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PEFFACE

The state of the atmosphere over national ranges and aerospace vehicle launch and/or recovery sites is critical
not only to launch and recovery operations, but (0 aerospace reseai th and development, as well. In the early 1960s,
missile range operators recognized the need for a realistic atmospheric wrodei ihat scus congistently derived for each
of the several major missile test ranges then in operation. Such a model, derived from climatological statistics for a
given location, was developed and named a "range reference atmosphere.” Even though the application has since
broadened to include all asrospace launch and/or recovery siies, the model is still referred (0 as a "range reference
atmosphere,” or "RRA,"

The first RRA (for Cape Canaveral) wvas prepared in 1963 by the Inter-Range Instrumentation Group (IRIG).
More RRAs were produced for other ranges through 1974, Since then, improved upper-air databases have become
available not only because of an extemuded period of record, but because of more and better rocketsonde data above
30km. Although some improved RRAs were published in 1983 and 1984, revisions must continue, because:

«Aerospace technology requircinents continue to change--the space shuttle program is an example,

*Extended and improved upper-air databases for most existing ranges permil development of better, more
comprehensive RRAs.

*New launch and recovery sites have been opened.
«There have been significant advances in understanding the structure and physics of the upper aumospheric.

*There have been similar advances in statistical modeling iechniques, largely because of ever-larger, faster, and
more sophisticated computers.

For these reasons, the Range Reference Atmosphere Commitice (RRAC) was tasked by ihc Range
Coemmander's Council/Meteorology Group (RCC/MG) to produce new and revised RRAs, as required. The RRAC,
through Task MG-1, publishes RRAs for ranges specified by the RRC. An RRA, as has already been mentioned, is
a model of the atmosphere over a specified geographical area that delineates an aerospace vehicle launch and/or
recovery site. RRAs are for use by DoD and other U.S. Government users in planning, evaluating, and establishing
environmental launch/recovery constraints for a specific facility and the acrospace vehicles launched and/or
recovered there.

The RRA tasking requires using the best available upper-atmosphere databases (rawinsonde, rocketsonde, and
any other high-altitude daia source) to create and publish (in standard format) a consistently derived model of wind
and thermodynamic values through a cross-section of the upper atmosphere from surface 10 a specified height, The
individual RRA serves as the authoritative source for upper-atmosphere climatology at a given launch/recovery site.

Wind statistics, insofar as practical, are modeled to be consistent with the rigorous mathematical probability
properties of the multivariate normal probability theory, Thermodynamic ctatistics, insofar as praciical, are modeled
(o be consistent with the hydrostatic equation, the equation of state, and related probability principles.

In Leeping with the RCC’s objective of standardization, modeling technique, basic text, and tabulation formats
are is the same for all RRAs. RRAs published in 1990 have undergone minor format changes designed o make
them conform to DoD and ANSI technical publications standards. All RRAs provide mean values of
thermodynamic quantities (pressure, temperature, and density) and moisture quantities (vapor pressure, virtual
temperature, and dew point temperature). These valves include a statistical measure for the dispersion: that is,
standard deviations and skewness coefficients. The propertics of the bivariate normal probabilily distribution
function are used for statisiical modeling of wind.

vi




The first RRA (o be published in this new (1990) series was for the Wake Island Missile Range, with an altitude
range from { to 30 km. The order of priority for subssquent publications in the RRA series is;

Range

Altitude Range Required

1. Nellis Range Complex, NV
2. Shemya, AK

3. Thule, GR

4. Fairbanks, AK

0- 30 km
0-70 km
0-70km
0-30km

All firal compintations in this RRA series were performed by the USAF Environmental Technical Applications
Center (USAFETAC) in response (o taskings from the Ballistic Missile Officc (BMO), HQ Air Weather Service

(AWS/SY3), and Detachment 2, Space Division.

Majors Cheryl Souders and Walter Miller, and Capts Doug Adamson and Brian Bjomson (all of
USAFETAC/DNOQ), rewroie the software used to provide the primary tables, upu ied Chapters 1 through 4, and
prepared the appendices. USAFETAC/LDE formatted and edited the text and graphics, prepared ¢ ~nera-ready
copy in standard DoD technical report format, and published the document as a USAFETAC projec: coport.

The RRC/MG Range Reference Atmosphere Committee is made up of representatives from the Air Force,
Army, NASA, Navy, and NOAA. The RRA commitice members were:

Mr J. Lee (USAKA)

Mr D. Gedwin (USAKA)

Ms J. Bailey (YPG)

Mr T.0. Mclntire (YPG)

Mr 8.W, Bieda, Jr. (EPG)

Mr G. Boire (WSMC)

Mr H.C. Herring (ESMC)

Col J.T. Madura, USAF (ESMC)
Maj A.F, Dye, USAF (ESMC)
Mr B.F. Boyd (ESMC)

Mr C.W. Fain (ESMC)

Maj R. Hughes USAF (AFFTC)

Lt B. Hickel, USAF (AFFTC/UTTR)

CPO G.A. Dillie, USN (NWC)

Mr DR, Thormley (WSMR)

Mr EJ. Keppel (MSD)

Capt R.M., Fogarty, USAF (6535th TG)
Lt Col T.F. Tascione, USAF (MSD)
Mrl. Kerwin (MSD)

Lt Col R.J. Ericson, USAF (CSTC)
Capt W. Gibbons, USAF (TFWC)
Mr LS. Corbett (NWC)

MrJJ. Genola (NWC)

Mr D, Tolzin (PMTC)

Lt R. Kren, USN (NATC)

Mr J. Trischman (NATC)

Lt Col J.E. Erickson, (USAFETAC)
Mr R. Olsen (WSMR), Chairman
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Chapter 1

INTRODUCTION TO THE THE RANGE REFERENCE ATMOSPHERE (RRA)

1.1 THE RRA DEFINED,

A "reference atmosphere” is a statistical model of the earth’s atmosphere, derived from upper-air observations over a
specific location. The atmospheric models developed by the Range Relerence Atmosphere Committee (RRAC) in
response (o a tasking by the Range Commander’s- Council/Meteorology Group (RCC/MG) and published by the
Secretariat, Range Commander's Council (RCC) are calied "Range Reference Atmospheres,” or "RRAs." The first
series of RRAg was published from 1963 to 1974, and a second series was issued in 1983 and 1984.

1.2 PURPOSE OF THE RRA.

The individual RRA is the authoritative source for upper-atmosphere climatology over the launch and/or 1ecovery
site for which it has been prepared. RRAs are used to plan, evaluate, and establish environmental launch contraints
for acrospace vehicles launched from a particular location.

1.3 CONTENTS OF THE RRA.

RRAs contain tabulations for monthly and annual means, standard deviations, and skewness coelficients for wind
speed, pressure, ilemperature, dengity, water vapor pressure, virtual temperature, and dew point temperature. They
also provide means and standard deviations for zonal and meridional wind components and the lincar (product
moment) correlation coefficient between wind components. Statistical values are tabulated (at the station elevation)
at 1-km intervals from sea level (MSL) to 30 km and at 2-km imtervals from 30 to 70 km. Wind statistics begin a¢
about 10 meters above station elevation, and continue at altitudes with respect to MSL thereafter. For ranges
without rocketsonde measurements, RRAs terminate at 30 km; they may be extended upward, if necessary, when
rocketsonde data from a nearby location can be made available.

1.4 UNITS OF MEASUREMENT USED IN RRAS.

All wind speeds are in meters per second (m/s). In afl cases, the skewness coefficient and the correlation cocfficient
between wind components are unitless, Pressure (including water vapor pressure) is in millibars (mb). Tempezature
and virtual temperature are in kelvin (K). Density is in grams per cubic meter (zm/m®). Al altitudes are geometsic,
in kilometers (km). Al heights are geopotential, also in kilometers (km). All afiitudes/heights are in relation o
mean sea level. '

1.5 RRA QUALITY CONTROL.

Less than 10 percent of the soundings in the database used to calculate the RRA tables contained erroneous data.
Soundings that did contain erroneous values daia ‘vere eliminated from the database. Steps taken to produce an
RRA that is as error-free as possible are described below:

1) Soundings with gaps in their pressure levels of more than 200 mb were rejecied. These soundings were
eliminated because some contained height values only for mavdatory pressuie levels; when some heights at the
mandatory levels were missing, the interpolated sounding contained sigrificant errors.

(2) An initial set of RRA statistics was computed u.ing all the remaining soundings (i.e., vicse that had not
been rejecied). This set was then used to determine data lisaits for temperature, pressure, U and Y components of
wind, density, and dew point for the 0-30 km portion, and density only from 30 (o0 60 km (in RRAs that go that
high).. The lower (or upper) data limits were set at the mean value for eack variable, minus (or plus) six standad
deviatians of that quantity. One pair of data limits was computed for each of the atmospheric variables, the month,
and the data level.

(3) The first set of data limits was then used 1o screen the database. All soundings that contained values outside
the data limits were rejected. A new RRA was ihen conipuied using ihe screened database, and the second RRA was
used to generate a second set of data limits,



{4) The second sct of data limils was then used to screen the database further, and stitl another RRA was
gencrated. The skewness valueg in this one were evaluated acogeding 10 empirical ¢riteris specified in Section 2.2
this documemt (for winds) and in Section 3.2 (for thermodynamic quantities). If these criteria were satisfica, the
thint RRA was used to gencrate a {inal set of data limits, which were used to quality controf the database for the
final version of the RRA,

{5y Occasionally, the third RRA did not satisly all the skewness criteris, indicating that the database siill
contatned some erroncous values. To complete quality control, the “limits-to-RRA-{o-limiis" cycle was repeated
(usuatly once or twice) until the resulting RRA satisfied the skewness criteria, When it did, a {inal set of data limits
was generated, thea used to quality control the database and produce the final RRA.

1.6 HOW THE RRA IS ORGANIZED.

RRA documents are published in four chapters, with Chapter 1 providing the introduction. Chapter 2, *Wind
Statistics and Models,” describes the lechniques used to produce the wind statistics given in Table A-1 through
A-13, Appendix A; it also describes the probability functions used as wind models to derive several wind statistics.
Chapter 3, “Statistics of Thermodynamic Quantities and Models,” describes the techniques used 10 produce the
thermodynamic and moisture-related statistics in Tables B-1 through B-13 and C-1 through C-13, Appendices B and
C. 1t also describes the atmospheric thermodynamic model in Tables D-1 through D-13, Appendix D. Chapier 3
also contzing equations used to calculate several atmospheric propeniies. Chapter 4 provides conclusions and
recommendations. Chapters 1-4 are the same in each new RRA; only Appendices A-G (described below) vary from
RRA toRRA.

Appendix A contains monthly and annual wind statistics tebles that give: (1) means and standard deviations of
zonat and meridional wind components, (2) the linear (product moment) correlation coefficient between the two
copponents, (3) the mean, standard deviation and skewness coefficient of the wind speed, and (4) the number of
=1 observations (sample size).

Appendix B contains monthly and annuzl thermodynamic statistics tables that give: (1) means, standard
deviations, and skewnesgs values of pressure, temperature, and density; and (2) the number of observations used for
each of the thermodynamic quantities.

Appendix C contains monthly and annual moisture-related statistics tables that give: (1) means, standard
deviations, and skewness values of water vapor pressure, virtug! temperature, and dewpoint; and (2) the number of
observations for each of the moisture-related quantities. Sizlistical values for water vapor pressure and dewpoint
terminate at or below 15 km, depending on the range’s latitude. Above 15 km, suatistical valucs of virtual
temperature are considered to be the same as those of temperature.

Appendix D contains monthly and annual tables that give hydrostatic model atmospheres for thermodynamic
variables of pressure, virtual temperature, and deasity. Values are derived from the monthly and annual mean virtual
temperature versus altitude (geometric) using the hydrosiatic equation and the equation of siate. Also presented is
the geopoiential height corresponding to the tabulated geometric altitudes.

Appendix E gives range-specific examples of certain wind statistics that can be derived from the basic data in
Appendix A.

Appendix F gives tabular and graphic examples of certain pressure, densily, and virtual lemperature siatistics
that csn be derived from basic data in Appendices B, C, and D.

Appendix G gives range-specific information such as location and database description.

1.7 CONVERSION UNITS. :
Numericai vaives in ihe RRA are meiric, as given in the Iniernational System of Uniis (S1, Sysieme lnitiiaiional
d*Unites). Table 1-1 provides metric, U.S. Customary, and conversion units for all units used in this RRA.
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Chapter2
WIND STATISTICS AND MODELS

2.1 GENERAL DISCUSSION.

One of the objectives in developing an RRA is to describe the wind field over the launch/recovery site as completely
as possible with as few data tabulations as possible. With that in mind, the bivariate normal probability disiribution
was adopied as a statistical model for wind treated as a vector quantity at RRA data levels, Only five statistical
parameiers are required to completely describe this probability functinn; in Cartesian coordinates, these parameters
arc the means and standard deviations of the two orthogonal com onens, along with the correlation coefficient
beiween the two components. The tables in Appendix A give the five statistical parameters for the zonal and
meridional (metcorofogical coordinate) components. The statistical properties of the bivariate normal probability
distribution are used to derive many wind statistics of intcrest to range users. The procedure produces consistent
wind statistics that are connected through rigorous mathematical probability functions. By using these funcions,
extensive tabulations of wind statistics are avoided. Statistical properties of the bivariate normal probability
distribution presented for the vector wind statistical modet are:

*Wind components ar¢ univariste normally distributed.

*Conditional distzibution of one component, given a value of the other component, is univariate normally
distributed.

*Wind speed is in the form of a generalized Raylcigh distribution,
*Frequency distribution of wind direction can be derived.
«Conditional distribution of wind speed, given a value of wind direction {wind rose), can be derived.

«The five tabulated wind statistical parameters that are with respect to the meteorological zonal and meridional
coordinate system can be derived for any arbitrary rotation of the orthogonal axes.

The RRA provides probability distribution functions and sets of equations to derive wind statistics for the previously
stated properties of the vector wind model; examples are given in Appendix E.

No attempt is made here to give the derivation of the probability functions, but the reader is referred to Smith (1976)
for derivations and several applications of the probability disiribution properties for wind statistics.

Symbols used in Chapter 2, and their meanings, are given in Tablc 2-1, next page.



TABLE 2-1 Symbols Used in Chapter 2.
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The number of wind measurements in Appendix A.
A general variable for the bivariate normal probability distribution in polar coordinates,
A generalized Rayleigh varisble used for derived wind speed probability distribution.

The linear (product moment) correlation coefficient between the zonal and meridional wind
componenis in Appendix A.

Skewness paraneter for wind speed in Appendix A.

The standard deviation of the zonal wind component in Appendix A.

The standard deviation of the meridional wind component in Appendix A.

The standard deviation of wind speed in Appendix A,

A standardized ncemal variste used in Table 2-1.

The zonal wind component.

The mean valve of the zonal wind component in Appendix A.

The meridional wind component.

The mean value of the meridional wind component in Appendix A,

Win! speed or medulus of wind vector, 2 scalar quantity.

The mesn value of wind speed in Appendix A.

A general component mean value in the [X,Y] coordinate system.

A geneml component mean value in the [X. V] coordinate system,

A general component variable or coordinate axes,

A genersl compuonent variable or coordinate axes.

(alphs) Rotation angle for the {X,Y] coordinate system.

(dtgm) Wind direction in the polar coordinate system.

(Lambda) A parameier in the bivariate normal probability diswribution in Table 2-2.
(Xi) The mean value in the standardized notmal probability distribution used in Table 2-1.
{Pi) Constant =3.14159 .

(Rho) The genera! linear correlation coefficient between the two component variables in the {x,y}
coordinale system.

The general standard deviations of the x and y component variables in the [x,y] coordinate sysiem.




2.2 QUALITY CONTROL.

The U and V components of wind were used 0 pencrate dats limits, which wers set st plus and mines six standard
deviations from the mean for each of (he quantities. These data limits were used o screen the wind database, as
described in Paragraph 1.5, The database was considered o be error-free ift

*The skewness of the wind speed was below 4.0 a1 duta levels where the mean wind speed was less than
15 m/fs, and

+The skewness of the wind speed was beluw 2.5 al data levels where the mean wind speed was greater
than 15 m/s,

2.3 DATA LIMITATIONS.

For wind statistics, correlation coefficients for like and uniike wind components between altitude levels were not
computed, and wind statistics with respect to altitude (profile) cannot be derived fiom RRA statistics: users are
referred (0 Smith (1976) for wind profile modeling technigues, Wind statistics st discreie altitudes are valid; alf the
probability distribution functions described in Chapter 2 can be derived from the five wind component statistical
parameters in Appendix A and the derived distribusions can be considersd as wind models at discrele altitudes.

Greek letters are used conventionally for population or theoretically known stadstical elements, and sample
estimates are denoted by English letters or with a "hat” (A) over Greek letters. In Chapler 2, Greek letters are used
for variances and linear correlation coefficient, while means are denoted by X and ¥ when dealing with the bivariate
normal distribution. 1t must always be understood that Appendix A comtains sample estimates of statistical
parameters, and thal they are with respect & the mateorological zonal (U) and meridional (V) coordinate systems,

2.4 THE COORDINATE SYST % JVATISTICAL PARAMETERS.

Wind is measured and recorded » /28 of magnitude and direction. Wind direciion is expressed in degrees
clockwise from true north, and is the « ection from which the wind is blowing. Wind magnitude (the modulus of
the vector) is the scalar quontity, and is referred 0 as wind speed or scalar wind. A statistical description that
accounts for the wind as a veclor quantity is appropriate and requires a coordinate system,

For the RRA, the Standard Meieorological Coordinate System has been chosen for wind siatistics, all tables of
statistical parameters, and related discussions. This choice was made because the coordinate system used in
acrospace and related applied fields has not always been consisteni. Figure 2-1 illusirates the Slandard
Meteorological Coordinate System.

0%3g0°

+

NORTH
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270° / 200
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Figure 2-1. The Standard Meteorologicel Coordinate System.
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Using Figufe 2.1, the polar and Cartesian forms for the meteorologicat coordinate sysiem are defined as fotlows:
W wind speed, scalar wind, or magnitude of the wind vector (m/s).

6 wind direction, measured as the direction from which the wind is blowing, in degrees clockwise from true
north.

U zonal wind component, positive west to east (m/s).
V meridional wind component, positive scuth to north (m/s).
The components € and W define the polar form, and the U-V components define the Cartesian forms:
U=-WsinB, 056 <360° 1))
V= -Wcosb 2

Itis helpful to note the difference between the mathematical convention for vector direction and the meicorological
convention for wind direction:

O met = 270 -0 math 3
when 0 £0 < 270°

O met = 360 + (270 - © math)
when 27050 < 360°

2.5 COMPUTING STATISTICAL PARAMETERS.

All these statistical parameters are with respect to the Standard Meteorological Coordinate System shown in Figure
2-1. The wind statistical parameters in Appendix A (means and siandard deviations of zonal and meridional wind
components, plus wind speed and the skewness parameter of wind speed) were computed using the sums technique
described in Paragraph 3.5.1. In addition, a linear (product moment) correlation coefficient between the zonal and
meridional wind components, r (4,v) in Appendix A, was computed. This correlation coefficient is defined as:

E(Ui ~0) (Vi -V)
- i=1 4)
S H RO ‘

26 STATISTICAL WIND MODELS.

2.6.1 Wind Component Statistics.
The univariate normal (Gaussian) probability distribution function is used to obtain wind component statistics. In
generalized notations, the probability density function (pdf) is:
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where (=X ~ &g' is the standardized variate, with £ defining the mean and G the standard deviation.
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The probability distribution function (PDF) is:
t
Fiy= | f(t)de ©
00

Because this integral cannet be obtained in closed form, it is widely tabulated for zero mean and unit standard
deviation. Sclected values of F{1) are given in Table 2-2, next page. To emphasize the coanotation of probability,
F(1) is shown in Table 2-2 as P{X}. The ¢ values in Table 2-2 are used as multiplier factors to the standard
deviation to express the probability that a normatly distributed variable (X) is less than or equal o a given value as:

P {X < mean + t 6,} = probability, p )

For example, when 1= 1.6449, the probability that X is less than or equal to the mean plus 1.6449 standard
deviations is 0.95. That value of X which is less than or egual (0 the mean plus 1.6449 standard deviations is called
the "95th percentile value of X." Also given in Table 2-2 are the numerical values for expressing the probabitity that
X falls in the interval X, and X,,; ie.,

P{X, £ X g X;} = Interpercentile Range ®

% =X-~to,

where
X =X +t 0,

For ¢ = 19602 the probability that X lies in the interval X, and X, is 0.95. The values of X, and X, in this example
comprise the 95th interpercentite range,

For a normally distributed variable, the mode (most frequent value) and the median (50th pescentile vatue) are the
same as the mean value. The means and standard deviations of the zonal and meridional wind components from
Appendix A are used in equations 7 and 8 to compute the percentile values and interpercentile ranges of the zonal
and meridional wind componente. When equation 7 is illustrated on a normal probability graph, a straight line is
formed.

2.6.2 The Vector Wind Model.

Because wind is a vector quantity having direction and magnitude that can be expressed as two components in an
orthogonal coordinate system, a probability model that describes the joint relationship is the bivariate normal
probability distribution. In general component notation (shown by equation 9, below), the bivariate normal
probabitity density function (BNpdyf) is:

.1 -1 [@x-E  20(x-X) (r-T) , (v-FP 'I_“
fxn= 2100,0,01-—;)2 [exp 2(1—92){ o)’ Ox Oy * Py

where (he five parameters are X,5, the component means o, , 0,, the component standard deviations, and p, the
rorrelation coefficient between the two component variables X and Y.

Xgwh-wg¥gw)

A

-l

For many applications, there is interest in determining the probability that a point {X.,Y} will fall within a contour of
equal probability density. The exponential terms of equation 9, when set equal to a constant (A,), give a family of
ellipses depending on the value of the constant. The cllipses have a common center at the point {X ,Y]. Integration
of cquation 9 over the region boundcd by the contours of cqual probability density gives:




TABLE 2-2. Values of t for Standardized Normal (Univarigte) Disiribution for Percentlies and

Interpercentiie Ranges.
t P(X) X P{X, < X= X%} (%)
| -3.0000 | 0.00135 | £ -3.0000 ¢ ' :
-2.5758 | 0.00500 | & -2.5788 ¢ )
~2.3263 | 0.01000 | £ -2.3283 ¢ ‘
-2,2365. | 0.01268 | § -2.2365¢ ‘
<2.0000 | 0.02276 | & - 2.0000 o :
-1.8602 | 0.02500 | & -1,9602 ' -
-1.6440 | 0,05000 | £ -1.6449¢
-1.2816 o. 10000 | 2 -1.2818 0 e
~1.0000 | 0.15666 | & - 1.0000 ¢ —
<0.8416 | 0,20000 | £ -0.8416 0 g 1
~0.6745 | 0.26000. | ¢ ~0.6745 o _-[ ; ' g % 5
«0.2533 | 0.40000 | £ -0.2588¢0 m LI~ _ 1| 5STTS
0,0000 | 0.80000 | & Eéiﬁ&é@ﬁ ‘:':5:‘.':3
0.2633 0.60000 | & +0,2633 ¢ .§ BBE8RR8 5_3 33
0.6746 | 0.75000 | ¢ +.0.6745.-0 ._L |
0.8416 | 0.80000 | £ +0.8614 ¢
1.0000 0.84134 ¢ +1,0000 o
1.2816 | 0.90000 | E+Lg8100. 1
1.6449 | 0.95000 | & +1.6449 ¢ )
1.8602 | 0.97602 | £ +1.9602¢ ]
2.0000 | 0.97726 | ¢+2.0000 ¢
2,2365 | 0.98734 | £ +2.2365¢ i
12,3263 | 0.90000 | £ +2.3263 0 ‘
2.5758 | 0.99500 | £ +2.5758 ¢
3.0000 | 0.99865 | ¢ +3.0000 o )
where X =§ - to
and X, =§ + to
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_%2
- P = 1-e %3 (10)

. Solving for A, and replacing P(A) by p gives:
A2 =201 1n(1-p) (an
Now dcfine:
he =2 N-In(i-p) (12)

For reference and comparison, A,. is shown in Table 2-3 for selected values of p.

TABLE 2-3. Values of A for Bivariate Normat Distribution Eillpses and Circles.

P(%) {(A--etlipse) (A ~circle) P(*%) (A q-ellipse) (A -circle)
i 0.000 0.0000 0.0000 65.000 14490  1.0246
O 5.000 0.3203 0.2265 68.262 15151 1.0713
E 10.000 0.4590 0.3246 70.000 1.5518 1.0973
15000  0.5701 04031 75.000 1.6651 1.1774
20.000 0.6680 04723 80.000 1.7941 1.2686
" 25.000 0.7585 0.5363 85.000 1.9479 1.3774
30.000 0.8446 0.5972 86.466 2.0000 14142
35.000 09282 0.6563 90.000 2.1450 1.5175
_ 39.347 1.0000 0.7071 95.000 24477 1.7308
Cr 40.000 10108 0.7147 95.450 2.4860 1.7579
: . 45.000 1.0935 0.7732 98.000 27971 1.9778
50.000 1.1774 0.8325 98.168 2.8284 2.0000
54.406 1.2533 0.8862 98.889 3.0000 2.1213
55.000 1.2637 0.8936 99.000 3.0348 2.1460
60.000 1.3537 0.9572 99.730 3.4393 24320
63.212 14142 1.0000 99.9877 4.2426 3.0000

The probability ellipse that contains p-percent of the wind vectors expressed in the most general form is the conic

defined by:
AX? +BXY +CY? +DX +EY +F =0 13)
. Where: A =0} D =200, p¥ - 26,2X =~(BY +24X)
B = -2p0, 0, E =20,0, pX -20.2Y =—(BX +2CY)
) C =0 F=AX*+CYV? +BXY - AC (1-p?) A2
and Ae = V2 N1 (1-p)




For graphic presentations, the range of the variable is important in order 1o armange the scale. The largest and
smallest values of X and Y for a given probability cllipse (p) are given by:

VXL,s =X iOxL (|4)
Yos =Y id,)\.. (15
where, as before, A =V2 \=Tn (1-p)

Although there are several approaches to graphing the probability ellipses. the following proceduse is best for
electronic computer plotting. In esiablishing the computer plotting program, the sawnple estimates for X, 7, 0,0,
arxl P are constants in equation {3. The user makes the choice of probability ellipses desired. Thus, p in equation
12 is programmed as a parameser, The largest and smallest values for X and Y are compuicd by equations 14 and 15
for the largest probability ellipse selected. This sets the graphical scale. Values of X within the range of X smallest
to X largest are obiained by incrementing X between these limits. Using the quadratic eguation, a solution of
equation 13 is made for Y for each value of X, and plotted. The centroid (X .¥) for the family of probability cltipses
is plouted as a point. Labeling and other identification completes the plotting program.

