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ABSTRACT

The steadily increasing stream of geodetic data primarily provided by
automatized measurement techniques calls for a data processing method which
is both simple and fast. The simplicity of least-squares collocation can hardly
be surpassed, however, the processing speed, which depends on covariance
calculation procedure and matrix inversion algorithms used, can be improved
considerably by the faster covariance computation procedure presented in this
report,

The method is basically a differentiation - interpolation procedure applied
to a smooth function interpolating on a regular rectangular grid of exact covariances.
Once this covariance network has been generated, the covariance approximation
procedure, called COVAPP, is able to provide covariance expressions of second
and lower order derivatives of the disturbing potential about ten times faster
than existing methods. The approximation error can be kept as small as we
please by choosing an appropriately small grid spacing. A FORTRAN IV program
listing together with sample inputs and outputs are included in the report.

The reader only interested in application may bypass the technical chapters

3 and 4.
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l. Introduction

The era of extracting gravity field information about the earth from
only time-consuming laborious surface measurements is definitely over.
Modern technology has created highly sophisticated instruments which
enable us to obtain different kinds of geodetic data with increasing
accuracy at a speed never known before. FProbably the only technique cap-
able of processing all these data in a consistent way is the method of
least-squares collocation, which is as beautiful as deep (Moritz, 1972).

The central role in collocation is played by the model covariance
function which resembles somehow the main features of the earth's
gravitational field. Theproperty of the kernel function forces it to be
harmonic outside some internal sphere; consequently, its eigen-functions
are the spherical harmonics. Homogeneity and isotr-o\py postulates
make it dependent on only two essential variables: the spherical distance
between two points and the product of the corresponding geocentric radii of
these points.

All geodetic data are functionals of the disturbing potential. Therefore,
all covariances between geodetically relevant quantities can be derived by
means of the covariance propagation law. This, again, is the reason why
closed analytical expressions of the covariance function are an absolute
necessity. Tscherning and Rapp (1974) have derived closed expressions
on the basis of different degree variance models and give covariance
expressions for geoidal height, gravity anomaly and deflection of the
vertical, most commonly used in geodetic applications. Tscherning (1976)
extended this work and derived covariance expressionsfor second
order derivatives of the anomalous potential. His very elegant and
convenient subroutine COVAX has been widely applied by the geodetic
community.

However, the number of problems for which the application of COVAX

becomes expensive increases steadily. All these expensive problems



involve the numerical integration of the covariance function resulting in
a large number of covariance computations. Two typical examples:

a) the prediction of mean gravity anomalies from different kinds of

data (Rapp, 1977, 1978), b) satellite-to- staellite tracking espec-

ially in the low-low mode) (Kryn’ski, '1978). In both cases

multifold integrations of the covariance function are involved (in the
first case integrations over ''rectangular'' areas on the sphere, in the
second case integrations along the flight paths of two satellites).

For this reason the possibility had been studied to cut down the
considerably the covariance computation time by using approximations of the
covariance function (Sunkel, 1978 a,b). Theoretical investigations
indicated that this possibility exists; preliminary practical calculations
encouraged further detailed studies. After all, a way has been found
through the jungle which permitted aconsistent approximation of all
covariance expressions up to and including second-order derivatives of
the disturbing potential. Basically, the method consists of choosing a
regular rectangular grid with respect to the cosine of the spherical
distance t, = cosy, and with respect to the squared ratio s between the
radius of the Bjerhammar sphere R, and some radius r > R, s, =(R, /)%,
and storing all covariances corresponding to these grid points on some
file. All desired covariance expressions can be derived by a simple
differentiation-interpolation procedure. The accuracy of the so obtained
covariances can be made arbitrary high by selecting an appropriate small
grid spacing.

This procedure provides the user with the same covariances as
conveniently as COVAX, but about 10 times faster. The price we pay is
mass storage. However, computer development statistics show clearly
that the amount of available mass storage increases much more than the

speed-up of calculation time. Moreover, since large scale applications



of collocation (for which the procedure described here is designed) are

by their own nature restricted to large computer systems with a large
central core capacity available, the need for storage can no longer be con-
sidered an essential drawback. It's believed that this approximation
procedure will be especially valuable for collocation problems which

involve the integration of the covariance function.

2. The Spatial Covariance Function and its Approximation Model

Although the choice of a particular covariance function model is of
no concern to the approximatien procedure (as long as it is isotropic), it
is nevertheless necessary to give a short description of its essential
properties in order to have a solid starting basis.

The general form of a homogeneous and isotropic covariance function

can be expressed by

oo :R.2 n+1
K(P,Q)=% Kk, (‘f%") P, (coswm), (2-1)
n=Ng
where P,Q... points in space,

r,r’... geocentric radii of P and Q,

Ypgee- spherical distance between P and Q,

Ky oo positive coefficients,

P, (cosy) Legendre polynomial of degree n,

Ng- .. starting value of the summation (N2 2),

Ryeve radius of the Bjerhammar sphere.

K(P,Q) is symmetric with respect to P and Q, expressed by the product

r r’ and the dependence on cosfpg,



K(P,Q) = K(Q, P);

it is harmonic outside the Bjerhammar sphere r = R,,

A, K(P,Q) = Ay K(P,Q) = 0.

An important property which allows a two-dimensional approximation is
its dependence on essentially two variables only, the spherical distance

tpq and the product r r’. Since cosy can vary only between -1 and +1,

and R;‘ /rr’ has a minimum value of 0 for r - » and a maximum of 1}

4

for r = r’ = Ry, the covariance functions domain is the rectangle
-l <ts 1,0 <s < 1] (2-2a)
with the variables
t: = cosy, s =-§-§—, . (2-2b)

Operations on or close to the surface of the earth together with locally

to regionally restricted use, however, reduce the domain of practical
applications considerably. E.g.: Working within a spherical distance
range of 0 s § < 10° and within an altitude range from 0 (earth's surface)

to 300 km (satellite altitude), the operational domain reduces to
[0.985 < t < 1,0.999 < s < 0.912].

The following figure may illustrate the mapping given by (2-2b):

PQ

;

Fig. 1 (s, t) - mapping



Once the operational domain has been fixed, a regular rectangular
grid in s and t can be arranged. Two important facts have to be taken
into account: The numerical values of the covariances change more
rapidly for small § than for larger ones, and the covariances become
smoother for higher altitudes because of the upward continuation effect.
These two statements might sound trivial but they are important,
and represent guidelines for the choice of grid distances As and At.

The reason is the following: Approximate covariances are obtained by

a differentiation - interpolation procedure applied to some interpolating
function uniquely defined by the covariances at the grid points. If the
interpolating function is an element of K, [D], the space of continuous
functions with domain D, having quadratically integrable first derivatives,
it can be shown that the maximum approximation error depends on the

£ + 1)th power of the grid spacing multiplied by the maximum absolute
value of the (¢ + 1)th order derivative of the original function. Each
differentiation, if it exists, decreases the dependence on the grid spacing
by one power (Stunkel, 19782, p. 22), (one-dimensional case). Consequently,
the grid has to be denser for small spherical distances { than for larger

ones and denser for small altitudes than for higher ones.
s

N

larger j small

low altitudes

high altitudes
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o

Fig. 2 Grid arrangement principle



Next we have to face the problem of which kind of interpolation
function we should choose. Five requirements have to be fulfilled by
the interpolation function:

a) It should be as simple as possible in order to keep the

computation time at a minimum.

b) It should be as smooth as possible and admit as many
continous derivatives as possible.

c) It should be as local as possible in order to guarantee a
good fit to the true covariance function not only for large,
but also for small | -values,

d) 1t should disturb the true spectrum and the actual degree
variances, as little as possible,

e) 1t should satisfy the Laplace-equation with reasonable accuracy
in order to guarantee harmonicity.

Needless to say, these five requirements exclude each other:
analytic expressions meet the requirements (b)-(e), but fail at (a);
single higher degree polynomials fulfill partly (a) and (b), but violate
(c)-(e); step functions and piecewise linear functions comply with fa)
and (c), but violate (b), (d) and (e). Obviously we have to make a
compromise between competing functions. The only interpolation
function which meets all five requirements sufficiently well is the
winner of the game - the bicubic spline function: it is relatively
simple, is twice continuously differentiable with respect to each
independent variable, has very local features although it doesn't have a
compact support; it reproduces the actual degree variances with only
little noise (Sunkel, 1978, P. 29a), and it also allows the Laplace-
equation to be fulfilled with reasonable accuracy provided the grid is

sufficiently dense.



If we were interested in covariances involving not more than
three differentiations of the covariance function with respect to s and t,
a single bicubic spline representation of the disturbing potential's

(*
However, we intend to

spatial covariance function would be sufficient.
derive approximations of covariance expressions up to second order
derivatives (at both points P and Q) and this corresponds to fourth order
derivatives with respectto s or t. Consequently, a single spline
representation of cov (T, T) is not sufficient anymore, and we need at
least two more representations. We have chosen cov (Dr T, D. T) and
cov (D, T, D, T) = cov (Di‘_ T, T) in order to guarantee at least linear
(and at most cubic) interpolation within the grid. These three spline
representations are necessary and sElfficient for our purposes. Since
the gravity anomaly is the most frecfﬁently used quantity in physical
geodesy, we have extended the covariance representations and included also
the covariance representation of the gravity anomaly covariance function.
It should, however, be pointed out that this is not necessary and has been
done only for reasons of convenience.

The four covariance functions, cov (T, T), cov (D, T, D_. T),
cov (D% T, T) and cov (A g, Ag) depend only on s and t and so do their
bicubic spline representations. All other covariance expressions up to
(at least) second order derivatives of the disturbing potential can be
obtained from linear operations applied to these four covariance representa-
tions. This is the very philosophy behind covariance approximations which

helps us to reduce drastically the CPU-time.

(*)... This follows from the fact that the 3rd derivative of a cubic spline is
a step function.



3. Covariance Grid Point Values

Since a bicubic spline representation of the covariance function
will be used, it is necessary to determine all derivatives of the covariance
function which, together with their function values at all grid points, make
the spline representation unique. Let D(s, t) be a rectangular domain

divided into I-J subrectangles by the grid points
Sog = 8 2 81, ty th >ty

with (s,, t,) grid point coordinates. Then a bicubic spline on D is

uniquely defined by (Sunkel, 1978a, p. 74)

a) f,, , 1=0,...,1; j =0,...,J ...function values at the grid points,

b) D,f,,1=0,1j=0,...,7 ...first derivatives of the function f
with respect to s,

c) Dfy,, i =0,...,1; j =0,7 ...first derivatives of the function f{
with respect to t,

d) D _.f i=0,1; j =0,7J ... second derivatives of the function f
with respect to st.

Here, f stands for one of the four covariance functions cov(T, T),
cov(D, T, D.T), cov (Di T, T), cov(Ag, Ag). What we need are expressions
for first order partial derivatives of all 4 covariances with respect to
their independent variables s, t. Since the subroutine COVAX of C.C.
Tscherning can provide us with values for these quantities implicitly, we
intend to express the derivatives in terms of COVAX covariance outputs.

In the next sections we derive these formulas.

3.1 Derivatives of cov (T, T) with respect to s and t

We recall the definition (2-1) of the disturbing potential covariance
function which we write in a simplified notation as

cov(T,T) = Tk, sntt P, (t),



the partial derivative with respect to s is trivial:
D, cov(T,T) = £k, (n+ 1)s® P_(t).

1
This expression can be easily related to cov(-+D, T, T)
by considering
= 1
cov(D, T, T) = - Tk, (n+ 1)s »Hip (t),
and we obtain
r2
D, cov(T,T) =5 cov ( _'ITD" T, T). (3-1)
Even simpler is the calculation of D, cov(T, T):

D, cov(T,T) = Tk, s *11D,P_(t). (3-2)

(All closed expressions which we don't write down explicitly here, can be
found in Tscherning (1976). Their calculations are part of the subroutine
COVAX.)

Similarly we obtain

2
D, D, cov(T, T) == cov(- - D, T, D, T). (3-3)

3.2 Derivatives of cov (D. T, D, T) with respect to s and t

By straightforward derivation we find
1
cov(D, T, D.T) = 3+ Tk, (n+t1)? s2¥tP, (t).
Recalling the definition of s, we can also write
cov(D, T, D.T) = Rg Sk, (ntl)2 s2+1P_(t).

Applying the differentiation operator D, we obtain

D, cov(D, T, D_.T) = %,1 Tk, (n+1)? (nt2)s =71 P_(t),

which can easily be shown to be equivalent to

(R Y 1 2
D, cov(D, T, D,, T) =|—) cov D, T, D, T). (3-4)

s r
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The differentiation operator D, applied to cov(D,T, D,. T) yields
D, cov(Dr T, D..T) = % T Kk (n+1)?* s nts D, P, (t) (3-5)

and similarly we obtain applying D, to equ. (3-4)

2
D, D, cov(D, T, D, T) =(R9> cov (- .11__ D,D, T, D T). (3-6)

S

3.3 Derivatives of cov(D"; T, T) with respect to s and t

All covariance derivatives of this type are closely related to equation

(3-1); we obtain

cov(D2 T, T) = Tk, s *1ID2 P, (t), (3-7)
2 — rz 1 D DZT
D, cov(D} T, T) = - cov( -=D, T, D} ), (3-8)
D, cov(D! T, T) = Tk, s *'D} P, (t), (3-9)
2
D,D, cov(D} T, T) = I_ cov ( - ir-D,DtT, D? T). (3-10)

3.4 Derivatives of cov(Ag, Ag) with respect to s and t

All covariance derivatives of this type can be written down immediately

replacing T by 8g in section 3. 1:

D,cov(Ag, Ag) = - -cov(D, Ag, Ag), (3-11)
D, cov(Ag, Ag) = cov(Ag, D, Ag), (3-12)
D,D, cov(Ag, Ag)= -+ cov(D, Ag, D,Ag). (3-13)

All covariances given above can be calculated by a simplified version

of COVAX. The modifications are described in the listing of the program

COVNET.
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4. Covariance Expressions

All covariance expressions which can be derived from the bicubic
spline approximation model are linear combinations of the grid point covar-
iances listed in chapter 3. For example, if the covariance cov(Tp, TQ) is
desired,it is necessary to calculate the corresponding s and t
values and find the element indices (i,j) such that s, 2 s 2 s, ;1 and

t,>2t >t 4,. On each rectangle [Sv ty, t5+1] the spatial covariance

Syy17
function is approximated by a bicubic polynomial with 16 coefficients
being linearly related to cov(T,T), D, cov(T,T), D, cov(T,T) and D,D,cov(T, T)
at the four corners of the corresponding rectangle. To find cov(T, T) for
s and t values not coinciding with one of the corner values, is a simple
problem of interpolation. (To find cov(T,D, T) for the same point (s, t)
would be a differentiation and interpolation problem. )

The general form of the bicubic polynomial defined on the rectangular
domain [51’ Sy+13 ty t5+1] is

f((li?t) -3 3 25133 (s-s,)% (t-t,)". (4-1)

k=0 £ =0

The 16 coefficients result from linear transformations of f, D, D,f and

D,D, taken at the 4 corners of the rectangle:

Aij:) - {(ij)} - G'F H

ay
with _
|1 G -3/g% 2/g? _| 3/g2 -2/g°
S lo g 7 |2rg wgd|r G T|ug g
L

co oil [0 o} G = sios
= ’ ‘ v B T S(41-8y ;
o ! 0 (4-2)

0 =
H = G]g SO

F:F‘J

Fi+1,J F1+1,3+1 Dufu D.szu

Fiitt A = f!J D, £,
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Simple matrix multiplications yield

A= = e - e T e = — = e -

GIFy+GIF, | (GIFy+G} Fa)H, (4-3)

b +(GIF; + G] Fy)H,
I

Before writing down the necessary derivatives of the bicubic

»

polynomial, (4-1) is simplified by introducing reduced variables

s and t.

S s - s, t:=t-t

so that (4-1) can be abbreviated (suppressing the element indices i, j)

and has the form

- - zd ’
(5,9 = % 2,%3 st (4-
(5.9 =&y Fo 2
A general derivative of (4-1)’ can be given by the formula

2%,y
D" f(s, t) = -
( ) 3 grx;a taz

= aplen! % ﬁ (k)(!’)é ko T o (4-4)

with the multi-index &: = (m, o), lal = oy Yo, 0 5 0y, 0, 3.

This nice expression, however, is far from optimal with regard to
CPU-time savings. Therefore, all partial derivatives of f actually

used in the computations (indicated by subscripts) follow:

£(5, t) = agy + t (@gy + t (252 + tags))
+ 5 ((agg + ?:(an + 7'i(a-y,z + .f:au)))
+ 5 ((ag + taz + tlaz, + taz))) (4-5a)

t(a;, + tass))))),

+
/]
—~
)

w

o
+
Lol

—~
[\

w

-
+
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£,(5, ) =ap+tt(ay +t(a, + tas))
(2(azy + £ (azy + t (az; +tay))) (4-5b)

5§-3 (a0t t (ag +t (a5, + Ea33)))),

+
[72]]

+
i

f (5, 1) = 2 (ago + t (ay + t (ay +tays))

88 (4-5(:)
+ 5-3 (a3 + t (ag; +t (a3, + tay)))),

£f,(5, t) =an + 5 (a;; + 5 (a,; + Bayy))
+t (2 (ag, + 8 (a;, + § (ay, + 5 aj,))) (4-5d)
+ t-3 (ag; + 5(ay3 + 8 (a,3 + S asyy)))),

foo (5,t) = 2 (ap, + 5 (a4, + § (a,, + 5as,)) (4-5¢)
+ 13 (agy + § (a3 + 5 (a3 + §233))))s

£,, (5, ) =a;, +t(2a;,+t3a;)
+ 5 (2 (ay +t (2 a5 + t-3 ay)) (4-5f£)

fsat (8, E) =2 (321 + T (2 az * t-3 323) (4_5g)

+ §'3 (3.31 + E(Z 3.32 + 'E'?) a33)))-

The reader is invited to verify that the function values together
with the partial derivatives f,, f, and f,, are reproduced at the four
corners of the rectangle (hint: use (4-5), (4-2) and (4-3).

In all covariance expressions derivatives are taken with respect to
the spherical coordinates (r, ¢, A), (r’, o/, A’) of the points P and Q
and not only with respect to s and t. According to the chain rule for
differentiation we need to know the partial derivatives of s with respect

¢

to r, r’ and of t with respect to ©r A @ A’; the latter are listed
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explicitly in (Tscherning, 1976, pp. 18, 19). To find the radial

derivatives of s using (2-2b) is also trivial. The result is

S
D.,s = s, = -7,
N _ s
D.s = s, = -z
2s
2 = = -6
Drs Sy 2 (4 )
D, s = = =
D.D.,s = s, = '’
2s

DE, S T S 3?}' .
Furthermore, whenever calculating derivatives of f{ with respect to
latitude and/or longitude, it is necessary to be aware of thefact that an }a} -th
order derivative consists of a linear combination of all derivatives of f
with respectto t up to the |g~-th order,

D¥ ¢

(4-7)

% c, Dt f
i=1
with @¢,, i =1,..., n any one of {cp, )‘,.p',)\'} and ¢ = (ggseees ay)e
The coefficients c;, i = 1,..., n consist of derivatives of t with respect
to { D ’ }\'}. General formulas are easy to derive and can be found
in (Tscherning, 1976, p. 16).

On the next pages we give all basic covariance expressions in their

approximated version are given. The following abbreviations will be used:

fl... bicubic spline representation of cov (T, T),
f2... bicubic spline representation of cov (D, T, D, T),
f3... bicubic spline representation of cov (Di T, T), (¢-8a)

f4... bicubic spline representation of cov (Ag, Ag)-
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Several times the subsequent identities were used;

2 _
s., * '; s, =0,
S, 8. = S S,
s ’
??r + srl‘ = -Zsrr; >
S
r’ r (4-8b)
f2 = flcs s.s. * fls Sppr s
(=12 - 4s, (£, - = £1),

4

féoa s, S?.+ f4a Sy e :fZ‘“g S, 8. ~ 3 fzs S.p T 2o 2 f1,

cov (D T, Ag) = cov (D, Ag, D,, T).

