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FOREWORD

This report documents the Located Horizon Variation Study performed under
National Aeronautics and Space Administration Contract NAS 1-8102 for
l.angley Research Center.

This study provides the basis for quantitative comparison and for extension
of results obtained under NASA Contract NAS 1-6010, Horizon Definition
Study. During the Horizon Definition Study, the concept of located horizon
altitudes was introduced to provide analytical techniques analogous to horizon
sensor mechanizations for deriving altitudes from horizon radiance profiles.
Specifically, the current suty statistically compares variations in located
horizon altitudes observed in the earlier study with similar variations ob-
served from the use of a broader meteorological data base.

Variations in the located horizon altitudes are presented for the three-year
period 1964 through 1967 as functions of time and latitude band. These data
are analyzed and presented using analytical representations for two of the
horizon sensor mechanization techniques.

Honeywell Inc., Aerospace Division, performed this study under the technical
direction of Mr. J.C. Bates. The study was conducted during the period
20 May 1968 through 13 January 1969.

Gratitude 18 extended to NASA Langley Research Center for their technical
guidance, under the program technical direction of Mr. L.S. Keafer and
direct assistance from Messrs. J.A. Dodgen, H.J. Curfman, R.E. Davis,
and T.B. McKee, and Mrs. R.I. Whitman.
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LOCATED HORIZON VARIATION STUDY
FINAL REPORT

By L. G. Bradfield
G. D. Nelson

SUMMARY

The requirement for definition of the Earth's infrared horizon arises from
the need for an mproved attitude reference for space vehicles. An exten-
sive analysis of this subject was made previously in the NASA Horizon
Definition Study under contract NAS 1-6010. The present study evolved as
a logical extension of that contract effort.

The purpose of this siudy was twofold:

1. To examine further the interpolation techniques used to
generate meteorological data for use in computing horizon
radiance profiles and to determine if these techniques
introduced artificial variations in the located horizon
altitudes.

2. To determine, by generating and analyzing data over a
three-year time span, if there are significant located
horizon altitude variations for a period longer than one
year.

In this study, 697 horizon radiance profiles were generated for the years
1964, 1965, and 1966. The body of data used-consisted of actual meteoro-
logical data from radiosondes and rocketsondes and of meteorological data
interpolated in time and space from these sensor sources. Interpolation
provided a data base with sufficient resolution to determine temporal and
spatial frequency variations in located horizon altitudes.

Statistical comparisons of the located horizon altitudes were made between
corresponding temporal and spatial subsets of the data. Study results
showed that the interpolation techniques used to generate the meteorological
data base did not significantly affect the accuracy of the study. The study
also 1ndicated that year-to-year variations occur at the high latitudes over
North America and that variations in the equatorial regions show evidence
of the quasi-biennial cycle.



INTRODUCTION

Horizon sensors have been employed for spacecraft local vertical determin-
ation for more than a decade, during which time spectral intervals ranging
from the visual to the infrared were used. Early space flights indicated
that a number of problems existed in this use of the horizon. The primary
problem was the effect of clouds on horizon sensors operating in the infrared
spectrum. Experiments to study this problem revealed that these clouds
appeared as objects colder than Earth. However, since horizon sensors are
conceptually simpler than other systems giving an Earth reference, studies
were undertaken to determine a sutably stable spectral interval. These
studies led to recognition of the inherent stability of the 14 to 16.28p spec-
tral interval.

To exploit the full potential of this region of the infrared specirum an exten-
sive experimental and analytical program to define the Earth's 10p infrared
horizon was undertaken by the NASA Langley Research Center. Experimen-
tal efforts consisted of four X-15 borne radiometer flights and two suborbaital
balligtic rocket probes (Project Scanner). From the latter effort, several
hundred high-resolution horizon radiance profiles were obtained in August
and December 1966. This expermment 18 the most sigmificant of iis type to
date. Concurrent with this experimental effort, an analytical study was con-
ducted by Honeywell Inc., Systems and Research Division, for Langley
Research Center under contract NAS 1-6010. This Hori1zon Definition Study
was conducted to determine the experimental requirements of a horizon
definition measurement program. During the study, a large body of atmos-
pPheric data was acquired and studied using analytical techniques developed
for that purpose. A highly accurate horizon profile synthes:s model is the
most significant of these techniques. This 1s the most comprehensive syn-
thesis model existing for computing 15p horizon radiance profiles. Results
of this model were recently compared with horizon radiance profiles mea-
sured by Project Scanner and were shown to be within the accuracy of the
experimental data (refs. 1 and 2).

During the Horizon Definition Study, considerable attention was focused on
obtaining quantitative estimates of the variability of the Earth's 15u horizon.
Since limited experimental data were available, the synthesis of over 1000
horizon radiance profiles, based on interpolated atmospheric data, was
required. The spatial and temporal variability of the 15u horizon was deter-
mined from these data, and sampling requirements were deduced. For this
analysis, ''locator" processing was the basic technique {ref. 3). This analy-
tical technique permitted the analysis of horizon profile variations on the
basis of a single point on the profile, e.g., the altitude at which a fixed value
of radiance occurs or the altitude at which the integral of radiance is fixed.

A total of 88 such locator concepts was used, resulting in over 88 000 located
alfitudes. Computed statistics of these located altitudes provided a prediction
of the horizon variability.



The Located Horizon Variation Study was undertaken to substantiate and
extend the results of the located horizon analyses conducted during the
Horizon Definition Study. Specifically, the present study verifies that
variations in located horizons obtained from interpolated atmospheric data
can also be obtained from an atmospheric data base composed of uninter-
polated temperature and pressure data. Further, this study attempts to
ver1fy that these variations are essentially unchanged from year to year.

LOCATED HORIZON VARIATION STUDY

During the Horizon Defintion Study, an extensive investigation of factors
affecting the variability of the Earth's 15p infrared horizon was undertaken
(ref. 4). Of several analytical techniques developed to analyze the effects
of these factors, the "locator' concept proved to be the most useful, since
variations observed in altitudes derived fromthe locator analysis relate
directly to the factor-induced variations. Atmospheric data for the Horizon
Definition Study were derived from a limited number of meteorological
soundings made during the one-year period from April 1964 through March
1965. The limited number of available soundings did not provide the data
base necessary for statistical analyses on horizon variations to be meaning-
ful; therefore, interpolation of the meteorological data base in time, latitude,
and longitude was used to develop the necessary data. This approach to the
study of horizon variations and the use of only one year of data led to two
basic questions.

1. Are there located variations of duration greater than
one year?
2. Does space-time interpolation significantly affect the

variations observed in located horizons?
The Located Horizon Variation Study was undertaken to develop a broader

meteorological data base and a suitable analytical approach to answer
these questions.

STUDY OBJECTIVE

The significance of answering the preceding questions becomes apparent
when considering the extensive analysis (ref. 5) which was based on the
Horizon Definition Study atmospheric data base. Verification of the data
preparation method (and, by mplication, of the analysis and conclusions)
for that study provides the motivation for the objectives of this study. Thus,
it 15 desirable to reformulate the objectives with emphasis on the method of
data preparation for the current study.



The objectives of this study are to generate an atmospheric data base of
sufficient quality and resolution and to develop an analytical approach to
compare the spatial and temporal variations m located horizons derived

from interpolated atmospheric data to those derived directly from rocket-
sonde and rad:iosonde data. In addition, the data period must be of sufficient
duration to detect possible year-to-year variations. In the Horizon Definition
Study, longitudinal variations were shown to be small compared to latitudinal
and temporal variations. Therefore, for this study longitudinal variations
were assumed to be negligible, with verification of this assumption as a
secondary objective.

STUDY APPROACH

The approach taken to meet the objectives of this study was {o perform direct
comparative analyses of the located horizon altitude variations derived from
mterpolated atmospheric data with variations derived from actual radiosonde
and rocketsonde data. Variations from both sets of data were compared over
a three-year period. Critical steps in this approach were

o The generation of sets of horizon profiles from interpolated
and actual data that are comparable in time and space

. The definition of methods for comparing the two sets of data

® The selection of locators to be compared

L The analysis and mterpretation of the comparisons

For the first step, a large amount of the interpolated data was available in
the form of horizon radiance profiles generated during the Horizon Definition
Study (refs. 6 and 7). From this existing data base, 448 horizon radiance
profiles were chosen. These profiles represented eight synoptic situations
spanning April 1964 through February 1965, with each situation contaning

56 profiles covering the northern hemisphere between longitudes 60°W and
160°W. For comparative purposes, all new data generated under this study
were selected to correspond to the eight dates of these synoptic data.

These existing data and all new data were further siructured by separating
them into four latitude bands -- 0° to 20°N, 20°N to 35°N, 35°N to 55°N, and
55°N to 80°N. These latitude bands were selected on the basis of Meteoro-
logical Rocket Network (MRN) station density and on the density of the data
available from each station. The resulting space-time cell structure pro-
vided the basis for the comparative analysis.

Kach of the space-time cells was compared with a corresponding space-time
cell by using the T and F tests for equal means and variances (refs. 8 and 9).
The F-test gtatistically tests the hypothesis that two variances are equal.

The test based on a comparison of the value 0‘% / Ug to 1ts normally expected
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distribution. The T-test, which statistically tests the hypothesis that the
means of two populations are equal, is based on a comparison of the differ-
ence 1n the means of two samples with the expected distribution of values.
Both of these tests are described in detail later.

Detailed analyses and interpretations of the data were made on the basis of

® Variations within a latitude band for a three-year period

. Variations over the latitude bands for temporal subsets

° Differences in variations of the above sets due to choice
of locator

Each of these elements in the study 1s disclissed in detail later.

DATA SELECTION AND PREPARATION

Data selection and preparation for this study were conducted to ensure that

the resulting data base had sufficient spatial and temporal resolution to ade-
quately map located horizon variations. Further, the desire to examine the
validity of the use of interpolated temperature and pressure data in horizon
profile analysis imposed the additional constraint that real atmospheric data
obtained directly from meteorological soundings be used for profile synthesis.
These considerations led to the selection of 597 MRN soundings which provided
the real atmospheric data for this study. From these 597 soundings, 585 were
used directly in the horizon radiance profile synthesis. The remaining 12
soundings were used to provide interpolated data for two synoptic situations,
each situation containing 56 interpolated profiles (Appendix A).

These atmospheric data, together with the corresponding synthesized 15u
horizon radiance profiles, were recorded and were transmitted to Langley
Research Center. The compilation of these data 1s a significant by product
of the Located Horizon Variation Study and results in the availability of these
data for further study. This significance 15 strengthened by the considerable
time span of the data (in excess of three years) and by recent comparison of
these data to experimental data taken by Project Scanner (refs. 1 and 2).

DATA SELECTION

The raw atmospheric data for this study were compiled from the monthly
data reports of the MRN (refs. 10 and 11). These reports were obtamed
for the perlod January 1964 through January 1967. Thus, for the analysis
of temporal variations, data spanning three years were selected.

A second source of data for this study was the existing data base of horizon
radiance profiles syntehsized during the Horizon Definition Study. Of the

]



1085 profiles available from the Horizon Definition Study, 448 profiles were
gelected for comparison with the profiles generated in this study. Thege
profiles were synthesized for 56 grid points over North America at eight
times during the period April 1864 through February 1965 to provide synoptic
variability. All profiles are for the northern latitudes and 60°W to 160°W
longitude. The dates and numbers (ref. 6) of these profiles are presented

in Table 1. Each date has 56 profiles associated with it.

TABLE 1.~ PROFILE NUMBERS AND DATES

Date Profile numbers
4/8/64 1- 56
6/3/64 57 - 112
8/12/64 113 - 168

10/21/84 1689 - 224
11/13/64 225 - 280
12/9/84 281 - 336
1/20/65 337 - 392
2/10/85 393 - 448

The space-time cell structure necessary for statistical computations was
completed by the selection of four latitude bands. These bands, from 0° to
20°, 20° to 35° 35° to 55°, and 55° to 80°, each contain a sufficient number

of grid points to provide a good statistical sample and at least one MRN
station which reports temperature and pressure data in sufficient quantity.
The 56 gynoptic grid points and four latitude bands are presented in Figure 1.
Also included in this figure are the MRN stations froin which data were
selected for use in this study. ’

This selection proceeded ag follows from MRN reports a preliminary
selection yielding approximately 25650 soundings was made according to
the following criteria.

1. Temperature data must be available from 0 to at least 45 km.
2. Pressure data must be available from 0 to at least 30 km.

These criteria were used to minimize, as much as possible, the reliance

on extrapolated data for use in horizon profile synthesis. From these
soundings, 585 were selected to be used directly for profile synthesis

Another 12 were selected to provide data for 112 interpolated synoptic pro-
files. This final selection was made by extending the space-time cells en-
compassing the Horizon Defmition Study data to include January 1964 through
January 1967. The final cell structure is presented in Figure 2. Here, for
purposes of easy reference to computer outputs, the cells have been num-
bered. Also indicated are the dates, latitude bands, data source, and method
of preparation for the cells. No soundings were available for the shaded cells.
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All soundings selected were picked to conicide with the chosen dates as
closely as possible, preferably within £2 days. Soundings tightly clustered
in tume at a particular station are desirable to compensate for instrument
errors and local temperature varations. An extreme case of this 1s illus-
trated in Figure 3. This 1s a plot of two temperature measurements taken
at Cape Kennedy on 9 November 1966. Although 15 minutes separate the
soundings, there are significant temperature differences in the rocketsonde
data. However, the available data did not always provide a sufficient number
of soundings by this criterion. In some cases, it was necessary to select
soundings over a 10-day period centered at the specified date, while in other
cases, it was necessary to seek a new date near the defined date.

All soundings selected for direct profile synthesis are listed chronologically

in Appendix A. Those used for interpolating for the two synoptic siiuations
are listed in Table 2.

DATA PREPARATION

The primary atmospheric variables required for horizon profile synthesis are
temperature and pressure for altitudes to 80 km. During the Horizon Defini-
tion Study, profiles of these variables were generated by an interpolation of
actual data obtained from radiosonde and rocketsonde soundings. For this
study, two approaches to generating these atmospheric profiles were used.
The first approach, identical to the interpolation used in the Horizon Defini-
tion Study, was employed to produce 112 "synoptic' profiles. The second
approach was to use only atmospheric data available from meteorological
soundings. For both approaches, identical methods of extrapolation were
used to provide high-altitude temperature and pressure data not available
from soundings or interpolation.

The preparation of atmospheric data for the Horizon Definition Study (ref 4)
can be summarized by considering three altitude ranges, 0 to 30 km, 30 to
60 km, and 60 to 90 km. In the 0 to 30 km range, all radiosonde information
was gathered in the form of constant pressure charts (for the 850, 700, 500,
300, 200, 100, 50, 30, and 10 mb levels) containing lines of constant altitude
and temperature. In the 30 to 60 km range, temperature data were obtained
from MRN soundings. From these, constant-height charts were prepared at
3 km intervals to that temperature profiles could be obtained for any particu-
lar geographic location. Pressure profiles for both the 30 to 60 km and 60 fo
90 km ranges were computed from the hydrostatic equation, with the 10 mb
presgure at approximately 30 km used as a base. Manual extrapolation of
temperature profiles to 90 km was achieved by the use of two sets, one for
winter and one for summer, of standard temperature-versus-altfitude curves
for high altitudes (ref. 4). With the exception of manual extrapolation, these
methods were also used during this study to generate the atmospheric profiles
for the 112 synoptic cases. Extrapolation of temperature in this study was
performed by the computer using the same procedure as the previous manual
extrapolation.
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TABLE 2.- MRN ROCKET SOUNDINGS - SYNOPTIC DATA

Time Cell

Location

Date

Time
GMT

13 November
1965

13 November
1966

Ascension Island
Cape Kennedy
Grand Turk Island
Fort Greeley
Fort Mugu

Wallop Island

Ascension Island
Cape Kennedy
Fort Churchill
Fort Greeley
White Sands

12 November
15 November
12 November
11 November
15 November
11 November

14 November
14 November
10 November
14 November

11 November

1600
1600
1700
1015
1736
0440

1445
1900
0233
2001
0736
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The constant-altitude charts used in this study for the 30 to 60 km altitude
band are presented in Appendix B. These data were prepared for, and used
exclusively for, this study. The constant-pressure charts used to interpolate
atmospheric data from 850 mb to 10 mb are standard data charts.

No constant pressure, temperature, or altitude charts were used for the 585
profiles derived from atmospheric data. Rather, the data from the selected
MRN soundings were used directly in profile synthesis. Both pressure and
temperature profiles were extrapolated from the highest data point to 90 km,
as described above.

Pressure extrapolation was performed using the hydrostatic equation. The
base pressure was taken to be the recorded pressure nearest 30 kmm. Thig
treatment makes maximum use of the available pressure data. Also, this
treatment 1s consistent with the method used for exirapolation in the Horizon
Definition Study, where the 10 mb pressure was used as the base.

Generally, the selected MRN soundings yielded temperature data terminating
n the 45 to 60 km region. No interpolation was required n the recorded
temperatures, since most temperatures were recorded 1.5 to 2.0 km apart.
It 1s empahsized that both pressure and temperature profiles were prepared
by making the best use of existing data. At high altitudes where the data
were unavailable, extrapolation methods identical to those used in the Horizon
Definmition Study were employed.

A second consideration in the data preparation was the overlap region of radio-
sonde and rocketsonde data from the MRN soundings. Temperature data were
given by the radiosonde from 0 to 30 km and by the rocketsonde from 20 to 50
km. Thus, there was an overlap of temperature data in the 20 to 30 km alti-
tude region. However, the temperature data from the two sondes did not
always agree 1n the overlap region. While the differences typically were

2°C, one sounding at Thule showed a difference of 14°C. These differences
were due to three causes- (1) the time differences between radiosonde and
rocketsonde data can be as much as 12 hours, (2} as the result of downwind
motion of the radiosonde as 1t rises to 30 km, a difference 1n geographic
position between the two sondes could occur; and (3) the different instrumen-
tation used in the two sondes resulis in temperature data variations. The
time and instrumentation differences were considered to be the most eritical.
For this study, rocketsonde data were used down to the lowest available
altitude, as the rocketsonde wasg considered to be more accurate than the
radiosonde.

LOCATORS

Two analytical approaches were employed during the Horizon Definition Study
for the analysis of infrared horizon profile variability. The first of these was
a techmique called locator analysis (ref. 3). For this approach, several
'"locators" or functions which reduce a horizon profile to a single number (a
"ocated horizon'') were defined and analyzed. The second approach, profile

11



analysis, was to consider the entire profile (ref. 12); statistical analyses and
curve fitting were used in this approach. While profile analysis was useful
i understanding horizon profile variability, the locator concept proved to be
much more valuable for defining the data requirements of a horizon definition
measurement program. This was the result of the direct relationship that
exists between locator analysis and the mechanization of horizon sensors.

Each locator was defined as a function of the horizon radiance profile and
simulated the operation of a horizon sensor, either conceptual or operational.
Basically, locator analysis is the inverse of horizon profile synthesis. From
the latter, radiance as a function of altitude is obtained, while, from the
former, altitude 15 obtfained as a function of radiance and, for some locators,
as a function of input constants. For example, the altitude at which a fixed
level of radiance is detected 15 a simple locator to compute and 1s easily
interpreted. Since a locator reduced a horizon profile to a single number,
locator analysis 18 particularly suitable for the statistical analysis of a large
number of profiles.

From the results of the Horizon Defimition Study, three major conclusions
were drawn concerning locator analysis (ref. 5).

i, Locator L4, the mtegral of normalized radiance, has the
greatest potential for local vertical determination (1.e., 1t
is most stable over both space and time).

2. The stability of any locator technique ig enhanced if input
contants are selected so that the locator operates in
regions above the troposphere.

3. Locators based on radiance or integrated radiance are
more stable than those based on derivatives of the
radiance,

Further, for the purposes of measurement data requirements determaination,
the limiting locators were determined to be the integral of normalized radi-
ance and the fixed radiance locator. Consequently, the following four locators
were chosen for the Located Horizon Variation Study from among the 30 loca-
tors available
1. Fixed radiance (Ll) at threshold levels of
2 W/mz-sr and 3 W/mz-sr
2. Normalized radiance {12} with threshold levels of
0.15, 0.5, and 0.9
3. Integrated radiance (L3) with threshold levels of
4.5 kmmwlmz-sr and 20 km-W/mz-sr

4. Integrated normalized radiance (I4) with threshold
levels 2.5 km and 10,0 km.

12



Fach of the above locators yields an altitude which corresponds to the thres-
hold level. Mathematically, these locators are defined as follows

h (L) ¢, = NlLuC)]
h (L2) C, = NLI2(C,)]
h (L3) C, = j? N(h) dh
L3(C,)
h(L4) C, = Flma_x f N(h) dh
L4(C,)
where
N = radiance
Ci = threshold constant
h = altitude

For this study, numerical scolutions of the above equations were obtained by
methods 1dentical to those employed in the Horizon Definition Study. How-
ever, new computer routines were developed, since those previously used
(ref. 13) were much more general than needed and were therefore not effi-
cient for use in this study.

Trapezoidal integration and linear interpolation were used to compute the
above locators. Thus, the above integrals are approximated by

o N(h.) + Nth )
o i 1+ 1 _
Ef N(h) dh = Z 5 (h, 4 - h)
. 1=}
J
for 3=1, 2, ---+, n-1. For all Located Horizon Variation Study work,
h_= 80 km and
n
«r N(h) dh =0

These numerical methods were selected over higher-order approximation
methods because they were used 1n the Horizon Definition Study. It 1s 1m-
portant for this study that identical techniques be employed, since different
methods can be expected to produce biased results.

13



RADIANCE PROFILE SYNTHESIS

Horizon radiance profiles for the Located Horizon Variation Study were syn-
thesized using a mathematical model identical to-the one employed in the
Horizon Definition Study. However, as with the routines used for locator
computations, a new computer program was developed for profile synthesis.
This program is a modification of the original (refs. 14 and 15) synthesis
program and was developed for two reasons. First, the original program
has a large number of options which were not used 1n this study. These
were eliminated for the sake of efficiency. Second, the input/output capa-
bilities of the program were modified to allow a smoother interface with
other programs written for the Located Horizon Variation Study.

For completeness, a summary discussion (ref. 5) of the earlier model has
been reproduced for this report

Factors which affect horizon radiance profiles can be defined as either
explicit or implicit. Explicit factors are those which relate directly
to the input quantities in the radiative transfer equation. Temperature
and pressure, for example, are explicit factors which exert an influ-
ence upon the magnitude and shape of the horizon radiance profile by
means of their functional relationship with the Planck source function
and the atmospheric transmissivity. Implicit factors, on the other
hand, specify the conditions which are associated with an individual
profile or group of profiles, including such factors as latitude,
longitude, time of year, time of day, various atmospheric {(or
meteorological) conditions, and underlying topography.

The radiance I(h}), which effectively emanates from each tangent
height h of the radiance profile, 15 the result of a double integra-
tion over the atmospheric optical path and the wavelength, plus a
boundary condition integrated over the wavelength only. The form
of the equation 1s

0 XS
Ih) = BT,y ™A, u,) drn + BX,T) =— dxdu (1)
£x 1 1 J;n 1{1 “u

To make best use of available tabulated data, this equation is
integrated by parts to yield

) = [ By, Tweo)] an+] [0 g 2BOTL g gy (1a)
AN Ja oy u
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where

Il

B(x, T) source function (in general including pseudo-sources
such as solar scattering from stratospheric dust,
clouds, and scattered earth-shine in addition to the

primary Planck source function),

T{u, N

spectral transmigsivity of CO, (reflects choice of
2

absorption model and effects due to pressue and
Doppler broadening),

u = optical path,

A = wavelength in the spectral interval A\ (including
consideration of the filter speciral response when
integrating over Ax )}, and

T = temperature at the point specified by u

At each wavelength A the spectral transmissivity T 1s 2 function of
temperature and presgsure as well as optical path 1. Temperature and
pressure are specified by calculating an effective temperature Te and

an effective pressure P for each atmospheric optical path. All of the

preceding parameters explicitly affect the radiance I(h) and, for con-
venience, are hereinafter referred to as explicitfactors.

