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SUMMARY
A statistIcal analysls of data observatlons in geodetlc

networks, made before adJustment, provldes a means for- error
control and allows us to ensure a previous accuracy of data.
After computing the corrections for systematics effects, distance
measurements and horizontal and vertical angles observations are
statisticaly analized. Four field campaigns data are analized and
a comparison of the results is made in order to detect potential
movements in the Caldera of Teide area.

1. INTRODUCTION
,

. The precise geodetic techniques are a decisi ve tool in the
quanti tati ve determination and mathematical formulation of
possible crustal deformations in geologically active zones with
small dimensions.

The Institute of Astronomy and Geodesy (UCM-CSIC) is
developing a proJect of observation and study of deformations in
a precision network in the caldera of Teíde, formed by 17 survey
points (Sevilla and Martín, 1986). The comparison of results
obtained at the different campaigns made, enables us to detect
possible deformations, whenever they are satisfactorily controled
in precislon and rellabllity.

At present, four observat ion campalgns in summers of 1984,
1985,. 1986 and 1987 have been carried out. The measurements of
distances, vertical and horizontal angles between the 17 survey
points were done using second geodetic order EDM lnstrument and
theodolite. Therefore, we can only expect to detect variations if
they are greater than the instrumental precision limits. We set
them In 7 mm for distances, 2" for horizontal angles, and 20 mm
for helght differences calculated from zenital angles and
distances.

In the observation of a geodetic network a great amount of
data are obtained. After computing the corrections for systematic
effects, distance measurements and horizontal and vertical angles
observations are statisticaly analized using hypothesis testing.



2. DI SIANCE MEASUREHENTS

The electro-magnetic distance measurement between two survey
points gives i series of n observations. Since all observat1ons

1

should be homogeneuous,they must be corrected for atmospher1c and
geometrlcal condltlons using approprlate expresslons accordlng to
the precls10n of lnstrument used. From all series of measurements
made we must obtaln the value of the d1stance measured and some
estimate of the accuracy of this determ1nat1on.

2.1. Correction for meteorological conditions

Meteorolog1cal correctlons arise from two causes (Burns1de,
1982) .

a) Correct ion due to atmospheric effects Q1l the velocity of
propagation of the electromagnet1c ~

The correction, A1d, to the distance provided by the
instrument, d ,can be obtained byo

Ad=d-d =
1. o

k (1 - k) d3

o (2.1)

k being the coeff1c1ent of refract10n and R the radius of
curvature of the ray path.

The accurary of a d1stance measurement ls directly related to
the accur-acy of the refractlon coeffic1ent de ter-mí nat í on,'
Emp1r1cal values are requ1red for a precise determ1natlon;
formulae to· calculate the refract10n coeff1c1ent from the
refractlve 1ndex for a given set of meteorological condit1ons
prov1des less accurate values.

b) Correction for path curvature

The. correct1on for path curvature to get the stra1ght
distance,d' ,from the are distance, d, ls given by

A d = d'- d = - k
2

(2.2)

k be1ng the coefficient of refraction, and R the radlus of
curvature of the ray path. In practice, for short distances, R
may be taken as the earth mean radius.



2.2. Geometric correction f'or height dif'f'erence between
distancemeter and prism

The corrected distance de for path incl1nation w1th
distancemeter at height HD and prism at height H

p
ls given by

d = ( d' - AH sln z) lillcos z • (2.3)
z belng the zenital angle, AH '"H - H •the helght dl1'ferenceD p

between dlstancemeter and prism. and d' the corrected dlstance
1'oratmospheric effects.

d' '"d + A d + A d (2.4)
012

wlth A
1
d and A

2
d glven by (2.1) and (2.2) respectively.

2.3. Statistical analrsis of distance me~urements before
adjustment

After correctlng the data for systematlc effects. we make use
of hypothesls testing to analyze the dlstance measurements. thls
enables us to check the internal preclslon 01' instrument and the
precislon of determinatlon.

From the n lectures. d • J = l•...• ni' of each serles l.I IJ
all of then supossed wlth the same welght. we calculate for the 1
serles the mean value. dl.and the mean square error. SI' by

n
l:1 d

d = J=1 I j
I n

I

and
n
l:l (a - d )2

S
J = 1 1 I J.- 1·1 n -1

(2.5)

(2.6)

Thls ls obtalned for each serles i = l•...• k. with k number 01'
serles.

The short tlme employed In the observation of one
ser-í es ,enables us to suppose that correctlons are constant for
each serles of distances. so corectlons glven therelnbefore are
applled to the mean values obtalned ln (2.5). thus we get de.

I



From the corrected values, de , we obtain the mean value of
all series 1

d=
k

the mean square error of all series

(2.8)s =

•
and the mean square error of d

s- =
d

s

Now, we make use of hypothesis testing in order to ensure the
previous accuracy of data. (Bjerhammar,1973)

The Variance test
a) .Individually applied to
preéision of the instrument,
compute.

each
that

series,
we set

test
to e:

o

the internal
1 mm. We

(n - 1) s2
1 1

Y = ----'-2--
cro

where s2 given by (2.6) is the estimated variance of the i-series
1

with n elements.
1

The primary (null) hypothesls ls
H : .~2 ~ cr2

o o
The alternatlve hypothesis is

H : cr2 > cr2
1 o

Then, the primary hypothesis is rejected if
y > X n _ 1,«

1

Xn -1« belng
1 '

2the X -distribution on n - 1 degrees of freedom
1

at the significance level «, usually 5%.



b) Applied to the set of all series, test the precision in the
determination , that we set to u = 7 mm. In this case, we use in
a similar way the value

w1th s given by (2.8),and reJecting the null hypotes í s if
> 2

Y :lk-1,a

The Tau test
If the variance test is reJected, further investigations have

to be made to detect gross er-r-or-a. This can be done with the
Tau-Test (Pope, 1975). If

d - d
1 J 1

/

n - 1
_1

ni
S

1

the corresponding observation, d , is reJected, T being
. 1J ni -1, CX/2

th~ T-distrlbutlon at the slgnlflcance level a/2 .