After having established the relations between basic quantities, the
""long march!' of deriving all covariance expressions begins. The results

are listed below.
cov (T, T) = fl
cov (T,D., T) = -fl =
cov (T, Ag) = (fl,s - Zfl)%r

1
cov (T,D,, Ag) = Zz (-rr’ f2 + s f1, + 2 fl)

r

1 s (4-9)
cov (T, D% T)=— (rf2 + = fl,)
cov (T, D, T) = fl, ¢y

s
cov (T, Der D,, T) = -fln < <1

1
cov (T, Dy, Ag) = (fl,, s - Zflt)—;-r ¢,
1

cov (T, DQ1 D, T) = 1£3 c; + ], ¢
2



cov (D.T, D

T) =

rl

16

f2

cov (D, T, Ag) = -f2 + 2 {1, Ts-r,

cov (DT, D, Ag) = (f2,s- 2 f, - 2 fl, ;:;/) ';_1",'
cov (D, T, D% T) = -£2, —v
(4-10)

cov (D, T, Dm1 T) = -f1_, -Is.— cy
cov (D, T, Dw1 D, T) =1{2,c,
cov (Dr T, DQ,l Ag) = (-f2, + 2 f1,, ‘?i.f) cy
cov (D, T, Dy Dy, T) = - (£3, c; + £1,, cy) —F
cov (Ag,Ag) = f4
cov (Ag, Dr,Ag) = - {4, —::r
cov (Ag, D3 T) = cov (D, T, D, Ag)
cov (Ag, Dal T) = (fl,, s - 2 £1,) % cy (4-11)
cov (Ag, DQ’ D, T) = (-f2, + 2 £f1,, —1_%:, cy
cov (Ag, Dal Ag) = f4,
cov (Ag, Dot1 Daz T) = [ (£3,s - 2 £3) ¢, + (f1,,s - 2 fl,) cy) —11_-
cov (Dr Ag, D, Ag) = (£4”s + f4s) Fsi'—’
cov (D, Ag, D3, T) = (£2,,s - f2, - (f2 —;,—+ f1, ;—1;));?1-_-,
cov (D, Ag, Ddl T) = (-r’ f2, + flu—f.— - 'i_flt )-I]:—C‘

. ) (4-12)
cov (D, Ag, Da‘ D, T) = (f2,,s - 2 £l ,77v- 2 f2,) T <
cov (D, Ag, Dul Ag) = -f4”-15-— cy
cov (D, Ag, Dml DQZT) =[(2£3 - £3,, %) cp + (-rr’ {2, +£l,,s+ Zflt)cll;lz—
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cov (D} T, DL T) = (£2,,8 + £2.) 2+ -

cov (D‘:‘, T, DQ,1 T) = (¢’ f2, +% flg)% c,

cov (Df T, DdlDr’ T) = - f?.“% cy (4-13)
cov (D? T, Da1 Ag) = (£2,,s - 2 2, - 2 f1 , rir’)%cl

1
cov (D? T, D, Dy, T) = [(£3,,8 + 2 £3,) s ¢, + (rr’ f2, +fl ,s) cy] —=

cov (Dm1 T, Da2 T) = £3 ¢, + f1, c,

_ S
cov (Dg, T, Dy D,.T) = -(f3, ¢, + fl,, ¢;) 37 (4-14)

1
cov (Dg, T, Dy, Ag) = [(£3,s - 2 £3) c, + (fl,,s - 2£1,) c,] ¥~

cov (DQ.l T, Dg, Dq, T) = £f3, c3 + £3 ¢, + f1, ¢,

cOov (Dal Dl‘ T, Daz DI" T) = on Co + th Cl

s s
cov (Do'.l D.T, Dy, Ag) = -(f2,, - 2 3, FF/) c, - (£2, - 2 f1,, F3/) c; (4-15)

cov (DQ{1 D, T, D“z D&,3 T) = (f3“c3 + £3, c, +f1,, cy) S,

cov (DQ‘,1 Ag, Dy, Ag) = f4,, ¢, + {4, ¢,
(4-16) 1
cov (Dg, A, Dy, Dq, T) = [ £3,, c3 +£3, c, +fl,,cy)s -2 (£3,c; + £3 ¢, + £1l,¢y)] +

cov (Dg, Dg, T, Dg Da, T) = 3, ¢4 *+ £3, c3 + £3 ¢ + fl ¢y (4-17)

All coefficients ¢,, i = 1,..., 4 occurring in the foregoing
expressions are identical with the coefficients of K, (the partial derivatives
of the covariance function with respect to t) explicitly listed in (Tscherning,
1976, pp. 17, 18, 19). The equations derived in this chapter permit the
computation of all covariance expressions for second and lower order

derivatives of the disturbing potential.
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5. Program Guideline

The very idea behind covariance approximations, as stated in the

introduction, can be sketched as follows:

a) generate a sufficiently dense network of basic covariances (here:
cov (T,T), cov (D, T, D,T), cov (D} T, T), cov (Ag, Ag) at the grid
points of a regular rectangular grid); calculate the coefficients of
the interpolating functionand store this information once on some

file.

b) compute all other covariances by a simple differentiation - interpolation

procedure applied to the interpolation function chosen in (a).

The program is organized accordingly: it consists basically of two parts,
the covariance network generation program COVNET and the covariance

approximation program COVAPP.

5.1 The covariance network generation program COVNET

According to its purpose the program performs successively the

following ta sks:

a) it reads the parameters of the covariance function which coincide

with the parameters used in Tscherning's COVAX subroutine.

b) It reads the parameters of the covariance grid and calculates the
grid values. The following figure may help to make the meaning

of the grid parameters more clear:



H1(2)
HO (2)
T /\
DPS11(2,2)
L ”ﬂmﬂ_fdﬂﬂﬁ_ﬂﬂ”‘,,M,,,M—~—M~“*”"“"’~M~“—”4 NOR=2
HO (1) |
DH (1)
OPSI (1,1) DPSI(L,2)

Fig. 3 grid parameter description
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The grid in s direction is equispaced, though not with respect to

the corresponding height. This is a consequence of the mapping

s = Rg/(rr'). However, since the values of s differ only slightly
from 1 for points in the close neighborhood of the Earth, the s - grid
with constant grid spacing As corresponds to a grid-height with
slightly increasing grid spacing Ah when h increases. It would have
been also possible to choose an s - grid such that the grid-height
spacing Ah is kept constant; however, this would have complicated
the retrieval of the element indices corresponding to specified (s, t) -
values and, moreover, is of no advantage at all.

After the grid calculation, the program performs the

calculation of the covariances at the grid points, This is done with
a simplified version of COVAX, called COVAXS. The necessary
equations are given in chapter 3. It was decided to calculate the
covariances at all grid points and not only those which define the
bicubic spline uniquely. Thereby obtaining numerical stabilization
and some accuracy improvement. Finally the polynomial coefficients

are calculated for all elements using the subroutine BILDEC.

The covariance approximation program COVAPP

This program renders in principle the same as COVAX does; it

provides covariances between 14 different quantities which can be

described as linear functionals applied on T. These quantities are

described in (Tscherning, 1976); however, for the sake of completeness

we list them here again:
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code quantity description
1 C height anomaly
1
2 -+ D.T radial derivative of T divided by r
_ 2
3 Ag = -D, T-FT free air gravity anomaly
4 -D, Ag radial component of the gravity anomaly gradient
5 Di T rr - component of the second order tensor of T
1
6 € = - T, Do T N-S component of the vertical deflection
1
7 nN=-——— DT E-W component of the vertical deflection
I"yCOS(p
1
8 7+ DD, T ro - component of the second order tensor of T
1
9 r—c—c—;é—c;D;\DfT r) - component of the second order tensor of T
1
10 -+ DopAg N-S component of the gravity anomaly gradient
1
11 - mD)‘ Ag E-W component of the gravity anomaly gradient
1
12 FDczp T pp - component of the second order tensor of T
1
13 —r‘z_c_o—s;—DchK T @) - component of the second order tensor of T
14 —2—1——;_—-—Di T AL - component of the second order tensor of T
T cogp

Note that the codes of (8, 9) and (10,
1976, pp. 2, 3).
The codes of the linear functionals on T taken at the points P and Q

11) have been interchanged compared
with (Tscherning, This change simplified the program's
logic.
are transferred to COVAPP by KR1 and KR2. The coordinate informations
about P and Q are transferred by the vector CR. The (s, t) coordinates
are checked for their position within the admissible ranges specified

by the grid, an error message is returned if s and/or t is out of the

range. Before the actual calculation of the covariance COV, all

necessary polynomial coefficients corresponding to the element in
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consideration are made available by the subroutine GET. The partial
derivatives of the bicubic polynomial(s) combined with interpolation is
rendered by the function BSEFC. The calculated covariance COV is
returned to the calling program.

In order to provide the user with a fast comparison between COVAPP
and COVAX, we have designed a program called TEST. Detailed

descriptions are integrable parts of each program.

6. Conclusions

In this report an approximation model of the spatial covariance function
of the disturbing potential has been described. The idea was to generate
once a basic covariance network which is chosen sufficiently dense such that it
permitsthecalculationof all covariances (up to and including second-
order derivatives) by applying a simple differentiation - interpolation
procedure to an appropriate interpolation function. It turned out
that the best possible function (if ''best!' is defined by criteria like
simplicity, smoothness, localness, etc.) for such a purpose is a bicubic
spline function. The procedure described here is able to provide the same
covariances as the subroutine COVAX (Tscherning, 1976), with
arbitrary high accuracy (depending on the grid spacing).

The goal was to cut down significantly the computation time of covariance
expressions. Covariance expressions for second and lower order
derivatives of the disturbing potential are available from COVAPP, a
covariance approximation program at a CPU-time level between 1.8 10°* sec
(cov (T, T)) and 5.2 10™* sec (second order derivatives) calculated on an
IBM 370 system. This corresponds to a tenfold gain in calculation speed

compared with COVAX, which we believe to be a significant improvement.
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APPENDIX A: Program listing



CcCcccccreececeececcecececccececcecececcececcecececcececccecaceecccececccerccrceccececececcecccecccececccce

viviviviviviviviviviviviviviviviviole!

RE ...
A ...

KI(3),
KI(3)

KDR ..

Ho( I},
HIi(D),
DH(I) .

so<I),
S1cD,
DSCI),

vlvivivivizivivivivivivivivivivivivivivRvIviviviviviviviviviviviviviviviviolvivivivivivivlvivivIvivivieolel

.«

KI(4)

* 4.

LOCAL ...
SIGMAOCI), I=1,N+1 ...

c(MH.MD,K, 16)

.

I=1,NDR
I=1,NDR
=1,

1.NDR
1,NDR
1,NDR

ton

I
1
1

DPSICI,J) ...

KKKKEKEKKKKEK

L

NDR ..

LIRS

NDPSCI), I=i,NDR ...

INPUT E3E 3 333333

COVARIANCE MODEL PARAMETERS:

SQUARE OF THE RATIO BETWEEN THE RADIUS OF
THE BJERHAIMMAR SPHERE AND THE MEAN RADIUS
OF THE EARTH (RE)

MEAN RADIUS OF THE EARTH

SCALING FACTOR OF THE GRAVITY ANOMALY DE-
GREEE VARIANCE MODEL. UNIT ... (M/SEC)%x4
INTEGERS K2 AND K3 IN FORMULA (17) IN
TSCHERNING (1976)

NUMBER OF DEGREE VARIANCE MODEL AS SPECI-
FIED IN TSCHERNING (1976); POSSIBLE NUM-
BERS : 1, 2, 3

DEGREE VARIANCES UP TO AND INCLUDING DE-
GREEE N ARE EITHER SET EQUAL TO ZERO OR
REPLACED BY EMPIRICAL DEGREE VARIANCES.
IN THE FIRST CASE THE LOGICAL VARIABLE
LOCAL MUST BE .TRUE., IN THE SECOND CASE
.FALSE.

LOGICAL VARIABLE AS SPECIFIED ABOVE
EMPIRICAL ANOMALY DEGREE VARIANCES, UNITS
OF MGAL¥*2 REPLACING THE MODEL DEGREE
VARIANCES UP TO AND INCLUDING DEGREE N.
(SIGMA(K+ 1> CORRESPONDS TO THE DEGREE
VARIANCE OF DEGREE K)

COVARIANCE GRID PARAMETERS

4-DIM. ARRBAY OF POLYNOMIAL COEFFICIENTS :
K=1 ...COV(T.T)-COEFFICIENTS,

K=2 ,..COV(DR(T),DBR'(T))-COEFFICIENTS,
K=3 ...COV(DT(T),DT(T))-COEFFICIENTS,

K=4 ...COV(DELTA G,DELTA G)-COEFFICIENTS

NUMBER OF RANGES IN RADIAL DIRECTION
(NDR.GE. 1.AND.}NDR.LE. 3}

LOWER LIMIT OF HEIGHT RANGE |

UPPER LIMIT OF HEIGHT RANGE 1

STARTING CGRID SPACING IN HEIGHT. RANGE 1|

LOWER LIMITS OF RADIAL RANGES IN S
UPPER LIMITS OF RADIAL RANCES IN S
GRID DISTANCES IN S-DIRECTION

NUMBER OF RANGES IN SPHERICAL DISTANCE
(NDPS(I).GE. 1.AND.NDPS(I).LE.§)

C

COVNET COMPUTES THE BASIC NETWORK OF COVARIANCES USING A C
SIMPLIFIED VERSION OF €.C. TSCHERNINGS COVAX, CALLEDC

COVAXS, AND CALCULATES THE POLYNOMIAL COEFFICIENTS C

FOR ALL ELEMENTS OF THE GRID. C

C

THE PROGRAM IS DESIGNED FOR VARIOUS SOURCES OF GEODETIC DATA : C
SURFACE, AIRBORNE AND SATELLITE DATA. THE DIFFERENT ALTITUDES C
ABOVE THE EARTH TO WHICH THEE DATA REFER MAKE IT NECESSARY TO C
ADOPT A NON-UNIFORM GRID. THE GRID USED FOR HANDLING SURFACE C
AND AIRBORNE DATA ONLY WILL BE VERY DENSE (ESPECIALLY FOR SMALL C
SPHERICAL DISTANCES) COMPARED WITH THE GRID USED FOR SATELLITE- C
SURFACE (AIRBORNE) DATA OR FOR SATELLITE-SATELLITE DATA. IN ORDERC

TO BE APPLICABLE FOR ALL DIFFERENT KINDS OF DATA SIMULTANEOUSLY, C
THE PROGRAM HAS BEEN DESIGNED IN SUCH A WAY THAT THE USER CAN
DEFINE 3 RANGES IN HEIGHT AND 5 RANGES IN SPHERICAL DISTANCE,
EACH WITH VARIABLE GRID SPACING.

elvlvle

CCcCcCcCccecreececeececeecercececcccececcecececcececccecceceeccecececccecccecccececccececcececccceccceccccc

slvivivlvielvivivivivivivivivivivivivivivivivivivivivivivivivlvivivivivlivivolvivivivivIvivivlvlolvio e

SPHERICAL DISTANCE GRID SPACINGS (I STANDSC
FOR HEIGHT RANGES., J FOR SPH. DIST. RANGESC
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NDPSI(I,J) ... NUMBER OF SPHERICAL DISTANCE GRID SPACINGSC
(I AND J AS ABOVE) C

PSISCI,J) ... SPHERICAL DISTANCE RANGE STARTING VALUES C

PSIICD) ... SPHERICAL DISTANCE UPPER LIMIT VALUES C

PSC(I,. ¢ ... EACH ROW VECTOR CONTAINS THE COSINE OF THEC
SPHERICAL DISTANCE OF THE GRID POINTS

IACC(I), JACC(I,J) ... INTEGER VECTORS USED TO ASSIGN NUMBERS TO
GRID POINTS

KKK KR RKAKNKK OUTPUT KRKKERKK KK
RV(L) ... VECTOR OF GRID VALUES IN S DIRECTION
DV(I,J) ... EACH ROW VECTOR CONTAINS THE COSINE OF

THE SPHERICAL DISTANCE OF THE GRID POINTS
THE PROGRAM USES THE SUBROUTINES COVAXS, BILDEC AND BLOCKDATA.

IF COVNET AN?ETEST ARE RUN SEPARATELY, THE STATEMENT

’ CALL ST’

HAS TO BE REPLACED BY A WRITE-STATEMENT SUCH, THAT ALL QUANTI-
TIES ENCOUNTED IN THE LABELED COMMON BLOCKS ~GRID/ AND /GRIPAR/
ARE STORED ON FILE 1.

vivivivivivivivivivivivivivIivIvIvIvIol]

IN CASE YOU LIKE TO CHOCSE M INSTEAD OF 3 AS THE NUMBER OF RADIALC
RANGES AND N INSTEAD OF 5 AS THE NUMBER OF SPHERICAL DISTANCE C
RANGES, YOU HAVE TO REPLACE ALL 3 BY M, ALL 5 BY N AND ALL 6 BY C
N+1 WITHIN THE LABELED COMMON BLOCK ~GRIPAR/. THIS CHANGE HAS TO C
BE MADE IN COVNET, TEST AND COVAPP. g
IN CASE YOU LIKE TO CHANGE THE DIMENSION OF THE GRID ARRAY FROM C
C(30,50,4,16) TO C(K1,K2,4,16), YOU HAVE TO MAKE THE SAME CORREC-C
TIONS ALSO IN TEST, BILDEC AND GET. BESIDES THAT THE DIMENSIONS C
OF RV(30) AND DV(3,50) MAVE TO BE NOW RV(Kl1), DV(3,K2). CHANGE C
THE DIMENSION CF DV ALSO IN TEST AND OF THE CORRESPONDING ARRAY C
PS IN COVAPP. CHANGE ALSO THE VALUES FOR MH AND MD IN THE DATA
STATEMENT IN COVNET.

C
C
C
REFERENCES : H. SUENKEL (1978) C
C

CccCcCccceceeececcececceceeccecccceccccececceeccceccececccecccececcececcceccceccceccceccccecccecccecc

C
cccccccececeececececcececcececccecccecccececcececcceccececcececccecccecccecccececccecccecccecccececce

COVAXS AND COV AXN DIFFER FROM C 0 V A X <(TSCHER-
NING, 1976) BY THE FOLLOWING MODIFICATIONS :
1. THE COMPUTED COVARIANCE COV IS AN ELEMENT OF THE PARAMETER LIST.

2. THE ENTRIES COVAX, COVBX AND COVCX HAVE BEEN REPLACED BY VARIAB-
LES SUCH, THAT (-1,COV) CORRESPONDS TO THE £NTRY COVAX, (@,COV)
TO THE ENTRY COVBX AND (1,COV) TO COVCX.

3. THE CRITICAL ALTITUDE HMAX IS KEPT CONSTANT AND EQUAL TO 25 KM.
IF(KI(3)<3 OR (KI(53)=3 AND KI(4)>KI(3))) AND IF(KI(3) OR KI(4)>
200), LSUM IS .TRUE., OTHERWISE .FALSE. .

IF THE FIRST CONDITION IS NOT FULFILLED, LSUM IS . TRUE. FOR
KI(3) OR KI(4) > 2900, OTHERWISE IT IS .FALSE. .

WHEN LSUM IS .TRUE., WILL THE COVARIANCES IN ALTITUDES HIGHER
THAN 25 KM BE COMPUTED BY EVALUATING TXE SUM OF THE LEGENDRE -
SERIES HAVING N2=299 TERMS.

ADDITIONAL SIMPLIFICATIONS FOR C O V A X S :

1. THE INTEGER ARRAYS K19, K21 AND K23 HAVE IDENTICALLY THE VALUE
ZERO.

2. THE ARRAY C1t HAS IDENTICALLY TNE VALUE ONE.

3. SINCE COVAXS MUST ONLY PROVIDE DERIVATIVES OF THE DISTURBING
POTENTIAL COVARIANCE FUNCTION IN RADIAL DIRECTION AND WITH RE-
SPECT TO THE COSINE OF THE SPHERICAL DISTANCE BETWEEN TWO POINTS,C
THE COMPUTATION OF THE QUANTITIES DC(1), ... ,D(36) (TSCHER- C

vlvivivinivivivivivivivivivivivivivivivivivivivivivivivivlivivivivivivNvIvivivivivivivivIvivivIvIvIvIvIvIvIvivivIvivivivivIvivivIvlvivlvivlo ol ol @)
vivivivivivivivivivivivivivivivivivlivivivivIvivioleol 9]



C
C
C
C
C
C
C
C
C
C
C
C
C

5000
5001
5002
5003
5004
6001

6002
6003

6005
6006
6007

6008
6009

6010
6011

6012
6013

6814
6015
6016
6017
6018
6019

Cc
C
C

violyl

¥R KK KX

a7

NING, 1976, P. 37) IS NOT NECESSARY. FOR THE SAME REASON COVAXSE C
NEEDS NOT TO COMPUTE THE INTEGERS SPECIFYING THE KINDS OF DIFFER-C
ENTIATION AND THE DIFFERENTIATION ITSELF WITH RESPECT TO THE
LATITUDES AND LONGITUDES. THEREFORE, THE PART BETWEEN THE STATE- C
MENTS #7?8 AND #8535 IS NOT NECESSARY EITHER. STATEMENT #85 HAS TO C
BE REPLACED BY C
' 85 COV=C(ND1+1)"* C
(TSCHERNING, 1976, P. 60). C
THIS LIST GIVES ONLY THE MOST ESSENTIAL CHANGES AND PRO- C
C
C
C
C

(¢

VIDES THE USER A TOOL TO QUICKLY ADJUST COVAX IN ORDER TO BE
FULLY APPLICABLE FOR COVNET AND TEST, RESPECTIVELY.