The two most prominent explicit factors in the foregoing equations are
temperature and pressure. These factors exert influence on the mag-
nitude and shape of the horizon radiance profile through the functions
(such as atmospheric transmissivity or the derivative of the Planck
function) which appear in the integrand of the radiation equation. How-
ever, by the harometric equation

h

Mg(h
b= D, exp-({?%!@g ih (2)

where g is gravitational acceleration, M is the molecular weight of air,
and R is the universal gas constant, pressure 1s related to the tempera-
ture as a function of the altitude h. Hence, temperature as a function of
altitude is the explicit factor to which fhe magnitude and shape of the
radiance profile are most sensitive. This conclusion has two important
ramifications. Tirst, the most important inputs to the mathematical
model for synthesizing radiance profiles are the empirically derived
temperature profiles., Second, variations in both the magnitude and shape
of the radiance profile are most likely due to changes in the factors which
affect the temperature.
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The specific model characteristics retained from this general model for
profile synthesis in the Located Horizon Variation Study were:

a) Atmospheric refraction

. b} Local thermal equilibrium
c) Doppler broadening
d) Plass CO, radiance model

e} Radiance from 615 cm"1 to 715 cm"l spectral interval

f) Constant CO, mixing ratio of 3. 14 x 107"

For both studies, identical mathematical and physical models were used for
profile synthesis, and identical numerical methods were used for locator
computations, This is an important detail since different methods could be
expected io produce biased results.

There is, however, one facet of the synthesis procedure that was altered,
All Wallops Island profiles were computed in the tangent-height range from
10 to 80 km, whereas all others, including the Horizon Definition Study
profiles, were computed in the -30 km to 80 km range. This was decided
midway in the study after an examination of a preliminary data set, The
main concern was the effect that this would have on the locators L2 and L4,
which require a peak radiance value. Since Wallops Island profiles charac-
teristically possess a peak in the -30 to 10 km range, it was decided to use
the -30 to 80 km range. Conversely, Fort Churchill and Fort Greely exhibit
a limb darkening with the radiance approaching a maximum asymptotically
with decreasing tangent height. Formerly for this case, the -30 km radiance
level was used as the peak. However, the difference in radiance at ithis

height and 10 km is less than 0.2 W/ m2 -sr. Since this causes negligible
changes in 1.2 and L4, the shortened tangent height ranges were used for
these stations. All other stations exhibited peak radiance values m the
range 10 to 20 km.

STATISTICAL COMPARISON OF LOCATED ALTITUDES

In this portion of the study, statistical tests were used to perform two basic
sets of comparisons. The space-time cells described previously provided
the basic structure for the comparisons, while the mean and variance of the
located altitudes within each cell provided the statistics to be compared.

The first set of comparisons was constructed to determine if located horizon
variations of greater than one year exist. To do this, cell statistics were
compared for simailar cells on a year-io-year basis. Statistics derived from
interpolated atmospheric data were not compared with statistics derived
from raw atmospheric data for this determination., For example, cell 45
(June 1965, 0° to 20°, MRN data) was compared with cell 77 (June 1968,
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0° to 20° MRN data), but not with cell 105 (June 1964, 0° to 20°, interpolated
data) The second set of comparisons was structured to evaluate the effect
of interpolation. For this, cells with similar dates, but with statistics de-
rived from the different data bases, were compared, For example, cell 53
(November 1965, 0°to 20°, MRN data) was compared with cell 133 (November

1965, 0°to 20°, interpolated data). Cells with dissimilar dates were not
compared,

Tests used to compare cell statistics are the T and F tests for equal means
and variances (refs. 8 and 9). Each of these statistical tests 1s bounded by
the assumption of a confidence interval (i.e., what confidence does one want
in the answers resulting from applying the tests). Both tests may be per-
formed at any confidence level, Because of the nature of the objectives of
this study, a high-confidence level was desired, 95 percent was selected.
‘This confidence interval 1s also the same as that used previously in the
Horizon Definition Study (ref. 186).

The confidence level qualified the result of each comparison as follows, If
the statistics (either the mean or variance) of two cells are tested for equal-
ity and the test 18 not passed, it is possible to conclude with 95 percent con-
fidence that the statistics are unequal. However, the converse is not irue.
If the test is passed, it is only possible to conclude that the statistics may be
equal. This point is clarified by a consideration of Figure 4, in which the
standard deviations of the locator 1.4 (2. 5) for the comparison of uninter-
polated with interpolated data in the 55° to 80° latitude band are plotted.
Along with each standard deviation, the 95 percent confidence limits are
also plotted. These limits were determined so that it is possible to assexrt
with 895 percent confidence that the true value of the standard deviation lies
within the limits, Below each of the points plotted is the result of testing the
two standard deviations for equality. Wherever the confidence limits overlap,
the test 1s passed (indicated by a Yes). Conversely, wherever the limits

fail to overlap, the test is not passed. The bands connecting the points were
constructed to visually tie together the data for this particular method of
data presentation. The bands should not be interpreted as providing wnfor -
mation at intermediate dates.

While these plots were not developed for the other comparisons undertaken,
two features that are generally true are noted. First, the confidence that

15 possible in the variance statistic is much lower (i.e., 1t has a2 much wider
confidence limit) for the uninterpolated data than for the interpolated data.
The consistently higher sample variances for the uninterpolated data are due
largely to the small number of samples (three or four) available, versus 18
for the interpolated data. Second, the consistiently smaller value of sample
variance for the interpolated data has the possible smoothing efiect of the
interpolation on located horizon variations.

For this study, the test for equal variances i1s the more appropriate test to
use. Reasons for this are (1)} the variance test can be performed on the
sample data with no assumption about the population means, but the tests
for means assumes equal variances, and (2} for the purpose of determining
sampling requirements for a measurement experiment, the variability of the
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phenomena to be measured is more critical than the mean value., I must be
remembered, however, that the space-fime mean of the located altitude pop-
ulation would be used directly for compensation in a horizon sensor. There-

fore, the test for equal means was performed for each of the comparable
space-time cells in the data

F-TEST FOR EQUAL VARIANCES - STATISTICAL BASIS

The F-test for equal variances is a method of comparing the variances of two
populations by statistical inference from the variances of samples taken from
the two populations. The test assumes that the two populations are normally
distributed. The basis of the test is a comparison of the actual ratio of the
sample variances with the theoretical distribution of that ratio.

The F-distribution is defined as the distribution of the ratio of two indepen-
dent chi-square variables, each divided by its number of degrees of freedom.
2

2’ 2
the sample variances and sizes, and 1f the assumption of normal populations
is made, then the guantity

If 021' and cg are the population variances, if S:2L’ S ny, and n., are

82 /02

_ 1 1

R ="
S, /o
2 2

has the F-distribution with v, = n, - 1and v

1 1 o o

5 ~ 1 degrees of freedom.

Since we are testing for equality of the variances and have no way of deter-
2 ;2 .
mining actual population variances, we compute R! = Sl / S2 for use in the

actual test. If the variances of the populations are equal, then the quantity
R' has the F-distribution with v and Vo degrees of freedom. An accept-

ance region is established such that, if 04 =0y, then the value of R' will

be within the region 95 percent of the time (see Figure 5). This acceptance
region may be expressed

F u2)<R'<F

{
0,025 1 o. 975 (W1- Vo)

The 1dentity [Fa (U, vy) = 1/F1_OL (L, ul)] makes it possible to compute

Fo. 97
memory. Thus, the test becomes

5 perceniiles easily from FO 025 percentiles to conserve computer
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1

1
F (vl, vz) <R <

0,025 F )

0.025 (Vas vy

The hypothesis that o, = o, is rejected if R' does not lie within the acceptance

1 2
region. We are confident that R' will lie within the acceptance region 95 per-

cent of the time if o, = Oy In other words, the probability of a negative con-

clusion when 0y = 02 1s 0,05,

A

(Note: peak occurs at R'=1.00

PR Y

!
|
[
|
l

| Acceptance region
! 95% of total
| probahility

1.0 RI —

2 050/0 2 050/0

Figure 5. Probability Distribution of R!

The alternative to this hypothesis is oy t o 2- We would also like to know the

probability for R' values within the ac ceptance region i this case (that 1s,
what 1s the probab111ty of a posﬂzlve conclusion where mdeed 9, f0 ) We

recall that R = (Sl2 ) (S o4 ) is F-distributed even when o F 7 g
so that the probabl.llty functlon for R' is
2 2
PR') = P, |R'—55—

where
Pf(R) 18 the probability function for R.

Using this probability function, we can compute the characteristic function
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1

Bl vy Vo, 02 ,
2 ‘i'

which 1s the probability that the value of R' lies within the acceptance region.

1
¥0.025 (v, v.)
2° 71
2 2
% %
- t 1
plvis Vg 2 Pf(vl,vz) R 2 dR
o] o)
2 F 1
0,025 (vl_. Vv 2)
This mtegration 1s shown graphically in Figure 6.
&
PR)
P
|
{ P(R')
{
I
I
4 1
F (yr vo) 1.0 2 T—— - R' -
0.025 Vl,"‘Z 03 -1 F0n025(\’2,\,1)
g92

Figure 6. Graphical Representation of B

The characteristics function B reaches a maximum of 0. 95 at ¢ 2/0 2 =]
and approaches zero as 012/022 approaches either zero or infinity. = In

Figure 7, B 1is plotted for values of v and v 8 1s approximately 0, 50

1 27
2, 2 _
= F (vl, vz) andat ©

5, 2
1 19 0. 025 / At both

o} = 1/F

at o 2

1 0. 025 Vg Vi)
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C)'_1 0'1
G‘;é' = Fo.025(V1s Vo) Fy gg5 (Vg vy) and G 2
2
1
, B 1s approximately 0,025, These
Fo.025 V12 V2! Fyg gg5 (Vo v)

approximations are useful 1n wnterpretation of the test as follows.

A "Yes'" answer to test implies:

2
5]
1 1
F (v, v} < —— < more than 50 percent of the
0.025%71° 2 O22 Fy g25 vy, v
time.
2
9 1
Fo. 025 Vi Vo) F ggs (Vo vy < -z < o v E oo
2 0.025 V1> Y2! ¥o, 025 V2 V1
more than 97. 5 percent of the time.
A "No" answer to test implies
2 2 .
o4 /02 F 1.0 95 percent of the time.
CF12 1 012
- 5 > - o) or 0—2— < F0.025(v1,\)2) more than 50 percent
2 0.025*2" "1 2
of the time,

In summary, the F-test for equal variances compares the ratio R' = Slzl 822

with 1ts expected range of values on the basis of the sample size, The test

answers the question, '""Are the variances 012 and 022 equal?" with either
"Yes it 1s possible that 012 = 022 " or "No, 1t is not probable that variances
012 and 022 could be equal." The test makes this judgment on the assumption

that both populations are normally distributed. If the answer 1s no, the
probability of being wrong is 0. 05, but the probability of getting an mcorrect
yes answer is

23



T-TEST FOR EQUAL MEANS ~ STATISTICAL BASIS

The T-test for equal means is a method of comparing the means of two popu-
lations by statistical inference from the means and variances of samples
taken from the two populations. The test assumes that the two populations are
normal and that their variances are identical. The validity of the test does

not require that the variances of the two samples be identical. The basis of
the test is a comparison of the actual difference wn sample means with the
theoretical distribution of that difference,

The T-distribution with v degrees of freedom can be defined as that of a
random variable symmetrically distributed about zero, whose square is a
fraction in which the numerator and denominator are independent chi-square
variables of 1 and v degrees of freedom, respectively.

Let Hys Mo and 0 be the population means and their common variance, and
let Xl, Xz, Sl, 52, nlg 92

where sample 1 1s taken from population 1 and sample 2 is taken from popula-
tion 2, Then if population 1 and population 2 are normal, the guantities

and n,, be the sample means, variances, and sizes,

- = 2 2 2
X - X -y - kgl . DgSyT v ng Sy
WS 2 1 1 ’ Q- 02 (n, + - 2)
g E’ rT. 1 112

1 2

are chi-square distributed with 1 and (n, + n, - 2) degrees of freedom,

respectively. Therefore, the quantity,

- n. n. (n +n, - 2)
R =\/.‘E = (X, -X,) - (L, - o) ] 172 71 2
Q L2 12 @, +n.) (.82 +n.8.%)
By T ool UWyRy T oo,

2

has the T-distribution. The probability function for R is well known and
percentiles of the distribution are compiled in many tests. Since we are
testimg for the equality of by and By, We will compute R', assuming that

My = Ho

- 9)
2
1

- n, n, (111 + n,

(n1 +n2) (nlS

2
+ 11282 )

An acceptance region is then established such that if My = Hoi the probability

is 0, 95 that the value of R' will lie within that region, In other words, the
probability of a negative conclusion when My = My is 0,05, This acceptance

region is established by the inequality t, 025 (v) <R' <t (v) or

0,975
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equivalently, |R'| <ty gyg (V). since the distribution is summetric about
zero, The acceptance region is shown graphically in Figure 8. In actual
usage of the test, the region is expressed as,

|X, - X,| < LSD, where LSD is called the least significant difference
and is defined by

5 5
;] T0g8,7)

2(n1 +n2 - 2)

) (n1 + nz) (11l S

LSD =ty gq5 nn

= -1 -
where v nl n2 2.

The alternative to this hypothesis 18 u, # ko We would also like to know the
probability for R' values within the acdeptanCe region in this case. That 1s,
what 1s the probability of a positive conclusion when ndeed “1 # ”‘2'

Acceptance{region 2.5%

2.5% 95% of|total probability

[y
4

t0.025(,) £0.975 () R' -

Y

Figure 8. Probability Distribution of R
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Recall that we caleulated the value for R' on the assumption that M = Hoe If
the population means actually differ by an amount Ap = lpl - Mg |, then the
probability function for R' will be shifted relative to that for R by an amount

i nlnz(nl +n, - 2}
4= b 2 )
(nl + n2) (nlsl + n, S2 )

Using this shifted R' distribution, we can then compute the operating char-
acteristic B (v, Z), which is the probability that the value of R' lies in the
acceptance region,

t9, 975 (V)
B(v, Z) =f P (v, R-Z) dR

to. 025 (V)

where Pt(v, R} 1s the probability function for the T-~distribution, This 1s
shown graphically in Figure 9,

t0.025 t0.975 R'

Figure 9. Graphical Representation of 8(y, R?Y)
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The operating characteristic 8(v, Z) for the T-test 1s plotted for a few values
of v in Figure 10, B is approximately 0,50 at Z = t(v) and approximately
0,025 at Z = 2 x ty 975 (v). Since Z = tO 975 (v), 0.975 is equivalent to

Ap = LSD, we can interpret the results of the test as follows

A "Yes'" answer to test:
More than
Is—.{l - }?zl < LSD mmphies Au<LSD 50 percent confidence
or
A < 2 LSD 97, 5 percent confidence

A "No'" answer to test:
More than

Iil - -}Ezl > LSD implies Ap > 0 95 percent confidence
' or

Ap > LSD 50 percent confidence

In summary, the T test for equal means compares the difference |§1 - gz |
with an expected maximum difference, LSD, which is adjusted according to
the sample sizes.

The test answers the question, '"Are the means Ky and Ko equal? with
either "'"Yes, it is possible that means by and p,, are equal' or "No, it
is not probable that means Hy and b, are equal, The test makes this

judgment on the assumption that the populations both have the same variance
and are normal, If the answer 1s no, the probability of being incorrect is
0. 05, but the probability of getting an incorrect yes answer 1s B (v, Z).
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DATA ANALYSIS

As discussed previously, this study was conducted to substantiate and extend
the results of the previous Horizon Definition Study. This study extends the
meteorological data base from a one-year (1964) to a full three-year period
(1964, 1965, and 1966). Analyses of these data then permit a more accurate
determination of deterministic variations occurring with a period longer than
one year, Also, by comparing results derived from interpolated meteoro-
logical data with actual MRN rocketsonde data, the effects of synoptic mter-
polation may be better understood, Appendix C is a listing of all located
horizon altitude data used in this study, Reference will be made in later
discussions to individually located altifudes that are thought to be either
representative or erroneous data,

ARE THERE VARIATIONS IN THE LOCATED HORIZON
FROM YEAR TO YEAR®

To examine 1 detail the year-to-year variations in the infrared horizon,
locator L1 {3, 0) was chosen for this study because of its inherent suscepti=-
bility to temperature changes in the stratosphere {ref. 17). The results
obtained will be shown to be 1n close agreement with a similar study, which
had different objectives, performed by Keith W, Johnson and Melvyn E.
Gelman and published in June 1988 (ref. 19), I will also be shown that the
variations in the infrared horizon, indicated by this study, relate to observed
meteorological phenomena,

The results of the statistical tests for the standard deviations for the three
years' studies are presenied in Figure 11, The key, as indicated on the
figure, allows an evaluation of the statistical tests for all locators, at all
latitude bands for each period studied, However, the detailed amalysis will
be focused on L1 (3. 0); thus, the presentation for the statistical test for equal
meang is limited to that locator. For information purposes, the plots of mean
and standard deviation for 1.4 (2. 5) are shown in Appendix D.

The results of thig portion of the study will be discussed separately for each
of the latitude bands and for the standard deviations and means in each band.

Latitude Band - -55°N to 80° N

Standard deviations. --Referring to the L1 (3. 0) data in Figure 11, it is
apparent that the hypothesis of equal standard deviations from year to year
is rejected in only two instances--August of 1965 versus August of 1966 and
December of 1964 versus December of 1965, As discussed in the previous
section, comparisons between actual and interpolated data were not made in
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analyzing year-to-year variations. Therefore, the statistical data shown in
Figure 11 for the November interpolated data are discussed later,

In Figure 12, the difference between the standard deviations for December
1964 and December 1965 1s approximately 1.5 km. All data for the December
1964 analysis were taken from Fort Churchill and, with the exception of a
smgle sample from Fort Greely, all December 1965 data were also from Fort
Churchill. A study by Johnson and Gelman (ref. 18) shows that the months of
November and December 1964 were periods of high stratospheric activity
over the Fort Churchill area, This activity is shown in Figure 13, reprinted
from ref. 18. Figure 13 shows that the temperat ure standard deviation for
the 10 mb level in December 1964 was between 8°C and 7°C, whereas mn

1965 it was approximately 4°C. Reference to Figure 15 indicates that the
located altitude foxr L1 (3,0} in the November-December time is located at
about the altitude of the 10 mb point (approximately 30 km).

The disagreement i standard deviation for August 1965 versus 1966, as shown
in Figure 12, is attributed to the effects of longitudinal variation which were
not taken mto account in this study. The August samples for 1965 were

totally irom Fort Churchill and Fort Greely, but the samples for 1966 were
limited to four from Fort Churchill and three from Thule. Again referring

to Figure 13, the rapid rise 1n standard deviation beginning in August of 1966
can be‘'seen at Thule, reaching a peak of about 5°C. 1In 1965, the low devia-
tion of approximately 2° C at Fort Churchill can be seen as compared with
approximately 4°C at Thule for the same period.

in general, the standard deviations for the three years sampled show close
similarity from year to year. The effects of seasonal atmospheric activity

at these northern latitudes are also evident as the standard deviation for

L1 (3.0) mcreases from approximately 1 km in the summer months to as high
as 4 km in the antumn changeover period.

Mean located altitude, --Although the standard deviations of the located
altitudes during the sample periods seem to agree from year to year, rela-
tively large differences occur when comparing the means. Figure 14 shows
the statistical comparison of the located altitude mean for the space-time
cells for L1 (3. 0) only. Inequalities in the means occur in the months of
January, April, August, October, and November,

It should also be remembered that the inequality of the standard deviations
for the months of August and December invalidated the statistical tests for
the means of those months (August 1965-1966 and December 1964-1965), All
sample data for this study for the December 1964 and December 1965 months,
except in a single sample from Fort Greely in December 1965, were taken
from Fort Churchill, Later in this discussion, it will be shown that the
means for these two months are indeed different. For the August data, the
data sample for 1965 1s taken from Fort Churchill and Fort Greely, and for
1966 the data sample is taken from Fort Churchill and Thule. The most
probable cause of the August inequalities 1s the effects of longitudinal
weighting.
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Prior to examining the details of the variations in the mean located infrared
horizon alfitudes, a brief discussion of the atmospheric phenomena studied by
Johnson and Gelman (ref, 18) will be presented, Because of the sensitivity
of L1 (3. 0) to the atmospheric variations at altitudes close to the 10 mb
level, the Johnson and Gelman data lend insight into the variations in mean
altitudes noted above, Johnson and Gelman, on a daily basis, evaluated the
range of altitudes and temperatures associated with constant pressures of

50 mb and 10 mb for 1964, 1965, and 19668. Also, weekly valueg for 5 mb,

2 mb, and 0,5 mb altitudes and temperatures were analyzed for 1965 and
1966.

The conclusions of Johnson and Gelman show that, in the winter months in the
high latitudes, sudden warmings of both major and minor proportions vary
from year to year. The differences m height and temperature between all
years studied occurred in the period from January to April, An example was
given showing a difference 1n altitude and temperature of the 10 mb level of
2.7 km and 15°C between 1 April 1964 and 1 April 1987, The periods of high
stratospheric activity during the study were found to be November 1964,
December 1965, and February 1966. These conclusions will be examined in
greater detail in the following discussions,

Figure 15 is a plot of the mean located altitude of Li (3. 0) for 1964, 1965,
and 1966, and January 1967. The effects of midwinter warmings can clearly
be seem when comparing January of 1967 with the years of 1966 and 1965.
Although no reference was found 1n a literature search to a major warming
i the siratosphere for 1967, it 1s believed that this difference n the infrared
horizon (approximately 8.5 km between 1966 and 1967) was due to an event
similar to that shown in Figure 16 (ref, 18), that occurred during January
1963. As can be seen from the figure, the temperature rose approximately
60°C at the 10 mb level, This is supported in ref, 19 which Winkler reports
commeon average dally temperature levels over the United States of 16°C
above normal for January of 1967, albeit at the 700 mb level.

The irregularity in the spring transition mentioned above can be seen i the
shapes of the curves in both Figure 15 and Figure 16. Cloge agreement of
the data shown i1n Figure 15 is believed to be coincidental because of the
available data used in the study, since during these periods there are
phenomena occurring that do not necessarily repeat from year to year, or
even from one reporting station to another within the same year., For
example, the spring "overshoot' reported in references 18 and 20, during
which temperatures in the stratosphere rose in March to a ligher level

than was reached during the remainder of the summer, was not observed in
this study because of the limited sample data available. This overshoot 1s
shown in Figure 17 (from ref, 18). The overshoot occurred at Fort Church-
ill in Max(':ch 1965 at the 10 mb level. The maximum temperature of the year
was -29°C.

As mentioned earlier, the effects of the warming in November of 1964 and
subsequent sudden cooling and the warming 1m December of 1965 are apparent
m Figures 15 and 17, The warming of November 1964 produced a difference
of about 4. 5 km, between 1964 and 1965, in the located altitude.
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Each of the instances of mequality in the located altitude standard deviation
comparison can be interpreted to be caused by meteorological activity occurr-
ing 1n one of the space-time cells. These local phenomena can be expected to
show variations from year to year in the data in the high latifude regions,
55°N to 80° N, However, the magnitudes of these variations are shown in
Figure 15 to be small with respect to the approximately 15 km seasonal
variation, The one exception of January 1967 produces a year-to-year varia-
tion of over 50 percent of the seasonal variation.