For a given probability, equation 13 defines an ellipse that contains p-percent of the points X.Y. Since the entire area
under the bivariate normal density function (equation 9) is unity, upon integration for a given probability ellipse, that
given etlipse contains p-percent of the: total arca. In the wind statistics p-nercent of the wind vectors fall within the
specified probability ellipse. From this point of view, a specified probability ellipse gives the joint probability that
p-pexcent of the U-V components lie within the given ellipse.

When 0,2 = 0,2 = g% and p = 0 in the bivariate normal distribution, the probability ellipses of equation 13 reduce 1o
circles whose centers are at the means X,¥ . The radii of the probability circles are oy A, where:

o1 = V20? (16)
and
Ac =N~1n (1~ p) an

Values for A_ for selected probabilities, p, are given in Table 2-3,

Because this function is simple, it can easily be graphed manually. However, (he generalized plottisig technique for
electronic compuicr plotters (as shown by equation 12) can be also be used,

2.6.3 Derived Distributions for Wind Statistics.
In this section, the probability distribution functions an! sets of equations are presented to derive certain probability
distribution furctions for wind statistics. These derived probability distributions are:

*Conditional distribution of wind components

*Generalized Rayleigh distribution for wind speed

*Distribution for wind direction

+Conditional distribution of wind spced given a wind direction {wind rose).

The five required statistical parameters for these derived distributions for wind statistics are given in Appendix A.
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2.6.3.1 The Conditional Distribution of Wind Components.

Given that two random varighles X and Y are bivariate normally distributed, the conditional distribution J(YIX) is
read as f(Y) given X, and likewise f(X|Y) is read as f(X) given Y. The conditional probabitity function F(Y/X) has
the mean E(Y/X) and variance 6%y, where:

E(V[X+)=Fn+ p(gf) X+ -X) (1®)
and
Py = 0y (1-p?) 19
The conditional standard deviation is:
Opyjxs) = Oy Vi-p? (20

By interchanging the variables and parameters, the conditional distribution function for F(X/¥*) has the conditional
mean:

EXIYm=X +p (%—;) ¥*-7) @
conditional variance:
Py =0 (1-p?) (22)
and conditional standard deviation:
Oupys) = O Vi-p? (23)

The preceding conditional probability distribution functions are univariate normal distributions for a (fixed) given
value for one of the bivariate normal variables. Thus, the #-values given in Table 2 are applicable for conditional
probabilities statements. For example,

F(HX*) = E(Y'X*) + [ Oy (24)

For ¢ = 1.6449, there is a 95 percent chance that ¥ is less than or equal 10 ¥ + 1.6449 6.e) given that X = X*. In
syinbols, this statement reads:

P{Y SE(YIX*) + 1.6449 Opyjan X = X *} =0.9500 (25)
Interval probability statements can also be made:

P{Y, =E'{T|X‘)'—¢O(,|,.)S Yy, '—‘E(Y'X*)+t°’, X =X+}

where X* can take on any fixed value of X, but a convenient arrangement is to let X* =X 10,



The close connection of the regression function of ¥ on X to the conditional mean for the bivariate nomal
distribution is nofed;

rv+p(2) &% a9
Similarly, the regression function of X on Y is:
X=x+p(-gz) -7 @D

These are linear functions and express the same results as would be obtained from a least-squares regression linc.
2.6.3.2 Generallzed Rayleigh Distribution for Wind Speed.

If two random variables, X and Y, are bivariate normally disiributed, then the probability distribution for the
modutus, R, can be derived in terms of the five parameters that define the bivariate normal distribution:

R=VX2+12 (28)

The distribution of R 5o derived is called a generalized Rayleigh distribution because there are no restrictions on the
parameters. For applications to the RRA, the variable R is recognized as wind speed or the modulus of the wind
vecior.

The probability density function for R is expressed as:
f(R) =gagRe -a;Rz [lg (ang) Io (a;R) + 2;3 ’k (azkz) Iu (azR) cos Zkv] R20 (29)

The functions /(«), I,(+). and 1,,(+) are the modified Bessel function of the first kind {or zero order, kth order, and

2kth order. The coefficients are:
1y 7
do =€xp| ~31 a2 + 02

[+ 2078

where 0,2 and 0,2 are the rotated variances to produce zero correlation between X and Y, O_and G, are the positive
and negative roots of the following expression, thc computational form of which is obtained from the determinant:

ol K  G:0p

00,0 62 -K

where K is 02(,,_.), and G, and O, are analogous to the standard deviation of the major and minor axes of the
bivariate normal probability ellipse:

1
ol = % {0} +0,%t [(0,2 +0,2) —40.20,2(1 - pz)] ?}




a = (0 +a,)
731" pY olo,

1
(o2 -0y + 4926207]?
4 = 4(1-p) o.’q,2 )

o[ G T

and lan y =

ol
o

el

Since this density function cannot be integrated in closed form from zero te R, numerical integration is used to
obitain practical results from the probability distribution function; i.e.,

F(R)=':;: R) dR G0)

A number of special cases can be obained from the general Rayleigh distribution (egnation 29), the most simple of
whichis tolet 0, =0, =cand X =Y =0 with independent variables X and ¥. This gives:

R -R
fRy= = e &3}

which is recognized as the classical Rayleigh probability density function. The density function (equation 31) can
be integrated in closed form over any range of the variable R. Hence, the probability distribution function, F(R), for
equation 31 is:

FR)=1-exp {%;} (32)

2.6.3.3 The Derived Distribution of Wind Direction.

Considering the wind &s a vector quantily and bivariale normally distributed, the wind direction can be derived.
This is done by first writing the bivariate normal probability density function in polar coordinates whose varigbles
arc:

!
g(r8) =rd e (ar? — 2br + c?) 33

NOTE: The cxpression in equation 33 (Smith, 1976) is given with respect to the mathemaucal convention for a
vector direction, where:

2=t sin’@ _2pcosQsin® cos @
(1-p| ol o, O, o,

b= -1 [E sin® pE cosO+§sin6)+}'cosO
- (l —Pz) 0':2 0',‘0'_\, G;[




i X2 2pxy V2
Cz-‘zz—?)-l_ [E;z—axc"f'g?]

dl=-—-—-——-Tn—-
2ra, 0, V1-p?

and r=Yx? +? is the modulus of the vector or speed and § is the direction of the vector. After integrating g(r, 9)
over r = ( 1o oo , the probability density function is 0 is:

d __! 1 2
5@ =% [1+~fz"£ (g) 'b(-g-)] (34)
where a2, b, ¢, and d, are as previously defined in equation 33, and

2
dt

1
JORTIES

is taken from tables of normal distribution functions or made available through a compiter subroutine.

If desired, equation 34 can be integrated numerically over a chosen range of 0 to obiain the probability that the
vecior direction will lie withip the chosen range: i.e.,

B,
F@®) = { g () do 3%

One application may be to obtain the probability that the wind will flow from a given quadrant or sector as, for
example, onshore.

2.6.3.4 Derived Conditional Distribution of Wind Speed Given Wind Direction.
Continuing with the considerations expressed in Paragraph 2.6.3.3, the conditional probability density functiod (pdf)
for wind speed (r), given a specified valug for the wind direction 8, can be expressed as:

]
Y@ e
fr 19) = ere 2 !

Lo () 1070 f2)

(36)

where coefficients, a and b and the function & { «2—} are as previously defined in equations 33 and 34,

From equation 36, the mode (most frequent value} of the conditional wind speed given a specified value of the wind
direction is the positive solution of the quadratic equation,

a@r-br-1=0 an
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which is:

(710) = o (-g) + G®)

The locus of the conditional modal values of wind speed when plotied in polar form versus the given wind directions
forms an ellipse.

The noncentral moment for equation 36 is expressed as:
R |
M=[r f(ri0)dr 39

Now the first noncentral moment is identical to the first central moment or expected value, E (r 18). The integration
of equation 39 for the first moment is sufficiently simple to yield practical computations, and can be expressed as:

@) [+ @170 (1)
a[1+(g) et @) ¢{%}]

Equation 40, then, gives the conditionai mean value of the wind speed given a specified value for the wind direction.

EGiO)=

(40)

The integration of equation 38 for the limits r=0 to r = r* gives the probability that the conditional wind speed
is Sr* given a valuve for the wind direction, 8. This condition:! probability distribution (PDF) can be writien as:

2oviz () -0l

i
~z
: — @n
EIOROne!

Pri{r<r|6=6}=1-

=)

By definition, equation 41 is an expression for a "wind rose." Empirical wind rose statistics are often tabulated or
graphically illustrated giving the frequency that the wind speed is not exceeded for those wind specd values which
lie within assigned class intervals of wind direction. Aficr evaluation of 2quation 41 for various values of wind
speed, r*, and the given wind directions, 8, interpolations can be performed to obtain various percentile values of the
conditional wind speed.

For the special case when b in equation 33 aquals zero (i.e., forX =5 = 0), the conditional modal values of wind
speeds (equation 38), the conditional mean values of wind speeds (equation 40), and the fixed conditional percentile
values of wind speeds (imerpoisted from cvaluations of equation 41), when ploited in polar form versus the given
wind directions, produce a family of ellipses.

For the special case when X = ¥ = 0, equation 36 reduces to the following simple case:

o rat
-~

Pr{rs‘,r'|9=9o} siee ‘2
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Equation 42 has spacial significance when related to the bivariate normal probability distribusion, 1f r* and O are
measured from the centroid of the probahility ellipse, then the probability thatr < r* i the same as the given
probability ellipse. Further, solving equation 42 for r*, gives:

re= 3 VI (AP @3)

If a probability ellipse P is chosen, equation 42 gives the distance of r along any O from the centroid of the elfipse to
the intercepi of the specified probability ellipse. If there is an inicrest in conditional probability of winds [or a given
0 relative to the monthly means, equation 43 is applicable. If it is desired to find the magnitude of the wind along
any O relative 1o the monthly mean to the intercept of a given probability eflipse, equation 43 is also applicable.

2.7 Statistical Parameters for Non-Standard Orthogonal Axes.

The five wind siatistical parameters in Appendix A are given wiih respect to the Stendard Meteorological
Coordinate System (Figure 2-1). That is, these parameters are for zonal and meridional componenis, Many range
users, however, need wind statistics with respect 1o orthogonal axes other thun west 10 east and south (o north. For
example, a user may ueced wind statistics with respect to a flight azimuth of O degrees from true north measured

clockwise. The following sets of equations are used 10 compute the five parameters for the new coordinalg axes
rotated O degrees clockwise from true north, '

Rotation of the means through O degrees:
Xo =X cos (90-a) + ¥ sin (80 - ) 44)
Yo=Y cos (90-0) ~X sin (90 - ) (45)

Rotation of the variances through Q. degrees:

6, =02 cos® 90-a) +072 (90-0) 46)
+2p0,0, cos (90 - @) sin (90 —-a)

0,2 =06 cos® (F0-a) +0,? sin’ (90~ )

. @n
- 2pox 0, cos (90 - ) sin (90— o)
Rotation of the linear correlation coefficient through (¢ degrees:
_oviX.Y)a
Po =g . (48)

where cov (X,Y)q is the rotated covariance:

cov (X,Na =X.Y) [cos* (90 - &) —sin? (90 —0)}

+cos (90— sin (90— 0) (0,% - 0,?)
and
cov (X.1) = po. 0,

By using these rotational equations, the bivariate normal distribution with respect to any desired rotated coordinates
can be obtaincd from sample estimates that have been computed with respect to a specific axis. The marginal
distributions after rolation are also normally (univariate) distributed. By using the rotational equations,
computationa! efforts are greatly reduced for applications requiring statistics with respect to several coordinate axes.

Appendix E gives examples of range-specific RRA wind statistics.
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Chapter 3
THERMODYNAMICS STATISTICS AND MODELS

3.1 GENERAL DISCUSSION.

One of the objectives in developing the RRA was o describe the thermodynamic characteristics of the atmosphere
as completzly as possible with as few data tabulations as possible. With that in mind, a set of statistical variables
was selected {0 collectively describe climatological pressure, lemperature, density, dew point, virtual temperature,
and water vapor pressure. Used together, these variables permit calculation of a large number of derived quantities.
Some of these quantities (such as the speed of sound) are discussed in Paragraph 3.7.

The probability distribution of each of the six thermodynamic RRA variables is described by its mean value, its
standard deviation, and its skewness. Several of the thermodynamic elements (temperature, pressure, dew point, and
density) have probability distributions that are close (o a univariate normal distribution; the others do not. The
skewness variable gives an estimate of the asymmetrical departures of a probability distribution.

Hydrostatically modeled mean values of pressure and density were calculated (see Appendix D) so that users can
determine the departure of the actual climatclogy of these values from hydrostatic conditions. This was done by
hydrostatically integrating the pressure from the lowest RRA data level to the RRA’s termination altitude. Table 3-1
lists and explains the primacy physical constants used in RRA production. Table 3-2 lists and explains the symbols
used in this chapter,

TABLE 3-1. Primary Physical Coastants Used in RRA Production.

P, Standard atmospheric pressure at sea level (1.013250 X 10° Newton/m®) (2116.22 1b/f¢%)
Po Standard atmospheric density at sea level (1.2250 kg/m®) (0.076474 Ib/6C%)

T, Standard temperature at sca level (288.15 K) (15.0°C) (59.0°P)

Standard gravity at sea level at latitude 45°31°33" (9.80665 nv/s)

Sutherland’s constant used in calculation of dynamic viscosity (110.4 K)
Ice-point temperature at P (273.15 K)

1 1
Constant for calculating dynamic viscosity (1.458 x 10 kg/sec m KZ) (7.3025 x 107 Ibjsec fi R )
Ratio of specific heat of air at constant pressure to specific heat of air at constant veiume (1.4)
Mean cffective collision diameter of air molecules (3.65 x 10°7'° m) (11975 x 10° fr)

Avogadro’s constant (6.022169 x 10%/kg mol) (2.73179 x 10/1b mol)

Gas constant  (8.31432 Joule/mol K)

Gas constant for dry air (2.8704 x 107 Joule/kg K)
Molecular weight of diy air (28.966 ;a/mol)

TXRXZTORT Na
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TABLE 2.2, Symboig Used In Chanter 3.

C,
Ca
E
8¢
H
H,
¥} {3
K,

M
M3q
n

N

NA

TppHnae

apg N ¥

0

-
Q'g_ﬁ':: -]

Speed of sound

Collisiun diameter ¥
Vapor pressure

Gravity at latitude ¢

Geopotentia! height

Geopotential height at a mandatory radiosonde data level
Geopotential height at a significant radiosonde data fevel
Coefficient of thermal conductivity

Mean free path length

Mean molecular weight of air at sea level

Monthly third moment of quantity Q

Refractive modulus

Refractive index

Avogadro’s constant

Number of values of quantity O

Pressure

Pressure at a mandatory rediosonde data level

Pressure at a significant radiosonde data level
Hydrostatically integrated mean monthly or annual pressure
Any tabulated RRA eantity

Universal gas constant

Specific gas constant of dry air

Parameiers used in converting z to & and vice versa
Sutherland’s constant, used in the calculation of dynamic viscosity
Temperalure

Dewpoint

Virtual temperature

Virtue! temperature at a mandatory radiosonde data fevel
Virtual temperature at & significant radiosonde data fevel
Mean air particle speed

Mean collision frequency

Parameter used in the hydrostatic interpoiation of pressure and density
Geometric altitude

Wavelength

Skewness of quantity O

Constant used in the equation for viscosity

Ratio of specific heat at constant pressure to specific hest at constant volume
Kinematic coefficient of viscosity

Dynamic coefficiens of viscosity

Density

Mean monthly or annual density derived from Ph

Standard deviation of the quantity @
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3.2 QUALITY CONTROL. o
Data limits derived from the following thermodynamic elements were used to screen the RRA
database: temperature, pressure, dewpoint (for the 0-30 km portion only), and density. These limits were set to plus
and minus six standard deviations front the mean values of each of these quantities; they were then used to screen
the thermodynamic portion of the database IAW procedures described in Paragraph 1.5. The database was
considered to be error-free if:

(1) Skewness values of pressure and temperature were between -2.5 and 2.5 at all data levels.

(2) Skewness values of density were between -3.5 and 3,5 at data levels between 0 and 30 km,

(3) Skewness values of density were between -3.0 and 3.0 at data levels between 30 and 70 km.

(4) Skewness values of dewpoint were between -2.5 and 2.5 at all data levels with more than 10 data values.

3.3 DATA LIMITATIONS.

Correlation coefficients between thermodynamic quantities and moisture-related quantities were not calculaied at
discrete altiiudes; neither were any of the correfations bstween altiludes, As & result, valid statistical dispersion
models that require relationship between two or more of these quantities at the same altitude or between altitudes
cannot be derived, Approximations for the comelation coefficients between pressure, virtual temperature, and
density at discrete altitudes, however, may be obtained from the coefficients of variation as developed by Buell
(1970). The coefficient of variation is the siandard deviation divided by the mean. The mean values and the
standard deviations are taken from Appendix B. A model for the profile of monthly and annual mean pressure,
virtual temperature, and density is given in Appendix D, and is in excellent agreement with the respective statistical
mean values, This agreement results because the physical relationships expressed by the hydrostatic equation and
the equation of state were used to derive Appendix D. When only the monthly or ananual mean values for pressure,
virtual temperawre, and density are required, users should consult Appendix D.

3.4 ESTABLISHING DATA SAMPLES AT REQUIRED LEVELS.

Thig section describes the computaiional procedures used to establish data samples of the thesmodynamic RRA
variables at the various data levels. References ar: cited only when the equation given is one of many available in
the literature or when it is stated in an ubusual form.

3.4.1 Converting Geopotential Helght to Geometric Altitude.

Although rocketsonde observations above 3¢ km are recorded in terms of geometric altitude, the data can be
interpolated directly to the aititude intervals shown in the tables. But radiosonde observations used to obtain tabular
values below 30 km are recorded in terms of geopotential height; the conversion w geomelric altitude ¢k to 2) is
accomplished by calculating a table of geapotential heights that correspond exactly to ihe geomelric altitudes at
which the atmospheric elements are tabulated. Radiosond: observations are then interpolated o these geopotential
heigits. The relationship used (o calculate geometric sltitude froin geopotential heigint is:

H=("2)/(r* +2} (49)
where ¢ =g r*/9.80665
and r'==2gy /(384 /3 2)

84 is sea level at latitudie ¢ corresponding to the proper locetion (List, 1968),

g¢ =9.780356 (1 + 5.2855 x 1072 sin? & 5.9 x 1076 sin? (2¢)) {50)



7 %% is the rate of change of gravity at sea level. This quantity is given by:

g‘z—t =~ 3085462 x 107¢ x 2.27 x 107 cos (2¢) x 2 x 1072 cos (4¢)

Units used for gravity are ny/s2, while the uniis for gg-z- are 572,

The resulling table of values of H obtained by using even increments of 2 in equation 49 is shown in Appendix D,
Although the values of H above 30 km were not used in the imterpofation of original data, they are included for the
convenience of the user.

3.4.2 Calculations from Rawinsonde Observations.

It was necessary to interpolate information from original rawinsonde records to arrive at the geometric altitudes
specified as RRA data levels. Elements for which this interpolaticn was required were iemperature, dewpoint, and
pressure. The other elements were calculated from the interpolated values at each RRA data level, These "derived”
clements were waler vapor pressure, density, and virtual temperature.

3.4.2.1 Geopotential Height at Significant Levels.

Two slightly different interpolation procedures were used to obtain data from radiosende and rocketsonde
observations at the levels shown in the tables. The procedure used to interpolate radiosonde observations begins
with calculations of virtual temperature at each data level in the sounding. Virtual temperature was computed by:

T, =T/(1.—0.379 (e/p)) (52)
where T, and T are in kelvin (K) and ¢ and p are in millibars.

Radiosonde soundings provide pressure, temperature, and dew point data recorded at "mandatory” and “significant”
levels. Geopotential height data, however, is only provided for mandatory levels. Heights at the significant levels,
therefore, were calculated hydrostatically, using pressure and temperature data from those levels. This procedure
allows the use of most significant level data in the calculation of the RRA tables. The equation used for this process

was:
H, =1m +29.2712617 * Q%Lﬂl *in (P,/Py) (53)

where subscripis s and m denote quantities at significant and mandatory levels. This equation was not used if the
difference between two adjacent mandatory levels was greater than 200 mb, and all soundings with such data gaps
were rejected.

3.4.2.2 Temperature.
Radiosonde temperatures were interpolated logarithmically with respect (o pressure using the equation:

inp ~1
T=Ty +(Ti. - To) o (54)

where subscripts U and L indicate values at the nearest data levels in the actual sounding above and below the
interpolated level.




3.4.2.3 Pressure.
The pressure vakues in each radiosonds sounding were interpoiated to the RRA dam feveis using the  1uation:

port o (srmmiiem)

where subscript L indicates virtual temperature, geopotential, and pressure values at the data level below and closest
to the level al which data were required.

3.4.2.4 Dew Point Temperature.
Dew point values were interpolated logarithmically with respect to pressure using the equation:

inp - 1
Ta=Ta +(Ta -Ta) (s (56)

Subscripts U and L indicate data at the nearest upper and lower data levels in a sounding,

3.4.2.5 VYapor Preasure.
Water vapor pressure is calculated from interpolated dew point values at RRA data levels using Teten’s
approximation:

e=6.11mb x 107.5(7} =273.15) [ (T4 - 35.26) (57)

3.4.2.6 Density.
Density values derived from radiosonde observations were calculated at RRA data levels using the equation:

p = 348.36787 p/T, (58

3.4.2.7 Virtual Temperature.
Virtual tempetature values are calculated at RRA data levels for each sounding using the equation:

T, =TH1 - 0379e/r) (59
where Tv and T arc in K; pressure (p) and vapor pressure () are in millibars.

3.4.3 Calculations from Rocketsonde Observations.

Rocketsonde observations used to calculate RRA table values above 3¢ km were recorded in terms of geometric
altitude. For this reason, stightly different calculations were required to convert recorded daia values to RRA data
levels. Pressure, temperature, and density were interpolated to RRA data levels. Since atmospheric moisture at
altitudes above 30 km is considered to be negligible, moisture-related elements (virtual temperature, water vapor
pressure, and dewpoint) were not calculated, There was no interpolation across gaps in pressure or temperature dala
in a sounding larger than 7,000 meters. Data values at RRA lcvels within such a gap were set to "missing.”

3.4.3.1 Tomperature.
Rocketsonde iemperatures were interpolated linearly with respect to geometric altiiude using the equation:

T =Ty +(Ty - To) ;:,::Zz'“; (60)

where subscript U indicates values at the nearest data level in the actual sounding above the interpolated level; L
indicates values below the interpolated level,




3.4.3.2 Pressure.
Racketsonde pressure values were interpolated to RRA data levels using the equation:

P=PLexp (_ B MZ-Z), uﬂ) (61)
R Tv

_ Tvy +Ty _ r*

where T = —=y——=and W= Z-71
(o2 555
3.4.3.3 Density.
Rocketsonde density values were interpolated using the equation:
M (Z~ Z
p=pL exp ( g# ( L) ) (62

where W is specified in 3.4.3.2,

3.5 COMPUTING STATISTICS FOR APPENDICES B AND C.

Computing monthly and annuai means, standard deviations, and skewness values from data at the RRA data levels
was in two steps. First, certain statistical sums were calculated and stored as the soundings in the database were
processed. These sums were then used to calculate the monthly and annual statistics given in the RRA tables,

3.5.1 Stored Statistical Sums.
The sums that were calculated were:

10, 3Q?, and TQ°
where (J is any one of the quantities given in the thermodynamic part of the RRA.
3.5.2 Calcuiating Monthly Statistics.

3.5.2.1 Monthly Means.
Mean monthly values of the thermodynamic RRA quantities were calculated using the equation:

0 =XQINg
where Ny is the number of observed values of the quantity Q for a given month.

3.5.2.2 Monthly Standard Deviations,
Monthly standard deviations of the thermodynamic RRA quantities were calculated using the equation;

\/ (No EQ’) (}:Q) 63

3.5.2.3 Monthly Skewness Values.
Monthly skewness values of wind speed and thermodynamic RRA guantities are calculdted using the equation:

M3g
Gg = —;—Q
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where M3, is the third moment of the quantiy G, op is its siandarg deviation, and

o 20 32030 3@ |, Ng?
”’“*[WE‘"W‘E'+W’Z] W= (% =3 ©®

3.5.3 Caiculating Annual Statistics.

Equations 63 and 64, used to calculate montlily values of standard deviadons and skewness values, were also used
for the annual stutistics.