The Bartlett-test

Applied to the set of all series test the equalitity of the
variances. The prlmary hypothesis is

H : u2 =o 1

2=(1'.
k

We define
k

2 2no log So ~ (n -1) log s
1=1 1Y ----------------k--~--------~---
~ 1 1

1=1 n
1

-n
1 +

where



k

n = 1: (n -1)
O 1=1 1

k

n 1:n
1=1 1

k
1: (n -1) 2

S2 1=1 1 1
S =

O n
O

2wlth S glven by (2.6).
1

Then, if

H ls rejected.
O

Supposing that the distance series obtained in different
epochs are independent we can use the classical F-Test in several
repeated tests checking two series in the following way.

Primary hypothesis g2 = g2 ,
1 2

Alternative hypothesis g2 ~ g2
1 2

Taklng S1> s2 ' we compute

2
s1

2
S

2

then, Ho is rejected when y exceeds the theoretical value for a
Fisher distribution at a significance level of a/2, with n -1 and

1

y =

n2-1 degrees of freedom.

The Student-test

To analyze the compatibility of the different series of
observations in the same determination, we compute the quantity

(d - d) ffin__ I_g__2_ ni +2n

1 2

y



with d y d given by (2.5) for two different series, and
1 2

assuming that the two series have the same variance (T = 7 mm
tested before.

The null hypothesls Ho d = d 1s reJected, 1i'1 2

1'11 > tn +
1

where t is the value of the Student distribution with
degrees of freedom.

n +n -2
1 2

3.- ZENITHAL ANGLES OBSERVATION
For each line sight between two survey points we have

difi'erent pairs (Re, Le) of readings, every one must be corrected
for systematic effects. The main disturbing cause is the
refract ion, that we can correct using the simple formula of
geodetic refraction.

(3. 1)

k being the coefficient of refraction. Appart from this, we must
consider the geometric correction, ~ , for hight difference, ~H,
between theodolite and target,

z = z ' - ~ , (3.2)

with (j given by

~ = sin-1
( :~ sin z').

After correcting the zenithal
we obtain the mean value of the ne

n
Le R

Z
R m=l m

Z
1 n

e
n
Le L

Z
L m=l m

Z
1 n

e

angles using (3.1) and (3.2),
consecutive readings (Re, Le)

to remove the ecllmetric error we calculate

Z
1

L= Z +
1 2



Finally, from these results,
determinations made is obtained

the mean value. of the nR

z =

n
l:R

1=1
Z

1 (3.3)

with its mean square error

e n -1
R

(3.4)

3.1. Statistical analysis of zenithal angles

To test the precision in the zenithal angle determinations,.
that according to the precision of the theodolite used we set to
CT = 2", a variance test can be used in thefollowing way, weo
compute

(n
Ry :::

2
CTo

where e2
, given by (3.4), í s t he estimated variance of the n R

determinations.
The primary hypothesis

2
CTo

is rejected if

2
Y > ln -1 o: '

R '
2where ln -1 o: is

R '
signiflcance level

the value of the l-distribution at a

of a with n -1 degrees of freedom.
R

3.2. Height differences

From observation data of distances, d, and zenithal angles,
z, we can determine height differences between survey points by



Ah d cos (z - 9/2) sec 9/2, (3.5)

with

9 = L/R ,

L being the reduced distance, calculated by (Heiskanen, Moritz,
1961)

L = ¡I(d2
- Ah2) / (1 + h /R)(l + h /R)

1 2

where h and h are the heights of the conected points and Ah
1 2

their difference. This calcul is made by iterations.
The propagation law of the variances gives the precision in

height difference determination as

2 2
O" and O" being the variances of the distance and the zeni tal,
d z

respectiveIy.

4.- AZlMUTHAL ANGLES
In every station-survey point, from the n consecutive

C

readings to a survey point í , obtained ln both positions of
instrument (RC and LC) we compute the mean values

n
I;c IR

m=l m
n

e

n
I;c lL

m=l m
n

e

then, the reading for direction i is

I =
1

and the angle formed by two directions i, j is obtained by
a = 1 - 1

1 j j 1



Finally, from the n determinations made we obtain the mean
value R

oa. =IJ (4.1)

and the mean square error

n
~R (a m _ a. O )2

m= 1 I J I J
n -1

R
(4.2)e =

As for every stat ion point observat ions corresponds to more
angles than those theoretically required to determine the
orientation of the directions of the horizont round, we establish
a station adjustment for every survey point which permits us to
obtain unique adjusted values of the angles of the horizon round.

The adjustment has been carried out by means of the
least-squares model of observations taking as unknown parameters
the corrections 01 to a set of provisional directions. The

I

corresponding mathematical model can be written as

A~-t. y. (4.3)

~ = (01
1

, ••• 01 )T being the vector of unknown parameters,
n

t. = (t, ...t )T the vector of observation constants,
1 m

y. = (v1 ' ...v )T the vector of residual errors, and
m

A = (a ) the design matrix, with
ks

a = O for s = 1, ... n, s -F i , s i: j
ks

a = -1
kl

a = l.
kJ

The desing matrix A has a deficiency of rank equal to 1,
coming from the indetermination in the orlentation. To get the
best linnear mlninum bias estimation, we take the minlnum norm
least-squares solution using inner constrains, easily applicable
to our problem. Therefore, we add to our system t he relation
(Blaha, 1971).



