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ABSTRACT

Every count can be seen as a statistical sa‘mﬁlle from a statistical
population in palleontology. It can be defined as the collection of
individuals of a specific group of microfossils that is present in the
geological sample from which the count comes. In general, when
sampling from a stratigraphic section one should éonsider‘ only the
vicinity within the layer from which the samplie comes.

The sampled population proportions ( percents ) car./bﬁconsider‘ed
to be random variables. |

Along a stratigraphical column the proportions of a certain taxon
may show an overall increase or an overall decrease; these phenomena
are galled trends. There ﬁay also exist more local increases alternating
with decreases. These systematic changes ({ fluctuations ) may be
expressed by the autocorrelation coefficient vaiug between successive
proportions for a number of the samples orderac from bot’tiam to top.

Care is required in evaluating such autocorrelation coefficient
values, because one of the series of var'zi:ablas, 'th}_s_a_tnﬁe!number‘s; has
a fixed, logical { stratigraphic ) order. This logfcal order of the samples
may be correlated to the other series of variables, the proportions.
There may be an interdependence in the sense that some taxon property
(e.g., its proportion ) in a certa:in sample is strongly related to the one
in the sample immediately Belown, Series with interdependence because

\

of an inherent logical order in time are called time series.

The analysis of the time series is helped by geostatistical modeliing
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based on probability theory. Probability mgels give a good
description of reality, when uncertainfy is a factor.

This method of treating autocorrelated proportions used for this
study was originally developed by F.P. Agterberg. The geological
applications of the geostatistical model uséd for this project have -
previously been restricted to ore minerals in ore deposits and
occurrence of volcanic rocks dn large regions { Agterberg, 1974 and
1984 ).

[t is useful in spatial pattern analysis to assume that a feature can
be significantly correlated with features that ocour at some distance
from it. A basic tool of spatial pattern‘analysis is the autocorrelation
function of a random variable. The method to be discussed in this
research can be applied to phenomena that  occur in either two -
dimensional or in three dimensional space.

When the geostatistical model was applied, it was required to
estimate R values representing correlation coefficients between
proportion variables for volumes and a binary variable defined for
presence or absence of the feature for which the proportions were
determined. These R values can be derived from the mean and variance
of taxon proportion distributions by using the FF FORTRAN program
that solves Hermite polynomials. Alternatively, the R - values can be
determined from graphs or tables based on output from the FF
FORTRAN program. New graphs and tables, especially for small mean

proportions and their variances; have been prepared for this thesis

pro ject.

B
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Several models in one or two dim_ensio‘;ls produce exponential
autocorrelation functions ( Matern ,i9é‘0‘énd Switzer,1965 ) which are
Ffequently used in one - dimensional time ser*i-es analysis. When the -
autocorrelation function is known, it is possible to estimate the
variance of the distrbution of a taxon measured as a proportion in a p
samplei cierivedérom a volume of any size and shape.

A model that can often be used is the signal - plus - noise model of
the statistical theory of gommunication. The signal may satisfy an
autoregressive process model. The noise { random shock) consists of
uncorrelated values and is independent of the signal.

Theoretical models for frequency distributions in spatial analysis

" have previously been proposed by several authors. These include the

¢ the Neyman - Scott clustering model, the de Wi:jsian'model, the
Prokhorov model and a model based on thé transfer function theory of
Matheron which is the basis for the model used in this project.

When'a random variable has both a stationary mean and a
covariance function, it may be assumed that the discrete Gaussian
model of Matheron can provide useful methods to. obtain frequency
distribution models in’épgtial analysis.

Before the start of the geostétistical modelling of the Frequer?czy
distribution of the microfessils, the time series were tested as to
whether or not,kthey could be described by various autoregressive
process models that would explain the data set.

Newly prepare"d FORTRAN as well as existing SAS package
programs ( ARIMA, SPECTRA and CCRR procedures )' were used for



iv

statistical calculations and SAS graphic software was used for the
plotting of gra;;hs.

For application of the geostatistical modelling, two stratigraphic
sections were studied. They are called Tojeira 1 and Tojeira 2 and are -
located in the Monte junto area of cént;f:é'l Portugal. Data were taken
from a 1986 Ph. D. thesis by B.Stam and also provided by -
F.M.Gradstein who identified and counted species of foraminifers from’
samples newly collected during the summer of 1986. With Stam’s™
data, 3 of 14 species in the Tojeira | section and 5 of 14 species in
the Tojeira 2 section were shown to have exponential autocorrelation

functions. They are Eoguttulina sp., Epistomina mosquensis and

Ophthalmidium strumosum in Tojeira { and Eoguttulina sp., Epistomina

mosquensis, Ophthalmidium strumcsum, Spirillina tenuissima and

agglutinants in the Tojeira Z section.

\
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CHAPTER: {: Introduction ’ )
\.};\1‘.

7.1 Purpose of study

The objective of this new research project is the development of
techniques to establish the reliablity of microfossil abundance data in

] A}
micropaleontology.

Statistical models are applied for estimating the precision of
counts of species of different types. These methods witl allow
estimation of the precision of averages computed from values for a
single taxon in samples of different size. It also has a bearing on the
| =

. ~ T 1 N . .
carrelation of data on abundance of rmany taxa with one another and in
relation with lithclogical information.

This methodology can be used in several other fields of gecscience.

1

These include chemical analysis of rock samples, petrographic modal

=0

[¢}]

analysis, tatistica: ore - reserve sstimation, geochemical

axploration, line - spacing problems in exploration geophysics, dritlin
s : h [ -

for hidden targets, and regional rescurce estimation.

]

The methods used are applicabie to discrete or continuous

.

TN - -
variables defined for samples located m‘\two dimensional or three -
dimensional space. Spatial pattern analyvsis is an important topic of

study in geomathematics. Generally. it is useful in spatial pattern

analysis to assume that a feature can be significantly correlated vith "

features which occur at some distance from it. For this reason,

geological pattern analysis may require a more elaborate mathematical

4



CNaturar Sciences and Engineering Research Council of Canada |

appér‘atus than is available in current methods of pattern recognition, to

perform the muitivariate analysis of attributes observed simultaneously

at the same points in space. * )

Application of this methodology to the bivariate narmal
distribution leads to the " pro'b - normal " distribution which has turned

out to be very useful. A similar type of distribution can be obtained by

applying the method to a blv«z iate exponential disiribution (Agmr‘berg

1984 ) -

S
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The data used in this thesis were derived from oublished reobrts and

from information collected by the author following field investigation in

1986 of several geological sections.

The relevant sections were chosen carefully. The first consideration
was that they had to be well exposed for detailed sampling. Secondly,
the gections had to fit into a well known micropaleontologic and
biogtratigraphic framework ( Age - control ). Thirdly, some aspects of |
the aleogeographic setting of the areas had to be known. This was
necdssary to enable recognition of trends in basin tectonics and basin
development. The Montejunto area of central Portugal, in the Lusitanian
dasin, was found to fit these criteria.

Much of the literature concerning the stratigraphy of Portugal has
been written in Frnch and Portuguese, and published in joucrats
and memoirs that are not readily accessible.

The biostratigraphic framework, based on ammonites, is well
krown and discuséed by Choffat, ( 1880 - 1893}, Ruget - Perrot
{ 1961 ], Mouterde et al. { 1972 ), and Poulton (1983 ).

The paleogeographic setting of the areas has been documented by
Ruget Perrot { 196i ), Mouterde and Ruget ( 1975 ), Wilson ( 1975a ),
Wilson and Exton ( 197’9 ) and Exton and Gradstein { 1984 ). Stam
{ 1986 ) has mads detailed comparisons bet@eenﬁj\?/]iddle and Late
Jurassic foraminifera from Portugal and the Gran'd\Banks of
Newfoundland. He has Qsad quantitative methods, ¥ examine some
paleoecological parameters controlling the distribution and abundance of

Jurassic benthonic foraminifera. He also evaluated the biostratigraphic



- Usefulness of Jurassic planktonic and benthonic foraminifera.
1.3.2 Paleogeography of the Lusitanian bagin

A useful summary of the stratigraphy of the Lusitanian basin can be
found in the guidebook of the field trips accompanying the 27° 1.G.C.
- {Paris), Livret Guide G - 14 { 1980 ). Data on Triassic exposures were
presented by Palain ( 1976 } and the Lower Jurassic has been
summarized by Hallam { (971 } and Mouterde and Ruget { 1975). The
Triassic and Jurassic rocks of Portugal have been studied since the end
of the nineteenth century ( Chofi;at {880 }. The Lusitanian basin
originated in the Late Triassic - Early Jurassic as a result of
movements along Hercynian { Paleozoic ) normal basement faults; ore
of which is the Nazare strike - slip fault. Triassic sediments in the

Lusitanian basin rest unconformably on igneous, metamorphic and
sedimentary rocks of Precambrian and Paleczoic ages [ Da Costa,

1950; §owie and Barss, 1975 ). The Late Triassic through Middle
Jurassic development of the basin was generally uniform. It started wit_h.
the déposition of nenmarine and marginal marine to shallow marine
sands, s?{.ales and evaporites. Dolomites and dolomitic limestone were

Y
deposited Ythroughout the Sinemurian { Doubinger et al. 1970 ;

Mouterde et al. 1973; Mouterde and Ruget, 1975 ). THs was followé;d_‘

in the late Sinemurian and throughout the Pliensbachian by normal

marine sedimentation of shales. alternating with limestone. These late

Sinemurian sediments contained the first occurrence of ammonites. At




the beginning of the Toarcian. the shaie facies became predominant.

with an upward trend towards more calcareous sedimentaticn. This

trend continued throughout the Aalenian and Bajocian until the
Bathonian. At this time most of the basin was covered by shallow
carbonate deposits. During the Callovian, also characterized by shallow
water deposits, reactivation of basement faults and halokinesis changed
the basin cenfiguration to such an extent that a northern and a southern
sub - basin can be recognized, separated along the Nazare fault line

{ Stam, 1986 ).

