 23 e 2 -9 13 i5 14 .12 10 11 11 % & 15162 21 2}
* & 23 23 27 20 17 20 2 23 16 7 28116 23 23 e 1 7 18 k2 13 10 & 9 10 B 3 F3lel 2121
« 5 18 22 21 Y6 14 16 19 20 15 7 23 116 23 23 + 1 & B 9 10 8 & % % B 3 10160 2121
© & 13 14 1% 15 16 17 17 16 14 ¥ 21 112 23 23 ¢ 1 & 7 9 8 & 7 8 B 7 3 1016l 21 21
# 2 )6 12 11 12 15 1s 1} 10 5 5 14113 23 23 + 1 &4 7 8 6 S5 & T 5 & 2 1160 2121
I|ro1 e 1z 10 1o 12 11 B 7 6 3 10113 2323 « 1 &4 T T S5 5 6 6 % 3 2 6160 2121
- -
LX 11] o ' - 'Y rYY Y
PERs 44 22 14.7 11 8.8 723 6.3 5,5 #.0 4.6 & (DAYS) PERIUD 44 22 14e7 1} 8.8 Tu3 6.3 5.5 #.9 &.% & [DAYS) .
SEASON= SUMMER SEASDN= AUTUMN .
POWER (M2/SEC2} VAR H P«R.E. POWER (H2/5EC2) VAR N P,R.E.
KM * .
60 * 15 17 53 64 53 36 28 50 66 72 42 6L 15 125125 @ 7T go 236 33 29 35 36 36 46 59 .35 4B 11 124124
® J1 16 47 56 51 39 32 46 60 72 &% 6T 35 68163 « § 24 37 31 28 36 35 3& &7 65 39 S0 47 79 19
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Table A-7. Analysis of the high frequency variability of the
wind at Hawaii. (a) Zonal, (b) Meridional.
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® 31 7A m9 T 71 62 &5 91 Be Tn 44 11U SR 66150 ¢ 17 97 135 68 16 17 20 21 15 22 17 &3 79231
S 31 7A 94 T4 bs &9 B3 LI} 95 85 S5¢ 121 11a 2u B% @ 11 92 13« 73 21" 20 28 27 16 &0 16 &8 116 20 ag
T 32 I3 lop Bl S99 Tu 10} lin 90 72 39 122 149 22 22 s 16 97 130 71 27 23 2826 15 15 11 64 145 2211}
® 34 65 A9 W2 4S9 TI k07 k1) TT 55 2p 112 160 2} 21 # 22 98121 68 31 23 25 24 17 13 7 63 162 20 89

50 * 3] 58 TH 78 64 o6& B6 Yu Tl b3 25 M0s 166 21 <l ° 22 89 112 69 33 26 24 22 16 13 ‘8 60 167 21 21

P& 27T %9 7A T0 96 51 56 &F T2 63 29 86 167 2 2) s 17 75105 73 34 23 24 20 14 15 10 58 168 2@ 21
@ 20 57 T9 66 46 @l &3 52 6&h TL 37 45 168 2l 21 e 35 63 92 68 33 22 24 22 17- 18 10 54 168 21 2}
° 1y 4% TL 61 42 42 40 3o 4B 60 32 73 169 21 21 ® 14 %2 T4 S§ 27 21, 22 22 19 17 9 50 170 2} 21
® 7 32 S0 46 a4l 47 ol 2y 32 3B 20 46 169 21 21 9 &0 57 40 21 18 1@ 19 18 16 & 33 170 19 85

40 ® A 3] &1 Jd6 3o &5 37 @26 25 2B 1% 5S¢ 170 21 21 e 6 29 44 36 23 17 17 19 17 16 & 33 169 21 21
@ 7 27T 3Y A2 31 3e 3 e3 22 23 13 3w 1Tl 21 21 = 5 23 41 a4 29 16 15 16 16 15 7 31170 21 21
& & 16 26 ¢9 25 Zo 26 ¢5 21 1% 11 34 171 21 21 - 4 21 &0 46 31 15 12 13 14 13 & 33170 21 21
@ P 13 2o 21 g¢ £l 22 ¢4 19 1 8 23170 el 21 ¢ 3 18 40 343 <24 16 15 14 16 12 6 24 170 2) 21
s 0 11 21 £} 1y 17 17 17 14 12 6 21 170 21 21 = 3 13 20 20 U7 )6 17 T 13 10 6 g2 170 21 21

30 0 11 21 2@ 18 16 16 la 13 1l& A 1y 170 21 21 @ 2 11 1Y 17 15 15 16 16 12 10 S5 16171 21 21
L &

woscoooouOeGLUEARROED aas Y =

PEM. 44 22 14,7 11 HoH 703 6.3 5.5 449 4,4 & {DAYS) PEXIOD 64 22 14,7 1] 8.8 7,3 6,3 5.5 4.9 &% & (DAYS)
SEASONS SUMMER SEASON= AUTUMN s ‘
POWER (M2/SECZ) . VAR N PuR.E. POWER (M2/SEC2) VAR N PeR.E.

