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SUMMARY

Techniques have been developed to analyze global data sets of atmospheric
constituents and to evaluate mission sampling strategies using these global
data sets. Mathematical formulations and computer programs were developed
to reduce and model global data fields and to perform statistical analyses
of results.

The grouping scheme used to reduce data into a global grid network is shown
and data storage methods are discussed. Procedures for modeling these data
with spherical harmonic functions and empirical orthogonal functions (EOF)
are detailed mathematically and numerical computer solutions are developed.
Eigenanalysis techniques in conjunction with these EOF models are illustrated
for reducing the dimensionality of large data sets.

The seemingly ever-present "missing data" problem is examined using the
sample autocorrelation function. A linear regression technique is demon-
strated which generates a "corrected" ozone satellite data set based on
Dobson spectrophotometer (land based) measurements.
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I. INTRODUCTION

Defining the temporai and spatial variability of atmospheric constituents
requires a sampling strategy and sensing technique that is consistent with

the nature of the species being studied. Measurements of the global ozone
field have been made for years from the ground!, from aircraft and balloons?,
and more recently from satellites3. This information can be examined to deter-
mine something about the statistical nature of these data and, generally,

the types of sampling schemes that should be considered.

The objective of this sampling study is to evaluate various sampling

schemes which are based on the current understanding of the global ozone
field and on other mission related constraints. To accomplish this, repre-
sentative data must be acquired and reduced into a usable form. A model of
the global ozone field must be developed. Computer simulated missions can

be generated by "measuring" the global ozone field as represented by this
model as viewed by selected sampling schemes. How well these sampling
missions "recover" the model is determined by statistical analysis techniques
which serve in the mission evaluation process.

This report addresses itself not so much to the overall sampling
evaluation problem but to the techniques that have been thus far developed
and utilized toward that end, especially in the areas of preliminary data
manipulation and reduction, model development, computer simulations of
sampling missions, and the associated statistical analysis techniques used
throughout the work.

Appendix A shows the primary computer programs mentioned during the
discussion."



II. PRELIMINARY DATA ANALYSIS - DATA MANIPULATION AND REDUCTION

Global ozone data utilized in this study are primarily from

the Backscattered Ultraviolet (BUV) experiment aboard the Nimbus 4 satellite.
These data have been received from the National Space Science Data Center in
the form of IBM unformatted binary magnetic tapes. To some lesser extent
ozone measurements from Dobson sﬁectrophotometers are used. These

data will be mentioned later in this report. This section is concerned

with the BUV data. Particular items discussed include:

1. Conversion of the data tapes from IBM internal format to NOS-CDC
internal format

2., Preliminary data analysis

3. Data grouping
(a) Global grid system
(b) Statistical analysis
(c) Data retrieval technique



1. IBM Format to CDC Format Conversion

The BUV ozone data used for this study have been received on magnetic tape
written in IBM internal format. In order to generate a NOS compatible set
of data tapes the 32 bit IBM words must be unpacked into 60 bit CDC words,
and the IBM internal format must be converted to CDC internal format.

A computer program (BUVCOP2) was written to accomplish this task. This
program has successfully generated a set of NOS tapes containing global
ozone data from April 10, 1970 through May 6, 1977. Table B-1 shows the
time coverages and designations of the various magnetic tapes involved
in this process. Appendix B discusses the data tape structure and the
IBM to NOS-CDC internal format conversion in more detail.

2. Preliminary Data Analysis

Once a set of usable data tapes have been acquired, they must be carefully
reviewed to ensure that their general format and content are consistent with
the user's understanding and that there are no apparent problems with the
data. A computer program (BUV3) has been written to look for particular
problems associated with the data. These include:

1. Out of sequence (00S) data - data that are chronologically out of
order.,

2. Out of rahge (00R) data - a data record containing a latitude or
longitude value out of its realistic range (-90° > latitude > 90°,
0° > longitude > 360°), or a measured observable whose value is
inconsistent with accompanying user information.



3. Inconsistent local time (ILT) data - since Nimbus 4 is in a
Sun-synchronous orbit, the satellite should cross the equator at
approximately the same local solar time each orbit. This is the
case for both the ascending and descending portions of the orbit.
However, only the ascending portion of the orbit is of concern here
since the descending portion of the orbit is on the dark side of
the Earth and the BUY ekperiment only works in the sunlight. Local
solar times can readily be calculated by the expression,

te = tg + ¢/15°,

where te is the local time, t_ is the Greenwich mean solar time

(GMT) of the observation, and ¢ is the longigude of the observation
measured eastward from the prime meridian (PM). The ana]ysis program
calculates te for observations within 5° of the equator and compares
them to the known local crossing time, tk‘ If the difference

te - tk is less than some predetermined acceptable At, agreement

in the two is assumed to be good. Due to orbital considerations

tk may change slightly as a function of time over several years.

4. Repetitive data - two or more data records that occurred at ejther
the same time or same position (the latter being consecutive measure-
ments) but that differ in the values of other parameters.

5. Duplicate data - a data record or records that exactly duplicates
“another data record.

6. Reversed ground track - a series of data records that show the
satellite ground track moving the wrong direction latitudinally.

Such problems need to be identified and, where practical, eliminated. If
known or suspected problem areas remain, one must be mindful of their poten-
tial impact in further analyses.



Table1 is representative of the information one may expect from the BUV3
analysis program. This particular analysis table is for the third set of
BUV data (BUV III). Items such as the number of files, number of records
(observations), and mission duration give information useful for future
analyses as well as confirming the data tapes' general structure and content.
The diagnostics such as the quantity and nature of abnormal ozone values,
help in determining what, if any, data editing must be performed. For
example, an observation near the equator whose calculated local time, t
- disagrees with the known local time, tk’ significantly could mean that
either the GMT or longitude are incorrect. However, if several observations
near the equator for a given orbit show disagreement, the entire orbit is
suspect and requires more careful scrutiny. Appendix C describes a linear

approximation for calculating local time as a function of latitude that is
used between +60° for this purpose.

e’

3. Data Grouping Scheme

The most recent set of BUV data tapes covers the period from April 10, 1970
through May 6, 1977 and contains 1,034,456 total ozone observations. There
are 20 parameters associated with each observation as described in Table B-2.
This amounts to 20,689,120 computer words of data that are contained on these
tapes. In order to work with such large quantities of data they must be

grouped in a manageable form and stored in such a way as to be easily re-
trievable.

It was decided to group the data according to a global grid system each
element of which would be 5° in latitude by 15° in longitude. This arrange-
ment lends itself nicely to the format of a data array dimensioned 36 x 24
where there are 36 rows representing the 5° latitudinal zones and 24 columns
representing the 15° longitudinal sectors. This global grid system is illu-
strated in Figure 1. The indices shown in the figure follow from the
expressions,



j= (8/5°) +°1, for . 0° 56 <90° 0
(e/5°) + 19, for -90° < 8 < 0°
and
j=(¢/15°) +1, for 0°s¢ < 360°, (2)

where 6 is the latitude and b is the longitude measured westward from
the PM,

-As the data are being grouped into this grid, it is convenient to compile
a set of elementary statistics describing the data's behavior. Useful
quantities that can be readily calculated for a given time period include:

1. Sampling distribution
2. Data means
3. Data variances.

The basis for this analysis is the grid format described. Each obervation
is placed in a grid block based on its latitude (6) and longitude (¢w)
according to equations (1) and (2). The global sampling distribution can
readily be determined by counting the accumulation of observations into each
block (i,j). The zonal data distribution is found by summing this result
over j (1< j < 24) for each individual zone (1 < i s 36).

For each grid block the mean ozone value, the mean position of observations,
and the mean time of observations are calculated as shown below:

kij
X'ij = 2‘5] dl/kij (3)

where the dz represent the tth data record of either latitude, longitude,
time, or ozone value contained in block (i,j); kij is the number of
observations contained in block (i,j); and X.. is the block mean for

1
whichever of the above quantities is represented by dz'
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Zonal means are calculated by

26 Kij 24
YT Y dz)j/j§1 45 *)
or
24
SRR ki j/hys (5)
where
24
hy = 321 ks 5+ (6)

Associated variance calculations follow from

VAR(x) = <(x - (x>)%> (7)
Then the variance of the data contributing to the grid block mean becomes
[kij ]
2 1 2 2
SR S B N (8)
ki Kig0 lemy & 13T

and the variance of the data contributing to the zonal mean becomes

K,
24 i
2 _ 1 2y 2
A [ Loz d)y-hyX ] : (9)

i j=1  2=1

The subscripts on 02 show the number of ozone observations in the sample
being considered.

Finally, a "data mean" and variance are calculated which include all available
data from the global grid. The data mean is

36 24 Kij 6 24
X= 3 I (¢ d)../¢ <t ki

i=1 j=1 a=1 % 4ey 5oy 1



or

36 24
X = 151 j§1 xij kij/M’ (11)
where
36 24
M = 1‘51 ji'l kij' (12)

This "data mean", X, is not referred to as a global mean since the spatial
distribution of the BUV data is non-uniform and, therefore, X is necessarily
area biased. In addition, these data do not provide global coverzge due to
orbit and sensor design. In fact, BUV annual coverage extends only from
approximately 80° south latitude to 80° north latitude. Otherwise, the
extent to which the global grid is filled depends on the length of the time
interval being considered and upon the actual portion of the BUV mission
being examined. The latter is due to the fact that the data density per unit
time decreases in the later years of the mission.

The variance of the data contributing to the data mean is

i=1 j=1 g=1 *'1

s 1 3 28 Ky, )
Oy = W I z (z d5)..-MmMx"1. (13)
The computer program 0ZSTAT2 was written to perform these analysis tasks.
Graphics capabilities included in the 0ZSTAT2 program provide for each case

a plot of the zonal means with t]°X. error bars, a scatter diagram of the
i

ozone distribution as a function of latitude, and histograms of the data
sampling distribution as a function of latitude or longitude. Examples of
the graphics output are shown in Figures 2 through 4. A listing of this
computer program and accompanying subroutines is included in Appendix I.

A means of storing and accessing these reduced data for specified time
intervals is required. Typical time periods examined in this study include
seasonal (90 days), monthly (30 days), weekly (7 days), and, less frequently,
daily intervals. It was, therefore, decided to store this information on a
daily basis in such a way that data for larger time intervals can conveniently
be generated by accumulating the appropriate daily values.
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Specific quantities that must be accessible on a daily basis per grid
block are,

. Sampling Distribution

. 0Ozone Mean

. Average Latitude of Observations

. Average Longitude of Observations

. Average Time of Observations .
. Variances Associated with Items 2-5 above.

W U PwWw N -

6-

‘Rather than storing these specific nine pieces of information per grid block,

it was decided to save the sums and the sums of the squares of the ozone,
time, latitudinal, and longitudinal values along with the sampling distri-
bution from which the required means and variances are readily calculable by

X = I xije/ki; (14)
i
and
02 "X ] z X2 -(Z x. )Z/k.ij (15)
LTINS F R RN IR AR NIRRT

where iz is the mean, o2x is the associated variance, I ¥ is the sum,
> 2 ij ije

and I is the sum of the squares of the 2th quantity for grid block (i,3).
ij 1js
The ¢'s signify the following:
£ =1 O0Ozone,
£ =2 Time,
£ =3 Latitude,
£ =4 Longitude.

The number of samples per block (i,j) is kij'



It was further decided to store this information on a mass storage random
access (MSRA) file, primarily because this approach minimizes the computer
storage problem inherent with these large data sets and also because of

the convenience associated with utilizing the MSRA file for this kind of
storage and retrieval process. A set of subroutines have been designed to
access this MSRA file returning to the calling program a data array in the
form of the standard 36 x 24 global grid system containing one of the nine
quantities mentioned above for a given day or collection of days. These

. subroutines can be easily incorporated into computer programs requiring
these grided ozone data without drastically affecting the program's storage
requirement. Details concerning the MSRA file, its creation and its access

are contained in Appendix D.

The preliminary data analysis concepts discussed above are beneficial for
the following reasons:

1. Setting up a standard grid network as outlined establishes
a basis for data analysis and lends itself nicely to making
preliminary statistical calculations.

2. The preliminary statistical analysis shows how the data
distribution varies as a function of latitude and longitude
which helps in the development of mission sampling strategies.

3. - Large data sets become more easily manageable when described
by a global grid network which can be put into the form of a
data array in the computer and saved on MSRA files.

10



[IT. STATISTICAL MODELING AND ANALYSIS TECHNIQUES

An essential part of this mission sampling study is the development of models
which describe the variability of the global ozone field and the statistical
analysis techniques which can be used to evaluate these models and the sampl-
ing schemes that they represent. The model primarily used in this work has
been the Spherical Harmonic model, though the modeling of data with Empirical
Orthogonal Functions has also been investigated and used to some extent
throughout the effort. These models and certain statistical analysis
techniques have been incorporated into computer programs which will be
discussed.

Cases arise where it is desirable to have a completely filled global grid
system. The BUV data does not provide this required global coverage. A
computer program has been prepared to handle this missing data problem using
either a Spherical Harmonic model or a "model" based on autocorrelation
functions. The data fill problem is discussed later in this section.

4, Spherical Harmonic Model - Parameter Estimation and Evaluation

The form of the spherical harmonic model chosen for this study is,

y(ei’¢i) ) mgo ngm [AmnY;n(ei;¢i) ¥ DmnY;n(ei’¢i)] * e (16)
where

Y;n(e,¢) = cos(m¢) F;nPﬂ(cose), (17)

an(e,¢) = sin(mg) F;nP';:(cose), (18)

s 1, 12 for m=o0 (19)

mn [g%%i%%% ] ’ for mo

11



Pﬂ(cose) are the associated Legendre functions of degree n and order m,

and Amn and Dmn are the coefficients associated with the functions Y;n(6,¢)
and Y;n(e,¢), respectively. F;n is the Adolf Schmidt seminormal-

ization constant.* e; is the error associated with the ith observation at
colatitude ei and longitude ¢i.

For a given data set coefficients for a spherical harmonic model of specified
degree and order are determined by a least squares solution that minimizes the
sum of the squares of the residuals ETE-

" Equation (16) above can be rewritten as

y(65,65) = ng] f(84505) by + e, (20)
where both the odd and even functions, an(e,¢) and Y;n(e,¢), are
included in f(e,¢), and, similarly, the coefficients Amn and D are
included in b. Some care must be exercised in maintaining the proper ordering
of the terms in equation (20). Note that N in equation (20) is the number
of coefficients (and therefore the number of functions) contained in the
model and not the degree of the model. Generally, the order and degree of
the spherical harmonic models used in this study are equal. If a specified
model is of order M and degree M, then

N=(M+1)% (21)

Equation (20) can be written in matrix form as

Y=FB+E. (22)

I

The double underline signifies a matrix quantity while a single underline
denotes a vector. To minimize the sum of the squares of the residuals the

quantity

T

ss=EE=(Y-EBT(Y-EB) | (23)

12



must be differentiated with respect to B. This leads to the so-called

"normal equations" which can be solved such that

T )']

Ty, ° (24)

=

The estimated coefficients contained in the E_vector are unbiased since

jo2>
fn
i

6
= B,

o>

Information regarding the sampling can also be gained from equation (24).
To that end calculate the covariance of E_as follows. Rewrite equation (24) as

B=GY, (25)

{ep)
=<

where G = (ET )']ET is a function of sampling position only and is therefore

treated here as a constant. The covariance matrix for E_can be found by
the law of propagation of errorsé such that

gpvar(g) = G Covar (X):QT. (26)

It is assumed that all components of Y are independent,

Covar(yi,yj) =0 for i # 3, (27-a)

and have the same variance,

Var(y;) = o° , (27-b)
so that
Covar(Y) = 02 1 (27-c)

where I is the identity matrix.

Then equation (26) may be rewritten as

gpvar(ﬁ) =G 02 ;:QT (28-2)
= ER T ER T AT 68 (28-b)
covar(8) = [E'D) 7 E' FL(FTF) T o2 (28-c)

Now consider some symmetric matrix z. Since the operations TRANSPOSE(T)
and invserse (-1) commute?,

zhT= (N1 (29)

13



But z is also symmetric; therefore,

£= ;T ’ (30)

and

zhT=21. . (31)

As gI; is also a symmetric matrix, by applying equation (31), equation (28-c)
may be written as

vaar(é) = (LIL)'] 02, (32)

where the variances associated with the estimated coefficients Bn are the
corresponding diagonal elements of the covariance matrix. The off-diagonal
elements are, of course, the covariance terms. In this study 02 has typically
been set equal to one, so that

Covar(B) = (LTL)'] . (33)

This is an important result that statistically describes how well the
model can be fitted to the sample space being considered. Recall that this
result is independent of the observation vector Y.

An interesting, if only heuristic, illustration is the case where only one
sample position is contained in the sampling scheme for a spherical harmonic
model. Consider the product of the observation matrix F and its transpose
written as -

P, p p

It Tt e e E Tafa

p p

= T = -
2kl A SR e oo , (34)

p p

£ finfa : iﬁﬁN

- .

14



where P is the number of observations and the function f is the same as
it was in equation (20). Then

p
- In
Skj = ii] fk(ei’¢i) fj(ei9¢i)’ (BJ)
or
SkJ = fk(e]3¢]) fJ(9],¢]) + fk(62:¢2) fJ(62’¢2) +...

(36)

<4

fileps0p) F3(8p50,)
The one sample position occurs at

8=6]=62=...=6p

and

¢=¢'I=¢2=cu. ¢p.
Equation (36) then becomes

(8,9), (37)

Skj = P fk(e,¢) fJ

and equation (34) becomes

£ i, .. fify
S=FF=P [ff, f5... . (38)
) 2
£ £ C L f
| N N

Now if for some matrix z all elements of a row (or column) may be obtained
from the elements of another row (or column) by multiplication by a constant,
that is, if 255 = (constant) 2,5 for all j or Z35 = (constant) Zi, for

all i, then det z ®

0.

Also the inverse of a matrix z can be calculated element by element accord-
ing to

15



cofactor (zj.)

-] _
(Z )1J - det(;) ! ’ (39)

where det(z) is the determinant of the z matrix.
It can then be seen from equations (38) and (39) that

det(s) = 0 , (40-a)
hence the covariance matrix-

LN (40-b)

(%}

or the variance associated with estimated coefficient values would be
infinite.

This result demonstrates the inability of the least squares technique to
accurately estimate the required coefficients of a model with N functions
(N > 1) when the sample space consists of only one point. A more general
comment that may be inferred from this example is that the variance in the
estimated coefficient vector is a function of the sampling distribution and
is not necessarily dependent on the number of samplings.

5. Statistical Analysis of Spherical Harmonic Model

The data variance og of the observations contained in the vector Y is
calculated by

P
2 ] 2 2
= oy L2 v - (2 yprel (41)
94 P-1 j=1 1 1 i

N~ o

i
which comes simply from the definition of variance as in equation (7), where

P is, as above, the number of observations.

The RMS residual between the measurement and the spherical harmonic model is,

RMS = ,:]_;ETzE] /2 (42)
p
By equation (23),
RiS = [1_ (- EBY-F @)] 172 (43)
] F F

16



where é'is the vector of estimated coefficients that minimizes the RMS.
Equation (43) can be expanded so that

RMS = [1 (v\Ty - YTEB - BTETY + 8TF] [3“_)]”2 . (44)

Note the term

YTEB = YT(1 x P) x E(P x N) x B(N x 1)

is a scalar. Therefore,

vEB= (EB) = BTENY (45)
and

RMS = [% (f'y - 2BTF'Y + BTF'F E)]Vz. (46)
Substitution of equation (24) into the last term of equation (46) leads to

RMS = [% (vTy - 28T¢Ty + QT_E_TX)]VZ . (47)

- In this manipulation it must be remembered that

T =1,

(

=

where ;=1s the identity matrix.

Equation (47) quickly simplifies to

RIS = [1_ 'y - éw]” ? (48-2)
P

or

2

wis? = 1 Ty - BTETY). (48-b)

The RMS2 value above is also known as the error variance, 02. This is the
portion of the data variance not explained by the model. The model variance
is then

17



The ratio

R2 = cﬁl/og

is often used as a criteria to judge the adequacy of the assumed model where

0 < R2 < 1.

R2 must approach unity for the model to account for the data variability.

The importance of terms in a given model can be measured by the relative
power of their coefficients. Of specific interest is the power of the
coefficients of degree n. This quantity is referred to as the degree
variance, cﬁ, and 15 defined as the average square of the spherical
harmonic solution, yn(e,¢), for degree n,% or

m 2n ~9
J y,(6,¢)da
2 _6=0 ¢4=0 (49)
% = T 2w !
j da
8=0 4=0

where da is the differential area sinedéd¢, and

n

y,(8:9) = mfo [A_ VS (8,4) + D Yo (8,0)] (50)

The Y;n(e,¢) and Y;n(e,¢) are spherical harmonic functions

as defined in equations (17) and (18). The Amn and Dmn are the coef-
ficients associated with an (6,4) and an (6,9), respect%ve]y.
Letting the notation [ denote the double integral J" f T, the

0,
? =0 ¢=0
numerator of equation (49) may be written as
L= 3 J [A Y& (6,0) + D Y° (8,4)1° da (51)
1 mn’ mn '¢ mn mn' "’ }

m=0 6,¢

18



or

L= 1 [AZ J €242 +2A D e ¥ da +
| mn (Ymn) a mn mn mn mn
m-o e’¢ e ¢

2 I 0,2
D (Y_ )< da].
mno gty mn

These integrals are evaluated in Appendix E so that

(52)

411’ n (53)

- 2 2 *
h=m mfo Any + Don 8ol
The denominator of equation (49) is

I, = J da = 4n,
2 6

such -that,

2=n 2 2 %
“n mfo'(Amn * Do Spod/ (20 +1),

or acknowledging the fact that Dmn zo0 form= o,

2
mn mn)’ (54-a)

The total power in the model coefficients can be found by summing over the

M degree variances such that

Total Power = 3 o2 = 3 1 7 a2+l (54-b)
nfo " n=o 2n + 1 m=o N mn
. Also of interest is the integral
(55)

I, = J y (6,4) ¥,(6,0)da,
3 6.4 n L

19



or

[A_ A ] YE ¥& da + A_D j Yé O da +

n
z .

2 n-m mg
=0 8,6 mn m m 29,¢ mn

0 ye f 0 O
* DmnAmzej¢Ymnsz da + Dmanze ¢Ymnsz da] - (56)

These integrals are also evaluated in Appendix E, so that
13 = 0.

Then the degree covariances,

J v, (8:0) ¥,(0,0) da

2 _ 68,0
o2 = : (57)
[ da
8,0
are zero.
The contribution of the zonal coefficients to oﬁ is easily determined from
Zn
Pzn = 5 X 100%, (58)
%n

where Pzn is the percentage of the zonal contribution to the degree variance
at degree n, and where by equation (54-a) for m = o,

2 2
A~ +D
_ “‘on on
Zn Co2n 1] (59)

is the zonal contribution for degree n.
But Dron does not exist for m = o since by equation (18) Y%=o n(e,¢) =0, so
2
7 = Aon
n 2n+1°

(60)
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Substituting this result along with equation (54-a) into equation (58) gives
Ao
= x 100%, (61)
; (A2 + 02 )
I mn

PZﬂ

again remembering that Dmn = o whenm = 0.

This result is useful in determining the relative importance of the zonal
contribution to the nth degree variance.

The model statistics discussed above, Pzn’ degree variance, and total power,
explain the distribution of power in the spherical harmonic model.

Computer program GLSRAN2 performs the various calculations mentioned thus far

in this section. Comments concerning the associated Lengendre function recurrence
relations utilized in GLSRAN2 are given in Appendix F. Specific details con-
cerning file manipulations, calculation methods, and output are elaborated

on in Appendix G.

Further statistical analyses are performed utilizing the results of computer
program GLSRAN2 mentioned above. These are the zonal and global means and
variances as based on the least squares fit to the spherical harmonic model.

First, it is desired to derive an expression for the ozone value as a
function of colatitude only which will serve as an estimate of the zonal
mean, z(6). To accomplish this the model estimate as given in equation
(16) is integrated with respect to longitude such that

r21T
y(6,¢)do

The numerator may be written as

2m MM 27
[ y(e,0)do = = £ F> P"(cos6) [ LA cos(me) + ﬁmnsin(m¢)]d¢, (63)

mn n
v :0 =
40 m=0 n=m 450
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or

JZTT M
y(6,¢)d¢ = 2 £ A P (cose) .
J neo oOnn )
$=0
Then
- M.
z{e) = nzo AgnPp(cose) . (64)

The estimated global mean is found from

, I&h&)da
g= 2 ' (65)

| w

859

The numerator may be written as

M M T 27
J yle,¢) da= 1 F;n I P:(cose) sinede J [A,cos(mé)
8 ¢ m=0 n=m 8=0 $=0

| + bmnsin(m¢)] deo. (66)

Evaluation of the integration over ¢ gives

2n . - . 0 , formy# o
J [Amncos(m¢) + DmnSIn(m¢)] d¢ = 2"Aon! form=o0 (67)
$=0

The integral -over 6 in equation (66) may be written as
1

e
J Pg(cose) sineds f Pn(x) dx (68)
=0 x==1

using the substitution x = cose and where because of equation (67) there is
only reason to evaluate the integral for m = o.

From Appendix E
1

J Pa(x) Pplx) dx = 7057 Snys
X=-1
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then, if2=0,
1

xLlPo(x) Pn(x) dx = 26 . (69)

Recalling that Po(x) = 1, equation (69) may be written as

, (70)
weoq M no
and the numerator of equation (65) becomes
\ 4hyys form=n =0
[ e aa = , (71)
0 s Otherwise
8,9
Finally, since [ da = 4n, the estimated global mean is
0,50
E = I\OO > (72‘&)
the variance of which is
Var(g) = Var(Aoo), (72-b)

where Var(ﬂoo) is calculated by equation (33).

The gToba]_mean can also be calculated in terms of area weighted zonal means.
Another representation of the variance of the global mean can be estimated
from this result in terms of Covar(B) elements. This technique is developed
below.
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In terms of zonal means the global mean may be written .s

I
g, = E] a; z;/A (73)

where E} is the estimated mean for the ith zone, the constant weighting

factor a, is the surface area of the ith zone, and

is the global surface area. Equation (73) may be rearranged as

1l B =

Ag, = a; z. , (74)
z = 4oy 1

and, if the variance is taken of both sides, it becomes

I
Var(A§é) = Var(_z] a;
1:

) (75)

1

N|

where I is the number of zones and the E} are to be treated as random variables.

~ By the definition of variance (equation 7) the right hand side of equation
(75) becomes

I _ I _ I — 2

Var(ifl a, z;) = <(i£1 a; Z; - <i£] a; Z;)) >

1 1 o

AL AL R
S I 2
Var(igl a; z;) = <(i£] a; Z;) >, (76)
where

2; = (Z; -<TD). (77)
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Equation (76) may be expanded such that
I

Var( 23y ) =l 2)° ¢ (3, ) 4
'|=

2
tlap )" +2a 28 p + . . . 4 2aIT] Zq a2y

or
( I - S
Var( £ a; z;) =< a; ZI;+2: T a;a, Z; 71>
I = B = N LI

Notice that
CZB> = <(F -<F>)P = var(E)
and
<Zj Zk> = (_Z-\] - <EJ>) (Ek - <Ek>) = COV&Y‘(?J. ’_Z-k);

then equation (78) becomes

1 I,
Var(iE] a; Zi) = iil a; Var(z])
-1 1 o
+ 2 ji] k=§+1 3y a, Covar(zj,zk) .

The left side of equation (75) is

2

Var(Aﬁé) = A Var(§2) .