3.5.3.1 Annual Means.
Annual mean values of the thermodynamic RRA quantities were calculated nsing the equation:

Qanv =Qa/Ng
where Q, is the total of all observed values of Q and Ny is the total number of observations of Q.

3.5.3.2 Annual Standard Deviations and Skewness Values.

Annual standard deviations of the thermodynamic RRA quantities were calculated using equation 63; annual
skewness vaiues' were calculated with equation 64, NOTE: Both these quantities were previously calculated with
monthly statistics due to limitations in computer precision.

3.6 MONTHLY AND ANNUAL MEAN MODEL ATMOSPHERES.

A sct of modeled monthly mean and annual mean hydrostatic values of pressure and density was calculated from the
jowest RRA data level (0 km, mean ses level) to 30 km, ard from 30 km to 70 km. The integration from O to 30 km
was computed independently of the integration from 30 o 70 kin because of the difference in data sources. These
hydrostatically modeled mean values {given in Appendix D) are useful as a check on the validity of prassure and
dengsity values given in Appendix B. In most cases, the values in Appendices B and D for any given data level are
within 1 percent of each other. The hydrostatic pressure values in Appendix D were calculated using the equation:

(65)

0.034162 (H; - H,
¥ = Po exp (— - 0))

TO5(T, +1y)

where, Hy - Hy is in meters and a "0" subscript refers to values at the RRA data level immediately below the level
being checked. p, at the lowest data level is set equal to the RRA mean pressure; p,, calculated for the next highest

data level, is taken as p,, for the level above thal. This process is repeated for all the other RRA data ievels, The
hydrostaiic density corresponding to hydrostatic pressures is calculated from these pressures and from RRA virtusl

(emperatuee values using the formula:
Py = 348.36786 Py /T, (66)

where py and F',, are the hydrostatic density and pressure shown in Appendix D.

3.7 THERMODYKAMIC QUANTITIES DERIVABLE Fr:”M TABLES.

Several other quantitics can be calculated from the statistics given in Appendices B and D. The equations in this
section can be used & calculate approximate mean values of thése quantities at each RRA data level, It is not
possible, however, 10 infer or derive any information concerning standard deviation or skewness values of these
quantities from the data ix Appendices B and C.




374 Mean Alr Particie Spead.

The mean air particle speed, "V”, is the arithenetic average of the speeds of all air pam«.les in the volume element
being considered. For a valid average to occur, there must be a suificient number of particles involved to represent
mean conditions. The equation for V" for dry air is:

A [ 8 R'T
V=Ng'w ©7)
A compuiational form for dry air, using tabulated values, is:
V= ‘J7.3094 X102 XT (m/s) (68)

where T is the temperature in kelvin (K) from Appendix B. Equation 67, when corrected for moist air, becomes:

ABr
V= H R'T, (69)

The comgutat.onal form for moist air is;
V=\13094-10° - T, (avs) (10)
where T, is e virsual temperature in ketvin (K) from Appendix C,
3.7.2 Mean Fras Fith,
The mean {ree path, "L.” is the mean value of the distance traveled by each neutral air particle, in a selected air

parce!l, between successive collisions with other particles in that parcel. A meaningful average requires that the
selected parcel be large cxough to contain s substantial number of particles. The equation for L is given by:

L= (T) (N ’2’] ) )

where C, is the effective collision diameter of the mean air molecules. The 1976 siandard atmosphere value of

3.65x 10'% is valid for the range of altitudes in the RRA. A computational form for moist air, using tabulated
values, is:

L =2335x 10”7 ,T, (meters) a2

where T is the temperature in K and P is the pressure in mb, both from Appendix B. A form of equation 71 to
correct L for moist air is:

R'MT, .
L= (T) ——” (73)
The coinputational form for moist air is:
L=23325%x107 'F (meters) (74)

. where T, is the virtual temperature in K from Appendix C and P is the pressure in mb from Appendix B.
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3.7.3 Mean Colliston Frequency.
The tmean collision frequency (V) i considered to be the average speed of air particles contained in an gir parcel

divided by the mean free path of the particles inside that parcei. Computationally, this is equivsient to:
V leee -
Ve=p (sec ) (75)

To determine V_ for dry air, use V and L from equations 68 and 72, To dztermine V_ foi moist air, use V and L from
equations 70 and 74.

3.7.4 Speed of Sound.
The expression for the speed of sound (C)) in dry air, in (m/s) is:

R

3

C = (76)

To compute C, for dry air from tabulatzd vaiues, use:

C, = V40185 X 102 X T (m/s) an

where T is the temperature K from Appendix B. One form for the speed of sound in moist air is:
Co = WR'T, (78)
where T, is the virtual temperature from Appendix C. A computational form for moist air is:
C, =Va0185x 17 T, (mis) {79)

3.7.5 Coetficient of Dynamic Viscosity.
The coefficient of dynamic viscosity, M, is defined as a coefficient of internal friction developed where gas regions
move adjacent to each other at different velocities. The following expression is taken from the U.S. Standard

Atmosphere (1976):
w-brly &)

The computational form is:

_(48x109 1% ¢ &
b= (75 0

T +1104

where T is temperature K {rom Appendix B.

3.7.6 Kinematic Coetficient of Viscosity.
The kinematic coefficient of viscosity, designated as 1, is defined as the ratio of the dynamic coefficient of viscosity
of a gas to its density, or:

n=wp (82)
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The computational form is:
n=10x10° ppo , (mi/fs) (83)
where |4 is the dynamic coefficient of viscosity from equation (81) and p is the density in g > from Appendix B.

3.7.7 Coefficlemt of Thermal Conductivity.
The empirical expression used for the cosflicient of therraal conductivity (K) is given in the 1976 Standard

Atmosphere as:

265019 1073 « 792

K. = T + 2454 x 10040

» {(watts/m-deg K) (84)

where T is temperature K,
3.7.8 Retractive Moduius and Refractive Index.
The refractive modulus or refractivity (Seiby and McClatchey, 1975; Smith and Weintraub, 1953), is expreased as N,
where:

N=(n-1) 10 ®5)
and n is the refractive index.

For microwave frequencies below approximately 30 GHz (equivalent 10 wavelengths above 1 cm), &, the refractive
modulus, is given by the empirical equation:

N=T16 % +3.73X 10° 5 (dimensionless) 86)

where E and P are in millibars and T and 7, are in K.
The following expression is valid for visible and infrared wavelengths shorter than approximately 30 jim (0.63 mm):
N =776 +0.584 f. (diminsionless) @7

where A is the wavelength in microns and T is in degrees K.

The expression for N for the wavelength from 0.03 mm to 1 cm is an extremely complex function of wavelength,




Chapter 4
CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS.

This document satisfies the technical objectives established for the Range Reference Atmosphere committee by the
Range Commanders Council Meteorology Group. Upper-air statistics and models for wind and thermodynumic
quantities for the range specified have been derived through consistent and uniform methods that will be used in
similar publications for other ranges. This new Rangs Reference Atmosphere (RRA) series is an improvement over
previously published RRAs for several reasons: for one, the upper-air database is much larger and much better. For
another, more advanced statistical techniques have been developed.

In this series, a statistical measure of central tendency (mean values) and & measure of dispersion (standard deviation
with regpect 10 mean values) for monthly and annual reference periods have been consisiently tabulated for all
varishles, using databases that have been carefully edited and quality controtled. Further, a statistical measure for
symmetry (skewness coefficient which invoives the third statistical moment) has been tabulated for all variables
except the zonal and meridional wind components. But even with these improvements, RRA users must recognize
certain limitations of the statistical tabulations; these limitations are described here to discourage misuse of the
RRA.

*The wind profile structure with respect to altitude cannot be modeled from RRA statistics because
inter-level and cross-level correlations were not computed.

*The profile structure with respect (o altitude for any of the thermodynamic variables or any quantities
derivable from thermodynamic variables cannot be modeled because the prerequisite corrclations were nol
computed. However, the profile of monthly and annual means for pressure, virtual temperature, and
density given in Appendix D are in agreement with the hydrostatic equation and the equation of state,

Although move extensive statistical tabulations are currently impractical, many adaptations of current statistics for
specific engineering and scientific applications are envisioned as insight is gained through RRA use.

4.2. RECOMMENDATIONS.

The agency responsible for RRA preparation recommends that the wind and thermodynamic statistical tabulations
and models in this RRA be used with confidence as a standard reference to the stmosphere over the location for
which it has been prepared. It is further recommended that RRA users consult their Staff Meteorologist for
assistance before attempting to apply RRA data to specific engineering projects,
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PREVIOUSLY PUBLISHED RANGE REFERENCE ATMOSPHERES

Capt Kennedy, Florida (Part I), Document 104-63, 16 April 1963
(AD 451 780).%

White Sands Missile Range, New Mexico (Part I), Document 104-63, 28 June 1964
(AD 451 781).*

Fort Churchill, Manitoba (Part I), Document 372-63, 7 August 1964
(AD 634 727).

Eniwetok, Marshall Islands (Part I), Document 104-63, 1 September 1964
(AD 479 264).*

Fort Greely Missile Range, Alaska (Part I), Document 373-63, 6 October 1964
(AD 634 726).

Eglin Gulf Test Range, Florida (Part I), Document 104-63, 25 January 1965
(AD 472 601).*

Point Arguello, California (Part I), Document 104-63, April 1965
(AD 472 602).*

Wallops Island Test Range (Part I), Document 104-63, 10 July 1965
(AD 474 071).*

Ascension Island, South Atlantic (Part I), Document 104-63, July 1966
(AD 645 591).*

Johnston Island Test Site (Part 1), Document 104-63, January 1970
(AD 782 652).%

Lihue, Kauai, Hawaii (Part I), Document 104-63, January 1970
(AD 782 653).*

Cape Kennedy, Florida (Part IT), Document 104-63, September 1971
(AD 753 581).*

White Sands Missile Range (Part I1), Document 104-63, September 1971
(AD 782 654).*

Wallops Island Test Range (Part 1T), Document 104-63, September 1971.*

Fort Greely Missile Range (Part II), Document 104-63, September 1971.*
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Edwards AFB (Part I), Document 104-63, September 1972
(AD 782 651).*

Kwajalein Missile Range, Marshall Islands (Part 1), Document 105-63, October 1974.%

Kwajalein Missile Range, Document 360-82, 1982
(AD-A123424).

Cape Canaveral, Florida, Document 361-83, February 1983
(AD-A125553).

Vandenberg AFB, California, Document 362-83, 1983
(AD-A128125).

Dugway, Utah, Document 363-83, June 1983
(AD-A131110).

Wallops Island Test Range, Virginia, Document 364-83, July 1983
(AD-A131327).

White Sands Missile Range, New Mexico, Document 365-83, August 1983
(AD-A132471).

Edwards AFB, California, Document 366-83, August 1983
(AD-A132487).

Eglin AFB, Florida, Document 367-83, 1983
{AD-A133506).

Taquac, Guam Island, Document 368-83, 1983
(AD-A133618).

Point Mugu, California, Document 369-83, 1983
(AD-A134186).

Barking Sands, Hawaii, Document 370-83, 1983
(AD-A137406).

Ascension Island, Document 371-84, 1984
(AD-A138470).

* No longer available from RCC.
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Wake Island, USAFETAC/PR-90/007, November 1990.
(AD-Pending)

Nellis, USAFETAC/PR-90/003, December 1990
(AD-Pending)

Shemya, USAFETAC/PR-91/003, January 1991
(AD-Pending)
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AD

AFFTC
AFSC
AFSCF
AFTFWC
AWS

EMD
CSTC
DOD

DOE
DOE/NTS
DPG

EPG

ESMC

ETR

GL

KMR
NASA
NASA/MSFC
NASA ‘WFC
NATC
NOAA
NwW(C
PMTC
SAMTO
TFWC
TSCF
USA/DTA
USAECOM
USAFETAC
USAKA
UTTR
WSMC
WSMR
WTR

YPG
6585TG

ACRONYMS, INITIALISASS, AND ABBREVIATIONS (ACRINABS)

Armament Division
Air Force Flight Test Center
Air Force Systems Cominand
Air Force Satellite Control Facility
Air Force Tactical Fighter Weapons Center
Air Weather Service
Ballistic Missile Division
Consolidated Space Test Center
Department of Defense
Department of Energy
DOE/Nevada Test Site
Dugway Proving Ground
iectronic Proving Ground
Eastern Space and Missile Center
Eastern Test Range
Geophysics Laboratory
Kwujalein Missile Range
National Aeronautics and Space Administration
NASA/Marshall Space Flight Center
NASA/Wallops Flight Center
Naval Air Test Center
National Oceanic and Atmospheric Administration
Naval Weapons Center
Pacific Missile Test Center
Space and Missile Test Organization
Tactical Fighter Weapons Center
Targeting Systems Characterization Facility
U.S. Army/Desert Test Center
U.S. Ammy Electronics Command
USAF Environmental Technical Applications Center
U.S. Army Kwajalein Atoll
Utah Test and Training Range
Western Space and Missile Center
White Sands Missile Range
Western Test Range
Yuma Proving Ground
6585th Test Group
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APPENDIX A

Shemya Wind Statistics Tables

Table A-1 through Table A-13 give statistical wind data {monthly and annual} for
Shemya. Data was produced as described in Chapter 2.
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-y | TABLE A-1. January Statistical Wind Data, Shemya.

5 Z  MEANU SD.U MEANV SD.V MEANW SD. W
, KM M/S MS  RUV)  MS M/S M/S M/S SKEWW #0BS .
0.000 0.00 Q.00 0.0000 0.00 0.00 0.00 0,00 0.00 0.
0.039 -1.17 6.59 0.2129 ~1.02 6.64 8,29 4.59 0,58 671.
1.000 -2,.17 ‘9,91 ~0.0411 0.26 8.47 11.47 6.00 0.78 127,
2.000 -1.60 9.7¢ ~0,0315 1.02 8.36 11.17 6.05 0.86 125.
3,000 -0.91 9.96 -0.0330 1.75 B.68 11.69 6.45 0.88 725.
o 4,000 -0.27 10.77 -0.0129 2.37 9.34 12.55 7.16 0.94 124.
¢ 5.000 0,22 12.26 -0.0284 3.14 10.18 13.97 8.27 1.14 719.
6.000 0.83 13.98 -0.0530 4.00 11.51 15.88 9.60 1.15% 706.
7.000 1.68 15.75 =0.0594 5.07 12.79 17.93 10.87 1.20 699.
8.000 2.35 16.45 =-0.0563 5.82 13.31 18.61 11.85 1.21 694,
8.000 3.89 15.9% -0.0592 6.32 12.45 17.96 11.90 1.31 886,
10.000 4.90 14.06 -0.0998 6.56 11.13 16.06 10.41 1.47 674, -
11.000 5,58 11.23 ~0.1042 6.81 9,25 14.53 8.90 1.52 €54,
12.000 6.43 10.03 -0.0769 7.11 8.09 14.07 7,73 1.19 64?.
13.000 7.38 9.44 -0.0018 7.48 7.46 14.06 7.57 1.13 638, .
14.000 7.91 9.19 0.0284 7.60 7.42 14.33 7.36 1.03 631.
15.000 F.92 8.85 0.0455 7.79 7.31 14.22 7.27 0.89 617.
16.000 8.03 8.90 0.105¢6 7.77 7.20 14.18 7.39 0.75 547
17.000 7.88 8,94 0.1387 7.83 7.31 14.04 7.70 0.86 544.
18.000 7.76 8.90 0.2148 7.66 7.55 13.70 8.20 1.05 543.
19.000 7.43 9.18 0.2651 ‘t.70 7.77 13.52 8.73 1.35% 538,
20,000 7.00 9.71 0.3091 7.51 1.57 13.20 9.08 1.29 534,
21.000 6.59 9.92 0.2926 7.01 7.41 12.85 8.99 1.25 515.
v 22.000 5.83 10.42 0.2884 6.37 7.49 12.5% 9.03 1.39 502,
23.000 5.17 11.09 0.2399 6.33 7.57 12.70 9,25 1.55 489,
24.000 4,82 12.09 Q.2382 6.19 8.42 13.38 9.97 1.81 474.
25.000 4.24 12.72 0.14964 5.80 8.60 13.74 9.91 1.79 462,
’ 26.000 3.39 13.71 0.1451 5,36 9.21 14.33 10.35 1.87 446,
27.000 2.85 14.58 0.0869 4.82 9.91 15.21 10.50 1.55 411,
28,000 2.06 15.64 0.0816 4.28 10.70 16.13 10.99 1.62 383.
; 23%.000 1.14 16.20 0.0080 3.90 10.91 16.73 10.83 1.27 346.
30.000 ~-0.14 16.84 -0.0005 3.40 11.85 17.53 11.28 1.23 309.
32.000 0.95 20.34 -0.2215% -1.80 12.80 19,90 12.83 1.23 20.
34.000 0.81 24.79 -0.2170 -2.00 15.00 23.86 15.35% 1.18 21.
36.000 2.86 28.32 ~0.17M ~2.05 17.92 28.05 17.63 0.72 22,
38.000 3.09 30.71 -0.1559 -=3.59 22.43 31.8¢6 20.09 0.75 22,
40.000 3.41 33.89 -0.0372 -6.45 22.74 as.is8 20.66 0.14 22,
42.000 4.10 34.96 0.0281 -8.5%7 28.52 40.43 20,07 Q.12 21.
44,000 4.85 39.36 0.2634 -10.20 32.40 45.60 23.13 0.04 20.
. 46.000 £.65 44.67 0.3547 ~11.45 33.78 50.10 26.41 0.41 20.
. 48,000 14,18 43.27 -0.0625 -8.00 30.71 48.00 25.37 0.21 17.
50.000 20.27 50.35 0.0438 ~-8.93 35.97 56.20 30.88 0.20 15. .
52.000 32.23 58.48 0.233¢ ~-10.08 25.77 61.69 34.20 0.24 13.
54,000 28.08 6D.82 0.6965 -12.50 26.80 68.08 37.50 0.09 12.
56.000 28.86 53.22 0.4120 -12.00 22.27 55,29 30.63 0.21 7.
58.000 0.00 0.00C 0.0000 0.00 0.00 0.00 0.00 0.00 3. -
‘s 60.000 0.00 0.00 0.0000 0.00 0.00 Q.00 0.00 0.00 1.
: €2.000 0.00 0.00 0.0000 0.00 0.00 0.00 Q.u0 0.00 0,
€4.000 0.00 0.00 0.0000 0.00 Q.00 0.00 0.00 0.00 0.
66.000 .00 0.00 0.,.0000 0.00 0.00 0.00 0.00 0.00 Q.
68,000 ¢.00 0.00 0.0000 0,00 0.00 0.00 0.00 0.00 0.
R 70.000 0.00 0.00 0.0000 0 00 0.00 0.00 Q.60 0.00 0.
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TABLE A-2. February Statistical Wind Data, Shemya.

z MEANU S.D.U MEANV SD.V MEANW SD. W
KM M/S M/S  R(U.V) M/S M!S M/S M/S  SKEWW #0BS
g.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 C.
0.039 -2.22 6.13 0.1712 -1.49 7.17 8.65 4.59 0.69 65,
1.000 -2.82 9.22 -0.0069 0.21 9.51 11.8¢6 6.53 1.04 €06,
2.000 -1.86 8.97 0.0008 0.80 9.57 11.54 6.55 1.06 604,
3.000 ~0.84 9.55 0.0087 1.49 10.08 12.02 7.15 1.49 601.
4.000 -0.30 10.49 0.0079 2.39 10.67 12.81 8.09 1.19 600.
5.000 0.59 11.76 =0.0327 3.08 11.20 13.87 9.00 1.13 597.
6.000 1.11 13.29 -0.0619 4.21 12.25 15.51 10.23 1.18 584.
7.000 1.78 14.%8 -0.1209 5.14 13.41 17.21 11.17 1.16 5717.
8.000 2.70 16.04 -~0.0984 6.23 13.92 18.32 12.68 1.45 570,
9.000 4.05 16.11 -0.0388 7.08 13.24 18.11 13.18 1.69 564,
10.000 5.19 14.73 -0.0316 7.08 11.83 16.78 12.32 1.96 542.
11,000 5.81 12.30 -0.0254 6.86 10.51 14.82 9.91 1.77 524.
12.000 6.08 10.79 -0.0126 T.3€ 9.06 13.58 7.87 1.40 510.
13.000 6.44 9.84 -0.0498 7.39 8.45 13.46 7.81 1.83 501,
14.000 6.90 9.24 -0.0691 7.51 8.04 13.41 7.30 1.08 488.
15.000 7.05 9.10 =~0.0462 7.44 7.87 13.44 7.32 1.40 478,
15.000 6.98 8.78 ~0.0458 7.717 8.11 13.48 7.36 1.46 421.
17.000 6.44 7.92 ~0.0923 7.61 7.66 12.68 6,61 0.%1 416.
18.000 5.87 7.64 -0.0614 7.39 7.72 12.18 6.52 0.8¢0 414.
19.000 5.05 7.88 0.0019 7.07 7.55 11.51 6.75 1.19 401.
20.000 4.30 7.75 0.0180 6.85 7.26 106.83 6.44 1.27 394.
21.000 3.26 7.81 0.0477 6.32 6.97 10.25 6.15 1.38 384.
22,000 2.40 8.04 0.0580 6.09 7.02 10.1% 6.04 1.82 378,
23.000 1.85 8,26 0.1201 5.98 7.11 10.19 6.086 1.70 373.
24.000 1.08 9.03 0.1966 5.67 6.35 10.69 6.37 1.68 359.
25.000 ~0.08 9.09 0.2233 5.18 6.45 10.80 5.84 1,61 342,
27.000 -1.27 9.47 0.2093 4.88 6.82 1t.21 5.9¢ 1.42 327.
2,.000 -2.38 10.17 0.1629 4.56 7.66 12.05 6.54 1.41 300.
28.000 -3.32 11.06 0.1206 4.16 8.04 12.88 7.00 1.30 278,
29.000 -4.03 11.78 0.1283 3.96 8.89 14.03 7.23 0.90 242.
30.000 -3.9%8 13.61 0.0290 4.44 9.62 15.67 8.17 0.82 211,
32.000 -7.48 15.79 0.3004 5.17 8.62 17.24 9.98 1.09 29.
34.000 ~10.17 19.58 0.1792 5.66 9.66 21.21 12.40 0.69 29.
36.000 ~-10.60 24.12 0.1508 4.73 12.22 25.63 13.9¢ 0.30 30.
38.000 -13.40 25.21 0.0397 3.83 13.79 28.17 14.41 0.75 30,
40.000 -13.20 28.66 0.0409 1.87 15.¢€8 31.13 15.64 0.88 30.
42.000 -~12.93 31.56 -0D.1218 -0.50 15.78 33.50 15.88 n.74 30.
44.000 -13.59 30.5% -0.3081 -2.72 l16.81 23.72 15.57 0.84 32.
46.000 -11.47 31.04 -0.0925 -7.66 16.31 34.38 16.51 ¢.52 32.
48.000 ~5.77 32.94 -0.1372 -8.50 17.14 32.27 20.30 0.48 30.
50.000 ~2.56 33.43 -0.2451 ~5.59 23.32 32.44 21.78 0.65 27.
52.000 -2.67 33.31 0.1288 -10.57 19.27 34.00 19.63 0.86 21.
54.000 2.10 39.92 -0.1182 -6.60 20.56 35.10 26.58 1.50 10.
56.000 -6.00 37.6% -0.7076 -19.17 24.96 41.67 20.97 ~0.76 6.
58.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 2.
60.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
62.000 ¢.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.60 1.
64.000 0.00 0.00 0.0000 0,00 0.00 0.00 0.00 0.00 1.
66.000 0.00 .00 ©.0000 0.0¢0 c.00 0.00 .00 0.00 0.
68.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
70.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
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TABLE A-3. March Statistical Wind Data, Shemva,
z MEANU SD.U MEANV SD.V MEANW SD W

K ws o ws muv)  ws  ws  ws  ws skeww soes (@)
0.000  0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.

0.039 0.1l 6.35 0,2929  -1.45 7.37 8.56 4.83 0.59  676.

1.000  0.43 9.28 0.1481  ~0.37 9.21 11.48 6.27 0.73  732.

2.000  1.15 9.17 0.2063 0.49 8.96 11.22 6.33 0.8%  732.

3.000  2.15 9.60 0.1891 1.25 9.20 11.70 §.79 1.10 730,

4.000 3,37 10.7°  0.1715 2.32 10.22 13.14 8.02 1.35  729.

5.000  4.36 12.1.  0.1171 3.36  11.48 15.03 9.13 1.06 726,

6.000  5.53 14.16  0.0866 4.24 13,62 17.20  10.60 0.93  716.

7.000 6,85 15.91  0.0759 4.9 14.14 19.56  11.91 0.77  706.

8.000  8.36 17.59 0.1187 6.15  15.44 21.38  14.08 1.15  699.

9.000  9.52 17.71  0.1215 6.75  14.70 21.21 14.69 1.28 695.

16.000  9.89 15.81  0.2083 7.13  13.62 19.50  14.25 1.58  659. -
11.000 10.08 14.46 0.1707 6.85  11.38 17.3 11.99 1.66  638.

12.000  9.44 12.08 0.1164 6.81 9.60 16.35  10.29 1.22 625.

13.600 9.05 11.42  0.1489 7.10 8.97 15.63 9.22 1.02 618. .
14.000  B8.46 10.55 0.1145 7.30 8.02 15.08 8.54 1,03  612.

