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ABSTRACT

The equations of Moritz have been utilized in & computer progrem
for the upward continuation of gravity anomalies, The solution for
the anomaly at some elevation H is obtained through the evaluation
of the Polsson integral using the known anomalies in the surrounding
areas on the ground. The input to the program consists of blocks of
5'x 5' mean free-air anomalies, as well as 2!5x 215 mean free-air
anomalies for elevatiombelow 12 km. The upward continued anomaly is
thus computed for a sequence of points at, up to, 15 different input
elevations. The lowest elevation that can be used is on the order of
4 km, while the highest elevation is limited by economical reasons to
an elevation on the order of 50 km. In addition to the program itself
numerous tests are described that pertain to square size and elevation
limits to be used in the program.
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A FORTRAN PROGRAM FOR THE UPWARD CONTINUATION
OF GRAVITY ANOMALIES

1. Introduction

The upward continuation of gravity anomalies may be defined
as the computation of the gravity anomaly at some elevation H,
given the gravity anomalies on the surface of the geold, H = O.

This problem has been exanined by several authors in attempts
to formulate theoretical solutions and to make practical computa-
tions. Two solutions are generally formulated: the first utilizes
some form of a template; the second uses anomalies estimated in
blocks of various sizes.

Template method investigations have been concerned especially
with finding suitable compartment sizes or suitable points at which
the gravity anomalies should be read on some grid surrounding the
subpoint of the computation stations. Particular reference should
be made to works of Henderson, Hirvonen, Peters, Tsuboi and others.
The template method has the advantage that it maintains its use-
fulness for very low elevations, say on the order of 1 km or lower,
becaige small compartments are utilized around the computation
point. By using compartments at large distances from the computa-
tion point it is possible to extend the upward continued anomalies
to the higher elevations, on the order of hundreds of kms. The dis-
advantage of the template method is that a point to point estima-
tion of the mean anomalies in the various compartments is necessary.
Thus considerable time and effort will be expended using the template
method whichshould be critical for a production type evaluation of
the upward continued anomaly. The template method ig fundamentally
menual and little utilizations may be made of a digital computer in
obtaining the results.

The second method of upward continuation involves the use of
- mean anomalies in pre-determined sizes. These blocks are generally
bordered by latitude and longitude grid lines. It is thus possible
to estimate the mean values with no need for re-estimations when
the computation point shifts. This is a distinct advantage over



the template method. However, thereis some question on the size
og the blocks. Mean anomalies may be usually found in 50X 53,

1 x1 and 5'x 5' blocks. These sizes are perhaps sufficient for
the higher elevations but smaller size blocks are needed for
lower elevations. This will require additional estimations near
the computation point, but which in any event will be less, in
most cases, than that required by the template method. Additional
discussinns concerning the block sizes needed will be found later
in this report.

We thus choose the method of upward continuation which util-
izes squares (or blocks) of various sizes. We shall limit the dis-
cussion and the computer program to those elevations (on the order
of 200 kms) at which the earth may be approximated by a plane.

The theory and equation to be used in this report are not new.
We will freely draw on the works of Hirvonen and Moritz in the dis-
cussion of this problem.



2. The Theory

2.1 Upward Continuation

The fundamental solution to the problem is found through
the Poisson Integral:

T2 R2 Vs do
2.1 R rr .
( ) V§ LR L 3
Ds

V?: potential function at some point external to the sphere
r : distance from center of gphere to the point
R : radius of sphere

V :furtion on the surface of the sphere (this function does
s
not need to be a harmonic function)

DS: distance from the surface element (VS) to P
do: elemental area on the sphere
H : elevation above the sphere (r = R + H)
In terms of the gravity anomalies we have:
V = rig
i) H

V = RAg where AgH is the énomaly at elevation H and Ag is
s

the anomaly on the surface. Then (2.1) becomes:
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Equation (2.2) is usually transformed into another form by the
substitution:

r R+ H
Then:
2 2 2
DS =R +r - 2Rr cos ¢
2 2 2
D =T (1L +t -2t cos V)
S0

2
DS = rD where D = (1 + t - 2t cos W)% with ¥, the
spherical distance between the surface element and the computation
point. In addition if we let dcl be the area on a unit sphere:

2
do = R doy
we have:
2,2 2 A
e - R (r u— R) I bg doy
i L D3
or
2 2
S5
A _ by r2 rr Ag doy
H Lrr D3

or using t:

2 o
(2.3) bg :%%;l> Iy %’a doy

H
D

Equation (2.3) corresponds to equation (8.2) of Moritz [3] and is
called by him the upward continuation integral. This equation may
be used for the upward continuation of gravity anomalies.

There is, however, another form that may be obtained from (2.3)
- which i1s valuable in examining the case of plane assumptions.
Using the substitution:



2 (R+H)2—R2=2H(R+H/2)

2 2
(R + H) (R + H)
D3
Do _ 2
(R + H)3
we have:
2 3
A R 2H (R + H/2) (R + H) r Ag_do_
&y = 2 2 3t
hm (R + H) (R + H) DS
de, - H R+ H/2 p bg do
on R+ H 3
Ds
H
2
Now the ratio —g—f—g— is close to 1l : 2 1 - 5% ;

For the small elevations envisioned in these computations we will
take this ratio to be one. At H = 200 km, the ratio is .985. We
thus write the second form of the upward continued equation as:

B grle ao
(2.4) b = oo IT

Equation (2.4) can also be transformed into a form suitable for
use on a plane, These may be done by associating the distance D
with a distance D on a plane and the spherical area element do

with a plane area element dx dy. If we thus set up a rectangnlar



coordinate system with origins at the subcomputation point, x
axls positive east and y axis positive north we can write:

B ppdg ax dy
(2.5) bey = oo [T 3
D
o)
2 2
where D =x +Y +H.,.

Equation (2.5) s the form of the upward continued integral in
a plane approximation. Errors associated with it in comparison

to the true equation limit its use. According to Moritz[3, p.71]
this limit is for a distance up to 20° from the computation point
for a height less than 250 km.

The computation of the x, y coordinate needs now to be dis-
cussed. The basic problem involves the transformation of some lati-
tude, longitude coordinate difference on a sphere to a correspon-
ding x, y coordinate on a plane. The obvious method would be some
sort of map projection that would have minimum amounts of scale
error and angular distortions within a range of the computation
point. It is not necessary however to search for this because only
simple approximations and equations may be used. For example Moritz
suggests:

R cos @ (A - KP)
R (QP - QPp)

il

Il

(2.6) { ;

where ¢ and A are the coordinates of the particular surface point
of interest and @ and Kp are the coordinates of the actual com-
putation point.

As the evaluation of (E.S)Vmust be done as a finite summation
we write:

(2.7) bey = 5 ) g ole,)

where the summation is to be taken over all the used anomalies

and ¢ (9,A) has two forms. The first is a direct form that is
easily found from (2.5). The second is an integrated form. The lat-
ter is necessary for small elevations near the computation point.

The first form is:

(2.8) CRVIE S

oUw*td



where AA is the area of the elemental surface block. ¢ and A

are taken as the coordinates of the center (mean Coordinates)

of the block under consideration. It can be seen that this form

is satisfactory for more distant blocks but it will be sensitive

to the latitude and longitude evaluations as the square is closer
to the computation point. To this end Moritz computes an integrated
form of ¢ (¢,\). This is:

;’3‘ (@;70 = i—j\j U. ¢ ((95 A) dA

. HdA
H"é‘

0

D

where the integration is carried over the rectangle shown below;

For this square we have:

[ 2~

T (0,0) = T (9,1) 1
(H +x +y

I

2, 3/2
)
Moritz gives the solution in the form:

(2.9) ToF () -F () +F (3) -F (4)

- where:

(2.10) F (x,y) = tan %—;



In (2.9) the value F (i) indicates that these evaluations are to
be done using (2.10) with the x, y coordinates of point i as in-
dicated in the figure. The latitude used in the evaluation of the
x coordinate (i.e. in cos @) must be the same for point (1,2) and
(3,4). This will then assure that the figure described by the co-
ordinates is a rectangle as required by the derivation for ¢, In
fact this latitude is not critical and several variations are
possible; for example, the northern latitude, the southern lati-
tude or the mean latitude of the square in question. In the pro-
gram which will be developed in this report, the northern lati-
tude of the square is used.

The above completes the general discussion of the theory
involved with the upward continuation of gravity anomalies,

2.2 Normal Gravity

Besides the interest in upward continuation of gravity an-
omalies, there is also some need for the normal gravity at the
elevation, latitude, and longitude at which the upward continuation
is to take place. The normal gravity can simply be defined as the
sum of the attraction and centrifugal force of a point rigidly at-
tached to a rotating ellipsoid of revolution whose surface is an
equipotential surface.

Several authors have discussed this problem. A previous report
in this series has explained and summarized a solution due to
Hirvonen. In that report the normal gravitation and normal gravity
along several coordinate systems were computed. The specific need
in this report is for only normal gravity in a direction perpen-
dicular to the given equipotential surface of the reference ellip-
soid. “his direction is normally associated with the direetion of
the geodetic latitude, o.

Since extensive discussion has taken place about the various
methods, none will attempted here. However, since the normal gravity
in the ¢ direction is given in the computer program to follow,
the specific equations to be used for this vertical component of
normal gravity will be given in a later section.