D ~ = O,

verifying
A DT= O,

(the supercrit T means transposition).
In this case relation (4.4) reduces to

(4.4)

n

(1, ... , 1) ~ = ° (4.5)

To solve both set of equations (4.3) and (4.5) we use the
elimination constrains procedure, the vector of unkown parameters
1s decomposed in two blocks (Perelmuter,1919)

~' wlth n-l independent unknowns and Xl wlth the other one.
Consequently the other vectors and matrix are also decomposed,
and the solution 1s g1ven by

(4.6)

where

with P being the weight matrix of observations.
The residuals are obtained as

T A

V = (A + A D D) X - t .
- 2222-2-

The variance of unit weight is

2
CTo

A T A

Y P Y

m-n+l
and the covariance matrix being



l:A
A2 QA n-1n (ÁT P Á)-lnT(D-l)TA = O" A =O 1 2 2 1 '

x x x x
1 1 1 1

l:A
A2 QA n-1n (AT P A) -1A = O" A = -

O 1 2
x x x x

1-2 1-2

l:A
A2 QA _(AT P A) -lnT (D-l) TA = O" A =O 2 1 '

x x x x
-2 1 -2 1

l:A
A2 QA (AT P A )-1A = O" A = ,

O
X X X X
-2-2 -2-2

l:A
A2 QA -1

A (A Tp A)-lAT.A = O" A = P -
O

V V V V

4.1. Statistical analysis o~ azimutal angles

~ter that the station adjustment 1s accompllshed, the
following tests are applied In order to assesing the quality of
data. First, the val idity of the variance of uni t weight 1s
t.eat.edwith the F-distribution. If

A2
O"

oy = max (---
2

O"
O

2
O"

O ) > F
m-n+l,co ,o:A2

O"
O

A2 2then the hypothesis H: O" = O" is rejected. If H í s not
O O O O

accepted further investigations are made to locate possible
out11ers. Each observation is tested with the Pope-Test. We
define (Pope,1976)

y =
V

1

O"A

V
1

the variance of v taken off from l:AA' If
1 vv

belng
V

1

> "l'- m-n+l, 0CI2 '

then, with "l' being the Tau-distribution, the i-observatlon is



TABLE 1

rejected and have to be investigated for possible errors. Due to
correlation a single observation error mostly cause more than one
reJection, the largest y points to the most suspected
observat ion.

Two FORTRAN pr-ogr-ama have been developed to perform the
correction for systematic effects and the statistical analysis of
data. AEDIS for the treatment of distance measurements and
zenithal angles observations, and AEANG for horizontal angles
including the station adjustment.

Data avallable after pre-processlng are shown in the tabIe 1.

DATA DISTANCES AZIMUTHAL
'11, ~~3 AND ANGLES TRIANGLES

CAMPAIGN ZENITHALS

1984 70 69 21
1985 82 83 30
1986 82 202 33
1987 81 283 33

Data after pre-processlng for the dlfferent campalgns

5. RESULTS OF THE COMPARISON BETWEEN CAMPAIGNS
In or-der-to determine possible temporal variations we have

made use of two criteria of comparison : a deterministic method
and a statistical method. First, we apply a difference operator
in all combinations, then, and independly, assuming that the four
campaigns data are normally distributed, a statistical analysis
using hypothesis testing is carried out.

5.1. Numerical results

A direct comparison of different observat ions campaigns by.
means of two FORTRAN V programs have been performed. ADORDIS for
the treatment of distances and zeni thal angles and ADORANG for
the horizontal angles. Numerical differences between the f'our-
campaigns?I'e .obta í ned app ly ing the operator D, defined by the
matrix.



-1 1 O O
O -1 1 O

D = O O -1 1
-1 O 1 O

O -1 O 1
-1 O O 1

to the vector, 1of the different campaigns results

lt = [1 ,1 ,1 ,1 ] ,123 4

so, the observed differences, t , are given by

t=Dl, (5.1)

with the covariance matrix

e = D e DT

tt 11 '

e
ll
, being the covariance matrix of the observations vector l.

Fo!" each two station points numerical results are obtained as
shows Table 2

TABLE 2

VISUAL: 6- 8

(d) (D) (m ) (d' ) (D) (m ) (d-d' ) (d ) (D)(m )d d' m dm
947041. 2 14.8 4.7 947052.3 -4.1 1.1 -11. 1 947046.7 5.4 4.8
947056.0 -7.0 .7 947048.2 -10.7 .4 7.8 947052.1 -8.9 .8
947049.0 .7 .6 947037.5 13.7 1.5 11.5 947043.3 7.2 1.6
947049.7 7.8 .3 947051. 2 -14.8 .6 -1. 5 947050.5 -3.5 .7

-6.3 3.0 -1. 7
8.5 -1. 1 3.7

947118.7 9.2 4.7 947129.5 -7.2 1.1 -10.8 947124.1 1.0 4.8
947127.9 -3.6 .7 947122.3 -5.3 .4 5.6 947125.1 -4.5 .8
947124.3 -1. 9 .6 947117.0 11.7 1.5 7.3 947120.6 4.9 1.6
947122.4 5.6 .3 947128.7 -12.5 .6 -6.3 947125.5 -3.5 .7

-5.5 6.4 .5
3.7 -.8 1.5



947202.9 9.2 4.7 947213.7 -7.2 1.1 -10.8 947208.3 1.O 4.8
947212.1 -6.0 .7 947206.5 -7.7 .4 5.6 947209.3 -6.9 .8
947206.1 -1.8 .6 947198.8 11.8 1.5 7.3 947202.5 5.O 1.6
947204.3 3.2 .3 947210.6 -14.9 .6 -6.3 947207.5 -5.9 .7

-7.8 4.1 -1.9

(z) (O) (m ) (z ' ) (O) (m ,) (e) (a) (e-a)
h z

89 10 1.7 1.3 .9 90 50 28.7 5.2 1.3 30.4 30.7 -.3
89 10 3.0 -5.9 1.1 90 50 33.9 -6.6 .5 36.9 30.7 6.3
89 9 57.1 -1.8 1.0 90 50 27.3 .8 .5 24.5 30.7 -6.2
89 9 55.3 -4.6 .7 90 50 28.1 -1.3 .6 23.5 30.7 -7.2

-7.7 -5.8
-6.4 -.5

(h) (D) (m ) (h' ) (O) (m
h
, ) (h+h' ) (h ) (D) (m )

h m hm

13838.6 -6.0 4.1 -13837.5 -23.9 6.0 1.1 13838.0 8.9 7.3
13832.6 27.0 5.1 -13861. 3 30.2 2.3 -28.7 13847.0 -1. 6 5.5
13859.6 8.2 4.6 -13831.1 -3.8 2.3 28.5 13845.4 6.0 5.1
13867.9 21.0 3.2 -13834.9 6.3 2.8 32.9 13851. 4 7.4 4.2