In the northern sub - basin, the deposition of colitic limestone and
sandstone over shaly and " reefal " limestone ( Mouterde et al., 1973 ),
irdicates a ( middle ) Callovian regression. lower Oxfordian sediments
appear absent, because of uplift [ Wilson and Exton, 1979 ).
Sedimentation‘resumed in the late Oxfordian with the deposition of
marginal marine carbonates and fresh water sediments forming algal
marsh facies { Wilson, 1975 ). This was followed in the Kimmeridgian
by fluvial clastics. In late early Oxfordian times, more rapid
subsidence in the southern sub - basin resulted in normal marine
sedimentation with abundant ammonites. Sediments include high energy
carbonates ( Wilson, 1975 ). In late QOxfordian time this high erergy
facies was gradually replaced by low - energy shale sedimentation and
by the end of the Oxfordian, and at the beginning-ef the Kim’merbiégian.
shale facies Were predominant. Reactivation of basement faults and salt
movements in the early Kimmeridgian resulted in a complex facies

distribution, with marine clastics in the Montejunto area, and shelf -«

4



carbonates to the northeast of the Montejunto area.

1.3.3 Montejunto area

-

The Montejunto area is located some 50 km north of Lisbon

(Fig.1.1 ). and is dominated by the 664 m. high "Monte junto" mountain

some 7 km. northeast of Vila Verda.

An a}most complete, but tilted sequence of Bathonian through
Kimmeridgian marine sediments, rest on the top apd flanks of
Monte junto.

The geology and macropaleontology of the area has been
described by Choffat { 188C - 1893 ), Ruget ) Perrot ( 1961 ), and
Mouterde et al. { 1972, 1973 ).

The formations found in this sequence are the Cabacos, Monte junto,

Tojeira, Cabrito, Abadia, and Amaral Formations ( Figs. 1.2 - 1.3 ).

1.4 Stratigraphy

The stratigraphy of the area has been explained by Stam\ 986)

as follows:
1.4.1 Middle Jurassic

Rocks of the middle Jurassic age are exposed near the top of the

Monte junto mountain. The oldest strata consist of thick bedded { 0.5 -

L2
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2m ) beige to gr"ey. mainly micritic, sgmet-im'es oolitic/pisolitic
limestones with rare crinoids and Ostrea. No ammonites were observed
nor ara any reponpd in the | xte;,atur*e. Based on occurrences of the
larger foraminifer Meyendorffina bathonica Bizon, Zbyszwski et al., \
(1966) believe these strata belong in the upper Bathonian.

The Upper Jurassic formations are separated from these Middle
Jurassic sediments by a hiatus. The upper Callovian Lambearti zone and
the lower Oxfordian Mariae zone are missing.

L]

{.4.2 Upper Jurassic

L.4.2.

p—

Cabacos Formation { Cordatum - Transversirum zones ) \
The basal 30 mof t‘n formation consists of hignly bituminous piaty,

thinly bedded, grey ani shaly limestone. This is overlain by at least

200m of thickly bedded ( 0.5 - 2m ) yellow to dark brown bituminous
Limestone, which is fire - grained, micritic and locally oolitic.

Ammonites occur throughout the formation but are rare in the lower

part.

ot h
1.4.2.2 Montejunto Formation ( Tr—;nqversamum Planula nes
The lower part of this 150 to 200 m thick formation consists of thick

tedded ( uc to Zm )} white to grey micritic limestone, changing to &~
thickly bedded alternation of bluish - grey limestone and hard grey

shale. Alnmonites are common throughout the formation. At the top
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.. 11
near the { covered ) contact with the overlying Tojeira Formation.

several shale and limestone beds are very rich in ammonites.
1.4.2.3 Tojeira Formation ( Planula - Platynota zones }

This formation is at least Y0 m thizk and consists almost entirely of
dark grey shales, in which limonite concretions are common. Some
"ca_lcareous shale ir-ercaléii‘@OCCLlr in the lower part of the formation.
Locally, in the middle part & the formation, the shale is brownish - red.
Close to the boundary with the overlyin'g Cabrito Formation, there is a
marked increase in silt content. Pyritired ammonites are common to
abundant in the lower part, but 2re relatively rare in the upper part of

formation.

{

)

1.4.2.4 Cabrito Formation ( 7 Platynota zore ) .

This formation consists of a massive, coarse - grained, micacecus
sandstone unit and a conglomeratic unit containing pebbles of quartz and
oink feldspar. The sandstone is dark yellow to brown in colour, near -
massive, and is generally poorly sorted. Crinoids, shell debris and large
{ up to'40 cm ) fragments of coral colonies are common to abundant. In
the Monte junto area, the Cabrito formation is about 40 - 50 m thick,
thickening rapidly towards the west. This was interpreted by Mouterde’
et al. (1973 ). as indicative of a westerly source for the influx of these

clastics. A few badly preserCed ammonites have been reported
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( Mempel. 1955 : Mouterde et al.. 1973 ).

1.4.2.5 Abadia Formation (7 Kimmeridgian )~

. c ¢
Characteristi® of this formation are the blue colour of its sediments and
the presence of abundant biack plant remains: Ostracods and thin -
shelled bivalves are conlwmon, but no ammonites.were’ observed. It
consists of very thickly bedded (up to 4 m 1, coarse - grained blue

coloured sandstone that shows ripple marks and channeiling. The

sandstone alternates with bluish sandy silistone /shale.

1.4.2.6 Amaral Formation {7 Kimmeridgian )

;

'
Cla

This formation is up to 70 m thick, and comn:

[

ists of well sorte
brownish quartz sandstone/}:e-.ﬂrt\aining\plant remains, and sometimes

"t
showing cross bedding. A few Ostrea and pelecypods are present, bist

Mo ammonites were shserved.

1.5 Section descriptions

ave been sampled in\d\gtail by the author during the

summer of 1986. The first. called Tojeira 1. is located near the hamlet

i

e
)

-5

w0 sections

of Ramada, and covers the top 65m of the Tojeira Formation. The
. [

second, Tojeira 2, is located near the villages of Pereiro and Tojeire

]
and covers the top of the Montejunto Formation and the upper part of



the Tojeira For*mation. tam ( 1986 ) has made a quantitative

analysis of the foraminiferal assemblages in 137 samples from five
Portuguese sections of Middle and Late Jurassic age, t: 5 of which were
sections Tojeira { and Tojeira 2 { Figs.1.4 - 1.5 ). Sampling strategy |
involved trying to ma\tgb&s many levels as possible to those previcusly

by

samoled bv Stam ( 1986 ) a%chievmo regular‘ soacine of the
1 E ~ . [a] L f=)

samples. Although there is no certainty that the sedimentation rate was
constant, the morotonous Tojeira shale lithology suggests so. Less
continuous outcrops in the Tojeira 2 section did not allow regular

sample intervals. Samples T-/1 to T

4

~+'3 are from the Tojeira Z

section and were taken from

as

smali outcrop of the Montejunio
Formation in the down faulted block west of Montejunto Mountain.

Sample T~ /4 was taken along a dirt road halfway between T3 and

T 5/5. These samples are separated by a gap in the outorop of

}

approximately 50 m. Samples T

LE

5 5 and T,5./6 were taken along th

asphalt road that rurs from Pereiro to T{ojeira and correspond to the top

s

of section 12 of Stam ( 1986 3. Samples T,.,/1 - S could be matched in

ield to the approvimate lithostratigraphic position { £ 1/72m ) of
2/2 - 7 ostudied by Stam (1986 (Fig. 1.3 ). T5/7 is a
/

o and T

new sample taken from a ditch halfway between TZJ »/8. Stam
(1986 ), had previously indicated that there was no exposure at this
point. This sample location was probably estimated too low in the
section, and should be estimated at an 80 m. thickness. Samples T,/8
and T2/9 are on the W side of the asphalt road just before the first

house entry from Pereiro to Tojeira. Samples T5/10 to T5/13 were
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taken from a steep outcrop above the dirt road just W‘est of the asphalt
road. The thickness of this outcrop mentioned by Stam ( 1986 ),' was
probably underest1mated by 30 % or more. Because of easily ~
recognizable landmarks in the section, all but a few of our sampies
could be matched to Stam’s ( 1986 ) sampling levels, ( seb Fig.1.5).
Sample T, /1, from the Tojeira { section east of Montejunto, was

taken as a first sanmiple from under outcrop 17 of Stam { 1986).

Samples T, /2, T, /72A, 28, 2C, and 20 were collected, at Sm.

intervals. in the same laver located above-outcrop 17. Samples T, /3
and T,.717 were tanen in order at 5 m intervals. Several of the *\owly
collected Tojeira { samples correspond with Stam’s ( 1986 ) -
samples, as shown in Fig. {.4. /

\ . f ~

i I
1.6 Preparation of Data

: : R A B Ve
The samoles were orenared in the laboratorizs of the Geological
] [} i

Survey of Canada, Bedford Institute of Oceanography, Dartmouth, Nova _~
Seotia. Samples were processed according to the " Industrial Soap
Method " of Thomas ( 1985. 1986 ). This included washing the sample ‘
over a set of sieves sized 500, 125, and 63 micrens. The 63 - 12 N
micron size fraction was used neither for this study nor by Starn(1986).
All residues were soiit such that severa] hundred foraminiferal shells

remained in one oart. Each solit was soread over one or more pickine
i

s and picked clean@ foraminifers. Next, using a microsplitter the

benthic texa were identffied and counted bv F. Gradstein {in 1987 1.
p .
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Percentages of taxa were calculated and presented as shown in Tables
{.3-1.4. Stam (1986 previously' used the sarme method and his
x_*esults are shown in Tables 1.1 - 1.2. A planktonic/ benthonic ( P/B)
ratio was also calculated and shown for the data sets in both tables.
Faunal analysis of @e Tojeira | and Tojeira 2 sections are discussed
balow. Stam { 1986 ) took thirty one samples for foraminiferal
analysis. The frequency patterns of seventeen taxonomic categories \.:vere
examined, fifteen of which concern proportion counts on species om&
species groups. These taxonomic units are: Eoguttulina sp. ( E. -

oolithica and E. metensis ), Epistomina mosquensis, £. uhligi, all other

Epistomina’sp., Lenticulina muensteri , all other Lenticulina sp.,

A

Nodosaria/Dentalina sp., Pseudolamarckina riasanensis , Spirillina

elnngata, Spirillina infima, Spirillina tenuissima, Ophthalmidium

carinatum, Ophthalmidium strumosum, agglutinants { Ammobaculites

sp. Reophax sp., Trochammina sp., Textularia sp., Bigenerina sp.i. All

other species are grouped in a Restgroup, usually c?ompr‘ising less than
15% of the benthonic microfauna.