[6]



3. Equations
3.1 Upward Continuation

The fundamental equation is:

H Ag dx dy
H ™ om jj
o

or in a summation form,
1 vA
pe - _"'§: g c (%)

H 2m

where the summation is carried out for each block containing

a mean anomaly In this program we will use 5'x 5' blocks and

2. 5 x 2. 5 blocks, so that the summation must be carried over

each type of square. In addition the direct or non-integral form

of ¢{x, y) or c(¢,\) as given in (2.8) will be used for the

5' squares. In this case the area of the 5! square would be computed
as:

AA = (R Ap R cos @A))
B R - 5! ) 2
=Ccos @ (3&37.7&68
AA = 85.86328 cos ¢ where R = 6371 km.

For the smaller 2:5x 2:5 blocks that will be used close to the com-
putation point the integrated form as given in (2.9) and (2.10) will
be used. Further discussions will be found in a subsequent section
of this report concerning these'square sizes.

Given the following information:

@ ko, Hi’ Hg - Hk of the computation point

one set of 5'x 5' mean free-air anomalies ag (i,J)
(center point coordinates @i’xi)

H 1
one set of 2.5x 2.5 mean free-air anomalies Ag Ti,j)

Compute:

Ag qu y === AgH

)
Hl 2 k



A. Sum over all 5'x 5' blocks (i,J):

For each block (i,Jj):

1l

(3.1) x 111.19493 cos @, (A, = A )
1 1 [o]

(3.2) y

1

111.19493 (mi - mo)

For each elevation (k), for each block:

2 2 2 2
(3.3) Di,j,k =x +y H
(3.4) 1,5,k o8 % H

A —4

A 0>
i,d,k
. = A i ] d

(3.5) Aghk Agﬁk + Ag (1,5) ci,j,k/Aﬁ

B B

1
B. Sum over all 2,5x 2.5 blocks (i,j) k

For each block (i,J): 4 3
For each corner of the bleck:
(3.7) x, = 111.19493 cos ¢L(xu - xo) ! )
(3.8) ¥y = 111.19493 (@l - @O)
(3.9) x, = 111.19493 cos P, (Ae - xo)
(3.10) Vo =¥y
(3.11) X’3 = X,
.12 = 111.1949; -
(3.12) Yy 1.19493 ((PS ®)
| (3.13) X =X
(3'1h), vy =V,

10.



For each elevation (k), for each block (i,J)

(3.15) D ZN/;Z Py 4 Hi

(3.16) e 5= F(1) - F(2) + F(3) - F(L)
(3.17) vhere F — tan —ﬁ%

(3.18) Ang - Ang vy s e,

The above complete the fundamental equations used for the upward
continuation of anomalies.

3.2 Normal Gravity
The equationsused for the computation of the vertical com-

ponent of normal gravity are below. with the ¢, A, and H of the
computation point

compute find
(3.19) X = (N + H) cos @ cos A
(3.20) ¥ = (N +H) cos @ sin A Y
(3.21) z = (N(1 - ee) + H) sin o Z
. a.
(3.22)  with N = o 1
(1 - e sin @) ®
z 2
(3.23) p -x 4y D
. 2
(3.24) r2 = p2 + 22 r
2
(3.25) K? = r2 + 02 K
(3.26) b° = [ - up2e? n°
2
(3.27) sinco = K é h o
2p
‘ Z
(3.28) tan B = — 5

11.



compute find

(3.29) q =3[ - 3 cotx (1 - & cotar)] q
3(1 - a cota)
(3.30) q'= e -1 q'
sin o
(3.31) w=(1 - sin“Q cosgﬁ)% W

i 22 ,..2
KM sin~¢ waatsin"a ’ )
. 2 I_' —_ 4 . 1 r
(3.32) o 02W' + 2oq_w (sin“g 3) y
22 . )
(3.33) TB _ W-a~gsintsinBcosB ]
quw B
(3.34) o e o’
o)
w7 c sinBcosp
. — -I"
(3:3) 8 B * wsinQ yé

1l

£2 2
at?B VT

where ¥ is the normal gravity in the vertical direction. Certain
constants used in this program designated by ¢, KM, q , a, e refer
to the International Ellipsoid and may be computed as described

in the pertinent report.

(3.36) Y

L, Special Considerations

In the previous section we have tacitly assumed several pro-
cedures which are now apprcpriately discussed. The flrst questlon to
be examined is why use 5'x 5' blocks, and why use 2. 5x 2.5 blocks.
Seeondly, why use the integrated form of ci . only for the 2.5x 2.5
blocks, if at all. ’

12-‘



k.1 Consideration of Block Size

The first question may be answered by considering two factors.
The first is the area over which the integral summation is to
be carried. In theory, the summation should be made over the
entire sphere, or in the plane approximation over the entire plane.
However, the effect of the distant area are small for the eleva-
tions (< 200km) of interest in this report. Moritz has estimated
that it is sufficient to extend the summation over a radius equal
to 10 times the height of the point. For a height of 10km, the
radius would be 100km or approximately 1° in latitude. Areas of
this size are most readily described in terms of 5'x 5' mean anom-
alies. For the higher elevations, the area to be considered would be
larger and perhaps more easily represented by large size elements.
However, this would complicate data preparations. It is thus felt
that for elevations that would be considered for airborne measure-
ments and similar encountered altitudes, 5'x 5' mean anomalies are
sufficient. For the higher altitudes under consideration (lOO—EOOkm),
this size block 1is perhaps too small for the most economical com-
putation, but they will satisfy the requirements.

The lowest elevation at which a computation may be made is
limited by the size of the squares used in the integration. As the
value of H becomes smaller, the size of the blocks in which in
which the mean anomaly has been estimated must also be reduced in
order to be able to adequately reflect the variatiomsof the anomaly
field. If the =levetion was only dH > 0, the needed squares would
be essentially point anomalies.

It is pertinent to discuss the elevation at which a certain
size square will give satisfactory results., Various authors have made
suggestions along these lines, either explicitly or implictly. For ex-
ample[2] Hirvonen has computed a template for the upward continuation.
He concluded from his figures that 5'x 5' squares would not give the
same accuracy as the template below 20km. On the other hand, the
smaliest radius of his template has a rsdius of 0.4H, so that the
radius for 20km = 8km. Now & circle of 8km would be composed of ap-
pmox1mately 4 5tx 517 squares, which if the c 3 are calculated in
the integrated form, should yield better accufacy than the template.
If we use the criteria of O0.4H the lowest elevation correspondlng
to the accuracy of the template method would be:

13.



where a is the side of the square., Taking for a 5'x 5' block, we
have a = 8km so that H = 10km. In words we might ccnclude that
the size of the square needed is approximately 0.8 of the point
elevation.

Moritz [3] recommends another procedure when dealing with
square elements., This involves evaluating the upward continued
anomalies at the center of adjacent 5'x 5' squares surrounding the
center square in which the computation point lies. Interpolation
for the given point isthen carried out from the 3 given values,
This procedure is said to be necessary for elevations smaller than
70 km. Even though an interpolation is performed in this method, it
still should not readily improve the situation for the lower ele-
vation (~10 km).

In addition to the above described method, Moritz also des-
cribed a method in which the effects of gradients within a 5'x 5!
square may be taken into account for the non-vertical components
for elevations less than 10km,

Orlin has also mentioned this problem of square size., He adopts
a figure giving the ratio of distance to block size as 2 to 1.
Thus for an elevation of 16 km a square size of 8 km (5') would be
needed. However, these figures were only used bo within 10' of the
computation point, with a template procedure being applied for that
inner zone.

We might formulate the problem in a slightly different way.
Moritz [4] Thas given an expression for the expected accuracy of
the upward continued anomaly based on a rectangular block with side
a and b containing the mean anomaly. This is:

2
2 1 A m
H- .2  8m
H

2
where A is the area (&) of the block and m is the expected standard
error of the estimated mean anomaly in the square. me may be taken as:

2
2 o (a2 + b2)
mo=

1k,



2
where & 1s a constant depending on the covariances of the anomalies.
Using this we can write:

2 of (8 + bg) ab
" = L8m H2

Now suppose that we ask the following question:

What is the size of a block (ag, b,) needed at a certain ele-
vation H_ , to yield the same accuracy at an elevation Hl with a
block size 8y bl?

We answer this by taking the ratio of the respective standard
errors:

2
2 2 2
" o (1, +9) ab,
2 = 2 2 2
mHl B, f(a  +b))ab,

If we approximate the rectangular blocks with squares, a = b, we
have:

2

2 L

mHe o5

2 Hz i
m i a

H 2N}

If the accuracies at these elevations are to be the same, this ratio
must be 1, so we have

’H
a2=al --2-

h

Let us accept the value of g as 8km (5' sq) and compute the value
of a, corresponding to selected values of Hl and H2. These results
are presented in Table 1.

15.



Table 1

Value of a, for given Hy and Hp

(lan)
HI
H, 20 15 10 5
15 6.9 — — —
10 5.7 6.5 - —
5 40 | 46 5.7 —
4 36 4.1 5.1 7.2

If we accept adequate accuracy from 5' square at H = 20km, we
would expect a similar accuracy at S5km with a 4km (2.5) square.
Other conclusions follow similarly.

It is apparent from the figures that there is some disagree-
ment on what size of block should be used for the lower elevations.
On the other hand, whether we use the rule o? 0.8H for a_ or the
a_ from Table 1 1t appears that the use of 2.5 squares is valid
for elevations down to 5km and perhaps Lkm. Tests pertinent to
these conclusions are descrived in the next section.

4,2 Integration Considerations

We have discussed two forms of ¢, ., a non-integrated form and
the integrated form. The question ariéég where and with what size
squares should the particular forms be used. Granting that it is
sufficient to use 5'x 5' and 2.5x 2.5 blocks, is it sufficient to
use the integrated form of c, . for the 2,5 blocks, and the non=-
integrated form for the 5'x 5}’glocks?