35.3 26.4 4.4
29.3 2.5 13.4

NUKERICAL RESULTS OF COKPARISON BETWEENCAKPAICNS
Block I,dlslances measured.Block II,dlslances correcled ror
me.leorologlcal condlllons. Block IlI,dlslances correcled wllh
lh}' d t a t e nc e rse t e r conslanls. Block IV, zenllhal angles. 'Block V,
helghl dlrrerences.
Explanation of symbols: D = dHferences belween campalgns, d
dlslance, IDd = m.s.e. or lhe dlslance, d'= reclprocal dlslance,
d = IDean dlslance , IDd = m.s.e . of lhe mean dlslance, Z =m m
zenllhal dlslance, IDZ lII.s.e. of lhe series of zenllhals for
t he lino slghl, Z'= reclprocal zenllhal dlslance, IDz'= m.s.e.or,
lhe reclprocal zenllal dlslance, e = IDlsclosure for zenllhals,
a = sloplng for verllcals, h = helghl dlfference, IDh = ID.S.O.
of helghl dlfrerence, h' = reclprocal helghl dlfference, mh, =
m.s.o of lhe reclprocal helghl dlfference, h = mean value for

ID
lhe helghl d í r r e r e nc e , mhm = lD.s.e. of lhe m~an helghl
dlfference.

Fr-om the analysis of distances comparisons made we get some
interesting conclusions. First, results of blocks 1 and 11 show
the atmospheric effects. Variations for meteorological conditions
between campaigns r-emaí n globally constants (observations have
been made in the' same year- epoch) , but diurnal variations are
remarkable being atmospheric cor-r-ect Lons essential and pointing
out that empirical determinations of the refraction coefficient
wi11 be necessary to obtain a local atmospheric model if more
accurate instruments would be used.



Greatest differences of distances between campaings (Block
II1) are about 9 mm, being in mean 5 mm, no systematic effects
appear which enables us to detect some deformation. Obviosly. a
first comparison of results with appropiate criteria can be
useful as an external control of observations theirself.

Block IV of table 2 corresponds to zenithal angles. As direct
and reciprocal zeni thal angles, corrected but no simul taneous,
are individually compar-ed, differences of block IV can not be
concludings. although they are acceptables. Results are more
important as an external control to detect possible blunders.

The height differences calculated from distances and zenithal
angles are in block V. Differences are about 25 mm and have been
analyzed to detect some broad-scale vertical deformation In a
survey po í nt , but it must be say that vertical deformations in
the Caldera of Teide are studied with the high precision
levelling data of an independent network.

Results for azimuthal angles are shown in Table 3

TABLE 3

ANGLE ; 6- 2- 8
(A) (O) (m ) (B) (O) (m ) (C)

A B

45 36 46.2 6.6 1.5 45 36 48.7 .1 4.2 -9.7
45 36 52.7 -3.0 2.8 45 36 48.7 .0 4.0 8.0
45 36 49.8 -1.8 1.4 45 36 48.7 -.8 1.2 2.2
45 36 48.0 3.6 1.4 45 36 48.0 .1 .2 1.0

-4.7 -.8
1.8 -.7

ANGLE 3- 2- 6

48 23 50.4 1.6 1.5 48 23 52.9 -2.0 4.3 -9.7
48 23 51.9 -2.8 1.4 48 23 50.9 -.1 2.7 8.0
48 23 49.1 2.5 1.4 48 23 50.8 1.1 1.3 . 2.2
48 23 51.6 -1.2 1.4 48 23 51.9 -2.1 .2 1.0

-.3 .9
1.3 -1.0

Explanation of symbols
A : horizontal angle observed

m : m.s.e.of the horizontal angle
A

D differences between campaigns

B : horizontal angle after the at.atí on adJustment

m: m.s.e. for the at.at Lon adJustment
B

e : misclosure for hor í zon round of the survey po í nt,



After station adjustment horizontal angles differences are on
average about 1.5" o Higher values have been detected as
originated in bad conditions. and therefore no deformations have
been foundo

For the analysis of horizontal angles. misclosure of network
triangles have been calculatedo As angles of a triangle have been
observed in an independent horizont round we have another
important external control of observationso

5.2. Statistical analysis
In order to determine with realibillty criteria significant

variations in the geodetic network for detecting possible crustal
deformations we have made use of hypothesis testing for the
comparison of different observation campaigns

As resul ts of measurements made in different campaigns we
obtain the foUowing values of a same observable 1 an of their
variance s2

Campaign i , i = 1. 2. ... , k.
n

Observable value 1 = rl 1 In
1 j=l 1 j

n

Variance 2 1:1 (l 1 )2 I (ni 1)s = - - .
1 j=l 1j 1

Sample size n
1

Observables can be any of the geodetic elements considered
before (distances. angles. height differences. etc)o

We assume that these values came from a normal
2population with expected value ~ and standard deviation u.N(~.u )

Tests for the equality of variances

We must investigate if results of observations made in
different epochs are samples from Normal distributions with the
same variance and therefore they can be compared with reliability
cri t er-t a.

Let us conslder (1 •
1

distributions.N(~ • u2
) •

1 1

To test the equality of all variances
testo The null hypothesis H ls thato

s~). 1 = 1. ooo k. samples from normal
supposed independentso

we applied the Bartlett

H ;u2

o 1

2
U -o oo000

2

2= U
k



we define
k

10g 2 L (n -1) 10g 2n s - so o 1=1 1 1

Y k 1 1
L n n

1 1=1 1+ 3(k-l)
where

k

n = L(n-l),
o 1=1 1

k

n L n
1=1 1

k

L (n -1) 2s2 1=1 1 1
S =o no

then, at a significance level of a, H is rejected ifo

2where, as usual, Xk-1,a r-ef'er-s to the chi-squared distribution
on k-1 degrees of freedom.

If H is rejected,
o

several repeated test.
then ever-y two variances are checked in
Results of two campaigns (1, s2) and

1 1

samples from normal distributions N(~, u2
)

1 1
(1 ,s2) are supposed

j j 2
and N ( ~ j' uj ) .