Equating equations (81) and (82) it is found that

I I-1 I
2 > — —
~ 151 aj Var(z;) + 2 .51 k=§+1 aj a Covar(zj,zk)
Var(g.) = J3 J
Z A2

25
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Var(E&) is the variance of the mean for zone i. The colatitude position of
zone i is taken to be at 6; so that from equation (64)

_ Mo
Var(zi) = Var[nf_O Aon Pn(cosei)] (84)
or
- M .
Var(zi) = Var(ng0 Poi Aon) (85)

where pni is the nth degree Legendre function evaluated for 8. Equation
(85) may be evaluated in an analogous fashion to the technique used in the
evaluation of equation (75) where Aon is to be treated as the random
variable. Then equation (85) may be rewritten by comparison with equation
(83) as

M-1 M A~ oA

p2 Var(f\on) +2 5 & P..P. Covar(A_,A ). (86)

Var(z;) = = ni' 21 on*"og

! n=0 M n=o0 2=n+l

In order to complete the evaluation of equation (83) Covar(E&,Ek) must be
written in terms of known quantities. Recall that the covariance is defined
as

Covar(x,y) =<(x - <xD) (y -<y)>. (87)

Then substituting

7. = P A (88)

-
=
'y
o
=

into the covariance definition, equation (87),

M . M . M . M .
Covar(z;,z,) =<(z P .A -z P .A > (z P -z P A D)
7k n=o MJ on n=o MJon n=o nk on n=o nk on
(P A - %) (1 Pk - 1 b R ). (89)
=z P_. z P .CA r P A _ - I .
n=o N4 on -, njon n=0 nkon n=o Nk on
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Let

Wy = Ay - <AL, (90)
then
Covar(z.,z, ) ={( : ) ( :
ovariz, »Z, r P M I P MW ) >,
k n=o ™M psg n
and
o M M 5,
cOvar(zJ.,zk) = <n£o zf-o PnJ zkw W
or
(z:,2;) ;Y >
Covar ,z I £ PP UMW, (91)
k n=o £=0 nj 2k>"ng
However, by equation (90),
<an£>= ((Aon - (Aon)) (Aoz - <A0£>)> = Covar(Aon,Aoz). (92)

Then substituting equation (92) into equation (91) the required covariance becomes

M M
Covar(z.,z,) = © = PP Covar(A
KT g g MEK

). (93)

on’ 02

With the help of a little algebra equation (91) may also be written as

M M-1 M
&wadqu) r P .P (W >+ & T (P P P oYUMW D>, (94
h i ¢ n=o MJ Nk n=o 2=n+l zk zJ nk ng (94)
By equation (90)
CHEY = (A -<A N2> = var(A ) (95)
n on on on’"*
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Substituting equations (92) and (95) into equation (94) gives

M A
Covar (zj,zk) = nzo Pannk Var(A )
M-1 M o
! nEo 2=§+] (P"jplk ¥ Pljpnk) Covar(AgysAg,) - (96)

This is a reassuring result since it reduces to eqhation (86) for the
zonal variance when j = k.

Computer programs GLOBZON and ZONVAR have been prepared to perform these
calculations based on the results of the least squares fit to the spherical
harmonic model, specifically the model's zonal Soefficients, Aon’ and the
zonal elements of the covariance matrix, Covar(Aon,AOQ). When ths model is
written in the form of equation (22) these quantities are calculated from

equations (24) and (33), respectively.

To summarize these results the mean, E}, for zone i as found by computer
program GLOBZON is

— M ~

z.= t P_.A

i o, nhiton

where M is the degree of the model, P is the nth degree Legendre function
for the colatitude 6, at the center of the zone, and AOn is the nth degree
zonal coefficient. This result was shown in equation (64) and further
developed and used in equation (84).

The global mean, g, was shown by equation (72) simply to be the first
spherical harmonic model coefficient, or

g = Aoo’
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In order to calculate the global variance, Var(§;), the global mean was

written out in terms of area weighted zonal means as shown in equation (73).
The global variance was found to be

I a; Var(z,) +2 = I a.a, Covar(z.,z,)
N = R N = I = B ik
Var(g,) = 2

as shown in equation (83). A favorable comparison of this result with
equation (72-b),

~

var(g) = var(A_) ,

00

tends to confirm the accuracy of the zonal variance calculation as used in
the Var(g,) calculation. The zonal variance, Var(E}), is

Z
Var(z;) = Y e Var(A_ ) + 2 ST e Covar(A_ A )
i ns0 M on n=o g=n+] N 21 on’og’?
and
Covar(E&,Ek) = ? Pan var(A_ ) + M;] g (P .., +P .P  )Covar(A ,A )
n=o nk on n=o g=p+] NJ &K 23 nk on’ o2’"

29



6. Eigenanalysis - Empirical Orthogonal Functions

The subject of eigenanalysis may best be introduced by means of a simple,
if not trivial, illustration. Consider the data shown in the table below.

Table. Data Set as Viewed in the X) = X Coordinate System.

Observation No.
i Xi1 Xi2
1 1 1
2 2 2
3 3 3

The data means and covariance matrix can be calculated as

i] = 2, (97-8)
XZ = 2, (97“b)
and
2 2
covar = 3 3, (97-c)
*\2 2
3 3
where
p 3 . -

The data variance is the sum of the diagonal terms in the covariance matrix
or the "trace" of that matrix and iswritten as

o = Tr{COVAR) = 4/3. (99)
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Now with the data mean (i] = RZ = 2) taken to be the origin of a new coordinate
system with axes Uy and U, the data in the table above are distributed as
shown in the figure below.

Figure. The Uy - U, Coordinate System shows the "mean centered" data

representation.
U2
N
14 °
+ ¢ > L
-1 1 7 =1
. -14

The origin of this new coordinate system may be thought of as being displaced
by some mean vector, m, where

m = 2%y + 2X,. (100)
21 and 22 are unit vectors along the Xq and X, axes, respectively.

Define another coordinate axis such that it is colinear with the data. Call

this axis Y- The third coordinate system is completed by placing the coordinate’
axis Yo through Uy = up = 0 and perpendicular to ¥y in the direction shown in
Figure 5. The coordinates of the data in the ¥y - ¥ coordinate system are
tabulated below.
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Table. Coordinates of Data in R ) System.

Observation No. wil Yy,
1 -v2 0
2 0 0
3 V2 0

The covariance matrix for the data as represented in this coordinate frame is

(101)

This analysis is of interest since it shows that the data set initially
represented by two coordinate axes, X and Xy, Can be represented, with the
proper translation and rotation of these axes, by only one axis, Y1 @s the

¥, component of all three observations is zero. This result effectively cuts
in half the amount of information required to describe this set of data. It
follows then that the data variance must all be accounted for along the ¥
axis as is shown in equation (101) in accordance with equation (99). Because
of this, and since the data mean is zero, the variance may be found from the
mean of the sum of the squares of the ¥ axis data coordinates, or

2

fo =

2
¥

. 1° ('IOZ-a)

[—l
™ w

i
and

2 _ 4

LR (102-b)
Also, by equation (101), Yiq and .o, i=1, 2, 3, are uncorrelated since
COVAR(w], wz) = 0.

Now consider the case where the data set is in the form of a matrix X(MxN).
X may be thought of as containing M measurements of an observable vector
dimensioned by N or as N coordinate vectors dimensioned by M. The

objective is to reduce the number of coordinate vectors required

to accurately represent X and at the same time to keep account of the
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data variability explained by this representation. Though more computationally
involved, this problem is fundamentally the same as the preceding example. That
is, by the proper selection of another coordinate system, the data may be
arranged with respect to its coordinate axes so that the data variance is maxi-
mized along a smaller number of its coordinate vectors and so that the various
coordinate vectors are uncorrelated with each other, i.e.,

COVAR(¢1, wj) =0, fori=1,2,.. ., N
and i # j.

To this end the covariance matrix describing the data set must be diagonalized
(a11 off diagonal terms are required to be zero). The covariance matrix is

I

GOVAR(X) = 3 U (103)

where the U matrix is defined such that

U]J = x'ij - xj s (104-a)
and

s .1
Xi = x (

; Xi3) (104-b)

LI or B4

i=]

is the data average for the jth column of X.

Diagonalizing the covariance matrix defined by equation (103) results in a
new covariance matrix statistically describing the data in a new coordinate
system or "eigenspace". This covariance matrix is of the form

Fx] 0.+.0 |
0 ‘2
A= |, (105)
0 A
- N_.J
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A1l off-diagonal elements are zero. The diagonal elements of A are eigenvalues,
or characteristic values as they are sometimes called. Associated with each
eigenvalue is a principal axis, a coordinate axis in eigenspace. Any vector

y, as defined in equation (106) below, that is parallel to a principal axis

is called an eigenvector. The eigenvalue equation is

(COVAR)y = X ¥ , (106)
which may be rewritten as

[(COVAR) -~ InJy = 0 , (107)

~where 1 is the identity matrix.

It is necessary to find non-trivial solutions for equation (107), that is,
solutions where y # 0. Since equation (107) is a representation of N homo-
geneous simultaneous equations, it can only be solved if the determinant of
the coefficients vanishes, or

|COVAR - IA| = 0 . (108)

This is often referred to as the secular equation. Values for the scalar
constant A which come from the solution of the secular equation are the
sought eigenvalues. These eigenvalues are arranged in decreasing magnitude
along the diagonal of A in equation (105).

Once the eigenvalues are known, the associated eigenvectors can be found by
equation (107). The N eigenvectors that pass through the origin are the
coordinate axes in the eigenspace coordinate frame. The coordinates of
the data in eigenspace are given by

c=uy (109)

where U is defined by equations (104) and ¥ is a square matrix containing
the N eigenvectors by row. The coordinates of the data in the original
coordinate system can be found by

X=U+a (110-a)

where

(110-b)

=
]
o
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and the matrix a, containing the N column means of X, is given by
a ;= w (T X (110-c)
ki M ij’ -C

fork=1,2, .. ., M,

It will now be of interest to return to the earlier illustrative example solv-
ing it from the point of view of an eigenvalue problem as developed above.

From the data in the table (Data Set as Viewed in the x| = Xo Coordinate System)
‘and with equations (97) and (104) the U matrix may be written as,

-1 -1
o o). (111)
1

=
]

This is the "mean centered" or "zero mean" data representation as shown in
the figure above. Then by equation (103)

2
3
COVAR(X) =

s , (112)

wiro wiro

w|N

which is in agreement with equation(97-c). The required eigenvalues can be
found with a little algebra and equation (108) as follows:

£ Z A0
2 2] -0
£ £ 0 2
1 Ao
£ - = 0. (113)
11 0 3
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Let

b2 3
AESa,

so that

1 - 1
| 1 -2

The determinant on the left hand side is readily evaluated giving

T U

The solution of this quadratic equation is

)\-l = 2,

and

| =
A 0,

or, by equation (114),
A] = 4/3,
and

Ay = 0.

Substituting this result into equation (107) yields

¥11 = Y2

for the first eigenvalue, and

V21 = Y22

(14)

(115)

(116)

(117-a)

(117-b)

(118-a)

(118-b)

(119)

(120)

for the second eigenvalue. Here ¥ij is the component of the ith eigenvector

along the uj axis.
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The eigenvector associated with the first eigenvalue is any vector which has
equal components along the Uy and u, axes. Then the principal axis can be
taken as the eigenvector that passes through the origin of the Uy - u, coor-
dinate system, such that the unit vector along this principal axis is

g, + €
é]' =__]_.___2., - (121)
2

where é] and é2 are unit vectors along the Uy and u, axes, respectively, and
the 1/vV2 is a normalization constant.

Similarly, the unit vector along the second principal axis is

e, - €
8, = 2 1 (122)
V2

Equations (121) and (122) can be combined and represented in matrix form as

-
V2 V2
Y= (123)
S T
V2 2

Here the matrix ¢ contains in rows the two eigenvectors that represent the
principal axes in eigenspace.

It can quickly be shown that ¥y and Yo form an orthonormal set since

1 - 0
Ty =

0 1

From this result it follows that

LOIR 2 Bl TRR TR
demonstrating that ¥ and ¥, are normalized and that

Yt dp Ty Yy =0
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showing that ¥ and ¥, are orthogonal to each other.

To digress a bit it is interesting to note that the matrix ¥ in equation (123)
is, in fact, the transpose of a rotational transformation and can be calcula-
ted by the perhaps more conventional technique illustrated in the figure below.

Figure. Coordinate Axes Rotation

\
* A +
K A
e
AN L
\ )
N e
\\\F'— y
N
A oy
RN
e \
‘ AN
e \
- N\
e \
e N

In the figure the primed axes, x' and y', have been rotated as shown through
an angle 8. They can be represented with respect to the original axes as

X cose +y sine (124-a)

XI
and

y' =y cose - x sing , (124-b)
or written in matrix form

(x* y') = (x vy) (cose - sini). (125)

sing cos®
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Notice that for e = 45° the rotational transformation in equation (125)
becomes

S E
. 2 /2
JT - , (126)
- 2 a

/2 2

‘Now, by equations (109), (111), and (123), the coordinates of the original
data (Table. Data Set as Viewed in the X] = X5 Coordinate System) in
eigenspace can be calculated as

B 1 ] - ]
V2 2
C= 0 0 ,
1 a
R B 7z
or
B4 0
C= 0 0 . (127)
L V2 0

The original data coordinates can be reconstructed by equations (110) combined
as

X=a+Cy. (128)

P

Substituting equations (97), (123), and (127) into equation (128) gives

2 2] [-Z o] [ = L
2 V2
x=]2 2|+ o o ] (129)

1

L2 2l 2 ol U n
2 2] 1A
=2 2+ o o
2 2 11
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(130)

fI><
"
~N —
ro

However, as previously stated, the X data matrix should be retrievable by
utilizing data along only the ¥y axis. Equation (129) for only the first
eigenvector becomes

2 2 -2 (—‘— ]—>
V2 V2

X= 2 2]+ 0 (131)
2 2 2
2 2 -1 -1

= 2 2]+ 0 0

2 2 1 1
1 1

X= 2 2 . (132)
3 3

To calculate individual elements of X equation (128) may be written as

N .
X:: = a. + I C.k wkj (133)

ij I g i
where the i subscript on "a" has been dropped since the column index, j,
determines the value of a, now treated as a vector.

These eigenanalysis techniques have been used to some extent in the ozone
sampling study. Empirical orthogonal functions (EOF) have been used in the
development of a global ozone model. These empirical orthogonal functions

are the eigenvectors of the covariance matrix associated with a set of gridded
ozone data. The coefficients associated with these functions are the coor-
dinate vectors of the gridded ozone data represented in eigenspace as found

in the C matrix defined above.
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This EOF ozone model will be discussed below according to the following four
development stages.

1. Establish an appropriate data grid system.
2. Calculate data base for model.

3. Develop model.

4. Test model.

‘The EOF model development is based on the assumption that there will be no
missing data blocks in the grid system. This assumption eliminates from
consideration polar regions where there is no BUV data coverage. A further
consideration is whether latitudinal or longitudinal variability is being
investigated. For latitudinal variability studies data are arranged as shown
in Figure 6-A. For longitudinal variability studies data are arranged as
shown in Figure 6-B. The elements of the grids are found from equation (3)
where the i and j indices are now defined as in Figures 6-A and B.

Three data arrays constitute the minimum data base requirement for the EOF
model. One of these arrays contains the eigenvector matrix, another contains
the matrix of coordinate vectors in eigenspace or the coefficient matrix, and
. the last contains the N column averages of the gridded data (Figures 6-A and
B). With one set of these three arrays the EOF model can reconstruct the
original data grid for some specified time period. Though the EOF model is
time independent, by supplying eigenvector, coefficient, and column average
arrays for several time periods a model which is effectively time dependent
can be formulated. The EOF model data base as generated during this study of
the BUV-I data consists of one such set of arrays per week for 50 weeks.

Data base array sets are calculated by computer program EOFA2. In this

brogram the column averages are found by equation(104-b), the eigenvectors, y ,
defined by equation (107) are computed by subroutine SYMQLY, and the coef-
ficient matrix is calculated by equation (109). These data base arrays are
saved and maintained on a MSRA file such that model data is accessible on a
weekly basis.
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For purposes of this discussion, it will be assumed that the source data for
the EOF model is arranged as in Figure 6-A. The fundamental model represent-
ation of an ozone value in grid block (i,j) is

n

as shown in equation (133). In equation (134)
1 <snsN

where n is the number of eigenvalues to be used by the model and is determined
by the percentage of the total variability, P(%), to be explained or accounted
for. The expression showing the relationship between n and P(%) is given below
as :

p(4) = L.
02

e

Ag X 100% (135)

k=1

where

N
= 1 A . (136)

Also, as has been demonstrated above (equations 99 and 102), the data variance
may be written as

Mo
] 'z] Cij . (137)
'|=

2 = Tr(COVAR) =

g

=|—
n ™~ =

J

The model's time dependency is incorporated by the proper selection of the a
vector and the C and ¥ matrices from the MSRA file as discussed above.

The model devé]opment thus far makes available only the somewhat limited capa-
bility of calculating discrete ozone values associated with grid block (i,J).
This capability must be extended so that ozone values for specified positions
on the Earth's surface, within the geographic boundary limitations of the
model's data base, can be computed. This would result in a model of the form

OZONE = X[w(e), C(¢), t, P(%)]. (138)
To this end Fourier series representations are calculated for the required eigen-
vectors and column means as a function of latitude, 8, and for the required coef-
ficients as a function of longitude, ¢. Appendix H gives a brief development of
the Fourier series representation that will be utilized below.
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First consider approximating an eigenvector "curve" composed of discrete values.
. These values are equally spaced along a latitudinal axis and are located at
latitude zone centers as shown on the bottom scale of Figure 7. The BUV-I data
modeled by this technique generally has good latitudinal coverage, depending

on the season, from the latitude zone centered at -77.5° to the zone centered

at 77.5°. As can be seen from Figure 7 this corresponds to an eigenvector of

32 discrete components. For the purpose of representing an eigenvector by a
Fourier series this figure also shows certain transition scales. The "Fictitious
Latitude Scale" simply shows the latitudinal data range where zero degrees
corresponds to the gridded data's southern extreme. The "Fourier Scale Range"
shows the domain of the periodical Fourier functions which will be used to
represent the eigenvector.

Notice that the Fourier scale range extends slightly beyond the discrete data
scale. As far as the Fourier scale is concerned there are 33 pieces of data,
but due to the periodic nature of the Fourier representation the functional
value of the first discrete data point must equal the functional value of the
last, or

f(0°) = f(360°).. (139)
Then over the Fourier scale range there are 32 intervals between the equally

spaced data so that

Fourier Scale Range _ 360° _ 0%
No. of Intervals over Scale =~ 32 11.25%/interval. (140)

Both latitude scales contain 31 intervals so that the length of either latitude
scale in terms of the Fourier scale is

11.25°%/interval x 31 intervals = 348.75°.

Let K1 be the conversion factor from the fictitious latitude to the Fourier
scale such that

_ 348.75° _
K'-l = —'1—5?,— = 2.25 . (]4])
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Also let 6 be the actual latitude value, 8, be the fictitious latitude value,
8 be the Fourier scale value, and de be the discrete data point number includ-
ing any fractional part. Then,

81 = 582 | (142)
But

0, = 0 + 77.5°, (143)
SO

o, = x (8 + 77.5°) . (144)

This expression shows the relationship between the actual latitude, 6, and
the corresponding Fourier angle, 6,.
The relationship between de and 0, may be written as

6, = Kz(d6 -1), : (145)

where

155°/31 intervals. (146)

K

2
Then by equation (143)

8 = ky{d, - 1) - 77.5°, (147)
and by equation (144)

ST LPICHES R (148)

which gives the Fourier angle in terms of the discrete data point number scale.

From the development in Appendix H the required eigenvector may be approximated
by a Fourier series expansion

Q
p(e) = A0 + I [A2C05(2K1(6 + 77.5°)) + stin(lK](e +77.5°))] (149)
2=1

where Q = 16, since 2Q = 32 is the number of independent discrete pieces of
data, and where equation {144) was substituted into equation (H-6) for the
Fourier angle.
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The procedure for finding an approximation for the mean vector "curve" is
quite the same and leads to

a(e) = E_ +
o

I ~ML0

[Elcos(zkl(e + 77.5°)) + stin(lk](e + 77.5°))], (150)
1
where only the Fourier coefficients are changed. They are found as outlined
in equations (H-4) and (H-5).

The Fourier representation for the coefficients is similar to that above except
.for certain scaling differences. The BUV-I gridded data ranges on the longi-
tude scale from the block centered on 7.5° to the block centered on 352.5°.

The Fourier angle may be written as

4= ¢ - 7.5° , (151)

from which by equation (H-6)

C(¢) = R, * g] [chos(2(¢ - 7.5)) + Slsin(z(¢ - 7.5))] (152)
9[:

where Q = 12, since 2Q = 24 is the number of discrete independent pieces of
data, corresponding in this case to longitudinal sectors, and where the coef-
ficients are found again by equations (H-4) and (H-5) using the already known
discrete values of C.

Computer program EAMOD1 was prepared to implement this model and to briefly
analyze the results. To summarize the model development above as incorporated
into the computer model consider the problem of finding an ozone value for
some point on the Earth's surface (6', ¢') at time t. Further, P'(%) of the
data variability is to be accounted for.

First, a set of data arrays for the appropriate time period t are accessed from
MSRA file. Recall these three data arrays contain the eigenvector matrix, ¥,
the coefficient matrix, C, and the column average vector, a. The number of

eigenvectors required to achieve the specified data variability can be deter-
mined from equation (135).
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Since eigenvalues are not saved on the MSRA file, elements from the coefficient
matrix may be used for this task. As shown above, the kth eigenvalue may be
written as

M

. 2

1
Y TwLE G (153
1

and equation (135) becomes

n Mb
I El I C? ]
k=1 M =1 K
P(%) = x 100% . (154)
2
(e}

Equation (154) is summed iteratively over k until
P(%) = P'(%) (155)
at which point n = k is taken to be the required number of eigenvectors.

The eigenvectors are arranged by row, and the associated coefficients are
arranged by column as stored in their respective arrays. Each of the first
n eigenvectors are fitted according to equation (149), and each of the first
n coefficients (column vectors) are fitted according to equation (152).
Similarly the mean vector is represented by equation (150). The required
ozone value can now be computed by rewritting equation (134) in terms of
actual model parameters, instead of the global grid indices (i,j), as

n[P'(%)]
L

G Celo')y wele')y  (156)

X[u(e'), C(e'), t, P'(%)] = a(e') +
where the notation n[P'(%)] signifies that the number of eigenvectors used
is a function of the explained data variability and where the subscript t
indicates that the arrays come from the data base for the time interval t.

The ozone modeling technique using empirical orthogonal functions has been
implemented and briefly analyzed .by computer program EAMOD1. The modeling
aspect has been described above. As a quick evaluation of the model's
usefulness, selected BUV-I sampling data was used to generate the required
model data base. Then the BUV-I ozone values associated with this sampling
were compared with the model predictions for those values. Within the
latitudinal Timits of the model, the errors ranged from 0% to 10%.
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7. Data Fill Technique by Autocorrelation Functions

The autocorrelation function typically thought of as being associated with
time series analysis has been somewhat modified here and has been engineered
into a data fill technique on a spatial basis.

R(K) = E[x_ %] (157)

is the definition of the autocorrelation function where E is the expectation

~operator and the set of x;, i =0, 1,2, . . ., N, is "zero mean" data!® The

sample autocorrelation function
'l N"Ikl']

RN(k) = = z

(158)
N i=o0

i %+ |k]|
is the estimate of the autocorrection function, where k, the lag, is
representative of time separation.10

Consider the case of global spatial distribution instead of time distribution.
Let k represent a lag of 5° latitudinally and % represent a lag of 15° longi-
tudinally. The number of samples with respect to latitude is

180°

N = ~go— = 36, (159)

and with respect to longitude is

N, = 325 = 2a. (160)

Then by analogy to equation (158)

: 24-12] 36-|k|

)} = z X X
Nka2) 5 i

. (161)
R i3 Xi+[k|,3+|2]

S e

k,2
k,2

(
N(
However, in accordance with the latitudinal index convention as shown in
Figure 1, equation (161) is written as

24-|2| 18-|k| 36- K|
X X

, : (162)
it1g (13 Kit[k|,3+e]

1
R (k,e) =
N(k.e)  NKR) oy 5

47



where
N(k,%) = NNg = Ny
and Ng is the number of grid blocks containing no data.

Now consider the data block (i,j), shown in the figure below, containing no
data.

J+3
j+2
g+
i, j

j-1
j-2
j-3

i-3 -2 i-1 i i+] i+2 i+3
In a sense the objective is to find a weighted mean of the 48 blocks surround-
ing (i,j) which will serve as the "fill-in" value for the block (i,j).

In general a weighted mean may be written as
_ n n
X = I o X.i/.z oi s (]63)

where a; is the weighting factor associated with X - Should some x; have

no value, indicated by X; = 0, over the range 1 < i < n, then equation (163) is
written as

_ n n (162)
X= I a3 X:/ I 6;a 164
izt ' i 17
where
- 1, for x; 0 . (165)
i 0, for X; = 0
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Finding the value for the block (i,j) is a two-dimensional problem requiring
summation over latitude and longitude. Let Yij be the required weighted mean.
Then by equation (164)

3 3
I . .
oy g RIkITe] Tiek,gee
Yi37 T3 3 (166)
L .
k£-3 22_3 R}k||z| itk,j+2

"where R|k||2| is now treated as a weighting factor and from equation (162)

24-|2] 18-|k| 36-|K|
z )

1
R (k,2) = I (167)
Nkoe) NG2Y S5 g0 419

Yig Yie|k|,d+]2]"
The technique briefly discussed above is currently being used as implemented
in computer program OZFILL1 on two levels, partial fill and complete fill.
Using the partial fill technique 1/2 of the total surrounding 48 data blocks
must contain non-zero ozone values (an ozone value of zero implies no data).
Also previously filled blocks are not included in this count. The complete
fill technique is used without regard to the above restrictions.
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IV. BUV CORRECTION TECHNIQUE - DOBSON DATA

Ozone data as measured by the Dobson spectrophotometer have been investigated
and analyzed in conjunction with the BUV sampling analysis.!! These data were
obtained from the World Ozone Data Centre in Ontario, Canada and subsequently
have been used to adjust the BUV data as will be briefly explained below.