To answer the above question 2 test situation was examined
under various conditions. A 3° (o) x 5° (A) area was selected with

the coordinates:

38%—-35°
2402 »-245° (115° - 120°)

A set of 5'x 5% mean free-air asnomalies was established for this

16.



area from estimated Bouguer anomalies and mean elevations. Near

the'center 6f this area a group of stations was selected for
these test computations. The location of these points is des-

cribed below:

o
36 35

242" 25’

4; [}

|

|

!
Y

|

i

1

|
I
i)
|
!
[
—-*6*-—"-*—$~3
[
l
|

Though points 1, 2, and 3 are of primary interest, the actual
coordinates For all the points are now given:

Point
1

~N O\\I Fw

Latitude
36° 32" 30
36 33 45
36 34 00
% 32 30
3¢ 37 30
3% 32 30
36 27 30

17.

26
26
32
27
22

15

00

30
30
30

Longitude
242® 321 3011, -117° 27t 30t
2hk2 33 k45, 117
2k2 34 00, 117
2k2 27 30, -117
2k2 32 30, -117
2k2 371 30, -117
242 32 30, -117

27

30

= =5 =5 = 5 =5



Points 1, 4, 5, 6 and 7 lie at the center of 5'x 5' squares.
Point 2 is located at the center of a 2:5x 2:55quare while point 3
has no special location, except lying within that same 5' block as
points 1 and 2.

Points 5 and 6 are needed for an interpolation (with point 1)
for finding Agy from the so-called sub-station. The method for in-
terpolation is described by Moritz and basically is the fitting of a
plane through points 1, 5 and 6 which lie at 5'x 5' centers and in-
terpolating for the gravity anomaly at points 2 and 3. If we consider
a coordinate system with the origins at point one and computing
x = 6371 cos ¢, (A = A;) and y = 6371 (9 - ¢ ) where @,,\, are the
coordinates of point one, we can form an expression for the AgH
using equation 5 of Moritz [5 ]. We find:

for point 2
B bgy  Ags + Dgg
heg, =75 + i
for point 3
Ag. = M40 Agy + (Begs + Deg) .3

H3

The anomalies around the three points of interest (1,2,3) were
chosen in three different forms:

1. the original 5'x 5' mean free-air anomalies

2. the 2.5x 2:5 mean anomalies with the same mean in this square
as in the corresponding 5' square

3. the 2i5x 2.5 mean anomalies with various values in then,
computed such that their mean would be the same in the cor-

responding 5'x 5' square.

The situation as described in the best form is shown in Figure I.
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The situation as described in the second form is identical with
that of Figure I except within each square are four values, the
same values as in Figure I representing the 2:5 mean- anomalies.,

The situation as described in the third form is shown in

Figure T
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The values of AgH were computed at 10 elevations using 6 dif-
ferent methods or anomalies., These methods are now described:

A - dsing only 5'x 5! means, cij not integrated ,
B - using only 5'x 5' means, cij integrated

C - using only 5'x 5' means, c, integrated, values interpolated from
substation calculation usiné surface fitting

D —/using 5'x 5' means, c, .k integrated and with 2:5x 2:5 means with
¥

Cij integrated, with %ﬂe same mean in the 2.5 square as in the

corresponding 5' square.

E - using 5'x 5' means with Cij non-integrated, and with 2!5x 215
means with Cij integrated, with the same mean in the 2!5 square
as in the corresponding 5*' square.

F - using 5'x 5' means with C; y non-integrated, and with 2{5x 215
means. with Cij integrated, with various mean values (Fig. II)
but with the same overall mean as the 5! square.

These results for these computations are presented in Table 1
where the evaluations at points 1, 2, and 3 were made. There are
several conclusions that may be drawn from this table. These will
be drawn for the lowest elevation as the differences between the methods
decreases with elevation, as does the anomaly itself.

For cases A through E, the method that should be regarded as best
would be case D. Method B and Method D should give identical results
since the same mean anomalies have been used in the two square sizes.

It is apparent from Table .l that Method A gives incorrect results when

the point is at the center of the 5°¢ square and fair results otherwise.

The smallest difference between the two methods is .4 mgals at the high-
est elevation while the elevation at which the deviation does not ex-

ceed 1 mgal is near 12 km., Method C yields results consistently lower

than the accepted value found in Method D. At points 2 and 3 an error of
4 mgals is found for the lowest elevation, while the result at 16 km

shows an error of 0.5 mgal. Even greater discrepancies are apparent

when compared with the results from Method F, but the real comparison

of interest is with Method D. It appears that this method of interpolasion
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yields erroneous results in this example and ther is no reason to be-
lieve it would not hold for other situations. Besides this fact,
additional work is required for the computatibn of the anomalies at
the substations which can substantiglly increase the needed computer
time, '

Method E enables us to see if it i1s possible to use only the
integrated c;j for the 2ix 21 means while using the direct form for the
5' squares. The answer appears to be yes, as the maximum difference
between E and D was 0.l mgals.

It is of interest to compare Method F, where rather erratic anoma-
lies for the 2!5 blocks have been used, with Method D. If these anoma-.
lies had actually existed as error of using D over F would be 2.4, 3.5,
and 3.8 mgals. for points 1, 2, and 3 respectively at H = 4 km. The
elevation at which the difference between D and F is near 1 mgalis at
12 km for the three points. We could than say that below 12 km we
should use smaller size squares if an accuracy of integration below
1 mgal is to be maintained, From Table 1 (or the equation for ag ) we
could than conclude that the 2i5x 2:5 blocks may be used down to an
elevation of 4 km.

In summary, we may tentatively reach the following conclusions:

1. It is necessary to use the integrated form of cjj only for
the closest squares which are the 2I5x 2I5 blocks, with the
un-integrated form of Cij being used for the farther 5'x 5!
blocks.

2. If no 2i5x 2!5 blocks are used, the non-integrated form of cjj
for the 5' means should be used no lower than 12 km.

3. If no 2i5x 215 blocks are used the integrated form of cjj for
the 5' means should be used no lower than 12 km,

4, The substations computation and subsequent surface interpolation
does not give correct results for the lower elevations.

Points 2 and 3 need comment as taken together they look trivial.
However, the reasoning behind each is different. Statement 2 arises
from the inaccurscy in the non-integrated C; 3 over the Cij in the in=-
tegrated form., Statement 3 arises from an expected variation in the

2l.



anomaly field in the surrounding 2!5x 215 blocks. It just happens

that both considerations yield the same elevation criteria. In fact,
if we compare Method A with Method F, it might appear that for eleva-
tions above 8 km, the two methods yield results within 1 mgal., This

result is fortuitous at best, and no conclusions may be drawn from
such comparison.
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4,3 Accuracy of the Upward Continued Anomaly

It is of interest to know to what degree of reliability we can -
attach to the upward continued anomsly. In sections 4.1 and 4.2 two
considerations have been made with respect to the subject: block '
size and integration requirements within a block. Of more pertinent
interest is to consider the influence of the inaccuracy of the used
gravity material and to question how far away from the computation
point need the summation be carried out. Moritz [3,4] has extensively
analyzed these problems so that we take from <1is work some pertinent
equations.

4,31 Statistical Accuracy
In a previous report [7]; the author outlined the following steps:

If the error covariance function of gravity anomalies is taken

as, 2 2

-8 .
o (s) = o, e (7, equation

numbers refer
to the Moritz

[4] report)

where Ob’ c® are constants and s is the anomaly separation.
Moritz then shows that the standard error of the upward con-
tinued anomaly is,

(o)
1 \
G- | (18)

Consider next the error of representation in anaanomaly block
with sides a and b, Now is a point anomaly in this block is
taken to represent the mean anomaly in the whole block, this
error of representation is:

m® = g% (a® + b°) (h2)

where o is a constant found in the expression:

C(s) =¢C, - ofs® , (40)
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o = C,/a® where d is the separation at which C(r) equals
CO/2. C(r) is the covariance of the gravity anomalies and Co
is the variance of the anomalies. Moritz shows that:

1 A o '
2 _ = £ : 48
g = B 8m (48)
so that taking A = ab, the area of the square and m from (42)
we have:
2 1 o ab (a® + b?)
" = H LBn

- This equation should be evaluated for the given circumstances
and area of uplifting. Some previous calculations show one
estimate for this error using 5'x 5' squares could be:

m}I::i%mgalSo

Moritz obtained a similar but slightly smaller value.

4,32 Accuracy from Individual Block Accuracies

We have written the upward continuation formulsa in the form:
H dx d
b =2 VY 0g B
€1 = om EAg 0’

This equation can be regarded as simply a function composed of a summa-
tion of a certain number of elements. If we say that we know the accu-
racy of each of the anomalies (mﬁg) to be used in the summation, and
neglecting the correlations between adjoining blocks due to non-indepen-
dent estimation, we may write: '

2 H |
mAgH T (k)R §?§j<é§%dyjf ng

or in terms of the coefficient c

2 _};_23}{ 2 2
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This equation may be used in the computer program to be described
simply by using the values of UAg instead of Ag as input, and modify-
ing several statements so that czm?Ag is computed instead of cAg.