15.000  7.73 10.26 0.1256 7.37 7.50 14.32 7.76 0.83  604.

16.000 6.57 9.06 0.0932 6,92 6.54 13.00 6.85 0.71 548.

17.000  5.60 9.08 0.1270 6.93 6.07 12.34 6.81 1.28  541.

18.000  4.78 8.83 0.2385 6.93 6.04 11.68 6.95 1.38  540.

19.000  3.61 7.91  0.2404 .48 5.56 10.47 6.22 1.50  525.

20.000  2.48 7.60  0.2039 6.07 5.15 9.74 5.68 1.23  514.

21.000 1.30 7.50 0.1969 5.89 4.83 9,29 5.45 1.46 499,

22,000 0,27 7,20  0.1492 5,57 4,47 8.91 4,85 1.09  489.

23.000 -0.85 7.17  0.1277 5.20 4.80 8.47 4.79 1.13  480.

24.000 -1.97 7.25 0.0481 4.94 4.99 8.75 5.40 1.38  464.

25.000 -2.75 7.42  0.0854 4.87 5.77 9.00 5,32 0.98 446. ‘
26,000 ~3.48 7,93 0.0377 4.39 5.86 9.45 6.27 1.52  4286.

27.000 -4.42 8.27 0.0404 3.96 5,95 9.76 6.10 0.96 385,

28.000 ~5.13 8.59 0.0682 3.64 7.16 10.31 6.19 0.93 352,

29.000 -5.65 9.04 -0.0155 3.22 6.49 10.96 6.77 1.15  312.

30.000 ~6.06 9.58 ~0.1048 3.29 6.96 11.57 7.32  1.11  261.

32.000 -8.33 10.12 -0.1554 3.23 8,17 13.90 7.17  0.62 30.

34,000 -7.39 12.85 0.0177 3.74 9.95 16.16 8.10 0.38 a1,

36.000 -6.59 14.48 -0.0942 3.19 11.95 17.66 ° 09 0.22 32.

38.000 -6.03 15.65 ~0.1155 3.25  13.61 18.13  11.82 0.28 32.

40.000 -2.71 16.82 -0.1745 2.50  14.78 19.29 11,52 0.40 34,

42.000 -0.29 20.20 =-0.1078 1.09 13,74 21.24 11.67 0.31 34.

44.000  0.94 23,21 ~0.0417 0.06  17.95 24.94 15.03  1.11 3s.,

46.000  4.56 24.18 0.0481  -0.15  19.97 27.00  15.96 1.01 34.

48.000 4.12 28.52 0.1434  -1,09  19.10 30.24 16.18  0.39 34.

50.000 6.67 25.77 0.0965  -3.64 18.47 28.30  15.34  0.44 33. X
52.000 10.89 27.87 -0.0267  -4.93 18.47 30.71 16.98 0.75 28.

54,000 10.05 31.19 0.0504  -7.63 19.37 34.37 16.44 -0.25 19.

56.000 11.45 33.08 0.0124  -8.18  13.87 34.55  14.30 -0.13 11.
58.000  0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 3. .
60.000 0,00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.

62.000  0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 0.

64.000  0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 0.

66.000  0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0

€8.000  0.00 0.00 0.0000 0.00 0.00 0.00 0.00  ©.00 0

70.000  0.00 0.00 ©.0000 0.00 0.00 0.00 0.00 0.00 0
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TABLE A-4. Aprii Statistical Wind Data, Shemya.

Z MEANU SD. U MEANV SD.V MEANW SD.W

KM M/S M/S  RUV) M/S M/S M/S M/S SKEWW #0BS
0.000 0.00 0.00. 0.000¢ 0.00 0.00 0.00 0.00 0.00 Q.
0.039 1.32 6.07 0.1556 0.47 7.04 8.23 4.52 0.78 638,
1.000 3.05 8.95 0.0200 0.78 8.5% 11.15 6.18 0,75 694.
2.000 4.27 8.79 0.0328 0.65 8.62 11.55 6.05 0.66 694,
3.000 5.39 9.61 0.0178 0.64 9.16 12.69 6.67 0.91 693.
4.000 6.65 10.58 0.0227 0.69 10.18 14.34 7.36 0.80 693.
5.000 g.18 12.24 0.0378 0.60 11.82 16.63 8.9%4 0.7% 632.
6.000 9.68 14.14 0.0306 0.4¢6 13.08 18.81 10.50 0.76 877.
7.000 11.34 16.07 0.0094 0.49 14.83 21.41 12.17 0.75 671.
8.000 13.47 18.05 ~0.0204 0.66 16.23 23.81 14.27 0.80 667,
- 9.000 15.37 18.62 ~0.0408 0.53 16.65 24.91 15.49 0.%4 6€0.
10.000 16.18 17.25 -0.062¢ 1.23 16.26 24.30 15.32 0.94 634.
11.000 16.04 14,68 -0.0459 1.39 14.15 22.22 13.44 1.06 611.
12.000 15.23 13.11 -0.079%0 1.54 12.33 20.17 12.28 1.65 593,
« 13.000 13.70 10.63 -0.0447 1.80 10.68 17.70 9.17 1.00 588.
14.000 12.51 9.88 -0.0413 2.23 9.37 16.00 8.31 1.10 581.
15.000 11.53 9.1% -0.0128 2.49 8.54 14.85 7.90 1.17 578.
16.000 10.09 8.56 0.0096 2.45 §.10 13.04 7.20 1.16 533,
17.000 8.50 8.0% ¢.0352 2.5 7.56 11.37 6.65 1.50 509.
18.u00 6,93 7.52 0.0831 2.67 6.84 9.54 5.89 1.55 508.
19.000 5.64 6.85 -0.0511 2.41 5.96 8.16 4.76 0.99 501.
20,000 4.01 6.37 -0.07%2 2.30 5.07 7.00 4.02 1.09 495,
21.000 3.11 5.62 -0.0573 2,18 4.59 65.31 3.7¢6 1.05 486.
22.000 1.85 5.53 0.0056 2.00 3,88 5.64 3.21 1.08 474.
23.000 1.35 5.48 -0.0570 1.71 3.43 5.38 2.92 0.79 464.
24.000 0.%3 5.87 -0.0286 1.46 3.44 5.50 3.23 0.97 448.
. 25.000 0.50 6.25 -0.1330 1.09 3.63 5.9% 3.34 .00 428,
26.000 0.04 6.52 -0.1681 .78 4.02 6.29 3.58 0.80 410,
27.000 0.01 7.06 -0.1953 0.61 3.92 6.50 3.82- 0.84 378.
28,090 -0.10 7.20 -0.2555 0.23 4.20 7.03 4.12 1.16 348,
29,000 -0.38 8.55 ~0.2435 0.08 4.29 7.57 4.35 1.21 298,
30.000 -0.91 3.06 -0.3427 ~0.07 4.44 7.87 4.82 1.48 250.
32.000 -1.96 8.09 -0.5004 0.27 5.26 8.27 5.20 1.09 26.
34.000 ~2.,30 9.03 -0.2414 -0.96 6.31 9.93 5.11 0.44 27.
36.000 -1.56 9.34 ~0.1446 -0.19 6.03 9.85 5.19 1.28 27.
38.000 0.71 11.59 -0.2851 -1.39 6.15 11.07 6.85 1.11 28.
40.000 0.30 11.46 =-0.2273 0.07 6.98 11.53 6.60 1.19 30.
42.000 2.91 12.98 -0.0%36 ~0.06 6.43 12.34 7.72 0.69 32.
44.000 3.91 14.92 0.3629 .82 8.05 14.94 8.68 0.75 33.
46.000 3.75% 15.12 0.1966 3.25 9.15 16.72 6.98 0.35 32.
48.000 3.70 19.08 0.00J0 4.37 9.91 18.59 11.75 0.88 27.
; 50.000 2.68 20.19 0.1519 3.04 §8.86 17.88 12.99 1.02 25.
52,000 ~-4.43 26.47 -0.1269 2.05 11.38 20.57 20.1¢ 2.11 21.
54.000 ~7.80 20,62 0.5867 1.00 14.06 21.07 14,63 1.19 15.
. 56.000 -9.17 20.03 0.1553 2.17 8.82 19.00 12.2% 1.65 6.
58,000 0.00 0.00 0.0000 0.00 0.00 0,00 0.00 0.00 3.
60.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 2.

62.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0
64.000 0.00 0.00 0.0000 0.00 0.00 o.ov 0.00 0.00 0.
66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.

68.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 9
70.000 0.00 0.00 0.0000 0.00 G.00 0.00 0.00 0.00 Q.
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] TABLE A-5. May Statistical Wind Data, Shemya.

e Z MEANU SD. U MEAN V S.0.V MEANW SD.W
. KM M/S M/S R(U.V) M/S M/S M/S WS SKEWW #0BS .
" 0.000 0,00 0.00 0.,0000 0.00 0.00 0.00 0.00 0.00 0.
0.039 1.02 4.94 0.0456 -0.84 6.04 7.00 3.69 0,61 701.
1.000  2.15 7.15 -0.0096  -0.92 7.89 9.49 5.35  0.90 761.
2.000  2.86 7.63  0.0091 ~1.30 8.04 10.14 5.47 0.73 760.
3.000 4.20 8.55 —-0.0174 ~1.40 8.66 11.34 6.26 0.87 759.
4.000 5.76 9.50 =0.0331 ~1.48 9.35 12.71 7.17 0.99 759.
5.000  7.27 10.64 =0.0496 -1.67 10.53 14.24 8.21 0.%0 158.
6.000 8.48 11.96 ~-0.1006  -1.69 11.42 1€.01 9.58  0.99 749.
7.000 10.24 13.77 =-0.1132  ~-1.82 13.02 18.43 11.29 0.95 748.
- 8.000 12.00 15.62 -0,0960  -1.80 14.66 20.75 13.25 1.09 739.
S 9.000 13.70 16.31 -0.0472  -1.75 14.88 21.86 14.13  1.13 134. .
10.000 14.79 15.48 -0.0532  -1.38 14.00 21.31 14.20 1.16 719.
11.000 15.21 14.51 ~-0,0830  -1.36 12.50 19.79 13.31  1.16 693.
12.000  13.52 11.44 -0.1079 -1.24 10.73 17.28 11.46 1.39 687.
13.000 12.06 9.48 -0.0969  ~-0.86 9.02 14.90 9.32 1.25 685. -
. 14.000 10.41 8.86 =0.0257 -0.64 7.99 12.93 8.03 1.21 678.
' 15.000  8.80 7.44 -0.0557 ~0.48 6.83 10.86 6.82 1.21 675.
L 16.000 7.24 6.42 -0.0324 -0.23 5.83 9.21 6.19  1.47 660.
' 17.000  6.03 5.73 -0.0176  ~0.12 5.15 8.04 5.57  1.95 603.
- 18.000 4.50 4.95 0.0765 0.22 4.80 6.61 4.72  1.90 602.
19.000  2.97 5.37 0.0376 0.42 4.34 5.25 3.52  1.81 586.
20.000 1.59 3.85  0.1145 9.50 3.47 4.30 2.56 1.32 582.
21,000 0,19 3.79  0,0579 0.62 3.20 3.83 2.44 2.21 571.
22.000 -0.59 3.93  0.1025 0.70 2.97 3.91 2.35 1.75 563.
23,000 -1.45 3.84 0.1099 0.83 2.74 4.04 2.24 1.28 556,
24.000 -1.94 4.03 0.0605 0.89 2.61 4.18 2.31  1.19  536.
25.000 ~2.45 3.86 0.1564 0.86 2.76 4.54 2.39 0.69  520. .
26.000 -2.68 3.89  0.0548 0.70 2.78 4.90 2.55 0.82 490.
27.000 -2.74 4.27 0.0620 0.74 2.94 5.17 2.84 0.77 439,
28.000 -2.72 4.80 0.1264 0.56 3.46 5.63 3.32  1.66 406.
29.000 -3.03 5.02 0.0293 0.43 3.36 6.01 3.11  1.34 350.
30.000 -3.14 5.24 ~0.0269 0.43 3.67 6.324 3.26 1.10 303.
32.000 -4.76 5.98  0.4540 2.38 3.28 7.43 4.03 0.28 21.
. 34.000 -5.29 6.84 0,1584 1.58 3.17 8.04 4.59 0.62 24,
‘ 36.000 -5.42 6.76 ~0.1216 2.33 3.42 8.38 4.54 0.47 24.
39.000 -5.58 6.41  0.2754 2.67 3.66 8.50 4.32 0.73 24.
40.000 -5.50 7.06 -0,0287 2.17 3.00 8.17 4.99 0.75 24.
42.000 -5.25 7.51 -0.2111 2.33 4.03 9.00 4.94 0.67 24.
44.000 -6.00 5.95 0.1944 0.71 5.79 9.29 4.18  0.07 24.
46.000 -6.96 8.51  0.214¢ 1.96 4.27 10.35 5.5¢ ©0.70 26.
48.000 ~-10.96 15.96 -0.7294 7.26 11.21 15.83 17.23  3.38 23,
50.000 -8.71 9.24 0.1113 5.52 8.16 14.14 7.22  0.83 21. -
52.000 ~13.00 10.49  0.3871 ~1.00 7.57 16.53 7.78  0.58 17.
54.000 -18.33 15.84 -0.5409 3.89 25.43 27.22 21.60 2.45 9.
56.000 0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 2.
58.000 0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 0. .
60.000 0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 0.
62.000 0.00 0.00 0.0000 0.00 .90 0.00 0.00 0.00 1.
64.000 0.00 0.00  0.0000 0.00 0.00 0.00 0.00 ©0.00 1.
66.000 0.00 0.00  0.0000 0.00 0.00 0.00 6.00 0.00 1.
i 62.020 .00 0.00  ©.0000 .00 0.00 0.00 0.00  0.00 1.
70.000 0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 0.
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TABLE A-6. June Statistical Wind Data, Shemya.

z MEANU SD. U MEANV S.D.V MEANW SD W

KM M/S M/S R{U.V) M/S M/S M/S M/S SKEWW #0BS

0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.

0.03% 0.93 4.38 0.,1239 0.02 5.3 €.18 3.18  0.63 628.

1.000 1.5%7 7.02 0.06869 -0.30 7.40 9.06 4,94 0.99 675.

2.000 1.98 7.91 0.0604 -0.68 8.11 10.08 5.63 1.28 675.

) 3.000 2.66 8.63 0.0948 -1.19 8.67 11.05 5.989 1.15 674.
S 4.000 3.52 3.22 0.08632 -1.68 9.26 12.02 6.42 1.02 672.
N 5.000 4,55 10.5% 0.0124 ~-2.08 10.11 13.28 7.02 0.93 669.
6.000 S.38 11.95  0.0193 -2.58 11.24 14.89 §.11 0.97 663.

7.000 6.02 12.90 0.0521 -2.82 12.91 16.59 8.12 1.04 661.

8.000 6.65 14.17 0.0%03 ~-3.36 12.45 18.28 10.13 0.98 648,

. 9,000 7.40 15.40 0.1444 -3.11 14.57 18.68 11.24 .85 642,
10.000 8.64 15.65 0.1577 ~2.87 14.47 19.717 12.07 1.07 638,

11.000 9.14 14.34 0.1659 ~2.54 13,30 17.96 12.23 1.63 623.

I 12.000 8.84 11.50 0.1360 -1.81 10.19 14.84 9.86 1.62 614.
. - 13.000 7.60 8.83 0.1555 -1,861 8.42 12.19 7.78 1.42 611.
.- 14.000 6.40 7.21 0.1268 ~1.18 6.86 9.91 €.56 1.65 608.
.= 15.000 5.20 5.85 0.1605 -0.77 5.66 8.14 5.25 1.59 605,
S0 16.000 3.65 4.72 0.1444 -0.56 4.73 6.14 3.78 1.17 601.
. 17.000 2.51 4.32 0.1462 -0.43 4.24 5.14 3.09 1.21 538,
. 18.000 0,93 3,82 0.1519 -0.18 3.75 4.07 2.66 1.56 536.
19.000 ~0.67 2.99 0.0824 0.22 2.79 3.31 2.09 1.47 530.

20.000 -~1.9% 2.93 -0.0399 0.36 2.53 3.39 2.01 1.18 528.

21.000 -3.19 2.87 ~-0.0151 0.53 2.30 3,97 2,19 1.06 519.

22.000 -4.26 2.65 0.0565 0.69 2.16 4.78 2.09 0.69 508,

23.000 -5.22 2.52 0.0039 0.68 2.02 5.65 2.14 0.36 502.

24.000 -5.94 2.65 -0.0981 0.64 1.98 6.37 2.44 0.87 491,

25.000 -6.54 2.71 -0.0624 ¢.71 2.30 6.86 2.29 0.29 471.

26.000 -7.10 2.71 -0.0091 0.76 1.84 7.48 2.41 0.31 453,

27.000 -7.63 2.76 0.0660 0.54 1.98 7.99 2.58 0.09 420.

28.000 ~-8,.24 2.94 0.0741 0.78 1.98 8.60 2.68 0.13 299,

29,000 -8.73 2.93 0.1363 0.87 2.23 9.12 2.68 0.11 354.

30.000 -9.32 3.32  0.1327 0.83 2.23 9.69 3.12 0.11 300.

32.000 -—-12.68 2.60 0.3099 1.95 3.26 13.16 2.59 -0.19 19.

34.000 -13.2% 3.3% -0.1850 2.05 2.77 13.71 3.65 =-0.35 21,

36.000 -13.83 4.01 -0.0601 1.30 2.49 14.00 3.93 -0.30 23.

38.000 -16.00 3.34 0.0147 0.91 2.78 16.26 3.52 -0.22 23,

40.000 -17.43 3.70 -0.2355 1.14 §.46 17.95% 3.96 0.20 21.

42.000 -18.24 5.99 0.3234 4.48 7.00 20.05 5.74 -0.60 21.

44.000 =-21.52 7.33 -0.5243 3.14 4.60 22.10 7.67 0.56 21,

46.000 ~-24,.18 7.88  0.1420 2.14 7.13 25.27 7.72  0.53 22.

48.000 -26.40 6.08 0.1368 2.95 10.35 28.15 7.85 1.18 20.

i - 50.000 -33.40 15.00 0.6418 -0.85 29.41 38.05 27.33  3.50 20.
52.000 -27.94 9.45 -0.0257 4,69 7.04 29.38 9.03 -0.20 16.

54.000 -30.42 7.56 -0.0564 12.83 13.60 35.17 9.21 -0.80 12.

56,000 0.900 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 5,

* 58,000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 2
60.000 0.00 0.00 0.0009 0.00 0.00 0.00 0.00 0.00 2.

62.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 2.

64.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0©0.00 2.

66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1

68.000 0.00 0.00 ©.0000 0.00 0.00 0.00 0.00 0.00 1

T 70.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0
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TABLE A-7. July Statistical Wind Data, Shemya.

z MEANU SOD.U MEANV  SD.V MEANW SD. W
KM M/S M/S  R(U\V) M/S M/S M/S M/S  SKEWW #0BS .
0.000 0,00 0.00 0.0000 ¢.00 0.00 0.00 0.900 0.00 0.
0.039 1,01 3.83 0.2026 1.09 4.83 5.50 3.16 0.51 709.
1.0060 2.62 6.85 0.1358 0.85 6.58 8.44 5.14 1.11 766.
2.000 3.43 7.30 0.1298 0.21 7.04 9.26 $.37 1.17 763.
3.000 4.45 7.83 0.1631 -0.23 7.76 10.33 5.88 1.24 763.
4.000 5.77 8.41 0.1452 ~0.39 8.08 11.46 6.16 1.03 760.
5.000 6.95 9.14 0.1593 -0.76 8.98 12.74 6.84 0.77 759.
6.000 8.18 10.20 0.1520 -1.11 10.01 14.42 8.02 0.99 743.
7.000 9.48 11.04 0.1468 -1.37 11.17 16,00 9.0¢6 0.88 738.
8.000 11.10 12.41 0.1580 -1.59 12.61 18.04 10.63 0.55 733.
9.000 12.38 13.66 0.1338 -2.15 13.71 19.95 11.58 0.85 728. .
10.000 13.76 14.61 0.15190 -2.36 14.92 21.68 12.68 0.79 716.
11.000 14.42 15.04 0.1862 -2.33 15.74 21.78 13.15 0.88 696,
12.000 13.97 14.39 0.2154 -2.08 13.90 19.66 12.80 1.16 €78,
13.000 11.76 11.16 0.1473 -1.75 11.06 16.34 10.49 1.26 675. -
: 14.000 $.57 8.58 0.1432 -1.45 8.94 13.2¢6 B8.45 1.27 666,
- 15.000 7.29 6.99 0.1170 ~1.36 7.22 10.53 6.71 1.41 661.
16,000 5.24 €.04 0.2147 -1.08 6.40 8.09 5.03 1.14 653.
17.000 3.34 4.59 0.1988 -0.64 5.41 6.20 3.89 1.32 583.
16.000 1.47 4.00 0.3212 -0.29 4.67 4.60 2.86 1.50 382.
19.000 -0.41 3.26 0.2740 ~0.20 3.74 3.64 2.4¢ 1.79 565.
20.000 -1.93 2.717 0.2268 0.06 3.16 3.69 2.28 1.43 563,
21.000 ~3.24 2.50 v.1914 0.12 2.68 4.20 2.11 1.3% 559.
22.000 ~-4.58 2.41 0.1949 0.11 2.15 5.13 2.09 1.56 5485,
23.000 ~5.66 2.28 0.4073 0.28 2.41 §.13 1.87 * .17 536.
24,000 -6.67 2.71 0.3818 0.33 2.41 7.00 2.00 0.67 526.
25.000 ~7.15 2.37 0.2240 0.41 2.05 7.59 1.88 0.72 501. .
26.000 -8.04 2.40 0.2%91 0.39 2.11 8.36 2.00 0.39 483.
27.000 -8.81 2.39 0.1189 0.48 2.05 9.10 2,22 0.18 456.
28.000 -9.20 2.4¢6 0.0163 0.52 2.02 9.50 2.18 -0.10 40S.
29.000 -9.87 2.24 0.0387 0.50 1.88 10.07 2,20 0.07 367.
30.000 -10.55 2.39 0.1555 0.31 2.04 10.75 2.37 0.44 332.
32.000 -12.54 3.5% 0.0918 1.15 2.58 12.77 3.61 0.12 13.
34.000 -14.36 2.44 -0.5103 2.79 3.47 14.8¢6 3.01 0.52 14.
36.000 -14.93 3.20 0.0785 1.64 2.56 15.29 3.17 0.25 14.
38.000 -18.06 3.82 0.1260 1.94 3.45 18.44 3.98 -0.80 16.
40.000 -20.15 2.96 -~0.4247 4.05 5.23 21.00 3.21 -0.75 20.
42.000 -23.67 €.57 -0.2905 4.00 4.22 24.29 6.81 1.10 2l.
44.000 -25.59 8.72 -0.38%7 4.14 4,03 26.23 8.83 2.1 22.
. 46,000 -28.76 6.83 -0.0588 1.14 12.03 30.867 8.88 0.95 21.
48.000 -32.67 7.42 ~-0.4665 6.11 6.59 33.72 8.35 0.75 18.
50.000 -36.29 10.48 -0.1999 5.00 $.22 37.53 10.92 -0.15 17. -
52.000 -40.50 9.10 0.0293 4.42 10.07 41.67 9.32 -0.60 12.
54.000 -41.43 9.78 -0.4923 13.71 8.20 44.43 10.53 -0.¢66 T.
56.000 -43.67 13.68 -0.6740 9.50 8.53 45.17 14.80 0.03 6.
58.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 3. -
60.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 6.00 3.
62.000 0.00 0.00 0.0000 .00 0.00 0.00 0.00 6.00 2.
64.000 0.00 0.00 0.0000 .00 0.00 g.o0 .00 0.00 2.
66.000 0.00 0.00 0.0000 0.00 .00 0.00 0.00 0.00 2.
. 68.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
— 70.C000 .00 0.0¢ 0.C000 .00 0.00 0.00 0.00 0.00 a.
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TABLE A-8. August Statisticai Wind Data, Shemya.