CCCcCcCcCcCcCCceccrceeeecececcceeececececcceceececceccccecceecceccecccececcececcccecececcccccecereccccccce

IMPLICIT REAL%8(A-H,0-7)
LOGICAL LOCAL
COMMON /GRID~C(30,50,4,16) /GRIPAR/RB2, S0(3), DS(3), S1(3), DPSI(

3,5), PSIS(3,6), PSI1(3), DV(3,50), RE, IACC(3),, JACCI(3,3)

, DR »~COM2/DUMMY(2) , DX, DY, I, J

»~COM3-HO(3), DH(3), H1(3), JACC(3), NDPS{(3), NDPSI(3,53)

/COM4~/RV(30)

iggCEV/CI(l2). CR(51), SIGMAO(300), SIGMA(300), KI(23), NI,
A

DATA RHOM/3.4377467¢71D3/,MH, MD/30,50/

FORMAT(3DI15. 1)

FORMAT(2D15.7,415,L2)

FORMAT( 12F6. 2)

FORMAT( 1615)

FORMAT(5(D10.2, 15))

FORMAT( 1H ,4X, ’COVARIANCE FUNCTION PARAMETERS :',//,5X,’RBRE2.....
*’',1D15.7,7,5X, "A..... «es.',1D15.7,7/,8X,'KI(3).....’,13,/,53X, 'KI(4)
*,....°,13,7/,5X,’KI(3)..... 'L I3,/,5X,’Na. ... >, 1377)

FORMAT( 1H ,4X,EMPIRICAL ANOMALY DEGREE VARIANCES IN UNITS OF MGAL
**x2 :',//,5X,25(12F6.2/))

FORMAT{ 1HO, 4X, *CPU-TIME NEEDED FOR THE CALCULATION OF THE COVARIAN
*CE GRID...’,F10.5/)

FORMAT( IH ,4X,’'LEVEL...’,13/)

FORMAT(1H ,4X,16D12.4)

FORMAT( IH ,4X,'NUMBER OF GRID POINTS IN RADIAL DIRECTION EXCEEDS T
*HE PRESCRIBED LIMIT IN THE DIMENSION STATEMENT®/)

FORMAT(1H ,4X, 'NUMBER OF GRID POINTS IN SPHERICAL DISTANCE EXCEEDS
*THE PRESCRIBED LIMIT IN THE DIMENSION STATEMENT’ )

FORMAT( 1HO,4X, ' NUMBER OF RADIAL RANGES (NDR) ...’,I3,//5X,' I

* HO(I) HICD DH(I)  ',/,5X,’=---———=--———v
= m = ')

FORMAT( 1H ,4X, 12,2X,3F15.1/)

FORMAT( 1HO,4X. 'NUMBER OF SPHERICAL DISTANCE RANGES'//5X,’ I ND
XPS(1)’,/,5X, '—==mmmmmmmmm = %)

FORMAT( 1H ,4X, 12'6X 12)

FORMAT(1HO, 4X. 'SPHERICAL DISTANCE GRID VALUES AND NUMBER OF CORRES
*PONDING INTERVALS'//SX.' I J DPSICT,J) HDPSICI,J) *7)
FORMAT(1H ,4X,12,13,F14.6,86X,13)

FORMAT( 140, 4X, 'GRID POINT VALUES IN RADIAL DIRECTION’/)

FORMAT(1H ,4X,8F12.1)

FORMAT( 1HO,4X, 'GRID POINT VALUES IN SPHERICAL DISTANCE’/)
FORMAT( 1HO, 4X, ' RADIAL RANGE NUMBER ...’,I12/)

FORMAT( 1H ,4X,8F10.6)

RE=6371.6D3

READ AND ECHO COVARIANCE PARAMETERS
READ(5,5001) RBRE2,A,KI(3),KI(4) ,KI(5),N,LOCAL

WRITE(6,6001) RBRE2,A,KI(3),KI(4),KI(5),N
IF(N.LT.2) N=2

N1=N+1
IF(C.NOT.LOCAL) READ(5,5002) (SIGMAO(I),I=1,N1)
IF(.NOT.LOCAL) WRITE(6,6002) (SIGMAOCI),I=1,N1)

READ AND ECHO COVARIANCE CRID PARAMETERS

READ(S5,3003) NDR

READ(5,5000) ((HOCD ,H1CI),DHC(I)), I=1,NDR)
READ(3,3003) (NDPSC(I),I=1,NDR)

DO 21 I=1,NDR
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oon

18
19

20
25
23

22

anaoan

28

NDN=NDPS( I)
READ(5,5004) ((DPSI(1,J},NDPSICI,J)),J=1,NDN)
WRITE(6,6009) NDR

WRITE(6,6010) ((I,HOCI),B1(1),DHC(D)),I=1,NDR)
WRITE(6,6011)

WRITE(6,6012) ((I,NDPS(1)),I=1,NDR)
RB2=RE¥REXRBRE2

CI(8)=A%RB2x1.0D-10

CI( 10)=RBRE2

CALCULATE THE ARRAYS So,DS,S1,RV, IACC,PSIS,PSI1,DV,JACC,JACCI

1=6

IAC=0

I=1+1 3
IAC=IAC+1

SO( 1) =RB2/(HO( 1) +RE) /( HO( 1) +RE)
RV(IAC)=HO( I)+RE

IAC1=1AC+1
RV(IAC1) =HO( ) +DH( 1) +RE
S=RB2/RV( IAC1) /RV( IAC1)
DS(1)=S-S0CI)

IAC= IAC1

S=S+DS(I)

R=RB2/S

R=DSQRT(R)
IF(R.GT.(H1(1)+DH(D)+RE)) GOTO 19
IAC=IAC+1

IF(IAC.LE.MH) GOTO 18
WRITE(6, 6007)

STOP

RV(IAC) =R

GOTO 2

S1(1)=S-DS(1)

IACC(I)=1AC

IFCI.LT.NDR) GOTO 1

DO 23 I=1,NDR
PSIS(I1,1)=0.0D0
DV(I,1)=1.0D0

JAC=1

NDN=NDPS( 1)

PSIL=0.0D0O

NNN=9

DO 25 J=1,NDN

NDM=NDPSICI.J)
DPSI(I1,J)=DPSICI,J) /RHOM
NNN= NNN+NDM

JACCI(I,J)=NNN

DO 3 K=1,NDM

JAC=JAC+1

IF(JAC.LE.MD) GOTO 20
WRITE(6,6608)

STOP

PSIL=PSIL+DPSI(I1,J)
DV(1,JAC)=DCOS(PSIL)
PSIS(I,J+1)=PSIL

JACC( 1) =JAC

PSI1(I)=PSIL

WRITE(6,6013)

DO 22 I=1,NDR

NDN=NDPS( I)

DO 22 J=1,NDN

WRITE(6,6014) I,J,DPSICI,J),NDPSICI,J)
WRITE(6,6015)

WRITE(6.6016) (RV(I},I=1,IAC)
WRITE(6,6017)

DO 24 I=1,NDR

JAC=JACC( I)

WRITE(6,6018) 1

WRITE(6,6019) (DV(I,J),J=1,JAC)

CALL COVAXS FOR CALCULATION OF THE BASIC QUANTITIES OF THE COVARI-
ANCE FUNCTION
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CALL COVAXS(-1,CO0V)
CALCULATE ALL NECESSARY COVARIANCES AT ALL GRID POINTS

CALCULATE COV(T,T) AT ALL GRID POINTS

IAC1=1
JACL=1

1ACU=0

IRK=0

IRK= IRK+ 1

IACL= IACU

1ACU= IACC( IRK)
IACL= IACL+1
JAC=JACC( IRK)
KI(6)=1

KI(?)=1

CALL COVAXS(@,COV)
DO 4 I=IACL, IACU
CR(2) =RV( 1) ~RE
CR(3) =CR(2)

DO 4 J=1,JAC

CR( 1) =DV( IRK, J)
CALL COVAXS(1,COV)
C(1,J,1,1)=COV

CALCULATE COV(DR(T),DR'(T)) AT ALL GRID POINTS

KI(6)=2

KI(?7)=2

CALL COVAXS(0,C0OV)

DO 5 I=1ACL, IACU
CR(2)=RV(I)-RE

CR(3)=CR(2)

DO 5 J=1,JAC
CR(1)=DV(IRK, J)

CALL COVAXS(1,COV)
C(I1,J,2,1)=COV/RV(I) /7RV(])

CALCULATE COV(DT(T),DT(T)) AT ALL GRID POINTS

CALL COVAXS(0,C0V)
DO 6 I=1ACL, IACU
CR(2)=RV(I)-RE
CR(3)=CR(2)

DO 6 J=1,JAC

CR( 1) =DV( IRK, J)

CALL COVAXS(1,COV)
CcI,J,3,1)=COV

CALCULATE COV(DELTA G,DELTA G) AT ALL GRID POINTS

KI1(6)=3

KI1(?)=3

CALL COVAXS(9,CO0V)

DO 7 I=1ACL, IACU
CR(2)=RV(I)-RE

CR(3)=CR(2)

DO 7 J=1,JAC

CR( 1)=DVC(IRK. J)

CALL COVAXS(1,C0V)
C(I,J,4,1)=COV/RV(I) /RV(I)

CALCULATE FIRST ORDER DERIVATIVES AT ALL GRID POINTS

KI1(6)=6
KI(?)=1
CALL COVAXS(0,CO0V)
DO 8 J=1,JAC, JACI1
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CR(1)=DV(IRK,J)

DO 8 I=1ACL, IACU
CR(2)=RV(I1)-RE
CR(3)=CR(2)

CALL COVAXS(1,CO0V)
C(I,J,1,3)=COV
KI(6)=10

KI(?)=2

CALL COVAXS(0,COV)
DO 9 J=1,JAC,JACI
CR(1)=DV(IRK, J)

DO 9 I=IACL, IACU
CR(2)=RV(I}-RE
CR(3)=CR(2)

CALL COVAXS(1,C0V)

C(I1,J,2,3)=COV/RV(I)/RV( ]}

KI(6)=12

KI(?)=6

CALL COVAXS(9,COV)
DO 1o J=1,JAC,JACI
CR(1)=DV(IRK,J)

DO 10 I=1ACL, IACU
CR(2)=RV(I)-RE
CR(3)=CR(2)

CALL COVAXS(1,COV)
cc1,J,3,3)=Cov
KI(6)=8

KI(7?)=3

CALL COVAXS(0,CoV)
Do 11 J=1,JAC,JACI
CR(1)=DV(IRK, J)

DO 11 I=IACL,IACU
CR(2)=RV(I)~-RE
CR(3)=CR(2)

CALL COVAXS(1,CO0V)

C(I1,J,4,3)=COV/RV( I)/RV(I)

KI(6)=2

KI(?)=1

CALL COVAXS(@,COoV)

DO 12 I=TACL, IACU, IAC1
CR(2)=RV(I)-RE
CR(3)=CR(2)
S=RB2/RV( 1) RV(]I)

DO 12 J={,JAC
CR(1)=DV(IRK,J)

CALL COVAXS(1,COV)
C(1,J,1,2)=COV/S
KI(g6)=2

KI(?)=5

CALL COVAXS(0,CO0V)

DO 13 I=1ACL, IACU, IAC1
CR(2)=RV(I)~-RE

CR(3) =CR(2)

DO 13 J=1,JAC

CR( 1) =DVC(IRK,J)

CALL COVAXS(1,COV)
c(I,J,2,2)=COV/RB2
KI(6)=12

KI(?)=2

CALL COVAXS(0,C0V)

DO 14 I=IACL, IACU, IACI
CR(2)=RV(I])-RE
CR(3)=CR(2)
S=RB2/RV( 1) 7/RV( 1)

DO 14 J=1,JAC
CR(1)=DV(IRK, J)

CALL COVAXS(1,C0V)
C(I,J.3.2)=C0OVrS
KI(e)=4

KI(?)=3

CALL COVAXS(0,C0V)

DO 15 I=1ACL, IACU, IAC1
CR(2)=RV(I)~RE



aAaA—

ama-—

26

31

CR(3)=CR(2)
S=RB2/RV(I) 7/RV( )
DO 15 J=1,JAC
CR(1)=DVC(IRK,J)
CALL COVAXS(1,COV)
CcI,J,4,2)=COV/RB2

CALCULATE SECOND ORDER MIXED DERIVATIVES AT ALL GRID POINTS

DO 16 I=IACL, IACU, IAC1
CR(2)=RV( 1) -RE

CR(3) =CR(2)
S=RB2/RV( 1) /RV( 1)

DO 16 J=1,JAC,JACI
CR( 1) =DV( IRK, J)
KI(6)=2

KI(7)=6

CALL COVAXS(@,COV)
CALL COVAXS(1,COV)
C(I,J,1,4)=COV/S
KI(6)=5

KI(?7)=10

CALL COVAXS(@,COV)
CALL COVAXS(1,COV)
C(I,J,2,4)=COV-/RB2
KI(6)=10

KI(?)=12

CALL COVAXS(0,COV)
CALL COVAXS(1,COV)
C(1,J,3,4)=COV/S
KI(6)=4

KI(?7)=8

CALL COVAXS(0,COV)
CALL COVAXS(1.COV)
C(1,J,4,4)=COV/RB2
CONTINUE

IFC IRK.LT.NDR) GOTO 30
DO 17 I=1,IACU

RV( [) =RB2.RV( 1) Z/RV( I)

CALCULATE POLYNOMIAL COEFFICIERTS FOR ALL ELEMENTS

DO 26 II=1,NDR
NDN=NDPS(I1I)
NDM=JACCICII,NDN)

DO 26 J=1,NDM
DY=DVCII,J+1)-DV(II,J)
NNN=TACC(II)-1

IF(II.GT.1) NNN=NNN-TACC(II-1)
DO 26 NN=1,NNN

I=NN

IFCITI.GT.1) I=I+IACC(II-1)
DX=RV(I+1)-RV(I)

CALL BILDEC

CALL TEST
STOP
END
BLOCK DATA

IMPLICIT REAL*8(A-H,0-2)

coMMON -~COMDAT-D1,D32,D2,D3,D10

COMMON ~COMO-K?(14), K9(14), KI11(14), K13(14), K19(14), K21(14),
*K23(14), C11(14)

DATA D1.D32,D2,D3,D10 s/1.0D0,1.35D0,2.0D0,3.0D0,1.0D-10/

DATA K7-5%0,6x1,3x2/, K19-1,4%0,2%1,7*x0/, K21/0,1,3%0,6%x1,3*%2/, K2
*3/6*x0,1,0,1,0,1,0,1,2-, Cl171.0D0,-1.0D9,1.0D3,2%1.0D9, 2x206264.8
*06DO,2%-1.0D9,2%x1.0D9,3*1.0D9/, K9,/35%1,2,3,2,3,2,3,2,2,37, Kll1/11x
*gﬁg,S.S/. K13-11%1,2,3,37



32

SUBROUTINE BILDEC
CccCcCcCcccCcececeececeeccececccececcececccececcececccececcececccecccececcecccceccceccccecccececcccccccce
C

C
C GENERATION OF THE BICUBIC POLYNOMIAL COEFFICIENT VECTORS FOR THE C
C ELEMENT WITH LOWER LEFT CORNER INDICES M,N . C

C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS
C

C KKKKKKKK KK INPUT XXEKKKKKKK C
C C
C D(.,.,., Kb, K=1,4 ... 4-DIM. ARRAY CONSISTING OF FUNCTION VALUESC
C (K=1), 1. DER. IN X (K=2), 1. DER. IN Y C
C (K=3), 2. DER. IN XY (K-4)

C M, N ... INDICES OF THE ELEMENT'S LOWER LEFT CORNERC
C DX, DY ... GRID DISTANCES OF THE CORRESPONDING ELE- C
C MENT C
C C
C KKKKRKK KKK OUTPUT XKKKKKK KKK C
C C
C D¢(.,.,.,K, K=1, ... ,16 C
C C
C TRANSFER IN COMMON : D, DX, DY, M, N, D1, D32, D2, D3 C
C C
CCCCCCCcCcCcrrerreecececeaececcccececececececccecececccccecececccccececececcccecececcccececceccccccccc

IMPLICIT REAL*8(A-H,0-2)
COoMMoN -GRIDsD(390,50,4,16) ~COM2/DUMMY(2), DX, DY, M, N ~COMDAT/DI1,
* D32, D2, D3

DIMENSION CC(4,4),C(16),A(16)
EQUIVALENCE (CC(1,1),C(1))

DO 40 J=1,4

DO 50 K=1,3,2

K1=K/2+M

K11=K+1

DO 50 L=1,3,2

L1=L/2+N

L11=L+1

CC(K,L)=D(K1,L1,J,1)
CC(K11,L)=D(X1,L1,J,2)*%DX
CC(K,L11)=D(K1,L1,J,3)%DY

50 CC(Kl11,L11)=D(K1,L1,J,4)*DXxDY

C1=D2x(C(9)-C( 1))

C2=D32xC1

C3=D2x%(C(10)-C(2))

C4=D32xC3

C5=D2%(C(11)-C(3))

C6=D32:xC3

?=D2*(C(12)-C(4))

C8=D32:xC7

C9=C(13)+C(d)

C10=C9+C(3)

C11=C(14)+C(6)

C12=C11+C(6)

C13=C(15)+C(?)

C14=C13+C(7?)

C15=C(16) +C(8)

C16=C15+C(8)

A(1)=C(1)

A(2)=C(2)

A(3)=C(5)

A(6)=C(6)

A(9)=C2-C10

A(C13)=C9-C1

A(C10)=C4-C12

A(14)=C11-C3
A(4)=C(4)+C(2)-D2%x(C(3)-C(1))
A(3)=C(3)-C(2)-C(1)-A(4)
A(8)=C(8)+C(6)-D2%(C(7)-C(5))
A(?)=C(7)-C(6)-C(3)-A(8)
AC12)=C8-C16+A(10)-D2*(C6-C14-A(9))
AC11)=C6-C14-A(9)-A(10)-A(12)
AC16)=D2x(C3-C13+A(13))-C7?+C15+A(14)
AC13)=C13-C5-A(13)-A(14)-A(C16)
DO 41 11=2,16
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41 D(M,N,J, II}=ACID)
40 CONTINUE

RETURN

END

SUBROUTINE TEST
CCCcCcCcCcCcCcCcCccccceeecececccceececceccccececceccccecececcccccececcccccececccccccececccccccccce

THIS PROGRAM IS DESIGNED AS A USER EXAMPLE FOR COVAPP AND PRO-
VIDES, MOREOVER, A COMPARISON OF COVAPP AND COVAXN, A SLIGHTLY
MODIFIED VERSION OF THE ORIGINAL SUBROUTINE COVAX (TSCHERNING,
1976) .

CCCCCCCcCcCccCceeeececcceceececcecrccecececcccceecececccceccececcccceccececccccecceccecccccccecccc
THE NAMES OF PARAMETERS AND VARIABLES BETWEEN THE COMMENT CARDS
Ci1111 - C1111 ARE IDENTICAL WITH THOSE USED IN COVAPP, BETWEEN
C2222 - C2222 WITH THOSE USED IN COVNET AND COVAXN

ADDITIONAL ARRAYS USED FOR COMPARISON PURPOSES :

ICB(.) ... VECTOR USED FOR REORDERING THE COVAXN -
COVARIANCES (8,9,18,11) ---> (10,11,8,9)

SEC(.,.}, RES(.,.}) ... ARRAYS USED TO STORE ALL COVARIANCES CAL-
CULATED BY COVAPP AND COVAXN

CTC.) ... VECTOR USED FOR COORDINATE TRANSFER TO
COVAPP

IF COVNET AND TEST ARE RUN SEPARATELY, THE COMMENT STATEMENT

'C GET COVARIANCE AND GRID PARAMETERS’

HAS TO BE REPLACED BY A READ STATEMENT FOR THE COVARIANCE AND
GRID PARAMETERS SUCH, THAT ALL QUANTITIES ENCOUNTED IN THE
LABELED COIMMON BLOCKS ~/GRID/ AND /GRIPAR/ ARE TRANSFERRED TO TEST

HERAKIKK KKK INPUT FORAK AR KK KKK
XLATP, XLONP, HP ... GEODETIC LATITUDE, LONGITUDE AND HEIGHT
OF THE POINT P
XLAT@, XI.ONQ, BHQ ... GEODETIC LATITUDE, LONGITUDE AND HEIGHT

OF THE POINT Q
XK KKK KKK OuUTPUT P33 3333333

ALL TYPES OF COVARIANCES (1-14, 1-14) CALCULATED WITH COVAPP AND
WITH COVAXN AS WELL AS ITS ABSOLUTE DIFFERENCES.

CCCCCCCCcCcCccCcceerceecececececceccecceccececcececcececccecccececcececcceccceccccecccecccececcccccce
IMPLICIT REAL*8(A-H, 0-2)

1111 ARRAYS AND DATA NECESSARY FOR COVARIANCE CALCULATIONS USING COVAPP

COMMON /GRID,/C(30,50,4,15) /GRIPARRB2, S0(3), DS(3), S1(3), DPSI(
3,5, PSIS(S 6) PST1(3), PS(3, 50) RE, TACC(3), JACCI(3,5)
NDR /COMI/CT(I”)
DATA BHOC GM 75.729577951D1,3.98D14/

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
TC
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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C
Cii11

C
C2222 ARRAYS NECESSARY FOR COVARIANCE CALCULATIONS USING COVAXN
C

LOGICAL LOCAL
COMMON ~/CMCOV/CI(12), CR(31), SIGMAO(300), SIGMA(300), KI(23), NI,
x LOCAL

C
Cc2222
C



C3333
C

C
C3333
C

5003
5010
6004

6010
6011

6012
6013
6014

6015
6018

vlvivlviole]

444
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700

300

490
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ARRAYS AND DATA USED FOR COMPARISON PURPOSES

DIMENSION ICH( 14)
DIMENSION SEC(14,14), RES(14, 14)
DATA ICH/1,2,3,4,5,6,7,10,11,8,9,12,13, 147

FORMAT( 16 13)

FORMAT(3D20. 10)

FORMAT( 1H1,4X, 'GEODETIC COORDINATES OF P ARD Q’',//7X,* I LATI
*TUDE(P) LONGITUDE(P) HEIGHT(P) LATITUDE(@ LONGITUDE

*(Q) HEIGHT(Q)'’//)

FORMAT( 1H ,4X,14,2(2F15.6,F12.1,53X))
FOR?AT(IHO,18X.’1’.14X,’2'.14X."'.14X.'4'.14X,‘5’,14X.'6'.14X.'7'
®,//

FORMAT(1H ,4X,12,7F13.8)

FORMAT( 1HO,4X, *MATRIX OF COVARIANCES CALCULATED WITH COVAPP'./,)
FORMAT( 1HO, 18X,'8’,14¥%,°9’,13X,’'10°*,13%X,'11°,18¥%,'12',13%,'13*, 13X
x,’14//)

FORMAT( 1HO, 4X. ' MATRIX OF COVARIANCES CALCULATED WITH COVAXN'//,)
FORMAT( 1HO, 10X, 'RELATIVE ERRORS’..)