Quantities

n - 1) s2
1 1 and

are statistically independents and distributed as chi-squared
on n -1 and n -1 degrees of freedom, then

1 j

(s2, s2) / ( min (s2 s2)y = max , ,
1 j 1 j

has the F-distribution on n -1 and n -1 degrees of freedom.
1 j

The assumption

Ho
2

U
1

2
U
j

u,



is l'ejected if

Bar t let t test can be accepted even t he test on the two
val'iances compal'ison was not due to some systematic cause.

Test for the equality of several means

To detect significant d í f'f'er-encea between the obser-vat í ons
made at diffel'ent epochs, the fo11owing test on the equa1ity of
means have been used.

Let (11' s~) and r i. s2) be samples f'r-om Nor-mal
2 J Jdistl'ibutions, N(~,~) and N(~ ,~ ). If val'iances al'e assumed

2 I 2 I J J
to be equa1, o: = o: , as they have been tested bef'or-e wi th the

I J
Bal't1ett Test, the quantity.

y =
(1 -1 ) - (~ -~ )

I J 1 J
n n (n + n - 2)
I J I J

¡(n-1) s2 + (n -1) s2
I I J J

n + n
1 j

has a Student t-distl'ibution on n +n -2 degl'ees of fl'eedom.
I j

Then, the null hypothesis
H : ~ = ~o 1 j

is l'ejected. if

1 - 1
1 j

n n (n + n - 2)
1 j I j

y n + n
I j

vel'ify

Iyl > t
n

1
+n

j
-2.<X/2

If Ho is l'ejected we can conclude that the geodetic network
is def'or-med ,

If all campaigns ar-e supposed to have the same pr-ecí s í on,
s = s = s • statistic y l'educes to

1 j



1 - 1 / n. n
1 j 1 j

Y s n + n
1 j

If variances are not equal 2 2 we would use the Fisher-O" O" .
1 j

Behrans statistic (Lloyd.1984)
l - l - (~-~ )
j j 1 j

y =

2
S
j

n
j

~
which arJ~symptotically distribuyted as a Student t on

(
S

1

n
1 ""

s
+-J-)f(

n
j

4
S

1
-n-( r=n-+--=l')- +

1 1

4
S

n (nj +1) ) - 2 •
j j

degrees of·freedom.
Two FORTRAN pr-ogr-ama, AEORDIS and AEORANG. have been

developed to perform the statistical ana lys í s of the different
observation campaigns. Results are obtained as show Table 4.

TABLE 4

VISUAL 6 - 8
DISTANCES M.S.E. (e)
947208.3 (1-2) ACEPTED 4.8 9.0 (1-2) ACEPTED
947209.3 (2-3) ACEPTED .8 7.1 (2-3) ACEPTED
947202.5 (3-4) ACEPTED 1.6 7.4 (3-4) ACEPTED
947207.5 (1-3) ACEPTED .7 7.0 (1-3) ACEPTED

(2-4) ACEPTED (2-4) ACEPTED
(1-4) ACEPTED (1-4) ACEPTED

BARTLETT TEST ACEPTED
ZENITHALS M.S.E. (e)
89 10 1.7 (1-2) ACEPTED .9 2.5 (1-2) ACEPTED
89 10 3.0 (2-3) REJECTED 1.1 3.0 (2-3) ACEPTED
89 9 57.1 (3-4) ACEPTED 1.0 2.8 (3-4) ACEPTED
89 9 55.3 (1-3) ACEPTED .7 2.0 (1-3) ACEPTED

(2-4) REJECTED (2-4) ACEPTED
(1-4) REJECTED (1-4) ACEPTED

BARTLETT TEST ACEPTED



HEIGHT DIFFERENCES M.S.E. (e)

13838.0 (1-2) ACEPTED 7.3 23. (1-2) ACEPTED
13847.0 (2-3) ACEPTED 5.5 19. (2-3) ACEPTED
13845.4 (3-4) ACEPTED 5.1 18. (3-4) ACEPTED
13851. 4 (1-3) ACEPTED 4.2 16. (1-3) ACEPTED

(2-4) ACEPTED (2-4) ACEPTED
(1-4) ACEPTED (1-4) ACEPTED

BARTLLET TEST ACEPTED

STATISTICAL ANALYSIS OF DIFFERENT OBSERVATIONS CAKPAIGNS
(e) m.s.e. modulaled lo lhe lheorellcal accuracy rang6

6. CONCLUSIONS

The direct comparlson of distance measurements and angles
observations In a geodetic network repeatedly observed ls an
useful method for detecting crustal deformatlons as well an
external control of observations. By other hand, the statistical
analysis enables us to determine with realibility criteria
varlatlons in the geodetic network.

Differences obtained in the comparlson between the four
observation campaigns in the Caldera of Telde are of the same
order than instrumental preclsion limits. Therefore it can not be
concluded that slgnificant variations have origlnated.

Resul ts discussed here correspond only to the analysis made
before adjustment. Network adjustment and linear hypothesis
te~ting of the results of adjustment and the mathematical model
used are treated in other papel'.
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PUBLICACIONES DEL INSTITUTO DE ASTRONOMIA y GEODESIA
DE LA UNIVERSIDAD COMPLUTENSE - MADRID

(Antes Seminario de Astronomía y Geodesia)

l.~Efemérides de 63 Asteroides para la oposición de 1950 (1949).
2.-E. PAJARES:Sobre el cálculo gráfico de valores medios (1949).
3.-1. PENSADO:Órbita del sistema visual ri' U Maj (1950).
4.-Efemérides de 79 Asteroides para la oposición de 1951 (1950).
5.-J. M. TORROJA:Corrección de la órbita del Asteroide 1395 "Aribeda" (1950).
6.-R. CARRASCOy J. M. TORROJA:Rectificación de la órbita del Asteroide 1371 "Resi"

(1971).
7.-J. M. TORROJAy R. CARRASCO:Rectificación de la órbita del Asteroide 1560 (1942 XB)

y efemérides para la oposición de 1951 (1951).
8.-M. L. SIEGRIST:Orbita provisional del sistema visual 2728-32 Orionis (1951).
9.-Efemérides de 79 Asteroides para la oposición de 1952 (1951).