Z MEANU SD. U MEANV SD.V MEANW SDW
KM M/S M/S  R(UV) M/S M/S M/S M/S SKEWW #0BS
0.000 0.00 0.00 0¢.0000 0.00 0.00 0.00 0.00 0.00 0.
0.039 1.40 4.08 0.1444 1.26 5.44 6.22 3.35 0.77 693.
1.000 3.58 7.27 0.1012 1.12 7.43 9.64 5.39 0.83 750.
2.000 4.40 7.79 0.0976 0.99 7.66 10.35 5.0 0.86 750.
3.000 5.58 8.18 0.1180 0.87 §.08 11.28 6.06 0.73 749.
4.000 7.05 8.94 0.1231 g.86 8.49 12.61 6.59 0.52 746,
5.000 8.33 10.08 0.1150 0.84 9.32 14.27 7.41 .54 746,
6.000 9.72 11.27 0.1278 0.75 10.44 16.15 8.30 0.68 728.
7.0600 11.20 12.93 0:1317 0.76 11.90 18.33 9.51 0.72 723.
8.000 12.93 14.7% 0.1029 0.68 13.54 20.98 11.30 0.86 714.
- 9.000 14.90 16.90 0.1037 0.26 15.33 23.87 13.13 0.99 707.
10.000 16.37 17.74 0.0590 0.43 16.67 25.63 14.26 0.78 703.
1.000 17.50 17.51 -0.0035 0.48 17.05 26.07 14.94 0.93 6835.
12.000 17.19 16.00 ~3.0092 0.05 15.01 24.09 14.00 1.00 669.
- 13.000 14.97 13.32 -0.0562 0.11 13,02 20.78 11.78 0.93 661,
14.000 12.91 11.01 -0.0464 -0.05 11.13 17.78 9.75 0.98 655.
15.000 10.6¢ 9.19 0.0180 0.08 9.39 l4.81 8.17 1.05 649.
16.000 8.2d 7.40 -0.0258 -0.17 7.31 11.59 6.50 l1.04 638.
17.000 6.32 $.99 0.0617 0.08 6.43 9.23 5.10 1.14 583.
18.000 4.43 5.44 0.1269 0.15 5.1¢. 7.23 4.25 1.99 583.
19.000 2.78 4.61 0.1619 0.35 4.5¢6 5.54 3.73 2.07 572.
20.000 1.40 4.15 0.205¢C 0.47 3.61 4.50 2.88 1.65 569.
21.000 -0.21 3.93 0.3378 0.47 3.04 3.85 2.45 i.42 556.
22.000 -1.18 3.37 0.3622 0.51 2.62 3.93 2.10 0.80 545,
23.000 -2.04 3.63 0.3952 0.63 2.54 4.22 2.06 0.77 534.
24.000 -2.82 4.04 0.5344 0.63 3.63 4.45 2.20 0.67 518.
25.000 ~-3.41 3.61 0.2524 0.44 2.26 4.77 2.29 0.56 495.
26.000 ~3.95 3.63 0.3701 0.43 2.24 5.24 2.37 0.51 474.
27.000 ~-4.17 3,87 0.3211 0.45 2.61 5.63 2.7¢ 0.69 447.
28.000 ~4.28 3.87 0.2336 0.36 2.55 5.60 2.68 0.70 412.
29.000 -4.55 3.82 0.2506 0.42 2.73 5.71 2.42 0.25 362.
30.000 -4.75 4.19 0.3500 0.29 3.24 5.95 2.89 1.10 323,
32.000 ~6.26 4.46 -0.454¢ 1.83 2.25 7.00 4.27 0.31 23.
34.000 -6.58 4.16 -0.4095 0.96 2.44 7.21 3.73 -0.41 24.
36.000 -8.33 4.33 -0.2525 1.75 2.86 9.00 4.08 -0.59 24,
38.000 ~7.58 5.27 -0.2374 2.50 2.81 8.71 5.03 -0.09 24.
40.000 -10.52 6.24 ~0.2720 0.64 3.65 11.24 $.76 -0.06 25.
42.000 -12.84 7.52 0.0859 1.84 4.04 14.28 6.23 -0.57 25.
44.000 -14.7¢ 7.28 =-0.2219 4.76 4.53 16.48 6.58 -0.18 28,
46.000 -15.61 9.44 0.0834 3.57 6.18 17.39 8.59 0.12 23.
48.000 -17.21 8.68 0.2044 7.32 10.90 21.00 10.08 0.82 19.
* 50.000 -18.31 10.57 0.0885 5.31 4.81 20.44 9.08 ~0.55 le.
52.000 -24.25 10.96 -0.6148 4.92 7.49 25.92 10.82 0.1? 12,
54.000 -20.67 22.25 -0.8897 5.22 20.52 34.11 11.48 1.27 9.
. 56.000 -36.17 6.74 0.0568 19.67 12.89 42.17 9.91 0.81 6.
58.000 0.00 0.00 0.00cC0 Q.00 0.00 0.00 0.00 0.00 4.
60.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 4.
62.000 0.00 0.00 0.0000 0.00 Q.00 0.00 0.00 0.00 1.
64.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 ¢.00 0.
68.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
70.000 0.00 G.00 0.0000 0.C0 0.C0 0.00 0.200 0.CC .
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S , TABLE A-9. September Statietical Wind Data, Shemya,

R z MEANU SD. U MEAN V SDV MEANW SD. W
g KM M/S MS RUV WS MS WS MS SKEWW #OBS .
0.000  0.00 0.0¢  0.0000 0.00 0.00 0.00 0.00 0.00 0.
0.039  1.50 4.70 0.0913  -0.18 5.99 6.76 3.81  0.87  §32.
1.000  3.12 7.77 -0.0111  -1,23 8.21 10.13 5.72  0.85  704.
2.000  3.69 7.72  0.0504  -1.71 8.12 10.52 5.60 0.88  702.
3.000  4.70 8.05 0.0459  ~1.74 8.51 11.38 5.72  0.75  702.
4.000  6.09 8.78  0.0525  -1.83 9.05 12.60 6.36 0.83  702.
5.000 7.41 9.38  0.0416  -1.82 9.98 13.88 7.28  0.81  1700.
6.000  8.84 10.65 0.0243  ~1.71  11.28 15.68 8.69 0.92  685.
7.000 10.39 12.42 -0.0237  ~1.88  12.95 17.96  10.51 1.06  682.
8.000 12.35 14.64 -0.0389  -1.83  14.60 20.57  12.63 1.15  676.
9.000 14.74 16.52 ~0.0621  -1.68  16.71 23.54  14.75 1.00  669.
10.000  16.91 17.33 -0.0759  -1.27  17.29 25.25  15.77 1.05  662. -
11.000 18.28 16.48 -0.0812  -0.92  16.37 25.08  15.65 1.12  644.
12.000 18.56 14.80 -0.0339  -0.44  1S.11 23.87  14.91 1.29  637.
13.000 17.24 12.07 -0.0629  ~0.51  12.76 21.42  12.13  1.22  s629. .
14.000 15.83 9.98 -0.1070 ~0.66 10.9%4 19.20 10.09 1.15 617.
15.000 14.18 8.57 ~-0.0573  -0.40 9.84 17.09 8.93 1.42  612.
) 16.000 12.21 7.50 -0.0199  -0.02 8.41 14.61 7.51  1.20  604.
17.000 10.29 6.21 ~0.0275 Q.07 €.97 12.25 6.10 1.44 553.
18,000  8.70 5.52 ~-0.0269 0.16 6.00 10.33 5.22 1.57  552.
19.000  7.48 5.49 -0.0796 0.50 5.09 8.56 4.20 1.26  547.
20.000  6.08 4.74 -0.1425 0.77 4.24 7.19 3.61 1.21  543.
21.000  5.09 4.70 -0.0897 0.98 3.83 6.28 3.51  1.15  530.
22.000  4.57 4.38 -0.1789 1.18 3.64 5.98 3.22  1.10  520.
23.000  3.99 4.38 -0.1912 1.13 3.50 5.68 3.22  1.54  509.
24,000  3.38 4.66 -0.1186 0.93 3.38 5.33 3.43  1.72  4%4.
25.000  3.40 4.85 0.0048 0.86 3.23 5.51 3.68 1.99  475. .
26.000  3.50 5.03 0.0262 0.56 3.12 5.55 3.51  1.40  454.
27.000  3.41 5.16 0.1220 0.31 3.03 5.51 3.41  0.93  408.
28.000 3.03 5.30 0.1166 0.06 2.97 5.68 3.71 1.50 378.
29.000  3.17 5.14 0.0923  -0.01 2.91 5.73 3.48  0.91  336.
30.000  2.96 5.62 0.0098 0.01 3.13 5.76 3.71  1.04  299.
32.000  3.83 4.94 0.4280 0.83 2.37 5.58 3.36  0.51 24.
34.000 4.32 5.28 0.1994 0.64 3.16 6.32 3.89 1.05 25.
36.000 5.32 6.51 0.3385 0.16 3.89 7.80 4.99 Q.29 25.
38.000  4.56 7.01 -0.0192 0.40 3.59 7.36 5.25 1.12 25.
40.000  7.58 8.56 -0.0060 0.31 4.36 10.19 6.84 0.04 26.
42.000  9.35 8.83 -0.0599 1.00 5.37 11.85 7.11  0.39 26.
44.000  9.88 9.47 -0.1016  -0.52 5.57 12.48 7.82  0.24 25.
46.000 11.26 11.60 -0.1402 1.33 6.66 14.70 9.33  0.19 27.
48,000 12,15 15.15 -0.2709 0.38 8.26 18.23  10.37 0.34 26.
50.000 11.45 14.43 -0.4800 0.05 6.85 16.00  10.85 0.68 22. .
52.000  7.47 14.33  0.0201 5.35 8.92 16.35 9.80 0.40 17.
54,000 10.60 13.58  0.8223 5.90 8.45 16.40  10.71  0.30 10.
56.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 5.
58.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 3. .
60.000 Q.OO 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
62.000  0.00 0.00  0.0000 0.00 0.00 0.60 0.00 0.00 1.
64.000  0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 1.
- 66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
. §8.000  0.00 0.00  0.000C ¢.00 .00 0.00 ¢.0¢  0.00 c.
: 70.000 0.00 G.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
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TABLE A-10. Octoper Statisticat Wind Data, Shemya.

Z MEANU SbD.U MEANV  SD.V MEANW SD W
KM M/S M/S  R(UV) /S M/S M/S M/S SKEWW #0BS
0.000 0.00 0.00 0¢.0000 0.00 0.00 0.00 0.00 0.00 o.
0.039 1.18 5.57 0.1189 0.49 €.43 7.45 4.29 0.74 674.
1.000 3.35 8.89 0.0140 0.28 8.66 11.26 6.19 0.85 739.
2.000 4.59 8.82 0.0429 0.08 8.64 11.53 6.37 0.93 737.
3.000 5.98 8.94 0.0621 0.11 8.91 12.28 6.64 0.92 737.
4.000 7.64 9.68 0.0945 0.14 9.78 13.90 7.36 0.91 737.
5.000 9.49 11.20 0.0955 0.00 11.51 16.14 8.75 0.86 733.
6.000 11.66 13.04 0.1133 0.1¢ 13.20 18.82 10.3¢ 0.6¢€ 709.
7.000 13.94 15.04 0.0980 0.60 14.85 21.85 12.78 0.89 705,
8.00C "16.74 16.48 0.0485 1.02 16.31 24.65 14.83 0.82 692,
9.000 19.29 17.41 0.0250 1.30 17.18 26.83 15.86 0.82 685.
10.c00 22.04 17.87 0.0405 1.43 17.45 28.47 17.34 1.01 666,
11.000 23.20 16.64 0.0759 1.73 16.49 28.38 16.85 1:13 643.
12.000 22.64 14.59 0.0943 1.59 14.55 26.74 14.3%7 1.33 631.
13.000 21.90 12.84 0.1413 1.77 13.26 25.21 12.95 1.24 625.
14.000 20.55 10.70 0.1192 1.74 11.39 23.33 11.19 1.10 609.
15.000 18.94 9.52 0.1142 1.83 9.60 21.18 9.79 1.09 597.
1€.000 16.87 8.32 0.1432 2,13 8,40 18.88 8.49 1.11 565.
17.000 15.12 8.59 0.2476 2,12 7,57 17.18 8.30 1.69 504.
18.000 13.48 8.40 0.2344 2.10 6.98 15.85 7.97 1.583 503,
19.000 12.35 8.07 0.2225 2.09 6.33 14.19 1.79 1.73 495.
20.000 11.11 7.417 0.2635 2.22 6,04 12.85 7.44 1.85 491.
21.000 10.37 7.61 0.3044 2.28 5.69 12.13 7.47 1.76 485,
22.000 9.23 1.77 0.2601 2.08 4.94 10.92 7.41 1.76 477.
23.000 8.26 7.79 0.3284 1.93 4.73 10.02 6.96 1.64 461.
24.000 7.85 9.12 0.3072 1.65 5.22 10.01 8.00 1.72 436.
25.000 7.17 9.07 0.3159 1.15 4.63 $.74 7.84 1.53 419,
26.000 6.29 9.64 0.2278 0.52 4.59 9.52 7.95 1.71 408.
27.000 6.34 10.08 0.1948 0.27 4.72 9.77 8.28 1.78 377.
28.000 6.37 10.94 0.2397 0.24 5.19 10.24 $.07 1.84 365.
29.000 6.26 10.18 0.C679 -0.44 5.04 10.09 8.15 1.69 325.
30.000 6.70 10.78 0.0560 -0.98 5,25 10.66 8.70 1.67 281.
32.000 5.67 12.11 -0.5253 -0, 86 5.93 11.05 9.49 1.71 21.
34.000 7.50 15.37 -0.4213 -2.55 8.45 13.73 13.19 1.22 22.
36.00C 8.48 17.62 -0.4824 -3.43 8.59 16.39 13.90 1.08 23,
38.000 11.59 18.46 -0.3667 -4.14 8.60 17.50 15.96 1.46 22.
40.000 13.95 18.39 -0.3051 -4.09 7.69 19.32 14,99 1.27 22.
42.000 17.42 19.54 -0.4229 -6.58 8.32 21.83 17.5¢ 1.18 24,
44.000 19.7 13.11 -0.3162 -5.63 10.93 24.21 16.67 0.%0 24,
46.000 20.23 17.39 0.0970 -3.32 9.16 22.77 16.84 1.19 22.
48.000 20.23 12.25 0.1083 ~3.09 8.45 22.32 11.63 0.45 22,
50.000 21.29 13.84 0.5369 ~11.47 11.71 28.00 10.63 0.49 17.
52.000 18.50 12.63 -0.0081 ~12.42 13.80 25.92 12.75 -=0.11 12,
54.000 22.13 17.44 -0.3734 -7.2% 11.42 27.50 14.56 0.51 8,
56.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
58.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
60.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.09 1.
62.000 0.00 0,00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
64.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
68.000 0.00 0.00 0.0000 0.00C 0,00 0.00 0.00 0.00 1,
70.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
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TABLE A-11. November Statistical Wind Data, Shemya.

Z MEANU SD.U MEANV SDV MEANW SD W
KM M/S MS  RUV) M/S M/S M/S WS SKEWW #0BS .
0.000 0.00 €.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
0.039 2.89 6.38 0.0424 0.69 7.29 8.95 4.74 0.52 623.
1.000 5.29 10.13 -0.0008 0.86€ 9.93 13.36 7.16 0.98 704.
2.000 6.35 10.27 0.0156 0.92 9.95 13.81 7.40 1.19 703.
3.000 t.23 10,50 0.0158 1.26 10.18 14.57 7.45 0.92 702.
4,000 B8.59 11.39 -0.0047 1.75 11.21 16.11 8.52 .87 701.
5.000 9.99 12.82 -~0.0367 2.34 12.32 17.83 9.59 Q.64 697.
6.000 11.12 14.27, -0.0353 2.87 13.54 19.82 11.20 ¢.69 68€.
7.000 i2.60 16.14 -0.0553 3.46 15.02 22.13 12.89 0.72 681.
8.000 14.04 17.95 ~0.0686 4.19 16.37 24.32 14.861 c.84 §70.
9.000 15.65 18.28 -0.1144 4.73 16.50 25.22 15.5%2 .88 660. .
10.00C 17.25 17.67 ~0.1116 4.62 15.95 25.13 15.93 1.19 632.
11.000 17.74 15.45 -0.1016 §4.76 14.12 23.95 14.19 1.20 617.
12.000 17.37 13.27 ~-0.1546 4.5¢6 12.12 22.29 12.18 1.21 605.
13.000 17.50 12.06 -0.0982 4.74 10.66 21.5% 11.10 .11 592, -
14.000 16.87 11.27 -0.1344 4.85 9.66 20.72 10.07 1.12 582.
15.000 16.28 10.62 ~0.1693 4.88 8.99 19.64 .88 0.92 565.
16.000 15.94 10,43 -0.2385 5.39 8.40 19.2¢6 8.82 1.03 510.
17.000 14.99 9.68 -0.,1864 5.14 7.30 17.94 8.20 1.01 493.
18.00D 13,99 9.7% -0.1501 5.02 7.07 17.03 8.71 1.56 489.
19.000 13.48 10.15 -0.0371 $.10 6.82 16.53 9.16 1.43 480.
20.000 12.1¢ 9.88 —0.0944 4.98 6.37 15.22 8.89 1.23 474.
21.0C0 11.94 9.96 -0.0919 4.73 6.23 14.64 5.41 1.27 468,
22.000 10.93 10.30 0.0402 4.77 €.20 14.0¢ 9.42 1.29 §53.
23.000 10.59 10.60 0.0892 4.10 6.19 13.8¢6 $.35 1.39 442.
24.000 9.7% 11.33 0.0943 3.70 6.58 13.67 $.71 1.57 424.
25.000 9.31 12.18 6.0717 3.28 6.96 13.92 10.01 1.8¢0 406. .
26.000 8.54 13.83 0.0930 2.49 7.44 14.25 10.69 1.88 383.
27.000 8.84 13.54 0.1338 2.07 8.50 15.17 10.37. 1.61 329.
28.000 8.51 14.19 0.1382 1.66 3.15 15.71 10.62 1.64 302.
29.000 9.11 16.20 0.0586 1.49 9.64 16.35 10.28 1.58 256,
30.000 8.87 16.04 0.2063 0.87 9.54 17.47 11.02 1.36 223.
32.000 4.05 16.10 -0.0586 2.18 7.27 14.27 10.91 2.21 22.
34,000 3.59 16.19 0.0298 1.27 8.94 16.18 .01 1.49 22.
36.000 5.83 16.59 -0.0912 0.00 8.65 16.04 10.78 1.38 23.
38.000 9.17 19.06 -0.0092 ~0.63 9.84 1%.50 12.24 1.45 24.
40.000 11.04 19.26 -0.1240 -1.46 11.53 20.67 13.86 0.87 24.
42.000 9.56 21.78 -0.0619 -1.33 12.7¢6 22.11 14.89 0.99 27,
44.000 11.69 24,31 0.1712 1.08 15.22 25.08 17.686 1.11 26.
46.000 13.09 23.02 0.3842 2.14 16.08 25.45 16.88 1.05 22.
48.000 16.84 27.66 0.2408 2.68 17.71 30.84 19.51 1.09 19.
50.000 17.13 30.66 0.6040 0.40 25.90 37.73 20.20 0.24 15. -
52.000 19.92 30.78 0.6007 3.38 24.89 37.38 22.39 0.00 i3.
54.000 20.00 32.77 0.7674 0.23 23.58 37.4¢ 23.33 0.71 13,
56.000 21.00 29.50 0.5820 -0.50 29.86 37.10 26.69 0.96 10,
58.000 0.00 Q.00 0.0000 0.00 0.00 0.00 0.00 0.00 5. i
60.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 2.
62.000 0.00 0.00 0.0000 0.00 0.00 .00 .00 0.00 2.
64.000 0.00 0.00 0.0000 0.00 6.00 0.00 0.00 0.00 2.
66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 2.
68.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
70.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 a.
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TABLE A-12, December Statistica! Wind Deate, Shemye,

Zz MEANU SD.U MEANV SD.Vv MEANW SD W
KM M/S M/S  R{UV) WS M/S M/S M/S SKEWW #0BS
0.000 0.00 0.006 2.0000 0.00 0.00 0.00 0.00 .00 0.
0.039 1.08 6.80 0.2105 -0.83 7.27 8.80 4.85 0.58 673.
1.000 1.8¢6 10.78 0.0635 -0.24 9.12 12.48 6.56 .70 737.
2.000 2.56 16.50 0.0836 0.38 5.16 12.55 6.56 0.74 737.
3.000 3.58 11.19 0.1456 1.23 9.44 13.17 6.74 0.62 735.
4.000 4.57 12.3¢0 0.1230 1.82 9.85 14.43 8.25 1.18 734.
5.000 5.43 14.15 0.1144 2.56 10.97 16.14 9.79 1.24 731.
6.000 6.37 15.93 0.0725 3.z28 12.36 18.09 11.41 1.22 710.
7.000 8.15 18.28 0.0882 4.02 14.2¢ 20.38 13.21 1.38 701.
8.000 9.61 19.64 0.0881 4.94 15,03 21.68 14,62 1.49 693.
9.000 10.82 18.26 0.0119 5.27 14.51 21.73 14.70 1.23 686 .
10.000 11.83 16.56 0.0320 5.74 12,94 20.58 13.82 1.33 669.
11.000 12.186 14.14 0.0635 5.95 11.00 19.94 12.05 1.45 662.
12.000 12.62 12.38 0.0604 6.26 3.45 18.17 10.52 1.25 654,
13.000 13.19 11.64 0.0696 6.84 8.00 18.14 10.39 1.40 649.
14.000 13.88 11.17 0.1186 7.19 8.4s6 18.17 3.58 1.24 637.
15.000 14.06 10.73 0.1381 7.38 7.88 17.92 9.06 1.06 629.
16.000 14.00 10.64 0.1748 7.60 7.52 18.00 9.18 1.28 573.
17.000 13.73 10.29 0.1926 7.71 7.15 17.83 8.98 1.31 565.
18.000 13.65 10.32 0.1833 8.11 7.13 17.57 8.79 1.08 563.
19.000 13.5¢ 10.35 0.2460 8.36 6.81 17.65 9.28 1.19 553.
20.000 13.10 10.84 0.2316 8.28 6.79 17.51 9.85 1.40 549.
21.000 12.71 11.48 0.1987 8.24 7.24 17.57 10.24 1.38 535.
22.000 12.37 12.4¢6 0.2418 B.2¢6 7.32 17.61 10.94 1.52 528.
23.000 12.03 12.31 0.1970 8.20 7.64 17.57 11.09 1.49 510.
24.000 11.85 14.07 0.1906 8.34 8.34 17.95 11.47 1.46 492.
25.000 11.85 14.74 6.1012 8.24 8.81 18.63 11.40 1.32 467,
26.000 11.98 15.74 0.0250 7.72 9.58 19.58 12.862 1.40 441.
27.000 12.55 17.29 0.0128 6.63 10.14 20.43 13.62 1.52 397.
28.000 12.13 17.75 -0.0114 5.80 11.25 20.80 13.7¢ 1.32 362.
29.000 12.83 19.97 0.0161 5.12 12.36 22.42 15.45 1.41 309.
30.000 12.0% 21.13 0.0189 4.40 12.73 22.81 15.87 1.75 268,
32.000 12.48 26.32 -0.0244 3.60 15.37 27.48 18.26 0.98 25.
34.000 13.1% 27.73 -0.1603 2.54 15.15 28.50 18.48 1.02 26.
36.000 13.23 28.86 -0.3767 0.46 16.65 29.73 19.24 0.57 26.
38.000 13.58 28.98 -0.4156 -3.19 18.44 32.38 17.09 .39 26.
40.000 15.71 29.36 -0.3018 ~4.29 21.50 34.50 18.93 0.20 24,
42.000 19.91 30.59 -0.0972 -8.13 25.81 38.96 22.14 0.04 23.
44.000 25,68 36.50 -0.1438 -14.64 26.01 46.32 25.91 0.46 25,
46.000 27.27 34.66 0.0793 -14.35 27.94 45.77 28.02 0.51 26.
48.000 25.48 36.34 0.0583 -15.96 2€.16 46.40 26.42 0.44 25.
50.000 22.3%9 41.43 -~0.0088 ~12.17 31.47 50.81 26.27 0.53 23.
52.000 22.56 33.17 0.2693 -5.78 30.34 44.22 22.92 0.12 lg,
54.000 16.18 32.71 -0.0431 ~2.73 28.85 40.27 20.09 0.25 11.
56.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 4.
58.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 1.
60.000 0.00 0.00 0.0000C 0.00 0.00 0.00 0.00 0.00 0.
62.000 0.00 0.00 0.0000 0.00 0.00 0.00 .00 0.00 0.
64.000 0.00 0.00 0.0000 0.00 .00 0.00 0.00 0.00 0.
66.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
68.0CC 0.0C 0.00 C.0C0C 5.00 .00 3.00 G.G0 4.G0 0.
70.000 .00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
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TABLE A-13. Annual Statistical Wind Data, Shemya.