For this study, samples used to create a geostatistical
model included the thirty one samples reported by Stam ( 1986 ) pius
fifteen samples collected by the author from the Tojeira ! and thirteen
new samples collected by the author and the thirty samples reported by

Stam { 1986) for the Tojeira 2 section.



18

. olel-gid = 91

dnoibisey = G}
laqunu 10} = g1 BUNSSINUG] 'S = iy
sejpeds Jo Jsquinu =/} B S = ELY
Jﬂl‘l -
viv 62 e el 09t ¥ 6v 9'le ¢S
Ise ~ 82 oL S'9 ¥e o £¢ (VAN N
62 82 e o'y 88 o §s ¥9 L'e
9L EF o0 49 oL o gy 1’6 s
sve L2 80" 09 £eL O g A 62
608 €€ e vl gL O 6t O 6l
gl &€ L 8’91 06 o e 0} -85
9/e <2 g 0§ 1L gy 60L &1
28¢ SB o 2€ ged: O 9L 8 ¥
LeS LB o) V'L gelL 0 2y E6 2L
LIS SE 90" 08 16 0t vy 9¢l ¥
¥8y  0OE L 9% £8 O L'y 91 B
198 ¥t 124 6'S g0 0O L'y 08 9’9
gi6 o€ ] Ve cElL O 'y 9 £8
ocy  LE ge’ S [ Y S L't 0sL 6%
e 0g 14 S IsE o sl S0l
6sy Lt v 6'9 g 7 0's 8y ee
ser 92 09° €0 0O€Ee O gL ovLE 0
0 L2 L g9 051 O el AN
¥i9  1e 80" €6 viL @ Ll 60 &
98 Ll 61t ¢ o L'l 9 ¢
6ve L2 - NMN o s 60l O
gee  9¢ gl 60L ¥SL O £'G b's o
$26 ¢t 600 0L g6 ¢ 69 O ¢
cle oe c0’ 48 1’6 8'e g0l O 0}
EEE 12 60° 14 L1y 09 Beh. O o
Lis 2¢ 0 61l 8v¥e ¢l 6 O o
05 € - £'ie 192 ¥ ye o o
63 ¢2 - LA gL 89% O o o
gy ve 8¢) 96 6.1 88L & o )
8SS 8¢ - AN Y T 51 A - ) 8l 0 o
8l LY 0Ly

FA o St riv €y 2y

MO —NONTO-TRONANONDONNM D

SISUBUESED G = LIV
WnsOWs ‘0 = 0Ly
wmeules O = 6v¥

—

—

—

- ol

MM uw e —
™

Stc
oe
£

5S¢

Nl 3

o

——r—

gy

.8y

—

SO oo CoamNnalNYtN OO o N

—

o
<

eiebuoe ‘g =gy 'dds eulfgjueq/EURSOPON = BY
‘ddseljnayual = LY
usjsuanu

"dds Bliic)sidg = Sy

5’9 5¢

T

-~ O

OMN=t0 -

Tl Tm

O
——

s
<t

—

v svY

¢t
¥'E

T’

L€
6
i
cE

S -

B WV

I~ Wy
—

L9l
vic
59t
B'¥E
B'8t
9'sg
Vie
S'EE
0'ee
SElL
¥'og
L'6E
o8l
eay
vie
2'st
S'Sl
£Ee
9'te
el
g'le
1’92
vl
:13
g¥e

313

4
e
0
0

EY

M e

— —

N N~ 7 —

0
Ly =

061

. 0
< <
-~

oy

1Biqn g = vv

3/EUBNDsoUW 3 = £V
-dds BUfnnbog = 2y

sieunBBY = |V

29
CAYS

901

e
(WA
LA
V'L
£t
9y
Pt
09
58
ol
6¢
gL
e

9L

6'C
g'le
L't
LG
1A
G'v
¥'s
£e
gl
9¢
U]
s
Se
0]

629
829
Lg9
Y929
929
Sc'9
¥e9
ge9
[
L9
029
649
8l'9
FAN:]
84’9
si'g
1A%
EL°9
AN
L9
oL’
69
89

9

Jsqunu ejdweg

Iy

NOILD3S | VHIIIrOL 40 L3S Vivd

'L 3havl



(i

03e
s0e
FA T
6ic
c0g
9¥e
- 082
SlE
€92
192
sel
082
€92
ooe
oLe
8ve
ove
29c
¢5e

FAxA
gle
0ge
Ole
8¥e
88l
Ele
Ole
g0z

Bl

82
e

¢

12
Se
g¢
92
62
¥e
92
4
9¢
S¢
€2
oe
8¢
se
L2
e
Be
9¢
L2
8e
ct
e

e
8e
X
e

FA !

83
06’
3]
i
08’
18
8L
o
6e’
17
b
o
o
€6’
e
e
¥a
99°
9L
210}
20
34

lsquinu [e10) =gl
seoeds jo Jequnu = /|

L0l
L'EL
602
£el
802
8Ll
S0l
8l
291
oLl
¥i
£'6
g0t
set
gvl
9's
et
6'vi
g
9'g
V'L
A
&L
ccl
y'e
A4
£e
5t
6't
Sl

vig

1A°L
¥'Sl
£8

Sl
60¢
11
b9t
g'6c
v'ie
S'gl
g'vl
§'/e
¥'61
oel
L8t
vee
€9l
vl
(2]

8l

o

~—

pa—y

£ld

- - N -

groama OO

olel-g/d = 91
dnoibisey =i
sueuniBby = y1g9
WnsoWwrs 0 = £18

sSel
81l
8'8

ol
£l

Vel
ol
e'Sl
L
9Ll
6L
5¢l
L8l
0/
&9t
el
o'st
61
6l
B8'Sp
Les
B9y
606
9'ge
L9
oey
0’19
B8'¥p
o've
LS

itg

OO OMT OO

3

L acdl o T

EAMOANNORIOAINCINTACR—C
e ONOMNM MMM -

oid

twheuues 0 = 219
BWISSINUGL G = |18

BWIHUT 'S =019
BlebUgid e = 64

9's I'e 22
9'l €2 €%
2 88 9%
Z¢ 06 §¢
0 €9 9
] 8 02
9y 62 2¢
P! 8¢ €2
0g 8 v
ve L 51
Le 68 ¢¥
vl 52 6%
61 2y €%
s¢ 's9 0¢
86 62 8¢
'y €2 02
6 & £l
g2 I Ll
02 6L Vv

£e g 2e
¥e o L2
'y o g

ey ¥ P

0L g o8 4
gy O 9’1
FAr A e
82 vy 6'

12 o £'s
6 O £'e
zt o 9y

h
m
o]
om
I~
m

e

SisUBLESED ' = 88

"dds eufeius/eELBSOPON = /)
‘ddsBulfnque] = 9q

uelsuent =7 = gg

e s9 2l
Zs 25 €1
/e IS §
9e 22 O
g€z E¢ O
ZE ES O
[6 9 0
Zs LS 0
ZL 8E o
i2 08 O
It 25 1
sz t¥ ¥
g€ 9oy ¥
0g 0 O
gy 6L 0O
82 ¥E ¥
sz 0§ ¥
0 LT ¥
2§ 95 @
61 0S5 ¥l
89 9% ¥
LY 9y &
€L _ S99 gl
187 gy &
Ze 21 ¥
0L VoL e
£ €0l &
ve 61 0l
¥s 61 29
It €2 2l

94 sq ¥g

CAWVNAM- Ot @ROM
NONDND N~ NN

8t

£d

o'se
Lie
6've
9LE
G'le
g'ce
A
601
L9l
VIe
L9

¥al
98l
06l
8'cl
g'si
£'92
6°L1
0’6l
8l

~—=aiw

Al ad

CRCO—OTNIN O

cd

'dds eUnuOISIAy = vg
15qri -5 = £a
SISUBNbSol "J = gg

-dds Bulinynbog = |g

GLLE
BLLL
FANN
bl
SELL
PLLE
[ 1 3
{8
bR
Hi
6L
ghl
L'HL
oLl
Sl
1A%
gLl
L
L
L2l
oLel
6¢cl
8¢l
el
g¢t
sel-
el
144
cel
L4 ~ Vet

A Ll ol ol

NN T TOTANNTOON 0 N~

lequinu g|dureg
d

NOILOZS 2 VHIIrOL 40 135 viva 2°L 3714avl



Table 1. 3 Data set of new samples of Tojeira ! section
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Table 1.3 ( concluded )
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Table 1.4 Data set of the new samples of Tojeira 2 section
( F.M. Gradstein’s data ).
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Tablé 1.4. ( concluded )
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CHAPTER 2: Statistical time series analysis

2.1 Introduction
\
Before applying the geostatistical modelling, time series models
were applied as a possible strategy for explaining the available data

structure from a statistical perspective. -

Time series analysis does not have to fit the available data exactly.

The}: can provide a model they onl){g_approximates the time process as
longhﬂés the model explains the behavior of the available realization in a
statistically adequate manner.\Statistical tests are avaliable to establish
whether time serizs explain the data structure or not. )

It is noted that most statistical calculations for this project were

done using the Statistic%ﬁl; Anzlysis System ( SAS ). For this reason, a

brief overview of the SAS system is given before the actual statistical

tests are described later.

2.2 SAS package programs

The SAS systermn is a software package for data analysis. The SAS
language has its own vocabulary and syrgax - words and the rules for
putting thern together.