10.-J. PENSADO:OINta provisional de 21883 (1951).
11.-M. L. SIEGRIST:Orbita provisional del sistema visual 22052 (1952).
12.-Efemérides de 88 Asteroides para la oposición de 1953 (1952).
13.-J. PENSADO:Orbita de ADS. 9380 = 2 1879 (1952).
14.-F. ALCÁZAR:Aplicaciones del Radar a la Geodesia (1952).
15.-J. PENSADO:Orbita de ADS 11897 = 22438 (1952).
16.-B. RODRÍGUEZ-SALlNAS:Sobre varias formas de proceder en la determinación de perío-

dos de las marcas y predicción de las mismas en un cierto lugar (1952).
17.-R. CARRASCOy M. PASCUAL:Rectificación de la órbita del Asteroide 1528 "Conrada"

(1953).
18.-J. M. GONZÁLEZ-ABOIN:Orbita de ADS 1709 = 2228 (1953).
19.-1. BALTÁ: Recientes progresos en Radioastronomía. Radiación solar hiperfrecuente

(1953).
20.-J. M. TORROJAy A. VÉLEZ: Corrección de la órbita del Asteroide 1452 (1938 DZ,)

(1953).
21.-1. M. TORROJA:Cálculo con Cracovianos (1953).
22.-S. AREND:Los polinomios ortogonales y su aplicación en la representación matemática

de fenómenos experimentales (1953).
23.-1. M. TORROJAy V. BONGERA:Determinación de los instantes de los contactos en el

eclipse total de Sol de 25 de febrero de 1952 en Cogo {Guinea Española) (1954).
24.-J. PENSADO:Orbita de la estrella doble 22 (1954).
25.-J. M. TORROJA:Nueva órbita del Asteroide 1420 "Radcliffe" (1954).
26.-1. M. TORROJA:Nueva órbita del Asteroide 1557 (1942 AD) (1954).
27.-R. CARRASCOy M. L. SIEGRIST:Rectificación de la órbita del Asteroide 1290 "Alber-

tine" (1954).
28.-J. PENSADO:Distribución de los períodos y excentricidades y relación período-excen-

tricidad en las binarias visuales (1955).
29.-J. M. GONZÁLEZ-ABOIN:Nueva órbita del Asteroide 1372 "Haremari" (1955).
30.-M. DE PASCUAL:Rectificación de la órbita del Asteroide 1547 (1929 CZ) (1955).
31.-1. M. TORROJA:Orbita del Asteroide 1554 "Yugoslavia" (1955).
32.-1. PENSADO:Nueva órbita del Asteroide 1401 "Lavonne" (1956).
33.-J. M. TORROJA:Nuevos métodos astronómicos en el estudio de la figura de la Tierra

(1956).
34.-D. CALVO:Rectificación de la órbita del Asteroide 1466 "Mündleira" {19S6).

35.-M. L. SIEGRIST:Rectificación de la órbita del Asteroide 1238 "Predappia" (1956).



36.-1. PENSADO:Distribución de las inclinaciones y de los polos de las órbitas de las es-
trellas dobles visuales (1956).

37.-1. M. TORROJAy V. BONGERA:Resultados de la observación del eclipse total de Sol
de 30 de junio de 1954 en Sydkoster (Suecia) (1957).

38.--5T. WIERZBINSKI: Solution des équations normales par I'algorithrne des cracoviens
(1958).

39.-J. M. GONZÁLEZ-ABOIN:Rectificación de la órbita del Asteroide 1192 "Prisma" (1958).
40.-M. LóPEZ ARROYO: Sobre la distribución en longitud heJiográfica de las manchas so-

lares (1958).
4 l.-F. MÚGICA: Sobre la ecuación de Laplace (1958).
42.-F. MARTÍN ASÍN: Un estudio estadístico sobre las coordenadas de los vértices de la

triangulación de primer orden española (l958).
43.--5T. WIERZBINSKI: Orbite améliorée de h 4530 = Y Cen = Cpd -48', 4965 (1958).
44.-D. CALVOBARRENA:Rectificación de la órbita del Asteroide 1164 "Kobolda" (1958).
45.-M. LóPEZ ARROYO: El ciclo largo de la actividad solar (1959).
46.-F. MÚGICA: Un nuevo método para la determinación de la latitud (1959).
47.-1. M. TORROJA: La observación del eclipse de 2 de octubre de 1959 desde El Aaiun

(Sáhara) (1960).
48.-J. M. TORROJA,P. JIMÉNEZ-LANDIy M. SoLÍs: Estudio de la polarización de la luz de

la corona solar durante el eclipse total de Sol del día 2 de octubre de 1959 (1960).
49.-E. PAJARES: Sobre el mecanismo diferencial de un celóstato (1960).
50.-J. M. GONZÁLEZ-ABOIN:Sobre la diferencia entre los radios vectores del elipsoide in-

ternacional y el esferoide de nivel (1960).
51.-1. M. TORROJA: Resultado de las observaciones del paso de Mercurio por delante del

disco solar del 7 de noviembre de 1960 efectuadas en los observatorios españoles (1961).
52.-F. MÚGICA:Determinación de la latitud por el método de los verticales simétricos (1961).
53.-M. LÓPEZ ARROYO: La evolución del área de las manchas solares (1962).
54.-F. MÚGICA: Determinación simultánea e independiente de la latitud y longitud me-

diante verticales simétricos (1962).
55.-P. DiEZ-PICAZO: Elementos de la órbita de la variable eclipsante V 499 Scorpionis

(1964).
56.-1. M. TORROJA: Los Observatorios Astronómicos en la era espacial (1965).
57.-F. MARTÍN ASÍN: Nueva aportación al estudio de la red geodésica de primer orden

española y su comparación con la red compensada del sistema europeo (1966).
58.-F. SÁNCHEZMARTÍNEZ: La Luz Zodiacal. Luz del espacio interplanetario (1966).
59.-1. M. GONZÁLEZ-ABOíN:Variaciones de las coordenadas geodésicas de los vértices de

una red, por cambio de elipsoide de referencia (1966).
60.-F. SÁNCHEZMARTÍNEZy R. DUMoNT: Fotometría absoluta de la raya verde y del con-

tinuo atmosférico en el Observatorio Astronómico del Teide (Tenerife), de enero de
1964 a julio de 1965 (1967).