35°N to 55°N

Standard deviations, --From Figure 18, the standard deviations in
located altitude for L1 (3.0) are different at the 95 percent confidence level
only in November. As indicated in Appendix A, all of the data in this latitude
band are from Wallops Island, The two data samples, taken one week apart
from this station 1n November 1966, show a standard dewviation of only 0. 015
km. This is not representative of the true variations at this station in
November, as is shown by the larger standard deviations, and agreement,
evidenced in November 1964 and Nevember 1965, This low standard deviation
is a result of the very small sample and of the meteorological similarity of
the data,

Figure 18 graphically presents the standard deviations in located altitudes for
L1 (3. 0) for this latitude band, All of the standard deviations are seen to be
less than 2 km,

Means of located altitude. --Figures 14 and 19 show the stability of the
infrared horizon from year to year according to the samples available in the
35°N to 55°N latitude band, Note that no samples were available for
February 1965, therefore, no frue comparison can be made in Figure 19
between Februaries in the sample years.

Again, all data available for this latitude band were taken from Wallops
Island, which is at 38°N latitude and which is probably not representative
of the 35°N to 55°N latitude band in total. As mndicated in ref, 18, a warm
band exists at 30°N in the stratosphere and, hence, creates a stability near
that latitude which is not typical of the entire 20° of latitude in this 35°N to
55° N band,

The warming 1n January 1967 is again quite obvious.

Although only two points were available for 1964, it can be seen that the mean
located horizon for the samples were the same from year to year except for
the 1solated warming in January 1967, which is 2.5 km higher than in 1966,
Compared with the seasonal variation, this 1s again greater than 50 percent
of the total--2, 5 km versus a seasonal variation of 4, 5 km,
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20°N to 35°N

Standard Deviationg, --Figures 11 and 20 show the three-year sample
period standard deviations for the 20°N to 35°N latitude band, again for L1
(3.0)., From Figure 11, the statistical test for equal variances 1n the space-
time cells indicates inequalities when comparing January 1967 with January
in 1964, 1964, and 1966, August 1964 with August 1965 and 1966, and
November 1965 with November 13686,

Except for the August comparison, Figure 20 shows that the standard devia-
tions are within 1 km on a comparative basis. In analyzing the conditions on
the August sample dates, no meteorological phenomena were found that would
cauge such a high standard deviation in August 1964, However, of the five
data samples for that date {reference Appendix A), two of the Pomnt Mugu
profiles exhibited extremely high~temperature regions in the upper strato-
Sphere, causing the located altitude for those cases to be approximately 4 km
higher than any other observed,

No reason could be found to a priori exclude these rocketsonde data from
the sample set; therefore, the standard deviation for August 1964 must be
congidered in light of these data., The influence of either instrument error
or data handling techniques for the raw meteorological data possibly caused
this anomaly.

The inequality in standard deviations for the January comparison is 1llu-
strated in Figure 20, Standard deviations for January 1964, 1965, and 1968
compare; however the standard deviation for January 1967 is lower, After
examining the sample data, Januaries for 1964, 1965, and 1966 imdicate
longitudinal effects when the sample data are grouped accordmng to station,
The standard deviation of each of the stations being smaller than the standard
deviation of the stations as representing the latitude band, the mean located
altitude for the station-to-station analysis indicates longitudinal effects.

January 1967 data exhibited the same station-to-gstation standard deviation
magnitudes, but indicated a weakening of the longitudinal gradients. The
mean indicated altitude of the Cape Kennedy data fell to approximately the
same value at those of Point Mugu and White Sands. As discussed earlier,
no detailed information could be found concerning the lower stratospheric
temperatures over the North American continent for J anuary 1967; however,
the effect of this is evidenced in the data in this study. With the weakening
of longitudinal gradients in January 1967 came the reduction in standard
deviation for the latitude band, as indicated i Figure 20.

For the standard devistion inequality indicated in Figure 11 for November
1965 to 1966, examination of the located altitude data again indicates a strong
longitudinal gradient existing for November 1986, The data from Point Mugu
and for White Sands indicate a low standard deviation with a definite reduction
1n the located altitude for those stations. The attendant increase in standard
deviation results from this gradient,

42



ev

3.0+

£ 2.0

]

1.0+

Figure 20. Standard Deviation for L1{3.0) MRN Data,
Latitude Band 20°N to 35°N



Mean located altitude. --Figures 14 and 21 show the results of the statis-
tical tests for mean located altitudes and the mean located altitudes for the
space-time cells in the study sample. The "no'" comparison answers in
Figure 14 for January, August, and November comparisons were briefly
discussed in the previous section. Figure 21 graphically illusirates the
wncrease and decrease of the mean located altitude for the latitude bhand
caused by the station-to-station gradients existmg.

In the comparison of June 1964 with June 1965 and June 1966, the data show
that the western half of the latitude band (i.e., Point Mugu and White Sands)
had a cooler stratosphere than was evidenced in these locations in June 1965
and June 1966. The data from the three June periods compare well at the

Cape Kennedy and Grand Turk stations. Comparison of the White Sands and
Point Mugu data between June 1965 and June 1966 alsc shows very close
agreement. However, ag indicated, the June 1964 data in the western regions
show a decrease in the located altitude mean of approximately 1 km to 1.5 km.

The seasonal variations in this latitude band are again domant, with this
change being approximately 4¢ km and with the maximum difference i the
means for any single temporal comparison being less than 2 km.

Latitude Band 0°N to 20°N

Standard deviations, --Only a single MRN station was available for the
0°N to 20°N latitude band, Antigua at 17°N. A plot of the standard deviations
is shown in Figure 22, Only two sample data points were available from
Antigua 1m 1966-~-in October and in November,

The standard deviations are quite low, less than 1 km, for all points in
Figure 22, except for the April 1965 case. Reference to Figure 11 shows
the inequality in standard deviations for the April 1985 to April 1966 compari-
son, Analyzing the individual data samples for these two space-iime cells
shows a single located altitude in April 1965, out of the four samples, that
has a value approximately 4 km higher than the others in either April 1965

or April 1966. The other eight samples in these cases show an extremely
low standard deviation.

Il must be concluded that this anomaly is caused either by an mstrument
error when taking the meteorological data or by a short-term meteorological
change, The available data samples on either side of this sample donot
show this anomalous effect,

Mean located altitude. --Figures 14 and 23 present the statistical com-
parison of the located altitude means for each space-time cell and, graphi-
cally, the located means, respectively, PFigure 14 shows that the tests for
equal means of the sample data fail when comparing (1) January 1965 with
ewther January 1966 or January 1967, (2) August 19685 with August 1966,
and (3) November 1965 with either November of 1964 or 1966.
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Figure 22 showed the extremely low standard deviations occurring in all
Januaries sampled, with Figure 23 showing the higher mean located altitude
i January 1964, Avaijlable data samples taken over a three-day period
during this month show a mean located altitude 1 km to 1.5 km higher than
either of the other two Januaries. This mdicates that meteorological changes
rather than measurement instrument errors produced this effect,

A similar effect igs noted for the August space-cell comparison. The sample
data available indicate a definite shift in the located altitude means between

August 1965 and 1966,

The November 1965 comparison with November 1864 and 1966 again exhibits
the same phenomenon, a reduction in the located altitude mean for November
1965, On the basis that there are at least two samples per space-time cell,

an atmospheric change between the cells is indicated,

In Figure 23, dashed lines were drawn to indicate a possible curve fitting
of the pomts of located altitude means. Taking the extreme points on these
curves, the means of the samples have a 4 ki peak-to-peak variation. The
dominent effect of seasonal variations, as 1ndicated i the 20°N to 35°N,
35°NN to 55° N, and 55°N to 80°N latitude band, is not evidenced in this 0°N
to 20° N band.

Although sufficient data are not available to be conclusive, it is postulated
that the located altitudes of the infrared horizon profiles vary such that the
effects of the quasi-biennial cycle in the {ropics 1s evidenced. This phenome-
non has long been under study by atmospheric scientists and was referenced
in the Horizon Definition Study (ref, 21). The temperature structure of the
guasi-biennial cycle, as observed by R.J. Reed {ref. 22) and used by

Kaichi Maeda (ref. 23), is presented in Figure 24.

The similarity of the possible curve fits to the data shown mn Figure 23 with
the data in Figure 24 strongly indicates the effect of this 26-month cycle on
the sample data in the 0°N to 20°N latitude band,

DOES INTERPOLATION OF TEMPERATURE
DATA INTRODUCE ARTIFICIAL VARIATIONS
IN LOCATED ALTITUDE STATISTICS?

To determine whether synoptic mapping mterpolation has any effect on the
statistics of located horizon altitudes, profiles were generatedfor 1964 from
actual MRN data coincident with the dates used previously in the Horizon
Defmition Study, Also, new synoptic data were created for November 1965

1E:B.:nd Novleimber 1966 to compare interpolated and MRN data over these space-
1mme cells,

Meaningful statistical comparisons of the actual versus interpolated data
were limited to the 20° N to 35° N and 55° N to 80°N latitude bands because of
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insufficient data being available for the other bands., These data are shown
in Figures 25 through 28, All of the statistical data comparigsons for the
space-time cells are shown in Figure 29,

In the 55° N to 80° N latitude band, Figure 29 shows that standard deviations
between the MRN and interpolated data are unequal 1 the months of June

and November 1984 and in January 1965, In all cases of comparing inter-
polated data with real MRN data in this latitude band, 18 samples from the
mterpolated data were used., In contrast to this, the available data
(Appendix A) ranged from a minimum of three samples io a maxumum of
only seven samples. As described in the section on statistical tests, the
comparison of standard deviations is sample size-dependent and is therefore
extremely difficult to interpret intuitively,

~

In general, however, wn the 55°N to 85°N latitude band, the agreement in the
shapes of the curves 1s quite good, the major apparemt disagreemeit being

in October 1964, The MRN data showed a 1.5 km higher standard deviation
than did the interpolated data. This type of disagreement could be expected
as a result of the local character of the MRN samples as opposed to the
generalized coverage of the full latitude band of the mterpolated data, Longi-
tudinal averaging of the band will be discussed further in the detailed com-
parison of the MRN versus interpolated data for November 1964, 1965, and
19686,
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It 1s apparent that interpolation of meteorological data had very little effect
on the located altitude means (Figure 26).

For the 20°N to 35°N latitude band, the standard deviations agree well, ex-
cept for the August comparison. The MRN data standard deviation magnitude
was discussed previously in the MRN-to-MRN comparison section (20°N to
35°N). This 1solated instance is believed to be caused by errors in the data
and not by any atmospheric conditions.

The same effect 1s believed to have caused the apparent anomaly for the June
comparigon of the means (Figure 28),

SYNOPTIC MAPS

To examine the comparison between interpolated and real atmospheric data
1n more detall, synoptic maps were created for the months of November 1965
and 1966, These maps are presented i Appendix B, The resulis from the
synoptic mapping are presented in Table 3 for L1 (3.0). As can be seen from
the table, the MRN and the interpolated data agree in most instances within
less than a kilometer, except at the high latitudes, In the high latitudes,
longitudinal effects become quite strong. It is believed that this accounts for
the differences, since the MRN data are limited to two stations. This would
indicate that, as a representation of the total latitude band, the interpolated
data are superior to the limited MRN data.

To examine the differences in detail, a look at the synoptic maps presented
in Appendix B at the 39 km level shows reasons for the variations indicated
1n Table 3.

13 November 1965

From Table 3, 1t can be seen that the interpolated data show an indicated
mean altitude 2.9 km lower than the MRN data for the 35° to 55°N band, The
synoptic map shows that at 39 km the temperature 1s rapidly decreasing in a
northward direction--from -30° at Wallops Island to about -50° at the northern
boundary of the band. Since all MRN data available were from Wallops Island
at 38° N, the interpolated data better represent the mean and standard devia-
tion for the band.

Also noted 15 that the 55°N to 80° N shows a 3.9 km lower located altitude
mean for the interpolated data. The synoptic map shows that the MRN data
taken from Fort Churchill and Fort Greely were on isopleths of -45° and
-50°, whereas the inferpolated data took mto account the cold air mass at
-60° centered over Greenland., Since no MRN data were available for Thule,
it 1s concluded that the immterpolated data again is more representaiive of the
band.
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TABLE 3. - INTERPOLATED AND MRN DATA RESULTS

Latitude, °N

Interpolated MBEN, mean and ¢, km

MRN, mean and ¢, kn

13 November 1965

0 to 20 38.2275 36, 7876

0.0873 0, 7733

20 to 35 36.7789 37.5723
0.9353 1.0634

35 to 65 32.1987 39,1025
2.2479 1.2123

55 to 80 24,7745 28.6747

3.2313 1,.7867

13 November 1966

0 to 20 38.937 40, 2980

0.5453 0.2682

20 to 35 35.1031 36.2895
1.358 2.3362

35 to 55 30.98286 34,2286
2.715 0.0155

55 to 80 27.5932 30. 1649
3.92 3.9651

13 November 1964

0 to 20 38.1204 39,8841

1.2323 0.5186

20 to 35 36,3737 35,9294
1.2395 1. 6068

35 to 55 35.0669 36.9358
0.6284 1,6694

55 to 80 33.5597 33.0136
0.5676 1.6927
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13 November 1966

Again examimng in detail the interpolated versus MRN data from Table 3 and
the synoptic map for 39 km, the warm cell of -10° centered close to Antigua

causes the MRN data (which 1s all from Antigua) to be 1, 4 km higher than the
interpolated data. The decrease to -15° over the remainder of the 0° to 20°N
latitude band is better represented by the interpolated data.

The same effect is seen 1n the 35° to 55° N band, The MRN data taken at
Wallops Island at this level indicate -35°C, whereas the interpolated data
account for the northward decrease, to -50°C over the total band,

In conclusion, the interpolated data differ from the MRN data only in isclated
cased, and, conversely, the MRN data differ from what is considered to be the
true casge in a sumilar manner, The important features (which were used to
determine data requirements during the Horizon Definition Study), shapes and
magnitudes of the means and standard deviations for seasonal and latitudinal
effects, were preserved by the interpolated data,

RESULTS AND CONCLUSIONS

Results of this study have shown that the 15 U infrared horizon varies from
year to year. The exact magnitude of this variation depends on the latitudinal
region, with the greatest temporal change occurring in the northern latitudes,
On the basis of the data available for this study, the changes apparent in the
high-latitude bands are caused by midwinter warmings in the stratosphere
and by the mstabilities of the transition seasons of spring and fall, Not
observed during this study because of lack of data 1s the phenomena of
"spring-overshoot' (ref, 18), which occurs 1n some years and not in others,
There is evidence that the year-to-year changes in the tropical latitudes are
caused by the quasi-biennial variation in wind and temperature in the atmo-
sphere at a period of between 21 and 28 months.

Available data also indicated that longitudinal gradients exist in all latitude
bands. Analysis of the MRN data at each station in a latitude band indicates
this phenomenon in almost all cagses, Inthe analysis of mterpolated versus
uninterpolated data, the interpolated data are believed to be more repre-
sentative of the total latitudinal band because longitudinal effects are mmcluded
1 these data,

This study has also shown that there are both advantages and disadvantages
to using either interpolated or uninterpolated meteorological data. The lack
of actual meteorological data from MRN radiosondes and rocketsondes
Yestricts the conclusions that can be drawn directly from this data source,
since there are insufficient space-time data for accurate statistical testing.
Interpolation of the data via synoptic mapping provides the necessary data
base, but has some dependence on the interpolation of large scale information
by the meteorologist.
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The conclusions of the study indicate that there are indeed variations with
periods longer than one year and that interpolation of the meteoroclogical data
does preserve the essential character of infrared horizon variations. How-
ever, an initial premaise of this study, that no longitudinal variations, was
shown to be imncorrect.

To advance further the results of both this study and the Horizon Definition
Study, 1t is apparent that actual measurements must be conducted with
sufficient spatial and temporal frequency to permit high-resolution studies.
Additionally, these experimental data must necessarily be as error free as
possible.
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APPENDIX A - DATA SELECTION (continued)

20 to 35°IN

0 to 20°N 35 to 55°N 55 to 80°N
Date Cape Point White Grand | Wallops Fort Fort Total
Antigua Kennedy | Mugu Sands Turk Island Churchill Greely
8/12/64 8/5 8/5 8/12 8/8 8/5
8/12 8/12 8/18 8/12
8/19 8/19
8/21
Total 2 3 2 4 1 12
10/21/64 | 10/12 10/9 10/21 10/14 10/16 10/18 10/28
10/23 10/12 10/21 10/19 10/21
10/26 10/23 10/22 10/28
10/27 10/286 10/28
10/28 10/29 10/29
10/30
Total 5 8 1 9 3 2 1 23
11/13/64 | 11/11 11/86 11/4 11/4 11/5 11/11 11/12
11/16 11/10 11/18 11/5 11/6 11/16
L11/12 11/13 11/25
11/20 11/18
11/19
11/19
11/20
Total 2 4 2 T 2 3 1 21
12/9/64 12/9 12/6 12/4 12/5 12/9 12 /4
12/7 12/8 12/9 12/10 12/9
12/8 12/9 12/15 12/11
12/9 12/11 12/186 12/14
12/9 12/16 12/186
12/10 12/16 12/21
12/18
12/18
Total 1 6 8 4 2 6 27




APPENDIX A - DATA SELECTION

0 to 20°N 20 to 35°N 39 to 5b°N b5 to 80°N
Date Cape Point White Grand | Wallops Fort Fort Total
Antigua Kennedy Mugu Sands Turk Island Churchill Greely
1/20/64 1/22 1/13
1/24 1/17
1/25 1/ 20
1/26 1/24
1/2%
Total 4 5 9
2/10/64 2/5 2/5 2/8 2/3
2/12 2/8 2/4
2/13 2/8 2/7
2/9 2/12
2/10 2/19
2/17
Total 3 1 6 o 15
4/8/64 4/1 419 4/1
41 4713 4/8
4/8 4/15 4 /15
4710
4/20
Total 5 3 3 11
6/3/64 5/25 5/27 5/25 5/20 6/3
5/26 6/3 6/1 6/3 6/5
5/26 6/3 6/19 6/11
5/28 6/13
Total 4 2 4 3 3 16
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APPENDIX A - DATA SELECTION (continued)

0 to 20°N 20 to 35°N 35 to 55°N] 55 to 80°N
Date Cape Point White Grand | Wallops Fort Fort Total
Antigua Kennedy | Mugu Sands Turk Island Churchill Greely
1/20/865 1/19 1/19 1/15 1/20 1/8 1/6
1/20 1/20 1/20 1/13 1/19
1/22 1/20 1/21 1/22
1/20 1/20
1/22 1/27
1/25
Total 3 6 3 1 4 3 20
2/10/65 2/ 2/9 2/3 2/10
2/8 2/17 2/5
2/11 2/8
2/11 2/19
2/14 2/12
2/186
2/ 17
2/20
Total 8 2 1 1 4 16
4/8/65 4/2 47 4/6 417 4/1 3/17 3/20
475 4/1 4{9 4714 3/19 3/21
477 4/8 3/23 3/22
4/14 4/8 3/24 3/22
4/8 3/25 3/22
4/9 3/23
4/12 3/24
4712 3/25
Total 4 8 1 2 2 5 8 30
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APPENDIX A - DATA SELECTION (continued)

0 to 20°N 20 to 35°N 35 to b5°N 55 to 80°N
Date Cape Point White Grand | Wallops Fort Fort | Total
Antigua Kennedy Mugu Sands Turk Island Churchiil Greely
6/3/65 5/28 6/3 6/2 6/4 5/27 5/26 6/2
6/9 6 /4 6/4 5/27 B/7 6/27 5/28 6/9
6/11 8/7 6/ 5/28 6/30 5/31
6/14 6/2 6/2
6/16
6/25
Total 6 3 3 3 2 3 4 2 26
8/12/865 8/4 8/6 8/9 8/ 8/13 8/17 8/ 8/12
8/6 8/9 8/11 8/11 8/8 8/17 8/13
8/9 8/13 8/186 8/16 8/13 8/8 8/16
8/11 8/16 8/18 8/8
8/13 811
8/20 8/16
Total 6 5 3 3 1 4 6 3 31
10/21/65 { 10/22 10/18 10/20 10/18 10/25 10/13 10/23 10/ 14
10/25 10/20 10/27 10/21 10/27 10/20 10/26
10/27 10/22 10/25 10/23 10/29
10/26 10/25
i 10/26
10/2%7
10/29
Total 3 4 2 3 2 7 1 '3 25
11/13/65 | 11/1 11/9 11/9 11/6 11/10 11/4 11/8
11/3 11/10 11/15 11/12 11/8 11/9 11/10
11/12 11/15 11/10 11/10 11/11
11/15 11/11 11/15 11/17
11/17 11/19
Total 2 3] 2 1 3 5 4 3 25
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APPENDIX A - DATA SELECTION (continued)

0 to 20°N 20 to 35°N 35 to 55°N 95 to 80°N
Date Cape Pomnt White Grand | Wallops Fort Fort Total
Antigua Kennedy | Mugu Sands Turk Island Churchill Greely
12/9/65 11/29 12/13 12/8 12/3 12 /1 12/3 12/10
12/8 12/4 12/6 12/8 12/2 12/8
12/15 12/8 12/8 12/9
12/17 12/10 12/9 12/10
12/20 12/13 12/15 12 /11
12/15 12/16 12/12
12/16 12/14
12/18 12/14
12/16
12/18
12/18
Total 5 8 2 2 6 11 1 35
1/20/66 1/12 1/14 1/19 1/19 1/14 1/14 1/16
1/14 i/17 1/24 1/21 1/17 1/17 1/17
1/17 1/18 1/286 1/19 1/24 1/20
1/19 1/19 1/21
1/24 1/21 1/26
1/26 1/24
1/28
Total 7 6 2 3 5 3 3 29
2/10/66 2/2 2/9 2/3 2/2 2/4 2/10 2/5 2/5
217 2/10 2/4 2/3 2/17 2/9 2/6
2/9 2/11 2/8 2/4 2/10 2/8
2/9 2/ 14 2/10 2/9 2/10
2/10 2/16 2/10 2/11
2/14 2/14
2/18 2/15
2/186
Total 5 5 4 7 2 1 3 8 35
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APPENDIX A - DATA SELECTION (Continued)

0 to 20°N 20 to 35°N 33 to b5°N 55 to 80°N
Date Cape Point White Grand | Wallops Fort Fort Thule| Total
Antigua Kennedy Mugu Sands Turk Island Churchill Greely
4/8/686 3/28 4/5 4/6 aln 4/4 5/10 414
4/1 4/8 4/13 4/13 4/6 5/10 4/6
4/6 4/ 4/8 5/11 4/7
4/13 4/8 4/11 5/11 4/8
4/15 4/13 /11 4111
5/11 4/12
5/11 4/14
5/11
5/11
5/11
Total 5 4 2 2 5 10 7 35
6/3/66 6/22 6/1 5/26 5/26 6/3 6/1 5/30 5/31 6/1
6/3 5/31 5/27 6/3 6/3 6/3 6/2
6/6 6/2 6/2 6/6 8/5
6/7 6/3 6/2 6/8
6/86 6/8
6/7
6/8
6/9
6/10
Total 1 4 9 5 1 2 4 3 2 31
8/12/66 8/10 8/9 8/9 8/12 8/7 8/ 8/8
8/19 8/10 8/11 8/ 8/7 8/9
8/22 8/11 8/12 8/12 8/10 8/15
8/12 8/15 8/17 8/18
8/15 8/18
8/19
Total 3 5 4 1 6 4 3 26




APPENDIX A - DATA SELECTION (concluded)

0 to 20°N 20 to 35°N 35 to 55°N 55 to 80°N
Date Fort Cape Point White Grand | Wallops Fort Fort Total
Antigua|Sherman|Kennedy | Mugu Sands Turk | Island Churchill Greely
10/21/66] 10/21 10/19 10/19 10/19 10/19 10/17 10/17
10/24 10/20 10/20 10/20 | 10/21 10/19 10/19
10/26 10/24 10/21 10/21 10/20 10/24
10/28 10/25 10/24 10/26
Total 4 4 3 3 2 4 4 24
11/13/66) 11/4 11/9 11/10 11/11 11/15 11/9 11/8 11/10
11/ 11/9 11/14 11/8 11/18 11/10 11/14
11/16 11/10 11/15
1i/11
11/14
11/15
1i/186
Total 3 7 3 2 1 2 2 2 22
1/20/67 1/23 | 1/18 1/16 1/186 1/18 1/18 1/16 1/16
1/13 1/23 1/17 1/17 1/23 1/31 1/17 1/19
1/25 1/18 1/19 2/1 1/18 1/20
1/18 1/20 1/19 1/23
1/19 1/23 1/20 1/25
1/20 1/23
1/23 1/24
1/24 1/25
Total 2 3 8 5 2 3 8 ) 36
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APPENDIX B

DERIVATION OF TEMPERATURE AND PRESSURE
DATA FOR SYNOPTIC CASES

LOWER LEVELS

For levels below 30 km, upper air charts prepared by tfe U.S. Weather
Bureau and the Free University of Berlin, Germany, were used to obtain
temperature and pressure-altitude information. Temperature and altitude
data were picked off via interpolation between plotted i1sotherms and 1sopleths
of altitude for each of the 56 grid points accommodated 1n the model. These
data were then entered on the data coding sheets.