GET COVARIANCE AND GRID PARAMETERS

READ AND ECHO THE GEODETIC COORDINATES OF P ARD Q

NRDAT=1

READ(5,5010,END=40) XLATP, XLONP, HP, XLATQ, XLONQ, HQ
WRITE(6,6004)

WRITE(6,6010) NRDAT, XLATP, XLONP, HP, XLATQ, XLONQ, HQ
XLATP=XLATP-/RHOG

XLOKP=XLONP/RHOG

XLATQ=XLAT®RHOG

XLONQ=XLONQ@”RHOG

CALCULATE CR(1),... ,CR(12)

CR(2) =HP

CR(3) =HQ

CR(4) =DSIN( XLATP)

CR(5) =DSIN( XLATQ)

CR(6) =DCOS( XLATP)

CR(7) =DCOS( XLATQ)

CR( 8) =DS IN( XLON@~XLONP)

CR(9) =DCOS( XLONQ@-XLONP)
PS1=CR(4)*CR(5)+CR(6) *CR(7) *CR( 9)
CR(1)=PSI

CR( 12) =DARCOS(PS 1)

CR( 10) =GN/ ( CR(2) +RE) /( CR(2) +RE)
CR( 11) =G ( CR(3) +RE) /( CR(3) +RE)
DO 700 I=1,12

CT(I)=CR(I)

CALCULATE ALL DIFFERENT TYPES OF COVARIANCES USING COVAPP

DO 100 J=1, 14

DO 100 K=1, 14

CALL COVAPP(J,K,COV)
RES(J, K) =COV
SEC(J,K)=RES(J,K)
CONTINUE

PRINT ALL COVARIANCES

WRITE(6,6013)

WRITE(6.6011)

DO 360 J=1, 14

WRITE(6.6012} J,(RES(J.K),K=1,7)
WRITE(6,6014)

DO 400 J=1, 14

WRITE(6,6012) J,(RES(J,K ,K=8,14)
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CCCCcCcCcCCcCcCcCcrccrcrcreececececcceececcececccecececececccecececceccccececceccecccecececececcccecececececccccececce

IT IS ESSENTIAL TO STATE THAT THIS PROGRAM ALONE IS NO ALTERNA-
TIVE TO THE PARENT - SUBROUTINE C O V A X ( C.C. TSCHERNING,
1976) . COVAPP IS A DIFFERENTIATION ~ INTERPOLATION SUBROUTINE
WHICH IS ABLE TO PROVIDE THE SAME KIND OF COVARIANCES AS COVAX
DOES WITH ARBITRARY HIGH ACCURACY FOR A MUCH LOWER PRICE IN

sivizvivixivizizizivIvivITIRI I
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CALCULATE ALL DIFFERENT TYPES OF COVARIANCES USING COVAXN

CALL COVAXN(-1,CO0V)
DO 600 I=1,14
KI(6)=1

DO 600 J=1, 14
KI(7?)=J

CALL COVAXN(0,COV)
CALL COVAXN(1i,COV)

REORDERING OF COVARIANCES (8,9,10,11) ---> (10,11,8,9)

I1=1ICHCI)

JJ=ICH(J)

RES(II,JJ)=COV

CONTINUE

WRITE(6,6015)

WRITE(6,6011)

DO 602 J=1.,14

WRITE(6,6012) J,(RES(J,K),K=1,7)
WRITE(6,6014)

DO 603 J=1, 14

wRITE(6,6012) J, (RES(J,K),K=8,14)
DO 3567 I=1, 14

DO 3567 J=1, 14

SEC( {,J)=1.0DO0-DABS(SEC(1I,J) /RES(I,J))
SEC{( 1,J)=DABS(SEC(I1,J))
WRITE(6.6018)

WRITE(6.6011)

DO 500 J=1, 14

WRITE(6,6012) J,(SEC(J,K) ,K=1,7)
WRITE(6,6014)

DO 3501 J=1,14

WRITE(6,6012) J,(SEC(J,X ,K=8, 14)
NRDAT=NRDAT+1

GOTO 444

RETURN
END

SUBROUTINE COVAPP(KR1, KR2,CO0V)

CCcCcCcCcCcLcecrceececececcececccececececccececcececuececccececccececcececccecccececcececccececcececccecccecc
C

COVAPP COMPUTES APPROXIMATIONS OF A COVARIANCE BETWEEN TWO C

QUANTITIES RELATED TO THE DISTURBING POTENTIAL OF

THE EARTH.

TERMS OF CPU -~ TIME.

IT IS DESIGNED FOR LARGE SCALE APPLICATIONS OF COLLOCATION IN-

VOLVING THE CALCULATION OF A LARGE NUMBER OF COVARIANCES.

THE BASIC NETWORK OF COVARIANCES IS GENERATED BY C O VN E T
USING COVAXS, A SIMPLIFIED VERS1ION OF COVAX. THIS NET HAS TO BE
GENERATED ONCE FOR ALL. AS SOON AS IT EXISTS, COVAPP CAN BE ACTI-

VATED.
FOR PREFERENCE SEE (H. SUENKEL, 1978).

C
C
C
C

vivivivivivivivivivivivIvivivle)



MENTS.
A1C.) ..
A2(.)
A3(.)
A4(.)

KKKKKKKKKXK
KR1, KR2 ...
CR(1) ...

CR(2), CR(3) ...
CR(4), CR(3) ...
CR(6), CR(7?)
CR(8), CR(9) ...
CR(10), CR(11) ...
CR( 12)

CAL TO THAT IN COVAXN.
RB2

RE ...
NDR ...

KKKKKKKKKXK

Cov ...

BLOCKDATA.

vivivivivivlvivivivivlvivivivivivivivivivivivivivivivivlvivEvivivivivivivivolviviolvivivivivivivivivivlvivlvivivlvlvle)

IN ORDER TO MAKE COVAPP AS COMFORTABLE AS POSSIBLE,
MIZED ITS DISTANCE TO COVAX RESULTING IN PARTLY IDENTICAL STATE- C

THE VECTOR CR IS TRANSFERRED IN THE LABELED COMMON BLOCK -COM1-/.
ALL ELEMENTS CONTAINED IN THE LABELED COMMON BLOCKS /GRIPAR/ AND
/GRID/ MUST HAVE BEEN MADE AVAILABLE BEFORE COVAPP IS CALLED.
TO ALL ELEMENTS CONTAINED IN THE LABELED COMMON BLOCKS -/COMO/
AND ~/COMDAT/ A VALUE HAS BEEN ASSIGNED IN THE BLOCKDATA SUB-
ROUTINE. THE MEANING OF Kv(.),

36

WE HAVE MINI-C

POLYNOMIAL COEFFICIENTS OF COV(T,T)
" COV(DR(T) ,DR’(T))

" COV(DT(T) ,DT(T))

" COV(DELTA G,DELTA G)

INPUT

INTEGERS CODING THE KIND OF OPERATOR TO
BE APPLIED ON THE COVARIANCE FUNCTION AT
THE POINTS P AND Q

gOﬁégEQOF THE SPHERICAL DISTANCE BETWEEN
HEIGHTS OF P AND Q (METERS)

SINE OF THE LATITUDE OF I AND Q

COSINE OF THE LATITUDE OF P AND Q

SINE, COSINE OF THE LONGITUDE DIFFERENCE
REFERENCE GRAVITY AT P AND Q

SPHERICAL DISTANCE BETWEEN P AND Q

KKK KKK KKK

K23(.) AND C11¢.) IS IDENTI-

DY ’

[viviviolvivivivivivivlvivivlivivivivivivivivlvIvivivivolvlolole

SQUARE OF THE RATIO BETWEEN THE RADIUS OF C
THE BJERHAMMAR SPHERE AND THE MEAN RADIUS C
OF THE EARTH (RE)

MEAN RADIUS OF THE EARTH
NUMBER OF RANGES IN RADIAL DIRECTION (ITS C
MAXIMUM IS 3 ACCORDING TO THE DIMENSION
STATEMENTS)

LOWER LIMITS OF RADIAL RANGES IN S

GRID DISTANCES IN S-DIRECTION

UPPER LIMITS OF RADIAL RANGES IN S

SPHERICAL DISTANCE GRID SPACINGS
SPHERICAL DISTANCE RANGE STARTING VALUES C
SPHERICAL DISTANCE UPPER LIMIT VALUES
EACH ROW VECTOR CONTAINS THE COSINE OF THEC

[vlvivivlvivivivlvle]

(9]

SPHERICAL DISTANCE OF THE GRID POINTS C

C

C

OUTPUT KKK KKK KKKXK C

C

COMPUTED COVARIANCE C

. C
THE PROGRAM USES THE FUNCTION BSFC, THE SUBROUTINES GET AND C
C

C

C

CCCCCCCCCCCCCCCcccreeeececececcececececececccecececcecccececececccccececcecccccececececccccececccccc

IMPLICIT REAL*x8(A-H,O0-7Z)
COMMON ~-AA’A1(16),A2(16) ,A3(16),A4(16) ,D(36)

KR K NAXXX

6004 FORMAT(

EQUIVALENCE (T,CR(1)),(HP,CR(2)),

/GRIPAR/RB2, S0(3), DS(3), S1¢(3), DPSI(3,3), PSIS(3,6),
PSI1(3), PS(3,50), RE, IACC(3), JACCI(3,5), NDR
»COMO/K?(14), K9(14), K11(14), KI13(14), K19(14), K21(14),
K23(14), C11(14) ~COM1/CR( 12) sCOM2/X, Y, DX, DY, IS,
JT ~COMDATsD1, D32. D2, D3
(HQ,CR(3)),(SP,CR(4)),(SQ,CR(5))

,(CP,CR(6)),(CQ,CR(?)),(SD,CR(8)),(CD,CR(9)),(PSI,CR(12)),
(SSS,D(11)),(SSC.D(29)),(SCS,D(14)),(SCC,D(32)),(CSS,D(25))
,(CSC,D(12)),(CCS,D(16)),(CCC,D(18))

I1H ,4X, 'SORRY, POINT LOCATION OUTSIDE LEGITIMATE LIMITS®/)

R=HP+RE
RS=HQ+RE
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KG1=KR1
KG2=KR2

CALCULATION OF THE PROPER UNITS OF THE COVARIANCES (CR12)

CR12=C11(KR1) *C11(KR2)
IF(K19(KR1) .EQ. 1) CR12=CR12/CR(10)
IF(K19(KR2) .EQ. 1) CR12=CRI12/CR(11)
IF(K21(KR1) .EQ.0) GOTO 95
CR12=CR12/R

IF(KRI.LT. 12) GOTO 96

CR12=CR12/R

IF(KR1.EQ. 14) CR12=CR12/CR(6)
IF(K23(KR1) .GE. 1) CR12=CR12/CR(6)
IF(K21(KR2) .EQ.0) GOTO 94
CR12=CR12/RS

IF(KR2.LT.12) GOTO 97
CR12=CRI12/RS

IF(KPR2.EQ. 14) CR12=CR12/CR(7?)
IF(K23(KR2) .GE. 1) CR12=CR12/CR(7)
CONTINUE

DETERMINATION WHETHER THE ROLE OF R AND RS HAVE TO BE INTERCHANGED

IF(KR2.GE.KIl1) GOTO 1
RSS=RS

RS=R

R=RSS

KG1=KR2

KG2=KR1

CONTINUE

DETERMINATION OF THE NUMBER OF HORIZONTAL DERIVATIVES NH
NH=K? (KR1) +K? ( KR2)

CALCULATION OF THE ELEMENT INDICES AND THE POINT POSITION RELA-
TIVE TO IT

S=RB2/R/RS

IF(S.LE.S0(1) .AND.S.GE.S1(NDR)) GOTO 3
WRITE(6,6004)

COV=9.,99D40

RETURN

=0

I[=1+1

IF(S.LT.S1(I1)) GOTO 35

GOTO 6

IF(S.GT.S0(I+1)) GOTO 2

GOTO 4

DX=DS( 1)

X=(S-S0(I1))sDSCD

IS=DINT(X)

X=X-1S

IS=1S+1

IF(I.GT.1) IS=IS+IACC(I-1)
IF(PSI.LE.PSI1(I)) GOTO 7
GOTO 2

J=0

J=J+1

IF(PSI.LE.PSIS(I,J+1)) GOTO 9
GOTO 8
JT=DINT((PSI-PSISCI,J))/DPSICI,J))+1
IF(J.GT. 1) JT=JT+JACCI(I,J-1)
Y=T-PS(I1,JT)
DY=PSCI,JT+1)-PS(I,JT)

Y=Y/DY

CALCULATION OF THE PARTIAL DERIVATIVES OF COS(PSI) WITH RESPECT TO
THE SPHERICAL COORDINATES OF P AND Q (C1, ... , C4), IF NECESSARY

C1=D1
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IF(NH) 1091,1091,999
999 I=K9 (KR1)
J=K11(KR1)
K=K9 (KR2)
M=X11(XR2)
J1=K13(KR1)
M1=K13(KR2)
D(1)=D1
CS=CPxSQ
SC=SPxCaQ
SCC=SCxCD
CC=CPxCQ
CCS=CCxSD
CSC=CSxCD
D(2)=CS-SCC
D(3)=CCS
D(7)=SC~-CSC
D(13)=-CCS
K6=6%xK-6
IF(NH.GT.1) GOTO 989
C1=D( I+K6)
GOTO 1091
980 D(4)=-T
SCS=SCxSD
SS=SPxSaQ
CCC=T-SS
SSC=SSxCD
CSS=CSxSD
D(5)=-SCS
D(6)=-CCC
D(8)=CC+SSC
D(9)=~CSS
D(19)=-T
D(31)=-CCC
KM=K6+6*xM
1J=1+J
C1=D( I.J+KM)
IF(NH.GT.2) GOTO 981
C2=D( I)%D(J1)*D(K6+1)%D(6%xM1-5)

GOTO 1092
981 SSS=SS*SD
D(10)=-D(7?)
D(17)=~SCC
D(18) =CCS
D(20)=-D(2)
D(21)=~CCS
D(26) =-SSS
D(27)=~CSC
D(33) =-CCS
M6=6xM1-6

IF(NH.GT.3) GOTO 982
C2=D( IJ)*D(KM+1)+D( [+K6) ¥xD(J1+M6) +D( I+M6) *D(J1+K6)
C3=D(I)*D(J1)*D(K6+1)*D(M6+1)
GOTO 1093
982 D(22)=T
D(23)=SCS
D(24)=CCC
D(28) =-CSS
D(30)=-CSS
D(34)=CCC
D(35) =SCS
D(36)=CCC
K61=K6+1
M61=116+1
K6 I=K6+ I
K6J=K6+J
M6 1=116+1
M6J=M6+J
KMI=KM+1
C2=D(IJ+K6)*xD(M61) +D( I+KID %D(J) +D(J+KMD *D¢ I) +D( IJ+M6) *D(K6 1) +D( 1J)
*xD(KM1)+D(K61)*D(M6J)+D(MM61) *D(K6J)
A=D(I)xD(Ké61)
B=D(J)*xD(M61)

+



1091

901

- 00

13
14

15

902
21

22
23

24

25

903
31

32

33

34

33

904
41

42

43

44

39

C3=D( 1J) xD(K&61) *xD(M61)+B*D(K6 1) +D(J)*(D(M61)*D(K61)+D(KM1)xD( I}) +A
*x¥D(M6J) +D(K6J) *D( 1) *D(M61)

C4=Ax%B

GOTO 1094

CONTINUE

IF(NH.GT.0) KG2=(KG2-4)/2

GOTO0(901,902,903,904,9035) ,KG1

CALL GET(1)

GoTo(11,12,13, 14, 15) ,KG2

COVARIANCES INVOLVING LE.1 HORIZONTAL DERIVATIVES

COV=BSFC(A1,0,NH)*C1

GOTO 1000

COvV=-BSFC(Al, 1, NH) *S/RSxC1

GOTO 1000

COV=(BSFC(A1l,1,NH) *S-BSFC(A1,0,NH) *D2) /RSxC1
GOTO 1000

CALL GET(2)

COV=-( (BSFC(A1l,0,NH) *xD2+BSFC(A1, 1, NH) *S) /RS-BSFC(AZ, 0, NH) xR) /RSxC1
GOTO 1090

CALL GET(2)

COV=( BSFC(A2,0, Ni) xR+BSFC( AL, 1, NID *S/RS) #RS*xC1
GOTO 1000

CALL GET(2)

GoTo(21, 22,23,24,23), KG2

CALL GETC(1)

COV=-BSFC(A1l,1,1)*S/R*C1

GOTO 1090

COV=BSFC(A2,0,NH) *xC1

GOTO 1069

CALL GET(1)
COV=(-BSFC(A2,0,NH) +BSFC(A1l, 1, NH) *xD2*xS/R/RS) *C1
GOTO 1000

CALL GET(1)

C8V= (BSFC(A2,0,NH) xD2+(BSFC(A1, 1, NH) *xD2/R/RS-BSFC( A2, 1, NH) ) *S) /RS
*xC1

GOTO 1000

COV=-BSFC(A2, 1, NH) *S/RS%C1

GOTO 1609

GoTO(31,32,33,34,35), KG2

CALL GET{(1)
COV=-(BSFC(A1,0, 1) *D2-BSFC(A1, 1, 1) *S) /R*C1
GOTO 1000

CALL GET(1)

CALL GET(2)
CovV=(BSFC(Al, 1, 1)*D2xS/R/RS-BSFC(A2,0, 1)) *xCl1
GOTO 1000

CALL GET(4)

COV=BSFC(A4,0,NH) *C1

GOTO 1000

CALL GET(4)

COv= BSFC(A4,1,NH) *S*xC1/RS

GOTO 1000

CALL GET(1)

CALL GET(2)

CovV=(BSFC(A2, 1, NH) xS-(BSFC{ A2,0, NH) +BSFC(A1, 1, NH) *S/R/RS) *D2) /RS*C
*x1

GOTO 1000

GOTO(41,42,43,44,45), KG2

CALL GET(1)

CALL GET(2)

Cov= (BSFC(A2,0,1)*RS~(BSFC(Al,1,1)*S+BSFC(A1,0, 1) *D2) 7/R) /R*C1
GOTO 1090

CALL GET(1)

CALL GET(2)
COV=-(BSFC(A2,1,1)*S-(BSFC(A1, 1, 1)*xS/R/RS+BSFC(A2,0, 1)) *xD2) /R%C1
GOTO 106V

CALL GET(4)

COV= BSFC(A4,1, 1)*S/R*C|

GOTO 1000

CALL GET(4)
COV=(BSFC(A4,2,NH) *S+BSFC(A4, 1, NI ) 7 R/RSxC1xS
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905
51

52
53
55

1092
C

112
212
312

412
512

65
60

66
68

610
61
88

810

62

1093
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GOTO 1000

CALL GET(1)

CALL GET(2)

COV=(BSFC(A2, 2, NH) *xS-BSFC(A2, 1, NH) -(BSFC(A2,0,NH) /S+BSFC(A1l,1,NH)/

*R/RS) ) *S/R/RS:kC1

GOTO 1000

CALL GET(2)

GoTO(51,52,53,55,53), KG2

CALL GET(1)

COV= (BSFC(A2,0,1)*RS+BSFC(A},1,1)*S/R)/RxC1
GOTO 1000

CONTINUE

COV=-BSFC(A2,1, 1) *S/RxC1

GOTO 1000

CALL GET(1)

COV= (BSFC(A2,1,1)*S-(BSFC(Al,1, 1)*S/R/RS+BSFC(A2,0,1))*xD2) /RxC1
GOTO 1000

CONTINUE
COV=(BSFC(A2,2,NH) *S+BSFC( A2, 1, NH) ) *S*C1/R/RS
GOTO 1000

CONTINUE

COVARIANCES INVOLVING LE.2 HORIZONTAL DERIVATIVES

IF(KG1.GT.5) GOTO 65

CALL GET(1)

CALL GET(3)

GoTo(112,212,312,412,312) ,KG1

COV=BSFC(A3,0,0)*C2+BSFC(A1,0, 1) *Cl

GOTO 1060

COV=-(BSFC(A3,1,0)*C2+BSFC(Al,1,1)*C1)*xS/R

GOTO 1000

COV=( (BSFC(A3,1,0)*S-BSFC(A3,0,0)*D2) xC2+(BSFC(A1, 1, 1)*S-BSFC(A1,0

*, 1)*D2)*C1) /R

GOTO 1000
CALL GET(2)
COV=((BSFC(A2,0, 1) *RxRS-BSFC(Al1,0, 1) *D2-BSFC(A1l, 1, 1) *S)*C1+(BSFC(A

*3,2,0) *S:xxS-BSFC(A3,0,0) *xD2) xC2) /R/R

GOTO 1000
CALL GET(2)
COV= ((BSFC(A2,0,1)*RS+BSFC(A1l,1,1)*S/R)*C1+(BSFC(A3,2,0)*S+BSFC(A

*3,1,0) *D2) *S/R*xC2) /R

GOTO 1000

KG2= (KG2-4) /2

KG1=(KG1-4) /2

GOT0(60,61,62) ,KG1

CALL GET(1)

CALL GET(3)

GOTO(66,610,68) ,KG2

COV=BSFC(A3,0,0) xC2+BSFC(A1,0, 1) *C1

GOTO 1000

COV=((BSFC(A3, 1,0)*xS-BSFC(A3,0,0) *D2) *xGC2+(BSFC(A1, 1, 1) *S-BSFC(A1,0

*, 1):xD2)*C1) /RS

GOTO 1000

COV=-(BSFC(A3,1,0)*xC2+BSFC(A1,1,1)*C1)*S/RS

GOTO 1000

CALL GET(2)