For a given Dobson station certain BUV measurements are selected based on
temporal and spatial considerations in order to calculate a linear least
-squares fit between the Dobson, Yqr and the BUV, Yp data. The great circle
distance, s, between the Dobson station (e], ¢]) and the BUV subsatellite
point (62, ¢2) is given by

s = RCOS'](sine] sine, + cosey cose, cos|¢2 - ¢1|) ; (168)

where R = 6367.3951 kilometers is the average earth radius based on the
C]arke spheroid of 1866.12 The least squares fit is of the form

where Bo and B, are the resulting regression coefficients.
A sufficient number of Dobson stations are utilized so that the range in

latitudinal coverage is from approximately 75° to -45°. Both B, and By
may be fit as a function of latitude, 6, by the least squares method so that

By = g7 t+ opp COS26 (170a)

and

Bl = a7 + ayp cos20 . _ (170b)
Then the "“corrected" BUV ozone measurements, Yo as "adjusted" by the Dobson
data may be calculated from

Yo = og7 t ogp €0S20 + (a1] *ay, cosZe)yb . (171)
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Table 1. Preliminary Analysis of the BUV-III Data
FTN LAST TOT. 15T LAST TOTAL ABNORM. 07
FILE # 1ST DAY DAY DAYS REC.# REC. # REC. -77. 1EQC
1 99 126 28 1 23,591 23,591 818 0 0
2 126 153 28 23,592 47,373 23,782 889 0 10
3 154 182 29 47,374 72,143 24,770 1,000 0 1
4 182 210 29 72,144 97,309 | 25,166 995 0 0
5 210 238 29 97,310 122,760 25,451 993 0 0
6 238 266 29 122,761 147,467 24,707 917 0 0
7 266 293 28 147,468 171,742 24,275 893 0 0
8 294 322 29 171,743 198,572 26,830 937 0 0
9 322 349 28 198,573 226,539 27,967 982 1 0
10 350 364 15 226,540 240,933 14,394 508 2 0
N 365 392 28 240,934 264,729 23,796 745 2 0
12 393 420 28 264,730 284,198 19,469 495 7 0
13 421 448 28 284,199 302,873 18,675 586 0 0
14 449 490 42 302,874 326,854 23,981 680 0 0
EOF
15 491 518 28 326,855 345,651 18,797 7 495 1 0
16 519 546 28 345,652 367,473 21,822 3 701 0 0
17 547 575 29 367,474 386,978 19,505 0 623 2 0
18 575 603 29 386,979 406,530 19,552 2 681 0 0
19 603 623 21 406,531 420,244 13,714 0 449 0 0
20 631 658 28 420,245 441,153 20,909 4 710 0 0
21 659 686 28 441,154 462,056 20,903 7 685 0 0
22 687 714 28 462,057 483,204 21,148 1 667 1 0
23 715 729 15 483,205 495,325 12,121 0 388 0 0
24 730 757 28 495,326 520,757 25,432 2 814 3 0
25 758 785 28 520,758 546,946 26,189 32 871 8 6
26 786 813 28 546,947 571,915 24,969 8 954 2 0
27 814 841 28 571,916 594,889 22,974 4 671 0 0
28 842 855 14 594,890 607,974 13,085 0 334 1 0
EOF
TOTALS 607,974 219 20,481 30 17 -
" SUMMARY :
NO. OF FTN FILES 28 RECORDS SUCH THAT ABSOLUTE LATITUDE < 5° 34,698
NO. OF RECORDS 607,974 - BAD CROSSING TIMES (IEQC) 17
ABNORMAL 0ZONE OBSERVATIONS ON EQUATOR 0
0Z = -999. 219 TOTAL DAYS ON TAPE 757
0z = - 77. 20,481
OTHER 30> NOT INCLUDED IN THE INTERVAL

-200 < ABSOLUTE OZONE VALUE < .650
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Figure 1. Global Grid System as Developed in Computer Program
0ZSTAT2's Data Grouping Scheme
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Figure 2. Example of Program OZSTAT2 Graphics Capability
This plot shows BUV Zonal Means for June 22, 1970.
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Figure 3. Example of Program OZSTAT2 Graphics Capability

This scatter diagram shows the BUV ozone data
distribution for June 22, 1970.
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NORMALIZED NUMBER OF DATA POIMTS

T

Figure 4. Example of Program 0ZSTAT2 Graphics Capability

This histogram shows the latitudinal sampling
distribution of BUV ozone data for June 22, 1970.
Actual Number of Data Points = Normalized Number
of Data Points x 103.
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Figure 5. Relationship of the Three Coordinate
Systems X] = X9y Uy = Up, and w] - ‘p2
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gure 6-A. EOF Model Arrangement for Latitudinal
Variability Studies
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Figure 6-B. EOF Model Arrangement for Longitudinal

Variability Studies
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Figure 7. Transition Scales from the L: .tude
Scale to the Fourier Scale for
Eigenvector Representation.
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APPENDIX A - PRIMARY COMPUTER PROGRAMS MENTIONED THROUGHOUT MEMORANDUM

Program Name

Purpose

Reference Section

by autocorrelation and spherical
harmonic functions.

.| BUVCOP2 Convert magnetic tapes from IBM IBM Format to CDC Format Conversion
to NOS-CDC internal format. (section 1) and APPENDIX B.

.| BUV3 Preliminary data analysis program. | Preliminary Data Analysis (section 2).

.| 0ZSTAT2 Group data into global grid Data Grouping Scheme (section 3).
system. Perform elementary sta-
tistical calculations. Generate
statistical graphics describing
global grid grouping.

.| GLSRAN2 Regression and statistical ana- Spherical Harmonic Model (section 4).
lysis for polynomial expansions,
spherical harmonic functions, Statistical Analysis of Spherical
Fourier functions, and other Harmonic Model (section 5).
specified functions,

.| GLOBZON Calculate global and zonal Statistical Analysis of Spherical
means based on spherical harmonic | Harmonic Model (section 5).
model coefficients.

.| ZONVAR Calculate global and zonal Statistical Analysis of Spherical
variances based on zonal Harmonic Model (section 5).
elements of covariance matrix
describing spherical harmonic
coefficients.

.| EOFA2 Eigenanalysis program calculates Eigenanalysis - Empirical Orthogonal
data base arrays for EOF model. Functions (section 6).

.] EAMOD! EOF model and analysis. Eigenanalysis - Empirical Orthogonal

Functions (section 6).
.1 OZFILL] Implements data fill techniques Data Fill Technique by Autocorrelation

Functions (section 7).




APPENDIX B

To illustrate the IBM to NOS-CDC conversion process, the most recent set of
data received will be considered. These data are contained on three IBM
9-track magnetic tapes. The following information comes from documentation
received with these data tapes.

1. Tape density - 1600 BPI
2. Mode - Binary

3. Parity - Odd

4, Block (PRU) size - 8000 bytes
5. Logical record length - 80 bytes

A1l three tapes were generated on an IBM 360, and each tape contains 14 files.

With the technique used, one physical record unit (PRU, 8000 bytes) or block
of data is buffered into the central processor at a time. This is the equiva-
Tent of 2000 IBM words or 1067 CDC words. Figure B-1 illustrates what shall
be referred to in the subsequent discussion as a sub-block, that is, 15,
32-bit words arranged as eight packed 60-bit words. Sub-blocks are 480

bits long since this is the smallest common multiple of 32 and 60. The
conversion process is accomplished with one sub-block at a time. The pro-
cedure as coded in Program BUVCOP2 is described below.

The first block of data is buffered into an array A dimensioned by 1100.
Unused storage locations of this array contain the value of zero. The first
sub-block (eight words) from A is placed into the array C dimensioned by
eight. The 15, 32-bit words in the sub-block are unpacked and arranged into
15 right justified 60-bit words in Subroutine IBMWRDS. These 15, 60-bit
words are stored in a temporary array B dimensioned by 15 and subsequently
into the first 15 locations of an array D dimensioned by 2200. This process
continues until all words in the data block have been stored in D. Sub-
routine IBMFPC from the READIBM subroutine package can now convert these
numbers to CDC internal format floating point numbers which are stored in

an array E dimensioned by 2010. In general, the E array contains 2,010
words. That is,
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Number of words in E =
Number of sub-blocks x Number of 32 bit words/sub-block,
134 sUb-b]ocks x 15 words/sub-blocks

2,010 words.

The number of complete 20 word logical records in E is the integer part of
2,010/20 or 100 records. The elements of the E array are finally written 20
words (one logical record) at a time onto an output file which is stored on
NOS 9-track tapes. This procedure for converting a block of data from IBM
internal format to CDC internal format is shown schematically in Figure B-2.

This process is repeated with the next block until the end of the tape
is reached. A listing of Program BUVCOP2 and Subroutine IBMWRDS follows
this appendix.

A final comment regarding this conversion concerns the actual storage of
data on magnetic tapes. The above technique converts one tape at a time.
The program must therefore be run three times since three IBM tapes were
received containing these data. The minimum amount of data contained on
any one of these three tapes is 278,259 logical records or 5,565,180
words. Since a standard NOS 9-track tape, 2,400 feet in length, will
hold only 3,880,421 60-bit words, two of these tapes are required. Three
NOS tapes were required to hold the data from the IBM tape with the most
data. Tape designations, and associated coverage periods, are shown in
Table B-1.

These NOS tapes have been prepared to be read with an unformatted binary
READ, one logical record (20 words) at a time. These 20 words are listed
in Table B-2. The six of these words stored per record on the condensed
tapes, generated to minimize storage and reduce computer time, are indi-
cated with an asterisk (*).
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Table B-1. Magnetic Tape Designations and Their Corresponding
Time Coverages

29

' 18M Ree1 (1) nos Tape (1) Nos TApE (2)
Time Period Designation Designation Designation
April 10, 1970 30906 NV0738
- May 6, 1971 NV0739
May 7, 1971 34037 NN1004 NV0740
- May 5, 1972 NV0103 NV0104
May 6, 1972 32701 NV0333
- May 7, 1977 NV0334
NV0335

1 - Contains 20 words per logical record.
2 - Contains 6 words per logical record - condensed tape.




Table B-2. The Twenty Words that Constitute a
Logical Record on the BUV Data Tapes

1 Logical Sequence Number
2 Orbit Number
3 Year*
4, Day of Year*
5 Seconds of Day*
6 Latitude*
7. Longitude (westward)*
8. Solar-Zenith Angle
9-12. Monochromator N Values, (312.5 - 339.8)nm
13-16. Photometer N Values, (312.5 - 339.8)nm
17. A Channel Total Ozone Value
18. B Channel Total Ozone Value
19. Recommended Reflectivity
20. Recommended Total Ozone*

* Designates those six words maintained on condensed data tapes.

63



Figure B-1. Sub-Block Structure.*

Packed 60-bit
Word Number 32 BIT WORD ARRANGEMENT
] 32 bit word ¥ 28 bits
2 Nl 32 bit word I 24 bits
bits
3 8 bits || 32 bit word H 20 bits
4 12 bits || 32 bit word || 16 bits
5 16 bits [ 32 bit word || 12 bits
6 20 bits [ 32 bit word || 8 bits
. A 4
7 24 bits || 32 bit word H pies
8 28 bits Il 32 bit word

This is the equivalent of

*  Sub-block contains 480 bits of information.
8 60-bit words or 15 32-bit words.



Figure B-2. Schematic Showing the Procedure Used
to Convert a Block of IBM to NOS-CDC Internal Format
Array A (1100) ray C (8
Buffer in Block 1 PRU .
15 32-bit _ {Sub-bTlock
of IBM Data IBM Data words
Array D (2200) Array B,L'i)l
60 bit 60 bit 60 bit 60 bit
ArthﬁD word no, words word no. viords
Not Filled ] zeros: 32 bit word 1 zeros: 32 bit word
2 zeros: 32 bit word 2 zeros: 32 bit word
] !
] ]
] 4] i
] | |
: 14 zeros: 32 bit word
Array D ! 1 .
FiTTed . 15 zerosI 32 bit word
]
]
[]
1
]
2010 :
Array E (2200)
60 bit Complete 60 bit
Convert to NOS-CDC Arword no. NOS-CDC word
Internal Format ’ 1
2
3
OUTPUT
and <
STORAGE
2010
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APPENDIX C - LINEAR APPROXIMATION FOR CALCULATING
LOCAL TIME AS A FUNCTION OF LATITUDE

A straight line approximation to the ascending portion of the local time
variation for a Sun-synchronous orbit curve from -60° to +60° latitude was
calculated and is shown in Figure C-1. The relationship between the local
solar time, t,, and the latitude, 6, for the observation was originally
estimated to be

_ 629.45 - ¢

t, = 5357 - (c-1)

Since, selected BUV-III data, closely corroborated by TRACK2 computer
program simulations, have led to what is thought to be a better estimate,
that is
o _ 604,54 - ¢
t, 5093 - (C-2)
In any case, the error table shown below shows the maximum difference between
equations (C-1) and (C-2) to be 0.1780 hours (10.68 minutes) where

At = t2 - tQ . (C-3)

Table. Error Analysis

6 At (hours)
60° 0.0619
30° 0.0909

0° 0.1200

-30° 0.1490
-60° 0.1780
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Figure C-1.  Approximation to the ascending portion of the local time
variation of the Nimbus 4 Sun-synchronous orbit curve.
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APPENDIX D - STORAGE OF GRIDDED OZONE DATA
ON A MASS STORAGE RANDOM ACCESS FILE

A global grid system in the form of an array dimensioned 36 x 24 has been
selected to represent the BUV ozone data. Each of the 36 rows corresponds
to a 5° latitudinal zone while each of the 24 columns corresponds to a 15°
longitudinal sector. Associated with each of the 864 blocks of the global
grid are nine values that must be saved and stored such that they will be
readily accessible when needed. For each of these values there is a sep-
arate array identified by the parameter ISET as shown in the table below.

Table. Global Arrays Saved on Mass Storage Random
Access File

ISET Array Name Description

1 KK Sampling Distribution

2 SUMX Sum of ozone observations for each
block

3 SUMXSQ Sum of squares of ozone observations
for each block

SUMT Sum of ebservation times for each block

5 SUMTSQ Sum of squares of the observation times
for each block

6 SUMLT Sum of the observed latitude for each
block

7 SUMLTSQ Sum of squares of the observed latitude
for each block

8 SUMLG Sum of the observed longitude for each
block .

g SUMLGSQ Sum of squares of the observed longitude

for each block

It was decided that these arrays should be accessible on a daily basis for
the 392 days beginning April 10, 1970 and ending May 6, 1971 or according
to the time convention adopted during this study, NIMDAYS 100-491.
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Making use of a mass storage random access (MSRA) file for this purpose is
quite suitable. As can be seen, the actual data storage requirement here
is

9 arrays x 864 words

days array * 392 days = 3,048,192 words.

However, by specifying a particular array for a given day, or several days,
the computer storage requirement is reduced to that needed for only one
array plus an INDEX array mentioned below.

This is illustrated in the following figure.

Figure. Mass Storage Random Access File Arrangement
of Global Data Arrays

ISET

“Sﬁ" Day | 2 |3 |a |5 |6 7 | 8 | 9
0.
1 1 2 51 6 9
2 wl n| 12| 13| vl as| 16| 17] s
3
4
390
391
392 3520 | 3521 | 3522 | 3523 | 3524 | 3525 | 3526 | 3527 | 3528

Each of the blocks (1-3528) shown in the figure represent a data array. Let
UNDEX" be the number that specifies a particular array, and "IDAY" be the
MSRA day number specification. Then

NDEX = 9 x (IDAY - 1) + ISET . (D-1)
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Since
IDAY = NIMDAY - 99, (D-2)
expression (D-1) may be written in terms of NIMDAY as
NDEX = 9 x (NIMDAY - 100) + ISET, (D-3)
For example, if the array SUMXSQ(ISET = 3) were required for NIMDAY 101, then
NDEX = 12,
and the 12th array would be accessed from the mass storage file.

The INDEX array mentioned earlier must be present and must be dimensioned
by (A + 1) where A is the total number of arrays on the MSRA.

Listings of the subroutines GETDAT! and GETDAT2 which access the BUV MSRA
file follow this appendix.
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APPENDIX E - ORTHONORMALITY PROPERTY OF SPHERICAL HARMONIC FUNCTIONS

The functions wk(x) fork =1, 2, 3, .. . , are orthogonal over the interval
(a,b) and, therefore, have the property that
b
aj wi(x) wj(x)dx =0, fori#j. (E-1)
Ifi=7J, and if
b
af Lo (x)1%0x = 1, (E-2)

then the functions are also normal, or normalized, and form an orthonormal
set of functions over the interval (a,b). Equations (E-1) and (E-2) can be

written as
b

jllH(X) wa(x)dx = 61:]’ (E'3)

a
where dij’ the Kronecker delta, has the property that

0, for i # j
8. = ) (E-4)

1]
1, for i =3

This concept can be expanded to include spherical harmonic functions over
the surface of a unit sphere. Let y(6,4) be a function on the surface of a

unit sphere, such that

M M

- e 0 i
y(e,¢) = Ik (A Zon(8:¢) + D Zo (650 ], (E-5)
where
e - m )
Za(850) = cos(m¢) P, (cosse), (E-6a)
and
0 _ . m _
Zmn(e,¢) = sin(m¢) Pn(cose). | (E-6b)

Tne Pﬂ(cose) are associated Legendre functions.
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It can be shown that

1
m m _(ntm)! 2 13
I Pr(x) Py{x)dx = i T 203T Ong (E-7)
x=-1
from which it follows that
! 2
[ Pn(x) PQ(X) = 201 %ng (E-8)

x=-1

where Pn(x) and Pl(x) are associated Legendre functions for m = 0 or
simply Legendre functions.

Now consider the following integral equations which must be evaluated:

T 2T e o
b= [0 20, (s0a, (E-9)
8=0 ¢=0
T 2T o e
= [ [ e 200, (£-10)
8=0 ¢=0
T g2m o o
e [ [T 2800 2p(0.00ca. (E-11)
8=0 ¢=0

The first may be written as

I = J Pﬂ(cose) Pi(cose) cos{m¢) sin(ks)da (E-12)
8,0
where
da = sinodeds (E-13)

is the differential surﬁacezgrea of a unit sphere and the notation
is equivalent to
By¢ 8=0 ¢=0
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Consider the integration over .

2m
J cos(m¢) sin(k¢)de = 0

$=0

(E-14)

form =k orm# k. Substituting this result into equation (E-12) leads to

I] =0

or
[ 6:0) 22,00 ,6)00 = 0.
6,9

The next integral can be written as

K(

2 cos6) cos(m¢) cos(ke)da

12 = J P:(cose) P
6,0

or by (E-13) as

I, = j Pﬂ(cose) Pt(cose) sing cos(m¢) cos(ke)dede.
)

Again integrating over ¢ yields

2’” Oa fOY‘m#k
cos(m¢) cos(k¢)ds = and m 2 0

¢=0 m, for m = k
andm# 0

and 12 =0 form # k. Otherwise, equation (E-17) becomes

1
1, = HJ PM(x) P?(x)dx
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where the substitutions x = cose and dx = -sinade have been made along with
corresponding changes in the limits of integration. Substituting equation
(E-7) into equation (E-19) leads to

1
n J PT(x) PM(x)dx = st 40*M ’ (E-20)

form # 0.

If m=k = 0, the integral in equation (E-18) becomes

27 2n
J cos(m¢) cos(ks) do = I d¢ = 2m, (E-21)

¢=0 ¢=0

and

. _An -22
I2 2n+1 Gna (E-22)

form= k = 0. Then the integral in equation (E-10) has been evaluated and
can be written as

4n =0 =
-2—n-_r-l— 5n2, form=k 0
e = = = -
[ 20.0) 25, (0.8)ca (£-23)
8,¢ 2n n+m) !

70T (n-m)1 Onglmke Otherwise

The final integral may be written as

I3 = .I Pﬁ(cose) Pt(cose) sin(m¢) sin(k¢)da. (E-24)
B8,¢

By inspection, if m = 0, 13 = 0.
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For m # 0 the integration over ¢ gives

2n 0, form# k
I sin(me) sin(k¢)de = . (E-25)
J m, form=Kk
¢=0
Equation (E-24) then becomes for m = k
mom m
13 = 7 [ Pn(cose) Pl(cose) sineds, (E-26)
8=0
“which as before can be written as
I, = ] PMx) PM(x)dx = 2n {mm)! (E-27)
37 nt Xy 2n+1 (n-m) 1 °ne-
x=-1
Finally, the integral in equation (E-11) is
0 0 _ 27 (ntm)!
J Znn(0:0) Zy(8s0)da = mea ondT Snalnkro’ (E-28)
8,9
where G;b is defined such that
* 0, fora=»
S.p = ) (E-29)
1, fora # b
Now define
e _ S € -
Yon(es6) = FroZo(e.4), (E-30)
and
0 - S 40 E-31
Yon(es0) = Fo 70 (6,4), (E-31)
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where

. 1, form=10
Fon ~ 2(n-m) 1] ) (E-32)
i1 s form >0

It is necessary to evaluate the three integrals

= | e (e, (£-33)
029

Ié = f Y2 (8,4) Y, (6,¢)da, (E-34)
6y0

= [ Y2 (0.0) Yp, (6u)ca. (£-35)
0,0

The right-hand sides of equations (E-33) through (E-35) may be written as

e 0 _ .82 e 0
f Yion(8:0) Y, (e,0)da = Fo f z(0,¢4) Z,,(8,0)da, (E-36)
8,¢ 6,¢0

2

[ 18 (00 Y2 (0)da = Fer [ 22 (000) 28 (.0 ca, (E-37)
e,¢ e’¢

0 0 _ S? 0 0 _
J Yonl(es8) Yy (es¢)da = F o j Zn(8:¢) 7, (8,4)da, (E-38)
69¢ ' e:¢ ‘

Substituting equation (E-15) into equation (E-36) yields

e 0 -
f Ymn(B ,cb) Ykzda = 0. (E-39)
6,¢
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Similarly by equations (E-23) and (E-37)
e e _ 4q
e[¢ Yon(820) Y, (020)da = 70y 800y (E-40)

Finally, equation (E-38) may be evaluated by equation (E-28) as

(0] 0, _ _A4r *
GJ¢ Yon(8s0) Yy (es0)da = g & 8,80, (E-41)
‘The results required for arriving at equation (53) can be found from equations

(E-39) through (E-41), respectively. That is,

Jq’ Yoo (8.9) YO (6,6)da = 0, (E-42)
e 2, _ 4« -

J [Yon(8s0)1%da = 5y s (E-43a)

80

and

| [Y° (o ¢)]2da S R (E-43b)
mn'"? 2nt] mo’

80

Though incidental to this discussion, it should be noted that the functions
Y;n(e,¢) and Y;n(e,¢) are orthogonal over the unit sphere since

J Y;n(6.¢) Yﬁl(e,¢)da =0 (E-44a)
810
and
J Y;n(69¢) Y22(6,¢)da =0 (E-44b)
e’¢ - v .

forn # 2, m# k, or both, and

ve 0 _ N

J Ymn(9,¢) Yk2(6a¢)da =0 (E-44c)
8,4

in any case.
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However, these functions are not normalized over the sphere as can be seen
by equations (E-43) but are said to be semi-normalized according to Adolf
Schmidtl‘by the constant F° defined in equation (E-32).
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APPENDIX F - RECURRENCE RELATIONS FOR
ASSOCIATED LEGENDRE POLYNOMIALS

In the modeling of atmospheric constituents with spherical harmonic
functions it is useful to have the capability of calculating the required
associated Legendre functions using recurrence relations. Many such
relations exist for associated Legendre polyonomial functions.

Subroutine LEGNDR4 has been written to calculate the associated Legendre
functions up to and including those of some specified order, m, and degree,
n, for a given colatitude, 6. This subroutine is listed in Appendix G
with the GLSRAN2 program.

If Pﬁ(x) is the associated Legendre function of order m and degree n, then
the first two functions are defined as’,

Po(x) = 1, (F-1)
and

PY(x) = x, (F-2)
where

x = cos (o). | (F-3)

The functions of higher order and degree are evaluated by two recurrence
relations. Consider the recurrence relation’

PP (x) = =k [2n + 1) % PN(x) = (mom) P ()] (F-4)

This expression is used to calculate zero order (m=0) functions of degree
n+l from the two preceding zero order terms. Setting m=0, equation (F-4)

becomes,
p0 (x) = —J——[(2n+1) X Po(x) - nPO (x)] F-5
n+1 n+1 n n-1 . (F-5)
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Equation (F-5) is the first recurrence relation used in subroutine LEGNDR4.

The second recurrence relation used in LEGNDR4 comes from’

(2n1) (1-x8) V2 P(x) = P () - P™ (). (F-6)

Replacing n+l with n and m+1 with m equation (F-6) may be rewritten as

(x) + (2n-1)(1-x2) 172 pM-1 4y, (F-7)

m _ ol
P'(x) =P n-1

n n-2

Consider the first term on the right-hand-side of equation (F-7). Since
the order must be equal to or less than the degree of the function (see
equation (16)),

m < n-2, (F-8a)

or
n > m2, (F-8b)

and the required recurrence relation for the higher order (m>0) associated
Legendre functions becomes,

PI(x) = PQ + (2n-1)(1-x%) /2 P (x) (F-9)
where
P:_z(x), for n > m+2
PQ = (F-10)

0, otherwise

The numerical technique described above as utilized in subroutine LEGNDR4
has been verified up through m = n = 12 on the NOS-CDC computer system
at NASA/LaRC.
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APPENDIX G - THE GLSRAN2 PROGRAM

The primary purposes of the GLSRAN2 program as used in the ozone sampling
study are to generate global stratospheric ozone models in terms of surface
spherical harmonic functions by performing least squares fits to sets of
BUV data and to perform certain statistical analyses as have been outlined
in this report ("Spherical Harmonic Model" and "Statistical Analysis .

of Spherical Harmonic Model1"). The spherical harmonic model representation
-as shown in equation (20) is used by GLSRAN2. The table below shows the
relationship between the functions, fi’ as used in this representation and
those, Y;n and Y;n, as shown in equation (16).

Table. Relationship Between Spherical
Harmonic Function Representations

Zonal Functions Sectoral Functions Tesseral Functions
_ po _ ye _ ve
Fi= P Fusz = Y1 Fiame) a1 = Y12
- pO0 _y0 S
Fp =P ez = "1 Flamery+2 = Y12
_ p0 - y& - y&
F3 =Py Fuea = Y22 Flam)+3 = Y13
_ O : _ yO0
Fuss = Y22 Fiamen)+a = Y13
. 0
Fue1 = Py
e -
Fam * Yam Foamen)anr-1 = TM-1,m
Favs1 = Yo F = y2
3M+] MM (3M+1)+NT M-1,M
In the tabie the functions P?, for i =0, 1, .. ., M, are the zonal associated

Legendre functions, or simply Legendre functions. M is the order and degree
of the model.

NT = M(M - 1) (G-1)
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is the number of tesseral functions. There are M + 1 zonal functions and 2M
sectoral functions. The number of terms in a model of order and degree M is

N=(M+ )2 | (6-2)

‘Model coefficients are computed according to equation (24) which may be written
as

B=5 R (6-3)

R=EY. (G-4)

The S matrix, dimensioned N x N, is strickly a function of the sampling.

As S is a symmetric matrix only its upper full triangle--the diagonal elements
and those above the diagonal--is used in GLSRAN2. This implementation reduces
computer time as well as the storage requirement. Since solving for the model
coefficients requires that the inverse of S be computed, these time and stor-

age savings become even more noteworthy,

The upper full triangle of S is "packed" into a vector. This vector, called V
to avoid confusion, contains

e=3 (N+1) (6-5)
elements. The correspondence between S matrix elements and V vector elements
is given by

V(i) = S(m,n) (G-6a)
where

i=m+n(n-1)/2. (G-6b)

The GLSRAN2 program is set up to either calculate the V vector based on input
sample data or to access a previously calculated V vector through a local file.
This is also the case for the R vector though to calculate R actual ozone obser-
vations must also be available.
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Once these data are contained on working local files, GLSRAN2 makes available
several options regarding which model coefficients or set of coefficients can
be computed. The S matrix elements contained on local file are associated
with a "master" model. The most obvious option is to compute the N coeffi-
cients for this master model. Three other options exist as listed below.