UPPER LEVELS

For altitudes above 30 km, charts were drawn at 3 km intervals from 33 km
to 60 km, The charts were prepared from weather data obtained by rocket-
sondes launched over the western half of the northern hemisphere. These
data were obtained from the Meteorological Rocketsonde Data published by
the U.S5. Government. The data were plotted on charts, and isobars and
1sotherms were drawn. Values were then obtained at the same 56 grid points
ag 1n the case of the lower levels, again by interpolation,

In preparing the charts, data were plotted for the timme most closely approach-
1ing that of the dates specified, November 13 of 1965 and 1966, In addition,
where available, data up to four days before and after the target day were
plotted to aid in awareness of changes occcurring and to spot occasional large
errors appearing in the rocket data. Knowing the changes helps to ""zero 1n"
on the conditionge that prevalled on the target date,

To assure that no gross errors appeared in the charts, the patterns obtained
were checked against the patterns obtained by the Upper Air Branch, NMC,
ESSA, in their 5, 2, and 0.4-millibar charts. In the case of the 13 November,
1966 data, no serious discrepencies in the pattern existed. while 1n the 13
November, 1965 data, a gross error did appear over Alaska due o an ex-
tremely large error in the rocket data from Fort Greely, Alaska. The mag-
nitude of the error was ascertained by perscnal communication with Mr,
Gelman and others of the Upper Air Branch, who prepared the 5, 2, and 0.4
millibar charts., The charts that were prepared were adjusted accordingly.
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Figure Bl. Constant Altitude - Synoptic Temperature Map,
13 November 1965, 33 km
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Figure B2, Constant Altitude, Synoptic Temperature Map,
13 November 1965, 36 km
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Figure B5. Constant Altitude, Synopiic Temperature Map,
13 November 1965, 45 km
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Constant Altitude, Synoptic Temperature Map,

13 November 1965, 48 km
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Figure B7. Constant Altitude, Synoptic Temperature Map,
13 November 1965, 51 km
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Constant Altitude, Synoptic Temperature Map,
13 November 1965, 54 km
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Figure B9, Constant Altitude, Synoptic Temperature Map,
13 November 1965, 57 km
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Figure Bl0. Constant Altitude, Synoptic Temperature Map
13 November 1965, 60 km
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Constant Altitude, Synoptic Temperature Map,
13 November 1966, 33 km
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Constant Altitude, Synoptic Temperature Map,
13 November 1966, 39 km
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Figure Bl4 Constant Altitude, Synoptic Temperature Map,
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Figure B15. Constant Altitude, Synoptic Temperature Map,

13 November 1966, 45 km
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Constant Altitude, Synoptic Temperature Map,
13 November 1966, 48 km
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Figure B17 Constant Altitude, Synoptic Temperature Map,

13 November 1966, 51 km
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Figure B19. Constant Altitude, Synoptic Temperature Map,
) 13 November 1966, 57 km
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APPENDIX C
LOCATED ALTITUDE

The following computer run lists the locations, dates of atmospheric soundings,
and located altitudes used in the Located Horizon Variation Study. In the left-
hand pages, the first column shows a unique number which was assigned to the
soundings. The second column shows either the name of the site where the
sounding was obtained or, inthe case of synoptic profiles, the number assignec
to the grid point at which the interpolations were made. The last three col-
umns are the date that the sounding was taken, the north latitude, and the west
longitude of the sounding location or grid peint. In the right-hand pages, the
located altitudes with corresponding profile number are tabulated.

Profiles synthesized from uninterpolated atmospheric data have been assigned
the numbers 1 through 585. Those profiles synthesized from interpolated
atmospheric data have been assigned the numbers 1088 through 1197, since
these profiles are an extension of the 1085 profiles derived during the Horizon
Definition Study.
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PROFLLE NG.

[
[=JaN Jue R R GRS A

11

bt b b
o PO

I bt bt pms b ped
0o ~J oM

4]
o

N MroM
£ oMo

MRS NN
o~ O W

LLOCATINN

ANTIGUA

ANTIGUA

ANTISUA

CAPE KENNEDY
CAPE KEMNNEDY
CAPE KENNEDY
CABE KENNEDY
CAPE KEMNEDY
CAPE KENMEDY
FORT CHyuRCHILL
FORT CHyRCHILL
FORT CHyRCHILL
FORT GrrELY

FORT GREELY
POTNT MUyGU. CAL.
POINT MUGU, (AL,
POINT MpGUse CAL.
WHITE SANDS

FORT CHURCHILL
FORT GRFELY
ANTIRYA

ANTIGUA

ANTIGUA

ANTIGUA

ANTIGUA
ASCEHSInN IS5,
ASCENSIaN I5,
ASCENSInN I5.
CAPE KENNEDY
CAPE XENNENDY
CAPE xEMNEDY
CAPE KENNEDY
CAPE XENNEDNY
CAPE xENNEDNY
GRAND TyRK Is.
GRAMD TyRK IS,
GRANT TURF I5.
GRAND THURK IS.
GRAND TURK 5.
FORT CHyRCHILL
FORT CHPIRCHILL
FORT CHURCHILL
FORT GREELY

FORT GREELY
FORT GRFELY

BARK TNG SANDS
POINT MyGUse CAL,.
POLNT MUGU, CAL.
WHLTr SANOS
WHLTE SANDS

DATE

1/
1/
Y/
1/
17

1/
s
1/
1/
1/
1/
17/
1/
1/
1/
1/

1/
1/
1/
1/
1/
1/
17
1/
i/
1ls
1/
17
1/
1/
1/
1/
1/
1/
17
i/

| g
1/
1 ¥4
1/
1/
1/
1/

1/
1/
1/

19/
20/
22/
g/
20/
20/
20/
22/
25/

8/
13/
20/
ig/
2e/
15/
20/
717
20/
271/

6/
Y4/
17/
1a/
24/
26/
'
24/
20/
14/
17/
las
19/
21/
24/
14/
17/
lgy/
217
e/
gy
17/
24/
16/
177
20/
tg/
la/
24/
1o/
)/

65
AR
65
65
65
65
65
£5
65
A5
6%
65
A5
6%
65
65
65
65
65
£5
&6
66
66
66
A6
66
66
b&
&R
65
66
66
6é
6h
E6
66
66
66
66
66
66
&6
&b
66
Af
66
66
A6
&6
&6

LATITUDE

17.15
17,15
17.15
28,45
28,45
28,45
28,45
28445
26445
58.73
58,73
58,73
64,00
64,00
34.12
34,12
34,12
32,33
28473
64.090
17,15
17,15
17.15
1T.15
1?-15’
“7-95
n7.98
~T+¢98
28445
28,45
2845
128445
28,45
25,45
21,43
21.43
21,43
21.43
21443
58,73
58,73
58,73
64,00
64,00
64,00
22-0'3
34,12
34,12
32,38
37.34

LONGLTUDE

6leTH
BleTH
61.78
80453
80 .54
80.53
80,53
80453
80.53
Q3.8
9382
93,82
1459.75
14575
119.12
119.17
119417
106.48
93,82
145,75
6' ls T 8
6‘1 o7 i)
6laTle
EleTH
6le7H
14,25
14,29
1425
B0 53
AlLHJ
A0+53
80,453
an,53
Al w53
7r,.14
TYeld
Tlal4
Tlel®
Tlwlé
93,82
93.82
9‘3*- 8 &
145075
F45,. 15
145,75
1 5 9‘0'7 8\*
L1912
LS. 18
10648
1‘0‘6'0‘4 g



PROFILE MO« L1{2.,0} L1{340) L2(415)

ol -BEN IR, IR TV N

44484
45455
46414
43,82
43,96
44,06
43,560
44,01
43,85
37.10
37435
34,40
35,98
35,30
40,71
42. 83
41,86
40. 93
33,92
35,94
44,34
44,07
43,93
444,15
43.68
44451
45,12
44. 10
42,61
42435
!+2| 1?
42.77
43,462
43,48
42,99
43,28
43,36
4,27
43442
33.35
33,385
33,98
32,85
33.07
32,63
40437
41040
41,88
45.93
400,32

40.09
40.70
40,65
38,28
39.27
39.47
39,07
39.03
38.88
30,41
30454
28476
30,72
28490
34,26
36459
35.40
34,52
28,80
31,34
39,45
38,90
38,45
39,39
38499
39,00
39,72
38460
3754
38,05
3T.94%
38.24
38.97
37,98
37.81
37.97
38.49
39.6%
38450
26477
27455
26491
28.05
28.17
25,89
33.41
36411
36,22
41,12
35,99

5249
52442
53,47
5l.27
51,52
52.02
51,53
51.69
51.65
47,91
48,05
47,89
49,99
48,48
49,79
51,87
50,59
50.64
46,67
46,75
51,44
52.24
5t.75
52.06
5Le72
Sle77
53,119
52445
50,21
5k.U8
50,01
5U,.45
50.63
51.63
51,23
50,75
51,13
51.35
51455
49,75
48,00
50,03
46,96
biae 76
46,91
81.46
50.74
50,59
53,4l
49,05

L20e50) 21,30}

40e73
“0.71
40,79
39.89
40,91
40,68
40,45
40,21
319.95
35,83
34445
32,477
33,65
32,99
36."2
38.87
37.83
37.90
3l,96
33,06
39,74
40,29
40,33
40,356
40431
40449
404,77
40,15
38.87%
39.62
39.25
39.35
39,74
39,36
39,40
40,08
39,98
39,82
40,20
32,01
32.59
32,59
31,04
Ila.21
31,61
38,05
3R 44
15443
41,12
AT7.20

28472
29,51
29486
2T.+59
28,20
28435
28.21
28474
29.569
21,59
72,30
21,13
22,723
21,07
25,63
27.50
26,51
25,4l
20,73
23,12
30,56
29.47
29.19
28.63
28,07
28442
28439
28445
29.92
29403
28.59
29.23
29,82
28,51
28,86
29,31
’B.R4
29,82
28,00
20,00
203,50
20,1¢
21,09
2l.1a
20,24
26,00
24234

25,58

30.92
25.06

L3{445)

5346
53,70
54416
53,29
53,76
54,10
52,89
52,78
53,39
49,75
49,36
48,92
50,68
50,05
50,88
52,44
51,49
51,39
51,55
49,78
53,13
53,37
52,80
53,47
52.94%
53,00
54,26
53,06
52,18
52.55
51,93
52,20
51,98
53,29
52,60
51,98
52,27
52.88
52,49
51,12
49,26
50,52
50,61
49,33
s0,75
51.75
82,03
52.6%
54,20
51.25

L3(20.0)

42492
43-37
44,04
41.87
42,05
42,39
41,71
42,00
52,03
36,85
36493
35,34
37440
36,19
39,61
41,42
40,44
390.89
35,69
36.39
42,38
42,38
4]1.98
42,48
41,97
42437
53,52
42237
40,86
40,98
40,52
41,02
41,52
41494
41.35
41,22
41,38
42,32
41470
36423
35,37
36,78
35.18
34,59
34,36
36,91
404,09
40.78
43,97
39,30

L412.5) L4(10.)

=N Y4
424 54
46447
45,00
45,72
45,57
44,87
44,93
45,03
42,30
41,76
41,14
42,64
41,88
43,50
45,13
44,12
44,04
41,54
40,45
44,89
45,53
45,18
45,43
45,23
45,37
46,55
45,70
43,94
44,54
43,92
44,10
Gt 21
45,10
44,561
44,87
44 853
44,75
44,89
43,15
41,61
43,15
41,32
40,31
4l,71
4%, 78
44,24
44,18
46,30
42,97

32,25
32,30
32463
31,37
31,94
32,22
31.6%
31,75
31,76
2g8.01
27.18
25,85
26,88
26.21
29,37
31,22
30,15
29.96
25,28
25.96
31,78
32.12
31,78
31,91
31,83
31.86
32.75
32,03
30,71
31,30
31,00
31,02
31,27
31,43
31,29
31,4R
31.48
31,55
31.45
25.95
25,99
26444
24,75
2467
24,86
30,57
30,44
30,10
32.98
29.72
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PROFILE NO.

LOCATINY

WHITE SANDS
ANTIGUA

ANTIGUA

HALLOPS ISLAND
ANTIRUA

ANTIGUA

FORT SHFERMAM
FORT SHFRHAY
FORT SHFR“AN
CAPE KENNERY
CAPE KENNERY
POINT MyGUs cAL,
POTMT MjGUs AL,
POIH™ MyGUe CAL
WHITF SANDS
WHITF SANDS

FORT CHURCHILL
FORT CHyRCHTLL
FORT CHURCHILL
FORT CHURCHTLL
FORT CHURCHILL
FORT CHyRCHILL
FORT CHURCHILL
FORT CHYRCHILL
FORT GREELY

FORT GREELY

FORT GREELY

FORT GREELY

FORT GRFELY
POIMT MUGUs CAL.
POINT MyGUs CAL.
CAPE KENNEDY
CARPE KEMYEDY
CAPE xFNNEDY
CAPE KENNERY
CAPE KEMNEDY
CAPE KFNNEDY
FORT CHURCHTLL
FORT GREELY

FORT GRFELY
ANTIGUA

ANTIRUA

ANTIGUA

ANTIGgUA

ANTIGCUA

ANTIGUA

ANTIGUA

ANTIGUA

ANTIGUA

ANTIGUA

1/
17
1/
1/
1/
1/
1/
1/
1/
1/
1/
1/
1/
17
1/
1/
i/
1/
1/
1/
1/
17
1/
i/
1/
17
1/
1/
1/
1/
17
17
1/

1/
17/
is
(%4
67
6/
8/
ar
8/
87
8/
8/
las
o/,
los
1y/

narg

2a/
127
28/

5/
23/
13/
16/
23/
257
16/
17/
19/
20,
23/
1o/
23/
16/
17/
1s/
19/
20y,
23/
24/
25/
16/
igy
20/
23/
25/
17/
la/s
lg/
la/
lay
20/
23/
Zars

2/

7/

9/

4y

6/

0/
11/
13/
eas
22/
25/
27/

1/

A6
&6
b6
65
67
&7
&7
67
67

67
67
67
67

67
5
3

67
67
€7
T
67
67
67
87
67
67
&7

&7
67
67
67
67
67
67
65
&5
%]
€5
F'k
&K
A5
65
65
65
65
A5
65

LATITUDE

32.38
17.15
1718
37584
17,15
17.15%

9,33

9.33

9433
28,45
284,449
34.12
34,12
34.12
32,38
32.38
58,73
S8.73
58.73
58,73
58,73
58.73
58,73
58473
64,00
64,00
64.01
64,00
64400
34,12
34,12
25445
28,45
28,45
28.45
28.45
28441
5%.73
62,090
64,00
17.15
17.15
17.15
17,15
17.15
17.15
17,15
17,15
17,15
17,15

LONGITIIE

10647
61.74
6laTi
7540
Ala74d
6la7h
79.986
719.28
79.98
RO.53
B0 454

119,17
119,14

119a12

1664480

1064450
a3 AL
03.82
93482
93,87
N3.47
93,87
93.8¢
93sfa
145475
142,75
149475
145,75
145475
118.14
119.17
f0as53
280.53
R(}+53
PC.53
8N,53
BC«53
93.¢f%
145475
145,75
61.74d
61.76
61.78
6l.76
61076
6l.7¢
6).78
6170
6l.78
61476



PROFILE Mps 1L1(240)

42.31
43,27
43.5H
47449
434439
43eb5
43,16
43,53
43476
43410
43.05
41a82
40,77
41lad4%
42,00
4layl
42,09
41,71
414,03
40489
3949
37.97
37,68
41,78
40,24
39,95
39,20
39,01
37.23
43,52
42,30
42,11
42495
42,43
4] .90
43,25
Gh 44
46,55
47.05
46438
44.25
43,71
434,20
43,71
42.49
42475
43484
44 990
43-31
4] o449

L1(3.0) L2(.15)

37.67
38.53
38.25
34,98
38.34
38,.,8L
38.86
38.64
39,04
37.03
37e44
36.4%
35,62
36,05
364958
36.27
38.34
38.15
36443
36,33
35,58
33.89
32.53
37.24
36,02
35,35
34,556
34,03
32.97
38,71
36455
36,77
37.71
36.92
36,42
37.93
38.54
42.38
42.56
41.65
3B.6%
38.74
37473
38,40
37.37
3757
38.78
39.80
39,51
36424

51,30
5L.18
S5l.86
5l.81
51,55
51.70
SLa4T
31459
SLeb1l
5le45
50.92
50.47
494,279
49,91
50,67
50.13
4. 70
48439
49,86
4T <8BS
46,64
45,92
47.26
46,91
47,29
47,35
46,32
46,91
45,56
50.65
51l.1%
50,05
50,99
50.7%
50,51
50,79
52,22
R2.27
53.4al
51.717
51l.6%
5)e4%
51,51
51.63
51.23
50.69
51.,8%
51483
50,23
49,396

| 2¢8+50)

3866
39,90
50,27
2R.64
39,98
39,50
39.87
39,83
40.09
39428
39450
37464
3720
37429
38460
38.17
40,15
39.23
38.88
38.45
37,04
35.59
35,24
40,00
36,67
35,56
34,97
34,84
34,66
39,21
3448
38.487
19,46
38,62
38,69
39.56
40,62
40,82
40,53
19,91
19435
39.35
A8.93
19434
39,09
38.57
39,74
"‘0.02
39,72
A8a15

L2{+30n}

27.32
29-'{14
27.49
24,78
28.63
29.61
28,55
2794
29.07
27425
27439
26489
26431
25499
27415
26,440
254,46
27.83
26484
25440
26.70
24,17
23,71
73,32
25,30
24463
23.66
24,02
23.23
27,50
26.53
27.30
27.71
28.14
27.94%
28,58
28.3L
28.90
76,40
26,48
28,42
28.08
27.69
27.92
27.62
28,35
27.94%
2T.77
29,28
26,51

1.3 (4.5)

53,24
52,38
52.92
52,04
52.61
53,24
52.58
82,70
52493
52.46
51496
5leT1
Sl.16
51.79
5181
51,16
49,88
50,23
50,63
49,39
50,20
48,68
48,86
49,35
49,93
50,53
49,88
5}-040
50,63
52,96
52,52
51,19
52,00
51.71
51,33
51,98
53,03
53,92
5,45
54,45
52,70
52,56
52,34
BZ2.51
52.12
51,96
53,13
52,92
52,09
51,19

L3(200) L4(2.5) L4(104)

41,51
41.48
4] ,85
41,01
4]1.88
42.05
41,59
41 .83
41,98
41.49
4118
Q.52
39.45
40,35
40,67
40,28
3g,92
39,32
39.39
38.561
37.70
36.32
36441
3B.72
3545
A8.57
371.68
38.02
37.58
41,67
4l.l9
40,16
41.12
40,78
({0 144
41,27
42,39
44,10
45,12
44,05
42,20
4) «B7
41.57
41.80
41,00
41,04
42,19
42424
41,31
39495

““059
t!“'. 55
45,41
44,88
414,93
44.83
44,76
44,88
44,92
44493
44439
43491
42,95
43,57
44,10
43,60
42,63
42,29
43,35
41,93
41,022
40,10
40,52
42,05
4l.18
4t.16
40,42
[f"'o 23
4t,.91
44,36
44,72
43,74
44,33
44,06
44,13
44,42
45,47
45,39
46,33
45,34
44,85
4%, 64
44,74
44,75
44,38
44,02
45,00
45,12
43,59
43,44

30,85
31.39
31,92
30,54
31,70
31,40
31,63
31.54
31.67
31,21
31.08
30.16
29,43
29.56
30,68
30,02
30,72
30,68
30,49
29.52
28.80
27.2V
27.17
30.20
28,20
27.69
27,02
27.24
27.08
31.08
30,73
30,58
31,00
30.53
30,65
31.20
31.95
32,25
32.36
31,74
31.30
31,20
31,27
31,22
30.84
30,67
31,50
31.88
31,04
29,94

99



]
PROFILE NO.

10]
Loz
103
164
les
106
lo7
108
199
110
111
112
113
1lg
115
lle
117
118
llg
1z0
121
12z
123
lz4
Llzh
126

- 127

100

128
179
130
131
132
133
134
135
136
137
138
139
140
14]
142
143
144
145
146
147
148
149
150

C WHITE

LOCATION

ANTIGUA
ARTIGUA
ANTIGUA
ANTIGUA
CAPC xenHENY
CAPE KENMEDY
CAPE KENNEDY
CAPE KENMEDRY
CAPE KENMETY
POINT MuyGU,
POINT MYyGU,
POINT MyGH,
WHITE SANDS
YHITF sSANDS
GRAMND TuRK I
FORT CHURCHI
FORT CHURCHI
FORT CHyPCHI
FORT CHURCHI
FORT CHUPRCHI
FORT CHURCHT
FORY GRFEELY
FORT GREELY
FORT GRFELY
ANTIGUA
ANTIGUA
ANTIGgUA
ANTIgUA
ANTTIGUA
CAPE KEMNEDY
CAPE KENNEDY
CAPE KENNEDY
CAPE KENNENY
POINT
POINT
SANDS
SANDS
TURK 1
TURK 1
TURK 1
TURK
TURK 1
CHURCHT
CHURCHI
CHURCHY
CHURCHT
GREELY
FORT GREELY
FORT GRFELY
ANTIGUA

WHITE
GRAND
GRAND
GRAMNT
GRAND
BRAND
FORT
FORT
FORT
FORT
FORT

CAL,

CAL.