GOTO(88,88,810), KG2

CALL GET(3)

COV=BSFC(A2,0, 1) *xC1+(BSFC(A3,2,0)*xS+BSFC(A3,1,0)) *S/R/RS*C2
GOTO 1000

CALL GET(1)

CALL GET(3) ;

COV=-( (BSFC(A3, 2,0) *S-BSFC(A3, 1,0))*C2~-BSFC(A1,1,1)*D2%C1) *S/R/RS~

*BSFC(A2,0,1)*Cl1

GOTO 1000

CALL GET(4)

CALL GET(3)
COV=BSFC(A4,0,1)*xC1+(BSFC(A3, 2,0) *S-BSFC(A3, 1,0) *D3+BSFC(A3,0,0) *D

*2xD2) xS/R/RS*xC2

GOTO 1000
CALL GET(1)
CALL GET(3)
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C
C COVARIANCES INVOLVING LE.3 HORIZONTAL DERIVATIVES
C

KG1=(KG1-4) 72
GOTO(612,812,1012), KGI
612 COV=BSFC(A1,0,1)*xC1+BSFC(A3,0,0)xC2+BSFC(A3,0, 1) xC3
GOTO 1000
1012 COV=((BSFC(Al,1,1)Y*xC1+BSFC(A3, 1,6)xC2+BSFC(A3, 1, 1)xC3) xS-(BSFC(Al,
*¥0, 1) xC1+BSFC(A3,0,0) xC2+BSFC{ A3,0, 1) xC3) xD2) /R

GOTO 1000
812 COV=~(BSFC(A1,1,1)*C1+BSFC(A3, 1,0)*xC2+BSFC(A3, 1, 1) *C3) xS R
c GOTO 1060
C COVARIANCES INVOLVING LE.4 HORIZONTAL DERIVATIVES
C

1094 CALL gngé;
CALL T
COV=BSFC(A1,0, 1)*xC1+BSFC(A3,0,0)xC2+BSFC(A3,0, 1) *C3+BSFC(A3,0,2)*C
*4
1000 COV=COVxCR12
RETURN
END

SUBROUTINE GET(K}
Cccccccecerececececccececcececccececcececccececcececccececcececccecccececcecccececcceccceccceccceccccc
C

C
C THIS SUBROUTINE MAPS THE POLYOMIAL COEFFICIENTS FOR A SPECIFIC C
C ELEMENT (IS,JT) ONTO A VECTOR C
C C
CCCCCCCCcCccrceececeececcececececcececececcececececccecececccecececccecececccecececccecececccecececcccececcccc
C C
C KKK KK KK KKK INPUT KKK KKNK KKK C
C C
C C
C C(.,.,K,J) ... 4-DIM. ARBRAY OF FUNCTION VALUES (J=1), C
C 1. DER. IN X (J=2), 1. DER. IN Y (J=3), C
C 2. DER. IN XY (J=4) FOR K=1, ... ,4 : C
C K=1 ... COW(T,T), C
C K=2 ... COV(DR(T),DR'(T)), C
C K=3 ... COV(DT(T),DT(T)), C
C K=4 ... COV(DELTA G,DELTA & C
C ‘ C
C IS, JT ... INDICES OF THE ELEMENT'S LOWER LEFT CORNERC
C C
) KKKKKK KKK OUTPUT KKK KKK KK KK C
C C
C A1C.), A2(.), A3(.), A4(.) ... VECTOR OF POLYNOMIAL COEFFICIENTS C
C CORRESPONDING TO THE ELEMENT (1S, JT). C
C Al1C.) ... POLYNOMIAL COEFFICIENTS OF COV(T,T) C
C A2C.) ... . COV(DR(T) ,DR’(T)) C
C A3C.) ... " COV(DT(T ,DT(T)) C
C Ad4C.) ... " COV(DELTA G,DELTA G) C
C C
C TRANSFER IN COMMON : C, IS, JT, Al. A2, A3, A4 g
C
CCCCCcCcCcCccerececececececcececececcccecececccecececccececececcececcecccecceccccecccccececccececccccecccccc

IMPLICIT REALx8(A-H,0-2)
COMMON -/GRID/C(36,50,4,16) sCOM2/DUMMY(4), IS, JT /AA-A1(16),
x A2(16), A3(16), A4(16)
GoTO(1,2.3,4), K
1 DO 10 I=1,16
10 A1CI)=CCIS,JT.K, )
RETURN
2 DO 20 I=1,16
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A2(1)=C(IS,JT,K, DD
RETURN

DO 30 I=1,16
A3¢I1)=C(IS,JT,K, D
RETURN

DO 40 I=1,16
A4(I)=CCIS,JT,K, D
RETURN

END

FUNCTION BSFC(A, IX, 1Y)

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

C
C

THIS FUNCTION CALCULATES ZERO, FIRST AND SECOND ORDER DERIVA~

DIVES OF A BICUBIC POLYNOMIAL

C
C

C C
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

LX)

R AR KK KKK INPUT KKK KKK KKK
AC16) ... VECTOR OF NORMALIZED POLYNOMIAL COEFF.
IX, 1Y ... NUMBER OF X- AND Y-DERIVATIVES
X Y ... NORMALIZED COORDINATES OF THE CALCULATION
POINT
DX, DY ... GRID DISTANCES IN X~ AND Y-DIRECTION
b33 33333333 OUTPUT KKK KK KK KKK
BSFC ... 0., 1. OR 2. ORDER DERIVATIVE

THE PROGRAM USES THE BLOCKDATA SUBROUTINE.
TRANSFER IN CoMMON : X,Y,DX,DY,D1,D32,D2,D3

ccccccceeceecececcececcecececcecccccececcececceccrcccecceccceccccccccccececccccccccccccccc

IMPLICIT REALx8(A-H,0-2)

DIMENSION A(16)

COMMON -COMDAT-/D1,D32,D2,D3 sCOM2/X,Y,DX,DY
GO0TO(2,9),1Y

BSFC=A(4)+Yx(A(8) +Yx(A(12)+Y*xA(16)))
GOTO(4,5), IX

I1X=0, 1Y=0

BSFC=A€3) +Y*x(A(7)+Y*x(A(11)+Y*xA(15)))+BSFC*X
BSFC=A(2)+Y*(A(6)+Yx(A(10)+Y*A(14)))+BSFCxX
BSFC=A(1)+Y*x(A(3)+Y*x(A(9)+Y*xA(13)))+BSFCxX
RETURN

IX=1, 1Y=0
BSFC=A(3)+Y%(A(7)+Y*x(A(11)+Y*A(15)))+BSFCxXxD32
BSFC=A(2)+Y*(A(6)+Y*(A(10)+Y¥A(14)) ) +BSFCxXxD2
BSFC=BSFC/DX

RETURN

IX=2, 1Y=0
BSFC=A(3)+Y*(A(7)+Y*x(A(11)+Y*A(18)))+BSFCxXxD3
BSFC=BSFCxD2/DX/DX

RETURN

YD2=Y*D2

YD32=Y*D32

BSFC=A(8)+YD2x(A( 12) +YD32xA( 16))

GOTO(7,8), IX

IX=0, 1Y=1
BSFC=A(7)+YD2x(A(11) +YD32xA( 15) ) +BSFC*xX
BSFC=A(6)+YD2x( A( 10) +YD32xA( 14) ) +BSFCxX
BSFC=A(3) +YD2x( A(9) +YD32xA( 13) ) +BSFCxX
BSFC=BSFC/DY

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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RETURN

IX=1, IY=1

BSFC=A(7)+YD2+(A(11)+YD32:xA( 153) ) +BSFC*X*D32
BSFC=A(6)+YD2x( A( 10) +YD32*A( 14) ) +BSFCxX%D2
BSFC=BSFC/DX/DY

RETURN

IX=2, 1IY=1

BSFC=A(7)+YD2%(A(11)+YD32*A( 13) ) +BSFC%xX%D3
BSFC=BSFCxD2/DX/DX/DY

RETURN

IX=0, 1Y=2

BSFC=A(13)+X*%(A(14)Y+X*x(A(13) +X*xA(16)))
BSFC=A(9) +X*(A(10)+Xx(A( 11)+X*A(12)))+BSFCxY*D3
BSFC=BSFC*D2/DY/DY

RETURN

END
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APPENDIX B: Sample input and output



COVARIANCE FUNCTION PARAMETERS :
RBRE2..... 0.9996170D+00

Arvunnn ... 0.4252800D+03 45
KI(3)..... 24
KI(4)..... ©
KI(5)..... 2
Neuwo. o2
NUMBER OF RADIAL RANGES (NDR) ... @
I HOC D HiC D) DHC D)
1 0.0 3000.0 200.0
2 100000. 0 130900.0 7500.0
200090.0 260000.0 10000.0

NUPIBER OF SPHERICAL DISTANCE RANGES

I NDPS(I)
1 4
2 3
3 3

SPHERICAL DISTANCE GRID VALUES AND NUMBER OF CORRESPONDING INTERVALS

I J DPSICI,J) NDPSICI,J)
11 0.000087 10
1 2 0.060291 17
1 3 0.00608373 13
1 4 0.002909 6
2 1 0.002909 6
2 2 0.098727 8
2 3 0.017453 10
3 1 0.002509 6
3 2 0.6808727 10
3 3 0.017453 13

GRID POINT VALUES IN RADIAL DIRECTION

6371000.0 6371209.0 63711409.0 6371609. 1 6371800. 1 6372000.2 6372200.3 6372400. 4
6372600.35 6372809.7 6373509.8 63732901.0 6373401.2 6373601.35 6373801.7 6374002.0
6471090.0 €478500.0 64856026. 1 6493578.6 6501157.4 6371000.0 6581000.0 6591045.8
6601137.7 6611276.2 6621461.5 6631694.0

GRI® POINT VALUES IN SPHERICAL DISTANCE

RADIAL RANGE NUIMBER ... 1
1.029290 1.000999 1.030630 1.000000 1.000009 1.002000 1.009000 1.00€200
1.006050 1.008600 1.020630 0.999999 0.999999 0.999998 0.999998 0.999997
0.999997 0.999996 0.999995 0.999994 0.999993 0.999992 0.999990 0.999989
0.9999&8 0.999986 ©0.999985 0.999983 0.999978 0.999971 0.999964 0.999937
0.9999483 0©.©99939 0.999929 0.999918 0.999907 0.999894 0.999881 0.99986567
0.999853 0.999799 0.999736 0.9996635 0.999585 0.999497 0.999401

RADIAL RANGE NUMBER ... 2

1.000000 0.995996 0.999983 0.999962 0.999932 0.999894 0.999848 0.999637
0.999391 0.929043 0.995630 0.998135 0.997564 0.996917 0.996195 0.9943522
0.9923546 9.5908268 0.987688 0.984808 0.981627 0.978148 0.974370 0.970296
0.9639246
RADIAL RANGE NUMBER ... 3

1.990000 0.999296 0.999983 0.9%9962 0.999932 0.999894 0.999848 0.999657
0.999391 0.999048 0.9985639 0.993135 0.997564 0.996917 0.996195 0.995396
0.9945322 0.992546 0.990268 0.987688 0.984808 0.981627 0.978148 0.974370
0.970206 0.945¢26 0.961262 0.956305 ©0.9510537 ©.945319 0.939693 0.9335890



GEODETIC COORDINATES OF P ARD Q

I LATITUDECP)

1 0.0

10.000090

LONGITUDE(P)

0.0

MATRIX OF COVARIANCES CALCULATED WITH COVAFPP

BWON=OORNRNTLLN =

— et Pt ot ot

SHOONANU DN =

Pt
DN =

13
14

30.52325824
0.21426987
127.11581014
16.73200996
17.17529704
~0.16387404
-0.16337404
0.74216513
0,74216512
0.73971958
0.73971958
-8.373395%0
0.06752465
-8.37339590

8

-0.74216512
-0.42392352
-269.85641173
-1843.48206734
-1844.33628297
-155.763577664
10. 10222761
2436 .52558835
-48£9.89758893
2434.20104759
-489.74723028
1441.33494471
400.63216065
400.63232482

2

0.21426987
0.00409737
2.54447658
2.32431746
2.33261572
-9.02402802
-0.024 02802
0.42392853
0.42392852
0.42356995
0.42356994
-1. 16227036
0.07537930
-1.16227036

9

-0.74216513
-0.42392853
-269.85641456
-1843.48268%69
~1844.33630232
10. 18222374
~155.76577664
=439.89793780
2436.52558835
-489.74717920
2434.20104759
40%3.63234835
400.63217578
1441.33494051

3

127.11581014
2,54447658
1581.95783247
1475.67228664
1480.82265589
-15.25781167
-15.25781151
269.85641456
269.85641173
269.62871753
269.62871470
=737.90498870
48.00336718
=737.90498970

10

-0.73971958
~0.42356994
-269.62871470
-1842.63457056
-1843.48206734
~1355.22358957
16.09765470
2434.20104759
-489.74723028
2431.88459899
-489.5%9653686
1440.68537333
400.43371176
400.43387534

MATRIX OF COVARIANCES CALCULATED WITH COVAXN

ALON—=OORNRNU A LN =~

bttt Pk ot

30.52325824
0.21426988
127.11581061
16.73202082
17.17530790
-0.16387383
-0.16387382
0.74214465
0.74214464
0.73369911
0.73969910
-8.37338498
0.06752549
-8.37338408

2

0.21426988
0.00409737
2.54447825
2.32436028
2.33265854
-0.02502736
-0.02402736
0.42345653
0.42385653
0.42349796
0.42349796
1.16223190
0.07538361
1.16223190

127.11581061
2.54447825
1581.95889730
1475.69956067
1480.84993326
=15.25738928
-15.25738912
269.81055289
269.81055096
269.58286216
269.58285933
-737.88048797
48.00611114
-737.88048828

HEIGHT(P)

LATITUDE(Q) LONGITUDE(Q) HEIGHT(Q)
0.008300 10.008309 0.0

4 S 6
16.73200996 17.17529704 0.16387404 o
2.32431746 2.33261572 0.02402802 (%
1475.67228664 1480.82265589 15.25781151 15.
4826.40182573 4831.04263276 56.79017356 56.
4831.04263276 4835.71201333 56.83830878 56.
-56.79017415 -56.83830938 36.33155897 -0.
-56.79017356 -56.83830878 -0.292%98531 36.
1843.48208669 1844.33030232 -155.76577664 10
1843.48206734 1844.33028297 10, 16222701 =155.
1842.63458939 1843.48208669 -155.22358957 10.
1842.63457006 1843.48206734 10.09785470 -155.
-2435.35923653 -2437.687822{7 -43.48539708 -13.
489.82252074 489.97331196 -13.29791534 -13.
-2435.35924681 -2437.68783315 -13.29795447 -43.

11 12 13
-0.73971958 -8.37339590 0.06752482 -8.
-0.42356995 -1.16227036 0.07537933 -1,
-269.62871753 -737.90498270 48.060338368 --737.
-1842,63458939 -2435.35924681 489.82258212 -2435.
-1843.48208669 -2437.68783315 489.97337340 -2437,
16.09785144 43.48039694 13.29791548 13.
-155.22358957 13.29795447 13.29765461 43.
-489.74717920 -1441.33494051 -4€8.63216486 -400.
2434.20104759 -460.63232482 -400.63232902 -1441.
-489.59648582 -1440.68606913 -4606.43371596 -400.
2431.88459809 -400.43387534 -460.43387954 -1440.
400.43389886 1804.57983013 -250.29285276 619,
400.43372688 -250.29286382 619.40531963 -250.
1440.68606913 619.40730069 -250.256291082 1804.

4 5 6
16.73202082 17.17530790 @.16387382 0
2.32436028 2.33265854 0.02402736 (5}
1475.69956067 14860.84993326 15.25738912 15.
4848.03364955 4852.65045420 56.78052556 56.
4852.69045420 4857.36406954 56.82865946 56.
-56.78052616 -56.82866006 36.33150765 -0.
-56.78052556 -56.82865946 -0.29298898 36.
1842.31918045 1843.16725208 -1535.76062197 10.
1842.31916112 1843.16723274 10.10280428 -155.
1841.47182713 1842.31918045 -155.21843567 10
1841.47180781 1842.31916112 10.09843191 -155.
-2424.02086256 -2426.34937197 -43.48171265 -13.
500.66394010 500.81473994 -13.29885278 -13.
=-2424.02087307 -2426.34938248 -43.

-13.29889192

. 16387404
. 02402802

25781167
79017415
83830938
26298455
33155897

. 10222374

76577664
09785144
22358957
26765521
29791589
48939694

14

37339608
16227639
965€0519
35929791
68788430
29791594
48039740
63217598
33425563
43373168
685€8425
40733718
29282491
57984450

7

. 16387383
. 024902736

25738928
78052616
82886096
29298822
33150765
10289101
76062197

.09842866

21843567
20589265
29885324
48171251

9%



OO DN M=

8 9 10 11 12 13 14

-0.74214464 -0.74214465 -0.73969910 -0.73969911 -8.37338408 0.06752567 ~8.37338425
-0.42385653 -0.42385653 -0.42349796 ~0.42349796 -1.16223190 0.07538363 -1.16223193
-269.81055006 -269.81055289 -2569.58285933 -269.58286216 -737.88048898 48.00612764 -737.88050447
-1842.31916112 -1842.31918345 -1841.47180781 -1841.47182713 -2424.02087367 500.66400148 —-2424.02092394
-1843.16723274 -1843.16725208 -1842.31916112 -1842.31918045 -2426.34938248 500.81489137 —-2426.34945340
~133.76082167 10.10280101 ~133.21843567 10.09842866 43.48171251 13.29885292 13.298485338
10.10280423 -135.76862197 10.09243191 -155.21843567 13.29889192 13.29689206 43.48171296

-400.77855603 -4€0.77857115
-400.77872018 -1441.54081513
-4006.58%509314 -4€0.58910826
-400.58925671 -1440.89192411
-250.33200¢810 619.33957205
619.33735450 ~250.33197935

-560.58859437 -1441.54080001
2422.,86271220 -400.778715986
-5€1.43789240 -1440.89190899
2420.54633958 -400.58025251
43G0.58027604 1804.68553389
409.58010406 -250.33261916

2422.86271220
-5G0.58864521
2420.5454633258
-500.43794329
1440.£29191326¢
400.5{8088594

2425.18717603 -500.75936159
-500.73941248 24133.187176063
2422, 86271229 -503.583859437
-500.58c54521 2422.86271220
1441.5408C421 400.77873952
400.77655 182 400.77856695

-
OO NO T W m—

——
-

b
o

OONNU D LIS =

400.77871398 1441.549059001 400.58023532351 1440.89190399 619,33933356 -250.33206616 1804.68554818
ABSOLUTE. EPRORS
1 2 3 4 ) 6 v
0.00068800 0.00000000 0.00020547 0.06091086 0.00021086 0.00000021 0.00000021
0.06G60000 9.00060600 0.00300157 0.00604281 0.66004282 0.06000066 0.08000666
0.00000047 0.00660167 0.00106483 0.02727403 0.02727737 0.00042239 0.00042239
0.0000108% 0.00004281 0.02727403 21.63182382 21.64782143 0.00964769 0.00964799
0.00601086 0.60004282 0.02727737 21.64782143 21.65205621 0.00964932 0.06964932
0.0006G021 0.00000066 0.00012239 ©.00964799 0.00964932 0.66005132 0.06000367
9.06000021 0.00003966 0.00042239 0.06964799 0.00964932 0.00620367 0.061u05132
0.06002648 0.00667199 0.04526167 1.16290624 1.16365024 0.60515%67 0.00657727
0.04652648 0.00007199 0.04526167 1.16290623 1.16363023 0.000637727 0.00515467
0.00002048 0.00007199 0.0438£5536 1.16276226 1.16290624 0.06515390 0.00057721
0.000024%48 0.60607199 0.04585526 1.162762.25 1.16290623 0.00957721 0.665153%9
0.6G0811E3 0.09003846 0.02450972 11.33837396 11.38845089 0.00131557 0.00093744
0.000C0085 0.000¢0431 0.€02743%6 10.84141936 10.84142728 0.06093744 0.66063744
0.00001183 0.0006323490 0.021430072 11.33837374 11.33845ue% 0.006093744 0.00131556
8 9 19 11 12 13 14
0.€00920485 0.06092048 0.00002028 0.00002048 0.00091183 0.060000835 0.00001183
0.600€7199 0.08007199 0.06007199 0.00007199 0.00003816 0.06660431 G.0000385%6
0.04588167 0.04586167 0.04585536 0.04585536 0.02450072 0.60274396 0.02450672
1.16206623 1.16290624 1.16276225 1.16276226 11.33837374 10.84141935 11.33837397
1.16303023 1.16305924 1.16290623 1.16290624 11.33845067 10.84142797 11.33845650
0.00515467 0.0606057727 0.005153%0 0.00957721 0.00131556 0.00093744 0.06093744
0.00057727 0.00515467 0.00057721 0.00515390 0.06093744 0.00093744 0.00131557
11.33841232 19.84142378 11.33833540 10.84141517 0.20585950 0.14639117 0.14639117
10. 84142335 11.33841232 10.84141493 11.33833540 0.14639116 0.14639116 0.20583950
11.33833540 10.84141517 11.33325851 10,.84140658 0.20583986 0.14637718 0.14637718
10.84141493 11.33833540 10.84140634 11.33825651 0.14637717 0.14637717 0.205839%87
0.20385950 0.14639116 0.205E32487 0.146377¢ 17 0.103703¢8 0.03915545 0.06796513
0.14639117 0.14639117 0.14637718 0.14637718 0.03915535 0.06796313 0.03915534
0.14639116 0.20585950 0.14637717 0.205839836 0.06726513 0.63915335 0.10570368

LY



ORNNNAWN =

10
11
12
13
14

Pt gt
DULEN—=DORNNND DN~

— ot -
BLON=OOONNRWON~

8

~0.74214464
-0.42385653
-269.81055006
-1842.31916112
-1843.16723274
-155.76062197
10. 10280428
2425.18717603
=-5v0.73941248
2422. 86271220
-500.58864521
1441.54080421
400.77855182
400.77871598

-0

-0
-269
-1842

-1843.