1. Coefficients may be calculated for a model of order L (L < M).
To do this the program selects the required. "subset" of the packed
S matrix elements contained on local file and forms a new set of
packed S matrix elements. The same is done for the R vector.

2. Model coefficients may be calculated based on a specified number of
independent sampling observations (for example, a certain number
of Dobson stations). When this option is selected the program
determines the size of the model such that the number of model
terms is equal to or less than the number of independent obser-
vations and then proceeds to find the S matrix elements required
to form the new S matrix for the subset model.

3. Particular model coefficients may be specified according to degree,
n, order, m, and whether they are to be associated with an odd
(i =1), Y;n(e,¢), or even (i = 0), Y;n(e,¢), spherical harmonic
function (see equations 17 and 18). Identification of required
coefficients by this option follows from the expression:

n+l, form =0,
(M+1)+2m-1+1, form=n,
M+m(2n -m-1) +1i, form# 0

and m # n.

G-7)

This technique is illustrated below since the idea is fundamental to the three
options as used to determine spherical harmonic function indices or the master
S matrix elements required to form the subset S matrix. Assume the S matrix
is associated with a master model of degree and order M = 5 and that the coef-
ficients specified in the table below are sought.
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Table. Yi Functional Form Indices with Corresponding
mn Fy Functional Form Indices

m n i k
1 0 0 -
2 0 3 -
3 2 2 0
4 1 2 1 18

From the table it can be seen that for a 5th degree spherical harmonic model

e -
Yoo = F1 -
e _
Y03 - F4 Y
(6-8)
Y5, = F
g 227797
o _
Y12 = Fis:

Also in terms of master S matrix elements the subset S matrix for this example
is

rg]l Sta S19 59,18
Sa1 Sas Sag S48
s =
591  Sgg  Sgg  Sg.1g
18,1 S18,4 18,9 518,18

The following discussion pertains to the input/output (I/0) requirements and
capabilities of GLSRAN2. As a complete listing of GLSRAN2 and its subroutines
is included in this appendix the discussion is limited to I/0 items involving
the spherical harmonic model.
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Four NAMELIST input 1ists control the program's operation. These are named
below along with their associated parameters.

1. DATA
(a) NDATA
(b) MORD
2. JOB
(a) IDATA
(b) IFUNC
(c) 1I0PT
(d) JOPT
(e) ITAPE
() ICASE
(g) JCASE
3. PARAMTR
(a) BETA
4. JOB2
(a) ‘METHOD
(b) NFUNC
(c) MMORD
(d) ICODE

number of observations in data set.
order of master model.

simulate a data set based on an input sampling
scheme and model coefficients.

data set is an input quantity.
spherical harmonic model fit to be performed.

do not calculate S matrix. S matrix is already
on local file TAPE4.

calculate S matrix and store it on local file TAPE4,

calculate S matrix, store it on local file TAPE4,
and STOP program execution.

same description as IOPT above except that JOPT
pertains to the R vector.

number of cases to be run requiring a new data set.
number of “"sub-model" cases to be run per data set.

input coefficients used for data simulation.

calculate coefficients for specified subset model.

determine number of coefficients to calculate based
on specified number of independent observations.

particular coefficients to be calculated are specified.
calculate coeffcients for complete master model.
number of coefficients in subset model.

order of subset model.
do not compute coefficients.
compute coefficients.
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GLSRAN2 uses the FORTRAN variable dimensions source statement preprocessor

program PRE. Variables input by this program control the size of GLSRAN2 arrays.
These variables are:

1. N - the number of coefficients in the master model.
2. NN - the maximum value of NFUNC for a given run such that NN < N.
3. NV - the number of element in the packed S matrix array such that

NV = N(N + 1)/2.
Local files used by GLSRAN2 include:

1. TAPE1 - used for input data that must be rearranged by a user supplied
subroutine to meet TAPE2 input file requirements.

2. TAPE2 - standard format input data file read by subroutine REALDAT.
TAPE3 - used to store such items as model coefficients and covariance
matrix elements for future use.
. TAPE4 - contains elements of packed master S matrix.
5. TAPE7 - contains master R vector,
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76

10

15

20

25

30

40

DO

OO OO0 N

PROGRAM GLSRANZ 74774 DPT=]

1

rq h‘

NV

FTN 4,7+485

PROGRAM GLSRANZ (INPUT,QUTPUTsTAPES=INPUT,»TAPE6=QUTPUT)
TAPEL>TAPE2,TAPE3,TAPE4S TAPET)

COMMON PIsX1aX25YVAR)DXsXsERsIFUNCs»Y»Z15Z22,2Z)MDRDsNDATA
DIMENSION F(16G)sS(143€5)sR(169),B(169)

DIMENSION INDEX (169)

DIMENSION BETA(169)

DIMENSION NAME(15)

NAMELIST/DATA/X1sX2sY1,Y2,YVARs NDATA»Z15Z2,M0ORD
NAMELIST/JOB/IDATA)1FUNC,IOPT,JOPTS»ITAPE,ICASE»JCASE
NAMELIST/PARAMTR/RETA

NAMELIST/JOB2/METHODs NFUNC»MMORD, ICODE

DATA NAME/7HS » THR s THCOVAR , 7HB » THCOV
XTHCNR » THZIBAR » THSY » THRY » THA » 7THB1
XTHCORI » THRCOVAR » 7HSI » THCOVARI /

TOMMENT -~ GLSRAN2 - PARAMETER LIST.
N IS THE TOTAL NUMBER OJF COEFFICIENTS(AND THEREFORE THE
OFf FUNCTIONS) THAT MAKE UP THE "MASTER" MNDEL.
N IS A VARDIM INPUT PARAMETER.,
(IF A NEW MASTER MODEL IS NOT BEING CALCULATEDs» N MAY
EQUAL T0O NN» SEE RELOW).
NFUNC IS THE TOTAL NUMBER OF COEFFICIENTS(AND THEREFORE THE

OF FUNCTIONS) THAT MAKE UP THE 'SUBSETY MODEL FOR A
PARTICULAR CASE.

NFUNC IS DETERMINED AS FOLLOWS,

MFETHOD=1,

THEN,

NFUNC=1+NNDEG+MMORD(MMDKRD+1).
NFUNC=NUMBEK OF INDEPENDENT OBSERVATIONS
TO BE MODELED.

NFUNC=RUMBER QOF COEFFICIENTS SPECIFIED
T(: BE MNDELED.

USFE ENTIRE U“MASTER®™ MODELL.

NFUNC=N,

IS THE MAXIMUM VALUE NF NFUNC DURING A GIVEN RUN,
BUT NOT TO BF LARGEFR THAN N,

NN IS A VARDIM 1INPUT PARAMETER.

METH3D=2,
METHOD=3,

METHOD=4,

IS THE NUMBER OF ELEMENTS IN THE V-VECTOR(PACKED FORM OF

THE UPPER FULL TKIANGLE OF THE S—-MATRIX),.
NV IS A VARDIM INPUT PARAMETER,
NVaN(N+1)/2.

(ORDEF AND DEGREE» MMORD AND NNDEGs, RESPECTIVELY,
ARE BOTH KNOWN FOR THE DESIRED "SUBSET' MUDEL.

80/01/29., 14.,11,35

GLSRANZ2
GLSRAN2

PREPROCS
PREPROCS
PREPROCS

GLSRANZ2
GLSRANZ2
GLSRAN?Z
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRAN2
GLSRAN?Z
GLSRAN2
GLSRANZ2
GLSRAN2
GLSRANZ
GLSRAN2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRAN?2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRAN?
GLSRANZ2
GLSRAN2
GLSKAN2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRAN?Z



G6

45

55

£0

65

76

75

gC

PRNOGRANM GLSRANZ

NITY IS THE NUMBER OF ELEMENTS IN THE VV-VECTDP(PACKED FORM DF
c THE UPPER FULL TRIANGLE OF SS—MARTRIX, S~MATRIX FOR THE
c "SUBSET" MODEL).
c NVV=NFUNC (NFUNC+1) /2.
C  NOTE -- IN GLSRAN2, BNTH VECTORS V AND VV WILL USE THE STNRAGE
c SPACE IN THE S ARRAY(ONE AT & TIME)., THEREFOKE,
c THE .S-ARRAY MUST BRE DIMENSIONED BY NVI(THE LARGER OF NV AND
° NVV) WHEN THE V VECTOR IS TO BE CALCULATED.
C
COMMENT -- GLSRAN2 — LOCAL FILE REQUIREMENTS.
C  TAPE1 =- DATA FOP SUBROUTINE INPUT WHICH IS TO BE REARRANGED
c AND PUT DNTO TAPE2.
C  TAPE2 -— LOCAL FILF CONTAINING DATA TO BE READ IN BY
c SUBROUTINE REALDAT.
C TAPE3 —- RESERVED FOR RESULTS SUCH AS CALCULATED MODEL COEFFLCIENTS
c SO THAT THEY MAY BE SAVED ON PERMANENT FILE OR
C ON MAGNETIC TAPE SUBSEQUENT TO PROGRAM FXECUTION.
C  TAPE4 —— LOCAL FILE TO CONTAIN UPPER FULL TRIANGLE OF S—MATR1X
c WHICH IS STORED THERE IN “PACKED"™ FORM., THIS DATA MAY
c ALREADY EXIST CR MAY BE CALCULATED IN THE PROGRAM.
C  TAPE7 —— LNCAL FILE TO CONTAIN R-MATRIX ASSOCIATED WITH THE SAME
c SAMPLING SCHEMF DEFINED BY THE S=MATKRIX BEING USED.
c
c
N =169
NN =169
" =14365
READ (5,DATA)
READ (5, J3B)
RFAC (5, PARAMTR)
WPITE (65DATA)
WPITE (6,J08)
WRITE (6,PARAMTR)
C
COMMENT == SET SEED FOR KANF A4S PI=ARC COS (=~1)
PI=ACOS (=1.)
CALL RANSET (PI)
.
DG S99 LiLL=1,ICASE
PRINT 175, LLL
c
IF (ITAPELEQ.1) READ(5,401) NDATA

74174  0OPT=1

FTN 4,7+485

80/01/29.

GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRAN2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRAN2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRAN2
GLSRANZ2
PREPROCS
PREPROCS
PREPROCS
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRAN2
GLSRANZ2
GLSRAN2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRAN2
GLSRAN?Z2
GLSkRANZ
DATMOL?2
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G0

95

100

105

96

110

115

125

PRIGRAM GLSRANZ2 T4/l74 0PT=1 FTN 4.,7+485

401 FORMAT (I5)
CALL SECONDI(TIME)

PRINT 300s NDATA,TIME
300 FORMAT (1Xs*NDATAwk,I8s5X,*TIME=*,F10,3)
COMMENT -= IF I0PT=0, N(O NEW V-ARRAY IS REQUIRED.,
C IF JOPT=0, NDO NEW R—ARRAY 1S REQUIRED.
IF (JOPT.EQ.O0.AND.IOPT.EQ.0) GO TO 58
C
COMMENT —= INITIALIZE INPUT PARAMETERS TO GLSCOR1,
w=l.
F(l)=1,
c
CALL GLSCDOR1 (FySsRsWsBsYsNsNVyJGPTsSUMY, YSQSUM,TERR)
C
(of * * * * * * * *
C
COMMENT -- PROGRAM CHOSES EITHER TD USE REAL DATA OR TO SIMULATE
c ITSOWN DATA SUCH THAT,
c IDATA=]1 -—- DATA IS SIMULATED
c IDATA=2 —=-~ REAL DATA IS READ IN
c
C SUBSEQUENTLY THE REQUIRED MODEL FUNCTIONS ARE CALCULATED.

ICOUNT=0
25 CONTINUE
I+ (IDATA.EQ.1) CALL SIMDAT1 (BETAsNyF)
IF (IDATA.EQ.2) CALL REALDAT (F,N)
IF (IFUNC.EQ.999) STOP2
IF (IFUNC.EQ.998) STOP3

c
CALL GLSSUMY (F»sSsRsWsBsYsNs NV, JOPTH»SUMY, YSQSUM, IERR)
ICOUNT=ICOUNT+1
1F (1CJUNT.EQ.NDATA) GO TO 50
GO TO 25
C
c

59 CONTINUE
IF (JOPT.EQ.O) GO TC 54
REWIND 7
DC 52 I=1,N
WEITE (7) R(I)
52 CONTINUE
IF (JOPT.EQ.2) STQPS

80/01/29.

DATMOD2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRAN2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRAN2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRAN2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRAN2
GLSRANZ
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L6

PROGRAM GLSRANZ

74/74

54 CONTINUE

IF (I0PT.EQ.0) GO TO 58

FIN 4.74485

LARGEST NUMBER OF SUBSET FUNCTIONS
REQUIRED IN A GIVEN RUN,

80/01/729.

" GLSRAN2

GLSRANZ

. GLSRANZ2

GLSRANZ2

RESPECTIVELY.

WMETHOD" —-SEE TABLE

MMORD
*kkk

ORDER

N7A

N/7A

" REWIND &
130 DO_56 I=1sNV_
WRITE (4) S(I)
56 CONTINUE
IF (IOPT.EQ.2) STOPS
58 CONTINUE
135 c
e C . _ . _ _ U
COMMENT -- FOLLOWING STATEMENT 58, THE REQUIRED R AND S ARRAYS ARE
c STORED ON LMACAL FILES TAPE7 AND TAPE4,
Cc
140 c NOW USING THESE ARRAYS OR SPECIFIED SUBSETS OF THEM
c (SPECIFIED ACCORDING TO THE VALUE OF
T BELOW)s CALCULATE THE COEFFICIENTS OF THE REQUIRED FUNCTION
c (ACCORDING TO "IFUNC'") AND STORE RESULTS IN THE ARRAY m"Bw,
c THE JCASE PARAMETER SPECIFIES THE NUMBER OF CASES TO BE
145 c RUN WITH CURRENT LOCAL FILE DATA.
c
COMMENT --
e . C. _ METHOD DESCRIPTIDN NFUNC
C % ok ok ok k % e e 2k ok o e o o ok % %ok ok Kk
150 o
c 1 SPECIFY SUBSET MODEL NUMBER OF
o SUBSET MODEL
c FUNCTIONS
c
155 ¢ 2 SPECIFY NUMBER OF NUMBER OF
c INDEPENDENT ORSERVATIONS OBSERVATIONS
C
c 3 SPECIFY PARTICULAR . NUMBER OF
c COEFFICIENTS COEFFICIENTS
160 c
[ 4 USE COMPLETE MASTER
c MODEL DATA AS REOQUIRED
(o
o NOTE == NN IS VAPIARLY DIMENSIONED BY THE
165 c PREPROCESSOR PROGRAMs PREs AS THE
¢
c
c

GLSRAN?Z
GLSRANZ2
GLSRANZ
GLSRAN?Z
GLSRANZ2
GLSRANZ2
GLSRAN?
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRANZ2

GLSRANZ

GLSRANZ?2
GLSRAN2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ?2
GLSRAN?
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRAN2
GLSRANZ?
GLSRANZ
GLSRAN2

"GLSRAN2

GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSKANZ2
GLSRANZ2
GLSRANZ2
GLSRAN?Z2
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86

170

175

180

190

195

200

205

210

PROGRAM GLSRAN?

74774 0PT=1

DO 950 JJJU=1,JCASE
READ (5,J082)
WRITE (6,J082)

___IF_ {METHOD.EQ.4) GO TO 60

FTN 4.7+485

IF (METHOD.EQ.1) CALL SUBS1 (INDEXsNFUNCsMMORDyNsMORD)
IF (METHOD.EQ.2) CALL SUBS2 (INDEXsNFUNC,MORD)
IF (METHOD.EQ.3) CALL SURS3(INDEXsNFUNCsNDEG,MORD)

IF (INDEX(1).EQ.-999) GO TO 60
GO TO 65

60 CONTINUE

TIODDOO

NFUNC=N

NFUNC IS SET EQUAL TO N HERE FOR THE CASE 0OF USING THE FULL
MASTER MODEL WHEN METHOD=2(IE. INDEX(1)=-999 WAS RETURNED

FROM SUBRODUTINE SUBS2).

THEREFORE NFUNC WILL NOT HAVE TO BE DEFINED FOR CASES

. WHERE METHOD=4,
DO 62 I=1,N
INDEX(I)=I

62 CONTINUE
65 CONTINUE

REWIND 4

REWIND 7
KCOUNT=0
JCOUNT=0

D0 70 II=1,NFUNC
I=INDEX(II)

COMMENT -- IF ICODE=O(ACCORDING TO 'JOB2' NAMELIST INPUT), DO NOT

c

66

67

COMPUTE COEFFICIENTS.
IF (ICODE.EQ.0) GO TO 67
CONTINUE
IF (KCOUNT.GT.INDEX{NFUNC)) GO TO 90
KCOUNT=KCOUNT+1
READ(7) PR
IF (KCOUNT.NE.I) GO TO 66
R(II)=RR
CONTINUE
DO 70 JJ=1,11

THEREFORES

TAPE7 IS NOT REQUIRED.

COMMENT -- IVV 1S THE INDEX FﬁP THE VECTOR VV, TO BE STORED IN THE

c

COMMENT -~ IV IS THE INDEX FOR THE VECTOR Vs, NOW CONTAINED ON TAPE4,

S—ARRAY,
IVV=(IT*(II-1))/2+J4J
J=INDEX(JJ)

2

80/01/29.

GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRAN2
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
"GLSRAN2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRAN?2
GLSRANZ2
GLSRAN2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRAN?Z
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66

PROGRAM GLSRANZ2

N
!
!

CNOFMMENT —- NOW HAVE THE REOQUIRED S AND R ARRAYS.
220 . C

225

230

235

240

245

250

74/74  OPT=1

IVe(T*(I-1))/2+J
68 CONTINUE
IF (JCOUNT.GT.1IV) GO TO 90
___JCOUNT=JCOUNT+1
READ(4) V
IF (JCOUNTW.NE.IV) GO TO 68
S({1vV)s=y
70 CONTINUE

NVV=NFUNC* (NFUNC+1)/2

CALL GLSCOVY (FsSsRsWsBsYsNFUNCHNVVICODESSUMY»YSQSUMPIERR)

IEND=MMORD+1

IEND=LEND* (IEND+1)/2

DO 71 Is=1,IEND
__._WRITE (3,789) S(I)

71 CONTINUE

PRINT 201
NDEG=MORD
NZM=NDEG+1
NSM=NZM+2*%MORD
DO 80 I=1,NFUNC

IF (INDEX{I).LE.NZM) GO TO 74
IF (INDEX(I).LE.NSM) GO TO 75

NOTF=INDEX(I)=-NSM
NOTF1=NOTF+1
NTG=0
DO 72 J=1,MORD
LDEG=(NOTF1-NTG)/2+J
IF (LDEG.LE.NDEG) GO TOD 73
NTG=NTG+ (MORD=-J)*2

72 CONTINUE

73 CDNTINUE

LCRD=y
LEO=MOD(NOTF1,2)
GN TO 76

74 CONTINUE
LNRD=0
LEO=0
LDEG=INDEX(I)~1
GO TO 76

FTN 4.7+485

80/701/29.

GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRANZ2
DATMODZ2
DATMODZ2
DATMOD2
DATMODZ2
DATMDD2
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ
GLSRANZ2
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRAN2
GLSRANZ
GLSRANZ
GLSRAN2
GLSRAN?
GLSRANZ2
GLSRAN?Z2
GLSRAN2
GLSRANZ2

" GLSRAN?2

GLSRANZ2
GLSRAN2
GLSRANZ2
GLSRANZ2
GLSRANZ2
GLSRAN2
GLSRAN?Z2
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001

255

260

265

270

27%

280

28¢%

290

PRNGRAM GLSRAN2

eNel

74174

75 CONTINUE
NOSF=INDEX(T)-NIM
LDEG=(NOSF+1)/2
LEO=MOD(NDSF+1,2)
LORD=LDEG

76 CONTINUE
KeI+{I*(I-1))72

WFITE (65200) B(I)»S(K)ySORT(S(K)I>IoR(I)» INDEX(I)s»LORDsLDEG,LED

80 CONTINUE

GG TO 95
G0 CONTINUE

PRINT 110y KCOUNTsJCOUNTyNFUNCHINDEXINFUNC)»Ils1sJdJsdelVVsIV

STDPGE

95 CONTINUE
DO 900 I=1,NFUNC
Kel+(I*(I-1))/2

OPT=1

WRITE(3,789) B(1l)sS(K)
WRITE (3,789) B{I),S(K)

900 CONTINUE

NNDEG=NFUNC-1-MMORD*(MMDRD+1)

VARDATA= (YSQSUM=SUMY*SUMY/NDATA)/ (NDATA-1)

BR1=R(1)*B(1)

BR=0,

DN 515 I=1,NFUNC

BR=RR+B(I)*R(T)
£15 CONTINUF

Al=(B{1)%xSUMY)/ (NDATA-1)
A2~ (SUMY*SUMY )/ (KDATA®(NDATA-1))

PRINT 10055 NDATASNFUNC S NNDEG»SUMY, SUMY*SUMY,YSQSUM,BRyBR1,A1sA2

FTN 4.7+485

1005 FORMAT (*1*,*FUNDAMENTAL STATISTICAL PARAMETERS*//

11Xs*TOTAL MEASUREMENTS(NDATA)*,T40,%= *,16/

21X, *NUMBER 0OF MODEL CGEFFICIENTS(NFUNC)I*, T40,%= %*,14/

31Xy *DEGFEE BF MNDEL(NNDEG)*sT40,*= %,13/

1Y, xSUMY*5T40p*m *yF15,8/

51X *¥SUMY SQUARED(SUMY X SUMY)*,T40s %= *,F15,8/

61Xy *YSQSUMX, T4Op%= %, F15,8/
T1Xs*YEXPSOSUM(BR)*, T40, %= *,F15,8/

81X,*R(1) X R(1)

(Bk1)*=,T40,%= *,E15,8/

80s01/729.

GLSRANZ
GLSRANZ2
GLSRANZ
GLSRAN2
GL3RANZ2
GLSRANZ
GLSRAN2
GLSRANZ2
GLSRANZ
GL3RAN?
GLSKANZ
GLSRANZ2
GLSRANZ
GLSRANZ2
GLSRANZ
GLSRANZ
GLSRANZ2
DATMDD?2
DATMODZ
DATMOD2
GLSRANZ2
DATMOD2
DATMOD2
DATMOD2
DATMOD2
DATMOD?2
DATMOD2
DATMODZ
DaTMOD2
DATMOD2
DATMOD?
DaATMOD2
DATMOD2
DATMOD?2
DATMOD2
DATMODZ2
DATMOD?2
DATMOD?2
DATMOD?
DATMOD 2
DATMOD?2
DATMGD2

l14.11.35



295

300

305

310

315

Lot

320

325

330

335

PROGRAM GLSRANZ 74174 0PT=1 FTN 4.7+485

91Xy *Al1%,T40,%= *,£15,8/
X1Xp¥A2%5T40,%s %*,F15,8)

C
VARERR=(YSQSUM=BR)/ (NDATA-1)
VARMOD=VARDATA~-VARERR
C .
MDF=NFUNC=1
XMSM=VARMOD/MDF
IERDF=NDATA~-NFUNC
XMSE=sVARERR/IERDF
c
o
COMMENT -- CALCULATE THE DEGREE VARIANCES({AVERAGE SQUARE) OF THE
C SPHERICAL HARMONIC MODEL.
COMMENT —- LET THE FIRST FIVE(5) ELEMENTS OF THE ARRAY R CONTAIN
o VARDEG(1 THROUGH S)» FOR 5-TH DEGREE MODEL.
DO 525 1I=1,MMORD
F(I)=0,
R{I)=0.
COMMENT —-- INN IS THE DEGREE OF THE COEFFICIENT.
INN=]
1J=1+1

DO 524 J=1,1J
COMMENT -- JMM IS THE ORDER OF THE COEFFICIENT.

JMMe J=-1
COMMENT -~ 1F JMM=0, COEFFICIENT IS ZODONAL.
C IF JMM=INN, CDEFFICIENT IS SECTORAL.
C DTHERWISE THE COEFFICIENT IS TESSERAL.

IF (JMM.EQ.0) GO TO 518
IF (JMM.EQ.INN) GO TC 520

c
COMMENT -- CALCULATE B INDEX FOR TESSERAL COEFFICIENTS.
NT=INN-JMM '
COMMENT —— JMMM IS THE NUMBER OF PRECEDING ROWS CONTAINING TESSERAL
c FUNCTIONS .
JMMM= JMM=1

IF (JMMM,.EQ.D) G0 TN 517
DN 516 1I=1, MMM
NT=NT+(MMDRD-II)

5156 CONTINUE

517 CONTINUE

80/01/29. 14.11.35

DATMQODZ
DATMODZ2
DATMOD2

_DATMOD2 _

DATMOD 2
DATMOD?2
DATMOD?2
DATMOD2
DATMOD2

DATMOD2 .

DATMOD 2
DATMOD2
DATMODZ2

DATMOD2

DATMOD2

DATMADZ

DATMOD2Z
DATMOD 2

DATMDD2

DATMOD2
DATMOD2

..DATMODZ .

DATMOD?2
DATMOD 2

DATMOD2

DATMOD2
DATMOD2
DATMODZ
DATMDD2
DATMOD2
DATMOD 2
DATMOD2
DATMOD2
DATMOD2
DATMOD2
DATMOD2
DATMOD2
DATMOD 2
DATMOD2
DATMOD2
DATMOD2
DATMOD?2



201

340

345

350

355

360

3€5

370

375

PROGRAM GLSRANZ T4/174 OPT=1 FTN 4.7+4485

C

KEVEN=3%MMORD+2%NT
KODD=1+KEVEN
GO TO 521

518_CONTINUE

COMMENT —-- CALCULATE B INDEX FOR ZONAL COEFFICIENTS.

c

520

KEVEN=INN+1
KODD==-99
G0 TO 521
_CONTINUE

COMMENT —-- CALCULATE B INDEX FOR SECTORAL COEFFICIENTS.

-. €

521

KEVEN=MMDRD +2* JMM
KODD=KEVEN+1
CONTINUE

COMMENT —- CALCULATE THE "SOUARE ROOT™ OF THE EVEN AND JDD TERM

c

522

523

CONTRIBUTIONS DOF THE DEGREE VARIANCES.,
EVEN=B(KEVEN)

REVEN=R{KEVEN)

IF (KODD.EQ.—-99) GO TO 522

(1DD=B (KODD)

RODD=R (KDDD)

GC TO 523

CONTINUE

obD=0.

RODD=O.

CONTINUE

F(IV=F(IV+EVEN®REVEN+DODD*RODD
R{IN=R(I)+EVEN*EVEN+DODD*NDD

PRINT 1001, I,JsKODD»ODDsRODDSKEVEN,EVEN)REVEN,F (1)

1001 FORMAT (1Xp*Tm%,13,% Jaxx,]13,

1« KODDw=*,13,* (ODD=%,E15.8,

2% RODD=*,E15.89% KEVEN=*,13,

3% EVEN=*,E]15.8,% REVEN=%,E15,8,
4% F(I)=*,E15.8)

524 CONTINUE
BR1=8BR1I+F(I)
COMMENT —— F(I) CONTAINS VALUES FODOk THE MEAN SQUARE DUF TQ
C COEFFICTENTS PER DEGREE,
COMMENT -~ F(I+NNDEG) CONTAINS VALUES DOF DEGREES OF FREEDNM
c FOR THESE MEAN SQUARE CALCULATIONS.

B0s01/29.