4,33 Maximum Accuracy

It has been previously mentioned that the original formulstion
of the upward continuation problem requires a summation over the
whole earth sphere. When the problem is transferred to the plane the
corresponding summation is over the entire plane. In practice it is
not necessary to do such a complete summation since the values of
¢ become smaller for distant areas. Moritz [3] has considered the
question and his answer is that it is sufficient to go out to 10
times the elevation in order to be assured of an accuracy of = 1 mgal.
This figure assumes a mean anomaly of 10 mgals beyond the integration
area. If this mean is smaller than specified, the accuracy of the up-
ward continuation will decrease in direct proportions.

To be on the pessimistic side, though, we can accept the fact
that if we go to a distance of 10 times the elevation the error committed
would be no larger than + 1 mgal. In some practical tests that have
been made, we have added or deleted up to 30' blocks of anomalies
beyond 10 times the elevation and found effects of only 0.1 or 0,2
mgals, thus leading to the belief that the figure of * 1 mgal .is some-
what pessimistic.
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5. General Program Description and Flow Diagram

5.1 General Program Description

The computer program designed to perform the upward continuation
of gravity anomalies is basically set up in two components. The first
component basically reads in from cards the 5'x 5' mean anomalies in
a block 30' wide in latitude extent and as long as needed (in longitide).
This block is brought in and stored in a two dimensional array. After
all cards in a block are stored, the anomalies are written on tape one
row at a time (longitude extent). For each row, the latitude (deg. min,)
longitude (deg., min., + east) and the number of anomalies are
written. After each row the next row is written until all 5' strips
in the 30' block are written. The program then returns for a completely
new block and storage pattern. This continues until the supply of
blocks is exhausted. This created tape (#9) is now rewound and is ready
for use in calling the main body of the program which is in a subroutine:
SUBSK 3.

The first part of SUBSK3 reads all the data from the tape (#9)
created in the first part of the program. All the anomalies are stored
with information pertaining to the location of the first anomaly in the
string and the number of anomalies. The advantage of such a method is
that the location of each anomaly need not be specified. These 5'x 5'
anomalies are stored in the array ANOMIL.

The machine is next informed if it is dealing with a latitude (999)
or a longitude (9999) profile., This feature is described in a later
section, but briefly it is a means to make computations and data hand-
ling more efficient by identifying a predominate north-south (999) or
east-west (9999) profile. Now a card is read that contains four 2'3x 2'%
mean anomalies and the coordinates of the NW corner of the 5' square.
This information is stored in the appropriate location in the array
ANOM2. Consecutive cards having the same latitude (or longitude) are
read in until the end of a strip is reached., Then a new strip is started
- and finished. This @rocess is repeated until all the 2'% anomalies are
in core. In addition to the proper storage of the anomalies, an addi-
tional computation is done to zero the 5'x 5' anomaly which is being
duplicated by the 2'% information., In this manner, it is possible to
combine both types of anomalies in the needed summation.
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The computation then proceeds to read-in the location of s point
at which the upward continued anomaly is to be computed., The location
1s specified by the latitude, longitude, number of elevations, and the
sequence of elevations at which the anomaly is to be obtained. Thus
1t is possible to compute at several (up to 15 at present) elevations.
This feature has the adventage of reducing the total amount of com-
putation for the several elevations over the separate program sub-
mission for each elevation. In practice this means that little addi-
tional computer time is necessary for more than one elevation,

Having the cogrdinates, the first computation is the summation of
the upward continued equation over the 5'x 5' mean anomalies. The
next computation is the summation over the E%X 2% means using the in-
tegrated form of Cije Where the summation and computation takes rlace
depends on whether we are dealing with an east-west or north-south
profile. Before the print out of the final answers, the remaining
step is to compute the normal gravity at the given latitude and eleva-
tion (regarded as above the reference ellipsoid). Finally the answers
are given for the point: the latitude, longitude, elévations, with the
anomaly and normal gravity for each elevation is printed out., All
computations being completed for this point, the program returns for
another point, repeating all computation until the point supply is
exhausted.

5.2 The Flow Diagram

In order to show in a schematic way the operation of this progra
a flow diagram has been made and is given below. The symbols used ii
this diagram generally correspond to the ones that are found in the
program. The flow dlagram was de31gped by Doug Fleckner of the OSU
Computation Center.

n
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SUBROUTINE 5UBS43 (NBL,ITAP, KTAP)
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6. The FORTRAN Program

6.1 Preliminary Comments

Before the specific input formats of the program are discussed,
it is appropriate to describe a few preliminary points. The program
is designed to accept two kinds of cards containing mean free-air
anomalies. These cards will contain 5'x 5' and 2!5x 2!5 means. The
5' cards are handled in blocks; the latitude extent is 30' and the
longitude extent is the complete extent of coverage desired for that
latitude range. Each block consists of a sequence of cards that con-
tain (on each card) 6 anomaly values along 30 minutes of latitude at
a constant longitude. Each anomaly value then represents the anomaly
in a 5'x 5' square whose longitude is specified on the card, and whose
latitude may be computed from the latitude punched on the card. The
coordinates of the square refer to the northwest corner of the square
with the longitude being considered from 0° to 360°(positive east).
If a block is 5° wide, there will be 5 x 12 = 60 cards with a total of
60 x 6 = 360 anomalies. Figure III represents this picture:

2 i
i
i “l:
5 A 5'x 5' Anomaly Block
BN — A+5  A+I0
s o 3
specified |
g-5
"2
#- 10 6 Values/Card
’ [
@-15
In
@-20
5
P#-25
6
J One Card
e —t
Individual Cards
Figure III

5'x 5' Blocks
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The format of each 5' card is (6F5.1 , 28%, 2(I3, I2)) with
the 6 anomalies punched in the first 30 columns (5 cols/anomaly ) and
with the latitude and longitude (positive east) of the NW corner of
the 30' strip appearing in columms 59-68, Specifically we have:

col, value

1-5 anomaly 1

6-10 " 2
11-15 " 3 :

see Figure IIT

16-20 " L
21-25 v 5
26"30 1" 6
59-61 latitude (deg)

62-6 latit i

O 3 atitude (min) of NW corner of
64-66 longitude (deg) 0°-360° (4 east) strip
67-68 longitude (min)

The number of 5'x 5' blocks to be used is particularly dependent on
the elevations. As previously stated, the anomaly coverage should ex-
tend to a distance approximately 10 times the elevations from the com-
putation point or profile, If a profile is used the 5' blocks should
be chosen to border the profile as shown in Figure IV where an east-
west profile is shown. Since the 5' blocks are 30*' in latitude extent
it is necessary at times to include more anomalies than actually needed
but the only effect is a slightly increased computer running time.
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Figure IV

Example of Profile and 5'x 5' Block Reélation

Similar examples could be shown for north-south and oblique profiles.
With oblique profiles, the 5! blocks would not need to be chosen in
a square fashion but may be set up in a stepped way as shown below.

’
30

7 30
=
e S p—

Oblique Profile and 5'x 5' Block Relation

Figure V
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In addition to the 5'x 5' mean anomalies that are used in the 53
blocks, the program also used the 2!5x 2:5mean anomalies that are
especially important for low elevations (on the order of 7 or 8 km),
These 2nomalies are needed only in the immediate vicinity of a compu-
tation point or profile., In order to défine immediate vicinity we
consider two cases., First consider an example when the computation
point is situated at the center of a 5'x 5°! square., In this case,
215x 215 anomalies are needed in the 5°' square in which the point
is situated and in the 8 adjacent 5'x 5' squares. This ig shown in
Figure VI.
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I
H
I
|
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?“"""‘""lf"'"‘ W Point
{
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] ] i
I | ;
Anomaly -1z : : I
needed for each | o o m e b b e o e e e
215 square ! : LI:
| 3V
| ! $+2-5 ¢',,
z 15’ »
Figure VI

245 X 2i5 Anomalies

Surrounding Computation Point

A similar example may be set up for the needs of 2!5 mean anomalies
along a profile. If we consider a profile along an integer 5' of
latitude or longitude it is sufficient to use the 2!5 anomalies to
~-5' on each side of the anomaly and 5' at the ends. This is shown in
Figure VII.
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Profile end

k6 —te55—]

Profile

Computation Point

Figure VII
Location of 2!5 Mean Anomalies

on Profiles

Notice that along a profile, the computation point is taken at the cen-
ter edge of a 5'x 5' square. This is usually done for symmetry pur-
poses and is not necessary for elevations above 10 km, if at all.

The 2!5x 2!5 mean anomalies are punched four to a card representing
the four 215 means in a 5'x 5' square. The first four fields on the
card are the four mean anomalies in order 1, 2, 3, 4 with the latitude
and longitude of the northwest corner of the 5' square being specified
after the four mean anomalies. The four anomalies are punched in the
first 2k columns, 6 cols/anomaly, with the latitude and longitude punched
in columns 59-68. The card format is: (4F6.1, 34X, 2(I3, I2)). The
order of the anomalies punched on the card is shown in Figure VIII.
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Longitude specified
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51

Figure VIII
Arrangement of 215
Means for Punching

Within 5' Square

Specifically the format for the 2!5x 2!5 mean asnomalies is:

col. value

1-6 anomaly 1

7=12 " 2

~ see Figure VIIT

13-18 w3
19-24 . L

59-61 latitude (deg) (- south)
62,63 latitude (min) of TV corner
oL =66 itude : of 5'x 5% block
- tongltud (deg) 0° to 360°(+ east) 2% 5

67,68 longitude (min)

For more efficient computer usage, it is necessary to specify a
type of profile that is being computed. The profile type may be re-
ferred to as an east-west (or longitude) profile and a north - south
(or latitude) profile. If an oblique profile is being used it is only
necessary to describe it in its predominant sense. That is, it is
predominantly east~west or predominantly north-south. If no predomi-
nant sense can be attached it is unimportant which type of profile it
is called, but future input arrangements must be consistent with the
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profile types. Additionally, if only a small group of points (or just
one point) is being computed, either east-west or north-south profile
désignations may be used, with the input arrangements of the 2!5
means in aggreement with the profile type to be described below.