10
-155
=590
2425
-500
2422

400
400
1441

RELATIVE ERRORS

0.00000090
0.00000000
0.00000000
0.00000065
0.00000063
0.00090136
0.00000130
0.00002760
0.60002760
0.00002768
0.00002768
0.00000141
0.000801253
0.00000141

8

0.00002760
0.00016986
0.00016998
0.00063122
0.00063101
0.00003309
0.00005714
0.00467527
0.02165083
0.00467973
0.02165733
0.00014281
0.00036527
0.00036527

COOOOOOOOOOOO®

COOOOOOOOOOOOS

74214465
42385653
81055289
31918045
16725208
10280101
76062197
73936159
18717603
588559437
86271220
77873952
77856695
54680001

2

.00000000
. 00000064
.00000066
.00001842
.00001836
. 00002760
.00002760
.00016986
.00016986
.00016998
.00016998
.00003309
.000057 14
.00003309

9

.00002760
.00016986
.00016998
.00063122
.00063101
. 00005714
.00003309
.02165083

00467527

.02165734
. 00467973
.00036527
.00036527
.00014281

10

-0.73969910
-0.42349796
-269.58285933
-1841.47180781
-1842.31916112
-155.21843567
10.09843191
2422.,86271220
-500.58664521
2420.54633958
-500.43794320
1440.89191320
400.58008894
400.58023251

0.00000000
0.00000066
0.00000067
0.00001848
0.00001842
0.00092768
0.00002768
0.00016998
0.00016998
0.00017010
0.00017010
0.00023320
0.000€5716
0.00003320

10

0.00002768
0.00016998
0.00017010
0.00063143
0.00063122
0.00003320
0.00005716
0.00467973
0.02165733
0.00468417
0.02166384
0.00014286
0.00036541
0.00036541

11

-0.73969911
-0.42349796
-269.58286216
-1841.47182713
-1842.31918045
10.09842866
-155.21843567
-5600.58859437
2422.86271220
-500.4378%2240
2420.54633958
490.58027604
400.58010406
1440.89190899

4

. 00000065
. 00001842
.00001848
.00446198
. 00446099
.00016992
.00016992
.00063122
.00063122
. 00063143
.00063143
.00467751
.02165408
.00467751

COOOOOOOOOOOOO

11

. 00002768
.00016998
.00017010
.00063143
.00063122
. 00005716
.00003320
0.02185734
0.00467973
0.02166384
0.00468417
0.00036541
0.00036541
0.00014286

[SESESE NSRS

12

-8.37338408
-1.16223190
-737.88048898
-2424.02087307
-2426.34938248
43.48171251
13.29889192
-1441.54080001
-400.778715%8
-1440.891908699
-400.58025251
1804 .68553360
-250.33201916
619.33933556

0.00000063
0.00001836
0.00001842
0.00446099
0.00445757
0.00016989
0.00016980
0.06063101
0.00063101
0.00063122
0.00063122
0.00467305
0.02164758
0.00467365

12

0.00000141
0.00003309
0.00003320
0.00467751
0.00467305
0.00003026
0.00007049
0.00014281
0.00036527
0.06014286
0.00036541
0.00005857
0.00015641
0.00010974

13

0.06752567
0.07538363
48.06612764
500.66400148
500.81480137
13.29885292
13.29889206
-460.77855603
-400.77872018
-400.580093 14
-400.58G25671
-250.33200810
619.33735450
-2506.332066 16

. 00000130
.00002760
. 00002768
.00016992
.00016980
.00000141
. 00001253
.00003309
.00005714
.00063320
.06005716
.00003026
.00007049
. 00007049

COOOOOOOOOOOOS

13

. 00001253
. 00005714
. 00005716
.02165408
.02164758
.06007049
.00007049
.00036527
.00036527
.00036541
.00036541
.00015641
.00010974
.00015641

OSSOSO

-8

=1
=737
-2424
-2426
13

43
-400
-1441
-400
-1440
619
-250
1804

OO OOOOOOOOOO

COOOOOOOOOOOO®

14

. 37338425
. 16223193
. 88050447
.02092394
. 34943340
.29885338
.48171296
.77857115
.54081513
.58910826
.89192411
. 33937205
.33197935
.68554818

7

.00000130
.00602760
. 00002768
.00016992
.00016980
.86001253
.00000141
.00065714
.00003309
.00605716
.00063320
. 00607049
. 00007049
. 00063026

14

. 00000141
.00003309
.00003320
.00467751
. 00467305
. 00607049
.00003026
.06636527
.00014281
.00036541
.00014286
.00010974
.00015641
. 00005857



GEODETIC COORDINATES OF P AND @
I LATITUDE(P) LONGITUDE(P) HEIGHT(P) LATITUDE(Q) LONGITUDE(®) HEIGHT(®)
4 47.423200 15.194300 0.9 47.378100 15.174300 200.0
MATRIX OF COVARIANCES CALCULATED WITH COVAPP
1 2 3 % 5 6 k4
1 30.48691242 0.21255218 126.03779000 14.63935685 15.07918913 -0.81577934 -0.24475256
2 0.21257887 0.60359141 2.22273237 1.06100494 1.06829446 -0.07852907 -0.02356053
3 126.04966020 2.22266260 1377.30642984 671.46003054 675.96624875 =49.77975966 -14.93507235
4 14.64119518 1.061060494 671.48116917 535.37443247 537.50680498 -88.39990664 -26.52200433
S 15.08108270 1.06829046 675.9874 6885 537.50680498 539.64702857 -68.55735892 -26.56924363
6 0.81574283 0.07851562 49.77279516 88.38476487 88.54219018 30.327Y63004 -0.97663421
7 0.24496985 0.02357848 14.94692427 26.54221799 26.58949330 -0.953969502 33.26157591
8 -2.42545405 -0.66008536 -419.80706141 —-1044.64924286 —-1045.97058529 -47.20445294 15.79373932
9 ~0.72837135 ~-0.19822567 -126.069353770 -313.71139548 -314.10819869 15.75719344 -95.062556733
10 ~2.41328048 -0.65891364 -419.064285683 -1043.33025153 -1044.64924286 -46.75186436 15.77917366
11 -0.72471559 -0.19787388 -125.84635020 -313.31529831 -313.71139548 15.74287162 -94.52919457
12 -6.98993709 -0.35222039 -—-222,.25524484 208.39421747 207.68632993 6¢.61590392 -0.16978339
13 0.22514797 0.11793724 75.07087681 314.41114358 314.64712683 -0.15492460 28.03217324
14 -7.67265767 -0.7¢958833 -449.73137852 -744.23125783 -745.654141006 27.52276607 26.69523682
8 9 16 11 12 13 14
1 2.42333657 0.72765673 2.41316358 0.72400455 -6.98894482 0.22007247 =7.65857110
2 0.66913627 0.19895606 0.65896447 0.19770449 -0.35215990 ©.11746306 -0.7¢837451
3 419.82626167 125.95753042 419.08345312 125.73467078 -222.20976776 74.76769869 -448.94797514
4 1044.729081622 313.44296349 1043.41072316 313.04720524 208.55561914 313.73593149 -742.95817683
S 10406.035126636 313.83942717 1044.72981622 313.44296349 207.84792263 313.97096438 -744.37862610
6 -47.20900766 15.79225201 -46.747461¢9 15.77768772 -60.61015585 0.135477746 -28.00554953
7 15.733576558 -95.01661869 15.74138910 ~94.52029268 0.13992639 -27.49662617 -26.66587687
8 -208.11935259 -314.,26005784 -208.82373287 -314.02438519 624,19211038 -111.64442456 420.10429533
9 -314.12228469 744,.30712946 -313.88715758 742.838916714 -111.50469381 419.03122961 424.86685867
10 -208.82373287 -314.02438519 -209.52135696 -313.785392980 623.28760632 -111.64211477 419.685635%37
11 -313.88715758 742.82916714 -313.65224388 741.47861208 -111.56200365 418.62683897 424.46884786
12 -624.22080963 111.88019030 -623.316306498 111.87765681 -230.4£063513 -64.735257734 28.34234€56
13 111.74663665 -420.46497189 111.737724£83 -4220.04577851 -64.80189831 26.75388808 -247.53916370
14 -419.39008720 -425.23070387 -418.97939515 -424.83236222 29.16566545 -246.91746963 715.32195824
MATRIX OF COVARIANCES CALCULATED WITH COVAXN
1 2 3 4 S 6 7
1 30.48691242 0.21255218 126.03779148 14.63936834 15.07920063 -0.81577837 -0.24475227
2 0.21257E87 0.090359142 2.22273414 1.06101949 1.06830502 -0.07852783 -0.02356016
3 126.04966168 2.22266437 1377.30755661 671.46929535 675.97551742 -49.77897448 -14.93483678
4 14.64120668 1.06101949 671.49037428 536.07872913 538.20784114 -88.39360341 -26.52011322
S 15.0810942@ 1.06830502 675.99673741 538.20784114 540.35173670 -88.55105323 -26.56735178
6 0.81574106 0.07851438 49.77201039 88.37846272 88.53588557 30.32752966 -0.97665233
7 0.24496956 0.02357811 14.94668851 26.54032543 26.58760000 -0.95%71318 33.26153954
8 -2.42541597 -0.66003832 -419.77710764 -1044.42182716 -1045.74307550 -47.19974786 15.79468054
9 -0.72835991 ~9.19821155 -126.06036231 -313.64310184 -314.03987660 15.75813645 -95.02371829
10 -2.41324242 -0.65886663 -419.03434397 ~1043.10292809 -1044.42182716 -46.74716078 15.78911471
11 -0.72470415 ~-0.19785968 -125.83730826 -313.24703237 -313.64310184 15.74381435 -94.52734621
12 -6.989913%6 -0.35218528 -222.23238744 207.45777101 206.75002369 60.62380725 -0.16775636
13 0.22515215 0.11794427 75.067535395 314.11196946 314.34796676 -0.15289540 28.033303006
14 -7.67261720 =0.79957452 -449.72208479 -744.26130201 -745.68+15763 27.52389777 26.693591441

6%
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8

2.42529849
0.66008923
419.79630593
1044.50238298
1045 .82373323
-47.19530302
15.75665249
-207.18286440
-313.82312544
-207.887174¢8
-313.58798406
-624.66816583
111.62358120
-419.45217168

0.
0.

125
313
313
15
-935
-313
744
-313
742
111
-429
=425

ABSOLUTE ERRORS

0.00060000
0.00000609
0.00000149
0.06001150
0.06001150
0.00000097
0.000C6029
0.00093898
0.00C01144
0.00G03806
0.06001143
0.00062313
0.000C0413
0.00001047

8

0.06003808
0.00004704
0.02995574
0.22743324
0.22752733
0.00470463
0.00094292
0.93648818
0.29915945
0.93655839
0.29917352
0.44729620
0.11645545
0.062¢8448

COOOODOOOOOOOO

COOOOOOOO0OCOOO0

72764530
19894195
94854301
37472829
77116374
79319324
01476983
96114673
33713413
72546003
91919939
763855806
52606387
206719573

2

.00000000
. 09000000
.00000177
.00001455
.00001455
.00000123
.00000937
. 00004703
.00001412
. 00004702
.00001412
.00003510
.000660703
.00001381

9

00001142

00001411
.00898741
.06823520

.

06826343

.00094123
.09184886
.29891111
. 03060467
.29892515
. 03003226
. 11633223
.06199198

.03648986

10

2.41312552
0.65831745
419.05350889
1043. 18338218
1044.50238298
-46.74275856
15.74233175
-207.88717448
-313.58798406
-208.584731069
-313.35305638
~623.76348325
111.62129971
-419.04146274

. 00000149
.00000177
.00112677
.00926510
.00926896
.00078507
. 00023576
.02995437
.00899539
. 02994286
.00899193
. 02235740
.00447714
.00879373

COOOOOOOOOOOOO

10

. 00063396
.00004702
.02994423
. 227349097
. 22743324
.00470313
. 00094285
.93655839
29917352
.93662787
29918750
. 44717827
.11642517
0.06266759

OO0

11

0.72399313
0.19769038
125.72568682
312.97899772
313.37472829
15.77862868
-94.51844449
-313.72546063
742.91919939
-313.48999069
741.50867148
111.76135482
-420.10775363
-424.86884188

4

0.00001150
0.00001455
0.00926481
0.70429667
0.70103616
0.00630215
0.00189256
0.22741570
0.06829364
0.22732344
0.06826593
0.93644646
0.29917413
0.03004418

11

0.00001142
0.00001411
0.00898396
0.06820752
0.06823520
0.00094696
0.00184518
0.29892515
0.03003226
0.29893911
0.03005940
0.11630199
0.06197512
0.03647966

-6
-0
-222
207
206
-60

.

9.

624
-111
623
=111
=235
-66
28

COO0O0OOOOOOOOO

O=NOO0OOOOOOOO

12

98892168
35212479
18740877
61961960
91139271
61805896
13789694
63943649
38761477
73481449
385556869
84306031
46994019
71830707

5

.00001150
.000061455
.00926867
.70103616
.70470803

00630462

.00189330
.22750978
.06832189
. 22741570
.06829364
.93637625
.29916067
.03001656

12

.00002313
.06003511
.022359060
93660014
.93652992
.06730311
. 00202945
.44732611
.11647904
. 44720817
.11644875
.36242518
.66804138
.44735838

13

0.22097665
0.11747099
74.77217602
313.43702099
313.67206794
0.15275018
-27.49775680
-111.52606876
419.09326096
-111.52578922
418.68290345
-66.41909309
28.30692040
-247.01969360

0.00000097
0.000060123
0.00078518
0.00630323
0.006636570
0.00010038
0.00001817
0.006470507
©.09094301
0.60470358
0.00094274
0.00790333
0.00262920
0.00113170

13

0.00000418
0.00000703
0.00447734
0.29891050
0.29889644
0.00202727
©.00113063
0.11635580
0.06203136
0.11632555
0.06201448
1.66651575
0.44696768
0.10222396

14

-7.65856066

-0.70836073
-448.93919673
=742.98816962
-744.40859131
-28.60667823
-26.67055982
420. 16623426
424.90330230
419.74828196
424.50529631

27.8%576324
-247.64131719
715.32342499

0.00060029
0.00066937
0.00023557
0.00189111
0.00189185
0.060601813
0.00064537
0.00664132
0.00184903
0.60034165
0.00181836
0.00262703
0.001129%982
0.60068359

14

0.00001045
0.00001378
0.00877841
0.02999278
0.02996521
0.00112875
0.00068285
0.06193893
0.03645864
0.66192209
0.03644845
0.44657732
0.10215350
0.00146676

0S



QOLNRUL LN

BLUR=COONANLAWN —~

b bt Dnd

st
AW =@ O QI -

8

2.42529849
0.66008923
419.79630593
1044.50238298
1045 .82373323
-47.19530302
15.75665249
-207. 18286440
-313.82312544
-207.84717448
=313.58798406
-624.66810583
111.62358120
-419.45217168

0.72764530
0.19804195
125.94854301
313.37472829
313.77116374
15.79319324
-95.01476983
=313.96114673
744.33713413
-313.72346£03
742.91919939
111.76385806
-420.52606387
-425.26710573

RELATIVE ERRORS

0.00000000
.000€0001
.00000001
. 00000079
.00000076
.00060119
.00000119
. 09001570
. 00001570
.00V001577
. 00601577
. 00000331
. 08601857
.900€0136

8

SOOOOIDOOOOOOO

.00001570
. 00007126
. 006007136
.00021774
.00021756
.00009968
.00005984
.00452010
. 60095327
.00450513
. 06095403
. 00671605
.001064329
0.00014801

COOOOOOSOOOOO

0.00000001
0.00000077
0.00000080
0.00001371
0.00001362
0.00001570
0.00001570
0.00007126
0.00037126
0.00007136
0.00007136
0.00009967
0.00005960
€.00001946

9

0.00001570
©.00907126
0.00007136
0.00021774
0.00921756
0.00005960
0.00001946
0.00095206
0.00004031
0.00095282
0.00004042
0.00104088
0.00014742
0.00008580

419
1043
1044

10

.41312552
.65891745

.

-46.
. 74233175

=207
=313
-208
-313
=623

111
-419

OCOOOTCOOLOOOOOO

OOOOOODOOOOOOD

.

.

05350889
18338218
50238298
742735856

88717448
58798106
58473109
35305638
76348325
62129971
04146274

.00000%01
.00000080
.00000082
.00001380
.09001371
.00601577
.00001577
.00007136
.00007136
.00007146
.00007146
.00010060
.0000596%
.000€1955

10

.00001577
.00007136
.00007146

-

00021793

.0002177%
.00010062
.000059868
. 00450513
.00095403
. 00449040
.00095479
. 00071690
.00104304
.00914812

11

0.72399313
0.19769038
125.72568682

312.97899772

313.37472829
15.77862868
-94.51844449
-313.72546003
742.91919939
-313.48999069
741.50867148
111.76135482
~420.10775363
-424.86884188

4

0.00000079
0.00001371
0.00001380
0.00131379
0.00130254
0.00007131
0.00007131
0.00021774
0.00021774
%¢.00021793
0.00021793
0.00451391
0.0009524%
0.00004037

11

0.00001577
0.00007136
0.00007146
0.00021793
0.00021774
0.0v005964
©.000019355
0.00095282
0.00004042
0.00095358
0.00004054
0.00.104063
0.00014752
0.00008586

12

-6.98892168
-0.35212479
-222.18740877
207.61901900
206.91139271
-60.61805896
0.13789694
624,63943649
=111.36761477
623.73481449
-111.38355689
-235.84306031
-66.46994019
28.71830707

0.00000076
0.00001362
0.00001371
0.00130254
0.00130417
0.00007121
0.00007121
0.00021736
0.00021756
0.00021774
0.06021774
0.004529063
0.00095168
0.00004025

12

0.00000331
0.06009970
0.00010063
0.00451115
0.00452624
0.00013038
0.01471712
0.00071613
0.00104571
0.00071698
0.00104546
0.02273726
0.025094 67
0.01557746

13

0.22097665
0.11747009
74.77217602
13.43702099
13.67206794
9.15275018
7.49775680
1.52806876
9.89326096
.92578922
8.68290345
~66.41909309
28.30692040
-247.01969360

—

.00000119
.00001570
.00001577
.00007131
.00007121
. 00000331
.00001893
.00009968
.000059841
.00010062
.00005988
.00013037
.01327181
. 00004112

CTOOOROOOOOOOD

13

.00001893
. 00005984
.00005988
. 00095365
.00095289
01327181
.00004112
.00104329
.00014801
.00104304
.00014812
.02509091
.01379005
. 00041383

COOTOROOOOOOOO

14

=7.65856066
-0.70836073
-448.93919673
=742.98816962
=744.40859131
-28.00667828
-26.67055982
420.16623426
424.90330930
419.74828196
424.50529631
27.89576324
-247.64131719
715.32342499

0.00000119
0.00001570
0.00001577
0.00007131
0.00007121
0.00001857
0.0006G0136
0.00005960
0.00001346
0.000€5964
0.00001955
0.01208315
0.000€4030
9.00062561

14

0.000G0136
0.000061946
0.00001955
0.00004037
0.00004025
0.0008%4030
0.06062561
0.00014742
0.000085860
0.00014752
0.00008586
0.01600879
0.00041251
0.00000205



GEODETIC COORDINATES OF P AND Q

I

2

LATITUDECP)

47.423200

15.194300

LONGITUDE(P)

0.0

HATR1X OF COVARIANCES CALCULATED WITH COVAPP

———
WON=SOLNCH LN~

14

U
SOTNAU R ON —

11

—
N

13
14

29.83421628
0.20199962
119.51052548
11.81854926
12.23696291
0.63434059
0.19049444
-1.15281849
-0.34619495
-1.142835203
-0.34335215
-5.835593562
0,05494339
-6.00252033

8

1.14899249
0.19930329
126.62245111
248.86726668
249.26712841
-39.42678230
2.33922916
140.95617943
-33.63863643
140.36780139
-33.60372739
-178.599809078
-9.654024908
-69.94386056

2

0.28131369
0.606289748
.78401594
.64144077
.64733300
.03719643
.01117020
-0.19928792
-0.05984678
-0.19873283
-0.05968508
-0.29419353

0.01763445
-0.34764727

[=R~ReN o~

9

0.34472416
0.05979557
37.98964642
74.66611135
74%.733£6924
2.36132115
-46.55131188
-33.73731328
243.67655168
=33.70207456
242.35185269
-9.01035667
=70.62258206
=63.67397815

MATRIX OF COVARIARCES CALCULATED

SOTNONHWIN—

29.83421628
0.20199662
119.51652592
11.81854948
12.23626314
0.63434C57
9.19€4944
-1.15281835
-0.34610457
-1.14E35209
-0,323385217
-5.83556529
0.05404244
=6.00252015

2

0.20131369
0.60259748
1.78401597
0.64144107
0.64733330
0.03719643
0.01117920
-0.19928726
=-0.039540658
-90.19873217
-0.0595794&8
-0.29419316
0.01753457
=0.34764725