The statements in a SAS program are divided into two kinds of
steps; DATA steps and PROC steps ( or procedure steps ). These are the
building dlocks of alf SAS programs. Usually DATA steps create SAS
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data sets and PROC steps process SAS data sets: DA"_I'A and PROC
steps can appear in any order-and any number of data sets canjbe used.
The DATA step begins with a data stétemen\t and can include any nurmnber
of prograrn statements. The PRQOC step aiﬁ‘s} ’SAS to call a procedure
from its library, and execute that procedure. The PROC step begins with
a PROC statement. | ”

SAS output consists of two main.parts:
1 ~ The SAS log which contains the SAS statements used in the job,
notes, and error n‘{essages.
2 - The SAS procedure output { File nasme , listing ).

Curing this research, seve‘t}alf SAS software systems were used to
assist in the geostafistical’modell"ing.
SAS/Basics software is for the structdre of the SAS language and its
procedures are fundamental to the ( SAS ) system.
SAS/Statistics software is for the statistical analysis procedures in the
SAS system.il"hey range from simple descriptive statistics to complex
mul.tivariate techniques. Essen\tfaﬁ}y, the user communicates with the
SAS system by giving it a da_ta.‘file and the necessary PROC statements.
SAS/Graph software is a device - intelligent system for producing
information and presenting it graphically. The software can be combined
with gther software in the SAS system. Version 5 SAS/Graph software
runs on the main frame with the IBM 3179G, eight colour gra;:;hics
terminal at the University of Ottawa.

SAS/ETS software is a package for econometrics and time series

analysis. Procedures include;



- Time series extraction and plotting,
- Forecasting and time series analysis,

- Modeling

2 .2.1 SAS package program ARIMA \
A . _
The ARIMA model and techniques are described by Box «nd Jenkins
(1976). This model is an algebraic statement showing how a time -
series variable'( Xt ) is related to its own past values | Xt~1‘ Xt~2‘
X3 J. Consider the algebraic expression,

><':C+¢1><t_1 + a

(1)
t to~
¥ Yy
InEq.1, X, is related to its own immediately past value (X 4 ). ?

where C is a constant term, ¢, is a fixed coefficient whose value
determires the relationship between X and X, , , and the &, term is a
probabilistic " shock" ( rahdom error, white noise ) eletment. The
generating mechanisms for two common ARIMA processes are written
as follows:

X, =C+o, Xy 3 (2)

A
I

‘ - - eiat—l T A (3)

The term (pixt_i is cailed an autoregressive ( abbreviated AR )
process. A first order autoregressive process is abbreviated AR(1). In

general, the label AR({p), means that the longest time lag attached to an
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AR térm in that process, is p time periods. The term 8 13-y IS cailed )
a moving - average { abbreviated MA ) process. Again, a first order
'process.is abbreviated MA(1). The label MA(g) means that the longest
time lag attached to a MA term in that process is q time periods. The

following additional processes can be considered:

Xt:C+¢’iXt { +rpz><t_2ﬁ—at (4)
X =0y X~ 9ay F (6)

Eq.4 is an AR{Z) process because it contains only AR terms and the
maximum time lag on the AR terms is two. Eq.5-1s an MA(2) pro&ess
since it has only MA terms, with a maximum time lag on the MA
terms of two. Eq.6 is an example of a mixed process: which contains
both AR and MA terms. It is an ARMA(1,1) process.

 Let the AR order of a process be designateﬁ p, where p is some
non - negative integer. Let g, also a non - negative integer, be the
MA order of the process. The value d, another non - negative integer -
stands for the number of times a realization must be differenced to
achieve a stationary mean. After a differenced series has been
modeled, it is integrated d times. The letter " [ " in the ARIMA refers
to this integration step, and it corresponds to the number of times { d)
the original series has been differenced. AR’IMA processes are

characterized by the values of p, d, and g in this manner;

ARIMA (p, d, g { AutoRegresive Integrated Moving Average ).
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Tt is convenient to write ARIMA madels in backshift notation

using the multiplicative backshift operator B. The operator B is defined

such that any variable which it multiplies has its time subscript shifted
back by the power of B. This is shown in Eq.7.
) : BN = X | (7}
: L t-k :
A constant is unaffected when multiplied by B, since, a constant has no
time subscript.

"e=c (8)

B

This model has two advantages over many other traditional
singie - series methods. The first advantage is that ARIMA is derived
from a solid foundation of classical probability theory and mathematical
statistics. Many other historically popular univariate methods are
derived by intuitive methods The second advantage is that ARIMA
models are a family of models, not just a single model. Box and
Jenkins { 1964 ) have developed a strategy that guiaés the analyst in
choosing one or more appropriate models out of this larger family of
models. However, the construction of proper ARIMA models may
reqguire more experience and computer time than some of the other
univariate methods. |

The ARIMA method appliés only to stationary time series.

Although many non - stationary series arise in practice, most can be

transformed into stationary series.
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t

In ARIMA analysis, the obser‘va.tio-ns in a'single timé series

( one variable - .univar-iate ) are assumed to be statistically dependent,
that is, sequentially.or‘ serially correlated.

The term Xt is a numerical value of. an obser‘vati:on. The subscript t
refers to the time per‘iéd. A sequence of N observations can be
represented as: X1 , X2 , X3, .. .‘, XN . The ARIMA model describes
how any given observation { X, ) is related to previous observations -
(Xi g

overall level of this series. The sample mean is calculated as,

X, 55+ .,). The mean of a stationary series indicates the

_ I N
:\‘:—EXt t=1,2, , N (D)
N =1
. N
The sar.pie variance 52(.\'), is calculated as
1 N
- 2
S50 = —— S AX, - X)) 2 (10)
- Noot=d

When the mean of a series is stationary, a new series Wt is created.
The series W, is calculated-as X minus sample mean. Where the

sample mean ( x ) is calculated as before.

¥y nmme

W, = X, -

t t (1L

The new series ( Wt ) is indistinguishable from the series X

. » except
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that it has a mean of zero ( Wt =0 ). In fact, the two series Xt and Wt
have all the same statistical properties except for their means. For
example, the variances of the two series are identical.

2.2.2 Autocorrelation

The objective in autocorrelation analysis is to calculate a correlation

coefficient { Ch ), for each set of ordered pairs { Wt , Wt-*-k

Tha k subscript represents the number of lags or time periods within

3

the series. After calculdting estimated autocorrelation ceoefficients,
they are plotted graphically using an estimated autocorrelation function.
The autocorrelation coefficient { s ! measures the direction and
strength of the statistical relationship between ordered pairs of
ohservations on two random variables. It is a dimensionless number
that can take on values only between - 1 and +1. A value of - |
n‘weans perfect negative correlation and a value of +1 means perféct
positive correlation. If O = O then X, | and X, are not correlated at
all in the available data. “he formula for calculating the autocorrelation

coefficients is,

N-k ] i

tﬁi(Xt—x)(XHk—x) 1
N o (12)
K N o,

S (X, -

=1

Eq.{12. can be written more compactly, because Wt is defined as Xt - X

Eqg.(12) becomes,
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TN (13)
S (W, )* -
t=1
Many authors suggest that the maxifnum nurnber of useful estimated

autocorrelations is roughly N/4 where N is the number of observations.
2.3 Partial autocorrelation

An estimated partial autocorrelation function is broadly similar to
an estir.nated autocorrelation coefficient function ( a.c.f.). The idea of
partial autocorrelation analysis is to see how W, and Wi 4 are r‘cilat:ad.
The estimated partial autocorrelation coefficient measuring this
relationship between W, and W, is designated as “¢pq Which is an
estimation of the correspondence parameters ¢kk' The most agcurate
way of calculating partial autocorrelation cbeffic;ients ( p.a.c.f. ) is to
estimate a series of least squares regression coefficients. Estimated
partial autocorrelation coefficients are also found by applying
regression techniques. The first step is to consider the true- r‘egf‘éssion
relationship between W, , and the preceding value W,. This is shown in
Eq.(14). .

Werg = 01 We * Uy (19

The term ¢, { is the partial autocorrelation coefficient to be estimated

fork=1,u which in turn, is the error term representing all the

t+1°
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factors affecting Wt +1 that do not appear elsewhere in the regression
“equation. This is because there are no other W’s between Wk and
Wt+1 However, there is a slightly less accurate, though easily
computed, way to estimate the ¢, coefficients. It involves usmg the
previous!y calculated autocorrelation coefficients (r ). As long as the
data series is stationary, the following set of recursive equations gives
fairly good estimates of the partial autocorrelations { Yule - Walker

equations ).

Py =Ty

&
I
i
It
rJ
(el

L ere T E T P Pt ke
( k=34, ...,

P= 1,2 k- )

If Xt is a stationary normal distribution, then it has a constant

expected mean  u=E (X ) forail X’s where E (. . .} denotes
mathematical expectation. : e
u‘—‘E(Xt}:E_(XHm) - {16)

il -3
The estimated constant variance, ¢ (x )} = uo(x) =E (X, - u)“ forall
L

X's satisfies

o . e ]
a‘%(x:tkku_m—p) (17)
and the constant autogovariance is
. . s L2
Uk(ﬂ_;h{(xt—pux”m—p)]. P y



For any two X's separated by k time periods ( LAG )}, the
constant autovariance is,

) ><t+k+m - H) ]2

v =E (X = p)( Xy - ) 1 =E[(X
When k = 0, ( Xt - M) times ( Xt-+-k - 1) is simply ( Xt -l )2 in
which case uk(x) =0 = uo'(x) = oz(x). The estimated aﬁtocorrelation

t+m_‘u

coefficients are derived as shown below

Yk

) = [18)
) Pk L
0

The estimation of a&to and partial correlation coefficient values
could be chosen accor‘ding‘to different criterian. Box and Jenkins {1976)
favor choosing according to the maximum likelihood { ML ) criterion.
However ML estimates of ARIMA procedure may require relatively
large amounts of computer time. For this reason, Box and Jenkins
(1976 ) suggest using the least - squares ( LS ) criterion. LS

estimates, are either exactly or very nearly ML estimates.