Consider first the case of an east-west (longitude) profile
which will be identified in the program by 9999. TFor this type, (9999)
the 215x 215 cards should be read as follows: The first 215 card
represents the northwest corner of the strip. The second and succeed-
ing cards at that latitude are read in order of increasing longitude
(positive east) to the last card needed at that latitude. After this
card comes the start of a new latitude, 5' minutes below the preceeding
one, Though the starting longitudes are usually the same for the 215
cards they need not be so. Again this set of cards is used to fill
out a row of constant latitude along a varying longitude (increased by
5% for each card). If the profile is east-west, only two rows of cards
with 215 anomalies are needed. For oblique profiles more rows (i.e.
different latitudes) with varying starting and ending longitude will
be used. To summarize, the 2!5 cards are used in order of hishest lati-
tude, and longitude first (NW corner of profile) followed by increasing
the longitude and the starting latitude, following to the end of the
planned profile, decrementing the latitude by 5' and starting again from
the origin longitude., Further clarification is given in Figure IX.

N
9 _ -
first NW corner 1lst Set of Cards(Total = 6)
)
[ I | l >
-4+ + 4+ ++ ++
i I 1 -3 -de
! ! P i » Profile
-+ -
| | I | s
s

2nd Set of Cards(Total = 6)

Figure IX
Fxample of Loading of 2!5 Anomalies for East-West (9999) Profiles
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A similar procedure is used for reading in the 2!5 mean anomalies
for north-south (indicated by 999) profiles. The first card is for
the NW square used, followed by the cards for the same longitude, but
with the latitude decreasing by 5' for each card., After a column is
filled up (i.e., to cover areas needed for the profile), the column
starting at the north edge is started at a longitude increased 5' from
the preceeding. This is continued until the desired anomalies are
read in. For the usual NS strip there will only be 2 vertical strips
of cards. Further clarification is given in Figure X.

N

first NW corner I
/ E

-+ -+ > 2nd set of cards (Total = 5)

Tirst set of cards ¢ 1 T

(Total = 5) - + +

- Profile

Figure X

Example of Loading of 2!5 Anomalies for North-So.th (999) Profiles
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6.2 Detailed Input Formats

In the previous sections we have outlined some of the steps and
principles to be followed in the preparations of data for this program,
Now it is necessary to become more specific. First we write down the
information needed in a general form:

1. number of 30' 5'x 5' anomaly strips (MBL)

2. latitude, longitude of 30' strip

5" cards in above strip
(repeated for all necessary strips)

3. type of profile (999 or 9999)

L, needed 2!5x 215 mean ancmalies

5. points and elevation at which the computation is to be made.
Specifically:

1. number of 30" 5'x 5' anomaly strips (NBL) format (I2)
(col 1-2 = NBL)

For each 30' 5'x 5' block we have the following:
2. NW corner of 30' 5'x 5' block

col:

1-2 NW corner of strip (latitude - deg)

L5 " " " (latitude - min)
7-9 v v " (longitude - deg, + east (0°to 360°))
11-12 " . " (longitude - min)

The format for this card is : (I2, I3, Ik, I3)
For the gbove specified strip, all 5'x 5' eards are entered,
The format for this card is: (6F5.1, 28X, 2(I3, I2))
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col:

1-5 anomaly 1

6-10 " 2

11-15 " 3
16-20 " 4
21-25 "5

26-30 " 6
59 =61 latitude (deg) (- south)
62-63 latitude (min) corggrm§£
6L-66 longitude (deg, + east (0° to 360°)) strip
67-68 longitude (min)

This format has been described in detail in section 6.1l. The last card
in 30* 5'x 5' strip: 99 in col. 60-61, Step 2 is repeated for all NBL
(specified in 1) blocks.

999 for predominantly north-south profile

3. ITYPE = see text for
9999 for predominantly east-west profile further dis-
cussion

col 1-k, format Ik

4k, 215x 2i{5 mean anomalies
each card contains 4 s:comalies in a 5'x 5' square.

col.

1-6 anomaly 1

7-12 " 2

13-18 0 3 see Figure VIIT
19-24 " L

59-61 latitude (deg)  (-souty,

62-63 latitude (min) of W
64-66 longitude (deg) 0%to 360" (+ east) corner of
67-68 longitude (min) o' block
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If ITYP = 999 (north-south strip) these cards are arranged in decreas-
ing latitude (northern latitude first) within a given longitude, and
in increasing (+ east) longitude (western most longitude first).

If ITYP = 9999 (east-west strip) these cards are arranged in increas-
ing longitude (western most longitude first) within a given latitude,
and in decreasing latitude (northern latitude first).

The last 215x 215 card is indicated by a 99 in col 60-61,
5. Computation point information:

latitude (deg, min, secs), longitude (deg, min secs),

number of elevations, elevations at which upward continuation
is to take place.

for each point:

card a:
col: value
1-2 lat (deg)
L-5 lat (min)
7-11 lat (secs)

12 long (sign) (+ or =)
13-15 long (deg) (+ east or - west)
17-18 long (min)

20-24 long (secs)
26-27 ' number of elevations
29-36 elevation 1
37-bk " 2
15-52 " 3
53-60 " L
5
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card b (if needed )remaining elevations (5 to a card)
card ¢ (if needed) " " (")

The format for card a is, (I2, I3, F6.2, Al, 2I3, F6.2, I3, 1X, 5F8.4).
The format for card b is 5F8.k.

The above information is repeated for all points to be used in
the computation. The end of the run is signified by a card with a 99
in col 1-2.

6.21 Special Input Arrangements

There are two special cases that might arise in the use of the
upward continuation program that could he of interest. They both per-
tain to the situationwhen we do not have any 2:5x 2:5 mean anomslies,

The first case is when elevations above 12 (or more safely 20km)
are being considered. Thus we have seen that it is sufficient to con-
sider the non-integrated form of the Cije Our input would then con-
sist of the following:

l. sequence of 30 5'x 5% anomaly strip

2. type of profile (either 999 or 9999, it is immaterial)

3. card with 99 in col. 60-61

L. computation point information
Note that no 2i5x 2!5 mean anomalies are used.

The second case arises when you are below 12 km (or more safely 20 km)
where the Cy in the integrated form must be considered. Without using
~ the 2I5x 215 actual anomalies we can safely go down to 10 km., This
is done by setting up a 2!5x 215 card with the same mean in each square

as In the 5'x 5' square. These anomalies are used in the pertinent area.
The input would look the same as the general case.
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6.3 Output

In general the printed output consists of the following:

1.

Se

The original 5'x 5' mean anomalies in 5' strips in an east-
west direction.

The profile designation

The 5'x 5' mean anomalies in 5' strips in an east-west direc-
tion in which the pertinent 5' squares have been zeroed due to
having been replaced by 2:5x 2i{5mean anomalies,

The 2:5x 215 mean anomalies in a form identifiable with the
type profile designated .

The results under appropriate headings giving the latitude,
longitude, and for all input elevation, the upward continued
anomaly and the normal gravity corresponding to that latitude
and elevation. '

In more detail:

For every original 5'x 5' strip the following is printed:

latitude, longitude, and number of anomalies in that strip.

The latitude and longitude refer to the northwest corner of the strip.
This information is followed by the given anomalies starting from the
given longitude and increasing in a positive ( + east) longitude direc-

tion,

2

(O}
.

Profile type

New 5'x 5' Anomaly Block - This is the same as the original set,
but with the elements replaced by 215x 215 means being set zerd.
Above each set of anomalies is given the latitude (degs and deci-
mals), longitude (degs and decimals), and number of anomalies.

The 2:5x 215 anomaly blocks are next given. A strip along a
constant latitude or longitude are given. If ITYPE = 9999,
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(east-west strip), the anomalies are given along a constant
latitude. If ITYPE = 999 (north-south strips), the anomalies
are given along a constant longitude., The coordinates of the
NW corner of the profile are given above the anomalies them-
selves along with the number of 2:5 anomalies in that strip.

Finally the answers are given in terms of computation point

coordinates, elevations, upward continued gravity and normal
gravity at that latitude and elevation.
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6.4 Space Allocation

In a program of this type it is important to identify the needed
space that must be set aside in the program, and to establish how the
size or needed space may be computed. The following paragraphs des-
cribe these subjects for those variables that are size dependent.

In the main program:

ANOM(A, 6)
A = (length of 30' block in degrees) times 12
At the present time A = 300 so that (300/12 = 25°).

In the subroutine:

SUBSH 3

DG(B), FL(B), F2(B), F3(B), F4(B), H(B)

B is the maximum number of elevations at which the upward
continued anomaly is to be computed.

At the present time, B = 15.

ANOM1(C, D)

C = (length of 30' block in degrees) times 12 + 3

D = (number of 30' blocks (NBL)) times 6

At the present time, C = 100 so that (100-3)/12) = 8
degree band. D = 48 so that the number of 30' blocks is
8 or L4° in latitude extent.

ANOM2 (E,F)

E = maximum number of 2'%~mean anomalies in any strip + 3

F - number of 2'% strips to be used

At the present time, E - 100, so ((100-3) = 97 2'5 anomalies)

or 48 5'x 5' anomalies or essentially a 4° long band
F - 12 2'5 strips or for a swath 30' wide.