CAL,

Se
Ll
LL
LL
Lt
LL
LL

HuGUy CAL,
MUGU' CAL,

5
Se
Se
Se
Sa
LL
LL
LL
LL

12,
12s
127
lp/
8/
a8/
8/
8/
8/
8/
¥4
R/
8/
A/
8/
87
8/
8/
87
R/
8/
8/
8/
8/
4/
3/
47
8/
47
&4y
4/
4/
47
4/
4/
4/
4/
4/
a8/
4/
47
11/
Iys
11/
11/
11/
l1is
11/
11/
11/

15/

13y

13/
4/
6/
8/

11/

15/
a/
9/

10/

157

10/

11/

17/

2a/

LATITUDE

17,1%
i7.15
17,18
17415
28445
28.45%
28,45
28,45
28,45
34,12
34,12
34,12
37.38
32,38
21,43
58,73
584723
58,73
58.73
38.73
58.73
64,00
64,00
64,00
17,15
17,15
17,15
17,15
17.15
2R 45
28,45
78,45
28,45
34,12
344,12
32,38
32,38
21.43
21,43
2la43
21443
21.43
58473
58,73
5873
58,73
64,00
64,00
54,00
17,15

LOnGITUNHE

6£laTR
61.78
6l.70
61.75
80.53
RO,54
A0,.53
80.53
ARG .53
116.12
119.1¢
119.17
I06.40
Ing, 46
T7l.14
93827
93.82
9%.87
23,82
93.437
93,87
1452475
145,75
145,75
61eTH
6Ll,78
6le78
£1l,78
£l.78
80.53
80,53
B80.53
80,53
119.1¢
119,12
106.48
106486
71.14
7lel6
71.14
71.14
Tlala
g3.P2
93,82
Q3aR7
93.82
142,75
14%.75
145.7%
6«76



PROFILE Mpe L11(2.0)

101
102
103
104
105
106
107
108
1909
110
111
1t2
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
13s
137
138
139
140
141
142
143
144
145
146
147
148
149
150

43,52
44426
42485
44409
43432
42,09
43,06
43,03
41,91
43,01
43,53
43,51
42 448
43,42
43,18
45,76
45,55
44,43
44,97
45 .47
45,26
43,79
43,73
42.78
44,03
43,66
44 55
44 .46
44 4B5
43,93
42 .85
43,19
43,65
42,95
43,22
43,35
44,28
43481
43479
44 404
44440
42,82
35,20
36451
34,47
37451
35.51
35.63
35,73
43452

L1(3401 L2(.15)

39.17
39,490
38,00
39.83
38«27
36467
38607
37.92
37434
38434
3B.28
37.8%
38.13
37.54
38,72
40,82
40485
39,66
40,15
41,02
40,48
38457
37.95
36.96
39.65
38,73
39,87
39.90
40,30
39,58
38.15
38.70
38,45
37.97
38,31
3T.84
39.78
38481
38,76
39.69
40,07
37482
27,22
2959
25,70
30,16
28.88
28.27
30,90
38.83

51465
5217
51456
51.97
51s13
50.09
50494
3U.9R
5029
49485
50,76
50,66
50.‘!7
52.55
51.19
51,97
52.22
51.356
31.55
5173
51,71
51445
51.50
51,51
51.76
51.37
51,73
51.39
51,31
Bl.ob
51,11
51,33
51,26
51,11
50,73
50.68
51.1%8
51s5%
5l.71L
51,58
51,68
5lal4
30,49
50,10
47484
50,482
50,46%
51.48
46492
Sletl

1204500 L2(.90)

39,84
40,72
3G4T5
40435
38.98
3TW.96
39,05
38.65
38.81
38,89
38,75
38.83
39,36
39.05
39457
39.10
39,47
38,99
39,22
39,71
39‘.23
39,08
38.42
38,04
35,99
3%.62
39.91
40,00
40,06
39,64
39,04
39,45
38,91
g, 74
38,70
38.18
39.2%9
39.43
39,44
39,87
£40,34
39,04
15,23
35496
34,90
36,40
34,10
34,38
33,27
3%.86

29,41
30,22
28425
3054
28406
21e04%
27e51
27,71
26478
2Ba06
28414
27439
2732
27422
28.54
27.10
26486
26404
26486
26485
26405
25,00
25430
24,76
29.68
28«75
29,19
29.01
31,27
28.34
28,34
28,20
28,65
28,45
28,09
27.91
29,20
29406
29,443
29.83
29,24
27461
204,86
2la41l
20,70
2le68
2lag4
21,27
22465
29.00

L314e3)

52,84
53,20
52487
53,26
52436
5197
52,12
52,49
al,82
52432
52,52
52,26
51,59
53448
52.37
54,51
54,31
53,05
53,832
54,03
53,60
52,91
53,13
53,10
53,24
52.61
53,30
53.02
53,44
53,20
52,44
52,75
52,59
53,19
53,10
53,00
53,23
53,07
53,10
583,35
53,16
52,98
51,99
50,27
48‘30
50,63
5l.76
51.87
49,06
52.95

L3{20e0)

4]1.94%
42,47
41444
42450
41468
40,457
41,28
4lea7
40,48
40,98
41,62
41 .46
40.68
42,34
41455
43%,85
43,74
42,465
43,12
43,45
43,264
42,09
42,16
41,66
42,38
41,75
42466
424,41
42,74
42,42
41,37
4] .69
41,87
41,58
41,63
41,70
458,45
42495
42,09
42,38
42449
41,56
37,30
37439
35,05
37.68
37.51
37.78
35,99
41,85

La(2.5) L4(10s)

44,94
45,38
44493
45,16
44449
43485
44 424
44435
43483
43,60
44,28
44,23
43,59
45,77
44,37
45,29
45,36
G4 445
44,87
45,07
44,86
44,75
44,718
G4477
64. 95
44,72
55,01
44,75
44,84
L4 .,87
44 41
56,55
4% .55
44,55
44,430
44,30
44,52
44,82
44499
44,88
44,98
44473
44,73
43463
4l .83
43,66
44,00
44,40
40,49
G4 47R

31,90
32.29
31.58
31,98
30,97
30,21
30,86
30,79
30,52
30,53
30,93
30,8l
30,60
31,57
30,98
31,31
31,48
30,72
31,08
31,42
31,10
30,88
30,64
30,37
31,57
31.56
31,67
31,60
32,02
31,38
30,95
31-05
31,05
39,85
30,75
30,55
31,25
31,49
31.67
31,70
31,82
31,17
28,66
28,86
27412
28.76
27,76
28,00
26,00
31,53

101



102

FROFILE NO,

181
152
153
154
155
156
157
1548
159
l1an
161l
162
183
164
145
166
16T
168
169
170
irn:
172
173
174
175
176
177
178
179
184§
1r]
182
IR3
LB 4
1R5
lprg
187
LRg
189
190
Jap
192
133
194
195
196
197
1a9g
199
209

L

CAPE
CAPE
CAPLC
CAPFE
POINT
POINT
WHITF

WHITF-

WHITF
GRAND
GRAND
FORT
FORT
FORT
FORT
ANTIG
ANTIR
ANTIn
CAPE
CApPF
CAPE
CAPE
CAPE
CAPE
CApE
POINT
POINT
POINT
HHITE
WhITE
GRANN
FORT
FORT
FORT
FORT
FORT
FORT
FOPT
FORT
FORT
FORT
FopT
FORT
FOPT
FORT
FORT
FORT
FORT
CAPF
AbTlg

OCATINN

KENNEDY
KENNENY
KENNEDY
KENNEDY
MUGUs CAL,
MyGUs CAL.
SANDS
SANDs
SANPS
TURK IS.
TURK 15,
CHIIRCHTLL
GREELY
GREELY
GREELY
Ua
1A
DA
KENNEDY
KEMMNEDY
¥FFNNERY
KENNEDY
YENNEDY
YENNEDY
KENNEDY
MItGUs Al .
My Glle CAL.
MuGls CAL.
SANDS=
SANDS
TURK 15,
CHURCHILL
CHIRCHTILL
GREELY
GREFLY
CHURCHILL
CHURCHI L
CHYRCHTILL
CHURCHILL
CHYRCHILE
GREELY
GREELY
GREELY
GREELY
GREELY
GREELY
GREFLY
GREELY
KEMMNEDY
Ua

1p/
1n/
1o/
In/
1o/
10/
1o/
loy/
In/
las
1o/
1o/
107
ins
las
11/
17/
11/
v/
11/
11/
11/
11/
11/
117
11/
11/
Y1z
11/
117
11/
11/
i1s
11/
11/

3/

3/

3/

3/

3/

3/

3/

3/
3/
3/
3/
3/
&/
47

RATF

18/
20/
22/
76/
44
27/
15/
21/

25/

27/

23/
14/
26/
2q/

4/

7/
14/

9/

a/
10/
11/
la/
15/
16/
16/
14/
15/
11/

8/
15/

8/
10/
10/
14/
17/
lg/
23/
24/
25/
20/
21/
72/
22/
7ers
23/
24/
25/

3/

27

65
65
65
65
A5
Eh
&5
6R
65
65
[+ 3¢)
65
65
68
65
66
€6
66
66
66
66
66k
&6
66
b6
66
&6
66
&6
&6
&6
66
66
66
hb
&5

&5
&5
&5
65
65
&5
65
65
43
65
65
[
65

lATITUDE

28445
28,45
28445
28,45
34,12
34412
32,38
32,38
32.38
2)1.43
21.43
58,73
64,00
64,00
64,00
17,15
17,15
17.1%
28,45
28445
ZB,.45
28,45
28,45
78.45
34,12
34,12
34,12
32,38
32,38
21,43
58.73
58,73
64.00
64,00
58,73
58,73
58,73
58473
58.73
64,00
64,00
64,00
64,00
64,00
64,00
64.00
64400
28,45
17.1%

LONGITUDE

80.53
80.53
804Hh3
80.54
119.12
119412
i1N06.48
10648
106, 4H
Tlelé
Tlel4
a3.A2
145.75
145473
145,75
61.70C
6l.7H
61.78
RO 453
B0 .53
A0,.53
80,53
80+53
80.53
A0.53
119.12
119412
119,172
In6.48
106,48
T1l.14
a3.Ac
93,8<
145,75
145,75
83.87
93,82
93,RZ
g3.82
93,R2
145,75
145472
145,75
145,75
145,75
14575
145,75
149.75
80.53
6la7h



PROFILE fOa L1{20) L10340) L20415) [ 2850 L2(e30) L3{4e5) [312040) La{245) L4(10)

161
152
153
154
155
156
157
158
15¢9
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
is8
199
200

44 .45
43.02
43402
43 460
41,71
42,09
38.56
42460
42,55
43,92
43,04
38.22
37.49
37.22
37.27
44,79
4 4t
45,07
44 4,48
4“2 463
4257
40,50
43.25
42.30
44 4,22
40,97
39,38
39.45
38,78
39,08
43,73
34,13
33,04
36,97
39,52
40,95
41.21
41445
41,95
41,422
40,50
40,30
39,98
39.29
39.56
41.78
41.80
38.85
43,62
43,99

319.54
38.15
38413
38,73
35,77
36,44
33.64
36494
36463
3Bs96
38401
32.95
30,68
31.26
31.38
"40.16
39,91
40,83
40,33
37452
3737
33423
37434
36.38
38.44
35.56
33,40
33.83
33,45
33,53
39.33
2?.’09
26,37
31,87
34,93
36.27
35.30
36451
36.36
35,70
35.01
35,31
34.89
34,02
34,56
35.76
36.55
33.46
38.82
39,07

51.87
51,31
51.87
51,31
51477
51449
47437
51.43
51449
51449
51.33
49,26
49.59
48.09
48,52
52,19
52.08
51,73
51.57
50.89
Slell
50,90
52,06
50,98
51l.48
50,81
50,43
50,05
48,93
49 .66
51.61
4T .77
48,16
4g,18
47 440
50,33
50.55
48491
49,01
45.70
494,22
50.0%
50,65
48,91
48,87
50,77
30.87
49,30
51,33
51.88

39,82
39,32
39,61
39,79
38453
38,44
36,39
39.03
38,70
39,50
39,46
35,51
34,24
35.10
qs.os
40,61
40,03
40,73
40,55
38,53
38446
37.34
39.04
38454
38,9%
37,44
36,69
36.96
36,04
36,41
40,04
32,88
32.42
33,96
15,66
37,00
37.05
33,95
34,24
35.29
A6, 14
36.22
3626
35,97
35.79
37414
37.29
35,66
39,02
40,00

29.09
28,20
27,30
27442
26411
26461
25.78
26,413
26,17
28458
27.48
24,19
21l.66
22477
22,14
28.34
28.73
30,02
31.32
27 .88
28425
26480
ETe 8
27,29
28413
26,498
26,08
26404
264,29
256,04
28.28
20,58
20,04
22.468
23.90
23.99
25.44
25,19
744,88
29447
24,487
24,58
24 .64
24,09
24415
244,03
24«45
23,75
28,12
28.72

53.29
52451
53.18
52451
52438
51.97
49,444
51,96
52495
52.73
B2 .49
50,85
50,59
4G 14
49,90
53.4%
53.51
53.56
53,13
52,76
52,49
51482
52,86
21.90
52,93
51,97
51.99‘
51,01
50,56
50,83
52499
49,28
49,11
51,05
51,32
53,23
52,02
54,48
52445
51456
Rl.27
52,68
52,40
50,91
51,11
52,178
53,15
51,05
52,95
53.01

42,461
G4l.61
42,05
41.70
40466
41,02
37435
%]1.,08
4).37
42,00
41,57
38,19
38.24
36,70
37.27
42484
42,72
42495
42 .47
41,23
61,28
40.04
4] e92
40.84
42,26
40,21
39439
39‘09
36435
38478
42.08
35,12
34,69
37.62
3,55
40,61
40436
Gla42
40478
39,94
36,53
al,28
40,08
3p.04
3H.81
40.91
Gla21
38.4%4
42,04
G2.24

45,09
49,52
45,20
44,60
4% .66
4%, 86
41,53
4% .42
4%, 94
44,73
G567
H2 o 6%
42,90
41,49
41095
45,37
45,15
45,15
44,91
444,28
44,37
44,03
45.24
44,37
4% 4,86
44,14
44,15
43,61
42,52
43,16
44,86
41,50
41,58
41,93
41,49
43,86
43.82
43,09
4€,43
42424
424,77
43,66
43.76
44,39
42,36
444,15
44,31
42,710
49,59
45,11

31,55
31,08
31.28
31.19
30.5%
304,63
28.19
30,77
30.82
31.32
31.30
28.06
27«39
27.20
27.21
31,52
31.83
32,17
32.16
30,51
30,63
29,81
31,11
30.56
31.14
30,08
29,51
29444
C8e 4
28497
31.51
25.98
25.71
26,T4
27.75
29.40
29.51
27.52
27455
27.80
28,451
7399
28.91
28,20
2B.2%
29,52
29465
28,22
30.99
31.7!
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PPOFILE NO.

20l
202
203
204
205
206
POT
208
209
210
£11
212
213
Zl4
215
216
217
218
219
22l
721
222
223
224
c25
276
227
228
229
230
231
732
£33
234
235
36
227
238
239
2410
241
zap
243
2ag
245
L84
247
248,
2ng
250

LOCATION

ANTIfHA
AMTIGUA
ANTIGUA

CAPF KENNE™Y
LAPL KENNEDY
CAPL kENNETY
CAPF KENHETY
FORT CHPRCHILLEL
CAPF ppuNEDNY
CAPE PENMERY
CAPE KENMERTY
POTNT MuGUs CAL.
GRAMD TyURY 15,
WHITF SANDS
GRAHD TURK IS.
GRANP TuRK 158,
ANTIRUA
ANTIGUA
AMTIGUA

CAPE KENNERY
CAPE KENNFTY
CAPL veNNEDY
CAPE KENMNEDY
CAPE ¥YENHNEDY
GRaYMn TRk 15,
FOPT GREELY
FOPT GREFLY
FORT GRFELY
FORT GREELY
FORT GREELY
FORT GREELY
FOPT GREELY
CAPE KENNENY
CAPE VYENNE™Y
CAPE YEMHEDY
CAPE KENNEDY
CAPE ¥FMNEDY
CAPE XEWMENY
CAPE KEMNEDY
CAPE KENHEDY
POIMY Mubu, CAL.
POTHT MyGu, caL,
WhITE SANDS
WHITE SAMDS
FORT CHUPCHTLL
FORT CHVURCHILL
FORT CWyRCHILL
FORT CHURCHILL
FORT CHURCHILL
FORT CHyPCHILL

4/
4/
4/
4/
4/
47
4/
L/
4/
4/
Ly
4!
47
67
&/
&7
R/
B/
&8s
8/
8/
a7
A/
B/
n/
4/
a/
4y
47/
4/
4/
4/
12/
1z/
127/
12/
12/
12/
12/
la/
127
12/

12/

-

127
12/
12/
e/
tos
12/

DATE

5/
7/
lay
T/
T/
a/s
8/
13/
a/
12/
127
6/
7/
e/
47
T/
10/
lay
227
9/
Tos
1/
tp/
15/
13/
4/
&/
1/
o/
1}/
12/
lay

127

65
65
65
&5
6%
65
&5
64
65
£5
65
65
65
65

65
66
61
66
hb
1
E¢
&6
66
66
Al
66

6t
&b
&6f
&6

65
&5
65
6%
£5
65
A5
6
6%
65
&b
€5
F,F.
b5
£5
A&
65

LATITUNE

17,15
17,15
17,10
2ha45
286,45
20 .45
28445
58,73
2R 45
cha. 45
Zh .45
2,12
£21.43
372.38
21.43
21,43
17415
17.15
17,1%
78,45
28,45
28,45
28,45
28.45
71.43
64,00
60,00
68,00
64.,0(
64,00
644,00
6400
ZR,45
2844%
28440
2Rr,.45
2R .45
ZRL.45
28aa5
28.45
34,17
34,12
32.38
3Z.38
58,73
5R.73
58.73
58e73
58,73
58,73

LONGITURE

6178
61.76
£le7L
Al.53
ap,54
BCa53
Bl.53
93.82
AGeB3
8§0.59
£0.53
1)9a12
Tlal4
1N&.38
Tlat4
7le1"
3
61.750
HlaT8
80.53
Al.52
ROa53
AD, 53
RCW53
Tlel4
IQD075
148 .75
145,75
145'-?5
145,7%
145.7F
14575
g0,.53
PL.B3R
8353
A0,H3
RO,53
A .R3
RC+53
280,53
1194312
119417
1N6a.45
106,46
a3.hc
93,R?
93.RL
93,8¢
G3.87¢
93,87



PROFILE Mas L1020 L1(340) L20415)

201
202
203
204
205
2086
207
208
209
210
211
212
213
214
218
?1s
217
218
219
220
22L
222
223
224
225
226
227
728
229
230
731
232
233
234
235
236
237
238
23¢9
240
241
242
243
244
2458
246
247
248
249
250

48404
44418
44443
43,21
434,49
43.85
42.78
39,62
43,02
"3."1
43,60
43,60
44,09
44,02
44,64
44,53
46,57
44,59
44,08
43,90
43,81
43,14
43,01
43.28
44427
40465
40,28
40,75
40 .47
41,26
41,62
42448
472439
42,451
43.05
42.93
44,13
43,30
43,431
41 .46
39,85
40,43
41,52
42,88
38.28
35,56
34457
34499
32489
354006

43,85
39.44
40,75
3B«59
38457
39,12
3774
33.89
3B.26
38465
38.93
39.11
38.69
39,91
40,05
39.47
39,25
40,50
3g.62
39.61
39,69
38,75
37.58
37.95
39,32
33.99
33,98
33.80
34,18
35.87
35,05
36,41
37,45
37.92
36440
37.65
39.29
37.79
38.87
37,33
34,76
35.59
36469
37.75
32,18
29.93
29452
29,01
28409
29458

33471
52429
51,54
51.15
51.09
Bl.74
51.29
494,91
50.61
51.23
5l.13
50.72
51,70
B2.46
51.98
2l.67
Sl.52
51.62
50,95
50,69
50,47
50,60
50.68
50.80
52,03
50.73
504,94
S1,17
50.41
5UL.9R
51.05
51.15
50,82
51,10
51l.95
51,70
51,89
52.75
52.03
51,48
50.12
51.35
50.43
Bl.g7
48,35
48,60
G4 L%
47,07
43.23
46418

12050} L2(+90)

42e4T
40.01
40,80
39,24
39.58
39,78
19,17
16,47
38,95
39.60
AG .62
25,04
39,48
40,09
40,42
39,01
* 35,01
40,01
39,74
39,61
39,63
39.35
2WBLTT
3BLIT
40,26
37.05
37431
16,490
A6, T4
37.65
37."0
37.98
38,88
39,49
39,44
40,046
40,80
40,69
40,53
36,07
3746
38.15
38.99
38,45
34,60
31,85
31.35
31,73
30,23
32424

32.07
28493
28455
29,02
28458
29411
78426
23.05
27 .54
28,713
28.37
29,13
?8,%2
27.71L
28.38
28 .05
30,23
29.60
28.15
30.06
28,61
28.20
27.13
27,32
28,76
22454
23.30
23,17
23,31
23,52
22.51
23,38
26444
27.25
25,.91
27.08
?7.A0
27457
28,20
27.74
25,580
27 .06
27.15
26,30
22,01
21,87
21.97
Z21.50
20,78
22.02

L3(445) 1L3(Z20e0)

55457
53,40
53,27
52,92
52,43
53,34
52.53
51,18
52.49
53.]-9
53,13
53,01
52.96
53.58
53,08
52.80
53,01
53,57
52,63
52,28
52,19
524245
51,94
524,20
53436
51,85
52,03
52 .44
G5l .47
52,82
52,77
53,08
51,30
524,25
52.54
82,61
R2,.61
2 .84
52,63
51.99
51,17
52.26
El.d8
544,34
50,54
49,90
50494
49,60
45,495
49446

45,62
42456
42.55
41,69
41,65
42,423
41,28
39,31
41.30
41487
41.91
41,88
42,27
42,92
42,64
42 ,4]
42.55
42.82
41.95
41,179
41,69
41,37
41,186
41434
42 .47
39.98
39,94
40,22
39,73
40,71
40,81
41,36
40,89
40,96
41,59
41,33
42,09
41,92
41,76
40,80
39,09
40,03
40,11
42 .24
37.76
37,33
36.68
35.53
32453
35,54

L4 (245}

46495
45,27
4%,88
G4 .54
44,51
44499
4% ,59
43,39
44,04
44,76
44,64
it 20
45,05
45,37
45,12
44. 86
44,16
44,86
44,31
44,02
43,88
44,07
43,94
44425
H45,2%9
444,03
44427
LA
43,77
44,33
4% .51
44,67
54,30
G4 44
45,52
45,06
45,30
45,78
45,39
44,15
£3,.39
44,51
44,01
45,37
42,06
4l,98
41 ,RS
40,47
37.00
4045%

L4 (10}

34.14
31.66
32,12
31,24
31.26
31.72
31,14
28,75
30,67
31.30
31,32
30,92
31,47
31,77
31.87
31.52
31.25
31,72
31,33
31,36
31,13
30,84
30,59
30,80
31.94
29,33
29,50
29, 59
29,29
29,86
29,75
30,23
30,90
31,25
31,57
31.66
32,27
32,15
32.31
31,12
26,58
30,52
310,72
310,96
27,43
26.08
25.42
25,04
22,458
25,41
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PPOFILE wNO.