2.2.3.1 Testing autocorrelation coefficients

1 I .
An estimated autocorrelation coefficient { Il } and theoretical

autocorrelation coefficient ( p; ) are not exactly equal to each other due
to sampling error. Bartlett ( 1946 ) has derived an approximate
expression for the standard error of the sampling distribution of the Il

values. This estimated standard error s I ) is calculated as follows, .

ey

N\ '_\
{ o e
s )= (1+23 rj2 172172 (19)

y .
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using the null hypothesis H_ : p =0 fork =1, 2, R N (O &
common when using the estimated s { ri ) in place of the true standard

error s (ry ) to refer to the t - distribution in this way,

LT P
. = (20)
k s r*k)

Fig. 2.1 illustrates these ideas. The label on the horizontal axis shows
that this is a distribution of all possible values of | for a certain
sample size N. This distribution is centered on the parameter p, which
is unknown. Since this is approximately a normal (or t) distribution
with an estimated standard errror, s {1 given by Eq. 19, the interval
’ v
Py 25 ! Ty ) contains about 95 % of all possibie ry values. This is
represented by the shaded area under the curve. If MA is white noise,

there would be no autocorrelation within the process and the MA order

would be zero. In that case Eg. 19 would be -

N
—

- e
- s () =N e ( )
(2%

for all k.. ' .

s

2.2.3.2 Testing partial autocorretation coefficients
Partial autocorrelation coefficients can aliso be tested and their
statistical significance estimated. The required estimated standard

error is



- Figure 2.1

Figure 2.2
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¢
e
ﬂﬁl
Shaded area is approximately
95% of the area under the curve
P—2$(I‘1) .01 p+23(r1) r
2.1 -
flay)
l
& » )

Ea = ?

Example of approximately normal ( or t )
sample distribution for r with estimated
standard error s{r, ) given by Eq. 19

Normal distirbution of white noise { random
shock ) a; ( after Pankratz, 1983 )



s (") =NY2 (22)
Testing Ehe null hypothesis HO Py = 0 and t - statistic:
- RN
twu:s(w“) .

2.2.3.3 Stationarity

Stationarity implies that the AR coefficientc:: must satisfy certain
conditions. If p = 0, the series are either a pure MA model or a white -
noise series. All pure MA models and white noise are stationary, so
there are no stationary conditions to check. For an AR(1) or
ARMA(L,q) process, thé stationarity requirement is that the absolute
value of ¢y must be‘lesstthan one | Ici)ilx". 1), The by is not known,

instead of it "¢, can be used. Table 2.1 shows a summary of stationary

conditions for the ARMA procedure.

TABLE Z.1 Stationary conditions of time series (after Pankratz, 1983 )

Mode! tﬂype Stationarity conditions
ARMA [ 0,9} Always stationary
AR{ ¢ ) or ARMAL 1,q) o1 < 1
AR[2) or ARMAI 2,q9) Icpzl ! \

byt <t

b5 =y <1
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2.3 The random shock ( white noise, random error )I model

-

The a, terms inan ARIMA process are usually assumed to be

normally indentical and independently distributed random variables with

a mean of zero and a constant variance.Those variables are often called

1 )

white noise ". Fig. 2.2 illustrates this idea with a normal distribution

centered on zero. The horizontal axis shows the values are ﬂ '

-independently distributed and therefore not autocorrelated. THat is,

knowing the set of past random shocks { B> 890 Bgr v+ e ). would

not help to predict the current shock a . Ranuom shocks (a } are

o
statistically independent, meaning that they are not autocorreiated.

They can not be observed in practice but, they can be estimated. The
residuals ( "a, ) are calculated from the estimated model. The

residuals can be tested.

If the random shocks are serially correlated, then there is an
autocorrelation patfem in X, that has not been accounted for by the AR
and MA terms in that model. If the residuals are autocorrelated, théy
are not white noise, so 'that the other model should be searched for
residuals.

A residual autocorrelation coefficient is basically the same as any
other estimated autocorrelation coefficient. The only difference is

that the residuals ( "a from an estimated model instead of

i)

observations in a realization ( X, ), are used to calculate the

¢ )
autocorrelation coefficients. Eg. 11 is used for this calculation,
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N-k _ _
'2(“at—a)1(“at+k-a) v
L=
o (a) = 24)
Ne . L2
("a, -a)
t=1

where r (7a) is the residual autocorrelation coefficient.

If the random shocks are uncorrelated, estimation of ( "a ) should
also be uncorrelated. Therefore,l the residual autocorrelation coefficients
for an ARIMA mode! will ideally have autocorrelation coefficients that
are all statistically zero. But all residual autocorrelations cannot be
expected to be zero. The reason is, that the residuals are calculated
from a calculation using only estimates of the ARIMA coefficients { not
their true values }. Therefore, the sampling error will cause some
residual autocorrelations to be nonzero. ‘

TFqi'e AR (1) procedure can be writtenas (L - $B W =a or

Xt:pl’.i —qf»1)+ iﬁixt-lﬁ—at { 25)

The random shock a, can not be observed during the period t - 1 but g,

¢, and X,_, are known parameters. Using y, ¢ and X,_y to find the

-1

calculated value of X, designated "X, :
nxt = M (1 - ‘T)i } o+ d)ixt-i (26)

at time t, Xt can be observed, then the random shock a, can be found by

t
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subtracting the calcu&ed value "X, from the observed value X, inEq 25

X, - "X, = a, @
M and ¢, are known, but in practice, parameters of the ARIMA
crocedure are not known. They must be estimated from the data. These

estimates in the present case, are "u and IR Modifying { 26 )

accordingly, the calculated value "~ becomes

Xo= 0w (1= e+ e X (28)

-

When "X, is calculated from estimates of parameters rather-than
known parameters, { 27 ) does not give the exact value of the random

shock a, - An estimate of ;he random shock a is denoted ”at and called a

residual:

E-q.'29 is the definition of a residual for any ARIMA model.

AR(L), "X, depends on "u and "¢, along with X as shown Eq. 28

t-17
MA(1), "X, depends on "u and "0, along with "a__,.

X, = w0 %, 60

ARIMA( 1,1), "Xt depends on ‘“,u,“ci)l, "91 along with Xt—i and "a

t-1°
Ko =R STe ) F ey Xy - 0 Ay 1)



0
C=p(l-Tey) - (32)

", ) -
4..3-1‘ tb teSt

Approximate t values are calculated for residual autocorrelation
coefficients using Bartlett’s approximation for standard ér‘ror of
estimated autocorrelations. The null hypothesis; H_: o ("a) =0
can be tested for each residual autocorrelation coefficient and the
number of standard errors (t ) away from zero each residual

autocorrelation coefficient falls can be caiculated.

In practiée, if the absolute value of a residual autocorrelation coefficient
t - value is less than 1.25 at lags 1, 2, and 3, and less than about [.6
at larger lags, it means that the randomn shocks at that lag are
independent. If any residual autocorrelation coefficient t - value is
larger than the critical values suggested above. The null hypothesis, is

r‘ejected and it is assumed that the random shocks from the estimated

model are correlated.

2.3.2 Chi - squared test
There is another way of estimating residual autocorrelation

coefficient t - values. Ljung and Box ( 1978 ) suggest a test statistic



based on all the residual autocorrelations as a set. K is a number of

residual autocorrelations. The null hypothesis is tested about the

correlations among the random shocks,

Ho:,__Pl(ai )=pyla) =.. .=pk’(a) =0

with this test statistic

Q=EN(N+2) SIN-& % (a) (34)
Y=y

Ea

- where N is the number of observations using the estimated model. The
statistic Q approximately follows a chi - squared distribution with

{K - m ) degrees of freedom, where m is the number of parameters

estimated in the ARIMA model. If Q is large  significantly different

from zero ) then the residual autocorrelations, as a set, are
significantly different from zero, and the random shocks of the

estimated model are probably autocorrelated.

2.4 Periodogram
'/' \——"‘\“‘ -
o N

-~

A time series with N observations ‘can be represented by a

trigonometrie-polynom ial,

Xt = ao,/2 + > | apcosw, t + absin_wkt) { 35)

&

41
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2rk ,
where W= — k=0,1,2,...,m
‘ N
t:E X, COSwWy b
a, = 2 (36)
Kk N
— v
' N
(tE:Ei %y sinw t
b, = (37}
1 [\ N T
ao = x/2

m=N/2 (ifNiseven}andm = (N - 1),/2 {if Nisodd)
The periodogram is defined as

-y -

Iy, t C&7|_ ::' = N { a‘-’;’ -+ b{dI\ ) ,/2 (38)
. 2N 3 ™~
for the decomposition of the process inte two - degrees - of - freedom
compenents for each of the m frequencies. When N is evcn, the last
periodogram value is a dne - degree - of - freed
: negre o1 - (reedom component.

L]

If | X, ) Is a sequence of normal independent ( 1, a° } random
variables,lthem the &y and bk , being linear combiﬁations of the Xt , will
be normally distributed. Si-nce the sine and cosine functions are ~
orthogonal, ( Fuller, 1969 ), the ar and bk are independent.

Fuller { 1969 suggestéd that the distributional properties of the

periodogram ordinates are easily obtained when the time series is
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normal white noise.
2.4.1 Fisher’s kappa test

A statistic that can be used to test the white noise hypothesis is

e=[/m S o] ™ 1 (39)

n

where I, L) is the largest periodogram ordinate in a sample of m
periodogram ordinates each with two degrees of freedom. A table of the
distribution of & is given by Davis { 1941). .

Under the null hypothesis that a time series is normal white noise,
" the periodogram ordinates are multiples of ihdependent chi - squares,
each with two degrees of freedom.
If the largest ordinate is Pma>r.’ the sum of all periodogram values is P

and sample size is m - 1. Then Fisher’s kappa test has

Test Statistic = (m - 1) Pmax /P | | (40)

2.4.2 Kolmogorov - Smirnov test
T
Bartlett { 1946) suggested 8 test based on the normalized
cumulative periodogram which is a uniform ( 0, 1) distribution.
Therefore, the normalized periodogram as a sample distribution

function is plotted and the Kolmosorov - Smirnov test of the hvoothesis
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function is plotted and the Kolmogorov - Smirnov test of the hypothesis

. is applied to tell whether the original time series is whit‘e noise or not.
The cumulative periodogram is plotted against k. The Qpper and

lower bounds are drawn according to the Kolmogorov - Smirnov tesf.