NUMBER(F), ITI(F), JJJ(F) should have the same space allo-
cation given by the quantity F.

Additionally, if these variables are changed, so should several
variables in the program: Thus: IVAR = F, IROWL. = C, IROW2 = E. In
addition, some clearing operations identifiable at the beginning of the
program and at the beginning of the subroutine must be carried through all
allocated space.
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7. Summary

The purpose of this report has been to describe and to put into
operation the necessary steps needed for the computation of the upward
continued gravity anomaly, Agy, at some elevation H., The operational
requirement of the above purpose is satisfied through the enclosed
digital computer programs written in FORTRAN II which enables the com-
putation of Agy given the free-air anomalies on the surface of the geoid,

The equation that was used is essentially the Poisson Integral
modified for use on a plane. The use of the plane is justified from the
need for the anomalies only in the immediate vicinity of the computation
point since the study was concerned only with heights that could be in
the range found in airborne gravimetric work. The immediate vieinity
is determined by going a distance, approximately 10 times the elevation
at which the upward continuation is to take place, from the computation
point.

Investigationswere carried out to ascertain what the proper form
of the equations to be used should take, and what size anomalies should
be used for the upward continuation. It was found that accurate results
could be obtained by using as integrated coefficient in the upward
continuation equation for the squares within 5' of the squares in which
the computation point fell, and in a non-integrated form for the other
squares. It was also found that it is necessary to use not only 5'x 5'
mean free-air anomalies, but 2'% x 2'5 blocks must be used to maintain
an accuracy of #+ 1 mgal below 12 km in elevation. These anomalies are
only those in the immediate (5') vicinity of the point. If the 2‘%
means are used, the lowest elevation at which the upward continued anom-
aly may be computed to maintain an accuracy of one mgal is on the order
of 5 km. These figures were determined by computing the vpward continued
anomaly under various conditions with respect to equation coefficients
and anomaly fields. Under different circumstances it is possible that
slightly different elevation conditions could be warrented., However,
it is felt that the values given should be reasonable guidelines to be
used when actually carrying out the uplifting.

The computer program that was designed to be used for the upward
continuation of the gravity anomalies has the possibility of using both
2'%>amd 5' anomaly blocks. Various control cards are used to identify
each and insuretheir proper storage in the machine. In addition it is
necessary to specify the computation as along a predominantly north-south

52,



or east-west direction. This feature improves computation efficiency
when profiles are being uplifted but has no specific need for single

or clustered computations. The time for the computation depends on the
size of the ground area involved, the number of points to be uplifted,
and the number of elevations per point. In a test case using a 39% 5°
area of five mimite anomalies (2160) and 36 2'3 means, the time required
was 0.4 minutes for 10 elevations. This figure would be on the order

of 0.3 minutes for 1 elevation. Thus the manner in which the program

igs written makes the time of execution only very slightly dependent on

the number of elevations being used.

This study has presented an operational program to be used in the
upward continuation of gravity anomalies to heights on the order of
50 km. In addition some suggestions are made on the limitations and
applicability of such a program.
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Appendix A

Source Statements for the Upward Continuation of Gravity Anomalies

The following program has been written in FORTRAN II operating
under the monitor system at The Ohio State University Computer Center.
In this installation the input tape is logical tape 5, which has been
indicated by the variable ITAP in the program. The output tape is
logical tape 6, which has been indicated by the variable KTAP in the
program. In addition logical unit 9 is used internally in the program
for intermediate storsage.

The program is in single precision except for the subroutine which
computes the normal gravity, this subroutine being in double precision.,
However, the output of this normal gravity is in single precision due
to limitation of the OSU system. This is easily changed at installation
where double precisions formats are available.
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* XEQ
*
*
ki
C UPWARD CONTINUATION OF GRAVITY ANOMALIES
DIMENSIONTEMP (6) s ANOM (3004 6)
REWIND9
ITAP=5
) KTAP=6
‘‘‘‘‘ READINPUTTAPEITAP. 1 3¢ NBL
13 FORMAT (12)
DOS511=1NBL
) DO19J=1430CU
DOIIK=14+6
R ANOM(JsK) =00
) _ CONTINUE
o e READINPUTTAPEITAP 11 sLATADLATAMsLONGD s LONGHM
11 FORMAT(12+134144+13)
 JFX=30C
o o dLXx=1
3 READINPUTTAPEITAP 123 (TEMP(K)sK=136) s LATDeLATMsLOD +1.OM
12 FORMAT(6FSel s28Xs2 (134123
o EFELLATD=99)254 38425, —— —
25 IF(LATAD~LATD)IZ29+26+29
2§W>W‘F(LATAV LATM)294 22,429
f PUTTAPEKTAP 230+ (TEMP(K) oK=1 961/ ATD L ATMLODSL OM
AT (25H _INCORRECT LATITUDE FOR  +6F5e1410Xe2(134121)
o 4007023 e o :
32 J=(LOD 7VUD}*12+(LUM—LQNoM)/5+1
L)u34!<—ls6 o o
34 ANOM E 5 .
o IF—(JFX J)JLMJCMJ.J - .
35 JFX=J e e
36 IF(J=JLX)23+23437 e
37 Jux=do _ § I
GO TC 23 . B e
34 NUM= JL X = JFX+1 ) . . }
LND= LuNGD+ITF¢F o S
LNM=LNY=1TEMP¥60 - e o
JOJ\JK"A KX e -
“‘LATHO ) . - B B —_—
=L ATAM -—3*‘@»,;: S —
IFViLTM47v4’£,~49 e e
47 LTIMsLTM+O 0 S
. , LID=LTD-1 . = e S ~ .
49 W1 T&TAPLQOLTQ‘LW wL,NDoL_NM-N\,QM e e
WRITETAPEG s (ANUM(JeK) o d=zJF X LX) —
e CONTINUVE v o, e
CONTINUE = U
o L REWINDY B _
_LAST=6%*NBL S

S Y S

WRITE QUTPUT TAPE KTAPsS531.

EORMAT(IH1 s 10X 25H0RIG INAL. 5 Y. 5 ANOMAL LES)

QR Z2L =1 LAST
C READTAPESSLTDS LTW!L_N,} LNV s NU M S
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READTAPEGs (ANOM(Ja1)sJ=1 ¢ NUM)

52

ﬁRITEOUTDUTTAFEKTAPCSSDLTD!LTM’LND'LNMONUMQ(ANOM(JQI)’J Lo NWM)

53

FORMAT (//1JX51I5/(1UXs10F1061))

REWINDS

CALLSUBS43 (NBL ITARPIKTAR)

REWIND 9

CALLEXIT

END

SUBROUT INESUBS43(NBLY ITARPSKTAP)

DIMENSIONTEMP (4)+DG(IS)F1 (15

)gFE(lb)qF3(l5)

DIMENSIONH(15)

DIMENSIONFQ(IS)vANOMI(lOO¢48)sANOM2(100912)9NUMBEQ(12)

ODIMENSION 111(12)sJJJd(12)

CON“111019493

DDEG=0.0416667

ULMD=04 083333

FLLMDU=0e0

PHIuU=(C

T=0e0

IDIM=6%NBL

IVAR=12

IROW1=100

IROW2=100

REWINDS

D051=1+100

DOS5J=1410

_ANOM2(14J)=040

DO1UK=141DIM

 READTAPED . LTD L TMsLNDsLNMs NUM

NUMP3=NUM+3

 READTAPEDs (ANOM] (JaK ) sJ=d e NUMP3)

 T1=LTD

C Te=LTM

 T1=LND
T2

=LNM

ANOMI (2 s K) =T 14T2/60 o

ANOM1 (33 K)=NUM

GGLNG=

HLAOIN T
FOQ”AI(IQ)

L WRITEOQUTPUTTAPEKTAP 17 LTYPE

,JkAP.Ld-IT\D:,”h

AHPQ@AHIALnLJQXqIQﬁTYPt OF PROFILE

Is

2 I6/Z10X 24HNEW 5 BY 5 ANQOMALY

18LOCK ) . e e
,LATITQ-M :