DATMOD2
DATMODZ2
DATMODZ2

. DATMOD2

DATMOD?2
DATMD 2
DATMODZ2
DATMOD2
DATMODZ2
DATMODZ
DATHMOD2
DATMODZ
DATMODZ2
DATMODZ2
DATMODZ
DATMODZ2
DATMOD2
DATMODZ
DATMODZ
DATMpDZ2
DATMODZ
DATMDD2
DATMOOZ2
DATMODZ2
DATMOD2
DATMOD2
DATMOD?2
DATMDD2
DATMDD?2
DATMODZ
DATMOD2
DATMOD2
DATMODZ2
DATMODDZ2
DATMOD?Z
DATMODZ2
DaTMOD2
DATMOD2
DATMOD 2
DATMOD?2
DATMOD2
DATMODZ

14.11.35
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PROGRA¥ GLSRANZ 74774 OPT=1 | FTN 4.7+485 80/01/29. 14.11.35

F(I)=F(I)/7(NDATA-1) DATMODZ2
380 F(I+NNDEG)=2.,%INN+1. : DATMOD2
F(I)=sF(I)/F(I+NNDEG) DATMOD2
_ COMMENT == S{I) CONTAINS VALUES OF THE ZONAL POWER PER DEGREE. DATMOD2 )
S(I)= P(I+1)*B(I+1)/R(I)*100. DATMOD?2
R(I)=R(I)/(2*%INN+1) DATMOD?2
3185 525 CONTINUE » DATMDD2
PRINT 1002» BR»BR1 DATMOD2
1002 FORMAT (1X,*BR=*,F15,8,%BR1=%*,E15.8) DATMOD2
TPOWER=O, _ DATMOD?2
DO 550 I=1,NNDEG DATMOD2
390 TPOWER=TPOWER+R(I) _ DATMOD?2
550 CONTINUE DATMOD?2
c DATMOD2
PRINT 5905 VARDATAsVARMOD» XMSMyMDF,»VARERR S XMSEsIERDF, DATMOD 2
1VARMOD/VARDATA, TPOWERSALsAL+A25A1+A2  ___ _DATMOD2
395 590 FORMAT (///T37»*PERCENT %5 T49» *VARMOD*»T669*%DEG. CONTRIB.*, DATMOD2
*TB3,*ACCUMULATIVE*,T100,*MEAN SQUARE*,T117s%DEG. FREEDOM*/ DATMOD?2
*T37,%Z0N, POWER*5T49,%DEGe CONTRIB.*sT69s%+ A2%/ DATHMOD2
*1¥s%*VARDATA= *,E15.8/ DATMOD?2
) 11Xs*VARMOD= #,FE15.8,T98,F15.8,T117,157 DATMOD?2
=400 21Xp*VARERR® *,F15,85T98sF15.85T117515/ _ ~ DATMOD2 N
@ 31Xs%RATIO = *,F15,8/ DATMOD2
41X»*TPOWER= *,E15,87/ DATMOD2
5T43,%Als%, F15,8,T645E15.,8,T815E15,.8) , , DATMOD2 _
o DATMOD2
405 ACCUM=A1+A2 DATMOD?2
DO 535 1I=1,NNDEG o DATMOD2 i
CAPPAsF({])*F (I+NNDEG) DATMOD2
ACCUM=ACCUM+CAPPA DATMOD?2
PRINT 595, IsR(I)sS(I),CAPPACAPPA+A2sACCUMsF(1),F(I+NNDEG) DATMOD2
410 595 FORMAT (1Xp*VARDEG(*512,%) s *yFE15,89T36sF10e5sT475F15.8,T645E15.8,DATMOD2
1T815E1548,T985E15.85T1175,F540) DATMOD?2
COMMENT -= LET R(I) NOW CONTAIN PERCENTAGE POWER. DATMOD?2
R(I)=(R(I)/TPOWER)*100. DATMOD 2
535 CONTINUE DATMOD?2
415 DD 545 I=1,NNDEG DATMDD2
PRINT 585, I,R(I) DATMGOD?2
585 FORMAT(1X»I2s5Xs*PERCENT. POWER= *,F10,.5) DATMOD2
545 CONTINUE DATMOD2
950 CONTINUE GLSRAN2

420 999 CONTINUE GLSRANZ2



PRIGRAM GLSRAN?Z 74774 DPT=1 FIN 4.7+485 80/01/29. 14.11.35

sYOp GLSRANZ
c GLSRANZ2
c GLSRANZ
100 FORMAT (1Xp*Z1l= *p,E1l5.895Xs%22a *9E15.,8s5Xp*Ym *,E15.8,5Xs*ER= *, GLSRANZ
425 1E15.8) GLSRANZ2
105 FORMAT (T10,*T= *,£15.6) GLSRANZ
110 FORMAT (*1%,*STOP6 INDICATES A POTENTIAL RUN-AWAY LOOP SITUATION EGLSRANZ
1XISTS IN LOOP = 7C IN GLSRANZ.*/1Xp*THE FOLLOWING FARAMETERS ARE PGLSRANZ
2RINTED AS DIAGNDSTIC AIDS =- KCOUNT»JCOUNTsNFUNCH, INDEX(NFUNC)»I1,»IGLSRANZ
430 39ddsJrIVVsTIVH/1Xs10(15,5X)) GLSRANZ
175 FORMAT (*1%9////711771/T25,%#BEGIN PRINT FOP CASF NUMBER *,13////7//7/GLSRAN2
1/771¢1) GLSRANZ2
200 FORMAT (T10»E15.8sT309E15.8sT500E15.89T29135sT72sE1548,T905,14»T1C1sGLSRANZ
112,7110,12,7120,11) GLSKAN2
435 201 FORMAT (//T14,%EST. COEF*,T34s*%BETA VAR*pT53,%ST. DEVIATION*, GLSRANZ2
1T759%R=VECTOR*» TOC,, * INDFY*, TGY» *GROER*» T108» *DEGREE*»T118, GLSRANZ
2%EVEN=0%*/ GLSRAN2
3T17s%B *,T34,*%COVAR(LI I )%, T53,*%SORT(COVAR(LI»I))*»TO0»*ARRAY*,T119,GLSRAN2
4%(DD=1%*/) GLSRANZ2
440 215 FORMAT (//771X5A7) GLSRANZ
789 FORMAT(2{5X,E15.8)) DATHOD 2
END GLSRAN2
2

SYMBOLIC REFERENCE MAP (R=1)

TPY POINTS
502 GLSRANZ
~TABLFS SN TYPE RELUCATION
356 ACCUM REsL 2€332 Al REAL
333 A2 REAL 55137 8 RE&L ARRAY
€61 BETA REAL ARRAY 20331 Br RE&L
230 &K1 REAL 20357 CAFPA RE&L
4 DY REAL /] & EP REAL /1
3%1 EVEN KEAL 20360 F KEAL ARRAY
27¢ 1 INTEGER 20256 1CASE INTFGER
263 ICODE INTEGER 20275 ICOUNT INTEGER

252 IDATA INTEGER 20313 1END INTEGE®

] . )
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SUBROUTINE GLSCOR1 T4/ 74 GPT=1

FIN 4474485 BU/s701/23,

SUBRCUTINE GLSCDRY1 (FsSsRKsWsBsYsNsNV,ICODESSUMY» YSQSUM» IEKR)
DIKENSICN FIN)sSINV)ISRIN)SBI(N)
C
COMMENT == INITIALIZATION LODOF FOR THE KsBsy AND S ARRAYS,
CC 25 I=1,M
R(1)=0.
B(I)=0.
25 CONTINUFE
DC 35 1=1,NV
S(1)=0,
25 CLNTINUE
SUryY=Q,
YSQSUMa0D,
RETURN

sl aNeN el
*
*
*
*
#*
»*
»*
*
*
*
#*

ENTKY GLSSUM1
COMEENT =-= SUMMATIOMN OF THE F AND S AKRAYS,
IF (IC0DLteEG0) GO TO 150
DL 12% Is=1sN
R{1)=sk(I)+F(1)muWnY
125 CONTINUE

c
C
COMMENT == CALCULATE THE SUM OF THr Y"S AND Y SQUARED SUMMED.
SLEYeSURY+Y
YSQSUM=YSQLIUNM+Y*Y
EQ CONTINUE
COMPZINT == CALCULATEL THE UPPEFR FULL TRIANGLF OF THE S—-MATRIX AND STORE
C THE KESULY IN THt ONE-DIMERSIONAL ARRAY, S, DIMENSIONED
c BY NV == SEE PARAMETER LI>T IN GLSRAN2.

DU 175 J=1,N

LG 175 121,y

KeJ+({J*{(J=1))/2

S(R)=S(K)+F(T1)*F(J)2W
175 CCNTINUE

RETURN
c
C x * * * * * * * * * *
C x * * * * * * * * » *

19.03.20



90L

45

55

60

&5

SUEKELLTINE GLSCOKR1 T4/74 GPT=]

c

CCMMENT == FIND INVERSE OF S AND STurR: IN S

r

-

C

ENTFY €GLSCLVL

FTN 4e7+485 BC/01/23.

FIND ESTLIMATICN FARAMETERDs b£=3SR WHERE § IS NOW THZ=

CCVARIANCE MATRIX OF PARAMETRIC ESTIMATIONS

ICP=]

CLLL SPDYIME (N,SsICFPsDETISCALESTERR)
1F (1CULLLECLD) GO T3 250
DL 225 I=l,H

B(I)=Ga

CC 225 Jd=lsh

it=1

JO=y

IF (1elFed) GO T4 200
1C=y

Ju=1l

CONTINGE

k=104 (J0*(Ju=-1))/8
E(1)=B(X)+L(Kk)ax(J)

CUt TiNUF

COLTINUE

R:TURN

END

SYNBOLIC REFEReNCL MAP (FR=1)

NTRY PIIETS

3

GLSCCR1

SN

1

163 CLSCOV] 30 GLSsuml
TYPF RELUOCATION
REAL AREAY FePa lod DET
REAL ARRAY FeFa 161 I
18TeGtEw FaPe c IERR
INTLGER 164 LUP
INTEGER 162 J
LNTEGER ) i53 K
INTEGER reFa i C NV
preg ARRAY FePao J 5

R=aL

INTEGER
INTEGER
INTEGCR
INTEGER
INTEGER

INTEGFR
REAL

19,03,20
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SUBROUTINE SIMDAT1  74/74 0OPT=1

FTN 447+485 B0/01/23,

SUBRUUTINE SIMDAT1 (BETANNsF)
COMMEN PIsX1sX2,YVAK>DXsX>ER»IFUNC,»Y»Z1,2252Z5M0RD
DIMENSION BITAIN)SFIN)
CALL SIMDATZ2
COMMENT == SEE REALDAT FOR EXPLANATIUON OF DATA TD BE SIMULATED AS INPUT.
IF (MURDeNES4O) CALL SIMUDATZ
IF (IFUNC4.EQel) GO TD 2%
IF (1IFUNC4EQes2) GO TOC 125
IF (IFUNCesEGe4) GO TO 250
JFUNC=999
RETURN
¢
C
COMMENT == CALCULATE THE LINEAK PULYNOMIAL FUNCTLIONS OF DEGREE "NPY,
25 CCNTINLE
CALL POLY (FsBETA»N)
€0 CONTINUF

YeEY+ER
FETURN
c
¢
COMMENT == CALCULATE THE F1RST ©"NP® ZONAL SPHERICAL HARMONIC FUNCTIONS. .

125 CONTINUE
CALL SPHAKM (FyN)
135 COMTINUE
Ya(i,
D0 150 1=1,N
Y=Y+BETA(I)*F(1)
150 COMTINUE
GO TC 50
CUMMENT —— END SFHERICAL HARMONIC CALCULATIONS.
-

£

c
CUMMSENT =—- CALCULATE THE "NP"™ FLURLIER rUNCTIONSy OTHER THAN F(1l)=1,
250 COMTINUE
CALL FGRFNCY (FsN)

GC TO 135
COMMENT == END FOURIEK CALCULATIDONS.
C
¢

END

19403,20
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15
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25

40

SUBKDUTINE Rt &ALULAT

SUBROUTIKE

COMMEN PIsX1loX29YVARSDXs Xs ERsIFUNC»Y»Z1522525sMORD

LIMENSICN

"

C

€3

¢

C 1FUNC=],
C

L

C ITrLMC 2,
¢

C

¢

¢ IFLE (=3,
¢

C

C

C

C

¢

C

C iFUNC =4,
C

C

C

C

14174

LPTm]

FEALDAT (FynN)

FON)

1F (MOFDWEC4D)

READ (2) XsZ,Y

GMBEERT == EXPLANATION JF INPUT,

X
INDEFENDENT
VARIARBLE

Co-LATITUCE
(KRADIANS)

LATITULDE
(KADLANT)

SCALtY FOUKIER
ANGLE(RALTANS)

GL TO 1%

TP (FOR(2)) 255,50

15 CUrTINL®

FDLD(2) Xo Y
it (EQF(2)) 25,50

C
N
5 CuNTINUY
1FUNCeGQE
RETL#EN
¢
C

e TIRLE

T (YFUnCoFQes) G TU 75

z
NONE

LONGITUDE
(KADIANS)

NUNF

boT+48E

Y
DEPENDENT
VARIABLE

DEPENDFENT
VARIABLE
(QZONE)

DEPENDENT
DEPENDENT
VARIABLE
(8UV-GRIDZD
MODEL DATA
CORRECTED
FOR DOBSON)

APPKUPRIATE
DEPENDENT
VAR1ABLE

8C/31/23¢ 19e93e20
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79

75

SUBKGUTINE REALDAT T4lT4 0pPT=1 FIN 4o7+48B5 E0/01/23¢+ 19+03,20

IF (JFUNCeEQe2) GO TD 130
IF (IFUNCeEGa3) GO Td 250
IF (IFUNCeEQe4) GO TO 350
IFUNC=GGG
RETUFN
C
C : ' :
COMMENT == CALCULATE LINEAR POLYNUMIAL FUNCTIONS THROUGH DEGREE "NPY,
75 CLNTINUE
DO 125 I=2,N
F(l1)aF{1=~1)%X
125 CONTINUE
c
RETUEN
C
C
COMMENT == CALCULATE THE "NPW SPHEKICAL HARMDNIC FUNCTIONS.
120 CONTINUE
CALL SPHARNM (FsHN)

- C

KETURN
c U
COMMENT == CALCULATE F(2)=(0S(2*LAT)s WHERE X=LAT.

250 CONTINUE :
F(2)=CCS(2%X) N
RETURN ’

c
ot .
COMMENT == CALCULATE THE "NP"™ FOURIER FUNCTIONS, OTHER THAN F(l)=1l.
3%0 CUMTINUE
CALL FORFIC1 (FsN)
RETUEN

END

SYMBULIC REFEKENCE MAP (k=1)



oLt

- SUBKGUTINE POLY 74774 CPT=2]

1 SUBFBUTINE POLY (FyApN)

COMMEN PloX1loX2sYVARSDXsXsEK,IFUNC,G

DIMENSIDN F(N)sA(N)
S | § ;Lo |
5 G=A(NP+1)
IF (NPeEQesC) RETURN
DC 15 M=1,NP
JuhP4l=pM
F(M+1l)=F(M)*X
GuA{Jd)+X*G
15 CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R=1)

TRY POINTS
3. pPOLY. .
RIABLES SN TYPE FELOCATIDN
O A RE&L ARKAY FePs
6 Ek REAL /1 7/
10 G REAL / /7
31 J. . . INTEGER
0 N INTEGER FoePae
0 PJ RLal /7 /
1 x1 REAL / /
3  YVAR REAL / /
"ATEMENT LABELS
0 15
iUPS LABEL INDEX FROM=TD LENGTH
20 15 M 7 11 58
IMMUN BLOCKS LENGTH
/ / 9

N W
MU ygo~NoOo S

PROFERTLES

INSTACK

DX

F
IFURC
M

NP

X

X2

FTIN 4,7+485

REAL
REAL
INTEGER
INTEGER
TNTEGER
REAL
REAL

ARRAY

/

-~

80701723,

/
FePa

-~

1903420
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SUBKOUTINE

ODOOOOO MO0

ﬁf“ﬂﬁﬂﬁ

n¢1rvn«ﬁj

W L]

SPHARM 74/74  DPT=l FIN 4o7+485

SUBRDUTINE SPHARM (FsN)

COMMON PI;XI,XZ,YVAK;DX,X:EP:IrUNC:Y:Zl:ZZ:Z:MURD
DIFENMSION F(1)

DIMENSION Q(13,13)

* * . - * * » * *
OMMENT == CALCULATE THE SECCND THROUGH THE (NDEG+l) = TH F=FUNCTIDONS.

MPLUS=MDRD+1
'1FIN-1
NOLG=NP=~MUKL*MPLUS
CALL LEGNDKS4 (MPLUS:NDEG;X Q)
MsO
L0 2¢ 1I=1,NCEG
FII+1)=Qtl,]141)
25 CCNhNTINUE ‘ .
» * * * * * * *

» * * L * * * *

OMMENT -—- CALCULATE THE 2*MOPD SECTORAL FUNCTIONS. e
STGRE RESULTS IN THE F AKRAY, ELEMENTS (NDEG+2) THROUGH
(NDEG+1+2%MORD) &

NN1=NDEG+3
NNZ2Bs2%MURD+NN]1-2
M=

bt 50 I'hhlyNN?:Z
Meh+]

FS=SQKT{2e/FRFAC(M+M))
FN=Q(M+1oM+])*¢S
FUl=1l)=FNe(CUS (M*Z)
FOI)=ENRSIN(M%Z)
50 COMTINUE
1F (MOKDeECal) RETURN
* * % * * * * x

» * * * * * * *
OMKENT =~ CALCULATE THE NUMTtS=n—-NN2 TESSERAL FUNCTIONS.

80/01/23¢ 19403420



SUBRLGLTINL SPHARM T4/74 CPT=1 FTN 4,7+485 60/01/234 1903420

NN1=NN2+2
NN2s=N
45 . M=(
NN=NDEG
DL 75 IaNN1saN2s»2
ir (NN.LT.NDEG) GG TG 70
: M=p+1 ‘
50 _ NN=p
7¢ CORTINUE
NN=NK+1
FS®SURT(24%RFAC{NN=M)/KirAC(NN+M))
' FN=Q(M+1,NN+1)*FS
55 F (I=1)=Fn®=COS (m*Z)
F{1)=FN*SiK(M*xZ)
- 75 COMNTAINUE
KRETUKN
ENC

ZLL

SYMBLLIC ReFERENCE MAP (k=1)

NTRY PDINTS

3  SPHakpr
ARIABLES SN Tye: KLLDCATICN . R
4 DX KEAL /7 6 EP REAL /7 ¢/
0 F REAL ARRAY FePe 153 FN REAL
152 FS RLEL 147 1 INTEGEK
7  JTFUNL INTFGEF /! it M INTEGER
14 MURD INTVGzb 7/ 143 MPLUS . INTEGER
0 N CINTEGER FeFe 145 nNDEG INTEGER
154 WN INTFEGEPR - ' 150 nhKk1 INTEGER
151 NN2 INTLGER 144 WP INTEGER
0 Pj] kEalL /! 155 Q REAL AKRAY
5 X REnL !/ 1 X1 REAL !/ /
2 XZ  REAaL /7 7 10 v REAL !/ /
3 -YVak REAL /! 13 2 REAL /7 7/
11 21 Rial /7 iz 12 REAL !/



gLt

FUNLTIUN RrEAC

11

74/74 LPT=1

LULELZ FUNCTIOK KkFAC (Hu)

RFAC=]

LF(NDelLT42) GO TD 11
B 9 Is=],NUC
RFAC=RFAC*]

CLNTINUE

FETUKN -

END

SYMBOLIC KREFERENCE MAP (ke=l1)

IxY POLNTS
5 REAC

RIaBLES SN TyeE
INTEGEK
LJUBLE

30 1
26 REAC

ATEMENT LABELS
0o 9

OPS LABEL INDEX
16 9 1

ATISTICS -

PRUGRAM LENGTH

RELOCATION

24

FROK=TU LENGTH
4 6 58

- 318 25

520008 CM USED

U ND

11

PRUFERTIES
INSTACK

FTN 4¢7+485%

INTEGER

80/01/23.

FePo

19403¢2C



VSUBRDUTINE FOKFNC] 74/74 LGPT=] FIN 474405 8G/01/23¢ 19003420

1 SUBROUTINE FOGRFNC1 (FyN)
: CCMEON Tl,Xi,X25YVAR,DXsX
DIMENSION F(N) :

. C IR RIS R IR T Y LI S IS PSS IS 2RI 328222 22 Y 2]
5 c
CLMMENT == NPsN=1 FUURIER FUNCTLONS ARE CALCULATED PER »
C CALL TC SUBROUTINE FURFNCle *
C ~= THESE NP FUNCTLIONS AKE OF THE FORM, *
o F(2*1)sC0S (I%X) *
10 o AND .
C F(2ei+1)= SIN (I%X), *
o FOF lsl,M *
C WHLEE MsNP/2, *
C
15 C AR REER R AR RS AR A SRR B SRS R R PR SR R RSy S R
c
c
Ma (N=1)72
: DG 25 1al,¥
20 F(2#%1)=COS(I*X)
" F(z*1+1)sSIN(I*X)
) 25 COMTINUE - e
= C
RETURN
25 ENL

SYMBOLIC REFLFENCE MAP (R=1)

TRY PUINTS

3 FOKENLL
ARIABLES SN TYFE FELDCATLON
4 DX REAL /7 ¢ F FZAL ARRAY FaPe
24 U INTLGER 23 M INTZGER
0 N INTEGER , FePoe o P2 FEAL /7
5 X CEEAL o 7/ 1 X1 . REAL !/ /.
2 X2 REAL /7 3 /7

YVAR FEAL
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SUBROUTINE LECGNDK4 74/74 GPTsl S , FTN 4o7+465

50

15

SUBRCUTINE LEGNDR4 (NORD,NDEG,COLAT,P)
DIMENSION P(13,1)
DOUBLE Q(13s13)

. DOUBLE X»SINE

MOKD=NGRD=-1

Q(ls1)=1,

F(ls1)=Q(ls1)

IF (NDEGeEQeO) RETURN

X=CDS (CCLAT)

SINE=DSQRT (1le=Xx*%X)

C(ls2)=X

F(1s2)=2Q(152) . ‘
JF (ND:iCetQeloeANDeMORDexQa0) RETURN
N=(

CONTINUE

IF (MORDaNEeQ) GO TD 150 . 3 ]
Nah+1 |

CCNTINUE

COMMENT == CALCULATL ZERD ORCEK TERM OF DEGREE N+l WITH THE TWO.

C

15¢

225

PREVIUUS ZERD ORDER TEFMS.
QUL o N+2) = ((2¥N+]1 )R X*¥Q{LsN+1)=N*Q(1sN))/(N+1)
PCIlsN+2)mC(1lsN+2) :
IF (MOFDeEQeOaANDaNDEGeaEQeN+1l) RETURN
G0 TC %¢C
CCNTINUE
Neh+]
M=
CCNTINUE

COMMENT == CALCULATE HIGH.K THAN 2ERD ORDER TERMS OF DEGREE No

MxpM+1

IF (XetQeleeOReXeEQe=1e) GL TG 220
TQ=0e

IF (NeGEeM+2) TQ=Q(M+1lyN=-1)
QEh+1lsN+1)=TQ+(2#N=~1)#SINE*Q (M) N)
GG 1L 30C

CUNTINUE

QlM+IsN+1)=Ce

CONTINUE

P(F+1,N+1)=Q(M+1,N+1)

It (MebEQeMURDsANGeNeEQeNDEG) RETURK
IF (FeFQeNeURMeiQeMORD) GO TC 75
GG TO 225

.

-80/01/23¢ 1903020
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SUBRUUTINE LEGHUR4 74/74 GPT=1 I FTN 4474485 807017234 19.0342C

END

RD Nre SEVEKLTY DETALLS D1AGNDS1S Ot PROBLEN

12 1 P ARRAY RLFEKENC: OUTSIDE DIMENSIUN BOUNDS,

SYMLOLLIC PEFERENCE MAP (Ra2l)
NTRY POINTS

3 LeGNDR4
ARIABLES SN TYFE AELOCATION
U CUuLaT RCAL FaPs 163 n INTEGER
161 MOKD INTEGER 162 i INTEGER
—-—.0 . NDcG INTLGEK : FePe 0 NORD INTeGER FePe
o P Reat ARKAY FePo 185 U COUSBLE ARRAY
157 SINt DOUELE le4 TG REAL
155 X DGUBLE
XTERNALS TYPL ARGS
RUS—— ] V3 REal 1 LIBERARY OSQKT bouste 1 LIBRARY
TATEMENT LaBELS
35 50 40 7o 76 150
101 225 i32 250 136 300
JATISTICS . i
PROGKAM LENGTH 7078 455

520008 CM USED
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SUBKDOLTINE SUBS1

74/74  DOPTe=l " FIN

SUBROUTINE SUBS1 (INDEX»NisMMORDsN»MORD)
DIMENSION INDEX (NN)

CLMMENT == LEFINE REQUIRED PARAMETERS.

NNL EGaNN~-MMORD* ( MMOKD+1)-1
NSZON=NNDEG+1
NZS=NSZON

ISS=i4NZS -
NSSEC=2*MMORD
NSSeNZS+NSSEC
ITSE=1+NSS
NSTeSshin=(hSZIN+NSSEC)
NTSeNSS+NSTES
NDEG=N=MORC*( MCRD+1) -1
NNZON=NDEG+1

NZtisNMZCN

NML EC=2%MORD
NSFEsNZM+NMSEC

COMMENT == CALCULATE THE ELLMzNT5 3F THE INDEX ARRAYe

50

1¢¢

CbMFEhT -= IRCWS 1S THE TOTAL NUMBER OF xOWS OF TESSERAL FUNCTIONS

COMMLNT == LEFT 1S THr NUMBEK OF 'MASTER' SPHERICAL HARMONIC TESSERAL

c

COMMENT == NOMTK 1S THE NUMBER OF 'MASTZR'Y MODEL TESSERALS IN Kuw IROW.

¢

DL 50 KZON=1,NZS
INCEX(KZUN) =K ZDON

COGRTINLUE

KehZM

DG 10G0O KSEC'ISS,f\Sq

KK+

INDEX(KSEC)=K

CONTINUE

IF (NSTESWEGeN) GO TO 200

TN THt SUBSET MODEL,.
IRLWS sMMORD=-1
KahSk

FUNCTICNS REMAINTNMG IN RUW IROWe

LEFT=0

KTES=NSS
LG 175 IRUOW=1,1ROWS
KN=K+LEF]

4e7+485

80/01/23e 19403420

NGMMTE IS THE NUMBER OF 'SUBSET' MODEL T2SSERALS IN ROW IROWe

MCKETR=(NORU-IRDW) *2
hDhNTR’(hHDRD IRMW)®*2
DL 150 KSTEP=1yNOMMTR



8Lt

. --. -SUBKOUTINE SUBS1 74/74 DPT=l

KTES®=KTES+1
. KeK+1
45 - INDEX(KTES }=K
150 _CCHTINUE

LEFT=NGMTR=NCMMTR
175 CONTINUE
200 CCNTINUE
50 KETUKN
END

SYMBOLIC REFERENCE MAP (R=1)

ITRY POINTS

3 SuBsl
\RIABLES SN TYPE RELOCATION
0 INDEX INTEGLR ARRAY FoPo
122 _1KOWS. . INTEGER
107 I7S INTEGER
121  KSEC INTEGEK
124 KTES INTEGER
123 LEFT INTEGER
0 MORL INTEGER FePe
_112  NUE¢ INTEGER
113 NMZCN INTLGER
101 NNDEG INTEGER
126  NUMTK INTLGER
106 NSS INTLGER
110 NSTES INTEGEK
111 _NTS__ INTEGER
103 NZS INTEGER

[ATEMENT LARELS
0 50 0 100
0 17% 1¢cCc 290

125

104
120
130
117

115

127
116
105
102
114

IROW
ISS

K
KSTEP
KZON
MMORD
N
NMSEC
NN
NOCMMT R
NS M
NSSEC
NS ZON
NZM

FTN 64,7+485

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INT=GER
INTEGER

8G/01/23.