If the normalized cumulative pericdogram passes the, 5% or 95%

boundary lires, the data rejects the Hypothesis of independence.
Birnbaum { 1952 ) indicated that for (m - { ) > 30, the 95%

point for the Kolmogorov - Smirnov statistic is approximately

/2 o o . o S 142
and the 99% point is approvimately 1.63 {m - 1}

1.36 {mt)
The periodogram was calculated with a SAS package prograrm
called the SPECTRA procedure. SPECTRA creates an output whose
variables can contain values of the period:)gr‘ams and @;stimates of
spectral densities. The pericdogram ordinates can be smoothed by a
moving average to produce estimated spectral densities. SPECTRA can

also test whether or not the data are white roise, according to Fisher’s

kappa and Bartiett’s Kolmogorov - Smirnov test.
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CHAPTER 3: Geostatistical modél:
3.1 Cor‘ré:logr‘am - :

A set of autocorrelation coefficients is a graph called a
correlogram in which r is plotted against the lag k. The correlogram
is helpful in identifying that type of ARIMA model gives the best
representation of observed values.

For stationary series, the correlogram is compared with the
theoretical autocorrelation functions of different ARMA procésses in
order to choose the one that is most approl.ar*iate. TheGaLJtocorreiation
coefficient function of the MA(g) process is easy to recognize as it will

T cut off 7 at lag g, whereas the autocorrelation coefficient function
(a.c.f) of an AR(p) process is a mixture of damped exponentials and
sinusoids and dies out slowly.

If a non - stationary series contains a trend, then the values of T
may not come down to zero quickly. This indicates a non - stationary

T

process.
3.2 Trend

Agterberg { 1974a ) suggested that the systematic variations called
" trends " or the spatial variablity of measurable features can be divided
into regional variations of a systematic nature and more local,

unpredictable, fluctuations.
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AR processes have theoretical a.c.f’.s which tail off /éowarcl Zero.
This tailing off rpqight follow a simple exponential deg:é&/ pattern, a
damped sine wave, or a more complicated decay or \;uave pattern. Fig.
3.1 shows the theoretical a.c.f.s and p.a.c.f.s for two types of
stationary AR{1) processes. Any stationary AR(!) process has a
theoretical a.c.f. showing exponential decay and a p.a.c.f. with an

“asterisk at lag 1. If ¢, is positive the a.c.f. decays on the positive
side and the p.a.c.f asterisk is positive. This is illustrated by Fig. 3.1.
If ¢, is nggative, the AR(1} a.c.f decays with alternating signs,
starting Fron:'tbe negative side while the p.a.c.f asterisk is negative.
This is illustrated by Fig. 3.2.
MA processes have a theoretical p.a.c.{ which tails off to zero

after lag g. This tailing off may be either some kind of exponential

decay or some type of damped wave pattern. Fig 3.3 shows two MA(!)

theoretical a.c.f’s and p.a.c.f’s. Any MA(1) process has

2y

Y
o
D
O
5
@’
3

t

a.c.f with an asterisk at lag | Followad by a cut-off to zero, and a
theoretical p.a.c.f. which tails off toward zero.

if 8,1s negative, the asterisk in the a.c.f is positive whereas the
p.a.c.f. decays exponentially, with an alternating sign starting on the
positive side. This is illustrated by Fig. 3.3.

If 0, is positive, the a.c.f. asterisk is negative, while the p.a.c.l.
decays exponentially on the negative side. This is illustrated by
Fig. 3.4. ARMA processes or mixed processes have theoretical a.c.f”.s

with both AR and MA characteristics. The a.c.f. tails off toward zero

after the first q - p lags with either exponential decay or a damped
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sine wave. The theoretical p'.a.c.f'. tails off to zero after the first p~
q lags. Fig. 3.5 shows theoretical a.c.f’s and p.a.c.f’s for some types
of ARMA (1, 1) processes. ‘ oot

Non - stationary series show a trend, which may be either in the
mean , the variance or botﬁ. The series can be decomposed into two
parts. The first one, representing the mean of the series, accounts for
the norstationary trend by a deterministic function, which depends on the
origin. The second one is a stochastic part with zero mean. Pandit
et al. 1983 has shown that many of the nonstationary data can be’ N
modelled by explicitly including polynomial, exponential or sinusoidal ﬁ
functions, dependent on the choice of origin, to represent the mmean of the
series. Furthermore, the series with a nonstationary variance may be

stationary in the natural logarithm.

3.2.1 Exponential trend

Exponential trends very often arise in the data obtained from
scientific applications. Many of these systems can be well represented
Dy differential equations with constant coefficients, and the nature of
noise is generally unkinown. If the constant of proportionality is denoted

by c, then the equation of the system is

dX(t)
dt

- cX(t) (4%)
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_‘ or dX(t)

Lo X({t) =0 (42)
d(t) :

The solution of an n'" order linear differential equation has the form of

a sum of n exponentials. The homogenous differential equation is,

df df
dv ' dt

- =0 {(43)

To solve this, we want 2 function that gives back the same function after
differentiation. Other than the trivial solution which is f(t) = 0, the
simplest function that can be-tried is f(t) = 1. If f(1) is differentiated, g

we must get { whereas f{t) = 1 gives 0. In order to obtain i, we must

add t to the function Let us try:
fit) = 1+t (43a)

If 43a is differentiated we must get | + t. To do this we would have

A
to add t“/2 to the function. Thus,

~D

Flty = 1+t +t 2 (43b)
[t is clear that the desired function is the infinite sum

I +t+ tz,/Z! +'t3/'3! ty..t tn/'t! with n -->
where
nn=n{n-((n-2) ...3.2.1

This is the exponential function
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¢ @ t"
O | (44)
n=0 "
'which is a solution of df :
' Y —— - f = 0. This being a homogenous
dt ‘
differential equatior%, the genéral solution is,
' . ' df
fit) = ¢ e, By similar reasoning, the solution of = pf
o ‘ | dt
becomes
8t By (gu"
e” =1 + ft + +... + o (45)

-

The general solution is f(t) = c_eﬁt. Integration of Eq. 42 gives'{

B+arceP=0 (46)
This gives the characteristic equation
8+a=0 and 8 = - a. The solution of Eq. 42 takes the form

fty =ce -2 ‘or for any time period (h) the correlogram shows
& ' :

rihl=c eRh (47)

When a logc;rithmic scale is used for vertical axis, the

exponential curve becomes a straight line.

¢ .
3.3 Probit transformation

Sp - called tolerance values in response to a s{imulus vary
"‘-l_,_“..
: TN e .. . .
from one sarnple to ardther in the population. If &Slerance is measured
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by A, Finney ( 1952 ) suggested that the distribution of tolerances may

" be expressed as,

dP=F{AN)dA (48)

If a A, is assigned to the whole population, all individusls will respond .
whose tolerances are less than Ay» and their proportion P in the

popuiation satisfies

0
FON) dA (49)

If this equation is extended from O to o, it becomes,

. ‘
ffON)dN =t (50)
. .
Usually, the distribution of the tolerance can be made approxirhately
norrmal by an appropriate t.r‘ansforrﬁation.

Bliss { 1934) f-ir'st proposed the na;ﬂe * probit " for his
modification of the normal equivalent deviate, which he increased by 5
so as to simplify the arithmetical procedure by aveiding negative

values. P corresponds to a probability in a normal distribution with

mean equai to L. The probit of P is Y. S and a variance equal to 1.
® = :

!
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-

A table giving probits for speciﬁe-d'galues of P was pr‘epafed by
Bliss ( 1935a ). It was reproduced by Fisher and Yates-(?963) as. table
IX of their Statistical tables for Biological, Agricultural and Medical
Research. The values shown in their table IX are equal to fr-actilés (u)
of the normal distribution in standard form augmented by 5.
For example: UO.éS +5 =7.054 and UO..98 ~ 2.054

The effect of a transformation from sample percentages to probits

is illustrated in Fig. 3.6. The normal curve becomes a st‘raight line

when the probit transformed values are plotted on probability paper.
3.4 Freguency Distributions
e .

The average of N observations is defined as

L

fY':"_"N:(l/N)(Xi+_x”+"'+xN) | (52)

Suppose that the standard error is s(x}, the variance can be written as
2 Ny L2 .
sT{y) = ( 1/N]) s™(x) (53)

Eq. 52 represents one of the more important theorems of statistical
theory. Eq. 53 can also be written as,
-
Ns“ ( %y )
202y 2 N
FNZNS(X)/S x) =1or FN: ———— | (54)

The factor FN is equal to the relative variance of the mean,

multiplied by the number of observations { N ). For uncorrelated data, it

-~ 1



Probit-%
Probit 9 = 7.5 99.38
100}
- 65933
584 80k
475 40 4451309
416 20k
435 6.7
O L | §

Figure 3.6 Effect of probit transformation { The normal
curve is transformed to a straight line when
the ordinates are measured on a linear scale
of probits instead of percentages after
Finney, 1952 )
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is equal to 1. Eq. 54 is not satisfied for averages of autocorrelated

data. For averages of two values

-~ ¢

. &
5 SThxg X)) s ,
s7(%5) = ; = (1/4) [870x) +slx, x ) +sUx %)+
’7 .
57 ( il )] _ (55}
where s { Xer Xeot ) and s ( Xp 4 1% ) are covariances. If the
series is stationary, Vs
~
s2(5,) = (0/2) s%0x)[ L4ry] (56)
1
or
F2 = (1+ri) (57)

where ry is the first antocorrelation coefficient ( Agterberg, 1974b)
A similar expression can be developed for s (). If y = X
represents the mean of N values then,

sé(y) = sz(x}[ LN+ (2/NTS(N-j)r, ] (58)

These variances for the average values of successive sarr{ples were
calcﬁlated by a FORTRAN program which was prepared by 'the author.
( F FORTRAN, Appendix I ). -

Agterberg ( 1974b ) has shown that Eq. 58 I:_Jlecomes appz'*oximately

F1=1-c+(2c/a){i+(e"al'- )/ al) (59)
A



where the aqtocorrelation coefficient r (1) or r changes with distance
or"lag" 1. With I_.im1 ca = 1-c + 2¢c/a for large values of 1. |
The a and ¢ estimated from the correlogram can be used for Eg. 59.