[FCITYPE~ 999)21919;20

RATITUSY I

20 T0 24

IF(ITYPE=9Y99)21 424421

_ WRITEQUTPUTTAPEKTAP2E )
 FORMAT (10X 27HLINCORRECT Txgi,wJOD UELETED).
_GQT0209

DK=L

l=4

Sl

NEW=0




IF(ANOM2(13J))129:28429

28 IF (ANOM2 (1 e J+11))2943Us29
30 NEW=1
29 READINPUTTAPEITAPs 31y (TEMP (K} e K= 194)sLTDsLTMsLNDsLNM
31 FORMAT (4F6e1s34Xs2 (1312
IF(LTD=99)32+1470,32
32 IF(J/2)%2-0)1320634+320
320 IF((l/21%2~-13344334734
33 IF(1-3)34,344330
330 IF(I-1IROW1)331+331,.+34
331 1F(J)344344+332
332 IF(J-IVAR)I37+37+34
34 WRITEOQUTPUTTAPEKTAP 35+ (TEMP (K ) +1K=194) s LTDsLTM¢LND ¢ LNM
35 FORMAT (10X +43HINCORRECT 2 1/2 BY 2 1/2 CARD — JOB DELETED/ 10X s4F G
11+1UXe414)
GOT0209
37 IF(NEW)384+50438
_ 38 T1=LTD
T2=LTM
ANOMZ2 (1 J)=T1+T2/60ey
- T1=LND
. T2=LNM
o  ANOMZ2(24+J)=T1+T2/60e0
AP CLATITUYG 41484
41 ANOMZ2(1+J+13=ANOMZ2(1sJ)-DDEG
ANOMZ (2 ¢ J+1)=ANOM2 (24 J)
I GOTO46 e
44 Awomz(l.J+1>-A\ Ma<1,J)WM“w““MWM
. o ANOM2( 24 J+ 1) =ANOMR (2 JI+DDEG
46 NUMBER(J) =y o ~
I110J)=(ANOMZ2(20J)~GCOLNG)/ZDLMD+3e5+1 0 -
. I = (GOLAT-ANQMZ (1 s J) 3 ZDLMD+0 ¢ 5+ 1 ad
AR CIIT (U =4)34049449 -
49 [F(JJI I3 . o -
S50 NUM (J)= BER (I + N S I
IN\NQV’S (Led)=TEMP (1 R T - o e .
ANQMa(I+I.J+1)~T .p({ o e -
IR ILATITU) 94 954 R
54 ANOM2 (I+14J): e .
VHNOME(I‘J+I)* P(3) ~ ;
B 4LQNu‘III(J)+(I~4)/ o ; . e
NLAT=JJUJ(J) . U e
B GOT063 | B
—— . 59 .HNQma(1+1,v)~TCfPL3)mWM e -
ANOMZ (L o J+13=TEMPL2) _ _—
CNLONG=111(J) . . S, e — .
e NLAT=JJUJ(J)+( I-4)/¢ U .
€3 IF INLONG=IROW2)64464 4+ 34 - e e N .
54 IF(\JLAT—IDIm)cb 65934
. 65, ANOMLINLUNGeNLAT)I=ZDel .
R ADINPUTTchITAPsalc(TEMP(K).K 1.4).LTD;L1ﬁAkNDALuuv, .
. IF(LTD=99)67+1470+67. . e e e e
e 7 IR ALATETU)O8U68041410 I o
680  Til=LTD ) e e
ra LTM‘WW_, _ e
B d-5+(ANOML(Lvl)—(Tl+laﬂﬁx&Ll)/DDcu+1-u
. ;r2=Lumw_u, B S e S
S S e e s e i oo e e 59.



1365+ (T1+T2/60e U—ANOM2 (29 1) /ODEGH] o0

laal

1440 NEW=U

Llasz

1443
1450

1470 001490<K=] ¢kKK s 2

1490

1495
1437
1oz

1900

1901 FORMATIIHCU 1 IXa2F 1004417 De/ (1CXe10F10Q0e3))

7o

U5+ (T14T2/60e0=ANOM2 (2+1)) /0DEG+1 «0

 G0T01430
1410 Ti1=LND
Te2=LNM

K=+l

IF (ANOM2(1+J) ) 14434 144141443

AFCANCMZ (1 s J+1))1443144291443

NEWS1o
IEINEwW) 32,32
1=4

GoTU32

ANOMZ2 (39 K)ENUMBER(K)Y .
ANOQMYZ2 (39 K+ 1L1LENGMBER (L),
DO 1495 K=ls 10IM.
NUMTMP = ANOM] (34<)
NUMTIMP = NUMTMP+3

WRITEQUTRPUTTAPLKTAP s 1497+ (ANGML (JsiK) s J=1 sNUMTMP)
FORMAT (1HUs 19X s 3F 1044/ (10X 1CF1uel))

HRITEQUTPUTTAPEKTAP 11502

Or
“~

F O
DO1500K=1 ¢ KK
NUMTHMP = ANCMZ2 ( 34K
NUMTHARP = NUMT M+ 3

WRITEQUTPUTTARLKTAR 91501 ¢ (ANUMS (JeK ) e J=1 s NUMTMP )

CONT INUE

THo DATA IS ALL ENTEREDs S5TART CALCULATION.

HRITHEOUTPUTTAPLGY 69

LJ=KK 1440143191431 .

RMAT (1MH199Xs28H2 1/2 BY 2 1,2 ANOMALY GLOCK )

FORMAT (1M1 10XeBHLATLTUDE s 15X 9 IHLONGI TUDE # 12X 2 6HHE LGHT » 9X s 20HUEL TA

2 G o CIN ALALD ) o BX e 14rNORMAL GRAVITY/8Xe 2 (15HDEG  MIN  SEC

s 8X))

HREADINPUTTAREITAR s 71 o LTOs L TMsFLTSaFLS e LNDs LNV e FLNS e NHS s {HC 1) oIz aN_

1H3)

FORMAT (I Zs I 34FCecdshlecl3eFesisl 2y IXse {(DFOed )

IF(LTD=22)73¢2Ud4 723

Ti=LTUL

T2=LT¥

PHI =TI+ (T2+FLTS/6C e )/ Bl
T1=LND

TZ2=LNM

FLMDO=T I+ (T2+HFILNS /60 e} /0606
FLSTYP=20000000vudu0%FL o
IF(FLSTYRP I 7S e 74475
FLMDU=360e J=FLMDU
" CONTINUE

DO761I=1+NHS

DGl )=0eC
RO24xK=1KKL . . .
PHIT=ANDML (1 +K)=DDEG
FLMDI=ANCMLI (2K I+DDEG .

60,




NUM =ANOM] (3+K)

COSP=COSF (PHI [ %0401 74532925

CONST=COSP*CON

Y=CON#* (PHII~PHIC)

YSQ=Y*y

NUMP3=NUM+3

DO93J=4 s NUMP 3

X=CONSTX(FLMDI=FLMDO)
XSQ=X*X
i DO911=1sNHS i B
i D1=SORTF(XSQ+YSQ+H (1) *%2)
N C=COSP*H (I1)/(D1%%3)
91 DG(II=DG I I+CHANOM] (JaK) B )
FLMDI:FLMDI+DLMD
93 CONTINUE
G4
96 DG(1)=85.86328%DG(1)
~
c _PROCEED TO CALCULATION FOR NEW ANOMS
IR CITYPE=959)104s1420104
c
C THo CALCULATION IS FOR LONGITUDE CARDS . . _ .
< — BT ~
104 DO 37TK=1 oI
PHIT=ANOM2 (1K) ) . . R )
COSP=COSF (PHI [ %UeU1 74532925 - —— N
CONST=COSP#*CON B _
NUM  =ANCM2(3sx) B . B e
FLMDI=ANOMZ (20K) , ‘ e
YECON¥APHIL=PHIO) . o e
Y1=CON#(PHI I -DDEG=-PHID) - — e
YSQ=Y*Y R - .
X=CONST* (FLMD I =FLMDU) . o i
XE5Q=X%*X ) . _
DO1Z211=1NH5 e , e
HSQ=H (1) * %2 , ; . _
D1=SORTF (XSU+Y1SGHHSW) e
D4=SARTF (XSG+YSQ+HSQ) , o e
FICI)=ATANZF (X*YLeH (T )Y%*D1 ) R o . S
121 F4(I)=ATAN2T(X*¥Y+r (] )*Dg) R
. NUMP3=NJUM+3 o -
DO136J=4 s NUMP3 . e
X1=CONST* (FLMDI+DDEG=-FLMDO) R R
D01341=14NHS e
HSUEH (1 y*%2 e
e W2=5GRTF (X15G+Y 15G+HIG) . R B -
D3=SORTF(X1SQ+YSG+HBE)Y . . - e
F2ll)=ATANZF (X1%¥Y1lsH(1)*D2) V e o
- CF3(1)=ATANZF (X1%#YeH(1)%¥D3) e
C=F1(I)=F2(1)+F3(1)y~FaCl) - . e
L DGLII=DG I IHTHRANOM2 (JeK) U e
— e F4LLY=F301). 3 e

CELSLYSF20L0) e
FLmMDI=FEMpl+0DEG P




136 CONTINUE

137  CONTINUE

GOTO0186

THE CALCULATION IS FOR I ATITUDE CARDS

OO0

142 DO1B2K=1 KK
NUM = ANOM2 (3 4K

FLMDI=ANOMZ2(24+KK)

 TEMP1=CON¥(FLMDI=FLMDD)
B TEMP2=CON¥ (FLMD I +DDEG=FLMDO )

 PHIIT=ANOMZ2 (1K)

_CONST=CON_
e uOSp -COSF (PHII%*0e 01743379£b) -

PXSQ X*X,m; -
o X15Q=X1%*X1
Y= CONST*(DHII—PHIU) .

'f301e11~1.NH~,Vw“M0 -
HSU=H (1) *%2 - o , -

O3‘JUQTF(X1:Q+Y%®+HJQ) -
QQ”bQQTF(XJU+YbG+HJG)AWW

Fa(l)“ATANZF(Xl*YQH(I)*03)_W,,wm . SR
161 Fa(l)=ATANZFE (X*YsH(1)%D4)
NUMP 3 =NUM+ 3 -
- DO18B1J=4 NUMP3 N S
Y 1=CONST* (PHI I ~DDEG=-PH1G) B
Y15Q=Y1¥Yl .
D01741=1 ¢NHS . . -
Hou=H(1)*%*2 S .
QI"SQQTF(XJG+YIDQ+HDu) ~ .
D2=SARTFAIX150+Y15Q+H5Q) ) B o .
51(11~ATAN2F(X*YJ$ﬁ(1)*D1) - _—
CF2CL)=ATANZF (X1#Y 1 +A(1)*D2) .
C=F1CIH-F20(I)+F3(1)=-F4(l) S e
DG =DO (I +CHANOM2 (JaK) .
FaCly=F101) S
174 F3Cl)y=F2(1) ) . B
PHI I =PHI I-DDEG | e S S
COSP=COSF (PH] [*JUeuUl 74»)35925 ) O S

X=TLMP 1 *CQsP . e . e B
X1=TEMRP2¥COS5P . . e e e e — i
XSQ=X*¥X . . . - B P - e
X15Q=X1#%X1 . e e e et e e e
181 CONTINUE e e e :
182 CONTINUE - - o S

READY._FOR QUTPYT.