¥4 MEANU SD.U MEANY SD.V MEANW SDW
KM M/S W3  RUV) WS M/S M/S M/S  SKEWW #0OBS ‘
0.000 6.00 0.060 0.0000 V.00 0.00 0.00 0.00 0.00 0.
0.03¢ 0.78 5,69 0.0028 -0.13 6.50 7.52 4.32 0.80 7883,
1.000 1.90 8.95 -0C.0027 0.11 8.46 10.79 6.13 0.94 8595.
2,000 2.71 3.06 -0.0052 0.15 8.57 11.12 6.21 1.01 8582.
3.000 3.75 9.55 -0.0141 0.32 3.01 11.94 6.57 1.00 8570.
4.000 4.95 10.47 ~0.0271 0.56 9.76 13.22 7.41 1.0% 8557.
5.000 6.15 11.81 -0.0369 0.77 10.89 l14.84 8.52 1.00 8527.
6€.000 7.34 13.40 -0.0481 1.03 12.27 16.78 9.90 1.00 8356.
7.000 3.75 15.15 -0.0557 1.33 13,76 18.99% 11.45 1.05 8292.
8.000 10.32 16.76 -~0.0651 1.69 15.04 20.9%7 13.16 1.12 8195,
9.000 11.94 17.39 -0.0842 1.91 15.54 22.11 14.18 1.11 8116, R
10.000 13.28 16,99 -0.105¢8 2.07 15,31 22.11 14.60 l.22 7914.
11.000 13.9¢C 15.70 -0.1366 2.19 14.22 21.01 13.92 1.32 7690.
12.000 13.61 13.87 -0.1850 2.35 12.48 19.386 12.54 1.46 7545,
13.000 12.82 12,00 -C.2503 2.58 11.03 17.%6 10.82 1.33 7472. .
14.000 11.89 12.71 -0.3097 2.74 9.82 16.17 9.59 1.22 7364,
15,0¢C0 10.79 9.80 -0.3572 2.87 8.87 14.66 g.71 1.17 7270.
16.000 9.49 9.08 -0.3725 2.86 8.0¢ 13.07 8.16 1.2 6853.
17.000 B.30 8.65 -0.3993 2.08 .42 11.85 7.78 1.39 6432.
18.000 7.08 8,52 -0.379¢6 3.18 7.01 10.67 7.75 1.53 6§415.
19.000 5.99 8.60 -0.3467 3.24 6.55 9.70 7.80 1.77 6293.
20.000 4.81 8.52 -0.3008 3.22 6.07 8.96 7.61 1.98 6236,
21.000 3.84 8.78 -0.2383 3.15 5.81 8.60 7.57 2.15 €107.
22.000 2.92 9,02 -0.1791 3.07 £.58 8.49 7.43 2.43 5982.
23.000 2.13 9.3z ~0.1226 2.97 5.54 8.51 7.28 2.58 5856.
24.000 1.47 9.87 -0.0733 2.84 5.78 8.78 T.62 2.63 5662,
25.000 0.9¢6 10.1¢ -0.0430 2.64 5.84 9.10 7.61 2.60 5432. o
26.000 0.40 10.53 -0.0144 2.33 6.03 3.52 8.02 2.74 2195,
27.000 0.03 11.27 -~0.0009 2.05 6.26 9.99 8.30 2.87 4747.
28.000 -0.32 11.69 0.6073 1.77 6.70 10.45 8.59 z.54 4390,
29.902 —0.64 12.44 0.011¢ 1.54 6.88 10.96 8.87 2.62 3857.
50.000 -1.04 12.89 0.015¢C 1.34 7.22 11.54 9.34 ‘.58 3360.
32.000 -1.96 14.97 0.0333 2.02 7.97 13.30 10.82 2.21 273.
34.000 -2.24 16.80 0.0215 1.43 8.84 15,05 11.84 t.91 286.
36.000 -1.91 18.57 0.0099 0.96 9.98 16.67 13.04 1.61 293,
38.000 -1,82 20.04 0.0026 0.33 11.41 l8.23 14.22 1.48 296.
40.000 -1.40 21.46 -0.0009 -0.17 12.3¢6 19.86 14.81 1.35 302.
42.000 ~0.55 23.54 -0.0013 -0.76 13.90 22.08 16.02 1.28 308.
44.000 -0.12 26.25 -0,0004 -1.46 15.87 24.79 18.05 1.46 312.
46.000 0.49 27.45 0.0018 -1.74 17.26 26.29 15.93 1.53 307.
48,000 1.18 29.43 0.0020 ~0.8¢6 17.41 28.42 19.02 1.23 280.
50.000 0.59 31.%9 0.0019 ~2.10 20.42 30.63 21.84 1.58 251. .
£2.000 0.72 33.05 0.0024 -1.98 18.03 31.29 21.03 1.27 200.
5¢.009 1.09 3€.63 0.0004 -0.30 20.57 35.08 22.97 1.39 135,
56.000 -4.00 40.02 -0.0055 ~-1.09 20.06 38.z28 23.21 1.64 69.
58.000 -3.67 41.62 0.0082 2.23 24.83 43.23 20.76 1.22 30. !
60.000 -16.65 42,20 0.2496 13.71 23,02 47.12 20.71 -0.49 17.
62.000 -20.64 41.71 0.1796 6.18 18.73 41.82 26.02 -0.05 11.
64.000 -21.20 28.44 0.1940 5.20 16.43 36.00 29.28 0.36 10.
66.000 -32.14 41.41 0.8188 17.42 19.28 4%.86 35.04 0.92 7.
#8.000 0.00 0.00 0.0000 .00 0.00 0.00 0.00 0.00 5.
70.000 0.00 9.00 0.0006 0.30 0.00 2.00 0.00 0.00 0.
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APPENDIX B

Shemya Thermodynamics Statistics Tables

Tables B-1 through B-13 provide thermodynamics statistics (monthly and annual) for
Shemya. They were prepared as described in Chapter 3.
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APPENDIX C

Shemya Moisture-Related Statistics Tables

Tables C-1 througih C-13 provide moisture related statistics (monthly and annual, from
surface to 30 km) for Shemya. They were prepared as described in Chapter 3.
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APPENDIX D
‘ Shemya Hydrostatic Model Atmospheres

Tables D-1 through D-13 provide hydrostatic model atmospheres (monthly and annual)
from 0 to 70 km over Shemya. They were prepared as described in Chapter 3.
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TABLE D-1. January Hydrostatic Model Atmosphere, Shemya.

2 GEO.HT  PRESS D v
KM KM MB GM® K
0.000 0.000 307.0180 1271.0047T  2T3.51
0.039 0.039 9483,.5428 1266.6454 273.27
1.000 1.001 876.9437 1149.9643 265,67
2.000 2.001 771.9170 1036.15%560 250,54
3.000 3.002 675.735%% 128.2713 253.61
4.000 4.003 589.,2213 230.0640 247.30
5.000 5.003 512.5040 736.8765 242.30
6,000 6.004 443.7217 645.2694§ 239.57
7.000 7.005 382.7649 560.4103 237.95
8.000 8.005 328.7131 486.5514 235.37
9.000 9.00¢ 281 .8181 446.9817 219,65
10.000 10.006 241,2921 382.1932 219.95
11.000 11.0G7 206,7285 324.4581 221.9%7
12.000 12.008 177.2990 275.8299 223.94
13.000 13.008 152.2365 235,5935 225.12
14.000 14.009 130.8018 201.8232 225.79
15.00C 15.010 112.3269 173.0818 226.30
16.000 16.010 96.8657 148.9583 226.55
17.000 17.011 B83.2917 128.0869 226.54
18.000 18.012 71.6203 110.17232 226.47
19.000 1%9.012 61.5956 94.7903 226.38
20.000 20.013 52.9625 81.5385 226.29
21.000 21.014 45.5675 70.1319 226,36
2%2.000 22.014 39.1887 €0.3072 226.39
23.000 23.015 33,7021 51.7898 226.71
24.000 24.016 2%.0001 44.4957 227.06
25.000 25.016 24.9538 38.2413 227.33
26.000 26.017 21.4763 32.8679 227,64
27.000 27.017 18.5033 28.2663 228.05
28.000 28.018 15.9413 24.3144 228.41
29.000 29.019 13,7464 20.9045 229.09
30,000 30.019 11.8066 17.9515 229.13
32.000 32.021 8.9865 13.5613 115.43
34.000 34.022 6.7109 10.0602 116.20
36,C00 36.023 5.0228 7.4455 117.51
38.000 38.025 3.7721 5.5603 118,17
40.000 40,026 2.8411 4.1222 120.06
42.000 42,027 2.1445 3.1060 120.27
44,000 44,028 1.6250 2.3286 121.55
46.000 46.030 1.2169 1.7389 121.90
48.000 48.031 0.9271 1.3245 121.92
50.000 50.032 0.6948 0.9937 121.79
52.000 52.033 0.5063 0.7232 121.95
54.000 54.035 0.3907 0.5666 120.13
56.000 56.036 0.2888 0.4186 120.20
58.000 £8.037 0.2176 0.3169 119.58
60.000 60.038 0.1439 0.2012 124.58
62.000 62.040 0.0000 0.0000 0.00
64.000 64.041 0.0000 0.0000 Q0,00
66.000 66.042 0.0000 0.0000 0.00
§8.000 £8.044 0.00CC C.000 2,00
70.000 70.046 0.0000 0.0000 0.00
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TABLE D-2. February Hydrostatic Model Atmosphere, Shemya.

z GEO. HT PRESS D TV

KM KM MB am® K
0.000 0.000 1000.2349 T .04 e
0.03% 0.039 995.8003 1269.4171 273.29
1.000 1.001 879.5084 1153.1242 265.72
2.000 2.001 773.5009 1037.8598 259. 64
3.000 3,002 677.1418 929.1847 253,88
4.000 4.003 590.5358 831.1619 247.52
5.000 5.003 513.7844 739.2170 242.14
6.000 6.004 445.0138 645.1414 240.31
7.000 7.005 383.9676 561.0419 238.43
8.000 8.005 329.8419 484,1547 237.34
. 9.000 9.006 282.7812 448.3274 219.74
10.000 10.006 242.2289 383.3334 220.14
11.000 11.007 207.4143 325.7610 221.82
. 12.000 12.008 177.9806 276.9423 223.89
13.000 13.008 152.8562 236.6848 224.99
_ 14.000 14.009 131.3344 202.9210 225,48
k 15.000 15,010 112.8580 174.1961 225,71
: 16.000 16.010 97.1935 149.9379 225.83
17.000 17.011 83.4798 128.7975 225. 80
18.000 18.012 71.7644 110.7797 225.69
19.000 19.012 61.6837 95,2782 225.55
26.000 20.013 53,0202 81.909C 225.51
21.000 21.014 45.5663 70.4252 225. 41
22.000 22.014 39.1718 60.5492 225.38
23.000 23.015 33,6479 51.9885 225.48
24.000 24.016 28,9383 44.6683 225.70
25.000 25,016 24.8661 38,3419 225.94
26.000 26.017 21.3843 32.9097 226.38
. 27.000 27.017 18.4094 28.2745 226.83
e 28.000 28.018 15.8548 24.2845 227.45
29.000 29.019 13.6737 20.8714 228.24
30.000 30.019 11.7646 17.9052 228.91
32.000 32.021 9.1528 13.6357 116.92
34,000 34.022 6.8681 10.1392 117.99
36.000 36.023 5.1704 1.5622 119.10
38.000 38.025 3.9002 5.67n4 119.81
§0.000 40.026 2.9476 4.2630 120.44
42.000 32.027 2.2305 3.2134 120.91
44.000 44.028 1.6660 2.3844 121.71
46.000 46.030 1.2636 1.7976 122. 44
. 48.000 48,031 0.9631 1.3659 122.83
50.000 50.032 0.7190 1.0103 123.96
52,000 52.033 0.5466 0.7720 123.34
54.000 54.035 0.4004 0.5628 123,93
. 56.000 56.036 0.2957 0.4290 120.08
58.000 58.037 0.2385 0.3460 120.08
60.000 60.038 0.1949 0.2792 121.58
62.000 62.040 0.1468 0.2175 117.58
64.000 £4.041 0.1107 0.1620 119.08
66.000 66,042 0.0000 06,0000 0.00C
= 658.000 68.044 9.06600 0.0000 0.00
70.000 0.000 0.0000 0.0000 0,00
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TABLE D-3. March Hydrostatic Model Atmosphere, Shemya.

Z GEQ. HT PRESS D TV
KM KM MB oM’ K
0. 000 0. 000 T001. 3185 1273.0321 274,03
0.039 0.039 996.9070 1268.5745 273.78
1.000 1.001 880. 4547 1153.8428 265,84
2.000 2.001 774.5012 1039,0188 259,69
3.000 3.002 §78.1007 929.9631 254.03
4.000 4.003 591.4498 830.6537 248.06
5.000 5.003 514.7331 738.8135 242.72
6.000 6.004 445.9110 648.1305 239.69
7.000 7.005 385.0154 562.0350 238.65
8.000 8.00% 331.0187 490.2943 235.21
39.000 9.006 284.1145 446.8827 221.49 .
10.000 10.006 243.5071 382.2298 221.94
11.000 11.007 208.7742 325.4811 223.46
12.000 12.008 179.3084 278.0400 224.67
13.000 13.008 154.0230 238.2023 225.27 *
14.000 14.009 132.3623 204.5328 225.45
15.000 15.010 113.7361 175.7799 225.42
16.000 16.010 97.8071 151.2070 225.35
17,000 17.011 84.0118 129.9173 225.28
18,000 18.012 72.1882 111.6728 225.20
19,000 19.012 62.0282 96.0250 225.04
20.000 20.013 53.3008 82.5566 224.93
21.000 21.014 45.8065 70.982%6 224.82
22.000 22.014 39.3466 60.9894 224.76
23.000 23.015 33.7950 52,3914 224.72
24.000 24.016 ~ 29.0302 44.9839 224.83
25.000 25.016 24.9487 38,6189 225.06
26.000 26.017 21.4357 38.1352 225.37
27.000 27.017 18.4487 28.4688 225.76
28.000 28.018 15.8806 24.4376 226.39
29.000 29.019 13.6737 20.9749 227.11
30.000 30.019 11.7671 17.9886 227.89
32.000 32.021 8.7718 13.3655 114.32
34.000 34.022 6.5360 9.8478 115.61
36.000 36.023 4.8866 7.2558 117.31
38.000 38.025 3.6727 5.3831 118.85
40.000 40.026 2.7637 3.9817 120.91
42.000 42.027 2.0979 2.9687 123.10
44.000 44.028 1.6024 2.2392 124.66
46.000 46.030 1.2266 1.4849 126.81
48.000 48.031 0.9569 1.3017 128.05
50.000 50.032 0.7411 1.0079 128.08 *
52,000 52.033 0.5676 0.7717 128.12
54.000 54.035 0.4397 0.5998 127.70
56.000 56.036 0.3272 0.4413 129.15 N
58,000 58.037 C.2524 0.3473 126.58
60.000 60.038 0.0C00 0.0000 0.00
62.000 62.040 0.0000 6.0000 0.00
64.000 64.041 0.0060 0.0000 0.00
66.00¢C 66.042 0.0000 ©.0000 0.00
68.000 68.044 0.0000 0.0000 0.00
70.000 _0.000 0.0000 0.0000 0.00
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TABLE D-4. Aprli Hydrostatic Model Atmosphere, Shemya.

4 GEG. HT PRESS D ™
KM KM MB amM® K
0,000 0.000 1008.9765 " 1276.36432 275,40
0.039 0,039 1004.4958 1271.7373 2715.17
1.000 1.001 889.2720 1155.5613 268.10
2.000 2.001 782.1790  1035.1281  263.25
3.000 3.002 686.2437 925.7855 258.24
4.000 4.003 5900,9592 828.1503 252.39
5.000 5.003 523.3048 T740.0227 246.36
6.000 6.004 454.6890 655.7600 - 241.56
7.000 7.005 393,6659 572.7354 239.46
8.000 8.005 339.1406 496.2837 238,07
- 9.000 9,006 291.6276 432.1601 235.09
10.000 10.0086 250,1405 393.5893 221.41
11.000 11.007 214.2249% 336.8143 221.58
12.000 12.008 183.6583 287.8797 222.26
¢ 13.000 13.008 157.4826 246.5383 222.54
14.000 14.009 135.0501 211.4980 202,46
15.000 15.010 115.7992 181.4785 222.30
16.000 16.010 99,3364 155. 8055 222.2%
17.060 17.011 85.1370 133.3790 222.38
18.000 18.012 73.0152 114.3794 222,39
19.000 19.012 62,6208 98.0972 222.39
20.000 20.013 53.6969 84.1517 222.30
21.000 21.014 46.058¢6 72.19981 222.25
22.000 22.014 38.4870 61.9162 222.18
23.000 23.015 33.8565 53.0891 222.17
24.000 24.016 29.0476 45.5182 222.32
25.000 25.016 24.9061 39,0054 222.45
26.000 26.017 21.3610 33.4178 222.69
27.000 27.017 18.3347 28.6188 223.19
28.000 28.018 15,7609 24.5135 223.99
29.000 29.019 13.5444 20.9863 224.84
30.000  30.019 11.6321 17.9574  225.67
32.000 32.021 88,7577 13,3589 114.20
34,000 34.022 6.52717 9.7552 116.56
36.000 36.023 4.9046 7.1423 119.62
38.000 38,025 3.7144 5.2672 122.84
40.000 40.026 2.8276 3.9147 125.82
42.000 42.027 2.1733 2.9339 129.03
44.000 44.028 1.6793 2.2306 131.14
46.000 46.030 1.2971 1.7012 132.81
48.000 48.031 1.0031 1.509%9 133.39
® 50.000 50.032 0.7786 1.0112 134.13
52.000 52.033 0.6058 0.7877 133.98
54.000 54.035 0.4687 0.6075% 134.39
. 56.000 56.036 0.3540 0.454% 135.58
58.000 58.037 0.2745 0.3575 133.75
60.000 60.038 0.2167 0.2874¢ 131.33
62.000 62.040 0.0000 . 0.0030 0.00
64.000 64.041 0.0000 0.0000Q 3.00
66.000 ©6.042 0.0000 0.0000 0.00
68.000 68.044 0.0000 0.0000 0.00
7¢.000 Q.000 0.0000 0.0000 0.00
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TABLE D-5. May Hydiostatic Model Atmosphere, Shemya.

Z GEQ. HT PRISS D TV
KM KM MB oM’ K
0.000 0.000 1010.0626 1268.8822 277,32
0.039 0.039  1005.6838  1264.1603  277.15
1.000 1.001 $89.5971 1143.1154 271.12
2.000 2.001 785.3022 1023.3264 267.35
3.000 3.002 690.5047 915.2705  262.83
4.000 4.003 605.0782 ¥19.2947  257.29
5.000 5.003 529.1435 734.0580  251.13
6.000 6.004 461.1113 656.3520  244.75
7.000 7,005 400.3207 580.3129 240,33
8.000 8.005 345.7519 506.1890  237.96
9,000 9,006 297.9460 439.8626 235.9%8 -
10.000  10.006 255.8828 381.0428  233.95
11.000 11.007 219.6498 325.87¢7 234.82
12.000 12,008 188.5737 293.5907 223.77 .
13.000 13.008 161.8579 251.9581 223.80
14.000 14.009 138.9070 216.6317 223.39
15.000 15.010 119.1619 186.3661 222.76
16.000 16.010 102.2482 160.2517 222.29
17.000  17.011 87.6798 137.5824 222,02
16.000  18.012 15.1734 118.0146  221.91
19.000  19.012 64.4597 101.0891  222.15
20.000 20.013 55,2791 86.5762 222. 44
21.000  21.014 47.4258 74.1754 222.75
22.000 22.014 40.6939 63.5499 223,09
23.Q000 23,015 34.%190 %4.4358 223.48
24.000  24.016 29.9755 46.6302  223.95
25.000  25.016 25.7550 39.9274 224.72
26.000 26,017 22.1234 34.1694 225.57
27.000  27.017 19.0244 29,2438  226.64
28.000  28.018 16.3840 25.0354 227.99
29.000 29.019 14.1159 21.4423 229. 35
30,000 30,019 12.1641 18.3401 231.07
32.000  32.021 9.2607 13.7108 117.65
N 34.000 34.022 6.9840 10.1064 120.38
o 36.000 36.023 5.2974 7.5000 123.03
38.000 38,025 4.0467 5.5859 126.19
40.000  40.026 3.1114 4.2003 129.03
42.000 42.027 2.4020 3.1873 131.27
44.000 44.028 1.2774 2.4395 134.06
46.000  46.030 1.4554 1.8726 135.38
B 48.000 48.031 1.138¢ 1.4530 136.50 .
’ 50.000  50.032 0.8858 1.1309 136. 44
52.000 52.033 0.6977 0.R889 136.73
54.000  54.03% 0.5406 0.6958 135.33
56.000 56.036 0.4278 0.5599 133.08 -
58.000  58.037 0.0000 0.0000 0.00
60.000 £1.038 C.9%000 0.0000 Q.00
62.000 €2.040 0.0000 0.0000 £.00
6€4.000 64.041 0.0000 0.0000 0.00
, 66.000 66.042 0.0000 0.0000 0.00
. 63.000 €8.044 0.0000 0.0000 0.00
70.000 0.000 0.0000 0.0000 0.00
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TABLE D-6. June Hydrostatic Model Atmosphere, Shemya.

P4 GEO. HT PRESS D TV

KM KM MB M’ K
0.000 0.000 1010.6891 1259.7156 270,51
0.039 0.039 1006. 3941 1254.8640 279.40
1.000 1.001 893.6358 1125.7350 276.56
2.000 2.001 789.2492 1006.7090 273.13
3.000 3.002 695.8346 903.6009 268.28
4.000 4.003 11.4581 810.7996 262.73
5.000 5.003 536.1625 727.9702 256.59
6.000 6§.004 468.6183 653.3599 249.88
7.000 7.005 408.0433 584.3692 243.26
£.000 8.005 353.5293 515.6772 238.84
9.000 9.006 305.26€8 449.6420 236.52
10.000 10.006 262.4945 388.7594 235.23
11.000 11.007 225.3888 333.9551 235.13
12.000 12.008 193.44¢ 30, ~13 223.87
13.000 13.008 166.0476 250,571 224.43
14.000 14.009 142.5825 221.6532 224.10
- 15.000 15.010 122.3660 180.7546 223.48
16.000 . 16.010  105.0135 164.0885 222.96
17.000 17.011 90.0847 140.8088 222.89
18.000 18.012 77.2890 120.6875 223.11
19.0C0 19.012 66.3154 103.3976 223,44
20.000 20.013 56.9200 88.6292 223.74
21.000  21.014 48.8716 75.9600 224.15
22.000  22.014 41,9825 65.1052 224.65
23.000  23.015 36.0647 55.7871 225.22
24.000  24.016 30.9910 47.7879 225.93
25.000 25.016 26.6753 40.9179 227.12
26.000  26.017 22.9635 35.0204 228.44
27.000  27.017 15.7812 29.9673 229.97
28.000  28.018 17.0706 25.6875 231.52
29.000 29.019 14.7459 22.0257 233.24
30.000  30.019 12.7333 18.8862 234.88
32.000  32.021 9.8235 14.2471 120.11
34.000  34.022 7.4240 10.6018 121.98
36.000  36.023 5.6354 7.8871 124.46
38.000  38.025 4.3100 5.9134 126.96
40.000 40.026 3,3217 4.4447 130.18
42.000 42.027 2.5724 3.3792 132.60
44.000 44.028 1.9920 2.5793 134.53
46.000 46.030 1.5626 1.9968 136.32
48,000 48.031 1.2145 1.5397 137.40
50.000 50.032 0.9478 1.1978 137.83
52.090 52.033 0.7264 n.9314 137.71
54.000 54.035 0.5856 0.7468 136.58
56.000 56.036 0.4322 0.5649 133.58
58,000 58.037 0.3385 0.4516 130.58
60.000 60.038 0.2599 0.3569 126.83
62.000 62.040 0.1981 0.2815 122.58
64.000 64.041 0.1500 0.2190 119.33
66.000 66.042 0.0000 0.0000 113.08
68.000 §8.044 0.000C ©.00C0 ¢.00
70.000 0.000 0.0000 0.0000 0.00
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TABLE D-7. July Hydrostatic Mode! Atmosphere, Shemya.

2 GEO. HT PRESS D v

KM KM MB am® K

0.000 0.000 1013.4725 1251.1254 282,21

0.039 0.039 1009.1244 1246.0430 282.14

1.000 1.001 895.6544 1110.4865 280.99

2.000 2.001 794.3098 994,7631 278.18

3.000 3.002 701.9466 893.8798 273.58

4.000 4.003 618.4919 803.6654 268.11

5.0600 $.003 543,7595 722.4396 262.22

6.000 6.004 476.7314 649.3646 255.77

7.000 7.005 416.3148 582.8465 248.84

8.000 8.005 262.0635 520.4470 242.36

5.000 9.006 313.6887 457.9389 238.64 .
10.000 10.006 270.5858 398.9048 236.32

11.000 11.007 232.6767 362.7803 223,44

12.000 12.008 199.6328 312.8705 222.29

13.000 13.008 171.1492 267,8825 222.58 *
14.000 14.009 146,8040 229.9622 222.40

15.000 15.010 125.8445 197.5357 221.95

16.000 16.010 107.8823 169.5534 221.67

17.000 17.011 92.4736 145.1437 221.96

18.000 18.012 79.2963 124.2111 222.41

19.000 19.012 £8.0286 106.3132 222.93
20.000 20,013 58.3706 90.9953 223.48
21.000 21.014 50.1051 77.9064 224.06
22.000 22.014 43.0535 66,7128 224.83
23.000 23.015 36.9966 57.1167 225.6¢
24.000 24.016 31,7985 43.880¢ 226.64

25.000 25.016 27.3734 41.8594 227.82
26.000 26.017 23.5729 35,8398 229,14 |
27.000 27.017 20.3115 30.6767 230.67 |
. 28.000 28.018 17.5320 26,3243 232,02 |

29.000 29.018 15.1448 22,5958 233,50 ‘
30.000 30.019 13.0887 19.4015 235,03 |
32.000 32.021 10.0399 14.5829 119.93

34.000 34.022 7.6083 10.8465 122.19
36.000 36.023 5,7908 8.0946 124.62
38,000 38.025 4.4275 - 6.0629 127.20
40.000 40.026 3.4136 4.5563 130.50
42,000 42.027 2.6442 3.4854 132.15
44.000 44.028 2.0517 2.8695 133.88
46.000 46.030 1.5981 2.0608 135,08
48.000 48.731 1.2317 1.5737 136.33 ‘ ‘
50.000 50.022 0.9%75 1.230¢ 136.93 " |
52.000 52.033 0.7369 0.9398 136.58
54.000 54,035 0.5,02 0.7302 126.01
56.000 56.036 0.4372 0.5641 135.00 i
58.000 58.037 0.3375% 0.4440 132.41 '
60.000 60.038 0.2614 0.3500 130.08

§2.000 62.04G ¢.1966 0.2695 127.08

64.000 64.041 0.1503 0.2127 123.08

66.000 66.042 0.1171 0.1743 117.08

65.000 68.044 0.0000 0,0000 Q.00
70.000 0.000 0.0000 g.0000 0.00
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TABLE D-8. August Hydrostatic Model Atmoajpiiars, Shemya.