A theoretical curve based on the exponential model can be
constructed using the variance values plotted against lag. This allows a
cdhparison between experimental and theoretical values.

In an early application of the so called discrete
Gaussian model, Matheron ( 1974 ) has considered the following
distribution model for binary patterns.

Xx=0[(RZ-b)(1-RE 2] (60)

‘ T
in Eq. 60, X is a random variable generated from a binary variable XO. b
The variable Z has a standard normal distribution with zero mean and
unit variance, ® { u) represents the fractile of the cumulative normal

distribution function with,

If m represents the mean value of X for the study region, the ‘
constant b in Eq. 60 is defined as,

®(b)=1-m o (62)
Thel constant R in Eq. 60 represents the correlation coefficient _betweeﬁ

the Gaussian random variable Z of Eq. 60 and a Gaussian variable Zo

which corresponds to the binary variable X, which assume a value equal
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to one for presence and a value equal to zero for absence of the feature

which proportion values are measured. Agterberg ( 1981 )

demonstrated that: ' -
[ RZ -5 ] 100 ' .
X=90 =TT =1 - &(b) -di(b)ER“_Hj{Z)Hj_l(b}/(J!)
(1 R ) __'l—i
(63)
o

This is equivalent to assuming that the probit of X satisfies a normal

distribution. The variance of X,

s“= 'O SR L o] (64)
J= :
where,
o.(u)=(2r) /2 exp {- w2 ) (65)
and H]. ( u) denotes a standarized Hermite polynomial.
3.4.1 Hermite polynomials
These satisfy, ,
_ J-(2)' . j(4) 4 ,(6) - Lo
Hew) = (o - J ey It e ) gt
TR rr = Fr o
’ | (66)
where

RN RS - D S

The first twelve standardized Hermite polynomials are:
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5
Hy (u) =1,
H1 (u) =u .
Hy (u) = (u? - 1) (2)1/2
Hy (u) = (u? -3u) (6)7/2
€ 4 2 -1/2

Hy (u) = (u¥ - 6% +3) (24)
Hs(u)z(u5—10u3+1su)(120)"1/2,
He (u) = (8 - 150t v a5 - 1) (72007172, &
PN 5 3 12
17‘u)—‘u - 21u” + 105u™ - 105u) (5040) \
Hg (u) = (B - 2808 + 2100t - 4200% + 105) (40320)°1/2,
Hg(u}z(u9~36u7+378u5—126Ou3+945u)(362880 y /2
H = (yi0 8 6 _ 31500 50% - 945 ) (3628
1O(u)—(u - 45u” + 630u 150u f472 u ) ( 2
800 7172, .

Hyy (u) = cutt 25507 + 9904’ - 693000 + 173250° - 103950 )
(39916800 )7 1/2,
Hyo (u) = (o2 - e6ul? 4 1a8su® - 1386000 + 519750% -

62370u° + 10395 ) ( 47900160 ) 1/ 2.

The Lariances were calculated from these twelve Hermite
polynomials with the FF FORTRAN computer p.rogram which is listed
in Appendix [. For preparing the FF program use was made of an
unpublished FORTRAN computer pr*olglram by F.P. Agterberg called the
HERMITE program in which Hermite polynomials until the 1 th degree

only were used.

3.4.2 Mean and variance relationships

)

T
R
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The values of means and their corresponding fractile { = br‘obit - 5)
values were taken from Table IX of Fisher and Yates { 1963 ) for

probits of a normal distribution and are shown in Table 3.1

/ TABLE 3.1 Input data for the FF FORTRAN program

\

= mean b= probit -5 @ (b) = probatiiity
0.000001 4.75350 - 0.00000490
0.000010 4.26510 0.00004480

1 0.000100 3.74900 0.00039590
0.001000 3.09020 0.00336950
0.010000 2.32600 0.02667380
0.02H000 2.05400 0.04839320
0.030000 1.88100 0.06801560
0.040000 {.75100 0.08612650
0.050000 {.64500 0.10311090
0.060000 £ 55500 0.11908110
0.070000 {.47600 0.13422660
0.080000 1.40500 0.14868130
_ 0.090000 {.34100 0.16233740
0.100000 1.28200 .  0.17540180

Probit values { u) can be used in Egq. 65 which is the prob - normal
distribution for calculating the probability vdlues as shows table 3.4\
Table 3.1 was used as input for the FF FORITRAN program.

« ne value of R can be derived from the mean ( x } and variance

"
(s° ) by using Eq. 64 or it can be estimated from mean and variance
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graphé or tables as shown in Appendix II and III.

First,the means and variance relationships are plotted as shown in
Appendix II. Next the vertical axis was chal;mged to represent
variance/mean ( 1.0 - mean ) in accordance with a suggestion made
by Tukey { 1984 } in a discussion of a paper by Agterberg (1984b ).
This quantity was plotted against the mean in Appendix [I. Finally, the
variance and mean relationships are examirfmed in detail in Appendix II

\
by plotting variances against logarithmic means. Appendix II. All

graphs in Appendix [[ were nlotted by the author using SAS graphic

software.

o

The R values are tabulated with respect to their meaﬁs and
variances, their mean and [ variance/ { mean ( 1.C -~ mean )] and tﬁeir
logarithmic means and variances in Appendix [11.

The frequency distribution of X in Eq. 60 becomes a straight line, if the
function is plotted on normal probability paper. The ordinate rep.wresents
the cumulative frequency percentage. A straight line is also obtaired
approximately by plotting the probit of the percentage value on normal

probability paper and connecting the probits with one another.
3.4.3 Sampling errors and binomial distributicon

If a variable X can assume a discrete set of values SERVIE
X, with respective probabilitiés Pyo pz', Ces PR when PytPos « - o
'pk = 1, then this distribution is a discrete probability distribution. This

is because X has been defined as the function P(x) which has the

v
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respective values Py pé s Py for X = Xy xé,. ..., X 1S called

the probability function or frequency function of X. It is binomial if it is

represented by

' x! {n-x}!
whereg=1 -p

o

If the distribution of microfossil species was a binomial
distribution model, the binomial mean is 4
M= 0p (68)

where n the total of counts and p is the mean of proportion. The

binomial standard deviation is, S
. 172 -
g={np.q) (69)
100
The binomial error can be defined as ’UB = o. The white
n
noise { see next section } Ras variance given by, ~
oty = (1 -c)s? (70)
N - E

and standard deviation

L ) 2 1/2 (71)

The binomial error and white noise eryur can be compared with each
ather. They would be equal to one another if all white noise is due'to
sampling. ¢

3.4.4 Signal - plus - noise model
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If a time series is weakly stationary and consists cf two
components; a systematic component ( signal ) and white noise
component, a signal-plus- noise model can be applied.
The concept for models of this tvpe is that a series of observed

values X is the suen of the series signal (s ) and white qoisé’ (&) v
. with f =St at'. In geochemical apblicétior:s, the- signlal‘s are
systematic va;‘iatlons in el.emenlt- conbcelnt.ration of a limited spatial =
extent. The signal may satisfy an autoregression prccess model { AR )\.v
The noise consists of uncorrelated values.

The corresponding three autocovariance functions are Cor (1), C g

(1) ana Caa( I ) respectively, with

Caa(”ZOif’1=0and;;XX(1)=CSS(1)+r:aé-:1) (72)

Because the noise is independent of the signal,

sa as
Also C (1) =C_ (L) =C__ (1)
If the data X have variance or ny (0) =1, then
‘Oxx(l):cxﬁt(”- ’

However in gereral; p__( 1) and paa'( CYy=1> Caa( 0). The value .

SS

c can be defined as CSS( 0 ) = ¢ where ¢ is a constant with 0 < ¢ £ 1.

Suppose that

ST R
' A



Agterberg { 1978 ) has shown that the signal then satisfies a Markov

process of the first order .( X = @y X, l\+ 3, ) with

Pxx(l)Fce-al if1=0 (74)

. 1
If the noise is absent,.c = 1, or if the series condists of noise only, then

c=0.
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CHAPTER 4 : Application of statistical and geostatistical mcdels to
middle - upper Jurassic foraminifers in Tojeira-sections, Monte junto
area, Portugal.

®

4.1- Introduction

.
The following application studies are designed to show how to

construct a geostatistical model. Tables 1.1,1.2,1.3 and 1.4, which
show the data sets of Tojeira | and Tojeira 2 section, are used to

calculate the autocorrelation coefficients with the SAS package called

ARIMA.,

t

Ideally, the number of observations should be a minimum of about
30 in order to}r‘oceed with the ARIMA procedure. This usually allows
sufficient_d;gr'ees of freedom for adequate identification and estimation.
Occasionally, some analyses may use fewer than 30 observations, but
the results then must be interpreted cautiously (see SAS Time Series
User Guide Version 5).

Box a_rjf;l';lenkins { 1976 ) suggest that about 50 observations are
requireg}or an ARIMA procedure. However, Jenkins { 1979,p.64 )
presents an example of a { multiveriate ) ARIMA procedure based on
only 14 observations. The key is not necessarily the total number of
observations but rather the amount of " statistical noise " in the data. if
the noise factor ( the varlaﬁce of thé random shocks or white noise ) is \

small, it may be possible to extract enough information from relatively \

] o
few observations in order to develop a useful ARIMA procedure. SN
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'Tablfe 1.-..17 is the data set of Tojeira 1 that was used with the
ARIMA pr'océdure to calodlate the autocorr‘eflation coefficients and
residuals. These autocoé:latioﬁ coefficients were plotted against
" lags. Printout { ( see appendlxh [ ) shows that 3 species of the 31
saﬁmplnes.have‘autocorr;ela‘tion coefficents which are significantly

d{fferent from zero. T‘hese three species ( Eoguttulir;a sp.,

w

Epistomina mosquensis and Ophthalmidium strumosum ) were examined

more closely.