ó l.-M. REGO: Estudio del espectro de la estrella 31 Aql. en la región U 4000-6600 A (1969).
62.-C. MACHÍN: Mareas terrestres (1969).
63.-J. M. TORROJA: La estación para la observación de satélites geodésico s de la facultad

de Ciencias de la Universidad de Madrid (1969).
64.-M. 1. SEVILLA: Reducción automática de posiciones de estrellas (1970).
65.-J. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geodesia

de la Facultad de Ciencias de la Universidad de Madrid en 1969 (1970).
66.-M. 1. SEVILLA: Los cálculos de estación en triangulación espacial (1970).
67.-MANUEL E. REGo: Determinación de las abundancias de los elementos en Id atmós-

fera de la estrella de alta velocidad 31 Aql. (1970).
68.-M. 1. FERNÁNDEZ-FIGUEROA:Análisis cualitativo del espectro de la estrella peculiar

HD 18474 (1971).
69.-1. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geodesia

de la Universidad Complutense de Madrid en 1970 (1971).



70.-R. VIEIRA Y R. ORTIZ: Descripción de un aparato para medida de coordenadas (971).
71.-1. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geodesia

de la Universidad Complutense de Madrid en 1971 (1972).
72.-M. J. FERNÁNDEZ-FIGUEROA:Observación y estudio teórico del espectro de la estrella

peculiar HD 18474 (1972).
73.-M. J. SEVILLA: Cálculo de las constantes de distorsión y parámetros del disco obtu-

rador para cámaras balísticas (1973).
74.-R. PARRAY M. J. SEVILLA: Cálculo de efemérides y previsiones de pasos de satélites

geodésicos (1973).
75.-M. REGO y M. J. FERNÁNDEZ-FIGUEROA:Resultado de las observaciones de a Peg

efectuadas desde el satélite europeo TDl (1973).
76.-E. SIMONNEAU:Problemas en la determinación de abundancias de elementos en las

estrellas en condiciones de equilibrio termodinámico local y alejadas del equilibrio
termodinámico local (1974).

77.-J. ARANDA:Construcción de modelos de estructura interna para estrellas en la secuen-
cia principal inicial (1974).

78.-R. ORTIZ, M. J. SEVILLAY R. VIEIRA: Estudio de la calibración, técnica de medida y
automatización de datos en un comparador para medidas de placas estelares (1974).

79.-M. J. SEVILLA: Método autocorrector para el cálculo de direcciones de satélites geo-
désicos y análisis de los errores en la restitución de un arco de órbita (1974).

80.-M. A. ACOSTA,R. ORTIZ y R. VIEIRA: Diseño y construcción de un fotómetro foto-
eléctrico para la observación de ocultaciones de estrellas por la Luna (1974).

¡H.-T. J. VIVES, C. MORALES, J. GARCÍA-PELAYOy J. BARBERO: Fotometría fotográfica
UBV del cúmulo galáctico King 19 (1974).

82.-R. ORTIZ y R. VIEIRA: Control automático en posición y tiempo de los sistemas de
obturación de las cámaras de observación de satélites geodésicos (1974).

83.-J. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geode-
sia de la Universidad Complutense de Madrid en 1972 y 1973 (1974).

M.-M. J. FERNÁNDEZ-FIGUEROAy M. REGO: IX CrB en el ultravioleta lejano (1975).
~5.-1. M. TORROJA, R. VIEIRA, R. ORTIZ y M. J. SEVILLA: Estudio de mareas terrestres

en España (975).
~ó.-M. J. SEVILLAy R. PARRA: Levantamiento gravimétrico de Lanzarote (1975).
~7.-P. KUNDANMALSUKHWANI:Modelos teóricos de curvas de luz. Su aplicación al siste-

ma (J Lyrae (1975).
~~.-M. J. SEVILLA: Coordenadas astronómicas y geodésicas. Desviación relativa de la ver-

tical (1975).
~9.-C. TEJEDOR: Fotometría fotoeléctrica R. G. U. del cúmulo galáctico IC 2581 U976).
':IO.-M. 1. SEVILLA: Nuevos coeficientes para la reducción automática de posiciones de

estrellas 0Y76).
91.-M. REGO: Técnicas observacionales en espectroscopía astrofísica tl976).
92.-M. J. SEVILLA: Determinación de la latitud por distancias cenitales de la polar, mé-

todo de Littrow tl976).
':I3.-T. 1. VIVES: Determinación fotométrica del tipo espectral de la componente desco-

nocida de una estrella binaria eclipsante (1976).
94.-M. REGO y M. J. rERNÁNDEZ-FIGUEROA:Contraste y determinación por métodos astro-

frsicos de fuerzas de oscilador (977).
':IS.-M. J. SEVILLAY R. CHUECA: Determinación de acimutes por observación de la Polar.

Método micrométrico (1977).
':Ió.-JosÉ M. GARCÍA-PELAYO:Fotometría R G U en un campo del anticentro galáctico,

cerca del NGC 581 (1977).
n.-JosÉ M. GARCÍA-PELAYO:Datos fotométricos de 2.445 estrellas estudiadas en ~a región

de Casiopea, entre los cúmulos abiertos Trumpler 1 y NGC 581 (1977).
98.-PREM K. SUKHWANIy RICARDOVIEIRA: Spectral Analysis of Earth Tides (1977).
99.·-JosÉ M. TORROJAy RICARDOVIEIRA: Eartb Tides in Spain. Preliminary results tl977).

IOO.-PREM K. SUKHWANIy RICARDOVIEIRA: Tbree different methods for taking in account
the gaps in spectral analysis of Earth Tides records (1978).

10l.-R. VIEIRA: Mareas terrestres (1978).
102.-M. J. SEVILLAY A. NÚÑEZ: Determinación de la longitud por el método de Mayer.