2 GEO. HT PRESS D ™

KM KM MB o K
0.000 0.000 10103654 1230.154% 264,07
0.039 0.039 1006.1379  1234.3910  283.96
1.000 1.001 893.0274  1104.4671  281.69
2.000 2.001 792.4231 992.1210  278B.26
3.000 3.002 700.2039 891.7533  273.59
4.000 4.003 617.0172 801.5660  268.17
5.000 5.003 542.4600 720.5252  262.29
6.000 6.004 475.6276 647.6360  255.85
7.000 7.005 £15.4199 $81.2563  248.99
8.000 8.005 361.2978 518.0612  242.96
. 9.000 9.006 313.1252 455.5453  239.47
10.000 10.006 270.2169 396.7300  237.29
11.000 11.007 232.5484 341.2521  237.41
. 12.000  12.008 199.7850 302.5573  230.04
13.000 13.008 171.3839 267.8957  222.88
14.000  14.009 147.0076 231.0058  221.70
15.000 15.010 125.8937 198.6997  220.73
16.000 16.010 107.8275 170.5435  220.27
17.000 17.011 92.3384 146.0073 220,33
18.000  18.012 79.0915 124.8083  220.77
19.000  19.012 67.7805 106.6466  221.42
20.000  20.013 58.1043 91.1898  221.98
21.000  21.014 49.8174 77.9846  222.55
22.000  22.014 42.7622 66.7047  223.34
23.000  23.015 36.7089 57.0622  224.12
. 24.000 24.016 31.5150 48.8005 224.98
25.000  25.016 27.0903 41.7380  226.12
26.000 26.017 23,3019 35.7114 227.32
27.000  27.017 20.0653 30.5648  228.71
28.000  28.018 17.2984 26.2085 229,94
29.000  29.019 14.9215 22.4818  231.23
30.000  30.019 12.8789 19.2879  232.62
32.000  32.021 9.8271 14.5049  118.01
34.000  34.022 7.3903 10.7280  120.00
36.000 36.023 5.5928 7.9665  122.29
38.000  38.025 4.2588 5.9369  124.95
40.000 40.026 3.2626 4.4560  127.54
42.000 42.027 2.5149 3.3694  130.02
44.000 44.028 1.9425 2.5611 132.12
46.000  46.030 1.5151 1.9684 124.08
. 48.000 48.031 1.1752 1.5195 134.72
50.000  50.032 0.9159 1.1791 135.31
52.000 52.033 0.7087% 0.9108 135.54
54.000  54.035 0.5492 0.7132 134.14
. 56.000 56.036 0.4337 0.5684 132.91
58.000  58.037 0.3381 0.4489 131.20
60.000 §0.038 0.2603 0.3550 127.70
62.000 62.040 0.2023 0.2840  124.08
64.000 64.041 0.0000 0.0000 0.00
66.000 66.042 0.0000 0.0000 0.00
68.000 68.044 0.0000 0.n000 0.00

70.000 0.000 0.0000 0.0000 Q.00




TABLE D-9. September Hydrostatic Mode! Atmosphere, Shemya.

r4 GEQ. HT PRESS D TV
KM KM MB am® K .
G, 000 0. 000 T011.3611 1243.3877 28337
0.039 0.033  1007.0816 1238.96%4 283.18
1.000 1.001 893.2640 1124.7663  27€.68
2.000 2.001 790.314% 1010.7206 272.41
3.000 3.002 696.5207 907.3243  267.44
4.000 §.003 611.7907 814.2680  261.75
5.000 5.003 536.1371 731.2301 255.43
6.000 6.004 468.3711 £55.8005% 248.78
7.000 7.005 407.5547 584.2413  243.03
8.000 8. 005 352.937% 513.3974 239.50
9.000 9.006 304.6819 446,3664 237.8¢C .
10.000  10.006 261.9560 387.7732  235.35
11.000  11.007 224.9824 333.4297  235.07
: 12.000  12.008 193.0574 301.6469  222.97
! 13.000 12,008 165.5€615 255.1695 222.55 »
14.000  14.009 141.9978 222.9209 221,92
15.000 15.010 121.6740 191.5057 221.35
16.000  16.010 104.2645 164.3643 221,00
17.000 17.011 89.3014 140.7534 221.03
18.000C 18.012 76.5121 120.5542 221.11
19.000  19.012 65.5682 103.2261 221.29
20.000  20.013 56,1893 88.4058  221.42
21.000  21.014 48.1626 75.6958  221.66
22.060  22.014 41,2938 §4.7871 222.05
23.000  23.015 35.4083 55.4376  222.51
24.000 24.016 30.3804 47.4374 223.12
25.000  25.016 26.0743 40.5751 223.88 .
26.000 26.017 22.3864 34.7139 224.67
27.000 27.017 19.2327 29.7093 225.53
28.000  28.018 16.5272 25.4343 226.38
29.000  29.019 14.2301 21.8061 227.35
30.000  30.019 12,2362 18.6731 228.29
32.000 32.021 2.2269 13.9426 115.28
34.000  34.022 6.9187 10.2882 117.14
36.000  36.023 5.1966 7.5990 119.12
38.000 38.025 3.9181 5.6080 121.70
40.000  40.026 2.9756 4.1821 123.94
42.000 42.027 2.2756 3.1352 126.43
44.000  44.028 1.7399 2.3596 128.44
46.000 46.030 1.3411 1.7923 130.34
48.000  48.031 1.0414 1.3780 131.65
50.000 50.032 0.8070 1.0650 132.00 v
52.000  52.033 0.6144 0.8130  131.62
54.000 54.Q35 0.4720 0.6318 130.14
56.000  56.03% 0.3459 0.4659  129.33
58,000 538.037 0.2676 0.3590 129.83 -
60.000 60.032 0.1848 0.2523 127 58
62.000 62,040 0.1415 0.1995 123.58
64.000 64.041 0.1077 0.1537 122.08
66.600 66.042 0.0000 0.0000 0.00
€8.000 6€8.044 0.0000 0.0000 0.00
e 70.000 C.000 0. 0000 Q.0000 0.00
a1l
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TABLE D-10. October Hydrostatic Modet Atmosphere, Shemya.

. Z GEO. HT PRESS D TV
KM KM MB am® K
0. 000 0.000  1005.5038  1253.9806 o Z80.43
0.03% 0.03% 1005.2162 1249.5381 280,26
1.000 1.001 891.8826 1138.2221 272.3%8
2.000 2.001 786.0616 1022.5680 267.81
3.000 3.002 691.2732 916,4865 262.77
4.000 4.003 §05.7047 821.3474 256.92
5.000 5.003 529.5550 736.1833 250.60
€.000 6.004 461.38397 657.3824 244.52
7.000 7.005 400.5201 578, 8650 241.05
8.000 B.005 34%,.8364 503.0908 239.49
* $.000 3,006 297.9146 436.3747 237.84
. 10.000 10.006 255.7560 375.1529 237.53
’ 11.000 11.007 219.3165 323.8651 235.92
. 12.000 12.008 187.9713 295.4201 221,67
13.000 13.008 161.0851 253,5387 221.34
14.000 14.009 137.9920 217.5904 220.94
- 15.000 15.010 118.1656 186.5195 220.71
16.000 16.010 101.3232 160.0761 220.52
17.000 17.011 86.7583 137.0282 220.58
18.000 18.012 74.2042 117.3812 220.50
19.000 19.012 63.6367 100.5187 220.56
20.000 20.013 54.5018 86.0270 220.72
21.000 21.014 46.6967 73.6603 220.86
22.000 22.014 40.0175 63.0167 221.23
23.000 23.015 34.2909 53,8889 221.69
24.000 24.016 29.4033 46.1258 222.08
25.000 25.016 25.2160 39.4641 222.60
. 26.000 26.017 21.6295 33.7741 223.11
27.000 27.017 18.5860 28.9514 223.65
28.000 28.018 15.9631 24.8119 224.14
29%.000 29.019 13,7123 21.2540 224.76
30.000 30.019 11.7728 18.1982 225,38
32.000 32.021 8.8355 13.5477 113.60
34,000 34.022 €.5543 9.9485 114.76
36.000 36.023 4.8953 7.3351 116.25%
38.000 38.025% 3.6738 5.4262 117.94
40.000 40.026 2.7535 4.0311 118.98
42.000 42.027 2.0746 2.9823 121.17
44.000 44.028 1.5767 2.2224 123.58
46.000 46.030 1.2088 1.6751 125.70
. 48.000 48.031 0.9439 1.2%41 127.06
50.000 50.032 0.7204 0.9902 126.73
$2.000 52.033 0.5497 0.7552 126.79
54.000 54.035 0.4195 0.5757 126.94
- 56.000 56.036 0.2983 0.4106 126.58
58,000 587037 0.2294 0.3120 128.08
60.000 60.038 0.1765 0.2401 128.08
62.000 62.040 0.1351 0.1912 123.08
64,000 64.041 0.1027 0.1442 124 .08
66.000 66.042 0.0779 0.1158 117.08
68.000 68.044 0.0580 0.0917 110.08
T 70.000 0.000 0.0000 0. 0000 0,00
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TABLE D-11. November Hydrostatic Model Atmosphere, Shemya.

rd GEQ. HT PRESS D v
KM KM MB am’ K .
.00 0.000 1G01. 9038 1260.2002 276,88

0.039 0.039 997.4668 1255, 6843 276.74

1.000 1.001 883.383% 1143.3812 269.16

2.000 2.001 777.5177 1029.1623 265.20

3.000 3.002 681.9672 923.1785 257.36

4.000 4.003 595.87.5 828.6099 251.14

5.000 5.0032 519.3212 739.0711 244.83

6.000 6.004 450.8639 650.8911 241.32

7.000 7.005 385.8831 567.9867 239.14

8.000 8.005 335.5463 492.7718 237.23

9.000 9.006 288.2571 426.8222 235.28 .
10.000 10.008 247.1548 362.3781 237.61

11.000 11.007 211.6855 313.2669 235.41

12.000 12.008 181.4454 284.3861 222.22

13.000 13.008 155.5661 243. 6507 222.44 *
14.000 14.00% 133.4127 208.8448 222.55

15.000 15.010 114.4124 179.20%8 222.42

16.000 16.010 98.2118 153.6863 222.63

17.000 17.011 84.1652 131.6785 222.68

18.000 18.012 72.2057 113.0440 222.53

19.000 19.012 61.9377 96,9885 222.48

20.000 20.013 53.1180 83.2312 222.34

21.000 21.014 45.577% 71.3939 222.41

22.000 22.014 39.0948 61.2561 222.35
23.000 23.015 33.5198 52.5193 222.35

24.000 24.016 28.7642 45.0303 222.54
25.000 25.016 24.6516 38.5851 222.58 .
26.000 26.017 21.1522 33,0983 222.64

27.06C 27.017 18.1761 28.3655 223.08

28.000 28.018 15.6172 24,3445 223.49

29.000 29.019 13.4094 20.8829 223.71

30.000 30.019 11.5079 17.9024 223.94

32.000 32.021 8.7007 13.5006 112.26

34.000 34.022 6.4407 9.9275 113.01

36.000 36.023 4.7800 7.2904 114.21

38.000 38.025 3.5%17 5.3364 115.93

40.000 40.026 2.6590 3.9462 117.37

42.000 42.027 2.6016 2.9101 119.81

44.000 44.028 1.5075 2.1496 122.16

46.000 46.030 1.1505 1.6181 123.85

48.000 48.031 0.8763 1.2141 125.72

50.000 50.032 0.6755 0.9267 126.96 .
52.000 52.033 0.5189 0.7033 128.41

54.000 54,035 0.4030 0.5407 129.83

56.C00 56.036 0.3123 0.4152 131.02 _
58,000 58.037 6.2462 0.3285 130.58

§0.000 60.038 0.2011 0.2672 - 131.08

€2.000 §2.040 0.1553 0.2103 128.58

§4.000 €4.041 0.1192 0.1661 125.08

66.000 66.042 0.0908 0.1309 120.83

68.000 68.044 0.0746 0,1105 117.58

70.000 0.000 0.0000 0, 0000 0.00
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"ABLE D-12. December Hydrostatic Model Atmosphere, Shemya.

4 GEQ. HT PRESS D TV
KM KM MB am’ K
B.000 0.000 957.5101 1266.1042 278,59
0.039 0.033 993.4582 1261.5955 274.34
1.000 1.001 877.7533 1146.6509 266.69
2.000 2.001 172.4221 1033.3034 260.43 ]
3.000 3.002 676.4983 925,9430 254.53
4.000 1.003 590.1692 828.9106 248.04
5.000 5.003 513.5416 737.9075 242.46
6.000 6.004 444.8502 646.4518 239.74
7.000 7.005 383.8734 563.8908 237.16
8.000 8.005 329.8459 485.6958 236.59
$.000 9.006 282.9643 446.5749 220.75%
10.000 10.006 242.4621 382.9784 220.56
11.000 11.067 207.7425 326.1866 221.88
12.000 12.008 178.1924 278.2899 223,07
13.000 13.008 152.9030 238.2377 223.60
14.000 14.009 131.2406 204.1875 223,92
15.000 15.010 112.6567 175.0701 224.18
16.000 16.010 96.7729 150.1492 224.54
17.000 17.011 83.0901 128.8584 224.64
18.000 18.012 71.3716 110.6965 224.82
19.000 19.012 $1.3073 95.0651 224.67
20.000 20.013 52.6652 81.6573 224.69
21.000 21.014 45.2409 70.0997 224.84
22.000 22.014 35.8841 60.1852 225.08
23.000 23.015 33.43034 51.6771 225.19
24.000 24.016 28.7118 44.3721 225.43
25.000 25.016 24.6810 38,1112 225.61
26.000 26.017 21.2191 32.7427 225.717
27.000 27.017 18.2482 28.1738 225.65
28.000 28.018 15.6803 24.2246 225.50
29.000 29.019 13.5092 2G.8297 225.95
30.000 30.019 11.6227 17.911% 226.06
32.000 32.021 8.8186 13.5318 113.52
34.000 34.022 6.5468 10.0781 113.16
36.000 36.023 4.861¢6 7.4358 113.89
38.000 38.025 3.5970 5,4837 114.26
40.000 40.026 2.6416 4.0151 114.60
42.000 42.027 1.9703 2.9730 115.44
44.000 44.028 1.4540 2.1721 116.60
46.000 46.030 1.0985 1.6010 119.52
48.000 48.031 0.8302 1.2021 120.31
$0.000 50.032 0.6222 0.8817 122.93
52.000 52.033 0.4726 0.6567 125.35
54.000 54.035 0.3781 0.5282 124.¢68
56.000 56.036 0.2346 0.3105 131.58
58.000 58.037 0.0000 0.0000 0.00
60.000 60.038 0.0000 0.0000 0.00
62.000 62.040 0.0000 0.0000 0.00
64.000 64.041 0.0000 0.0000 0.00
66.000 66.042 . 0.0000 0.0000 0.00
68.000 68.044 0.000¢C 0.0000 0.00
70.000 0.000 0.0000 6.0000 0.00
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TABLE D-13. Annual Hydrostatic Mode! Atmosphere, Shemya.

2 GEQC. HT PRESS D ™V
KM KM MB am? K
000 0. 000 1006, 2500 1261.2783 217,90
0.039 0.039 1001.8640 1256.6662 277.75
_ 1.000 1.001 887.1281 1136.9859 271.82
o 2.000 2.001 782.5938  1021.1634 266.99
- 3.000 3.002 687.8079 915.3402 261.78
4.000 4.003 §02.3748 820.0530 255,91
5.000 5.003 526.3657 732.4034 250.38
6.000 6.004 458.2658 547.2701 246.65
7.000 7,008 307.5008 568.2610 243.70
8.000 8.005 343.1656 496.5643 240.76
9.000 9.006 295.5517 431,7953 238.46 -
10.000 10.006 253.9058 373.8165 236.63
11.000 11.007 217.7707 320.9986 236.35
12.000 12.008 186.8966 283.0390  230.04 .
13.000 13.008 160.3327 249.9750 223.45
14.000 14.009 137.6171 214.6836 223.32
15.000 15.010 118.0449 184.3510 223.08
16.000 16.010 101.5060 158.6668 222.88
17.000 17.011 86,9336 135.8357 222.96
8.0 18.012 74.5867 116.5165 223.01
- 3y 600 19.012 64.0067 99.9261 223.15
-0.000 20.013 54.9227 85.6906 223.29
21.000 21.014 47.1562 72.5089 223.49
22.000 22.014 40.4794 63.0223 223.77
23,000 23.01% 34.7456 54.0128 224.11
24.000 24.016 29.8606 46.3234 224.57
25.000 25.016 25.6421 39,6784 225.14
26.000 25.017 22.0361 34,0017 225.78
27.000 27.017 18.9829 29.1819 226. 62
; 28.000 28.018 16,3357 25.0242 227.42
29.000  29.01% 14.0774 21.4729 228.40
30.000 30.019 12.1125 18.4057 229.27
32.000 32.021 9.1182 13.7287 115.69
34.000 34.022 6.8238 10.1463 117.15
36.000 36.023 5.1257 7.5045 118.98
38.000 38.025 3.8715 5.5761 120.94
40.000 40.026 2.9382 4.1570 123.12
42.000 42.027 2.2387 3.1195 125.01
44.000 44.028 1.7121 2.3502 126.90
46.000 46.030 1.3167 1.7836 128.59
48.000 48,031 1.0113 1.3612 129.41 .
50.000 50.032 0.7796 1.0440 130.07
52.000 52.033 0.5944 0.7955 130.16
54.000 54.035 0.4547 0.6109 129.65
' 56.000 56.03¢€ 0.3504 0.4694 130.03 -
58.000 58.037 0.2756 0.3718 129.12
60.000 60.038 0.2400 0.3236 129.20
62.000 62.040 0.1759 0.2455 124.83
64.000 64.041 0.1348 0.1917 122.50
66.000 66.042 0.0908 0.1309 120,83
63.000 68.044 0.0699 0.1043 116.75
T 70.000 0.000 0.0000 0.0000 0.00
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APPENIMY E
Wind Statistics Derivable from Appendix A Tables

Appendix E gives a few graphic examples of certain wind statistics that can be derived
from basic data in Appendix A. These examples should help RRA users understand the
functional relationships of the probability wind models and devslop an appreciation for
the powerful properties of the bivariate normal probability distribution function. Only a
few of the many options in deriving wind statistics are illustrated here.

All illustrations for this appendix were derived for the five wind component statistical
parameters from Table A-1 (January) and Table A-7 (July) for eight selected altitudes;
these are: 4, 12, 20, 30, 40, 50, 60, and 70 km. Descriptions of Tabies E-1 and E-2
and Figures E-1 through E-64 follow:

Wind Speed (Tables E-1 and E-2)
The five wind components from Appendix A are used as inputs to the generalized Rayleigh
probability density function (equation 29), then integrated as indicated by equation 30 to
obtain the probability distribution function for wind speed. The derived distribution functions
for wind speed are shown in Tables E-1 and E-2 on the normal probability scale.

Frequency of Wind Direction (Figures E-1 through E-16})
The derived frequencies for wind direction shown in Figures E-1 through E-16 were obtained
using the five wind component parameters from Tables A-1 and A-7 as input values in
equation 35. The limits of integration (performed numerically) are over the 22.5-degree
interval for each of the 16 compass points. The graphs give the percentage frequency that
the wind will blow from the direction Intervals.

Mean Wind Components and 80th Interpercantile Range of Wind Components (Figures
E-17 through E-32)
Wind component means with respect to any orthogonal axis are obtained by using the zonal
and meridional mean wind components in equations 44 and 45. These component means
form the circie shown in Figures E-17 through E-32. The zonal and meridional wind
component variances and correlation coefficients are then used in equations 46 and 47 to
obtain the variances with respect to any orthogonal axis. These rotated component variances
and the rotated component means are used in equation 8 to obtain the 80th interpercentile
range of wind components, as shown in Figures E-17 through E-32.

Probability Ellipses (Figures E-33 through E-48)
Using the five wind component parameters from Tables A-1 and A-7, and p = 0.50, p = 0.95,
and p = 0.99 as input values to equation 13, the wind probability ellipses shown in Figures
E-33 through E-48 were produced with computer graphics, using the standard meteorologlical
coordinate system explained in Chapter 1. Statistical inferences are, for example, that 50
percent of the wind vectors lie within the smaller ellipse, and that 99 percent lie within the
outer ellinse.




Conditional Wind Speed Given Wind Direction (Figures E-49 through E-64)

The five wind component parameters from Tables A-1 and A-7 were used to evaluate the
conditional probability distribution function, equation 41. interpolations of the conditional '
function are made to obtain the 5th, 15th, 50th (median), 85th, 95th, and 99th conditional
percentile values of wind speed, given wind directions, are as shown in Figures E-49 through
E-64. The conditional mean wind speed, given wind direction, is obtained from equation 40.
The conditional mode (most probable) wind speed given wind direction is obtained from
equation 38. The c¢onditional mean wind speed and the conditional wind speed modal value,
given the wind direction, are also shown. For some figures, conditional wind speed values are
invalid for a given wind direction near 270 degrees (from the west); this Is caused by the lack
of computational precision in evaluating equations 40 and 41 when arguments for the
CGaussian probability distribution have large negative values; i.e., when the coefficients (b/a)
become less than -4 in these equations.



TABLE E-1. Derlved (Rayleigh) Percentiles for Windspeed (M/S), Januery.
ALTITUDE (KM)

PERCENTILE 4 KM 12 XM Z0 KM 40 KM 50 KM 60 KM
0.010 1.450 1.746 1.595 4.035 6.379 0 000
0.025 2.294 2.774 2.518 . 6.384 10,127 0.000
0.050 3.263 3.942 3.588 . 9.096 14.43¢ 0.000
0.100 4.679 5.618 5.148 6, 13.049 20,730 ¢.000
0.150 5.812 6.938 €.393 . 16.225 25.766 0.000
0.200 6.812 8,088 7.494 . 19.020  30.214 0.000
0.300 8.616 10,119 9.484 24.105 38,300 0.000
0.400 10.312  11.985  11.362 28.926  45.937 0.000
0.500 12.015 13.81%  13.257 33.797 53.613 0.000
0.600 13.816 15.723  15.272 39.007 61.926 0.000
0.700 15.844  17.817  17.545 44.936  71.312 0.000
0.800 18.329 20.344  20.340 52.296 B2.986 0.000
0.850 19.909 21,923  22.117 57.062  90.480 0.000
0.900 21,948 23,942 24.408 63.278 100.307 0.000
0.950 25.056 26.996  27.874 72.933 115.491 0.000
0.975 27.828  29.708  30.949 81.718 129.228 0.000
0.990 31.130 32.896  34.575 92.493 145.6%61 0.000

TABLE E-2, Derived (Rayleigh) Percentiles for Windspeed (M/S), July.
ALTITUDE (KM)

PERCENTILE M 12 KM .20 KM 30 KM 40 KM 50 KM
0.010 2.603  0.469  5.320 13,817 13.884
0.025 4.111  0.747  6.164 14.878  17.503
0.050 $.237  1.063 6,888 15.804 20.663
0.100 8.347 1.522  7.732  16.891  24.350
0.150 10.330  1.888  8.301 17.640  26.869
0.200 12.066  2.211  8.755 18.245 28.881
0.300 . 15.154  2.790  $.498  19.249  32.177
0.400 . 18.021  3.332  10.134 20.131  35.003
0.500 . 20.851  3.873 10.730 20.974 37.660
0.600 . 23.811  4.444 11.327 21.838  40.320
0.700 . 27.086  5.081 11.967 22.790 43.184
0.800 . 31.052  5.859 12.718 23.940 46.538
0.850 . 33,542  6.352 13.179 24.666 48,607
0.900 . 36.728  6.984 13.762 25.602 51.206
0.950 $1.574 14.625 27.038 55,083
0.975 45.859 15.371  28.331  58.441
0.990 50.975 62.383
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Figure E-1. Wind Direction Frequency, Jaruary, 4 KM.
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Figure E-2. Wind Direction Frequency, January, 12 KM,

TR TR e M Al s S e Csheae e —mt—— criwn | emmm— —mm—— spnty,  —om— —— vt

NS mmaLs Sn e e e v ——— datitin S o— it nmn  t— i Sl mmans.  —anasam

S TSR S e s e ey s e G e i e remmme wm— ——— o——— ——

-———1-——r~——r_j—'|-r_ | _—l'_}-——-\

0 23 45 68 96 113 135 158 180 203 225 248 270 293 315 338
WIND DIRECTION (DEGREES)

Figure E-3. Wind Direction Frequency, January, 20 KM.
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Figure E-4. Wind Direction Frequency, January, 30 KM.
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Figure E-5. Wind Direction Frequency, January, 40 KM.
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Figure E-6. Wind Direction Frequency, January, 50 KM.
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NO DATA AVAILABLE

Figure E-7. Wind Direction Frequency, January, 60 KM,
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Figure (=-8. Wind Direction Frequency, January, 70 KM.
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Figure E-10. Wind Direction Frequency, July, 12 KM.
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Figure E-11. Wind Direction Frequency, July, 26 KM.

FASAS  GASr TG Smeea st SRR Al S St Sy mear  emm— e Sotertn  or—— St aaiiaits  erprs
em— G Smiee e ot — i at—"t et sm——— v———— oppa—— —————n m— o e \ora—

—— S it iy S et mswte e rt—— — inams  mmwm et oot epama  ammpmn ——

s o e——— e it o m—— e e ———— —— — ——— v S—— St b —

—— —— — e e W e r— w— GG mm—— S——  ————  —— — ——

0 23 45 68 90 113 135 158 150 203 225 248 270 293 315 338
WIND DIRECTION (DEGREES)
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Figure E-13. Wind Direction Frequency, July, 40 KM.
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Figure E-14. Wind Direction Frequency, July, 50 KM.