251
252
253
254
255
56
257
£58
259
760
261
2h2
263
£64
265
266
267
?h8
269
270
271
272
273
274
27%
276
277
278
279
280
28l
202
£R3
284
285
2R6
2R7
288
2869
260
2ol
292
€93
294
£95
29p
297
298
259
300

L

FORT
FORT
FORT
FORT
FORT
FORT
CAPE
CAPE
CAPE
CAPE
CApE
POINT
POINT
WHITE
GRAMNN
GRAMD
GRAND
ANTIG
WHITE
WHITF
FORT
FORT
FORT
ANTIG
ANTIG
ANTIG
ANTIgG
ANTIG
CAPE
CAPE
POTMT
POINT
FOINT
POINT
POINT
POINT
WHITE
FORT
FORT
FORT
FORT
THULE
THULF
FHULF
WALLD
WALLD
watLoe
WALLN
WALLQ®
WALLD

NCATION

CHURCHILL
CHURCHTLL
CHURCHILL
CHURCHTLE
CHURCHTLL
RREELY
KENNEDY
KENNENY
KENNENY
KEMNETY
KEMNEDY
MUGU' CAlo
MuGUs CAL.
SANDS
TURK 15,
TURK 15
TURK 1S,
na
SANDS
SANDS
CHIURCHT L
CHURCHILL
CHIIRCHTLL
Ua
UA
liA
UA
UA
XENMHEDY
KENNEDY
MyGus CcAL.
MuGUs CAL.
MUGU s CAL.
MUGUs CAL.
MUGUs CAL,.
MuGU. CAL.
SANDS
CHURCHTILL
CHUOUPCHILL
CHURCHILL
CHHRUCHELE
v GREENLAND
+ GREENLAND
v GREENLAND
PS ISLAND
PS5 ISLAHMD
PS5 ISLAND
P5 ISLAND
S ISLAND
P5 ISLAND

12/
12/
127

117
11/
11/
11/
11/
as
5/
5/

5/
5/

5/

6/
6/
&7
6/
&/
6/
6/
6/
&6/

&8/
&/
8/
a/s
&8/
R/
&/
&/
8/
8/
8/
&/
LY
8/
5/
8s
8/

PATE

lay
Yay
16/
18/
ta/
10/
97/
10/
i -

17/

&R
65
65
65
A5
65
6%
65
65
“hH
5
(34
65
65
65

&5
&5
65
65
45
65
65
6%
&5
A5
68
65

65
65
HR
66
&6
6h

BA
66
6h
A6
AA
b6
66
66
65
65
65
65
65
65

LATITUNE

58.73
58.73
58.73
58,73
ER.T3
64,00
£R.,45%
28,45
28,45
28,45
28.45
34,12
3a,lr
32.38
2} .43°
?1l.43
21,43
17,15
32.38
32.38
5R,T3
58.73
58.73
17.15
17.15
17,15
17,15
17.15
ZR,45
28,45
34,17
34,17
34,17
34,)?
34,12
34,12
372,38
5R.T3
58,73
58.73
58.73
76,55
76455
TE455
37.84
37.84
37.84
3784
3T.A4
37.84

LONGTTHIE

03,82
93.AR2
83.82
63.82
53.8¢
145475
g0,54
B80.53
A0.53
ab,%83
80.53
119.1¢
119.1¢2
106,45
Tle]l=
Tl.14
Tl.14
61.78
106.4b
106.4¢
93.8%
934,87
93.87
61.7¢
617F
f1.78
A£la76
bBls7E
80.53
R0.523
119,12
119.1¢%
119.1¢
119.17¢
119,17
115.12
10€aaf
934AR7
93.87
93.8¢
93.8¢
ER.EL
fB.AY
68 BE
75.40
75.48
T5.4F
T5.4C
7%.45
T9e4L



PROFILE NQOe L 11240)

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27l
272
273
274
275
276
2117
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

33,.39
33,96
35443
34,81
34.27
35,11
42,17
42 .46
42.08
41.91
41,29
414,26
40497
41,82
43431
43,26
43,68
44,73
444110
45,433
46,05
45,50
46418
43,83
44,17
45,39
43,71
43 .go
43,36
44,81
44,430
46407
44 434
44 405
43,96
43,50
44,01
45,29
45475
46046
45487
46472
46497
4642
43 .46
45,25
45,53
43,59
46G.T4
444,09

L1(340) L2115}

28a48
28.76
30,20
30,07
29.82
38,09
38.19
37.956
37.53
36475
36,02
36.57
364249
39,31
38,82
38.91
40,38
39,23
40.76
41443
40,53
41467
38,83
39.19
40- 11
38,28
39,51
38.14
40,17
39.58
41,23
39469
38.86
28464
38439
39,18
41,02
41.68
42,23
41,70
42449
42,29
42,02
39,39
40,98
39,84
38.55
39,24
38,41

45,12
46439
47415
46473
45,70
48,46
50.48
51,01
50.74
50.65
50,49
50,29
50,31
S0.22
51,13
51443
51.95
51.66
52.22
52.79
52.17
52.06
52.15
5l.64
51.6l
52.43
51,52
5l.43
52.03
52.06
51,40
52,35
51,06
50.81
Sle55
51.39
51,73
52.10
51,92
52.52
52.40
52417
53,07
52.25
51,09
51.78
52.55
50,45
53,50
5l.42

L.2{+50)

3l.17
3l 79
32.08
32.04
32403
31.70
38.97
319,10
318,80
38.41
37.95
318,56
38,08
39,00
39.886
19,456
39.91
40,41
29,84
41612
40441
39,60
40442
39464
39,70
40,24
39,61
40104
18.96
40,54
39.72
40,43
39475
39,02
38499
39433
39453
30491
40,31
40466
40408
40442
40.19
39496
39,96
40,48
40,29
39,05
39,76
319,28

LZ{e9n)

21,90
21.92
22420
22.17
22,20
22,46
27.58
27.61
28,11
284,40
29.22
25,956
26,40
2612
29438
28493
28,28
28.81
28,13
29,03
T4
26,83
2741
28467
28,80
28,67
28,59
28,N4
26.93
28,87
27.49
29,74
28.87
28439
27465
27473
28.58
27.31
27.82
29,77
27427
27.35
27.31
2T7+61
29,01
28,30
27,72
2T.29
27.63
2T+54

L3(4.9)

47,91
49441
49,51
51.04
48400
50,15
52.08
5Z.1l8
52,17
51,82
52.17
52.33
51,87
51469
53,22
52498
53.26
52498
53,77
53.49
S4.19
53.99
54,48
52,88
53,00
53,37
52,40
53,21
53,68
53,06
53,30
53.80
52,51
52,61
53,77
53403
534,35
54,28
54448
54,36
54 e69
54429
55,14
S4a17
F2et4
53,29
53,36
52.15
54,02
52.58

L3120+0) L4(2«5) L4{10+)

34,25
35.38
35,64
35430
34,66
37,63
40,86
41.04
40,81
49,59
40,38
40,24
39,87
40,20
41,484
41485
4zZ417
42,60
42465
43,27
43,86
43,52
44,00
42,03
42,23
43,19
41,78
42,17
42&38
42,73
42,40
43,80
42,11
41,93
42,47
41,480
42440
43,57
43,73
46,20
44,00
44,39
44,90
44,20
41,70
43,01
43,24
4] .43
43,38
42,00

39.44
40,59
41,01
41,15
39,33
42,05
43,94
44,17
43,95
43,69
43,78
44,27
43,59
43489
44,69
44,78
45414
44489
45438
45,79
45 .44
45,24
45,48
44,82
44,88
45,53
44,76
44,80
45,40
45,25
4%,80
45,57
44,44
44,31
45,09
444 T4
44495
45423
45,25
45,51
45,58
45,32
45,95
45,28
444,38
44,97
45,68
43,92
46408
444,69

24,47
25,13
25,73
25.49
24,73
25,91
30,71
30,77
30,62
30,36
30,17
30‘51
30,11
30,33
31455
31,43
51.64
31.71
31,61
32.42
32,03
31,41
31.95
31,50
31,54
32,22
31,35
31,44
31,26
32,02
31,40
32,30
31,40
30,96
31,17
31,15
31437
31,52
31,79
32.28
31.89
31,97
32,10
31,46
31,41
31,86
32,14
30,66
31,93
31,09
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PROFILE ND,

301
302
303
304
305
306
307
308
309
31V
311
312
313
314
315
316
317
3ls
319
320
321
322
323
324
325
3ze
327
328
379
330
33l
332
333
334
335
336
337
338
339
340
3al
342
343
344
345
3ae
347
348
3a9
350

108

LOCATIOQN

WALLAPS 1SLAND
WwALLOPS ISLANT
WALLOPS TSLANT
WALLOPS ISLAND
WALLOPS TSLAND
WALLOPS ISLann
WALLOPS ISLAND
WALLOPS ISLAND
HALLOPS ISLAWD
HALLoPS TSLANMRD
WALLOPS ISLAND
WALLoPS IS5LAND
HALLQOPS 1S1AND
HALLQOPS ISLAND
WALLpPS ISLAND
WALLGPS ISLAND
WALLOPS ISLAND
WALLOPS 1IS!AND
WALLOPS ISLAND
WALLoPS ISLAND
WALLAPS ISLANN
HALLQPS IS awnn
WALEOPS ISLAND
WALLOPS ISLAND
ANTIGUA

HHITE SANDS
CAPE KENNENY
CAPE RENNEDY
CAPE KENNERY
CAPE ¥ENNEDY
CAPE KENNERY
CAPE KENMEDY
CAPE KENMEDY
CAPE FENNEDY
GRAND TURK- 15,
POINT MUBU. CAL,
POIMT MyGuU, cal,
FORT CHYRCHTLL
FORT CHURCHILL
FORT CHURCHILL
FORT CHyURCHILL
ANTIGUA
ANTIGUA
ANTIGUA
ANTIGUA
ANTIGUA

GRAND TURK IS,
GRAND TURK IS5
POINT MUGU, CAL,
POTNT Mubu, CAL,

DATE

1/
2/
8/
Q/
15/
le/
4/
8/
11/
10/
19/
13/
2n/
23/
25/
26/
27/
7o/
1/
14/
277
18/
17
31/
3/
3/
1/
8/
14/
11/
16/
11/
17/
20/
16/
9/
17/
5/
&/
10/
1z/
2/
7/
g/
G/
10/
4/
T/
3/
4

65
b5
&5
5
&
65
65
6%
(3a]
65
65
g5
65
A5
65
6h
&5
AR5
6%
A5
&5
67
67
67
A5
6%
E\q
&5
65
65
65
65
65
65
65

&5
65
65
65
65
AE
&6
6E
bR
bt
bo
66
6h
66

LATITIDE

37.84
37.84
37484
37.84
37.84
37.84
37.84
37.84
37.84
3TeB4
i7.84
37.84
27«84
37.84
37.84
37«84
37.84
2T.84
37«88
3784
37.84
37,84
3784
37.8¢4
17,15
32438
78,45
28445
28445
28,45
2R 445
28445
ZB,.45
e84k
21.43
34,12
34,12
50473
58.73
. DBeT3
17.1%
17.1%
17.15
17.15
17.15
21,43
21.43
32,12
34,12

LOnGITUbE

T5.4¢
75,48
15«44
THa46
TH,ak
7540
15.46
75 e8¥
15 .4F
THetl
Th.0¢
T5.4¢
THa8k
75.‘”‘
75.48
T5e4b
TH .4 R
T5.4%
7548
T5.48
7548
75488
THaltbh
75.488
6l.7E
IG6e4E
20.53
BL0+53
BD,53
B0,.53
RD.,53
RO.53
A0.53
8053
Ti,.,14
119.12
116.1¢
93.8¢
03,87
03.8¢
934R7
61,78
6l.TL
£l a78
6l.7E
6l.78
Tl.14
Tlels
119.17
119.1%



PROFILE Mpoe L1129) L10340) L20,15) | 7{«50) L2¢e30) [3(4e5}) L3120+0) L4(2.5) L4(10e)

301
302
303
304
305
306
307
08
309
310
311
312
313
314
315
3l
317
3lg
319
320
321
322
323
324
325
126
327
328
329
330
331
332
333
334
335
334
337
338
339
340
341
342
343
344
345
346
347
348
349
350

41431
39,58
39.65
40423
42475
42929
42 .05
40,45
40,31
61,07
40,81
43,22
4] .54
43,07
43,60
42,414
41447
43,03
42,81
43,11
44446
40,29
44,08
44,01
42,05
39,31
43,465
43469
42,85
b 449
43,94
43,36
43,439
43,61
43,37
42.16
43,57
40,08
42,04
37,34
40,02
43,32
42 .88
41,90
43.94
42466
G2 499
42.78
40.91
40,31

34469
34461
32435
33.47
35.96
35.03
36.75
33.62
34425
35.50
35.39
37.76
35,57
36.97
38413
35.64
35.47
36,79
38,02
38.54
38.89
35,74
37.91
38,13
37.33
32,83
39.08
38,71
36491
39.50
38,30
37.72
38,32
39-08
37 .49
37.21
39.10
34,65
36482
32,25
34,98
3751
37.87
364,28
38.83
36,451
37.17
37.70
35.41
344,21

50,99
50426
51477
49,93
50479
52492
50.74
49,58
49461
50,29
51,06
51.32
Sl.67
51,80
52.06
51,19
51,23
51,82
50,77
50.76
SLeB7
49,98
51.62
5l.36
50.45
50.43
51,21
50,98
51,47
51,88
52.04
51447
51.83
50,88
51.61
49,97
50.66
51,80
20,24
4,22
49,86
52,14
51l.39
51.07
52.9%
50,932
51.79
51.12
52434
51.65

37 .62
3717
37e21
38.02
39,89
39.85
38,23
36.52
AT 14
37.61
37.51
38,85
38.45
39.2%
38,99
38.30
38,09
318,63
38,91
39,30
38,91
37,83
40,78
40,08
38,75
36.32
39,59
40,20
39,15
40,26
40,30
39,57
40,16
40,01
39,40
38,86
40,58
37.05
37.95
34,15
316,66
39,17
39.98
38,83
40,27
39.17
39,75
39,74
36.06
37.63

24 .6%
2454
23447
24411
244456
24,35
25.96
26,11
25,450
25.83
25.95
25,70
27413
26,72
26456
25467
25450
25,90
25,846
27456
27425
25,66
264,22
25477
26,99
25,23
28469
29,08
27469
29458
27.17
28,01
27«81
28.02
2771
26441
2T 64
25,52
29,33
22 .66
22,47
28483
28,07
27,08
28.83
2T.79
28,31
27467
25.58
25,09

52,11
5le28
52422
50.96
51 .40
52,56
51.98
51,32
5lel7
51,49
51,84
52,32
52,03
52,32
53,33
51479
51,84
52,49
52.23
52,36
53,17
51,23
52479
52,17
52.33
51,36
53,69
52,33
53,15
53,14
52,80
52,63
53.22
52,88
82,66
51,460
51,97
§2.87
5l.68
50,62
51,179
52,86
52,18
51,75
53,53
5,79
52.97
52,00
52,43
1,97

40,32
39,35
40,1]
..13.98
40,71
41 .54
40,71
39440
39.19
40,03
40 454
41.58
40,69
41,53
42425
40479
40,39
41457
41,20
41,32
42,47
39,41
41,91
41,76
40.73
39,18
42,14
41.57
4] .48
4z .51
aztuz
41l59
41,86
41,64
41,62
40,47
41,29
40,51
40,52
37.90
3G.23
41,87
41,21
40447
424560
40,72
41,53
41.06
40095
40,11

44,25
43 .89
45,11
43,63
44,60
46.06
44,03
43427
43,09
43,59
44,39
44,49
44,56
44,88
45,18
44039
44,27
44,9l
44,14
44,03
44476
43,45
45,26
44,87
44,02
43,91
G BT
44 .40
45,11
45,15
45,32
44,70
45,20
44,50
44,78
43,76
44,29
44,94
43, 64%
42,46
43,31
45,31
46,74
44 46
45,87
44,36
45,15
44,59
45,37
44 58

29,97
29473
30,02
29.71%
31.14
31.82
30.18
28,94
28.99
29,43
30,10
30,57
30,43
30,95
31,03
30,31
30,09
30,80
30,73
30,95
31,38
29,77
31,72
31,44
30,48
29,23
31,09
31,25
31.21
31.64
31,75
31,07
31,57
31.36
ag,99
30,44
31,82
29,95
30,36
2729
29,02
31,49
31,53
30,91
32.28
30.94
31.48
31.25
30.95
30,16

108



110

FROFTLE NHOw

351
352
353
354
35%
35¢
357
358
3s9
350
361
ie?
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
3an
381
3a2
3r3
384
3ps
386
3a7
388
389
390
3ol
392
393
394
395
dag
307
398
399
400

L

POINT
POINT
WHITE
WHTITE
WHITF
WHITE
WHITE
WHITE
WHITE
CAPE
CAPE
CAPE
CAPE
CAPE
FORT
FORT
FORT
FapT
FORT
FORT
FORYT
FORT
FORT
FORT
FORT
WHTTP
RHITF
POINT
POIR,
POIMY
FORY
FORT
FOFY
FORT
FORT
FORT

. FOPT

FORT
WHITF
WHITE
WHITFE
WHIYE
CAPE
CAPF
CAPE
GRANN
FOPT
FORT
FORT
FORT

QCATICH

MUGU! CALG
MG CALl,
SANDS
SANDS
SANDR
SANDR
SANDS
SAHDS
SANDS
KEMNEDY
FENNEDY
YENNERY
KEMNEDY
KEMMNEDY
CHUIRCHILL
CHURCHILL
CHURCHTLL
GREELY
GREELY
GPEELY
GREFLY
GREELY
CREELY
GREELY
GRFELY
SAND®
SAND®
MiGIle CAL,
MuGls CAL.
MiGity CAL,
CHURCHIEL
CHURCH¥IL L
CHUYRCRHILL
CHURCHILL
GRFELY
GRFELY
GREELV
SREELY
SANDS
SANDS
SANDS
SANDE
KENMEDY
¥EMMEDY
KENMNFRY
TURK 15,
CHURCHILL
CHURCHTILL
CHURCHTYLL
CHURCHILL

2/
2/
2/
2/
2/
2/
2/
2/
2/
?‘I
4
?/
e/
I
ra
s
2/
2/
2/
2/
e/
2/
2/
2/
2/
ics
1n/
1o/
1/
1/
1o/
1py
iy
1oy
1g/
1o/
to/
igrs
5/
&/
6/
6/
6/
&/
6/
&/
6/
&/
5/

NATE

8/
10/
2/
3/
4/
Qs
10/
14/
in/
a/
10/
11/
14/
s/
5/
a/
10/
5/
6/
8/
1G/
11/
147
Ins
16/
20/
21/
19/
20/
1/
17/
19/
2r/
24/
177
lay
¥ Ws
267
26/

27/

30/

beb
(4
Ak
66
66
bE
&6
b6
&6
66
66
&t
HFk
hé
3]
6F
hE
66
66
66
&R
66
b6
66
6 f\
£G
66
(3
&6
6h
66
f b
bF
Fh
66
b
LE
Ef
b
b6
bh
(X4
38
66
Er
6f
66
hF
(&
b6

| ATITULE

34,12
34,17
32.38
32.3A
32438
32,38
3Z.38
32,38
32.3°P
2B, 48
78445
28,45
2P.45
28445
58,73
58.73
58.73
64,00
64400
64,60
68,00
64,00
64,00
£4,0¢
64,00
32,38
32438
34.12
34,17
34,1z
58,73
58,73
58473
ER.T72
68,00
64.00
64400
64,00
32.38
32,38
32,38
32,38
28,45
2B 45
2P,45
Ple43
56473
5R.73
58,73
58,73

LOnGITULE

119.1¢
11%el¢
108,46
10644t
1NEo 48
1k AR
106448
1040
164,4F
Al=HBo
50453
80.53
fO.5=
All.B3
93,82
G3eRZ
N3, R¢
14%.75
145a7%
149,75
14%.7%
14575
145%.75
145,75
145. 7%
1hfesl
Ipgenb
119.1%
11%.1¢
11«17
93.8¢
93,8¢
Q3,.,pr¢
93. 8%
145,75
149,75
145.7¢
1ab,7%
1IN6.44
10647
106440
106« 450
8G.53
ARD.53
Bl.53
Tlaeld
g3e 82
93,8¢
qglﬂ?
93.82



PROFILE Nee L2(2.0)

351
352
3583
354
355
356
357
358
359
360
361
362
363
364
365
306
367
368
369
370
371
372
373
374
375
376
377
378
79
380
3gl
382
383
384
385
386
387
388
389
390
a9l
392
393
394
395
396
397
398
399
400

41469
41.69
42.09
41 ,9%
40,71
42.93
42,76
424144
42409
42-97
46,17
42,39
42091
42404
42,03
43,462
42,25
37.14
42,18
41,61
40,92
40,20
37.52
37,10
37,31
401,97
40,31
41,91
42,04
41,12
40,26
40,47
40,12
3B.36
40,50
39,30
36,82
35,85
44,16
44,40
44,55
44,70
44,40
44,75
G4 et
43445
45,80
45,64
45490
45,74

E1(3.0) L2(.15)

35,47
36479
36.84
35493
35.28
38,54
38.07
37.96
31462
37.548
3B.83
37.55
38 .89
3716
3.85
38.03
35,51
32,63
38472
36462
364,12
35,99
33,51
32,73
32,48
364,15
34,99
36,47
30457
35,87
34,21
34,29
34,49
33,30
34,53
33,37
30,11
34,67
39455
39,20
39,75
39038
39,37
39,80
39,10
38,20
41,72
40,90
41,15
40,99

49496
50433
51l.73
5078
S0.57
5099
50.55
50469
50415
50+97
52477
50.93
5l.45
Siel5
53436
5le62
50.98
44 460
49,492
49-10
48.88
44,01
47427
46463
46488
50,55
49,10
51.08
9119
50495
51.92
5,34
49,41
48.83
49,77
50,46
45.79
49,69
5lels
52450
51.01
52.13
51,58
51,19
51.79
51l.40
52,23
82.12
5la93%
51.97

L2650} L2{a9n)}

38.46
38. 74
19,40
37499
38,07
39.11
38,85
38494
38.28
39,31
41,42
39,463
40.17
38.94
29,17
29,73
37.54
34,03
8487
26430
35,81
35,78
A5,17
34,35
24,03
37.79
36,77
38,01
37456
317.83
36a43
36,33
34,35
36407
37.27
3655
3,65
A6 60
39435
39,77
39463
39.50
39,73
39,80
39,59
AH L 85
40,32
39,94
39.84
40,01

23.95
25.06
25.49
25.03
25.15
25.24
25.35
27.15
28404
28,33
2BeS4
27.21
29,78
2756
21,48
24,67
23,78
23,42
24407
25,91
24433
24,42
24,25
23.87
23,60
26,90
26.67
27,28
26464
26,42
?3.64
23,65
23,48
23486
23460
23.62
21,13
22,82
28411
268417
27,46
27,87
28.08
28485
28.73
28,12
27.14
26. 95
27. 22
27,64

L2 (4.5} L3(20+0)

51,45
51.48
62,48
51 067
Fle.l0
53.“1
52.16
52455
524¢al
52.03
83,12
51,84
52,73
5E495
5Z2.47
52.38
55,71
48,69
52,72
2,41
52.29
51.48
49,72
494,66
50,38
51,76
50,95
52,21
52,35
52,14
52.11
51.7¢
50.85
58,33
51.77
51,57
49,72
5l.64%
52462
G, 42
52,73
53,15
52!76
52,75
52.92
52,51
54,10
54,22
53,83
54,30

40,05
40,04
41413
40 .47
39.58
4] 59
41.12
41400
40'74
40,97
42,37
40,78
4] 440
40,76
41 .48
4).84
41,67
35,92
40'56
40 .49
40,05
39,25
30,71
36465
37.01
40,02
35,20
40,88
41,07
40,39
40,39
39,86
39,23
37476
39,59
3,02
36,98
39.26
42,10
43,04
42,28
42,83
42,34
42139
42,48
41,78
44,00
43.65
43,62
43,67

La(2e%)

43,43
45.51
454,08
Ghe17
43,86
44,41
43,64
44420
43,72
44,37
46,02
44,43
44481
44,51
46435
4% 4,95
45,48
39437
43,43
42481
42,47
41,69
40,63
40,485
40,94
43,69
42,88
44 32
44,38
44,10
4% 50
43,58
‘iE-TS
h2,12
43,34
43,50
41,63
43,15
44 4,37
45,86
44,44
45,22
44,80
4% .59
44,499
44,57
45,81
45,41
45,12
45,41

La(10s)

29,6V
30,23
31,34
30,44
30,15
30,82
30,89
30,89
30,214
al, 1l
32. Bl
31,13
31.59
31,03
31,4t
31,11
10,36
25,95
30,08
28,84
28.20
27091
26491
26,59
26,63
29.93
29.18B
30,38
30,18
29,96
29.37
28,93
28,61
28.01
29.21
28.94%
26,39
28,80
3l,16
32.03
31,33
31.53
31,47
31,50
31l.5%
30499
32,07
31.74
31,69
31,85

111



i12

PROGFILE O,

401
L0z
403
ana
405
qng
407
408
4G9
410
411
412
413
t14
415
416
17
418
419
20
421
4?72
423
4724
475
a7
427
128
429
430
431
432
433
43a
415
436
437
43g
439
449
44y
442
443
444
44y
Hag
44.7
448
&L 40
ARQ

LOCATINY

FORT GRFELY

FORT GRFELY
THULFy GREFMLAND
ANTIGUA

POINMT MUGUy CAL.
POIHT MyGUs CAL,
POIPY MUBUs CAL.
POINT MUGUs CAL.
POIMYT MyGHs CAL.
POINT MUGU, CAL,
FOINT MuGU. CAL,
POTHYT MUGUy CAL.
POINT MuGUs CAL,
MHITE SANDOS