3

119.20603319
1.78553365
1100.87004645
405.38091700
409.60957846
23.52324161
7.06410214
-126.72039872
-38.05452729
-126.36935373
-37.94910739
-185.798440091
11.22759745
-219.83153785

10

1.13955744
0.19874816
126 .27167745
248.46992088
248.867966068
-39.05020473
2.33588283
140.367890139
-33.60372739
139.78594255
-33.56856823
-178.30748414
-9.03247252
-69.84112587

WITH COVAXN

3

119.20603054
1.78553369
1100.87006%826
405.33110761
409.60976947
23.52324289
7.66418252
-126.719975351
-38.05440020
~-126.36893090
-37.248%89%1
=185.798206837
11.227670a0
-219.6313527%9

HEIGHT(P)

LATITUDE( Q) LONGITUDE( Q) HEIGHT(Q)
47.378100 15.174300 5420.0
4 5 6 7

11.77841708 12.19540993 -0.63385028 ~0.19016966
0.64144077 0.64733300 -0.03726432 -0.01118215
405.03634049 408.66191756 -23.563509991 -7.07007174
383.54921791 384.84095531 -26.74096337 -8.02290379
384.84695531 386.13856741 -26.81585824 -8.04537398
26.67077421 26.74547250 25.29864494 -0.2379889%6
8.00931590 8.06317486593 -0.22486779 26.00009667
-248.84877308 -249.247920402 -39.52749255 2.36735261

-74.73005547
-248.45075797
-74.61053030
~140.66783305
33.74854495
-242.93418447

11

0.34189343

0.059629982
37.88440626
74.354668865
74.66611155

2.35777861
-46. 16429300
-33.70207456
242,381852869
-33.666E£3864
241.69292733
-8.98767932
=70.51373969
-65.57690251

4

11.77841730 -

0.64144107
405.03653093
383.51118989
364.79976279

26.67068526
8.00928919
-2483.84610605
-74.72925455
-2486.44802119
-74.609729046
-140.7G9212109
33.71186837
-232.94435457

-74.84991573
-248.84877368
~74.73005547
~141.25903090
33.78384031
-243.63236927

12

-5.813575238
-0.29418452
-185.63477683
-140.65052990
=-141.24170881
-19.58831062
-1.50814943
178.60212640
9.002056859
178.30980400
9.06954431
93.80117346
-14.60341648
47.15019304

5

12.19541015
0.64733350
408.66210840
384.79976279
386.10032160
26.74538356
8.03172132
~249.24523567
-74.84911441
-248.84610665
-74.72925435
-141.38031723
33.747 16396
-245.64253934

2.34520439
-39. 14995306
2.34184952
19.6379588%)
1.50830580
6.£89773010

13

0.05163560
0.01743958
11.09486477
33.52238848
33.62729260
-1.50317554
~6.8687426858
9.04717610
69.8a395207
9.02474375
69.78136524
-14.61518849
47.86HG6709
-18.92256654

-0.63385026
-0.03729432
~23.56510119
-26.74687419
-26.81576967
25.29864352
-0.22480801
-39.52744371
2.34521982
-39.149904235
2.34186494
19.637920GH
1.308311¢8
6.89773790

-46.67622375
2.363£9123
-46.28221329
1.56330618
7.31211768
6.52158376

14

-5.97190457
-0.34705258
-219.26895566
~242.51862157
-243.21561207
=7.203724669
-6.49940165
70.562135276
65.61778320
70.45349293
65.52879653
46.84937215
=-19.11526%14
165.74232865

7

-0.199016265
-0.01118%15
=-7.07607212
-8.02287704
~-8.04534722
-0.23728917
26.000CS590
2.36736823
-46.67021866
2.36381664
-46.26221121
1.56331145
7.31212546
6.35213G6C20

2s



——
BRWON=OORNONH LN -

——
AL =OLCBNTL LN

———
BAON=OOONR LN =

8
1.14879255
0.19930263

126.62202823
248.86529945
249.26445985
-39.42673359

2.33v24454

141.07747644
-33.60193757
140.4(3909913
-33.56704830
-178.60136982
-9.63516351
-69.944266%0

ABSOLUTE %BRDRS

0.6C0G0000
0.00000500
.00000045
.000380022
. 06660022
. 00850092
. 00000091
. 00000906
. 000006092
. 0608006
.06000562
.0B08LOG!
. 0000005
. 00600018

COO0O0O0OODTCeOD

8

.000CCECH
. 000066066
.00042288
.00266723
.8C266836
.600204871
.00001539
. 12129701
.03667886
. 12129774
.0366796G9
.00156904
.00017943
.060£9634

OCOOOOCOOOOOOOO

0.34472418
0.05979537

37.98951954
74.66531132
74.78506861

2.36133652

-46.55130979
-33.70066820
243.08671307
-33.66542925
242.39201351

-9.01023569
-70.62307782
-65.67441889

0.00000000
0.060680200
0.00000003
0.00000030
0.0000€930
0.008606000
0.06000000
0.03060966
0.00620020
0.00060266
0.06000020
0.00000836
0.00906011
0.06850002

9

0.0066060002
0.869¢0020
0.60012687
0.06080023
0.00850063
0.00001538
0.6a0£0208
0.03664508
0.01016139
0.03664531
0.01016142
0.06017902
0.06049577
0.60044064

10
1.13933750
0.19874749

126.27125495
248.46725388
248.86529945
-39.03539015604

2.333898621

140.4{9099 13
-33.56704830
139.96634160
~33.53218897
-178.309635272
-9.03263187
~69.6%162210

.00000944
.00000603
. 00002181
.00019061
.00019100
.003090128
. 06866038
. 00042321
.00012709
.00042223
.00012598
.00023164
.00007320
.000€0936

COOCOTOOOOOOOOO

10

. 820009356
.00506966
.00042250
.00266699
.00266723
. 00004869
.00601539
. 12129774
.03567909
. 12129904
.03667926
.03156857
.00017935
.00049622

COOOOOOOOOOOOO

11

0.34189345
0.05962882
37.88427950

74.54588849
74.66531132

2.35779398

-46.16429092
~33.66542925
242.39201351
-133.63024316
241.70368955

-8.98785847

-70.51423474
~65.357734306

4

0.600%0022
0.00000030
0.00019045
0.03802802
0.04119252
0.00008895
0.00002671
0.002566703
0.00080092
0.00266679
0.60080084
©v.12128795
0.03667658

0.01017010

11

0.00¢00002
0.60000020
0.00012676
0.00080016
0.00080023
0.00001537
0.00000207
0.03664531
0.01616142
0.03664548
0.01016222
0.00017895
0.00049565
0,00044055

12

-5.81375206
-0.29418415
~185.63454536
-140.77183669
-141.36301488
-19.58834175
-1.50815470
178.60369548

9.092230357

178.31137262

9.069723¢ 1

93.78484977
-14.66846806
47.14882462

0.00000022
0.00000039
0.000190C84
0.04119232
0.03824581
0.000C885%4
0.06002671
0.00266836
0.060080152
0.00266703
0.060800%2
0.12128723
0.03667635
0.01017007

12

0.00060033
0.00060036
0.00023148
0.12130879
0.12130607
0.00003112
0.06000526
0.00156908
0.00017968
0.00156862
0.00017960
0.01632369
0.00505158
0.00136902

13

0.05163565
0.01743970
11.09493785
33.55574089
33.59064524

-1.356318080-

-6.87427636
9.04735537
69.88444798
9.02492294
69.765186104

-14.62023544

46.99863921

-18.92333835

.00000002
.00000900
.09000128
.06068918
.00008918
.02000143
.00000922
. 06044853
.00601543
.0€064881
.08¢01542
.€0003120
.C0060527
.60000780

200000 OMWMOOOOO

13

.00000005
.006609211
. 00007308
.03664759
. 03664736
.00000525
.000600778
.C6017928
.08049591
.00017920
. 00049580
.00504695
.€0136788
0.006037182

SO0V OOOOO0OO0

14

-5.97190439
-0.34765257

-219.26894583
-242.52877428
-243.22576474

=7.28725444

. —6.49940806
70.56264810

65.61822347
70.45389815
65.52123080
46.84820541

=-19.11564032
195.74262999

.00000201
. 00060660
.000635638
.00002676
.00002676
. 00650022
.06680o77
.0450013541
.006002€9
.00091541
. 03060208
. 00060526
.06600778
.G0060644

OCOCOOO0OOOOOCOOOO

14

.06060018
00066392
069860984
.01015271
.01015268
06080775
.0060064 1
.00049534
.00044927
.00049523
0.00044017
0.00136674
0.000637168
0.00010934

QOO0 OSOOC

€9



OENNGT DN =

8 9 10 11 12 13 14

A IO - QD N OO WML

- i i ok

BDON= SO U O

[P

1.148592355 0.34472418 1.13955750 0.34189345 -5.81575206 0.05163565 -5.97190439
0.19930263 0.05979537 0.19874749 0.05962882 -0.29418415 0.01743970 -0.34705257
126 . 62262823 37.98951954 126.27125495 37.88427950 -185.63454536 11.09493785 -219.26894583
248.86529945 74.66531132 248.46725388 74.54588849 -140.77183669 33.55574089 -242.52477428
249.26445985 74.78506861 248.86529945 74.66531132 -141.36301488 33.59064524 -243.22376474
-3%.42673359 2.36133652 -39.05015604 2.35779398 -19.58834175 -1.50318080 =7.28725444
2.33921454 -46.55130979 2,33589821 -46.16429092 -1.508135470 -6.87427636 -6.49940806
141.07747644 -33.70066820 140.48909913 -33.66542925 178.603695% 9.04735537 70.56264810
-33.601957357 243.08671307 -33.56704830 242.39201351 9.09223057 69 .88444798 65.61822347
140.48209913 -33.66542925 139.90634160 -32.63024316 178.31137262 9.02462294 70.45389815
-33.56704830 242.39201351 -33.53218897 241.70308955 9.06972391 69.78186104 65.52123080
-178.60136982 -9,01023569 -178.30905272 -8.98785847 93.78484977 -14.62023544 46.84820541
-9.05510331 -70.62307782 -9.03265187 -70.51423474 -14.60846806 46.99863921 -19.11564082
-69.G43429650 -05.67441880 -69.84162210 -63.57734306 47 . 14882402 -18.92333835 195.74262999

RELATIVE ERRORS

2 3 4 S 6 7
1
0.€0000000 0.006000000 0.00000000 0.00000002 0.00000002 0.00000003 0.00000003
0.00008000 0.00000002 0.00000002 0.00000047 0.0£000046 0.00000005 0.000¢0005
0.00060090 0.06000002 0.00000002 0.00000047 0.08000047 0,00000005 0.000¢0005
0.00800002 0.00800047 6.00000047 0.00009916 0.000107035 0.06000334 0.00000334
©.00000002 2.00000046 0.00000047 0.00010705 0.00008906 0.00000333 $.00060333
$.004800663 0.00000¢95 0.00000005 0.08000334 3.000@0333 0.00000006 0.68008091
0.005¢0003 6.00060005 ©.00090005 0.00000334 0.00000333 0.00000096 0.66660003
0.0066600630 0.00060333 0.0¢000334 Y.00001072 0.006001671 0.00300124 0.00069651
0.00080605 06.090000333 0.0006€033* ©.00001072 9.00001071 0.00000658 0.006606604
0.00020665 8. 460008334 0.00080335 0.00001073 0.80091072 0.00000125 0.66000652
G 002€006S 0. 80006334 0.30080325% 0.06001073 0.00001872 0.00000659 0.00000004
@, 909800606 0.00000124 0.00089125 0.00986 149 0.00085768 0.00600159 0.00000350
0.000060091 0.0000065 1 0.00000652 0.00108794 0.00108650 0.00000350 0.00000106
9.00800862 0.00800004 0.00009904 0.00004186 0.00004174 0.00000113 0.06000099
8 B 10 11 12 13 14

0.60000005 0.06300065 0.00000005 0.00000005 0.00000906 0.06000096 0.00000003
0.00000333 0.00000333 0.00080334 0.00000334 0.00000124 0.06000658 0.00000004
0.00000334 0.00000334 0.00000335 0.00060335 0.00000125 0.00000659 $.900600064
0.00001072 0.00001072 0.00001073 0.00001073 0.00086173 0.00109214 0.00004186
0.00001071 0.00001071 0.00001072 0.00001072 0.00085812 0.00109100 0.00004174
0.00000124 0.000006351 0.00000125 0.00000652 0.00000159 0.00000350 0.00060106
0.00000658 0.00000004 0.00080659 0.00000004 0.00000349 0.00000113 0.00000099
0.00085979 0.00108737 0.00086340 0.00108851 0.00000879 0.00001982 0.00000702
0.00109157 0.00004180 0.00109271 0.00004192 0.00001979 0.00000710 0.00000671
0.00086340 0.00108851 0.00086700 0.00108966 0.00006880 0.00001986 0.06¢0703
0.001€9271 0.00004192 0.00109385 0.,00004204 0.00001980 0.00000710 0.00000672
0.00000879 0.00001987 0.00000880 0.00001991 0.00017405 0.00034520 0.00002917
0.00001982 0.06000702 0.,00901986 0.,00000703 0.00034580 0.00002910 6.00001944
0.00066710 0.00000671 0.00000710 0.00000672 0.060002904 0.00001965 0.00000056



GEODETIC COORDINATES OF P AND Q

1

6

LATITUDE(P)

47.378100

LONGITUDE(P)

115.174300

HEIGHT(P)

200420.0

MATRIX OF COVARIANCES CALCULATED WITH COVAPP

——
BWON=SOONU LW —

[=Ree LN fo W) YN CREN

10

10.09432806
0.03782843
22.,02717674
0.62511358
0.70507922
4.37512023
-0.15685081
-0.69167251
0.02511308
-0.63217489
0.02295285
-0.12588855
-0.01490220
-0.535£3132

8

. 77806347
.60423492
.96469312
.10612E60
. 11493055
.06146416
.016396861
.056674410
. 00449226
. 05523854
.09426928
.0521939%
. 00269375
.05522107

OCOO0OOOONOO

11 |
COOOD

2

0.04255007
0.00016018
0.09332780
0.00237339
0.00271192
0.02442015
-9.00088664
-0.00423460
0.00015375
-0.00390251
0.00014169
0.00041769
-0.00012386
-0.00298932

9

-0.02659116
~0.00014473
~0.08765117
-0.00362706
-0.00392788
-0.01714706
-0.41385397
0.00452555
0.07170837
0.00429236
0.06698932
-0.00219759
-0.05774389
0.00597976

MATRIX OF COVARIANRCES CALCULATED

— bt
AR ON=OOON R WD —

10.09434248
0.03782866
22.,02732421
0.62513089
0.70509700
4.37546668
-0.15886121
-0.69181912
0.02511E40
~0.632317352
0.62295893
-0.12590221
-0.01490298
-0.53586641

2

. 04255033
.00016019
. 09333049
.00237370
. 00271224
. 02442533
.000E83683
.00423730
. 60015383
.00390514
.00014179
.00641761
.09012388
. 00298995

|
COO0OOOOOOOOO

11
[}

24.05859593
0.09062344
52.80399259
1.32294679
1.51446328
14.24269103
-0.51709840
~-2.49018917
0.09041319
-2.29650928
0.08338110
0.30569396
~0.07446615
-1.74332015

10

0.71113441
0.00390289
2.36521852
0.09{01945
0.10612860
0.07035138
~-0.01550109
-0.05523854%
0.00426928
-0.05427007
0.060405305
-0.04712983
-0.060265346
-0.03220157

WITH COVAXN

24.05875701
0.09062606
52.80566738
1.32313682
1.51465844
14.245306 14
-0.51721513
-2.49186671
0.09047409
-2.29814332
0.08344043
0.306585199
~-0.07447924
-1.74371384

LATITUDE(Q@) LORGITUDE(Q) HEIGHT(Q)
44.006000 115.344700 10000.0
4 S 6
0.70313847 0.79308519 -4.50601941
0.00237339 0.00271192 -0.02235988
1.36242580 1.55965747 -13.42967126
0.01253951 0.01775454 -0.54595071
0.01775454 0.02334765 -0.59259387
0.59625535 0.64719627 0.59833482
-0.02164870 -0.02349825 0.06031102
-0.10612064 -6.11492193 0.05627435
0.00385300 0.00417256 -0.01501233
-0.09801210 ~-0.10612064 0.06441117
0.00355860 0.003853C0 -0.01419215
0.05570756 0.05648248 0.34088185
-0.00467645 -0.00493132 0.€0271258
-0.07292875 ~0.07916465 0.20328904
11 12 13
-0.02430379 -0.14153777 -0.01343315
-0.00013338 0.00041817 -0.00010495
-0.080683391 0.31449920 -0,.06520105
-0.00334992 0.05572622 ~-0.00411815
-0.00362706 0.05650215 -6.00433379
-0.01615649 =0.37231294 -0.00278901
-0.37823664 -0.00197059 -0.20901664
0.00429236 0.05218872 0.€0197097
0.66608032 0.00185358 0.05198288
0.00407225 0.04712559 0.066193305
0.06093665 0.00182678 0.04914044
-0.00214691 -0.04559105 0.000658194
-0.05440711 0.06053966 -0.00935006
0.00564328 -0.00659349 0.08354050
4 i 6
0.70315793 0.79310518 -4.50631443
0.00237370 0.00271224 -0.02236462
1.36262150 1.55985845 -13.43270297
0.01257868 0.01762623 -0.54630934
0.01762623 0.02338924 -0.59296210
0.59664703 0.64759844 ©.59839975
-0.02166292 -0.02351285 0.06031403
-0.10632065 -0.11512741 0.05626462
0.00386026 0.,00418002 -0.01501472
-0.09820678 -0.10632865 0.06440232
0.060356567 0.00386026 -0.01419450
0.05568940 0.05646418 0.34051273
-0.00467753 -0.00493244 0.60272675
-0.07297673 -0.07921391 0.20329868

K4

0.15399810
0.00076417
0.45897358
0.01865846
0.02025254
0.06669019
2.39794753
-0.01569923
-0.376%0967
-0.0147923
-0.34629973
0.00341174
0.22478482
-0.02265323

14

-0.53469798
-0.60264%501
-1.59095739
-0.06462636
-0.07013235
-0.23111866
0.02329147
0.05435964
-0.66562910
0.05121664
-0.00531236
-0.01177637
0.00398147
0.07841819

7

0.15400818
0.00076434
0.45907720
0.01867071
0.02026512
0.06669368
2.39810456
-0.01570181
-0.378%9001
-0.01475484
-0.346377%4
0.00342513
0.22479609
-0.02265437



O 00N O COLY e

w
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——
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10

8

. 77822839
. 00423762
.56642084
. 10632863
. 11313604
.06145353
.01639943
.05603617
. 66449317
. 05522045
. 0427015
.03 1E£8541
.00210557
. 05522947

!