FePo
FePe

FePo

150

19.03.20
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SUBROUTINE SuBS2 74/74 OPT=1 FTN 4674485 80/01/234

SUBROUTINE SUBS2 (INDEXsMsHMORD)
COUMMENT —= GIVEN A NUMBERs Ms OF INDEPENDENT OBSERVATIONSs SUBROUTINE

c SUB52 CALCULATES THE ARRAY INDEX WHICH CIONNECTS THE INDICES
c OF THE S—=MATRICES(UPPER FULL TRIANGLES ONLY) CF THE MASTER
C MODEL (DRDER=MGKRD) AND THe SUBSET MDDEL(SIZE TO BE

C DETERMINED IN THIS SUBROUTINE BASED ON M)

C o .

CUMMENT == NOTE M MUST BE +Gte le

¢

DIMENSIDON INDEX(M)
NMS EC=2*MUFL

INAX=MORD+1

COMMENT == NMSEC IS THE MAXIMUM NUMBER OF SECTORAL FUNCTIONS IN THE

C MASTER MODEL.

C IMAX IS THE MAXIMUM NUMBEXR OF ZONAL FUNCTIUNS IN THE .

¢ - MASTER MUDEL == REFERKED TO AS NMZON IN SUBRDUTINE SUBS1l. : e .
IKAXSQ=IMAX*IMAX , _ e

COMMENT == IMAXSEQ IS THE MAXIMUM NUMBER OF FUNCTIONS AVAILABLE IN THE

c MASTER MOLEL.

IF (M=IMAXSU) 15,225,250
15 CONTINUE

DL 25 I=2,1MAX , e

TF (i*1.GTeM) GO TO 50
25 (CNTLINUE
COMMENT == THIS LLOP SHOULD NUT FIN1ISH NOKMALLYe IF IT DOES A

c PLAGNEGSTIC wILL BE PRINTEU AND EXECUTION STGPPED.
PEINT 925 :
625 FORMAT (*1*,%EXECUTION STOPPcD IN SUBRDUTINE SUBS2%) C -
LIGP4
C
c * * * * * * x * * * *
¢

50 CCNTINUE
NISSEC=2%(1-2)

N]SZONs]-1
COMMENT ==~ NISSEC AND NISZON Akt THE NUMBER DF SECTORAL AND ZONAL
c FUNCTICNS, ReSFzCTIVELY, IN THt INITIAL SUBSET MODEL OF
c ORLERs [=2, ' -

HLIFF =M=NISZON*NISZON _
COMMENT == MUIFF IS THE CIFFEReNCt BZTWHEN M AND THZ NUMEZR DF FUNCTLOUNS
c In A MCuelL OF ORPER=1=2, WHICH CONTAINS (I-1)x(I~1) FUNCTIDNS
MSEC=MDIFF/2

19403420
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SUBKUUTINE SUBS2

COMIMEN
c
C
70
COMMEN
L
75
£E0
5
COMMEN
¢
C
C
C
£
{
125

150

. T4l74  GPT=). FTN 4674485

MZUN=MDLFF=-MSEC
MTESaQ .

T == MSEC AND MZON ALRE THE NUMBER OF EXTRA SECTORAL AND ZONAL
FUNCTIDNSs KESPECTIVELYe .MTES IS THE NUMBER OF EXTRA
TESSERAL FUNCTIUONS REQUIRED, IF ANYs

ITESTaNISSEC+MSEC-NMSEC

iF (ITEST) 75575570

CONTINUE . o

T == MSEC+#NISSEC 1S LAkGER THAN NMSEC, THE MAXIMUM NUMBER OF

. SECTORAL FUNCTIONS AVAILABLE UIN.THE MASTEK MODElLe

MSEC=NNMSEC-NISSEC

MYES=ITEST

COLTAINUE

ITEST=MZUN+RISZON=ItAX

IF (ITEST) 85,685,580

CONTINLE

MZON=IMAX=NISZON

MTIES=MTES+ITEST

CCRTINUE

T == THt CALCULATIOM GF MTES 15 NOT ACTUALLY REQUIKED IN ORDER
TC FIND NSTES == HOWEVER> A5 A DEBUGGING AID IT IS A
USEFUL PAKAMETEKS

NZSsNISZON+MZON

1SS=RZ5+1

KNSSeNZS4NISSEC+NSEL

ITE=NSS 41

NSSeC=HhSS=NZS

MNETESmM=NSSEC-NZS

NTSesMSS4NSTES

» » % % % % * % * * *
» % * * * * x * x* * o»

GL 125 KIDKN=lseNZS
INDEX(KZON) X ZON
CONTAINUT

Ir (LSSEC W1 Tel)
KelMgx
L& 150
Kak+] ’ )
INCEX({KSEC)mK
CLUMTINUT

6U TU 155

KSEC=15S5sNS3

80/01/23¢ 19403420



90

.1Q0

105

let

1i¢

115

120

. . . .

SUBROUTINE SUBS2 74/74 CPT=1 : : FTN 4474485 80/01/23,

155 CONTINUE
It (NSTES.LTe1l) GO TD 1660

COMMENT == LROUWS 1S THE TOTAL NUMBER OF ROWS OF TESSERAL FUNCTIONS
c. IN THt SUBScT MODELe :
IKGWS=I=-2
¢ " NOTE ~= RECALL THAT NISZUN=I-1
IF (NISZON*®KRISZDONGEQeM) JROWS=IROWS~1
K=3%MORD+1
COMMENT == LEFT 1S THE NUMBEK OF 'MASTER? SPHERICAL HARMONIC TESSERAL
¢ FUNCTIONS REMALNING IN ROW .IROWe
LEFT=0
KTES=NSS
DG 175 1RCK=1,IROWS
KekK+LEFT

COMMENT == NUMTR 15 THE NUMBER OF 'MASTER' MODEL TESSERALS IN ROW IROW.

C NCUMMTR IS THE NUMBck OF 'SUBSET' MODEL TESSERALS IN ROW _IRDWe. .. .o .

19.03.20

NCMTP= (MORL=-TKOCW)*2 e _

NCMMTR=(NISZON-IPOW)*2

IF (NISZOUN*#NISZONeEUeH) NuUuMMTRaNUOMMTR-2
DG 1€C KOTEP=1,NCMMTR
KTES=KTES +1

IF (KTcSeGTen) GJ TL 1EO . s

KeK+]
INDEX(KTES)=K
160 CONTINUE
LEFT=NOMTR=NOMMTR
175 CUNTINUE

160 CONTINUE e

RE TUFN

C
B 225 COMNTINUE
PRINT G5C» M
G50 FOKMAT (/7////1Xs*h= *,145%, IS THE TOTAL NUMBER OF FUNCTIONS AVAIL
1ABLE IN THE SPECIFLED FASTER MIDELG*/1X,*THERSFIKE» THE UPPER FULL
2TKIANGLE DF THe MASTck MODEL wILL BE READ DIRECTLY FROM TAPE  AND
3USeD IN THF FOLLOWING CALCULATIONS &%)
GG 1C 300
250 CCNTINUE
PRINT 675, My IMAXSQ , )
G75 FCKMaT (//4/7/1Xs*%THe NUMBeK OF LNDEPENDENT DBSERVATIONSs *5T4s%, I
1S GREATER THAN THr NUMBER OF FUNCTIONS, *,T4,*y CONTAINED IN THE S
2PECIFIEL MASTER MODEL<*/1Xx,*THEREFOKEs THE UPPER FULL TRIANGLE OF



— __SUBKOUTINE SUBS2 74/74  0OPT=1 ' FTN 474485 80/01/23¢ 194036 2(

. 3THE MASTER MODEL WILL BL READ DIRECTLY FROM TAP:Z  AND USeD LN THE
- ... 4FULLOWING CALCULATIONSe*)
- - 300 CONTINUE
— 130 - INDEX(1)==999
- RETURN
— ENC

RD Hke SEVEKITY ODETAILS DIAGNOSIS OF PROBLEM

écl

SYMBOULIC REFERENCE MAP (Rs=1)
TRY POINTS
3 SUBS2

AKIABLES. SN TYPE FELOCATION

1l4 1 INTLGER 112 IMAX INTEGER

113 IHMAXSQ INTEGLR ’ 0 INDEYX INTEGER ARRAY FePo
141 IkOW INTEGER 136 1ROWS INT:GER

125 1SS INTEGER 123 ITEST INTEGER

127 173 INTLEGER : 134 « INTEGER

135 KSEC . _ INTEGER 144 KSTEP INTEGER

140 KTES INTEGER 133 . KZI0OW INTEGER

137 LEFY INTLGEP 0 M INTEGERK FePs
417 MLIFF INTEGEK C MNMURD INTEGER FePo
120 MSEC INTEGEF 122 MTES INTEGER

121 MZun IMNTEGER 11> NISSEC INTEGER

Jlle NISZON INTEGLR iil NMSEC INTEGEER

143 NUGMATK INTEGLR ' 142 NOMTPR INTEGER

126 NSS INTLGFR 130 NSSFEC INTEGER



+ v

SUBRCUTINE SUBES3 747174 gPT=1 FTN 447+483 - 8G/01723e 19403620

1 SUBROUTINE SUBS3 (INDEXsNFUNCSNDEGsMORD)
CUMMENT == PARTICULAR COEFFICIEMTS OF INTEREST ARE SPECIFIED AS CARD
9 INPLT TJ BE READ FROM THIS SUBROUTINE. THE NUMBER OF
— — o . ..EUNCTIONS» NFUNC» IO Bt RzAD IS A FORMAL PARAMETER OF THIS . . ..
5 C SUBROUTINE AND DEFINES THE NUMBER OF ELEMENTS CONTAINED
C IN THE ARRAY 1NDEXa

DIMENSION . INDEX(NFUNC)
DG 100 1=1,NFUNC
READ (5, 915) LORDsSLDEGyLED

10 COMMENT -- LORD == DKDZR OF FUNCTIiONs A e e
C LDtG == DEGREt UF FUNCTION,
c LEG == =0, FUNCTION IS EVEN,
c =1, FUNCTION IS ODD.
IF (LORDeEQeO) GD TO 25
15 If (LORDeEGeLDEG) GO TC 50
K= (NDEG+1)+2*MORD+Lc O4L URD* (2*LUEG~LORD-1)~1 e T
60 Tu 75 e .
25 COMTINUE
KelDEG+]
29 GC T 75

£0 CONTINUE v . :
Ko {NLEG+1)42%LURD=-14LED e
75 CLATIKUE
PRINT 9255 lsLORDSLDEGsLEDSK
25 INDEX(1)=K
1¢S5 COMTINUE
KETUEN
FURKAT (i2s12511) - - B e
Q FORMAT (1Xs*FURCTION NUMBER *,]14,% HAS BEEN SPECIFIED AS JRDER=
30 1i2s%y CEGRELm »912,%, AND LE(0m *,]1,%, K=o #%,74)
ENL

€2l

ny
r o
*

»

SYMBULLIC REFEFENCE MaP (R=1)

NTRY POINTS
23 SLBS3



el

SLBRCUTIRE PRISYM . 74/74  OPTsl . . BTN 4eT+4E5

100

15

20

. 25

3¢

40

[aXeXsialsiakskaksiziskaieialalsEaksiasksiakaksNesEsN ol aNaNala Na e N ol N g

SUERCUTINE PRTSYM1 (S:NVV;NFUNC:ICODE) .
OMMENT == S IS A VECTOR WHICH CONTAINS. THE UPPER FULL TRIANGLE OF
SCME SYMMETRIC MATRIX Ze S IS PACKED AS FOLLOWS,
. K=0 , e
DO 20 J=1,NFUNC
. DD 10 I=1,J
Kak+]l
SIK)=Z(Is4)
10 CONTINUE
.20 COUNTINUE
thkE NFUNC IS THF URDER JF THE MATRIX Ze

PRTSYM1 WILL EITHER,

Ae PRINT THE VECTUK S AS TH: UPPER FULL TRIANGLE DF Z»
ICCDE=g, (K

. ba FKRINT THE CORReLATION FORM OF Z(SAME FORMAY AS ABLVE)

8C/01/23.

FCK ICUDE=1l.

NFUNC AS DEFInNeU 1IN GLSRAN2 IS THE NUMBER OF COLUNMNS IN THE
I=MATRIXa

MCOL = NUMBER Cr (OLUMNS/LINE OF PRINT AND MUST BE IN
AGREEMENT WITH FURMAT STATEZNMENT 900 AND 950.

THE ARRAY A DIMENSIUNED AS A(MCOL) IS USED FOR PRINTING
S THAT S wlLL NOT BE LcSTROYECD WHEN ICODEs=l,

Z 1S DIVIGED INTG IR SECTIONS FOR PRINTING.

JICX = J INDEX OF FIRST COLUMN
FOF A PARTICULAR SzCIICN, KS2Ce
JNDX = J INDEX DOF LAST CULUMA
FOF & PARTICULAR SECT1lins KSEC
JNDX ALSD = J INDFX OF LAST KOW
FUK A FAKTICULAR SECTIGNs KSECe
KSEC = NUMBEXR NF SECTICN BEING PRINTEDe

CIMERSION SINVV)I»ALL2)

MCOL =12

JNUX=Q

IKATIO=NFUNC/MCGL

IR=IKATIO+1

ICYFFaNkUNC— IPATIJ*hCul

16403420
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SUBKOUTINE PRTSYHNI 74/74 DPT=1

25

39

w
A&

1C0

60U
G50

IF (IDIFFeNLEsOQ) GO TO 25
IF=IRATI1O

IC1FFsMCUL

CONTINUE ,

DU 100 KSEC=1,1IR
JICX=JNDX+1

JNCX=JRDUX+MCUL

IF (KSECeEQeIR) JUNDX=(JINDX-—~MCOL)+IDIFF
JEND=JINDX=(KSEC-1)*MCOL
PRINT G50, (JsJd=JdIDX»JdNDX)
LU 1C0 I=1,JNDX

Ot 30 J=sJlDXs»JNDX
Ji=J=-(KSEC~-1)*MCOL
A(J1)=0,

CONTINLUE

1F (1eGTeJdiUX) JIDX=JiDX+1
D0 50 J=JdILXsJNDX
Jl1=J={KSEC-1)*MCOL
Ke(Jx(J=-1))/2+1

It (ICUDELEQeD) G TJ 35
Ki=(1*(I+41))/2

Ke= (J*(J+1))/2
Alal)=S(R)/ZSQART(S(K1)I*S5(K2))
GG TUL =0

CCHNTINUE

Aldl)=S(K)

CONTINUE

PRINT 600, I,(ALJ1),J1=),JEND)
CuNTINUE

RETUEN

FORMAT (T4,13,12(£1063))
FGRMAT (7/T11,12(13,7X1)7)

ENL

SYMBOLIC RzFEKENCE MaP (k=1)

FTIN 447+465

80701723+ 19203420



Appendix H - FOURIER SERIES REPRESENTATION OF A DISCRETE DATA SET
The Fourier series approximation takes the‘form

g(x) = A, + g][Azcos(zx) + stin(zx)], _ (H-1)
L=

where g(x) is periodic over 27w and q < Q. If now f(x) is-a function for

2Q + 1 discrete equally spaced values of x over the same period as g(x) above,
"a set of Fourier coefficients may be found that satisfies equation (H-1) by
using the least-squares criterion. Let Ep be the error associated with the
rth value of x, then

v 'f(xr) - g(x.)s

m
n

and

q
e2 = [f(x,) - A, - I (Agcos(ax,) + B,sin(2x,.))1%. (H-2)

The least-squares technique as discussed earlier in this report requires
that ‘

f-[f(x”) - A, - zg] (A cos(ex.) + Blsin(zx,.))]2

be minimized. This leads to

Q
_ 1
bt a L, f(x,) s | (H-3a)
A, =,%~ ' g f(x,.)cos(ex.), (H-3b)
r=-Q+1 r r
for ¢ # 0, Q:
A= g f(x,.)cos(Qx,.), (H-3c)
Q 2Q r=-Q+] r r

126



and

=1 3 f(x )sin(ex ). (H-3d)

L Q r=-Q+] r r’’
Equations (H-3) may be rewritten as

1
AO—Q-[-?_—H0+H]+H2+ c .. +Hq_]+HQ], (H-4a)
A, = %-E% H, * Hy cos(zx]) + H, cos(zxz) +, ..+
Hq_] cos(2x0_1) + %—HQ cos(sz)], (H-4b)

A= [pHy -y tHy - ot CIRENTE (H-4c)
and

B, = %-[G] sin(zx]) t G, sin(2x2)+. R Gq_] sin(zxq_])], (H-4d)
whgre

H(x) = % [f(x) + F(-x)] (H-52)
and

1 14
G(x) = 7 [f(x) - f(-x)]. (H-5b)

Equations (H-4) and (H-5) then give the required Fourier coefficients which

will satisfy equation (H-1).

Since f(x) is periodic over 2,

f(n) = f(-n)

so that there are 2Q independent pieces of data.

Then, as the objective of

this Fourier series representation is data interpolation, rather than say
"smoothing", the g in_equation (H-1) takes on the value Q so that all 2Q
possible terms are used. Equation (H-1) may now be written as

Q
f(x) = A, + s [A,cos(ex) + B,sin(2x)].

127
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APPENDIX I - THE 0ZSTATZ PROGRAM

This appendix contains a listing of the 0ZSTAT2 program and its subroutines.
The 0ZSTAT2 program has three basic capabilities:

a. Data Grouping
b. Statistical Analysis
c. Computer Graphics

The program is designed to read the BUV data formatted as described in
Appendix B and to group the data into a global grid system. Based on

this grid system means and variances are calculated for individual grid
blocks, latitudinal zones, and for that part of the grid system that
contains data. These calculations are described in more detail in section
3.

Graphics capabilities included in the OZSTAT2 program provide for each case
a plot of the zonal means with +1 sigma error bars, a scatter diagram of
the ozone distribution as a function of latitude, and histograms of the
data sampling distribution as a function of latitude or longitude.

128
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PROGRAM OZISTAT2

OO OO0

OO0

OO0

10

1417

PROGRAM 0OZ
1TAPE11,TAP
COMMON/DD/
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

4 OPT=1 FTN 4.,7+485

STAT2 (INPUT»OUTPUT»TAPESSINPUT»TAPEG=OUTPUTS»TAPELDS
E12s TAPE13,TAPE14» TAPE1S5»TAPE1,»TAPE2)

DATE

Al4),K(5),ALAT(100)»A0Z(100)5DATE(2)
SUMXSQ(36524)sKK(36224)sGP(36524)ySUMX(36524)
KCOUNT(36524)»SUMGPSQ(36524) s VARGP (365 24)
ILAT(36)sRLAT(38)sRKK{36524)» RLATBND(38)sNAME(36)
RLNGBK(26)sRK(26)

VARLATB(Bb))AVGLATB(Bb):RAT(36)9STDEVP(36);STDEVN(36)

XDATA(6)
SUMT(36524)»sSUMTSQ(36524)sSUMLT(36224)sSUMLG(36524)
SUMLTSQ(36924)»SUMLGSQ(36524)

14

80/01/23.

OZSTAT2

DZSTATY2

0ZSTAT2

DZSTAT2

DZSTAT2
0ZSTAT2
0ZSTAT2
0ZSTAT2
OZSTAT2
ocT79
0cT79
ocT79

DATA NAME/3HI=1,3HI=2,3HI=3,3HI=4,3HI=5,3HInby3HIaT7y3HI=8y3HI=9y 4HOZSTAT2

1I=10,4HIsl
SET uP PLO
SUBROUTINE
l.4.1 OF T
IF LEROY I
IS AUTOM

LEROY IS ONLY USED FOR THE CALCOMP POSTPROCESSOR.

FIRST FRAME MUST CONTAIN AT LEAST FIVE PLOT VECTORS WHEN USING
CALCOMP.

CALL PSEUDO(6LMYSAV1)

CALL LEROY

DO 10 I=1,6

CALL CALPLT (0+s0.5-3)

* * * * * * *

INITIALIZE PARAMETERS FOR SUBROUTINE SELECT OPTIONS

IF JSELECT =0 DO GRID BLOCKS ONLY

IF JSELECT =1 DN GRID POINTS ONLY

IF JSELECT =2 DO BOTH

JSELECT=1

JSELECT=2

JSELECT=0

MSELECT =0, SKIPS BOTH PLOT ROUTINES

MSELECT=1, CALL AVARPLT ONLY

MSELECT=2, CALL HISTPLT ONLY

MSELECT =3, CALLS BOTH

MSELECT =0

MSELECT =1

MSELECT =2

MSELECT =3

1,4HI=1254HI®13,4HI=1454HI=15,4HIn16,4HI=17,4HI=18/
T VECTOR FILE

PSEUDO
HE GRAPHICS MANUAL
S NOT SPECIFIEDs LIQUID INK PENs BALL POINT PEN
ATICALLY CALLED, IF REQUIREDs B8Y DEFAULT.

(FN)» FN = FILENAME, CAN BE FOUND IN SECTION

0ZSTAT2
OZSTAT2

. OZSTAIZ

DZSTAT2
0ZSTATZ2

- DZSTATZ2

0ZSTAT2
OZSTAT2

. DZISTATZ2

0ZISTATZ2
BZISTAT2
OZSTAT2

0ISTAT2

0ZSTATZ2
O0ZSTAT2
0ZSTAT2
0ZSTAT2
0ZSTAT2
OZSTATZ2
0ZSTATZ2
OIS TAT2
OZSTAT2
0ZSTAT2
DZISTAT2
OZSTAT2

OZSTAT2

0ZS5TAT2
DZSTAT2
DZSTAT2

14.08.48
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45

50

55

60

65

70

75

80

PROGRAM 0ZSTAT2

OO0 OO0

o N3]

(e Na) OOOOOOOOOO

74174  0OPTel FTN 4.7+485

* * L * * * *
INITIALIZE PARAMETERS FOR SELECTING GRID BLOCK SIZE
ISIZE IS THE LATITUDE DIMENSION IN DEGREES .
. JSIZE IS THE LONGITUDE DIMENSION IN DEGREES .
ISIZE=5
JSIZE=15
NLAT IS THE NUMBER OF ISIZE LATITUDE Z2ONES
NLONG IS THE NUMBER OF JSIZE LONGITUDE BANDS
DIMENSION STATEMENTS MUST BE ADJUSTED FOR EACH RUN ACCORDING
TO NLAT AND NLONG.

NLAT=180/ISIZ2E

NLONG=360/JSIZE

PI=ACOS(~-1.)

NCALC IS THE NUMBER OF TIME PERIODS OVER WHICH CALCULATIONS
WILL BE EXECUTED.

NCALC=8

NCALC=1

DO 200 L=1,NCALC

READ (5,225) K&4sNDAY»DATE

K4 FROM TIME INTERVAL NCALC+1 MUST BE GREATER THAN NDAY
FROM TIME INTERVAL NCALC

e o o e o ok e sk ook o e s ok e s ke kol ok a o ook o ok o ok o ok ok ok ol ok e ok ok kok

kkkkkkkkhkkkkkbekkkkkkkhkkhkrhhrkhkhhkkkrkkhkrkh ek kkhkh ke hpkkkkkk

TOTAL DZONE DATA IS AVERAGED. MEAN AND VARIANCE ARE PUT INTO
PARTICULAR ELEMENTS OF AN NLAT X NLONG GRID SYSTEM. kxk

o ke a2 3 o o o afe ok o o ok e sk e ok o ke ok A ok ok ok ok o e ok ok R ok ok ok ek ok

IN THE FOLLOWING STATEMENTS, CERTAIN PARAMETERS ARE INITIALIZED

IJ IS USED AT STAEMENT 57 *

I4=-1

IEOF IS USED AT STATEMENT 21. IEOF=1 INDICATES THAT THE
END OF FILE HAS BEEN REACHED.

IEQOFs=0

IDAY=K4

1ISUM=0

GSUM=O,

DO 15 I=1,NLAT

DO 15 J=1,NLONG

KK(I,J)=0

SUMXSQ{(I,J)=0.

SUMX(IsJ)=0.

SUMT(I,J)=0,

80/01/23. 14.08.48

0ZSTAT2
OZSTAT2
0ZSTATZ
DZSTAT2
DISTATZ2
0ZSTATZ2
0ZSTATZ2
0ZSTATZ
0ZSTATZ2
DZISTATZ2
OZISTATZ2
O0ZSTAT2
0CT79

0ZSTAT2
OZSTAT2
0CcT79

acv79

OZSTAT2
DZISTATZ2
OZSTAT2
DI5TAT2
O0ZSTATZ2
OZSTAT2
0ZSTAT2
OZSTAT2
0ZSTAT2
OZSTAT2
DZSTAT2
OZSTAT2

OZSTATZ2

OZSTAT2
OZSTAT2
OZSTAT2

DZSTAT2
0ZSTAT2

0ZSTAT2
0ZSTAT2

- OISTAT2

DZSTATZ2
OZSTAT2
0ZSTAT2

. DCT79

42

43
44
45
46
47
48
49
50

51

52
53

4
54
55

5

6
57
58
59
60

61 .

62
63
64
65
66

67

68

69
70

71
72

74
75
76
77
79

80.