CAPE KENNEDY
THISLE s RREENLAND
ANTIGUA

ANTIRUA

ANTIGUA

ANTIGUA

CAPE xENNETDY
CAPE KENNEDY
CAPE KENNEDY
CAPE KENNEDY
GRAN TURK 18,
GRAMD TURK 1S,
WALLOPS ISLAND
HALLOPS ISLAND
wALLOoPrS ISLAND
WALLQPS ISLANMD
WALLOPS ISLAND
WALLaPS I5LAND
WALLNPS ISLAND
HAlLLLopS ISLAND
WALLQPS TSLAND
HALLOPS ISLAND
WALLOPS ISLANT
WALLOPS TSLANMD
WALl 0PS ISLaND
WALLOPS ISLAND
HALLGOPS I5LAMD
WALLrPS TSLANME
WALLOPS ISLAND
WALLOPS 15LAMD
WALLOPS ISLAND
WALLOPS ISLAND
WALLOPS TSLAND
WHITFE SaMNlig
WHITF SANDS
POTNT Mubtis CAL,

I,

5/
6/
6/
6/
6/

6/
5/
6/
b/
5/
6/

6/

6/

&/
los
10/
1os
10/
10/
Ips
oy
10/
o/
107

5/

&/
5/
5/
5/
57
5/
5/
5/
&/
11/
Y1z
&/
5/
E/
R/
6/
¢/
&/
2/

1/
&/

DAYTE

21/

2a/
19/
20/
24/
25/
19/
21/
107
iny
11,
11/
11/
11/
11/
11,
11/
11/
19/

ay/
1e/
la/
17/
12/

7/

T/

1/

3/
10/
167
lay/

T/

66
&6
66
66
66
66k
6f
6h
6b
B&
66
F6
b
66
BF
66
BR
18
BEF
66
(X3
13
66
66
b6
6
66
66
LY
6h
B6
&6
Eh
6
6H
ER
6f
&R
66
&R
&f
6F
b6
6h
bh
66
RR
65
31 2
6h

LATITUDE

64,00
60,0
T6.552
17.158
34,1
36.12
34,12
34,12
34,172
34,1z
34,12
34,12
34,12
Az, 38
28,45
TE52
17.15
17,1%
17.15%
17.15
28,45
2ha45
28,45
28,45
21,43
21,42
37.B4
A7.84
37,84
37.84
37,84
37,84
37.8¢4
37.84
37.84
37.84
37.84
37,84
37484,
37.84
37.84
37.84
37.584
37 .84
37,84
37,84
37.84
32,38
37.35
34,17

LONGITUBE

145,75
145475
EBeBE
6l.78
119172
119417
119412
119e1¢
119.1¢
11941%
119.1¢
119.12
119.12
1G6,.46
g0+53,
68 48E
61.7F
£l. 78
6l.78
61l.TE
an,.53
Bl.53
r0,.53
AG.53
T1le14
71.14
75+ 4R
TH.48
75.48
TEL4F
TE.48
75.48
T5.458
75,48
T5 .48
T5+480
75.48
75.48
T5.4b
T75.48
75.48
7548
T5.48
79,45
THh.48
T5 .46
7548
106448
10€.90b
119.12



PROFILE Noe 1L1(20)

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

45.TH
45497
47.22
43,42
44424
43,58
43,85
43,51
#4 .52
44,34
44,27
44,28
43415
44 430
43,69
47,439
44 424
G4 414
44,06
44413
42448
43,53
43,07
42,97
44,92
43433
44,63
44,69
43,74
43,31
43,48
43,15
44,59
44,10
43,90
44,51
43,94
40,52
40,70
44 42
44.29
44,23
45.61
42,92
44,87
44,61
43.06
43.35
42,23
444,61

L1(3.0) L2(.15}

41427
41,69
43,11
39,04
39.53
38,94
39464
38444
40,04
39,79
40,08
39437
384,09
39,52
38,98
43,10
39.53
38,53
39,08
38.381
37.38
38.39
37.33
37.37
39.66
38441
40,44
40,19
39,07
39,05
3B.64
384,17
39.65
39,67
39,44
39,97
39,45
34,24
34422
40418
39,24
39.01
40466
3B.57
39,43
39,71
38.54
38.81
36467
40.10

52.08
5226
52,07
50.97
51.13
51.36
51.23
5096
51,34
Bl1.,56
51,15
51.53
51,04
51490
51449
52,69
51,73
51.69
51.92
51.47
51.39
51,40
51,13
51.50
51,85
51,23
Slebt
51.85
51,24
50,75
51.77
51.36
51.77
51,89
50,91
51,64
50,94
50,80
51425
50,49
51.33
5146
52.71
51.0%
51,75
52,40
51,90
51.06
50,81
5l.81

121450} L2(.9n) L3{4.5)

40,12
404,58
40,84
AG.44
39.59
39,41
39,51
39,08
39,97
319,70
39.92
319,59
38,98
39,80
39,71
40,50
40,32
39,40
39,66
39,53
38,93
39.16
3B.82
3B.48
39,563
39.35
40,28
40,27
39,62
39,68
39444
35,84
39,90¢
39,89
39,60
40,12
39,45
36,71
37445
39,89
39,79
39,18
40,00
39'29
39,58
39,79
39,32
39,31
38,11
40,36

27450
27s14
28.083
28416
2B8e34%
2782
2772
27«17
28.82
29452
27.98
28440
27.62
28471
27.51
77439
28423
28432
28433
29,72
27240
2773
28.46
28453
29,52
28,03
28421
28481
27+24
27.43
28,02
29,26
27.18
27.92
27.27
27.82
28,39
264,46
25,13
27,19
27445
27460
28,19
27.40
27.71
28,97
27437
27453
26.91
27.82

54455
54,29
54,45
52.45
53,02
52,95
£3,04
52422
53,28
53.16
£3,27
52,86
R .87
53,52
52,57
55,39
52,72
53,03
53,12
52,75
52.41
52,50
52,01
52,70
53,09
52,30
53,00
53,03
52448
52414
53,62
52,08
52.92
53,51
52,53
52,95
52,95
51,64
51,71
52,18
52,67
52,85
53,83
52,40
52l98
53,38
52,97
52,19
52,23
52,99

1 3020.0)

43,79
43 .84
44,67
41460
44433
4le93
4218
41.56
42,55
42451
42439
42,26
4] 463
42463
41,93
45.19
4221
42,25
42,34
42,13
41,27
41.78
41,17
41,66
42481
4] 453
42466
42,62
4] 482
4la41
42,08
41,32
42,455
42,56
41,88
452,46
42,09
39,95
40,18
%4].95
L2418
42425
43.61
41,34
42,65
42487
41492
41455
40494
42.51

L4(245)

459,47
45,49
45,19
44,19
4%,67
H% 587
44,54
44,23
44,81
46,78
46,50
44,75
44,54
4,18
44,73
45,89
44,96
44,99
45,08
44,81
44,70
44,62
44,35
44,73
45,08
44,51
44,483
44,93
4%,50
44,11
45,11
4%, 68
44,95
45,08
44,29
44,02
44 44
44,17
44.49
43,95
44,66
44,67
42,65
44,19
44,96
45,31
45,02
44,15
44,26
44,93

L4(10e)

31.89
32.07
32.2L
31,03
31.40
31.04
31,06
30.85
31,61
31,56
31.36
31,37
30,94
31,69
31,33
32,27
31.76
31,43
31,45
31,39
30,96
31.15
30,94
30,85
31,73
31,09
31.80
31,67
31,19
31,07
31,47
31,60
31,67
%1.71
31,12
31,72
31,19
29.78
30,02
31.07
31,30
31,06
31,99
30,84
31,50
31,84
31,39
30,82
30,36
31.74
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PROFILE NO.

451
a52
453
454
L55
456
457
A58
8509
4EQD
461
467
483
4ha
465
466
f6T
t6H8
469
aTn
471
472
473
TG
475
aTeg
a7
478
479
4R0
dpl
48¢
4R3
LRE
485
4R6
48T
4R8
fag
590
40 ]
402
293
4Gq
4o0h
ag
497
49p
499
s5pQ

LOCATICH

FORT GBPFELY

CAPE XENMETY
CAPE KENHEDY
CAPE KENNEDY
CAPE REMNEDY
WHITE SANDS

WHITE SANDS

WHITE SAMNDS

WHITE SANDS

WHITE SANDS

CAPE KENNEDY
CAPE KENNFDY
CAPE KENMEDV
FORT ecRFELY

FORT GREELY

FORTY GRFELY

FORT mPFELY

FORT GREELY

POTRT MyGU,

WHITE sANDS

WHITE SAMDS

HHITE SAMLS

WHITE SANDS

WHITF SANDS

WHITF sANDS

CAFF KENMBEDY
CAPF KFNNEDY
CAPE KENNEDY
CAPE KENNEDY
CAPE KENNEDY
FORT GREELY

FORT GBREELY

FORT GPEELY

WHITE SAMDS

WHITFE SANDS

WHITE SANDS

CAFE ¥YENNENY
CAPF YEMNEDY
CAPE KENNEDY
CAPE KENMEDNY
POINT KUGU,

POINT MUGU.s

FORT GREELY

FORT GRFELY

FORT GREELY

WHITE SAMDS

WHITF SENDPS

WHITE SAMDR

WHITE §ANUS

ANYIGITA

CAL.

CEL.,
CAL,

¢/

nNATF

3/
22/
24/
e5/
26/
137
17/
26/
24/
2T/

5/
12/
13/

3/

47

Y4
12/
Yo/

5/

8/

g/

8/

(4
10/
Ity

1y
8/
10/
20/
L/
B/
15/

137
18/
25/
26/
26/
28/
21/

37
5/
11/
75/
17

137
117

&6
Y]
(%!
AA
64
64
64
64
hé
(X
64
64
LA
64
64
&4
&8
(3]
¥
£4
Ai
6A
£q
(Y]
b4
62
64
[ ¥}
H4
é 0
6
fO
&0
fa
H4
6a
&4
(Y]
Y
£4
&4
&4
&4
&a
64
64
64
64
&4
64

| ATITUDE

64,0C
28,45
28445
28.45
PB.45
32,38
37,38
32.38
32,38
32.38
2R.45
28445
28 .45
64,00
64,0C
64,00
64,00
64,00
34,12
32,38
32.38
32.38
32438
32,38
32,38
78.45
28,45
28,45
2R 445
28,445
64,00
64.CC
64,00
32.38
32.38
32,38
28,45
28,45
28,45
28445
34.17
34,17
64,00
64,00
€4,00
32.38
32,38
32.38
32,38
17.15

LCNGITUDE

145,75
£0.53
R0.53
ADL53
RGa53

106.4&

106 .46

iGG-qﬁ

1n6.88H

1060“5
A0.53
80453
BO.53

145,75

162475

145,75

145,75

145475

119.12

06 .8b

10648

1N .48

106408

1N6 48

106,88
A0 53
BG.53
280.53
20453
20,53

14575

142,75

lﬂ507§

lra.a8

106,48

1N6.48
pl .53
Ali«53
p0,.53
B0e53

119317

119417

145,75

165479

145.75

1(6ettd

106,48

106,48

106,48
tl.7¢C



PROFILE Nge L1(240) L1(3.0)

451
452
453
454
455
454
457
458
459
460
461
462
463
G466
465
466
LYY
468
469
470
471
472
473
4T4
475
476
477
INE
479
480
481
482
483
484
485
484
487
488
489
490
491
492
493
494
495
496
497
498
499
500

46,15
44412
43419
42471
42469
40,83
42,01
41.36
44,83
42,88
43,18
43 .42
43,80
42.71
42,32
40,80
37.70
40,83
44,21
42.15
41.01
41 .89
39,42
42.98
42,78
43,71
4“.35
43,28
43,23
44,06
42,11
42,19
44,13
43.27
43,13
44,16
424,89
G4 441
44,49
424149
43,35
49,53
44433
464,79
45.01
42,78
44.l1
44,417
44,51
hh .62

41,70
19,01
3Tab4
37,06
37.82
35,42
38,54
36,03
39,47
36434
38.07
39.04
39,59
37.95
37.05
35.75
31,81
36,95
38,38
36,42
36,10
36,03
34.35
37.30
37.26
3g,.13
39,42
37.92
38433
38,85
35,61
36.79
38.54
37.87
37.71
39,29
38,02
39,76
39.30
37449
38.29
45,79
40,29
41l.61
41,01
37.85
38.68
38,74
39,72
39,52

L2tel5}

52.58
51.38
51,38
51,06
51413
49,81
48,485
50435
52,39
51487
50.73
50.75
50,40
49,40
47.99
49,88
4758
48401
52492
50,40
49,68
51,03
HOWAT
50,81
50,39
51,28
52429
51.69
51.856
51427
50426
53.62
5l.6l
51.3%
51.32
52,23
51,20
51455
51.42
50,12
50445
54,53
53,57
52.83
51455
5)le68
52«11
51.8%
Sl.60
51l.96

1.2 (=530} L2(.9M

50,79
40,36
39,30
38485
39425
37,74
39,11
368.37
40.08
38.82
39.04
36.65
40.67
16,83
36,23
35,90
Ab414
36,46
39.27
37.80
37.30
37457
36.54
23.86
38,.82
19,85
39,80
319,566
3G,.£8
3G.46
35,96
17060
318,39
39,09
39,43
40,39
38.95
1&00 13
319,60
38.35
384,69
44,10
39,53
40485
40,03
3G,31
39,17
39‘52
40,00
40,04

26455
28425
2B.63
28.80
28412
25467
2T 14
26402
2707
25481
30.15
27.n0
PR458
25,59
264,80
724,98
22435
25,17
27496
2683
Z6e 14
26427
Z26.18
27.08
25,50
28,95
29.31
284,95
28,499
28488
23.22
23453
24450
284,06
26468
28.06
27.48
28.27
28,70
27441
21.R3
31.41
264,01
26436
27.11
27.20
26481
27462
26487
26.02

L3{4.5)

54,32
52,59
52.51
52.72
52.23
51434
51,54
5l.61
53,48
52,70
52429
52.75
52,51
s2,.1l¢g
51,98
52,24
50425
52437
54,98
52,46
52,L2
53.17
51,00
52,09
52,43
52,51
53,71
52 .65
53.37
52475
53,73
54,81
53,22
52,28
52,56
53,82
52,46
52,480
52,86
51.68
52.13
55445
55,46
54,34
54,67
52.85
53,24
53,29
53,41
53.19

L3{z20.0)

44,01
41.95
41459
41.14
41el17
39,73
40,17
40,04
42497
41,36
41,33
41,57
£1,37
41,11
40,53
40,31
37.39
40,07
43,14
40.64
40,18
41,23
38.70
41,11
41,10
41,86
42477
41,74
42,03
*2-03
41,24
42,63
42,37
41,45
41,50
472,57
41,35
62,32
42,35
40,50
41.36
4he Sl
43,77
4437
43,77
4]l e42
4L 4T
42,21
42,48
42464

L4{25) L4{10s)

45,72
44,89
44,83
44,54
4% 445
43,38
42461
43,78
454,54
44,91
44413
44,22
44,33
42.80
42,158
43,07
41,52
42431
46416
44403
43,59
44 .61
42.91
{44 ,24
44,23
4% ,63
H5 04
44 .97
45,16
4%,68
44407
46,04
44 56
44,56
44,70
45,71
44,32
44,77
44 .81l
43,44
43,83
47459
43,99
45,88
45,54
44,83
45,21
44,92
4h,86
45,24

32,24
31.83
31,40
31,04
31,02
29,53
29,83
30,00
31,72
30.84
31.04
11,10
32,03
28,87
28,6l
28,57
26,80
28.58
31,81
30,28
29,71
30,15
29,02
30,69
30.60
31,38
31.87
31,38
31.38
31,19
28,94
30,29
30,55
31,13
31,08
32,13
30,84
3i,51
31,53
30.14
30,59
35,08
31,55
32,34
31,66
31.19
31.38
31.39
31,42
31,84
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FROFILE NO,

50]
spa
503
504
205
206
507
oea
5n9
510
511
512
513
5l4
bl
216
317

518
519
524
521
522
523

524

226

Pl

521

533
524
535
534
537
538
239
540
541
547
a3
544
545
544
247
548
549
550

l

ANTIG
CAFE
CAPE
CAPE
CAPE
CAFE
FORT
FORT
FOPT
POIMT
POTNT

QCATION

LA
KENNEDRY
FENNERY
KENNEDY
KEMNERY
KENNETY
CHIIRCH]
CHURCH]T
GREELY
MitG1!y
MGty

LL
LL

CAL.

CAL.

WALLQPS ISLAND
WALLEPPS TSLANTD

WHITE
WHITE
WHITE
Wh1TE
WH1TE
MHITE
WHITE
ANTE
CAPF
CAPE
CAPE
CAFPF
CApPE
CAPE

SAND®
SAWDS
QANIIS
SANDE
SpANTIS
SANDS
SANDSE

1A

KEMNFTY

KENNEDLY

KENNEDY

KERNEDLY

KENME Y

KENNEDPY

GRabdp THRK 15,
ERAND TURK 8.
FOrRT CPUHRCKILL
FORT CHYURCHTLL
FORT CHyRCHILL
FORT CRpRCHILL
FORT CHUORCHTLL
FORT CHURCLHILL

POLbT
POINT
POIMT
POINT
POIKT
POIMT
pOInT
FOILT
WHITE
WHI1TE
WHITF
WHITE
CARE

CAPFE

MUG Ly
MGy
MUGL «
MuGL,
MUGUs
MUGL .
MG I
MUGH
SaMNe
SAVDE
SAPDE
SANLE
FENNEDY
KFMEEDY

CAL.,
Carl.
CAL.
CAL.
CAL.
CAL.
CAL
CAL.

FORT CHHFCHILL

11/
13/
11/
11/
11/

4/
11/
1y/
1]/
1y/
lis
117/
11/
11/
11/
11/
11/
11/
11/
11/
1o/
1z/
1z/

12/

Y/
12/
1z/

lg/s
12/
127
12/
12/
lz/s
12/
2/

&/

F/

kf

nATE

Ja/
6/
107
12/
ca/
nrs
1/
25/
127
4/
1/
5/
6/
&/
5/
13/
18/
19/
la/
Zcy/
o/
6/
7/
ars

Q

P

a/
oy
9/
10/
4/
G/
il/
14/,
e/
Flrs
4/
&/
G/
117
la/
la/
|
| N
B/
a/
15/
le/
B/
lp/s
&/

]
£
&4
64
&4
fF
£4
£h
(Y]
64
64
B4
64
LY
€4
&h
64
6o
64
84
&4
64
64
64
64
(4]
&N
G
A4
¢4
b4
fa
b4
(5
64
(Y]
6a
64
'y
64
(¥4
64
f 4
64
&4
b4
(.Y
&4
b4
64

| ATITUDE

1715
2B, 45
2845
28,45
28,45
fR.45
58,73
58.73
6200
3a,l?
M.lz
37.84
37.8¢
32.28
32.38
372.38
32.3¢
32.3%8
32.3g
3Z2.38
17,158
2k, 45
28445
2B 4%
78445
2B 4F
21,43
21.4%
58,73
5R.T3
5E.73
58.73
EP.T32
SR.T3
3e,12
3a,lz
34,17
34,1z
3Ja.l2
32,17
3t,.1z
34,12
32.38
32.3¢
32,38
32,38
ZR.45
2R .45
5R., 73

LOnG I TULE

£1.76
F0.53
FD,53
Ala.53
F.D.523
FGa53
53,82
03 ,.Rk2
145475
119,1¢
1194312
T5.48
75 .40
106.48
106.488
1n4 .48
106,458
106.40
106.48
106.4F
6l.7E
alL.53
20,53
60,53
R .53
R0.53
g0.53
Tr.14
71.14
93.RE
93.AR7
Q3,82
93.RE
93,87
93.82
119.17
119412
112.12
119.12
119,12
119.1¢%
119.12
119.1¢
1N6.,40
10604H
106.48
106446
a0.53
ala53
93487



PROFILE »pe L1(2+0) L1(340) L2(a15) 12050) L2(a90) L3(%.5) 13(20.0) La4{2.5) La(10s)

501
502
503
504
505
506
R07
508
509
510
511
512
513
Rl4
518
516
517
518
519
r20
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
841
542
5473
544
45
546
547
548
549
550

45,33
42.23
43.74
43410
43469
43,08
38.61
37477
40436
4] 446
401 430
41,71
43,38
3G494
43,1%
41,77
41.13
41,55
42434
42,430
42,13
40,40
41.12
41.05
39,465
43.63
41,88
420"{4
44,02
34,08
34,45
33,15
36,12
34,46
QO. la
43,55
45,48
41405
45.78
41,26
40,81
44,06
41.02
40,13
39.40
44406
44 .58
43,51
39,74
44,30

40.25
35.93
38.24
3734
38,20
38,20
32,63
31455
34,86
36,07
34432
315.76
38,12
33.60
38.31
35.55
34,86
35,25
34,98
34,44
37.27
35.35
35.13
35.10
34,68
37435
36,06
36.62
38.77
25.89
27446
26,431
28.96
27,71
33428
37.73
40,19
35.09
38.11
34,11
33.43
33,26
32,70
34.82
33,98
3Te4l
38.87
38.45
33,63
39.63

53,10
51,190
S1.77
51.20
51.92
5l.06
50,28
48.23
49,450
53,19
50.95
50.72
5l.56
50,40
51,83
50465
50,83
50,44
51,29
51,20
50,78
49,45
50.04
50,19
50,23
50,82
50,96
51.50
52.39
46,60
48 .41
48.67
50,13
49,25
51,75
51,78
55,06
52.53
53,60
50.64
50,64
51,56
50,33
43.87
49,68
RI.44%
53,43
51,11
50,29
50,83

#0,78
318456
39.82
39456
40. 10
39,19
34,97
35.39
15,79
A7, 74
7455
ABLAT
39,64
37,42
39,43
38.16
3760
17.57
318,56
39,36
38,89
37,14
36,86
37,05
36,41
8,02
38448
38,38
39,9%
34,54
33,26
31,886
33,72
33,52
38,91
g, 02
41,04
37.37
41,14
37.09
3712
38,558
6,34
36,32
16,13
3G .47
41,25
39,36
27,77
38,956

2.1
26466
28,07
2TaFT
27.19
28,83
22.93
23,55
23,50
?6.99
25418
25,82
27,32
25,93
28,444
25458
26437
26.41
26463
27.009
28,05
28,18
28,07
27.71
2Te34
28.91
2T.18
28,10
28,77
20,47
20,75
20,56
20,83
21,41
23.56
28,13
28,75
2725
2T.467
25%.79
25489
24,89
25.39
26.51
26,49
26457
- TEL
28.27
24424
26448

53.83
51.93
52.78
52415
52,79
52.83
52,17
49,56
51,44
51,60
52.15
5l .68
52,57
51,25
52,99
51.73
51.43
51,63
51,94
51,59
52,10
51,03
51.37
51,27
5l .44
52,43
51.82
52,30
53,26
47 46
49,76
49,82
51,45
51,73
52,42
53,43
R5,71
53,64
53.69
51,59
51444
52,83
51,30
50.96
51.08
53,88
53.81
62,38
50,67
52.97

43,51
40,78
41,95
41,39
41494
41449
39,20
37.26
39,55
401,32
39,96
40,41
41,68
39,28
41,82
40 445
40,24
40.32
40,85
40,67
41,05
39,38
40,01
39,94
39,52
41 .62
40.58
41,23
42 .67
34,04
3b,72
35,26
371,83
6,15
40,09
42,17
44,53
41,57
43,549
40,22
35,98
41,73
39,85
3g,.l2
34,00
42498
42 « 9%
41 46%
38.83
42 .40

46412
44,41
45,049
44.78
45411
44 446
43482
42,14
42,65
43,87
44,50
44,12
44,83
43,90
44,92
H4 .23
44,32
44413
4% .67
44,77
44,19
43,14
43.56
43,65
43454
44,31
44435
&4, 14
45,58
40,88
42413
42,12
43,64
43,19
465,37
45421
47,57
42 .68
46,68
44 .04
44 404
45,23
43476
424,719
43,16
46434
46,08
44,35
43,53
44,29

32,47
30.47
31.39
31.21
31-"9
31,18
2B.47
27.91
28422
30,07
30,02
30,24
31,21
29,76
31,310
30,22
30,23
30,09
30‘56
30,82
30,66
29,49
29,56
29,72
29,29
310,51
30,57
30,76
31.86
26,64
26442
25.56
27.55
26.77
30,98
31,14
13,11
30,50
32.64
29.59
29,43
30,39
29,08
28.96
28,95
31.93
32.02
31,00
29.57
0,74

117



118

PPOFILE NO,

551
582
553
554
555
5%6
557
558
559
560
561
562

564
565
266
567
568
569
570
571
572
573
574
575

583

LOCATION

FORT
FORT
FORT
FORT
FOpY
ForY
FORT

CHURCHIL L
CHURCHILL
CHUPCHILL
CHURCHT LA
CHYRCHILL
CHUPCHTLE

GREELY

POTNT MUGU,

POIMNT

MitGLi

CAL «
CAL,

POINT MpGUs CAL.
WALLopS ISLANMD
WALLoPS TSLAND

ANTIG
ANTIEG
ANTIG
ARTIG
AlITIG

CAPE KENNEDY
CAPE KENNERNY
CAPE KENNEMTY
CAPE KEMNETY
CAPE KEMNEDY
CAPE XFNWNETY

LA
UA
UA
UA
UA

GRAND TURK 15.
GRahP TyURK 1S,
GRAML TURK IS,
FORT CHYRCHILL
FORT CHpURCHILL

FORT

POIMY
WHITY
WHITE
WHITF
WH1TE
WHITE

GREELY
MyGll,
SANDS
SAMNDSe
SANDS
SANDS
SANDS

CAL.