186 RLMDU=C«0174532923%FLMDC e e e
RPHIU=00174332925%PH10 DOV
[F(FLMDU~18000)189,189s1881 ) N,

. 1881 FLMDO=FLMDO-3600 - . e

e LB NEG=Q e . . .

S WW,MJF(FLMQU)19L91919LQQ_, VU S
191 NEG=1 . e e . . S

Domhm




FLMDO==F| MDO

193  CONTINUE -
LDEG=FI.MDO —
T1=LDEG S

LMIN= (FLMDO=T1)%60,60

T2=LMIN .
SEC=(FIMDO-T1=T2/600)%3600.0 ‘ S
& SIGN=200000000000

V IF(NEG)1991+198,+1991
_B1991 SIGN=4CL00U0000U0
198  IF(SEC=59e9951)291.,289+289
283 SEC=SEC=60e0
L LMINSLMIN+]
291 IF(LMIN=60)294+292,292

292 LMIN=LMIN-60
LDEG=LDEG+1

,maaﬁw,ﬁﬁirLTS 599951)2972954295
295 FLIS=FLTS=60e0
T LTM*I R .
297 ??(LTM =~60)300+298¢298
298 LIM=LTM=-6C I
) LTD=LTD+1 . -~
300 CQNT;NUE,W
199 Nm!TFOJTPUTTAPtécZOuvLTDqLTMqFLTSc%IGN‘LDthLWINvSEC
200 FORMAT(//8Xs13¢15¢F70297X2A1+130154F7e2) . B
s - {)Vi\‘)& [ = } M NH:} EI—. . e A 44 e 185 -
B ,u@ii§»001371b49*Do(1) S -
0 CALLSGAMMT (T aRPHI U4 RLMDO H(I)*I-UES) o ——
c o PUNCHZ bb!LTJsLTM:FLTQvHIanLDtb9LMIN¢bECcH(IltTcDG(I)
C20 FORMAT(IZ2913+F6e29l. 14141 134F6e623FDe493PF10e2+0PF6e1)
2 WRITEOUTPUTTAPEG207+H(I)sDG (L) T e
2. FOR Y‘E}VT,&?Q XeFEBeds 19X sFOelse18Xs3PF10 -ZVL e e s i
GOTO70 ) ‘ e _ _
299 REWIND9 . S
RETURN - T
END ; e - - -
SUSBROUT INESGAMMT (SGAMT s FLAT « FLONGELEV) B
[n OMEGSQ=0e53174943305040560E8~5 » .
B ) C=Ueb229760871395636k0 o -
o C FRM=0.3986329044835%64E21 . - . . R
D QU=U.73813U3292625790E~4 R ) e .
B} A=z637838800C6 -

£503=0e0067226700223335322 e e et -
SINPHI=SINF(FLATY e e e e
COSPHI=COSF (FLAT)

L ]

e

) CSINLAM=SINF (FLONG)
o COSLAM=COSF(FLONG) I e o
o FN= A/(QGHTFfleQ~t50*bINPHI* INPHI}) e - -
D FNQH FN+ELEY . v
. L L X=EENPH#®C USPHI*LOSLAN B e L . .
Y= FNPH*COSPHI*¢INLA ,,,,,,,,,,, - —

leNDH*SINQHI—PN*QSU*SINPHI R F .
L PSQEXHXEYRY e S R
LPESQRTEARPSQY. 0 . L : e i e S
LLSQECHC. e O
L REQ=PSO4+Z%Z. S
CFReU= QSQ&CEQ«MV,WM D

H5Q= ﬁQQTF(FKSQ*FKbG 4 Q*Pbu*CgQ) e

oToc:

(sRVEvE




SSUALF= (FKSU=-HSA) / (2e0%¥P50)

(ol iw)

ALPHA=SQRTF (SSQUALF/(1e0~SSQALF) )

ALPHA=ATANFE (AL PHA)

 SINALF=SQRTF (SSGALF) o
_COTALF=COSALF/SINALF

_ COSALF=COSF (ALPHA)

TA=SQRTF (P5Q) I

BETA=ATANF (Z/ (BETA*COSAIF))

vcuolocuvooLue
P 3 N

V)

_COSBET=COSF (BETA)

SLNpET=%INF(6ETA)

*9-(3 0% (1e0- ALP

’%COTALF)/SSQALF)"l!Q

WESQRTF(1eU= 55QALF*CdeET)

SGAMT = %JRTP(JGAMA*SbAMA+bOAMJ*bGANJ)
RETURN
END

6.




Appendix B

Sample Input Data.

Included in the appendix are selected listings of the .progranm
input data. The first page contains a sample of the first input to the
program where the number of 30' blocks has been specified and the
first 30" block with 5' mean anomaly cards has started to be given.

The second page shows the input connected with the 2‘% mean anomalies
and the specific coordinates at which the upward continued anomaly
is to be computed.

65.



38 0 240 ©
224 =254 133 -72 ~-117 118 38 0240 0O 2
155 19 439 =106 28 4900 38 0240 5 393
132 456 526 21 248 149 38 024010 1394
226 833 792 11 170 349 38 024015 3=
1057 1449 793 88 685 446 38 024020 10
1279 1620 594 90 850 708 38 024025 1397
911 950 761 795 1022 647 38 024030 1398
B95 972 1136 863 1261 920 38 024035 1399
1454 100U 1221 1324 B72 224 38 024040 1400
1784 1637 1405 1392 684 =83 38 Q24045 1o B N
308 Gy 450 877 550 193 38 024050 1402
-73 =32 314 611 521 504 38 024055 g0
-153 159 9 =141 407 810 38 0241 0 1464
288 434 174 -246 -82 1184 38 0241 o 1465
) 403 248 379 =371 =245 331 38 024110 1466
264 459 604 -4 69 454 38 024115 1467
203 540 5354 458 333 66 38 0241290 1AGE
118 -3 70 403 117 =257 38 024125 1469
,,,,, 288 —-286 -23B —-442 -615 =779 38 024130 4
83 724 1161 ~118 -327-1129 38 024135 1471
- 573 86U 1394 1292 406 49 38 024140 1472
116 37 =38 507 591 1317 38 024145 1473
255 —263 =524 =183 358 dul 38, 024150 1474
—215 —188 -9565 =548 -529 331 38 024155 1475
-253 =270 =95 331 =25 =111 38 Q242 O 1536
156 466 843 538 77 38 Q242 5 1537
B 81 670 670 487 521 38 024210 1538
-141 329 -115 =59 433 38 024215 1539
-159% =289 =323 =231 588 38 024220 154
239 =h2 -332 -25% =43 485 38 024225 541
32 -42 —-101 76 226 312 38 024230 1842
26 ~179 2348 295 S 38 0242359 15
. ~-13b =222 =45 3U9 124 =22 38 Q24240 La4a
[ o~17% =18 185 6ae =8l 38 0242459 1545
-122 124 192 =39 =141 38 024250 el
> —-182 13 —-46 -146__276 38 024255 547
=96 47 =05 =167 45 38 02430 5 D
3u. =53 278 295 =41 28 38 0243 5 A0
8 —-145 13 190 166 54 B 38 024310 1611
5 128 ~-38 3 132 98 38 024315 1
L =2u9 =134 —168 ~192 =161 38 024320 1612
35 =72 =103 =134 =178 38 Q2432° 1613
- 5. =148 —-284 =338 -413 — 38 024330 £
133 -3 =192 =371 38 Q24335 510
=Y B0 b6 ~19z 38 024340 1616
-274 =239 =276 —388 38 024345 1617
—344 =268 -126. =83 38 024330 LA
—-455 =309 -215 =34 N 38 Q24355 619
18 -182 -188 =278 =227 38 Q244 LESU
52 =234 =376 =398 =210 38 Q0244 5 1681
249 =126 =38BY —~440 -352 211 38 024410 L1660
78 _~195 =440 —-431 =232 -62 38 024415 1AHS
172 206 =192, =118 247 =213 38 024420

bb.




2339

~16el 200 4560 S0 e U +364024222
. 39 e6 4060 6CeD 30eu +364024230
=10e9d Gel ICe3 4ol +364024235
B Foel2  T3eU  4T7e0  0Yeu +363524225
- Tteo w_ég'_o J Fle4 GUe U +36352423Q0
5D e 3Je 0 2He2 = Heu +363924239
13e2 2662 = 4e7 =254 +363024225
=4l 1Jeu —4Gel —0Te4 +3630242730
Olen 2467 3441 2le7 +363024235
_ ~ B Qg
17 27 3000 10 40000 50000 6400000 740000 840000
: 140000 1660000
. 1. 4e0000C 50000 6000000 70200 . Ra0000
CU 14e¢u00U 16e0CC0O
1V _4e0U0U 50000 6600000  T7¢C000 80000
14¢000U 160000




Appendix C

Sample Output Data

Included in this appendix are selected listings from an actual
execution of the program. The first page shows the form of the output
of the original 5' mean anomalies. The second page shows the profile
types and the modified 5' values (although in this case no zero elements
appear). The third page gives the 2‘% mean anomalies while the fourth
and last page in this appendix given the anomalies and other identified
information computed by the program.
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