Programas de cálculo automático (1979).
103.-M. 1. SEVILLAy A. NÚÑEZ: Determinación de la latitud por el método de Sterneck.

Programas de cálculo automático (1979).
lO4.-M. 1. SEVILLA: Determinación de la latitud y la longitud por el método de alturas

iguales. Programas de cálculo automático (1979).
lO5.-P. K. SUKHWANIy A. GIMÉNEZ: Corrección de efectos atmosféricos para imágenes

tomadas desde satélites Landsat (1979).
106.-M. 1. SEVILLA: Inversión de matrices simétricas en el método de mínimos cuadrados

(1979).
(continúa en la cuarta de cubierta)



!07.-A. GIMÉNEZ: Análisis de la curva de luz del sistema binario eclipsante S Velorum (979).
!08.-M. 1. SEVILLA: Determinación del acimut de una referencia por observación de la es-

trella polar. Programa de cálculo automático (1979).
109.-M. 1. SEVILLA: El sistema IAU (1976) de constantes astronómicas y su repercusión

en la reducción de posiciones de estrellas (Primera parte) (1980).
1!O.-M. 1. SEVILLAY R. PARRA: Determinación de la latitud por el método de Horrebow-

Talcott. Programas de Cálculo Automático (1980).
111.-M. J. SEVILLA: Determinación de la latitud y la longitud por fotografías cenitales

de estrellas (1980).
112.-R. VIEIRA Y M. OREJANA: Comunicaciones presentadas en las XLI y XLII Jornadas

del Grupo de Trabajo de Geodinámica del Consejo de Europa. Luxemburgo 0979-80).
l 13.-M. 1. SEVILLA: Sobre un método de cálculo para la resolución de los problemas geo-

désicos directo e inverso (1981).
114.-R. VIEIRA. J. M. TORROJA, C. TORO. F. LAMBAS,M. OREJANAV P. K. SUKHWANI:

Comunicaciones presentadas en el IX Symposium Internacional de Mareas Terrestres
Nueva York (1981).

115.-M. A. MONTULL.M. 1. SEVILLAV A. GONZÁLEZ-CAMACHO:Aplicación de la V. L. B. 1
al estudio del movimiento del Polo (1981).

116.-A. GONZÁLEZ-CAMACHOy M. J. SEVILLA: Algunas relaciones entre diferentes ejes que
se consideran en la rotación de la Tierra (1981).

117.-R. VIEIRA. F. LAMBASy E. GIMÉNEZ: Modificaciones realizadas en un gravímetro
LaCoste Romberg modo G para su utilización en registro continuo de la gravedad (1981).

118.-R. VIEIRA: La microrred de mareas gravimétricas del Sistema Central (1981).
119.-J. M. TORROJAy R. VIEIRA: Informe sobre el desarrollo del programa de investiga-

ción sobre mareas terrestres en el último bienio (1981).
120 -F. LAMBAsy R. VIEIRA: Descripción. estudio de la precisión y aplicaciones geodésicas

V geofísicas de los nuevos niveles de lectura electrónica (1981).
121.-M. T. SEVILLA: Programación del método de la cuerda (1981).
122.-J. M. TORROJA: Historia de la Ciencia Arabe. Los Sistemas Astronómicos (198]).
I23.-M. 1. SEVILLAY R. VIEIRA: Comunicaciones presentadas en la Sesión Científica de

la Real Academia de Ciencias Exactas. Físicas y Naturales, celebrada el día 13 de
enero de 1982 (1982).

124.-M. 1. SEVILLAy P. ROMERO: Aplicación del método de colocación a la reducción de
placas fotográficas de estrellas (1982),

125.-M. J. SEVILLAY A. G. CAMACHO:Deformación rotacional de una tierra elástica (1982).
126.-M. 1. SEVILLAY P. ROMERO: Obtención de las medidas de la precisión en la determi-

nación de la latitud y la longitud por fotografías cenitales de estrellas (1982),
127.-M. 1. SEVILLA. A. G. CAMACHOy p. ROMERO: Comunicaciones presentadas en la

IV Asamblea Nacional de Astronomía y Astrofísica. Santiago de Compostela (1983).
128.-M. 1. SEVILLA: El sistema IAU (1976) de constantes astronómicas y su repercusión

en la reducción de posiciones de estrellas (Segunda parte) (1983).
129.---M. J. SEVILLA: Geodesia por satélites y navegación (1983),
DO.-L. GARcíA ASENSIO, A. G. CAMACHO.P. ROMEROY M. 1. SEVILLA: Comunicaciones

presentadas en la V Asamblea Nacional de Geodesia y Geofísica (1983).
13l.-M. J. SEVILLA: Anomalías de la gravedad basadas en el sistema geodésico de refe-

rencia 1980 (1983)_
132.-J M. TORROJA: Historia de la Física hasta el siglo XIX. La Mecánica Celeste (1983).
131.-A. G. CAMACHOy M. J. SEVILLA:The Molodensky Problem for an homogeneous liquid

core (1984).
I \4.-J. M TORROJA: La obra astronómica de Alfonso X El Sabio (1984).
135.-H. MORITZ: Sistemas de referencia en Geodesia (1984).
136.-H. MORITZ: Rotación de la Tierra (1984).
137.-A. G. CAMACHOy M. 1. SEVILLA: Autofrecuencias del movimiento del Polo para un

modelo de Tierra de tipo Jeffreys Molodensky (1984).
138.-J. M. TORROJA: Nuevas definiciones en el problema de la medida del tiempo (1984).
139.-M. J. SEVILLA: Astronomía Geodésica (1984).
140.-M. J. SEVILLAY M. D. MARTÍN: Diseño de una Microrred en la Caldera del Teide

para el estudio de deformaciones de la corteza en la zona (1986).
141.-R. VIEIRA, C. DE TORO Y V. ARAÑA: Estudio Microgravimétrico en la Caldera del

Teide (1986).
142.-M. J. SEVILLA,M. D. MARlÍN y A. G. CAMACHO:Análisis de Datos y Compensación
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