R/

8/
V4
6/
6/
8/
R/
&/
8/
B/
R/
o/
lo/
1o/
lg/
10/
1o/
o/
loys
10/
loy
in/
1o/
1p/
lay
1¢/
1o/
1o/
lga/
1¢/
1¢/
To/
1o/
1o/

DATF

29/

b4
6
X}
64
64
L4
(X!
64
&n
LY
6a
()
&4
64
64
64

6a.

B4
(Y]
F4
6
64
&4
6o
by
&4
&4
&4
€4
64
Y-
64
&4
t4
64

LATITULE

58,73
58,73
58.73
5B.73
58473
58.73
61,00
34,12
34,12
34,]2
3784
37.84
17,15
17,15
17,15
17.15
17,15
28,48
28,45
78e25
2B .45
28.45
28445
21.43
71.4%2
21,43
58.73
58.73
64,900
34,17
32,38
32,3¢
32,38
32,38
32.38

FONGITUDE

93.82
93,RZ
93.AF
93,8z
93.8¢
83,87
14570
119.t&
119.17
1194312
75,88
75.48
fl.78
6le7H
AlaTt
61.78
6l.70
Al .52
80«53
80«53
80,53
R{L.53
B+53
T1l.14
71e14
Tl.14
93,82
93.A2
1’45,75
119417
106448
106445
10648
1(i&. 48
1nGg.48



PRGFILE Mpe 1.1(2.0)

551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
T4
575
576
577
578
579
580
581
582
583
584
585

44476
45473
46417
45,56
46,15
4HaT3
44,58
47.58
44,29
47,30
43,09
45442
44416
444,83
45,05
43,71
43,53
42.80
44,32
43,44
44,02
44,08
43,60
44433
44432
43,52
39,22
39,07
42 444
43,38
41,23
43,33
4] .66
39,23
40.72

L1{3.0}

40,17
41,06
41.28
40,43
41,440
42460
3B.82
42425
38,93
43,07
3777
40,59
39,40
40,10
39.90
37.98
38,41
37.70
39,59
38.81
38.17
38,60
3B.74
39443
39447
37,01
32,02
33,05
37.13
36,15
35.82
A7.21
35,19
33,12
34440

L2C.15) 12050} L2(+90) L3(4.5)

5146
52419
52,48
52465
5210
53,31
52.69
54,53
51l.61
55,14
50.64
52+0%
5lebl
5150
51,89
51,08
50455
50459
5la4l
50465
51.82
51477
50.91
52,21
52435
50,98
5l.72
50.33
49460
51.87
50.68
51,32
50,47
50,11
50.74

39,36
40,431
40,37
3G,94
40,23
40,63
38.23
40,75
Ag,49
41497
38.41
40,16
40-26
40,32
40,28
3G,30
394,45
38,56
39,42
39,57
40,13
39.78
39.1l4
39.98
40,57
38,95
364,47
35,98
37.32
39,58
37.72
369,42
38,23
36.958
38,37

26400
2771
28e4h
26417
26498
27453
25.26
28,70
27466
28.78
27.25
26,31
28437
29,10
28449
27.94
28457
2Tebt
28,74
27.88
27443
27,07
28,67
29,40
28,19
27,50
22,06
23.09
234,40
26467
264,06
27,52
26.96
25,46
27.02

53,61
54433
53475
54.66
53,71
55,66
53,69
55,45
52,94
55,50
52.14
54,34
52,86
53,.22
52,97
51,95
52,09
51,87
52.91
51.50
52,41
52,53
52.36
53,69
53,10
51,90
52,24
51,70
51.88
52,49
51,87
52,38
50,74
50,70
51,65

1310200} L4(2,5)

42486
43,75
43470
43,75
43,74
45,01
43,08
45345
42,33
45,69
41,27
43466
42416
42468
42479
41.56
41l38
40e96
42,34
41,37
41,96
42,03
41,67
42,75
42,49
41,28
3g,78
39,156
40,67
41,55
40,31
41,448
40,07
3g.66
40,01

44,72
45,459
45457
45481
45,22
Gbe26
45,18
47407
bhea96
474,55
43.99
45,74
44456
45405
45422
4% 4,56
44420
43,95
4%,54
44,23
45,02
44496
44,20
45,48
45450
44440
44464
43,76
43,12
45,10
44410
44,88
43,85
43,58
44443

L4(10s)

31,09
32.20
32,15
31,79
31,79
32,58
30,74
32.98
31.55
33.68
30,49
3z2.00
31,71
31,77
31,92
31,26
30,95
30.61
31,04
31.29
31,34
31.34
30,93
31.80
32,20
30,89
29,33
28.88
29.19
31,22
30,07
31,20
30,17
29,45
30.33

119



120

PROFI'LE N,

juRg
106p7
1488
10R9
109g
10971
iGag
1do3
1Coy
1Gg5
1ngg
1097
lgog
1tteg
i1ee
1101}
1182
1103
1164
1105
1iCg
1107
line
1109
1130
1111
tllg
1113
1114
1115
111s
1117
l11l]nR
1119
1170
1121
1122
1173
1174
1128
11?76
1127
1128
llz9
1130
ilzy
il32
1133
1124
113s

GPID POTHT

DCE = U Dt

11/
11/
lis
iry
11/
11/
117
117
11/
11/
112
1ys
1Y/
11,
1/
11/
11/
1irs
137/
117
11/
11/
11/
17/
11/
11/
11/
11/
11/
11/
11/
11/
11/
i/
11/
11/
11/
11/
11/
11/
iy
11/
11/
11/
11/
11/
11/
11/
11/
11/

heTE

13/
137
12/
13/
13/
137
13/
13/
13/
13/
13/
13/
13y
137
13/
13/
13/
13/
13/
13/
13/
las
13/
13/
137
13/
137
13/
12/
13/
13/
13/
137
13y
13/
13/
13/
13/
137
13/
137
13/
13/
13/
13/
137
13/
13/
13/
137

b
AR
£ A
Gf
3
31
&h
&6
&6
&F
&6
hh
A
66
£Eh
66
13
hE,
6
&6
Ef
&M
&b
&6
&6
[
(N3
66
&6
&b
66
&6
66
Ak
HF
14
66
XS
66
66
(Y]
&6
g6
66
66
6h

&6
&6
£6

LATITULE

ﬁ3975
HZ2 .50
15.00
60,0C
45.00
35,00
H2,.50
37,5¢C
76,28
75,00
67,50
E0.0C
4%,.0¢0
37.5¢C
30.0C
15,00
63,75
56,75
48.75
41425
33,75
76.25
22.50
a0,.0C
86,29
BZ2.50
78,75
7540C
71.2%
67.5C
63.75
56.25
52450
48,75
45,00
41,25
3745C
33,75
30.0C
26425
22«50
18,75
15,00
11,25
T«5C
Ja75
s 00
56,25
4875
41,25

LONRTTUME

165400
16500
150,00
150.0U
1=50.00
150.00L
135.00
135,70
135.+5C
120,006
120,00
1?0000
170.00
120,00
120!0“
1?UQGU
105401
105.00
105 .00
105 .00
105.0t
ins.ol
1p5.nC
U
gD.0f
90,0C
90,00
90,00
gl , Qb
gC.00
90,.0U
90,00
90 .00
90-00
g0.00
90.0L
90.00
90,00
g0.00
o0 .00
g0.00
90.00
90 .00
90.0C
50,00
90,00
90.,00
75.00
75.00
75.00



PROFILE NQe L1(240) L1(340) L2(.15) 12(«50) L2{.90} L3(%45) L3{20e0) L4245} L4(104)

1086
1087
1088
10809
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1118
1114
1117
1118
1119
1120
1121
1122
1123
blz4
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135

40421
40497
37493
39,64
39,88
40429
37.92
38.47
40436
36,06
35.89
36.48
38.05
43431
33414
33468
34,88
36456
38456
40,98
41469
36479
36,33
354,67
33,42
32,49
31.93
3l.46
31.33
32.36
33,31
32.97
37.00
38,04
39445
40,57
41458
42408
42.88
43444
43,80
444,02
44,413
44,22
32.67
35.28
38.69

35,82
36448
32.92
34,91
34441
34,06
32.24
32.28
34.41
30.13
30,30
30,16
30,85
32.4)
34,13
38435
2741%
27.50
28487
3lelt
33,20
36.24
36453
30,26
29,86
29,27
26.66
25,69
25,12
24,60
244,40
25,30
26,29
26,35
2944
30.54
32414
33,50
34,69
36,52
36.82
38,05
38487
39.16
39,30
39,39
394,45
25.05
28.01
32,04

48.04
49,409
46483
47.90
49,36
50,19
47.82
49,82
50.81
46465
46.84
47,22
48,69
49.6%
50.47
51445
47433
47.82
qa '20
48,64
49,12
49,85
50,28
48,31
"BUZU
48,09
46,81
46,92
47.08
47 l26
47,43
58419
48,53
47,65
494,28
49,70
49,89
50,17
50,62
S50.83
51413
51,32
51.48
51,61
51.73
51.81
51!89
48-86
"9‘&1
50,71

36445
356,93
35,31
35,92
36,38
37.12
34,54
35.79
37.45
34,03
33.74
33.48
34,54
35.82
36.96
39.64
32443
32.6%
33,64
35,08
36,13
37.79
38.35
35,87
35.54
35.07
33,28
32,70
32,30
3l.94
3l.68
32.35
32.85
32,33
34,67
35.55
6,404
36462
37.52
38419
38.81
39.58
40,09
40,29
40,41
40,47
40,48
32.91
34,37
36,52

23483
24,75
23,00
23,53
24477
26,00
22.68
24,89
26456
2247
22.36
22,03
23,26
244,74
26410
27 .69
21454
21,37
22,01
23461
25448
26,77
27400
23,14
22,91
22442
21,03
20,73
20,54
20,30
20.18
20 .47
20,50
20,67
22.25
23.33
24,29
24,84
26,15
26489
27402
27 %4
27,80
27.52
28.02
27«94
27.50
19,97
20.46
23,71

51451
51,95
50,10
51,05
51,38
51,59
50,26
51,14
51.96
49,15
49,35
49,50
50,06
50,98
51,81
53,04
48,61
49,00
49,42
49483
50,64
51,71
52,05
49,96
49,77
49,51
48,09
47,86
47.85
47,84
47,95
48,59
49,05
48,43
49,90
50,35
50,77
51,19
51,55
51,94
52,16
52,54
52,86
53,05
53,16
53,25
53,37
48,91
49,92
51,12

39,11
39.95
37.15
3B.65
39.19
39,58
37.50
38.45
39,92
35.84
35.99
36,08
36490
3p.18
3G.65
41473
34431
34.9%
35.73
36,77
38.19
39,81
40,40
36.62
36,435
35,94
34,06
33,39
33.22
33,03
33,05
34,00
34,91
34,21
36.68
3T7.24
38428
39.09
39,76
40,48
40484
41 .37
41.78
42,02
42.19
42,429
42,39
34,77
36,74
3B,96

42,11
42,481
41,17
41,91
424,96
43068
41,59
43,35
44,27
40,80
40,87
41,06
42,26
43,23
44,01
44,89
40,94
4l,29
41,710
42423
42,74
43,56
43,94
42 &4
LE 32
42,13
40,84
40,74
40,75
40,76
40,77
41,40
41,84
40,98
42,72
43,16
43436
43,58
44,00
44423
44448
444,70
44,87
45403
45417
45,25
45,32
42,23
43,02
44,05

284,34
28,99
27,04
27.96
28,66
29,33
27,10
28,62
29.90
26429
26423
26421
27.40
28,58
29,57
31,41
25,53
25,77
26,50
27«67
28,61
30,02
30,30
28,08
27.88
2T7.56
25,94
25,52
25,35
25,16
24,96
25.55
26,04
25,34
27.55
28.25
28,74
29,14
29,85
30.48
30,71
31.24
31465
31.87
31.99
32,086
32,09
26,30
27.50
29,25
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PFOFTILE NN,

113¢
1137
1138
1139
1140
1141
41'32
ilag3
1144
V145
1146
1127
1148
149
1150
1151
1152
1183
1A54
1155
196
1157
1178
115¢%
1180
1161
1le?
1163
11lea
1165
1166
1167
1168
11589
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1120
11R1
11rg
1183
1184
1185

GRID POINT

11/
11/
117
11/
11/
11/
11/
11/
13/
11/
11/
11/
i/
11/
1y/
11/
11/
My,
11/
11/
11/
11/
11/
11/
11/
11/
11/
11/
11/
1y,
11/
11/
11/
11/
11/
11/
11/
11/
11/
Y1/
11/
11/
11/
b1/
11/
11/
L1/
11/
11/
Iy /

NATE

13/
13/
13/
13/
13/
13/
1as
lay
137
13/
13/
13/
13/
13/
13/
13/
lay
13/
13/
13/
13/
13/
13/
13/
13/
137
13/
tay
13/
13/
137
13/
13/
13/
13/
13/
13/
13/
las
13/
13/
137
13/
13/
13/
13/
13/
13/
13/
13/

66
Y
Eh
BF
b6
66
6%
13
A5
£S5
3]
an
&R
&6h
65
&5
&F
(31
65
&5
&5
&h
&R
65
65
3
64
£5
65
65
65
(L)
68
(e3¢
&R
(4
k)
Y]
%)
65
&5
~5
&5
6h
EF
£5
65
65
65
6h

LATITULE

33,75
26,25
75.00
67+5C
60,00
45,00
£3.75
52,50
75,00
60.00
4%.0C
io, oo
52450
37.50
26425
75,00
67450
&0,0C
49.0C
37.50
30,00
15,00
6£3.75
56,15
4B.75
41,25
33,75
26,25
22450
20.00
86.25
B245¢C
78.75
75,00
71.25
67.50
£3.75
56425
52,50
48,75
45,00
41,25
37.50
33,78
30.00
76.25
£Z2.50
18,75
15,06
11.25%5

| O ETHRE

75460
75.01
60.00
60.00
4£0.00U
6C.0L
16900
165.00
150.0U
150 4 01
150,00
150.0C
135.0C
135400
135,00
170.00
120.00
120,00
120.00
120.00
120400
105,00
1ns. L0
105.0C
105.00
105.C0
Il"5.l1|.‘~
105,460

00
906U
90.0C
gl.ol
ed.gv
g0.0L
o0.0U
0,00
90«00
90;00
o0 ,.00
o0G.00
gG.00
90.00
9. HU
0«01
gl.Ou
ofl, gb
90,00
ad,0h
20.00



PROFILE nOe L1(240)

1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
L1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
lig2
1183
1184
1185

401,83
42444
31.57
31425
33,23
38,70
3T7+46
3R, 93
32,88
37.19
39,56
40,90
37.99
40,22
41,23
32,30
34,91
36,84
39,22
40,02
41,22
42,11
33,85
35.82
37436
39,32
40,83
41,34
42435
30,98
30.71
30,59
30,64
30,75
30,79
30,34
31,23
32.38
33,43
35,04
37.67
38,99
40,02
40495
41,58
42.31
42,30
43,08
43,34
43.29

L1(3.O)

34440
364,73
23.13
22474
25411
32.22
30,60
32447
26,23
30,01
33.72
35.70
3l.99
35,11
36,37
24,57
26,71
28,94
33,93
35.39
36.59
3794
25,47
28.42
30,94
33.71
35,94
37.26
37.72
23,03
22449
21.99
21.79
21,82
2l.59
21,83
22,60
25,45
27460
29.54
31.57
32.856
34,29
35.84
36479
37462
38,06
38433
38.28
38.27

E2(415) L?(450)

51.17
5letss
47,20
47,91
44,05
50.82
50,17
50. 8?
48,77
50,48
50,81
51,00
F0,.53
50,68
50.9%
48,17
49,05
50,00
50,27
50,40
50,63
51,27
44,38
48.84%
49,07
49,53
50,15
50.83
51.10
46,52
4bo 59
46,60
4p,70
Gb.gﬂ
47.01
46,93
46,67
46,75
47.47
47.6R
48,62
45,89
hg, n4
50,04
50443
50.98
51428
51,30
5l.46
51.65

37.59
38.74
3Z2.54
32.38
33.49
37415
34,04
36412
32453
35.09
37,01
37.95
36,54
37473
38,36
32,97
34,91
36,43
37.55
A7 77
ag,24
39,31
34,51
35,42
36412
3719
37.93
8,72
36499
32,03
32,10
32,20
32436
32 .49
32,64
2,65
32,69
32.85
13,1s
24,06
35,09
35,91
36,79
3T7.63
38.1T7
38471
38499
39,27
39,48
39,48

L2(+«90) L3(4.5)

25461
27422
19,57
19,17
19,092
23425
21470
23,39
20,32
2207
24413
26,01
22,48
24,41
26466
20,17
20.68
21.75
22,80
25.78
27.11
28,10
20,44
21l,.a7
22,80
24467
26,22
27430
28409
20,00
20,03
19,80
ig,71
19,77
19,65
19.49
20,02
20,50
21,34
22,19
23,41
244,87
25,04
26,27
27.28
Z2B425
78498
23426
28495
28467

51,74
52,35
47,72
48,04
49,09
51,08
51,46
51.89
46,53
51e23
51,69
52,06
51,03
51,60
52,05
48,74
49,52
50,12
50,99
81,49
51.91
52.70
48,87
49,59
49,79
50,74
51447
52,11
52,60
47,78
47469
47.55
47,55
47,53
47,53
474,52
4T.59
48,09
48,65
49,18
50,00
50,57
51,07
51.48
51,74
52.32
52473
52,83
52,85
52,92

L3(20.0)

40,18
4l.18
33,08
33,41
35,20
38,92
38425
Ag,ls
35,13
37.99
39,435
40,18
38,21
39,52
404,29
34,12
3b,69
36490
38.56
39.31
40,18
41,35
34,80
aéilo
37.00
38444
39.70
40463
41,12
32.40
32,23
32.15
32.26
32,39
32.47
32.52
32.64
33,49
34,57
35,68
37.33
3g.18
38,99
39,77
40,30
41,01
4] 450
41465
41,74
41.78

L4{245) L4([10s)

44445
44475
41,00
41,50
42,51
44,27
43,24
43,99
42,15
43,57
43,96
46,23
43 .87
43,87
444,22
41,83
42,56
43,26
43,54
43,68
43,86
44,72
H2,17
42,50
42,58
43,02
43445
44,10
44148
40,80
40,85
40,82
40,89
61,02
41,13
41,09
41,00
41,01
41,32
41,62
42,23
42,47
42,89
43,34
43.65
Gb 22
4%, 60
44,72
44,89
44497

30,02
30.81
25,53
25,60
26,75
29.72
27,50
28,88
26421
28,00
29435
30,16
28,95
29,88
30,55
26,21
27,42
28.66
29,59
29,90
30,36
31,34
27,08
27,75
28,33
29,12
29,80
30,66
30499
25,05
25409
25,15
25,29
25,45
25,59
25.61
25,68
25,85
26,430
26,96
27.79
28,29
28,89
29,59
30,11
30,74
31,12
31,35
31,56
31458
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FROEILE Nhe,

1186
JERT
Jjl1e8
11R9
1100
119]
1}op
1193
1104
1]lo§
110¢
liey

Gpin POINY

11/
11/
11/
11/
11/
liv/
11/
11/
11/
11/
11/
11/

DATE

13/
1ay/
las
13/
13/
Yas
13/
13/
13/
13/
ta/
13/

[
£5
65
&5
es
65
6:
[ 38
65
£
¢5
65

LATITUDE

7450
3.7%
0
56425
48,75
41.28
33.75
28.25
1500
67a5C
60200
45,00

LONRITUDE

af.gl
ol ,0C
of.00
75.00
75.00
ra=ry 1Y
75.00
75.01
~O.0C
6U,.,0L
£0.00
(0,0l



PROFILE M. L1(2+90}

1tgs
1187
1188
1189
1150
1191
1192
1193
1194
1195
1196
g7

"f3o26
4323
43.21
311.52
34,03
3B.76
404,81
42432
29.21
30,07
31e3%
37,00

L1(3.0) Lz(.15}

38.28
38.25
38.24%
23465
28.49
32.53
35.46
37.99
19,42
22.01
24.34
3l.14

51.66
51459
51.58
45476
4714
48.94
50,11
50.90
45,44
44,93
45408
47,92

L2{«50) L2(.90)} L3{4e5)

39.44
39445
AG,.45
32.4%
33.25%
35.71
37.81
39.08
31.86
31,47
31.92
33,94

2B.52
28451
28,50
20.19
22.13
24434
26417
28,19
18.71
19,55
20.68
23,88

52,92
52,88
52.87
47416
48,69
50,36
514,40
52.34
46,51
46,56
47,18

£3(20e0) L4{2.5) L4(10s)

{'1078
4], T4
4),T2
34,34
34,87
37497
39,67
40499
31.086
3i,25
32,09
36,87

44,96
4% ,93
44,92
40,25
41,04
42,42
43,43
44,25
40,18
39,78
39,88
41,59

3l.56
3le54
31,52
25,20
26426
28,17
29465
30,92
24455
244,41
24,80
26499
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APPENDIX D
LOCATOR 14 (2. 5)

INTRODUCTION

This appendix contains the plots of mean and standard deviation for L4 (2 5)
resulfing from this study,

GENERAL DISCUSSION

As would be expected and was demonstrated in the Horizon Definition Study
contract, L4 (2, 5) is a more stable locator than L1 (3. 0) and, hence, the
phenomena which caused the variations i1s not as distingunishable. However,
the general shapes for the means and standard deviations are similar The
characteristic high standard deviations in the winter and transition seasons

1 the high latitudes are apparent in Figures D1 and D2. Exiremely stable
conditions are shown for the 35°N to 55°N and 20°N to 35°N bands in Figures D3
through D6, It will be noted that, for this locator in these two bands, the
standard deviations at times exceeds the total seasonal range of the means

Also to be noted is the apparent quasi-~biennial oscillation again in Figure D8.
Although not as pronounced as for L1 (3. 0), the variation in the means ap-
pears out of phase from year to year. The plot of the curve for 1866 is al-
most exactly opposite to what would be expected for a seasonal swing - cooling
from January to June and then warming until November,
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