81
7
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PROGRAM OZSTAT?2 747174 0PT=1 v ‘ FTN 4.7+485 8010;/23..14.08}48

85 SUMTSQ(I,»J)=0. 0CcT79 8

SUMLT(I,»J)=0, _ 0CT79. 9

SUMLG(I,»J)=0, DCT79 10

SUMLTSQ(1,J)=0. _ 0CT79 11

SUMLGSQ(I,J)=0, gcT79 12

90 15 CONTINUE 0ZSTAT2 82

c ERRRRE AR Rk RE AR AR AF AR SR AR RSB RS A BRSO AR AR RAREsb e ubas ks QZSTAT2 83

IF((MSELECTEQL0)e DR« (MSELECT.EQ.2)) GO TO 18 0ZSTATZ2 84

c CALL AVARPLT TD CONSTRUCT AXES AND LABELS FOR SCATTER DIAGRAM, DZSTATZ2 85

c MEAN CURVE AND STANDARD DEVIATION PLOT. DEFINE M AS ANYTHING. DZISTATZ2 86

95 M=100 : 0ZSTAT2 87

CALL AVARPLT (VARLATBSAVGLATBsALAT,»AOZ>RAT»STDEVP,STDEVN,NLAT) Q0ZSTAT2 88

C : _ 0ZSTAT2 89

18 CONTINUE ) O0ZSTAT2 90

DO 35 M=1,100 01STAT2 91

100 20 READ(1) (XDATA(J)»Jd=ly6) : o 0CY79 . 13

IF (EOF(1)) 21,22 O0ZSTAT2 93

21 1EOF=1 DZSTATZ2 94

G0 TOo 23 DZSTAT2 95

22 CONTINUE . 0ZSTATZ2 96

105 K(4)sXDATA(2) : gcT79 14
4 K{(4)=(XDATA{1)=1970.)%365,+K(4) ) . Qcyre. . . .15

IF (XDATA(1)eEQel973¢40RXDATA(1)eEQel974¢.0R.XDATA(1)<EQ.1975.+ OCT79 16

10R«XDATA(1)+EQe19764) K{4)=K{4)+1 0CT79 17

IF (XDATA(1)<EQ41977.) K(4)=mK{4)+2 gCcT 79 18

110 RK5=XDATA(3)/73600. . DCT79 19

K{5)sRKS DCT79 20

A(l)=s(RK5=K(5))*60, . . .DCTT9. .. 21

A{2)=XDATA(4) 0CT79 22

A(3)=XDATA(5) 0CT79 23

115 A(4)=ABS(XDATA(6)) 0CT79 24

IF (A(4)EQe999..0R.A(4)EQ.77.) GO TO 20 0CT79 25

C K{4) IS THE DAY NUMBER *kkkkiokkkkmkikkkkkhks - OZSTAT2 97

IF (A(2) oLTe0.200.0ReA(4)eGTo0.65) PRINT 905y XDATA OCT79 26

905 FORMAT (*0%5sT10,6(E15.8,5X)7) ocT79 27

120 IfF (K(4)..T.IDAY) GO TO 20 OZSTAT2 98

IF (K(4).LE.NDAY) GO TO 30 ) O0ZSTAT2 99

BACKSPACE 1 . DZSTAT2 100

23 IF (M EQ.1l) GO TO 25 DZSTAT2 101

IF((MSELECT.EQ.O0)+DOR«(MSELECT.EQ.2)) GO TO 25 DZSTAT?2 102

125 CALL SCAT (VARLATB,AVGLATBALAT»ADZsM=1,RAT,STOEVPSTDEVNSNLAT) DZSTAT2 103

25 IF (IEOF.EQ.1) GO TO 75 0ZSTAT2 104
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130

135

140

145

150

155

160

165

PROGRAM NZSTAT2

OOOO0

s Xa Xe]

30

35

“59

T4174 0PT=1 FTN 4.7+485

G0 TO 50

A{2) IS THE LATITUDE

ALAT(M)=A(2)

ADZ (M) =A(4)

Kb =K (4)
“#**‘#"*‘*‘#*‘*‘*“*‘t*"*‘*“*****************#**************
DATA RECORDS FOR WHICH THE LATITUDE = O DEGREES WILL BE ASSIGNED
TO THE NORTHERN HEMISPHERE. HOWEVER, IT IS BELIEVED THAT NO
SUCH RECORDS OCCUR BETWEEN DAYS 101 AND 465.

e sfe e afe ke ke e ok e vk e o ok ok ke ok e 2k sk o 3 ok o o ke e e ke o ok o ook A ok o ok ok Rk

LAT=ABS (A(2))

I=LAT/ISIZE+]1

IF (A(2).LT.0) I=I+NLAT/2

A(3) IS THE LONGITUDE

LONG=A(3)

J=LONG/JSTZE+]

KK(I»J)mKK(I,J)+1

XSQ=A{4)*A(4)

SUMXSQ{I»J)=SUMXSQ(I,J)+XSQ

SUMX{Y,J)=SUMX(I,J)+A(4)

TM=asK (4)+XDATA(3)/86400.

TMSQ=sTM*TM

SUMTSO(I,J)=SUMTSQ(I,J)+TMSQ

SUMT(I,J)=SUNT(I,J)+TH

SUMLT(I» J)=SUMLT(I,J)+A(2)

SUMLG(TI»J)=SUMLG(I,J)+A(3)
SUMLTSQ(I,J)=SUMLTSQ(I,J)+A(2)%A(2)
SUMLGSQ(I»J)=SUMLGSQ(I,J)+A(3)*A(3)

CONTINUE

IF((MSELECT.EQ.0).OR. (MSELECT.EQ.2)) GO TO 18

CSL% SgAT (VAPLATB,AVGLATB;ALAT}AUZ:IOO,RAT’STDEVP,STDEVN’NLAT)
G 0 18
*************************************#******************#*****##
kkhkkkkkkkkk bk kdkkkgkkkk ok kokok kkk gk

BEGIN STATISTICS CALCULATIONS FOR GRID ‘SYSTEMS.

IF (JSELECT.EQ.1) GO TO 97

PRINT 1155 NLATSISIZE»JSIZEsNLAT/2,NLAT/2+1sNLATsNLONG

PRINT 116» DATE

PRINT 117, L

GVAR.O .

KBLK=D

DO 65 I=1,NLAT

80/01/23.

DISTAT2
OZSTATZ2
0I5TAT2
DZISTAT2
0ZSTAT2
0ZSTAT2
0ZSTAT2
OZSTAT2
DZ5TAT2
QISTATZ
OZISTAT2
OZSTATZ2
0ZSTATZ2
0ZSTAT2
0ZSTAT2
‘OZSTAT2

OZISTATZ2

OZSTAT2
0ZSTAT2
OZSTAT2
acrT79
oCT79
0CT79
0CcT79
0CcT79
0CcT79
0CT79
0Ct79

0ZSTAT2

0ZSTAT2
DZSTAT2
OZSTAT2
OZSTAT2
DZSTAT2
‘OZSTAT2
0ZSTAT2
DZSTAT2

0ZSTAT2

0cT?9
0cT79

0CT79
‘0ZSTAT2

14008048

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
129
130
131
132
28
.29
30
31
32
33
34
35
133
134
135
136
137
138
139
140
141
142
36
37
35
143



170

175

180

185

190

eel

195

200

205

210

PROGRAM NZSTAT2

OO0

51

52
53

.

14174 oPT=1

SUM=0,

ISUM=0

SSQLATB=O,

TSUH.OO

TSQLATB=O0,

PRINT 120

*hkkkkkkkkkhkkkhkkkkkrhkghk okt

DO 55 J=1,NLONG

IF (KK(I,»J).EQ.0) GD TDO 51

AX=sSUMX{IsJ)/KK(IsJ)

AT=SUMT(I,J)/KK(I,J)

AVLAT=SUMLT(I»J)/KK{IsJ)
AVLONG=SUMLG(I»J)/KK(1sJ)

IFf (KK(IsJ)«EOQ.1) GO TD 52

VARX= (SUMXSQ(I»J)=KK{IsJ)*AX*AX)/ (KK(IsJ)=-14)
VART= (SUMTSQ(IsJ)-KK(IsJ)*AT*AT)/(KK(IsJd)-1.)
GO TO 53

AX=0,

AT=0.

AVLAT=0,

AVLONG=0.

VARX=0,

VART=O,

CONTINUE

SUM IS ACCUMULATIVE OZONE CONTENT/LATITUDE BAND
SUMsSUM+SUMX (I, Jd)

TSUMsTSUM+SUMT(I,J)

GSUM IS THE GLOBAL ACCUMULATIVE GZONE LAYER THICKNESS
GSUMsGSUM+SUMX(1,J) _

ISu® IS THE NUMBER OF DATA PODINTS AVERAGED/LATITUDE BAND
ISUM=ISUM4KK (I, J)

SSOLATB=SSQLATB+SUMXSQ(I,J)
TSQLATB=TSQLATB+SUMTSQ(I,J)

PRINT 100s AXs)VARXsKK(I»J)s»IsJsAVLATSAVLONG»ATs VART
IF (KK(I»J).EQ.O0) GO TO 55

KBLK=KBLK+1

WRITE (10) (90.-AVLAT)*PI/180.5AVLONG*PI/180.,sAX*1000.
& * * * * * % L J %

* * * * * * %* * *
XLAT(I»J)=AVLAT

XLONG(I» J)sAVLONG
X0Z(Is J)s=AX

FTN 4.7+485

80/7/01/23.

DZSTATZ2
0ZSTAT2
0ZSTAT2
ocT79
0CT79

OZSTATZ2
DZSTAT2
DZSTATZ
DZSTATZ2
DISTATZ2
0CT79

DCT79

0CT 79

DZSTATZ

DZSTATZ .
OCT79. . ..
OZSTATZ2

DZSTATZ2
ocT79
0CT79
oCT79

DZSTAT2 .

0CT79
0ZSTAT2

DZSTATZ.

0ZSTAT2
0CT79
DZSTAT2
0ZS TAT2
0ZSTAT2
DZSTAT2
DZSTAT2
0CcT79
0CT79
0cT79
OCT79
0cT79
0CT79
0cT79
0CcT79
BCT79
acT79

14,08.48

144
145
146
39
40
147
148
149
150
158
41
42
- 43
159 .
160 .
a4
~161
162
45
46
47
-163
48
164
165 =
166
49
. 167.
168
169
170
171
50
51
52
53
54
55
56
57
58
59
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215

220

225

230

235

240

245

250

PROGRAM NZSTAT2

OO0 0

OO0 OO0

(g OO0

55

57

58

60

61

64

65

74/74  OPTs=1 FTN 4.7+485
x  x % x  x % * * *
* * * * * ¥ * * *

GRID BLOCK DATA FOR NCALC WEEKS IS STORED IN ZDATA.
NUMBER DF DATA PDINTS/GRID BLOCK FOR NCALC WEEKS
IS STORED IN NDATA,.
CONTINUE
kb kkh kb kk ek pkh bk kk gk khkk¥x
IISUM IS THE TOTAL NUMBER OF OZONE RECORDS USED
IN THESE CALCULATIONS.
IISUN=TISUM+ISUM
wkdkkkohdkkkkokkkdkkkhkkkkkkkhkkkkkhrkkhkkkirgkbkkk _
ILAT(I)» I=1,NLAT» IS THE NUMBER OF DATA POINTS/LATITUDE BAND»
SUCH THAT I=1,NLAT CORRESPONDS TO LATITUDE BANDS FROM SOUTH
TO NORTHe ILAT IS AN INPUT PARAMETER OF HISTPLT.
IF (T.GE.NLAT/2+1) GO TO 57
ILAT(I+NLAT/2)=]ISUM
GD TD 58
IJ IS INITIALIZED
IJ=YJ+2
ILAT(I-1J)=sISUM
CONTINUE
Rk hkhkhkkkkkkkhk kbbb ghhshk bk kkhg Bk gk kh
IF (ISUM.EQ.O0) GO TO 60
AX=SUM/ISUM
AT=TSUM/ISUM
GVAR=GVAR+SSQLATS
IF (ISUM.EQ.1) GO TOD 61
VARX= {SSQLATB-AX*AX*ISUM) 7 (ISUM-1.)
VART=(TSQLATB-AT*AT*ISUM)/ (ISUM-1.)
GO TO 64
AX=0,
ATs0Q.
VARX=0,
VART=0.
VARLATB(I)=VARX
AVGLATB(I)=AX
* * * * * * * * * *

AS -1.

"WRITE (10s910) AX*¥1000.sSQRT(VARX*1000000.)
S10-

FORMAT (1Xs2(F743,2X))

* x * * ¥ * % * % *
PRINT 1105 I,AX,ISUMyVARXs ATsVART
* * * * * * * * *

80/01/723. 14.08.48

0CT79
ocT79
OZISTAT2
0ZSTAT2

- 0ZSTAT2

0ZSTAT2
0ZSTAT2
0ZSTAT2
DZSTAT2
DZSTAT2
0ZSTAT2
DZSTAT2

O0ZSTAT2

0ZSTAT2
0ZSTATZ
- DZSTAT2
~DZISTAT2
0ZISTAT2
0ZSTAT2
0ZSTAT2
0ZSTAT2

OZISTATZ2

0ZSTAT2
0ZSTATZ2
ocT79
0CcT79
0Z5TAT2

DZSTAT2

0CT79
ODZSTATZ2
0ZSTAT2
OCT79
DZSTAT2
0eT79
DZSTAT2
OZSTAT?2
DCT79
acT79
0CcT79

0ocT79

ocT79
0CT79

60
61
174
175
176

179 -

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

62

63
198

199

200
201

65
202

203
204
67
68
69
70
71
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’

PROGRAM 0DZSTAT2 T4/774 DPT=1 FTN 4.7+485 80/01723. 14.08.48
c * * * * * * * * * ocT79 73
c WRITE{10) KK ocT79 74
255 c WRITE(10) XLAT ocT79 75
. C WRITE(10) XLONG 0cYz9 16 .
c WRITE(10) X0z acT79 77
¢ * * * * * * * * * BCT79 78
c * * .k * * * * * * DCT79 - 79
260 c e oo ok ok ok o e sk o o ok ok ok o e ok ok ok o ok ok ok DZSTATZ2 206
c O0ZSTAT2 207
PRINT 125, IISUMsIDAYsK4 DZSTIAT2 . . 208
GAV=GSUM/IISUM O0ZSTAT2 209
PRINT 130sGAV , DZSTATZ2 .. 210
265 GVAR={GVAR-GAV®GAV*IISUM)/(I1ISUM~-1,) BCT79 . .80
PRINT 135, GVAR,SQRT(GVAR) DCT79 81
135 FORMAT (1X»*GLOBAL VARIANCE= *,E15,8/ 0CT79 82
. 11X, *STANDARD DEVIATION= *,E15.8) nocT?9. ... B3
PRINT 925, KBLK , 0CcT79. . 84
270 925 FORMAT (*0#%,%A TOTAL OF *,16s*% BLOCKS ARE FILLED.®) 0cT 79 85
C ekt kkknkbpkrhpnsrkkikkkkokkkokkkhhkkkikkiRkkkkhkkkkkkkkkkhkkkx (QISTAT2 211
- IF (MSELECT.EQ.0) GO TO 71 OZSTATZ2 212
IF (MSELECT.EQ.2) GO TO 70 DZSTATZ2 213

CALL ASTD (VARLATBoAVGLATB,ALAT»ADZyM»RAT,STDEVP»STDEVNsNLAT). . DZSTAIZ .. 214
275 IF (MSELECT.EQ.1) GO TO 71 OZSTAT2 215
70 CALL HISTPLT (ILAT,KKyNLATSNLONG,RLAT,RKK,RLATBND»RLNGBK,RK)NAME, DZSTATZ2 216
INLAT+2sNLONG+2) 0ZSTATZ2 217
71 CONTINUE OZSTAT2 218
c o e 3k o o ok ko e ok ok oo ok o okl ok ok o e ok ok ok ok ok o ook ok ok kK 0ZSTAT2 219
280 IF (JSELECT.EQ.2) GO TOD 97 DZSTATZ2 220
GO TO 200 0ZSTAT2 221
75 PRINT 145, K(4) DZSTAT2 222
IF(K(4).EQ.173) GO TO 50 0CT79 B6
PRINT 160 0ZSTAT2 224
285 STOP 1 O0ZSTAT2 225
97 CALL GRID (SUMX,»SUMXSQsKKsGPsNLATHNLONG,KCOUNT»SUMGPSQ» VARGP) 0ZSTAT2 226
c e ok o e ok ok o e o o ok o oo ok s ok ok ok ok ok o o ok ok o 3 ok o ok ok ok ok ok o 0ZSTAT2 227
c ke 3 o 3k o o o S e s o ol o ok ok ok ok ol ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok % i o ok ok DZSTAT2 228
¢ Mok ok R ook o ok ok Rk ok A ok ok kK ko koo ok kR ok OZSTAT2 229
290 c kg kdkdokkk kb hkkk ko Rk kk Rk Rk k 0ZSTAT?2 230
200 CONTINUE O0ZSTAT2 231
CALL NFRAME 02ZSTAT2 232
CALL CALPLT (0400.5999) DZISTAT2 233
STOP DZSTAT2 237



 PROGRAM BISTAT2  74/74  0PT=1 FTN 4.7+485 80701723, 14.08.48

295 100 FORMAT (1X»2(E164855X)»I355X92(I255X)sT70sF7+35T88sF83»T1055,FB.3,0CT79. 87
17T1195,E15.8) : ocT79 88

110 FORMAT (*0#*,%#THE AVERAGE OZONE DENSITY FOR THE LATITUDE BAND*/1X,*0ZSTATZ 239
1CORRESPONDING TO I= *,I2,% ]S #*,E16.8s% THIS CALCULATION IS BASED DZSTAT2 240

20N *,16,% RECORDS OF DATA®*/71X,*THE VARIANCE OF THE MEAN IS *,E16.B0ZSTAT2 241

300 171Xs*TIME AVERAGE= *,F8.3,10Xs*TIME VARIANCE= *,E15.8) 0CcT 79 89
115 FORMAT (*1*,*IN THE FOLLOWING *,I2,* TABLES, DZONE DENSITY HAS BEEOZSTAT2 243

1IN AVERAGED BY GRID BLOCKS.*/1X,*#THESE BLOCKS REPRESENT AN AREA ON OZSTAT2 244

2 THE EARTH"S SURFACE THAT IS #,I2,% DEGREES LATITUDE BY #*,12,* DEGOZSTAT2 245

3REES LONGITUDE.*/71Xs*LATITUDE BANDS CORRESPONDING TO LATITUDE INDIOZSTATZ 246

305 4CES 1 THROUGH #*512,% ARE IN THE NORTHERN HEMISPHERE*/1X,*WHILE LATOZSTATZ 247
SITUDE INDICES #*,12,% THROUGH *,12,* ARE IN THE SOUTHERN HEMISPHEREQZISTAT2 248

6« LONGITUDE INDICES (l-%,12,%) RANGE FROM*/1X,*THE GREENWICH MERIOZSTATZ2 249

7DIAN WESTWARD THROUGH 360 DEGREES.*) OZSTAT2 250

- 116 FORMAT (1X,*THESE CALCULATIONS ARE FOR THE TIME PERIOD *,A10,A4) O0OZSTAT2 251
310 117 FORMAT (11X»,*AND ARE FOR CASE NUMBER *,12) 0cT79 90
120 FORMAT (*0*, T8y *MEAN%®, T27,%VARIANCE*»T430*%K(I,J)*sT53, %1%, T60s*J*,0ZSTAT2 252

1770, *MEAN LATITUDE*,>T88,%MEAN LONGITUDE*»T105,*%AVERAGE TIME*, oCcT79 91

2T119,*%VARIANCE®*) 0CT79 92

125 FORMAT (*0%,17,% RECORDS OF DATA ARE USED IN THE ABOVE CALCULATIONOZSTATZ2 254

315 1S*/71Xs*THLIS DATA INCLUDES RECORDS FROM DAYS #,J4,% THROUGH *,14,%,0CT79 93
> 2 INCLUSIVE.*) o 0ZSTAT2 ..256
o 130 FORMAT (*0%*,%THE GLOBAL OZONE LAYER THICKNESS AVERAGE FOR THIS TIMOZSTAT2 257
1E PERIOD IS *,E15.8) 0ZSTAT2 258

: 145 FORMAT (*0*,*REACHED END OF FILE. DAY NUMBER = *,]I5) ocT79 94

320 160 FORMAT (/7//%0%,%REACHED EOF PRICR TO LAST DAY ON FILE*) Co OZSTATZ2 . 260
225 FORMAT (2145A10,A4) 0cT79 95

END ' . . .. DZSTATZ2 .. 262

'D NR. SEVERITY DETAILS DIAGNDSIS OF PROBLEM

13 1 NAME . DATA VARIABLE LIST EXCEEDS ITEM LIST» EXCESS VARIABLES NOT INITIALIZED.

SYMBOLIC REFERENCE MAP (R=1)



SUBROUTINE GRID 14174 OPT=1 FTN 4.7+485 80/01/23. 14.08.48

1 SUBROUTINE GRID (S»SSsKsGPs»NLAT»NLONG»KCOUNT,»SUMGPSQ, VARGP) GRID 1
COMMON/DD/DATE GRID 2
DIMENSION S(NLATSNLONG) »K(NLATsNLONG)»GP (NLAT,NLONG),KCOUNT (NLAT»NGRID 3
1LONG) 5SS INLATsNLONG) » SUMGPSQ(NLAT»NLONG)» VARGP (NLAT)NLONG)  _ GRID 4
5 DIMENSION DATE (2) | GRID 5
| MaNLAT/2-1 GRID 6
M1=NLAT/2+1 GRID 7
M2=NLAT/2 GRID 8
M3aNLAT/2+2 _ GRID 9
10 PRINT 105, NLAT,M25M1,M3,NLATsNLONG GRID 10
PRINT 110,DATE GRID 11
C o sk ol ok o ok o s o ke e e o ol g ke ok ok o e ak ok s s ofe e ok o ok ok o ok ok o ook ok ok sk ok GRID 12
c GRID POINTS IN THE NORTHERN HEMISPHERE ARE CALCULATED BELOW GRID 13
DO 25 I=1,M GRID 14
15 DO 25 J=1,NLONG GRID 15
LaJ+l ) ~ GRID 16
IF (LoEQ.NLONG+1) L=l GRID 17
N=T+1 GRID 18
SUMGPSQ (I5J)aSS{IsJ)+SS(I,L)+SS(NsJ)+SSINsL) GRID 19
20 KCOUNT(I9J) =K (T, J)4K {1, L)+K(NsJ)+K Ny L) GRID 20
IF (KCOUNT(I,J).E0.0) GO TO 20 GRID 21
GPUIs )= (S(Isd)+S(IoLI+S(NsJ)+S(NsL))I/KCOUNT(I5d) . _GRID 22
= IF (KCOUNT(I,J).EQ.1) GO TO 21 GRID 23
~ VARGP (I,J)=(SUMGPSQ(I,J)=KCOUNT(IsJ)*GP(I,J)*GP(LsJ3))/(KCOUNT(I»JGRID 24
25 1)-1.) GRID 25
G0 TO 25 GRID 26
20 GP(I,J)=0, GRID 27
21 VARGP (I,J) =0. , GRID . .28
25 CONTINUE GRID 29
30 C e ok A ok o 2 o a3 ok A ok Ak 3k ok ok de ko ak sk ak ok ok ok e d ok ke e e e ko ook ek R ok ok GRID 30
c GRID POINTS ALONG THE EQUATOR ARE CALCULATED BELOW GRID 31
DO 30 J=1,NLONG GRID 32
LeJd+l GRID 33
IF (L.EQ.NLONG+1) =1 GRID 34
35 SUMGPSQ(M1,J)=SS(1,3)4SS(1,L)+SS(H1,J)+SS(M1,L) GRID 35
KCOUNT (M1,d)=K(15J)4+K(1,L)+K(M1,J)+K(M1oL) GRID 36
IF (KCOUNT(M1,d).EQ.0) GD TO 27 | GRID 37
GPIMlyJ)=(S(1pJ)+S(1sL)+S(M1,J)+S(M1sL))/KCOUNT(MLsJ) GRID 38
| IF (KCOUNT(M1,4).EQ.1) GO TO 28 GRID 39
40 VARGP (M1,J)=(SUMGPSO(M1,J)-KCOUNT(M1sJ)*GP(M1sJ)*GP(M1,3))/(KCOUNGRID 40
1T(M1,J)-1.) GRID 41
GO TO 29 GRID 42
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29
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33
34
35

50

T4174 OPT=1 _ FTN 4.7+485

GP (M1,J)s=0.
VARGP (M1,4)=0,

GP (M2,J)=0,

VARGP (M2,J)=0,

KCOUNT (M253)=0

CONTINUE

*********************#**#**#*#*************

GRID POINTS IN THE SOUTHERN HEMISPHERE ARE CALCULATED BELOW
DO 35 IsM3,NLAT

DD 35 J=1,NLONG

LaJ+1

IF (L.EQ.NLONG+1) L=l

N=I-1

SUMGPSO (T1,J)=SS(I,J)+SS(I,L)+SS{NsJI+SSNsL)
KCOUNT(IpJ)sK{NsJI+K(NsL)+K(1sJ)+K(IsL)

IF (KCOUNT(I,J).EQ.0) GO TO 33
GPIIsd)a(S(IpdI+SIIsLI+SINSJI+SINSL))/KCOUNT(I,J)

IF (KCOUNT(I,J).EQ.1) GO TO 34

. 80/01/23.

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

- GRID

GRID
GRID

VARGP (I»J)=(SUMGPSQ(I»J)=KCOUNT{I»J)*GP(1sJ)%GP(I»J))/(KCOUNT(I»JGRID

1,-10)

GO TO 35

GP(1,J)=0,

VARGP (I,J)=0,

CONTINUE
RRERERRARERERRRRRR Rk Rk h kR kR k

KC IS A COUNTER FOR THE TOTAL NUMBER OF DATA PODINTS USED IN THESE

CALCULATIONS

OZDEN IS AN ACCUMULATIVE SUM OF TOTAL DZONE DENSITYs, SUMMED IN A

PARTICULAR LATITUDE BAND.

KC1 IS A COUNTER FOR THE NUMBER OF DATA PDINTS USED IN THE
CALCULATIONS FOR A PARTICULAR LATITUDE BAND.
SRAEErRr Rk ARk kR bR R kR bk kb AR SR kR bR
KC=0

DO 55 I=1,NLAT

DZDEN-OO

KC1=0

PRINT 100

DO 50 J=1,NLONG

KC=KC+KCOUNT(1,J)

‘KC1=KC1+KCOUNT(I,J)

OZDEN=OZDEN+GP (I, J)*KCOUNT(I,J)
PRINT 1255 GP{I»J)»KCOUNT (I5J)s1sJsVARGP (IsJ)

GRID
GRID
GRID ..
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

. GRID

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

14.08.48
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SUBROUTINE GRID 74174 0PT=1 FTN 4.7+48B5 80/01/23. 14.08.48

85 AVDEN=DZDEN/KC1 GRID 85
55 PRINT 150, I,AVDENsKC1 GRID 86
PRINT 175,KC GRID 87
100 FORMAT (*#0*,T4,*MEAN OZONE DENSITY#,T279*%VARIANCE*,T43,*KCOUNT*5T5GRID 88
13,%I%,T60y*J%) GRID 89
90 105 FORMAT (*1*,*IN THE FOLLOWING *,I2,% TABLES» DZONE DENSITY HAS BEEGRID 90
IN AVERAGED.BY GRID POINTS. LATITUDE INDICES 1 THROUGH *,12 GRID 91
271Xs*CORRESPOND TO THE NORTHERN HEMISPHERE, LATITUDE INDEX #*,I2,%* GRID 92
3CORRESPONDS TO THE EQUATORs AND LATITUDE INDICES #*,I2,* THROUGH *,GRID 93
412/1Xs*CORRESPOND TO THE SOUTHERN HEMISPHERE. LONGITUDE INDICES AGRID 94
95 SRE SIMILAR TO THOSE ABOVE WITH J= #,12,% CORRESPONDING TO LONGITUDGRID 95
6EsO%/1X»*DEGREES OR THE MERIDIAN THROUGH GREENWICH*) GRID 96
110 FORMAT (1X,*THESE CALCULATIONS ARE FDOR THE TIME PERIOD *,A10,A%4) GRID .97
125 FORMAT (1XsE16.85T44914»T535125T605125T255E16.8) GRID 98
150 FORMAT (%*0*,*THE AVERAGE OZONE DENSITY CORRESPONDING TO LATITUDE IGRID 99
100 INDEX #*,I2,% IS #%,El6.8s%. THIS MEAN IS BASED ON *»,I6,* DATA POINTGRID 100
2Se%) GRID 101
175 FORMAT (*0*,17,* DATA RECORDS ARE USED IN THE ABOVE CALCULATIONS .*GRID 102
1) , GRID 103
RETURN GRID 104
105 END '~ GRID 105
= : e e
O
SYMBOLIC REFERENCE MAP (R=1)
TRY POINTS
3 GRID
RIABLES SN TYPE RELOCATIDN
500 AVDEN REAL 0 DATE REAL ARRAY DD
0 6P REAL ARRAY F.P. ' 471 1 INTEGER
472 J INTEGER 6 K INTEGER ARRAY FePeo
475 KC INTEGER 0 KCOUNT INTEGER ARRAY FePo
477 KC1 INTEGER 473 L INTEGER
465 M INTEGER 466 M1 INTEGER
467 M2 INTEGER 470 M3 INTEGER
474 N INTEGER 0 NLAT INTEGER FePo
0 NLONG INTEGER FePo 476 OZDEN - REAL

0 S REAL v ARRAY Fe.P. 0 SS REAL ARRAY FePo



ovl

35

10

15

20

25

30

40
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74774  0OPTsl FTN 4.7+485

SUBROUTINE HISTPLT (ILAT’KK:NLAT:NLDNG’RLAT:RKK;RLATBND;RLNGBK:RK:HISTPLT

INAME,KyL) .