[ a -

60 © 2o g1 Pkl 115 92 54 35 31 46 51 22 686 15 119119 e 4 45 60 59 61 60 4B 37 4l -eT7 4T - 69 B 129129
® 32 94 114 112 89 55 37 35 S0 5J 24 104 60 64 64 @ B 53 18 68 5B SB &9 34 38 66 46 T4 48 T7 17
o 39 91 104 98 B2 54 40 4g SH4 52 24 100 126 22 22 e a7 99 116 87 &3 61 5@ 34 3B 60 39 97 110 22 22
° 41 77 RA 9 T BT 42 44 93 a8 22 87 150 22 22 e 36 112 137 93 67 64 49 33 36 46 27 111 150 21 21
% 30 ¥2 92 104 Bl S5 38 3¢/ 47 49 25 92 159 21 21 @ 36 109 130 ©5 60 S5 40 30 32 33 18 80 173 20 20

50 * 3a 77 102 107 ¥~ b4 33 27 37 44 2B 92 165 21 21 e 34 100 116 79 S8 &9 37 3a 3¢ 31 15 &8 lgs 20 20
*= 37 W 98 Y5 B4 b1 30 2T 33 42 25 A9 170 2l 21 e 2o 87 99 69 S7 47 35 33 35 42 16 80 1839 20 20
° 34 7% KA 79 v 61 38 40 33 3% 23 85 172 21 21 @ 21 66 ¥5 54 a7 41 3¢ 27T 28 29 15 59 1lay 20 20
° 37 74 B1 &7 6 %6 33 26 27 33 20 T2 173 21 21 @ 15 49 59 46 41 35 27 23 22 23 13 A8 1950 20 20
o 30 6R 72 &1 b5 52 29 2% g2 22 13 67 176 21 21 @ 13 &3 53 46 41 33 25 21 18 19 11' a5 150 20 20

40 ° 25 S&5 59 Y& 5% 46 31 27 2t M 9 56 177 g1 21 @ 1] 37 47 44 42 34 27 20 14 17 11  && 190 20 20
¢ 22 4h 54 %6 4% 34 P6 23 20 Y 9 52 178 21 21 = B g6 35 38 39 3% 2y 20 13 17 11 37 190 20 20
® 19 41 52 54 40 22 14 15 18 1Yy 9 4% 180 21 21 © § 17 24 30 32 27 25 22 1T 18 11 33 190 20 20
& 14 34 46 %6 32 1% 10 11 1& 15 A 31181 21 21 « 3 15 23 25 23 2} 2 23 18 16 9 27 190 20 20
- a 25 37 40 2o 12 1t 12 1o t) ) 32 181 21 21 hd 3 15 24 23 17 16 20 20 15 14 8 24 189 20 2o

0 ° H 20 32 36 24 11 2 e 9 1v & 11 1ml 21 21 « 3 1s 2& 22 15 14 17 1t 15 14 B 20 lug 20 2¢
L] £

L] L2-2-1 13 -1 oFgGoe
PER, 4& 27 14,7 11 848 T3 6,3 5,5 4.9 4,4 & (DAYS) PEHIOD 44 22 18,7 11 BeB 743°6.3"5.5 4.9 &b 4 (DAYS)
(b} season= wintER GEASON= SPRING Co .

POMER (M2/5ECZ) VAR N PeRaEe POWER {M2/SEC2} VAR N P.R.E.

KM ¢ - *

0 ¢+ B 38 81 93 B3 62 55 66 &2 3% 13 9o 13 122122 * 3 28 33 31 31 34 40 3& 29 31 15 49 20 117117
= 5§ 33 T9 B5 72 55 46 49 48 39 18 66 5T 69 69 = 3 @3 31 30 27 2834 30 28 29 1 37T S22 TI 73
* 2 39 T9 T2 Sk AT 37 3¢ 3T 42 23 63 114 23 23 * 4 16 26 26 20 '20-2% 2 25 26 13 32 116 23 23
© 3 35 69 53 45 45 &0 42 43 41 21 &6 149 20 91 e 4 14 2¢ 19 1B 20 20- 18 20 23 12 25 145 22 22

. * ¢ 2R S0 A1 36 A2 45 45 37 28 13 49 160 21 21 4 3 11 15 17 20-22 1B 15 18 20 11 23 162 21 21

50 ¢ 3 27 41 32 26 35 39 34 26 17 8 &l 166 21 21 e 2 8 14 20+ 22 20 16 1s 18 26 11 24 l67 21 21
¢« 4 25 395 29 20 25 27 21 18 1& ¥ 30 ls6 21 21 « 2 B8 14 20 19 15 2 13 17 19 ii 20 lee 2l 21
e 3 18 29 25 17 9 20 17 T 1% 10 2s 167 21 21 « 3 10 14717 17 13 12 14 17T 17 10 20 i68 21 21
- 1 11 18 20 18 19 I8 I5 16 22 l& 26 167 21 21 - 3 11 13 14 15 13 12 14 16 1&° 7 18 170 21 21
& 2 ¢ 12 14 17 1@ 16 13 13 17 11 18 169 21 21 - 3 g 12 13 14 14 13 12 12 11 6 16 170 21 21