SOOOOONOO

11| |
[ e X))

ABSOLUTE ERRORS

0.00001441
0.00000023
0.00014748
0.60001731
0.60001777
0.00028645
0.66001040
0.06014661
0.66666332
0.00014271
0.00600518
0.06601366
0.08050078
0.000¢3569

8

0.000164902
0.02600270
0.00172773
0.08020603
0.00020550
0.00001063
0.000¢0262
0.06001823
0.00060090
0.00C01E98
0.00060087
0.60030763
0.00001182
9.06060839

-0.02659680
-0.00014483
-0.08771022
-0.00363390
-0.00393490
-0.,01714989
-0.41394172
0.00452659
0.07175414
0.00429336
0.06612491
-0.600220875
-0.057735502
0.00598971

2

0.00000026
0.00000000
0.00000269
0.00000031
0.060000031
0.00000518
0.00006219
0.000¢0270
0.04$0350010
0.00090263
0.00036010
0.80530007
0.65666502
0.68050063

9

0.00680564
0.00080009
0.00605905
0.603¢0684
0.09060702
0.00330283
0.00608775
0.00080104
0.00004578
0.656C9100
0.00004458
0.00001116
0.00860913
0.00000996

10

0.71129494
0.00390543
2.36690145
0.09821415
0.1063285%3
0.07034171
-0.01550357
-0.05522045
0.00427015
-0.05426347
0.00465931
-0.04682769
-0.08266507
-0.05220982

3

0.00016108
0.00000262
0.00167479
0.00019003
0.000193516
0.00321511
0.00011673
0.08167754
0.0036G56091
0.06163404
0.090€3933
0.6¢0084197
0.000901279
0.00639370

10

0.00016054
0.065€¢0263
0.00168293
0.00919470
0.00020093
0.00069967
0.000002357
0.00091838
0.00006057
0.00620620
0.003¢0126
0.00030215
0.00C®1151
0.060E¢06825

11

-0.,02430928
-0.00013347
-0.08089142
-0.00335658
-0.00363390
-0.01615927
-0.37832206

0.00429336
0.06612491
0.00407361
0.06098007

-0.00215787
-0.05441606

0.00564422

4

0.00001947
0.00000031
0.00019570
0.00003917
0.00012831
0.00039168
0.00901422
0.00320001
0.00980726
®.00019469
0.,00000707
0.00001815
0.00000108
0.00004798

11

0.00000549
0.00000009
0.06005752
0.00000665
0.00000684
0.00000277
0.00008542
0.00000100
0.000014458
0.00060137
0.00004341
0.00001096
0.00000896
0.00000094

12

-0.14155313

0.06041810
0.31445604
0.055708:8
0.056483835

-0.37196975
-0.00198602

0.05188106
0.00186536
0.04682342
0.00183835

-0.04627026

0.00067906

-0.00664617

0.00001999
0.06000031
0.00020098
0.00012831
0.00004159
0.000640217
0.06001460
0.0G020548
0.0£060746
0.06026001
0.060C0725
0.00061830
0.00060113
0.00094926

12

0.00001536
0.000€0067
0.00004317
0.00001815
0.00001830
0.00040319
0,00001543
0.00030765
0.006001178
0.06030217
0.000011357
0.00067921
0.060€1940
0.000G5268

13

-0.01343382
-0.00010497
-0.06521186
-0.00411898
-0.60433465
-0.00286358
-0,.20902656

0.00198210
0.05199078
0.00194397
0.04914821
0.00060000

-0.00939980

0.00354600

0.00029502
$.00000474
0.00303171
0.00035863
0.00036824
0.00006493
0.00000301
0.06000973
0.604600240
0.00000885
0.00600235
0.66036912
0.00601417
0.00200965

13

0.00600067
0.00060002
0.00001082
0.00000083
0.00066¢87
0.00001457
0.00000992
0.60001112
0.606000790
0.06951093
0.00000777
0.€0001806
0.00004974
0.006€603551

14

-0.53413295
-0.00264957
~1.59131668
-0.06466857
-0.076196C0
-0.23112965

0.02329285
0.05436823

-0.00583C09

©.03122307

-0.€(531324
-0.01181752

0.003964568
0.07842214

7

0.0002100€8
0.00020016
0.00010361
0.00001226
0.000(G1258
0.006€9034%9
0.00015703
0.606690259
6.66008084
0.00050254
0.66007821
0.00531339
0.00001127
0.006900114

14

0.006003498
0.06C03556
0.00035929
0.00064252
0.00084365
0.06CC1159
0.00560117
0.00850859
0.66960090
0.000¢06853
0.000666E8
0.0€664695
0.06060522
0.00860365
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0.77822839
0.00423762
2.56642084
0.10632863
0.1151360%
0.06145353
-0.01639943

-0.05605617

0.00449317
-0.05522045
0.00427015
-0.05188341
-0.00210557
-0.05522947

~0.02659680
-0.00014483
-0.08771022
~0.00363390
-0,00393490
-0.01714989
-0.41394172
0.00452659
0.07175414
0.00429336
0.06612491
-0.00220875
-€.03775502
0.005989071

RELATIVE ERRORS

0.00000143
0.00600610
0.00000670
0.00002768
0.00002521
0.60066547
0.00006547
0.00021192
0.0021192
0.00022570
0.00022570
0.00010849
0.00005227
0.000¢6548

8

0.00021192
0.00063704
0.00067321
0.00188120
0.00178480
0.00017299
0.00015955
0.00032518
0.00020119
0.00032748
0.00020336
0.00592901
0.086561187
0.00015200

[

0.00000610
0.00002629
0.0000:2887
0.00012885
0.00011591

0.00021192
0.00021192
0.0986370+4
0.06063790%
0.00067321

0.00067321

0.00017318
0.03016478
0.00021199

9

0.,00021192
0.00063704
0.00067321
0.00188120
0.00178480
0.00916478
0.00021199
0.00022989
0.00063798
0.00023334
0.00067424
0.00505229
0.00015799
0.00015987

10

0.71129494
0.00390543
2.36690145
0.09821415
0.10632853
0.07034171

-0.01550357

-0.055220455

0.00427015
-0.05426387

0.00405931
-0.04682769
-0.00206507
-0.05220982

00000670
. 00002887
. 00003172
.00014362
.00012885
. 00022570
. 00022570
.00067321
.00067321
.00071103
.00071103
.00013757
.00017168
.00022578

COO0OOOOOOOOOOO

10

. 00022570
.00067321
.00971103
.00198241
.00188120
.00013742
.00016588
.00032748
.00020336
.00011421
.00031059
.00645231
0.003561999
0.00015804

COOOOOOOOOOO

11

-0.,02430928
-0.00013347
-0.08089142
-0.0060335658

-0.00363390
-0.01615927

-0.37832206

0.00429336
0.06612491
0.00407361
0.06098007
-0.00215787

-0.05441606

0.003564422

4

0.00002768
0.00012885
0.00014362
0.00311429
0.00727946
0.00065646
0.00065646
0.00188120
0.00188120
0.00198241
0.00198241
0.00032594
0.00023180
0.000657435

11

0.00022570
0.00067321
0.00071103
0.00198241
0.00188120
0.00017168
0.00022578
0.00023334
0,00067424
0.00033534
0.00071194
0.00507926
0.00016461
0.06016639

12

-0.14155313

0.00041810
0.31445604
0.05570808
0.05648385

-0.37190975
-0.00198602

0.05188106
0.00186536
0.04682342
0.00183835

-0.04627026

0.00067960

-0.00664617

.00002521
.00011591
.00012885
.00727946
.00177827
.00062101
.00062101
.00178180
.006178480
.0G188120
. 00188120
.00032415
.00022817
.00062190

OO0 SOOOOOOO

12

.00010852
.00017279
.00013727
. 06032576
.00032396
.00108412
. 00776594
.0€592998
.06631412
.00645341
.00629274
.01467926
.028568¢8
.00792696

COOOOOOOOOOOOO

-0.

-0.
-0.
-0.

-0.
.00280358
-0.
.00198210
.€5199078
.00194397
.04914821
. 06060000
.00939980
.00354660

OO0 OOOOOOOOOO OO0

COOOOLOOODO0ONO

13

01343382
00010497
06521186
00411898
00433465

20902656

.00006547

00021192

.00022570
.00065646
.0006216G1
.00010851
.00004996
.00017299
.08015955
.06013742
. 00316588
.00108401
.00519890
.00004746

13

. 00004996
. 060135955
.00016588
.00020246
.00020018
.00519800
.00004746
.00561187
.00015200
.00361999
.00015804
.03009641
. 00529127
.00155270

14

-0.53413295
-0.00264957
-1.59131668
-0.06466887
-0.070196¢0
-0.23112965
0.02329265
0.05436823
-0.00563060
0.035122507
-0.00531324
-0.01181752
0.00398668
0.07842214

7

0.00006547
0.00021192
0.00022570
0.00065646
0.00062101
0.00065227
0.00006548
0.66016478
0.00021199
0.00017168
0.00022578
0.00390801
0.000850614
0.00005042

14

0.00006548
0.00021199
0.00022578
0.00065745
0.00062190
0.00005014
0.00005042
0.00015799
0.00015987
0.00016461
0.06016639
0.00397333
0.00130812
0.00004655

LS



GEODETIC COOrBINATES OF P AND Q

]

8

LATITUDE(P)

-40.009000

LONGITUDE(P)

217.344700

HEIGHT(P)

209370.0

MATRIX OF COVARIANCES CALCULATED WITH COVAPP

N e and
RWON=SCONDNO R WIN =

ORNR R W=

10

-0

CQLOOOOO

-0
-2
-0
-0
-0

0.

-0

.65539283
.00059146
.46767889
.015685814
. 01279547
.608918% 1
. 33345249
. 18949676
.03775104
. 16639257
.03314&28
.69635993
. 03493853
.071913500

8

. 17923285
.06060913
.35000668
.005€0059
. 60929537
.06640213
.02313233
.G1043309
.0€6315084
.009536G06
.00283625
. 00292327
00175695
.60477934

2

0.00094300
-0.000002E0
-0.00210369
-0.00018994
-0.00019514

0.00565733

¢.00112704
-0.00051254
-0.00012203
-0.00053561
-0.000105670

0.00045571

0.05014337
-0.00023412

9

0.04061941
6.€56013805
0.07232176
0.00181317
0.00210660
0.02385281
-0.03395169
-0.00331770
0.00407095
-0.60299332
0.00354124
0.69167795
~0.08499065
-0.00337337

MATRIX OF COVARIANCES CALCULATED

BRWON=SOONGAWLN—

[ -

(]
o
(5]
-0
-0
i
0
-0
-0
-0
=0
0
(1]
-0

.65546125
.00099195
.46798251
.01504228
.01277860
.69897376
.33846501
. 18951161
.03775400
. 16640656
.03315107
.09637347
.03499181
.07191726

2

0.00094347
-0.00000289
-0.00210164
-0.00018984
-0.05019503

0.00565777

0.00112713
-0.00061265
-0.06912205
-0.00053571
-0.00010672

0.00045585

0.0€0014341
-0.00023414

3

0.45043070
-0.00213021
-1.52619170
-0.12232440
-0.126392563

3.30551607

0.65851608
-0.35640250
-0.07100155
-0.31144944
-0.66204612

0.27720630

©.885950G21
-0.13636124

10

. 153738907
000533262
.30386032
.00636817
. 06889959
.66071635
.02079123
-0.06953¢06
=0.06283625
-0.068693465
-0.00255133
-0.00231093
0.00164155
-0.00428227

OCO00O00OO

WITH COVAXN

3

0.45072312
-9.00212813
-1.52490499
-0.12225831
-0.12632217

3.305793%9

0.65857145
-0.35646975
-0.07191495
-0.31151289
-0.06205877

0.,27729814

0.08597169
-0.13637059

LATITUDEC @) LONG I TUDE( Q) HEIGHT(Q)
-47.378100 215.174360 283200.0
4 5 6
-0.01432226 -0.01217016 -1.66842312
-0.00018994 -0.00019514 -0.00584126
-0.12080173 -0.12481933 -3.37050252
-0.00621381 -0.00660226 ~6G.08645893
-0.00660226 -0.00699513 -0.09885364
0.08373645 0.09574687 -0.43455747
0.01668175 0.01907324 -0.17876815
-0.00804538 -0.00934740 0.06894484
-0.00160278 -0.00186216 0.024018e5
-0.00690662 -0.00364538 0.06303511
-0.00137592 -0.00160278 0.02158751
0.01002323 0.01097377 0.04675141
0.00277516 0.00307611 -0.¢0355862
-0.00333526 -0.00383271 0.03795897
11 12 13
0.03566693 0.08969381 0.04219449
0.00012071 0.00044736 0.60017794
0.06931690 0.26881825 0.10509769
0.00155653 0.009856326 0.00336848
0.00181317 0.01079627 0.08374238
0.02148945 -0.04525344 0.00932499
-0.03409347 0.01024937 -0.04135697
-0.00299332 0.06297172 -0.00168757
0.00354124 -0.002¢2625 ©.6£540682
-0.00269863 0.00235630 -0.60186076
0.00307808 -0.001885686 0.09484439
0.00158253 -0.007%6677 -0.60040416
-0.00448235 -0.00625942 -0.00185327

-0.0039¥3264

4

-0.01430718
-0.00018984
-0.12073647
-0.00621153
-0.00659731

0.08375173

0.01668480
-0.00804899
-0.00160350
-0.00691001
-0.00137659

0.01003113

0.00277688
-0.00333563

-0.00201882

-0.01215412
-0.00019503
-0.12474974
-0.00659731
-0.00699255

0.,09575706

0.01907647
~0.00935123
-0.00186293
-0.00804899
-0.00160350

0.01098196

0.06307789
~0.08383311

-0.00288990

-1.66848484
-0.00584172
-3.37078590
-0.08647471
-0.09887036
-0.43461876
-0.17878377
0.06896661
0.02402379
0.06305605
0.02159244
0.04674616
-0.00856129
0.03796099

7

-0.37811352
-0.00132380
-0.76385453
-0.01959412
-0.02246313
-0.18643850
0,37057109
0.02476620
-0.04044263
0.02231234
~0.03539%00
-0.00728167
0.03880783
0.02601471

14

-0.08753638
-0.0€029%62
-0.17233828
-0.00426834
-0.004964¢5
-0.04228250
-0.02334416
0.00564574
0.06¢381618
0.08567073
0.00343672
-0.00158678
-0.006255593
0.00566117

7

-0.37812751
-0.00132390
-0.76391876
-0.01959770
-0.02240692
-0.18945542
0.37088277
0.02477185
-0.04044506
0.02231776
-0.03540127
-0.00728748
0.03881076
0.02601698

89



BON~OWRNNR QI —

Tt

BLER—=SO0NOORON—

[ ' ]

—
SOONDR N -~

——
o~

-
» W

-0.
ABSOLUTE

CLOOOCOTOOCOOR

OPOOCOOOOOOOOOC

(5}
8}
']
o
0
0
0.
-0
-0
-0
-0
-0
0

)

.17924689
. 00060924
. 35007273
.006800x18
.00¢29917
.06642310
62313778
.01044109
00313262
. 000533777
. 09283796
.00292135
.001757833
00476936

.08006842
. 0055049
. 08030362
.00001586
. 05001687
. 00066265
L0C031252
.0CLL 1484
.0C050296
. 06091399
. 00086279
.0060135%
. 00006328
. RCOI6220

b+

.00001404
.08CC0511
.0C0C6603
.€0000358
.0006¢3380
. 00662697
. 00069495
. 00620369
.€0630178
.66500771
.€00C0171
.000€0162
.000C06%0
.C80600692

ERRORS

0.04062259
9.00013807
0.07933673
0.00181398
0.00210746
0.02285825
-0.03895343
-0.00331968
0.69407139
~0.060299322
0.00354164
0.00167890
-0.00399167
-0.00337410

2
=

0.00000047
0.68000000
0.00800285
0.00000011
0.00000011
0.66050049
©.00660009
#.000G069011
0.006000002
G.000C0810
0.,60000002
0.006060014
0.08656003
0.08083001

9

0.66000318
$.060690302
0.60001497
0.60060081
0.00600086
0.00090544
¢.00050234%
0.060€0198
0.00030043
0.00000190
0.06080040
0.00090095
0.08660103
0.080390072

10

0.15739330
0.00653272
0.30592264
0.00687154
0.606060418
0.06973€32
0.02079610

-0.00953777
-0.00283756
-0.00871187
-0.00235514
—0.00236907

0.001643571

-0.00428315

0.60029243
0.098030248
0.00128671
0.60036609
0.060600670416
G.06U27702
0.000063537
0.09036725
0.60061340
0.000C6343
0.0C591284
0.00069124
0.006820830
0.006909875

10

0.00801328
0.66300010
0.000€6231
0.00080338
0.00000338
0.00002917
0.000C2473
0.006690771
0.00069171
0.86001823
0.605003389
0.06659185
0.006500887
0.00603088

11

0.03566993
0.00012073
0.06933103
0.00155729
0.00181398
0.02149467

-0.03409566
-0.00299522

0.06354164

-0.60270291

0.00307796
0.00158345

-0.00448333
-0.00303333

4

0.00001508
0.000@0011
0.00006526
0.09000228
0.00000494
¢.0u6001524
§.0069006204
90.00950360
@.09000072
0.00000339
0.00000368
0.06060790
0.00000172
0.60000037

11

0.00030300
0.00060002
0.00001412
0.000080077
0.00000081
©0.00000322
0.00000219
0.000001990
0.00000040
0.00000428
0.00060012
0.00%003092
0.08500098
0.00000069

12

0.08970651
0.00044750
0.26890778
0.00987106
0.010806436

-0.04524345

0.01025211
0.00296982

-0.002¢2721

0.00235447

-0.00188779

-0.00813464

-0.06029244
-0.006202596

6.00001605
0.00060601 1
0.00066958
0.00060494
0.000602358
0.60061619
0.00000323
0.06000382
0.000660076
0.06060360
0.086C0272
0.0006CR19
0.06060178
0.06060040

12

6.06001270
0.000080614
0.0060C¢839353
0.00030780
0.00000859
0.00060499
0.008606274
0.06000190
0.00630096
0.00080183
0.00030692
0.0601678&7
0.056G63362
0.00060714

13

.04219818
.60017798
10512170
.00337045
. 00374443
.©0932790

SO0 OS

-0.04136016
-0.00198859

0.00540785

-0.00186174

0.06484538

-¢.00044175
-0.00156136
-€.00289192

. 000666172
.0000004%
. 00028338
.00001578
.00G01672
. 00466129
.€0001562
. 00062177
.60000514
. 000820694
. 0006904493
. 00060326
.00060267
. 66500293

DOSCOIOEOO0OOOOD

13

.09000369
.0003GC04
.69902400
.00000197
. 00000205
.60600291
.00900319
.GOGGO102
.00000104
00660098
. 0600099
. 06003760
0.06000899
€.00000203

PO DHOOOCTOORD

14

-0.087529213
-0.00029964
-0.17254934
-0.00426881
-0.004%0546
-0.04228501
-0.028634663
0.00364690
0.00381760
0.0035¢7184
0.00343150
-0.00159595
-0.00255818
0.00366121

4

0.00001399
0.0043€60010
0.00066422
0.00000358
0.00G60379
0.06061692
0.00661168
0.000C0365
0.960620243
0.60860542
G.60500227
0.060C0281
0.00686322
0.000e90227

14

0.080CO276
0.00609302
0.060C1105
0.000€C047
0.000€00351
0.08060351
0.600060247
0.03C0C0116
0.060006E2
0.00860111
0.€06C0078
0.00G26917
0.00000224
0.60686C55

6S



Pt g Pt Pt
BON=SOO~NHRWIN—

O ONNU P O -

10

BON=OOONC Ul O~

bt g Pt et pma

8

. 17924689
. 00060924
.35007273
.00800418
.00924917
.06642310
.02313778
-0.01G324109
-0.00315262
-0.06933777
~-©.002837%6
-0.00292135
0.00175785
-0.004765036

QOOOOOS®

RELATIVE ERRORS

0.00010438
0.00049523
0.00064879
0.00105432
0.00132026
0.00003699
0.¢0203699
$.00007833
9.00007833
0.00008467
0.08068407
$.00014047
0.00009377
0.00003149

8

0.06¢007833
0.00017481
0.00018867
0.00044771
0.00040891
0.06031569
0.00021408
0.00076578
0.00056472
0.00080841
0.60060360
0.00065793
0.00051283
0.00019178

0.04062259
0.00013807
0.07933673
0.00181398
0.00210746
0.02385825
-0.03895343
-0.09331968
0.00407139
-0.00299522
0.00334164
0.00167890
-0.00499167
-0.00337410

2

0.00049523
0.00118948
0.00097733
0.00055778
0.00057806
0.00007833
0.60007833
0.00017481
0.00017431
0.00018867
0.00018867
0.00031482
0.00922809
0.00086006

9

0.00007833
0.00017481
0.00018867
0.00044771
0.6v04089 1
0.00022809
0.00006006
0.00059605
0.00010638
0.00063591
0.00011331
0.00056853
0.00020567
0.00621420

10

0.15739330
0.00053272
0.30592264
0.00687154
0.00800418
0.06073052
0.02079610
-0.00953777
-0.00283796
~0.00871187
-0.00235514
-0.00230907
0.00164571
-0.00428315

0.00064879
0.00097733
0.00084379
0.00054055
0.00055778
0.00008407
0.09038407
0.00018867
0.00018867
0.00020370
0.06020370
8.00033119
0.00024286
0.00006413

10

0.00008407
0.00018867
0.00020370
0.00049129
0.08044771
0.00033206
0.00022835
0.00080841
0.00060360
0.00209223
0.00148646
0.00080257
0.00052652
0.00020509

11

0.03566993
0.0v012073
0.06933103
0.00155729
0.00181398
0.02149467

-0.03409566
-0.003299522

0.00354164

-0.00270291

0.00307796
0.00158345

-0.00448333
-0.00303333

4

0.00105432
0.00055778
0.00054055
0.00036641
0.00074905
0.00018246
0.00018246
0.008044771
0.00044771

" 0.00049129

0.00049129
0.00078715
0.00061763
0.00011029

11

0.00008407
0.00018867
0.00020370
0.00049129
0.00044771
0.00024286
0.00006413
0.00063591
0.00011331
0.00158319
0.00003764
0.00057951
0.00021958
0.00022847

12

0.08970651
0.0G044750
0.26890778
0.00987106
0.01080436

-0.04524£45

0.01025211
0.002969&2

~0.00202721

0.00235447

-0.00188779
-0.06813464
~0.00029244
-0.00202596

0.00132026
0.00057806
0.00055778
0.00074905
0.00036847
0.00016911
0.00016G11
0.00046891
0.00040891
0.00044771
0.00044771
0.00074564
0.00057891
0.00010355

12

0.02014156
0.00031656
0.00033294
0.00079013
0.00074861
6.00011031
0.00026763
0.00063878
0.00047278
0.00077689
0.00048794
0.02063669
0.11291470
0.00352235

13

0.04219818
0.00017798
0.10512170
0.00337045
¢.00374443
0.00932790

-0.04136016
-0.00198859

0.00540785

-0.00186174

0.00484538

-0.00044175
-0.00186136
-0.00289192

0.00003699
0.00007833
0.00008407
0.00018246
0.00016911
0.00014102
0.00008737
0.00031569
0.00021408
0.00633206
0.00022835
6.00011245
0.00031185
0.00007710

13

0.00008737
0.00021408
¢.00022835
0.00058579
0.00054806
0.00031185
0.00007710
0.00651283
0.00019178
0.00052652
0.00020509
0.08511429
0.00434540
0.00070066

14

-0.08753913
-0.00029964
-0,17234934
-0.00426881
-0.00490546
-0.04228401
-6.02834663

0.00564690
0.0¢381700
0.005¢7184
0.00343150

~0.08159595
-90.00255818

0.00566121

0.00003699
0.00007833
0.00008407
0.00018246
0.90016911
0.00009377
$.000603149
0.00622809
0.000066006
0.00024286
0.00006413
0.00438627
0.03048300
0.608488724

14

0.006003149
0.00006006
0.006646413
0.00011029
0.06010355
0.00008300
0.00008724
0.00020567
0.00021420
0.00021658
0.00022847
0.00574338
0.00087656
0.60060826

09