COMMON/DD/DATE . )

DIMENSION ILAT(NLAT)»RLATI(K)pKKINLAT)NLONG)sRKK{NLAT» NLONG)
DIMENSION RLATBND(K)»RLNGBK(L)»RK(L)s NAME(NLAT)

DIMENSION DATE(2)
KlekK-1 $
ICOUNT =0

M==17

NLAT1=0
RLATBND(K1)=0,
RLATBND(K) =1,
RLAT(K1l)=0.
RLAT(K)=1,
RLNGBK(L1)=0.
RLNGBK(L)=2.
RK(L1)=0,
RK(L)=0,1

ILAT CONTAINS THE NUMBER OF DATA PDINTS/LATITUDE BAND

KK CONTAINS THE NUMBER OF DATA PDINTS /GRID BLDCK

FIND MAX VALUES OF TILAT AND KKs JLATMAX AND KKMAX, RESPECTIVELY
ILATMAX=Q s KKMAX=0

DD 15 I=1,NLAT

IF (ILAT(I)GTLILATMAX) ILATMAX=ILATI(I)

DO 15 J=1,NLONG

IF (KK(IsJ)eGTLKKMAX) KKMAX=KK(I»J)

CONTINUE

PRINT 101 .

PRINT 100, ILAT

PRINT 103, DATE

PRINT 104

PRINT 106, DATE

IF (NLAT.LE.18) GD TO 21

ICOUNT=ICOUNT+1

M=M+18

NLAT1=NLAT1+18

PRINT 105, (I,I=M,NLAT1)

DD 20 J=1sNLONG

PRINT 1105 Jr{(KK(I5J)sI=MyNLAT1)

IF (NLAT-ICOUNT*18.GT.18) 60 TO 19

MeM+18 WU : .

IF (M.LT.O) M=l

Li=L~-1

HISTPLY
HISTPLT

HISTPLT
HISTPLY

HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT

-HISTPLT

HISTPLT
HISTPLT

HISTPLT

HISTPLT
HISTPLY
HISTPLT
HISTPLT
HISTPLT

HISTPLT

HISTPLT
HISTPLT
HISTPLT

HISTPLT
HISTPLT
HISTPLT . .

HISTPLT
HISTPLT
HISTPLT
HISTPLT

HISTPLT

HISTPLT
HISTPLT

HISTPLT

HISTPLT

. HISTPLT

HISTPLT

. HISTPLT
HISTPLT
HISTPLT

I

80/01/23. 1408448
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25
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35

36

PRINT 1055 (IsI=MyNLAT)

DO 22 J=1,NLONG

PRINT 110s Js{KK(IsJ)sI=M,NLAT)
FIND NORMALIZED VALUES OF ILAT AND KK
DO 25 I=1,NLAT

RLAT IS NORMALIZED VALUE OF ILAT
RLATUINsILAT(I)/FLOAT(ILATMAX)
DO 25 J=1,NLONG

RKK IS NORMALIZED VALUE OF KK
RKK(IsJd)aKK(IsJ)/FLOATIKKMAX)
CONTINUE

PRINT 125, ILATMAX»KKMAX

PRINT 126

DO 26 I=1,NLAT

PRINT 127, RLAT(I)

PRINT 103, DATE

PRINT 128

PRINT 106s DATE

ICOUNT=0

M=2=17

NLAT1=0

IF (NLAT.LE.18) GO TD 31
ICOUNT=ICOUNT+1

M=M+18

NLAT1=NLAT1+18

PRINT 105, (I, I=M,NLAT1)

DO 30 J=1,NLONG

PRINT 135s Js(RKK(IsJ)sIsMyNLAT1)
IF (NLAT-ICOUNT#*18.GT.18) GO TO 29
M=M+18

IF (MelLT.0) M=l

PRINT 105, (I,I=M,NLAT)

D0 32 J=1,NLONG v

PRINT 1355 Js (RKK(I»J)sI=MsNLAT)
XL=G,

YL=5,.

CFTN 4.7+485

FOR PROPER SCALING MULTIPLY RLAT(I) BY THE LENGTH OF THE

DO 35 I=1,NLAT

RLAT(I)=RLAT(I)*YL
RLATBND(TI)=(XL/NLAT)/24+(I-1)*XL/NLAT
DO 36 J=1,NLONG

RLNGBK (J)s=sJ

80701/23«. 14.08.48

HISTPLT
HISTPLT
HISTPLT

CHISTPLT

HISTPLT
HISTPLTY
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLY
HISTPLT
HISTPLY

HISTPLT .

HISTPLT
HISTPLTY
HISTPLY
HISTPLT
HISTPLY

HISTPLT .

HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT

HISTPLY .

HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLT
HISTPLY
HISTPLT
HISTPLT
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SUBROUTINE HISTPLT 74774  0OPTs=1

OO0

OO OO0

OO

OO0

45

DX AND DY ARE X AND Y AXES SCALE FACTURS

DX=180,./XL
DY=l./YL

T(X OR Y) = FREQUENCY OF TIC MARKS/SCALE FACTOR» WHERE SCALE
FACTOR(DX OR DY) IS A CONVERSION FACTOR BETWEEN AXES UNITS

AND REAL LENGTH
TX==10./DX
TYs-,.1/DY

THE INPUT PARAMETERS REQUIRED FOR SUBROUTINE BARPLT HAVE BEEN

CALCULATED.
* * *

PLOT HISTOGRAMS

DATA DISTRIBUTION PER LATITUDE ZONE

CALL NFRAME

CALL AXES(Oe20es OusXL»=90.»DX

% *

FTN 4.7+485

80701723,

HISTPLT

HISTPLT
HISTPLT

HISTPLT .

HISTPLT
HISTPLT
HISTPLTY
HISTPLT

HISTPLT -

HISTPLT
HISTPLT
HISTPLTY
HISTPLTY
HISTPLT
HISTPLT

2> TX»20.914HLATITUDE (DEG)»+105-14)HISTPLTY _

CALL AXES(0e90e¢990¢sYLs0esDY»TY»0.5,32HNORMALIZED NUMBER OF DATA POHISTPLT

1INTS».10532)

WBAR IS THE BAR WIDTH WHICH IS ISIZE(SEE DZSTAT PARAMETER LIST)

DEGREES WIDE.

WBAR=(180.,/NLAT)/DX

CALL BARPLT (RLATBND,RLAT»NLAT,»1,15WBAR»0)
CALL NOTATE (2456.005.15,30HNUMBER OF DATA POINTS/LAT BAND»0.»30)

HISTPLT
HISTPLY
HISTPLT
HISTPLTY
HISTPLT
HISTPLT

CALL NOTATE (2455¢755415532HHISTOGRAM INCLUDES DATA FOR DAYS»0.»32HISTPLT

1)

CALL NOTATE (2455¢500155DATE»Das14)

ISELECT =0
IF (ISELECT.EQ.O)

DATA DISTRIBUTION PER GRID BLOCK

DD 50 I=1,NLAT
DO 45 J=1,NLONG

GO TD 90

RK{J)=RKK(IsNLONG+1-J)

NO MODIFICATIONS FOR VARIABLE BLOCK SIZE BELOW THIS POINT.

CALL NFRAME

CALL AXES (0.;0.;0.:18.’0.’Z.oTX)O.)BBHLDNGITUDE "INDICES FOR GRID

1BLOCKS»«155=-33)

HISTPLT

HISTPLT.
HISTPLT -
HISTPLT

HISTPLT

CHISTPLY
HISTPLT

HISTPLT
HISTPLT
HISTPLT

- HISTPLT
HISTPLT

HISTPLT
HISTPLT

HISTPLT

HISTPLT

HISTPLTY
CALL AXES(0.90.590.5YLs0.sDYsTY»0.»32HNORMALIZED NUMBER OF DATA POHISTPLT

14.,08.48 .
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SUBROUTINE HISTPLT 74/74  OPTs1 FTN 4.7+485 80/01/23. 14.08.48
1INTS».15532) HISTPLT 127
CALL NOTATE (4.512.5.15,32HNUMBER OF DATA POINTS/GRID BLOCKsO0.»32HISTPLT 128
1) ‘ HISTPLT 129

130 CALL NOTATE (44114755159 14HLATITUDE INDEXsOes14) HISTPLT = 130

CALL NOTATE (66511755 ¢155NAME(I)»0.5»10) HISTPLT 131
CALL NOTATE (4e511.55.15,32HHISTOGRAM INCLUDES DATA FOR DAYS»0es32HISTPLT 132

1) : HISTPLT 133
CALL NOTATE (4.511.255+155DATE»04514) HISTPLY 134
135 CALL BARPLT (RLNGBKsRK»36515150.2550) HISTPLT 135

50 CONTINUE
90 CONTINUE

HISTPLT . 136
HISTPLT 137

RETURN HISTPLT . 138
100 FORMAT (1Xs*ILAT= *,15) HISTPLT . 139
140 101 FORMAT (*1%, *THE NUMBER OF DATA POINTS/LATITUDE BAND FROM SOUTH THISTPLT 140

10 NORTH ARE*)
103 FORMAT (//%0%*,*FOR THE TIME INTERVAL #*,Al10,A%)
104 FORMAT (*1%,*NUMBER OF DATA POINTS/GRID BLOCK*)
105 FORMAT (*0#%,8X518(12,5X)/)
145 106 FORMAT (1X,Al0,A4)
110 FORMAT (1X»I2,4X»18(1453X))
125 FORMAT (*0#%*, %  ATMAX= *,1I5,10Xs*KKMAX= %,]I5)

HISTPLY 141
. HISTPLT . .. 142
HISTPLT 143
HISTPLT 144
HISTPLT 145
HISTPLT 146
HISTPLT 147

— 126 FORMAT (%1%, *NORMALIZED NUMBER OF DATA POINTS/LATITUDE BAND*) HISTIPLT = 148
& 127 FORMAT (1Xs*RLAT= *,F7.4) HISTPLT 149
150 128 FORMAT (*1*,*NDRMALIZED NUMBER OF DATA POINTS/GRID BLOCK*) HISTPLT 150
135 FORMAT (1Xs1294X91B(F54202X)) HISTPLT .. 151
END ' HISTPLT 152
SYMBOLIC REFERENCE MAP (R=1)
TRY POINTS
3 HISTPLT
UIABLES SN TYPE RELOCATION
O DATE REAL ARRAY DD 1140 DX REAL
141 DY REAL 1134 I INTEGER
l27 ICOUNT INTEGER 0 ILAT INTEGER ARRAY FePo
132 ILATMAX  INTEGER 1145 JISELECT  INTEGER
135 J INTEGER 0 K INTEGER FePe
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OO0 NO0OOO0O0

35

40

T4/74

0PT=1

FTN 4.7+4485

SUBROUTINE AVARPLT (VsAsUsTsMsRATsSTDEVPsSTDEVNINLAT)

COMMON/DD/D
DIMENSION VINLAT)>A(NLAT)»RAT(NLAT)»STDEVP(NLAT)»STDEVNINLAT)

DIMENSION U(M)»T(M)

DIMENSION D(2)
V AND A ARE THE VARIANCE AND AVERAGE,
DENSITY/LATITUDE BAND

RESPECTIVELY» OF THE DIONE

80/01/723.

AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT

U AND T ARE THE LATITUDE AND OZONE DENSITY INFORMATION/DATA RECORDAVARPLT

USED TO PLOT THE SCATTER DIAGRAM.

M IS THE DIMENSION OF U AND T.

STDEVP IS THE STANDARD DEVIATION + MEAN, PROPERLY SCALED TO PLOT
STDEVN IS THE STANDARD DEVIATION - MEAN, PROPERLY SCALED TO PLOT
SUBROUTINE CALPLT (X,Y»IPEN) IS LUCATED IN SECTIDN l.4.3 OF

THE GRAPHICS MANUAL
PEN DOWN
PEN UP _ :
IPEN LESS THAN ZERO WILL ASSIGN X=0, Y=0 AS THE LOCATION OF
THE PEN AFTER MOVING THE X»Y (CREATE A NEW REFERENCE POINT).
SUBROUTINE PNTPLT (X,YsISYMyIS) CAN BE FDUND IN SECTIDN 1.4.70
OF THE GRAPHICS MANUAL. :
SUBROUTINE PSEUDO (FN)s» FN = FILENAME, CAN BE FOUND IN SECTION
le4.1 OF THE GRAPHICS MANUAL

TPEN=2
IPEN=3

INITIALIZE PARAMETERS

XL=B,
YL=6.0

DX=180./XL
YMAX=0.65
YMIN=0.15

DY=s{YMAX-YMIN)/YL

TX==10,.,/DX
XT=ABS(TX)

UMAX=0,
UMIN=0.
TMAX==-1,
TMIN=1,

CONSTRUCT PLOT LABELS AND AXES.
CALL NFRAME

$

TY==.1/DY

CALL NDTATE (2¢55.009.15)15HSCATTER DIAGRAM»04y15)
CALL NDTATE (2¢544755+15536HINCLUDES MEAN AND STANDARD DEVIATION,OAVARPLT

l1.,36)

AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
DCT79

AVARPLT
0CT79

0CT79

ocT79

AVARPLT
AVARPLT
AVARPLT
AVARPLT
ocT79

gcT 79

AVARPLT
AVARPLT
AVARPLT
AVARPLT

AVARPLT

14.08.48

CONTUMSWN N
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SUBROUTINE AVAR

COMMENT == FIND MAXIMUM AND MINIMUM OZONE VALUES #*%kkkkkikkkekbkkkkikkk

30

35

4 »

PLY T4/74 OPT=1

FTN 4.7+485

80701/23. 14.08.48

CALL NOTATE (2400544505.15,42HDATA TAKEN FROM NIMBUS IV BUV MEASURAVARPLT

1EMENTS»04542)

AVARPLTY

CALL NOTATE (2.00544255+15535HTHIS DIAGRAM INCLUDES DATA FOR DAYS»AVARPLT

100)35)

CALL NOTATE (2.00544005.155D90e51%)
CALL AXES (0e50e20e9XLs»=90esDXsTX»0es14HLATITUDE (DEG)»¢10s=14%)
CALL AXES (0e»0e990esYL»4155DYsTYs0e, 20HTOTAL OZONE (ATM~CM)».10»

120) _
CALL CALPLT (0e»YL,3)
CALL CALPLT (XLsYL»2)
CALL CALPLT (XLjs04s2)
CALL CALPLT (0es0453)
RETURN

SR d sk kR kkokoR ok ok ok ok ko ok ok koo kodkok

ENTRY SCAT

PLOT SCATTER DIAGRAM = ALSO FIND MAXIMUM AND MINIMUM LATITUDES .

DO 30 I=1,M

AVARPLT
AVARPLT
AVARPLT
0CT79
oCcT79
AVARPLT

- AVARPLT.

AVARPLT
AVARPLT

. AVARPLT

AVARPLT
AVARPLT

AVARPLT. ..
AVARPLT

FIND MAXIMUM AND MINIMUM LATITUDE VALUES ###skdkkkksrdhkhdkkkrkshakkr AVARPLT

IF (U(I).GT.UMAX) UMAX=U(I)
IF (U(I).LT.UMIN) UMIN=U(I)

IF (T(I).GT.TMAX) TMAX=T(I)
IF (T(I)«LT.TMIN) TMIN=T(I)

ek ok ook ok oo o ok ok o ol ook oo ok o oo ool ok ok ok ok ok ok ok ok o ok ok ok ok

PLOT SCATTER DIAGRAM
X=(U(TI)+90.)/DX
Ys(T(I)-YMIN)/DY

CALL PNTPLT(X»Y»=21,1)
RETURN

e ke ok o ko e sk ook e ko ook ok ok o e ok ok sk o ok o sk ok ok o ok o ok ok ok ke ok ek ok

ENTRY ASTD

XS=XL/NLAT

NLAT1=NLAT/2

NLAT2=NLAT1+1

DO 35 I=1,NLAT
STDEVP(1)=(A(I)+SQRT(V(I)))/DY
STOEVN(I)=(A(I)=-SORT(V{I)))/DY
STDEVP(I)=STDEVP(I)-YMIN/DY
STDEVN(I)=STDEVN(I)-YMIN/DY
CONTINUE

DO 40 I=1,NLAT1

J=I+NLAT1

AVARPLT

AVARPLT
0CT79

0CT?9. . .. ..

0cT79

AVARPLT
AVARPLT
AVARPLT
0CT79

AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
0cT79

0CT79

0CT 79

0CT79

AVARPLT
AVARPLT

39
40
41

42

43
44
7

8
47
49

50
51

52

53
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55

56
57
58

9

10 .
11

59
60
61
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63
64
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COMMENT —— FIND LATITUDE INDEXES» IMAX AND IMIN» CORRESPONDING TO
UMAX AND UMIN, THEN, CALCULATE AN ADJUSTED VALUE OFf .

QOO0

SURROUTINE AVARPLT 74/74  OPT=1

40

FTN 4.7+4485

RAT IS THE SCALED DATA MATRIX FOR SPACING PLOTTED AVERAGES AND

STANDARD DEVIATION ALONG THE X - AXIS
RAT(I)=XS/2.+(NLAT/2-1+]1)%*XS
RAT(J)=XS/2++(NLAT-J) *XS

CONTINUE

RAT(IMAX) AND RAT(IMIN) SUCH THAT THE EXTREME MEANS

BE PLOTTED IN THE END LATITUDE ZONES HALF-WAY BETWEEN THE

ZONE"S BEGINNING AND THE EXTREMUM LATITUDE VALUES.
IMAX=UMAX/(1B80/NLAT)
LMAX=sIMAX*(180/NLAT)
IMAX=IMAX+]

COMMENT —-— RATMAX IS THE HALF-WAY POINT FOR THE EXTREME MAXIMUM

C

LATITUDE ZONE.
RATMAX= (UMAX=LMAX)/ (2.%DX)
RAT(IMAX)=RAT(IMAX)=XS/2.
RAT({IMAX )=sRAT(IMAX)+RATMAX
IMINSUMIN/ (180/NLAT)
LMIN=TMIN*(180/NLAT)

IMIN=s (NLAT/241)-IMIN

COMMENT —-- RATMIN IS THE HALF-WAY POINT FOR THE EXTREME MINIMUM

c

41

42

43

LATITUDE ZONE.

RATMIN= (UMIN-LMIN)/(2.%DX)
RAT(IMIN)sRAT{IMIN)+XS/2.,
RAT(IMIN)=RAT(IMIN)+RATMIN

ERRR ARk KRR R R Rk Rk kb hk kR kbR k Rk

DO 41 I=1sNLAT |
A NOW BECOMES THE PROPERLY SCALED AVERAGE TO BE PLOTTED
ALONG THE Y=-AXIS

A(T)=(A(I)=YMIN)/DY
###**#*#?*#****##*#**t**t*#**#**t*t#*###**##

NOW PLOT MEANS AND DRAW IN CONNECTING “CURVE®

IF (A(1).EQ.~YMIN/DY) GO TO 42

CALL PNTPLT (RAT(1)5A(1),-11,2)
CONTINUE :

DO 45 Is=2,IMAX

IF (A(I-1).EQ.-YMIN/DY) GO TD 43
CALL CALPLT (RAT(I)sA(I),2)
CONTINUE

IF (A(I)<EQ.-YMIN/DY) GO TO 45

CALL PNTPLT (RAT(I),A(I)y=11,2)

80/01/723.

AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLY
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
0CcT79
AVARPLT
AVARPLT
0CT79
AVARPLT
oCcT79
AVARPLT
ocT79
AVARPLT
0CT79
ocT79
0cT79
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75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
.96
97
98
99
100
101
102
103
104
17
106
107
i8
108
19
109
20
110
21
2
23



130

135

140

145

£150

155

160

165

SUBROUTINE AVAR
45
46
50
c
55
c
c

556

. - '

PLT 74774 OPT=1 FTN 4.7+485

CONTINUE

CALL CALPLT (RAT(1)5A(1)53)

DO 50 I=NLAT2,IMIN

IF (A(1)<EQe-YMIN/DY.AND.I.EQ.NLAT2) GO TO 46
IF (A(I)<eEQe~YMIN/DY<ORA(I-1)oEQe=YMIN/DY.AND .I.GT.NLAT2)
CALL CALPLT (RAT(I)»A(I)»2)

CONTINUE -

IF (A(I).EQ.~YMIN/DY) GD TO 50

CALL PNTPLT (RAT(I)»A(I)»-11,2)

CONTINUE

PLOT STANDARD DEVIATION

D0 55 I=1,IMIN

IF ((I.GT+IMAX)AND.(I.LT.NLAT2)) GO TO 55

IF (A(I).EQ.~YMIN/DY) GO TO 55

CALL CALPLT ((RAT(I)-0.06),STDEVNI(I),»3)

CALL CALPLT ((RAT(1)+0.,06)sSTDEVN(I)}»2)

CALL CALPLT (RAT(I)»STDEVN(I)»3)

CALL CALPLT (RAT(I)»STDEVP(I)»2)

CALL CALPLT ((RAT(I)-0.06)sSTDEVP(I)»3)

CALL CALPLT ((RAT(I)+0.06),STDEVP(I)»2)
CONTINUE

PLOT MEANS AND STANDARD DEVIATIONS AS
CALL NFRAME

A SEPERATE FRAME.

CALL NOTATE (2.00554005415,27HMEAN AND STANDARD DEVIATION»O0.»27)

]

80/01/23. 14.08.48

oCcT79

AVARPLT
AVARPLT
acT?e .

GOTO 460CT79

AVARPLT
0CT79
0CT79
0CT79
0CcT79
AVARPLT
. AVARPLT

- AVARPLT

0cT?79
AVARPLT

AVARPLT.

AVARPLT
AVARPLTY
AVARPLT
AVARPLT
AVARPLT
AVARPLY
- AVARPLT
AVARPLT

CALL NOTATE (2.0054¢755415,42HDATA TAKEN FROM NIMBUS 1V BUV MEASURAVARPLT

1EMENTS» 045 42) -

AVARPLT

CALL NDTATE (2.0054¢505.15p35HTHIS DIAGRAM INCLUDES DATA FOR DAYS»AVARPLT

104935)
CALL NOTATE (2.00"'025,015)0’0.’1")
CALL
CALL
120)
CALL
CALL

CALPLT (OesYL,»3)

CALPLT (XL»sYL»2)

CALL CALPLT (XLs0es2)

CALL CALPLT (0e904»3)

NOW PLOT MEANS AND DRAW IN CONNECTING "CURVE®W
IF (A(1) .EQ.~-YMIN/DY) GO TO 556

CALL PNTPLT (RAT(1)sA(1l)s-22,2)

CONTINUE

DO 56 I=2,1IMAX

IF (A{1I-1).EQ.~-YMIN/DY) GD TD 557

AXES (0490e90esXL5=904sDXsTXs04914HLATITUDE (DEG)»+105-14%)
AXES (0ep0e9904sYL2215sDYs»TY»0.920HTOTAL ODZONE (ATM=CM)».10»

AVARPLTY
AVARPLT
AVARPLT
ocT79
ocT79
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
0CT79
0CT79
oCcT79
AVARPLT
ocT79

24
112
113

25 .

26
114
27
28
29

30. ...

116

117

118
31
119

...320

121
122
123
124
125

26 .

127
128
129
130
131

.132.

133
134
32
33
137
138
139
140
141
34
35
36
143
37



8rl

170

175

180

185

190

195

200

205

SUBROUTINE AVARPLT T4/74 OPT=1 FTN 4.74485

CALL CALPLT (RAT(I),A(I),2)
557 CONTINUE
IF (A(I).EQ.-YMIN/DY) GO TO 56
__ CALL PNTPLT (RAT(I)»A(I)s=22,2)
56 CONTINUE
CALL CALPLT (RAT(1)5A(1)s3)
DO 57 I=NLAT2, IMIN
IF (A(1).EQ.~YMIN/DY.AND.I.EQ.NLAT2) GO TD 558

80/01/23.

AVARPLT
0CT79
0CcT79

. bCT79

0CcT79

AVARPLT

AVARPLT
ocT79

IF (A(I)+EQe=~YMIN/DY4ORA{I-1)eEQ.~YMIN/DY.AND.I.GT.NLAT2) GOTO5580CT79

CALL CALPLT (RAT(I)»A(1)»2)

558 CONTINUE
IF (A(I).EQ.-YMIN/DY) GO TO 57
CALL PNTPLY (RAT(1)sA(1)s—-22,52)

57 CONTINUE

C PLOT STANDARD DEVIATION

D0 58 Isl1,IMIN _
IF ((T.GT.IMAX).AND(I.LT.NLAT2)) GO TO 58
IF (A(I).EQ.~-YMIN/DY) GO TO %8
CALL CALPLT ((RAT(I)=-0.06)»STDEVN(1),3)
CALL CALPLT ((RAT(I)+0.06)»STDEVN(I)»2)
CALL CALPLT (RAT(I)»STDEVN(I)»3)
CALL CALPLT (RAT(I),STOEVPII)»2)
CALL CALPLT ((RAT(I)-0.06)»STDEVP(I)»3)
CALL CALPLT ((RAT(I)+40.06),STDEVP(I),2)

58 CONTINUE
PRINT 110
PRINT 115, D
DO 60 I=]1,NLAT

60 PRINT 100, I, RAT(I)»A(I)sV(I)sSTDEVP(I)»STDEVNI(I)
PRINT 105, MpUMAX,UMIN
PRINT 120, TMIN,TMAX

120 FORMAT (1Xs*TMIN= #%,E15.8,5X,*TMAX= %*,E15.8)
RETURN

AVARPLT
0CT79
acT79
acT79
0CT79
AVARPLT
AVARPLT
AVARPLT
0CT79

AVARPLT'

AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
AVARPLT
0CT79

0CT79

AVARPLT

100 FORMAT (#0%*s%*le %,12,4X, ¥RATn #,F6.2,4Xs*As *53F6.254Xs%Va %,E11,45 AVARPLT

14X *STDEVP= *3F6,254Xso*STDEVN= %,F6,2)
105 FORMAT (#*0*,%M= *,16,5X,%¥UMAX®e *,F7,3,5X,%UMIN= *,F7,.3)

AVARPLT
AVARPLT

110 FORMAT (*1%,%*X-AXIS SCALE -RAT-,AVERAGES» VARIANCES,AND STANDARD DEAVARPLT

1VIATIONS USED IN AVARPLT*)
115 FORMAT (T9,*FOR THE TIME PERIDD #,A10,A%)
END

AVARPLT
AVARPLT
AVARPLT
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