40 ® 1 A 12 13 1a 15 14 12 11 13 8 16 169 2} 21 = 1 7 11 13 14.14 13 11 1¢ 10 & 16 169 21 2}
a 0 7 13 14 12 11 11 11 11 12 7 15 168 21 21 . 1 & 10 12 11 11 11 9° 9 9 S 13 170 21 21
e 0 s 11 13 11 1o 0 10 1o 9 & 12 166 2} 21 L i 5 8 g 9 10 9 7 a 8 4 10 1¥0 21 2]
e g 4 9 13 12 W 9 9 % & 3 13170 21 21 «= 1 5 4 8 B8 B T:6 T T & 9 170 21 21
e ¢ 4 T 9 10 9 T T 8B 4 & 10170 21 21 & 1 » 7 T ¥ 1 & 6 6.6 3 % 170 21 21

30¢ ¢ & Y T T 1 & & B B & 7 168 21 21 * 1 & 6 6 1 7 & 6 5 5 3 6 171 21 21
o« -

> punsd .

PER. #& 22 16,7 11 B.6 T+3 6.3 5.5 4.9 4,4 & [DAYS) PERIUD 44 22 4.7 11 848 T3 6.3 5.5 4.9 404 - & (DAYS) -
SEASON= SUMMER SEASON= AUTUMN
POWER (M2/SEC2) VAR N PL,R.E. POWER (M2/SEC2) : VAR N PuR.E.

KM 2 - -

&0 # 3 61 B5 68 65 831 75 48 36 38 22 g2 15 119119 - D 3@ 53 60 53 &5 39 32 53 57 29 66 8 133316
4 4B T2 6R 61 65 60 43, 33 32 IT 70 60 64 64 @ 1 P4 42 4B 44 &0 30 31 47 52 26 56 47 T8 78
# 6 31 &7 S& &7 38 39 3I7T 29 22 10 &7 124 22 22 « 0 16 27 30 29 30 24 29 35 36 18+ 34 109 22 22
b 6 23 30 34 32 26 29 3} 25 209 10 36 150 22 22 - 2 15 23 24 22 22 22 24 28 @6, 12 30 150 21 21
= 4 17 22 26 271 26 23 &8 26° 2+ 2 30 159 21 21 « 4 17 26 22 20 19 18 20" 24 .23 11 25 173 20 20

50 * 2 14 21 26 29 25 22 25 2B a1 13 32 165 21 21 - s 20 25 22 19 18 17 18 21 19 g 26 14 20 20
« 2 15 23 27 29 26 23 2 25 23 Il 34 170 21 21 7 & 19 24 23 19-17 17 19 20+ 18 8 28 189 22119
- 4 J8 24 24 24 21 19 18 18 17 L] 27 1712 21 21 L 4 1s 20 21 19 16 16 18 1% 18 8 24 189 2¢ 20
- & 17T 22 =20 18 15 1% 17 16 13 5 20 173 21 21 » 1 9 1& 17. 17 17 17 7. 18 .17 9 20 190 20 20
o 3 15 20 17 14 12 15 20 19 1l&a T 23175 21 21 * ¢ B 13 1& 16 19 19:16.16 1T 9 20 189 20 20

40 ¢ 3 13 16 16 13 11 14 19 17 15 T 20 177 21 21 « ¢ 8 13 15 16 19 19 17 i7" 16 8 22 189. 20 20
e 2 9 13 15 13 11 13 1% 13 13 7 i7 178 21 21 - 1] 8 13 1& 1& 16 16 16 16 13 6 18 189 20 20
° 2 & lo 12 1} 1¢ 10 10 9 11 L] 13 180 21 21 * 1 7 11 11 11 11- 12 13 13 12 [} 1% las 20 20
« 1 5 B 9 9 8§ % 9 9 9 S5 1018 21 21 « 1 & 9 10 9 9% 1p 11 11" 11 & 12 188 20 20
+» 1 § 7y 8 8 & 8 9 % 9 5 11181 21 21 = ¢ 5 10 10 B B 9 1l % % 5 12188 20 20

3 e 1 4 T 7 1 7 7 g 4 9 s 9 181 21 21 e [ 5 9 10 -] 8 9 9 4 8 4 9 188 20 20
° -
vaada o - sssond . a .0

PER. #4 22 14,7 11 8,8 Te3 6.3 5.5 #.9 4.4 4 (DAYS) PERIOD &4 B2 14,7 11 8.8 7.3 6.3 5.5 4.9 4.4 4 '{DAYS) .

Table A-8.

wind at Ascension.

Analysis of the high frequency varlablllty of the