NO DATA AVAILABLE

Figure E-15. Wind Direction Frequency, July, 60 KM.
E-8




NO DATA AVAILABLE

Figure E-16. Wind Direction Frequency, July, 70 KM.
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Figure E-19. Wind Inteipercentile Range and Mean, January, 20 KM.
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Figure E-20. Wind Interpercentile Range and Mean, January, 30 KM.
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NO DATA AVAILABLE

Figure E-23. Wind Interpercentile Range and Mean, January, 60 KM.

NO DATA AVAILABLE

Figure E-24. Wind Interpercentiie Range and Mean, January, 70 KM.
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Figure E-25. Wind Interpercentile Range and Mean, July, 4 KM.
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Figure E~26. Wind Interpercentile Range and Mean, July, 12 KM.
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Figure E-30. Wind Interpercentile Range and Mean, July, 50 KM.

NO DATA AVAILABLE

Figure E-31. Wind Interpercentile Range and Mean, July, 60 KM.
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NO DATA AVAILABLE

Figure E-32. Wind Interpercentile Range and Mean, July, 70 KM.
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Figure E-33. Wind Probability Ellipses, January, 4 KM.

50+
40:

30
20 /‘"‘rﬁ
10 (
o] >
~101 %M
-20
~30
-40
~50 - . e —
~50 -40 =30 -20 -10 O 10 20 30 40 50
U COMPONENT M/S

Figure E-34. Wind Probability Ellipses, January, 12 KM.

501
40:
30

YD),
&

T Ty -t TP T T T T T

-50 -40 -30 -~20 =10 O '1'0' ' 20 30 '4'0‘ - '5'0
U COMPONENT M/S
Figure E-35. Wind Probabiiity Ellipses, January, 20 KM.
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NO DATA AVAILABLE

Figure E-39. Wind Probability Ellipses, January, 60 KM.
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Figure E-40. Wind Probability Ellipses, January, 70 KM.
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Figure E-41. Wind Probability Ellipses, July, 4 KM.
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Figure E-42. Wind Probability Ellipses, July, 12 KM.
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Figure E-43. Wind Probabllity Eliipses, July, 20 KM.
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Figure E-46. Wind Probability Ellipses, July, 50 KM.

NO DATA AVAILABLE

Figure E-47. Wind Probability Ellipses, July 60 KM.
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NO DATA AVAILABLE

Figure E-48. Wind Probability Eilipses, July, 70 KM.
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Figure E-51. Conditional Wind Speed Given Direction, January, 20 KM.
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Figure E-53. Conditional Wind Speed Given Direction, January, 40 KM.
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Figure E-55. Conditional Wind Speed Given Direction, January, 60 KM.
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Figure E-56. Conditional Wind Speed Given Direction, January, 76 KM.
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Figure E-57. Cenditional Wind Speed Given Direction, July, 4 KM.
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Figure E-58. Conditional Wind Speed Given Direction, July, 12 KM.
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Figure E-61. Conditional Wind Speed Given Direction, July, 40 KM.

7°'j R(BAR) ©—a-&

R(MOD) +—i—+ ‘

OZ g

ommTun

2 0 4

. v 1] v T ——— T T ™~

0 45 20 135 180 225 270 315
WIND DIRECTION (DEGREES)
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Figure E-63. Conditional Wind Speed Given Direction, July, 60 KM.
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Figure E-64. Conditionai Wind Speed Given Direction, July, 70 KM.
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APPENDIXF
. Thermodynamic Statistics Derivable from Appendix B, C, and D Tables

This appendix gives graphic examples of certain pressure, density, and virtual
temperature statistics that can be derived from basic data in Appendices B, C, and D.
These examples should help RRA users in understanding and visualizing the
relationships that can be inferred from data in Appendices B and D.

Monthiy Means from the Annual Mean

The hydrestatic modal values in Appendix D are used to compute monthly mean differences
relative to annual mean values of pressure, density, and virtual temperature (expressed in
percent), and the monthly mean difference in virtual temperature for annual mean virtual
temperature (expressed in kelvin, K). Exampigs of these four statistics are given in Tables
F-1 (January) and F-2 (July); graphic dlsplays of the four statistics contained in these tables
are then provided by Figures F-1 through F-8. Tha relative differerices beiween monthly
mean values (froin Tables D-1 through D-12 for all months) and annual mean values (Table
D-13) are illustrated in Figures F-9 and F-18 for pressure, Figures F-10 and F-12 for density,
and Figures F-13 and F-14 for virtual temperature. Differences between monthly mean virtual
temperature differences and annual mean virtual temperature for all months are given in
Figures F-15 and F-16.

Coefficlents of Variation and Derlved Correlation Coefficients.
The coefficient of variation (C,) is defined as "the standard deviation with respect to the

mean divided by the mean." Coefficients of variation for pressure (C,F) and density (C,0)

were computed using standard deviations in Appendix B and the hydrostatic mean vaiues in
Appendix E. The coefficient of variation for temperature uses the standard deviations of
virtual temperature from Appendix C to the altitude at which virtual temperature exists;
above that altitude, standard deviations of temperature are from Appendix B. Mean values
for virtual temperature to the altitude at which it exists and above are taken from Appendix
E. No distinction is made between virtual temperature and temperature in Table F-3, Table
F-4, or any of the figures.

From the coefficients of variation for pressure and temperature (virtual temperature to the
altitude at which it exists), correlation coefficients between these quantities are derived using
Buell's method--see Chapter 3. The three equations for the derived correlation coefficients
in Tables F-3 and F-4 are:

(CvT)? +(CyP)? - (Cy D)

RP.I) = TGPl (F-1)
CvDY - (CyT)? +(Cy P)?
TERCL At S e




(P 2 _
R(T.D) = SW (F-3)

To test for validity of derived correlation coefficients, all three of the following inequalities must
be satistied:

CyP —(CyD + CyT) <0
CvD ~(CyT +CyP) <0 (F-4)
CvT - (CyP +CyD) <0

In the examples (Tables F-3 and F-4), the numerical values from equation F-4 are usually
negative, and the derived correlation test is considered valid. However, when any of the
inequalitles are not satisfied, "9,999" (missing) Is written in the table. The rare exceptions to this
test for several RRAs occur at extremely high altitudes where sample sizes for the statistical

sample are small. '

Statistical parameters from Table F-3 (Jarwary) and Table F-4 (July) are illustrated in Figures
F-17 through F-20.

C,F values for ail months are given in Figures F-21 and F-22. C,D values are given in Figures
F-23 and F-24, and C, T values In Figures F-25 and F-26. If the abscissa on the figures for the

coefficient of variation is multiplied by 100, these figures would show the percentage of random
dispersion for these quantities over the month with respect to the monthly mean.

Derived correlation coefficients for all months are shown as foliows: Figures F-27 and F-28 give
R(F,D), Figures F-29 and F-30 give R(P, T); and Figures F-31 and F-32 give R(T,D).




TABLE F-1, Deltas In Porcont Relative te Annual, Shemyse, January,

. RLEVEL PRESSURE DENSITY TEMP. TMO-TANN (K)
0.000 -0.828 0.778 ~1.593 -4.430 *
0.033 -0.831 0.794 -1.613 ~4.480
1.000 -l.148 1.141 -2.263 -6.150
2.000 -1.364 1.468 -2.790 ~-7.450
3.000 -1.755 1.413 -3.121 ~-8.170
4.000 -2.184 1.221 ~3.364 ~-8.610
5.000 ~2.633 0.611 ~3.227 -3.,080
§.000 ~3.174 -0.309 ~2.870 -7.080
7.000 -3.707 -1.382 -2.359 -5.750
8.000 -4.211 -2.016 -2.23% -5.390
9.000 ~4.647 3.517 -7.888 ~-18.810
10.000 ~4.968 2.241 ~7.049 -16.680
- 11.000 -5.071 1.678 -6.084 -14.380
12.000 -5.13% -2.547 ~2.652 ~6.100
13.000 -5.050 -5.753 0.747 1.670
14.000 ~4.952 -5.990 1.106 2.470
- 15.000 -4.759 -6.113 1.443 3.22¢
16.000 ~4.571 -6.119 1.647 3.670
17.000 -4.189 ~5.705 1.606 3.580
18.000 -3.977 =5.444 1.552 3.460
19.000 -3.767 -5.140 1.447 3.230
20.00¢C -3.569 ~4.845 1.344 3.000
21.000 -3.369 ~4.59%4 1.284 2.870
22.000 ~3.189 -4.308 1.1711 2.620
23.000 ~3.003 -4.116 1.160 2.600
24.000 ~-2.882 ~3.946 1.109 2.49%0
25.000 ~-2.684 -3.622 0,973 2.19%0
26.000 -2.540 -3.335 0.824 1.860
‘ 27.000 -2.526 -3.138 0.631 1.430
28.000 -2.414 ~2.836 0.435 0.990
29.000 -2.351 -2.647 0.302 0.6%0
30.000 -2.525 -2.468 ~0.061 -0.140
32.000 ~1.444 -1.219 ~-0.225 -0.260
34.000 -1.654 -0.849% -0.811 ~0.950
3€.000 -2.008 -0.786 -1.236 -1.470
38.000 ~2.567 -0.283 -2.290 -2.770
40.000 -3.305 -0.837 -2.485 -3.060
42.000 ~4.208 -0.433 -3.792 -4.740
44.0900 -5.087 -0.919 -4.216 -5.3%50
46.000 ~7.580 -2.506 -5.203 ~6.690
48,000 -8.326 -2.696 -5.788 -7.490
50.000 -10.877 ~-4.818 ~6.366 -8.280
52.000 -14.822 -9.089 -6.308 -8.210
: 54.000 -14.075 -7.252 -7.343 -9.520
$6.000 -17.580 -10.822 ~7.560 -9.830
58.000 -21.045 ~-14.766 -7.388 ~-9.540
. 60.000 -40.042 -37.824 ~3.57¢ ~-4.620
62.000 0.000 0.000 0.000 0.000
€4.000 0.000 0.000 0.000 0.000
66.000 0.000 0.000 0.000 0.000
68.000 0.000 0.000 0.000 0.000
70.000 0.000 0.000 0.000 0.000




TABLE F-2. Deitas in Percent Relative to Annual, Shemya, July.

T RLEVEL PRESSURE DENSITY TEMP . TMO—TANN (K)
I 0.000 0.718 -0.805 1.536 4.270
T 0.039 0.725 -0,845 1.581 4.390
- 1.000 0.961 -2,331 3.374 9,170
2,000 1.497 -2.585 4,191 11.190
3.000 2.056 -2,345 4.508 11.800
4.000 2.676 -1,998 ' 4.767 12,200
5.000 3,305 ~1,360 4.729 11.840
i §.000 4.029 0.324 3.698 9.120
s 7.000 4.733 2.567 2.109 5.140
! 8.000 5.507 4.810 0.665 1.600
9.000 6.137 6.055 0.075 0.180
10.000 6.569 6.711 ~0.131 ~0.310 °
11.000 §.845 13.016 -5.462 -12.910
12.000 6.815 10,540 -3.369 ~7.750 ;
13.000 6.746 7.164 ~-0,389 ~-0.870
14.000 6.676 7.117 ~0.412 -0.920
s 15.000 6.607 7.152 -0.507 ~1.130 .
: 16.000 §.282 €.861 ~0.543 -1.210
17.000 6.373 6.852 ~-0.449 -1.000
18.000 6.314 6.604 -0.269 ~-0.600
19.000 6.284 6.392 -0.099 ~0.220
) 20.000 6.278 6.191 0.085 0.190
21.000 6.253 5.982 0.255 0.570
22.000 6.359 5.856 0.474 1.060
23.000 6.478 5.747 0.692 1.550
o 24.000 6.490 5.519 0.922 2.070
25.000 6.752 5.497 1.190 2.680
o 26.000 6.974 5.406 1.488 3.360
. 27.000 €.999 5.122 1.787 4.050
) 28.000 7.323 5,195 2.023 4.600
. 29.000 7.582 5,229 2.233 5.100
' 30.000 8.059 5.410 2.512 5.760
32.000 10.108 6.222 3.665 4.240
34.000 11.497 6.901 4.302 5.040
36.000 12.976 7.863 4.740 5.640 )
38.000 14.361 8.730 5.176 6.260
40.000 16.180 9.605 5.994 7.380
42.000 18.113 11.729 5.712 7.140
44.000 19.835 13.586 5.500 6.980
46,000 21.372 15.542 5.047 6.490
48.000 21.794 15.611 5.347 6.920
50.000 24.102 17.893 5.274 6.860
52.000 23.974 18.140 4.932 6.42¢
54.000 25.401 19.529 4,906 6.360 .
56,000 24.772 20.175 3.822 4.970
. 58.000 22.460 19.419 2.548 3.290
. 60.000 8.917 8.158 0.681 0.880
62.000 11.768 9.776 1.802 2.250 .
64.000 11.499 19.955 0.473 0.580
66.000 28.965 - 33.155 -3.104 -3.750
. 68.000 0.000 0.000 0.000 0.000
t 70,000 0.000 0,000 0.000 0.000




TABLE F-3. Coefficients of Variation/Correlation Coefficients, January.

R{T, D}

LEVEL cvp cVD cvT R{P,T) R({P,D}
0.000 0.015 0.018 0.008 -0.164 0.894 -0.588
0.039 0.015 0.017 0.008 ~0.046 0.877 -0.521
1.000 0.026 0,025 0.013 - D.,322 0.870 -0.186
2.000 0.015 0.019 0.018 0.341 0.476 -0.665
3.000 0,017 0.019 0.022 0.569 0.236 ~0.665
4.000 0.019 0.017 0.025 0.707 0.050 ~0.641
5.000 0.021 0.017 0.027 0.708 0.331 -0.432
§.000 0.025 0.015 0.027 0.790 0.723 0.148
7.000 0.028 0.017 0.024 9,999 9.999 9.999
8.000 0.030 0.024 0.020 0.816 0.983 0.696
9.000 0.032 0.036 0.021 0.098 - 0.826 -0.480
10.000 0.031 0.047 0.025 -0.353 " 0.865 -0.775
11.000 0.030 " 0.048 0.024 -0.452 0.885 ~0.816
12.000 0.028 0.038 0.020 -0.220 0.863 -0.682
13.000 0.028 0,033 0.017 -0.05%0 0.867 ~0.541
14.000 0.028 0.032 0.016 -0.032 0.874 ~0.513
15.000 0.028 . 0.032 0.015 -0.021 0.884 -0.486
16.000 0.028 0.032 0.015 ~0.056 0.888 ~0.510
17.000. 0.027 0.031 0.015 ~-0.003 0.875 -0.486
18.000 0.027 0.031 0.016 0.088 0.848 -0.456
19.000 0.028 0.030 0.016 0.199 0.838 -0.387
20.000 0.029 0.028 0.017 0.350 0.815 -0.258
21.000 0.030 0.026 0.018 0.489 0.807 -0.120
22.000 0.031 0.026 0.019 0.577 0.793 -0.040
23.000 0.033 0.025 0.021 0.647 0.770 0.012
24.000 0.035 0.025 0.022 0.708 0.780 0.111
25.000 0.038 0.02¢ 0.024 0.756 0.794 0.203
26.000 0.041 0.027 0.026 0.763 0.783 0.210
27.000 0.044 0.028 0.026 0.788 0.814 0.284
28.000 0.047 0.030 0.027 0.802 0.839 0.348
29.000 0.050 0.032 0.028 0.812 0.856 0.394
30.000 0.051 0.033 0.029 0.798% 0.841 0.340
32.000 0.058 0.029 0.075 0.934 -0.412 -0.711
34.000 0.0867 0.040 0.070 0.834 0.214 ~0.361
36.000 0.074 0.050 0.070 0.765 0.418 -0.264
38.000 0.083 0.059 0.673 0.715 0.517 ~0.228
40.000 0.091 0.068 0.080 0.692 0.518 -0.260
42.000 0.102 0.080 0.092 0.662 0.508 -0.309
44.000 0.113 0.094 0.097 0.603 0.571 -0.310
46.000 0.111 0.104 0.092 0.493 0.634 -0.361
48.000 0.127 0.121 0.104 0.470 0.649 -0.367
50,000 0.132 0.131 0.081 0.327 0.809 ~-0,291
52.000 0.126 0.124 0.075 0.322 0.823 -0.274
54,000 0.110 0.124 0.040 -0.170 0.947 -G.479
56.000 0.000 0.000 0.000 9.999 9.999 9.999
58.000 0.000 0.000 0.000 9.999 9.999 9.999
60.000 0.000 0.000 0.000 9.999 9.999 9.999
€2.000 0.000 0.000 0.000 5,999 9.999 9.999
64.000 0.000 0.000 0.000 9.999 9.999 9.999
66.000 '0.000 0.000 0.000 9.999 9.999 9.999
68.000 0.000 0.000 0.000 $.999 92,999 9,999
70.000 0.000 0.000 9.000 9,999 9.999 9.999




TABLE F-4. Coetficlents of Variation/Correlation Coetficient, July.

LEVEL cve cvD cvT R(P T) R{P D} R{T,D)

0.000 0.008 0.009 0.005 0.111 ©.717 -0.539 ‘
0.039 0.008 0.009 0.005 0.122 0.773 -0.53%

1.000 0.023 0.024 0.015 0.239 0.788 ~0. 409

2.000 0.009 0.013 0.014 0.456¢ 0.151 -0.811

3.000 0.00% 0.012 0.014 G.591 0.061 -0.769

4.000 0.011 0.011 0.015 0.694 0.020 -0.7086

5,000 0.012 0.011 0.01¢ 0.755 -0.011 -0.663

6.000 0.014 0.011 0.018 0.812 -0.051 -0.625

7.000 0.016 0.011 0.020 G.837 -0.056 -0,593

8.000 0.018 0.012 0.022 0.821 0.168 -0.425

9.000 0.021 0.013 0.022 0.781 Q.761 0,180

10.000 0.023 0.020 0.020 0.590 0.957 6.330

11.000 0.024 0.030 0.02¢ 0.080 0.743 ~0.608

12.000 0.024 0.041 0.023 -0.528 0.876 -0.873 )
13.000 0.022 0.040 0.021 -0.704 0.923 -0.923

14.000 0.020 0.035 0.018 -0.714 0.931 -0.920

15.000 0.018 0.031 0.016 ~0.673 6.9%22 -0.907 -
16.000 0.01¢6 g.028 0.015 ~0.596 0.901 -0, 886

17.000 0.015 0.025 0.014 -0.478 6.871 -0.848

18.000 0.015 0.022 0.013 -0.352 0.849 -0,793

19.000 0.014 0.020 0.011 -0.208 n.828 -0.721
20.000 0.013 0.017 0.010 -0.013 0.781 -0,634
21.000 ¢.013 0.015 0.010 0.170 0.744 -0.531

22.000 0.013 0.014 0.010 0.299 0.748 -0.409

23.000 0.014 0.013 0.010 0.426 0.743 -0.289
24.C00 0.015 0.013 0.010 0.507 ¢.743 -0.200

25.000 0.016 0.013 0.010 0.568 0.779 ~0.073
26.000 0.017 0.013 0.011 0.629 0.771 -0.011

27.000 0.018 0.013 0.011 0.653 0.787 0.047 ‘
28.000 0.019 0.014 0.011 0.687 0.798 0.111
29.000 0.019 0.014 0.012 0.656 0.784 0.047
30.000 0.020 0.015 0.013 0.680 0.786 0.082
32.000 0.024 0.011 0.052 9.999 9.999 9.999

34.000 0.030 0.012 0.054 9.999 9.999 9.999

36.000 0.038 0.014 0.069 2.899 9.999 9.99%9

38.000 0.045 0.018 0.070 9.999 9.999 9,999

40.000 0.049 0.024 0.062 0.930 -0.351 ~-0.670

42.06G0 0.055 0.034 0.059 0.821 0.195 -0.400

44.000 0.059 0.045 0.049 0.668 0.580 -0.218

46.000 0.067 0.053 0.036 0.609 0.848 0.096

48.000 0.063 0.057 0.031 0.433 0.874 -0.059

50.000 0.063 0.057 ¢.028 0.432 0.898 -0,008

52.000 0.050 0.043 0,024 0.533 0.875 0.055

54.000 0.000 0.000 0.019 9.999 9.999 9.999 -
56.000 0.000 0.000 0.025 9.999 9,999 9.939

58.000 0.000 0.000 0.000 9.999 9.999 9.999

60.000 0.000 0.000 0.000 9.999 9.399 9.999

62.000 0.000 0.000 0.000 9.999 9.999 9,999 .
64.000 0.000 0.000 0.000 9.999 9.999 - 9.999

66.000 0.000 0.000 0.000 9.999 9.999 9,999

68.000 0.000 0.000 0.000 9.999 9.999 9.999

70.000 0.000 0.000 0.000 9,939 9.999 9,999
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Figure F-2. Delta Percent Relative to Annual Density, January.
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Figure F-6. Delta Percent Relative to Annual Density, July.
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Figure F-17. Coefficlents of Varlation for Pressure (P), Density (D), and
Temperature (T), January.
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Figure F-18. Correlation Coefficients for P&D, P&T, and T&D, January.
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' Figure F-19. Coefficients of Varlation for Pressure (P), Density (D), and
Temperature (T), July.

1Oy T e e e e ——

r
J
.60-___..._.__-_._“..__..._.—...__________..—_._..___-_.
d
4

o4
L

40— — —

E
g
30-.———_..--_—-—__—.____—..-_.-—,
o
o

20— ~— — =

S i

Y.
e ) e - —
T
T r T
-1.0 ~0.8 -0.86 ~-0.4 -0.2 0.0

X MocCc—A——ir->»

F
-

10— =
f—r

0

Figure F-20. Correlation Coefficlents for P&D, P&T, and T&D, July.
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Figure F-22. Coefficients of Variation for Pressure, July-December.
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Figure F-29. Correlation Coefficients for Pressure & Temperature, January-June.
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Figure F-30. Correlation Coetficlents for Pressure & Temperature July-December.
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Figure F-31. Correlation Coefficlents for Temperature & Density, January-June.
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APPENDIX G

SHEMYA Descriptive Data

To prevent further character size reduction in the tables given in Appendices A-D,
certain range-specific information for Shemya has been omitted. The most important
information follows:

Header Record 0-30 km
Table NUMDET...........ooeeeecrrreecrcree e ee e enes 0
Data Source (1=DATSAV, 2=WDC-A)......cccveeeemeerrcrrernennes 1
Call Letters... ..o et PASY
WMO NUMDOI...........oeceeee et ccteiv e 704140
LAtUGE........oeieeeceecreecec e 52° 43’
Direction (N OF S).......voeerrinreerner e eerersreee et eere s eeseees N
LONGIUAB. ... e e e e 174° Q7'
Direction (E o W).....ccoreniirirerinnncnsnnescsinenenssnnens E
Elevation in Meters........ccivviivnviinsnnnnnsnieiinnenesnmnnesessans 30
Start Period of Record (MO-Yr}....covcenineinnsncninnnenene 0173
End Period of Record (Mo-Y1)......cccceenniinniiinincnnnnnninnes 1286
No. of Time WINdows (0,1, OF 2)..ccccevevveinereeieemnnncrnrreriesens 0
Start Time Window #1 (Hr-Mhz) .......................................... 0
End Time Window #1...............icnmnrinecrrcreenescereesnees 0
Start Time WIndow #2..............ccoceereevnienninicsnnnrsescieessnene 0
End Time WIndow #2.........ccoooviireececccimen e seneeas 0
Date of RRA.........ooricree et reee st scen s 0191
Altitude Range of RRA Low-Level (km).......ccccveirrnvinnen. 0
Altitude Range of RRA High-Level (km).........ccccceeeniennn. 30
Standard Deviation of Thermodynamics Limits ............. 16.0
WINA LIMIS....ccocoreeeiiricccereccerrr s ccnnernrsce s s snesenessesae e 6.0




The following data Is only required for RRAs that go to 70 km:

Table NUMDOT.......ccorrrrececrre s 0

Data Source (1=DATSAV, 2=WDC-A).......cccocevecrerernrrrnrenen 1 .
CallLetters..... ..ot e nraae e s s eresernsane PASY

WMO NUMDBE.......orriiierrccecceercr e essresareserenenes 704140

LAtIUTA....coece et 52° 4%

Direction (N OF S)..coccre et N

LoNGRUAE.....cccii ettt e ee e e 174° 07"

Direction (E Or W)......oviiiiiciiiiccccrinenincinisee s crecvnenarane E

Elevation in Meters............ccccvvrvccevniiciennineninsescsiennnnenrens 30

Start Period of Record (MoO-Yr).......ccccocveviennncevrncnvennne 0575

End Period of Record (Mo-Yr).....cceeveeevrcrnrceccnceccenenne 1285 3
No. of Time Windows (0,1, 0r 2)....cccevvevriverriccrrcircnreesirennas 0

Start Time Window #1 (Hr-Mhz)........ccccovviinreiircrencceenen 0

End Time Window #1..........ccooiiciiricrrrcsireecrsereesscsranernns 0 ‘
Start Time WIndow #2..........ooiecverccernrece e cenreees 0

End Time WIndow #2..........cccomiien e seecenrenes 0

Date of RBA.........e e 0191

Altitude Range of RRA Low-Level (Km).........c.coccvvrvnnrene 32

Altitude Range of RRA High-Level (km)............ccccevvvrunnnne. 70

Standard Deviation of Thermodynamic Limits................ 6.0

WINd LIMitS......oooviiniiice st 16.0
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