The SAS variable name ahould be less than 8 charact

T

9

s so

AZ was used in place of Eoguttulina sp. The A indicates it is from

T 1
l

ojeira | and the 2 indicates it is from the sevond row of the Table 1.1

4

The B indicates it is from Toieira 2 section { Table {.2)

.2 - Tojeira | section

[

1 - EOCUTRJULINA SP.

The number of observations is 31 (N = 31 ) as shown in Table 1.1
) ‘ ' )
so that there are approximately 31/4 = 8 autocorrelations and alSC}?B
approximately partial autocorrelations. These are useful primarily for

identifying the AR order of the ARIMA procedure.

-

4.2.1.1 Time series analysis - searching for a good model to fit the

data set
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The estimated a.c.fsand p.a.c.f are shpwn in Fig. 4.1. The
estimated autocorrelation function decays toward zero at the positive .
side, while the theoretical p.a.c.f has a single positive asterisk at lag 1 L

wheriq=1,p=0,d=0for ARIMA (qdp)or ARIMA (100)or

AR (1 ). The AR (1 } model can be selected, tentatively, for .

processing the data,

. Xy =T+ Xy + g {A)

Model A has two parameters nequiring 2stimation. Fig. 4.1 results

oY
from fitting model { A} where C = 1.423 and "¢, = 0.479
The absolute value of "3, is less than i. This model is stationary. The

- vatue { from Fig. 4.1 ) is greater than 2.0 and this

—r

absolute”
estimated coefficient value is different from zero at the 5%
- L S, 1
significance lavel.
The random shocks (a ) are independent. If the shocks ina given

model are correlated, the model must be reformulated, because it does
3

-1

not fully capture the statistical relationship among the X’s.

[

ig.q.
shows the residual a.c.f for model [ A Y. The random shock t - value is

L

less than 1.25 for lag {. The random shock at this lag is independent.
. ¥

The absolute - values and the chi - squared statistic are all relatively

small. Consequently, it may be concluded that all random shocks are

uncorrelated and model [ A} is statistically adequate as a model

with X = 1.423 + 0.479X, | +a, . This result is shown on Fig. 4.1

with B notation. L f‘/
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Fig. 4.2 shows the estimated a.c.f and -p.a.c.f for the MA (1)
process where 6, <0 (9, is negative). The asteris:ks in the a.c.f |
) Endié}ate positive values. The a.c.f decays exponentially, .starting on the
Ezaositive side, and the p.a.c.f aléb damps out exponentially starting on k;the
pos-itive side. The estimated a.c.f drops to nearly zero after lag 1.

&
Th{is model is written as,

where g =0, p=1andd =0 for ARIMA {pdqg)or MAlL L), The B
model is a pure MA process or white noise series, and no further
checks are required { Fig. 4.2 ).

Consider the estimated a.c.f in Fig. 4.3. Only the first
a.utocorrelation is significantly different from zero at the 5%
significance level. Only the first asterisk inthe a.c.0 ia

outside

1
)

-
v

1

the 95% confidence belt on the printout. The position of this belt is

based on Bartlett’s approximation for the standard error (Eg. 19 )

used in the 95% confidence interval = p, * Zs (r, ). For the null

- -

hypothesis Hy @ py = 0, this interval iz £ 2s (r, ) =% 0.358.

|
Because ™y > 2s | ry ) the asterisk in the a.c.f falls outside the belt

on the printout.
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/

Forr, , sir,)=(t+2r ) /2317220218
:!J‘"he 95% ihterva.l f_pr i"2 is py * 2 s (ro} Sett'mt'cg,’_p2 = 0 gives -
t2s(r;)=0.436and 1y < 0.436

The autocorrelations decrease gradually to zero so that the

mean of the series is probably stationary. Since "¢, = 0.259 and

4

"¢, I< 1 then acgording to Table Z.1 this series is stationary. An AR
pfocedure seems -apprdpriate_ because the a.c.{ decays toward zero rather
then cutting off sharply to zerc. A decaying a.2.{ is also consistent with
a mixed { ARMA ) procedure. A model of this working :séries is an

ARMA( 1, 1) (see Fig. 4.3 ). ARMA { {, 1) can be written as

t

X :C+(i)1xr_1 _8"‘5‘_1 "7“51“ d rAB\
For mode! ( AB 1}, estimated coefficients from Fig. 4.3 are;
At‘bl = 0255

‘61 = ~0.279

CETp LTy ) = 2.018
If the p.a.c.f was tested, the standard errer according to Eq.22

would be

a2

T =0.197
The t - statistic is calculated using Eq. 23 used to test the null
hypothesi®% Hy: oy =6
0.49 - 0

t., =-—— =2.487
P11 0.197
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The absolute value of the t - statistic is greater than 2.0. The Acb'“ is

- different from, zef‘o at the 5% significénce level so the null hypothesis

-

¢y is rejectef:i. - ,

ﬁ‘ Let k = 2 and test the null hypothfasis H e ;1522 =0

o - 0.0{319-0 _
¢ I statistic = -
' 22 0.179

- 0.07

The absolute value of the t value is less than 2.0 so the null hypothesis

. ; -~
is acceptaole and 9, = 0.

Fig. 4.3 shows the result of estimating the ARIMA procedure of
Eoguttulina sp. The ¢ and u were estimated using the likelihood

criterion. In Fig.4.3 "¢, = 0.255 and "w = 2.708 and the estimated

constant is found to be C = 2.018. This model satisfies the stationarity

H

requirement | “cbi | < 1.0. The t - statistic for HO Py = 0 is as

follows, R

0.2548- 0 S
t=— = 0.698 =0.7¢ (as in Fig4s3)
0. 365 !

-

The t value { 0.70 ) is less than 2.0, so the null hypothesis is
acceptable for ¢,= 0. According to the result-of this statistical
significance testing, the coefficient quality is not good or, as shown in
Fig. 4.3, Ac,bi and *ei are not statisticaily significant.

If Fig. 4. 3 was statistically adequate, the random shocks a, could
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be tested for independence using the residuals "a, from the estimated
equation. The residuals are estimates of the random shocks and these

shocké are amésum'ed.to be staiistically independent. The estimated a.c.f
| of ‘\cfle residuals are used toftest whether the shocks are independent.
The 8 of the 31 residual autocorrelations are examined using the ty -

test. Using Eq. 33, we obtain

q
s{r, (-a, ;)1 ={t+20}1"7%34 = 0.179
- 0.003 - ¢
t.ro = - :'0.015
! 0.179
J AN I L S R o~ o
sira( as) ] = (1 +Z2 {000 =31 =0.1736
0.01-0
tb = - = 0.0556
2 0.1796

The absolute value of the residual a.c.f by value is less than
1.25 at lags 1 and 2. Furthermore, according to the XQ{ chi - squared )
test { Eq. 34 ), if 6 residual autocorrelations are assumed, then K = 0
and three parameters will be estimated ( ¢, 8, and 4} so that m = 3.
Tf;er‘efore, there are K - m = 3 degrees of firreedom. From Fig. 4.3
this value is 3.22, and according to the chi - squared table the critical
value with deérees of freedom equal to 3 at the 5% significance level is

7.81. For 6 degrees of freedom, the value determined from Fig. 4.3

Ve
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is 3.36 and the correspondiné table value~1s‘.16.9 ¢ The calculated
values are less than the critical values. The shocks appear to be
a }indep:andént according to the f_ - test as well as the chi - squared test.
The model ( AB ) may be a gooéi mo-d'el for processing the data set.
However, th'e estimated coefficients are not statistically significant.
Modgl ARMA {1, 2) {see the Fig. 4.4 ) .and Model ARMA ( 2, 1)
( see Fig. 4.5 ) have estimated coefficients with absolute t - values
less than 2.0. They, aré nq,t,éignificantly different from zero at the 5%
significar-wce level. The selected time series model is AR { | ) or model
. { A). The working:data set has a good fit with the AR { 1) model. If
the AR (1) model and ARMA (1, { ) model are essentially the same

ir all other respects, .the AR { { } model would be selected because it

has one less coefficient to estimate.
p !

4.2.1.2 SPECTRA procedure

In Fig.'4.6, illustrating the SPECTRA process, it is shown that
the maximum periodogram ordinate is 168.265 and-the pericdogram
ordinate total is 624.164, for M-1=15 (31 samples have 16

periodogram ordinates ).

15* 168.265 -

H
N
]
(a2
D

Kappa test statistic :
624.164

/

The table value is 5.019 for the 5% significance level . The calculated

value is less than the table value. Consequently, the null hypothesis is
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rejected {'the hypothesis of independence ). The series is not pure white
noise.

-The SAS package program calculated the’Kolmogor‘ov -
Smirnov test for 1% probablity. The 5% test was calculated by the author

using the equation:

1.36
TBSt L7 = 0.351
(157«

N —

Here 1.36 is a constant and 15 represents the number of the

periodogram ordinates { Fig. 4.0}, Furthermore, investigation of the

white noise hypothesis was done by plotting the cumulative periodogram
Fan

values against the lag values as shown in Fig. 4.7. The k/ ( 153)°"“ %

J.

49

51 values were plotted against lag values in the same figure.

-

. 4.7 shows that the series of Eoguttulina sp. is not white noise,

T
a

i
Statistical properties of the Eoguttulina sp. series are well known
now so that the geostatist‘ical model can be applied to it. All the
required statistics could be calculated using the SAS package program.
The patter‘n.of autocorrelation coefficients plotied against lag or
correlogram shows that the trend is approximately exponential. If the
vertical axis was given a logarithmic scale, the exponential curve
becomes a straight line. The best [itting line with the constants a and ¢
can be constructed. When estimated from the correlogram in Fig. 4.8,
these values are, 2 = 0.24 { a is the slope of best fitting line ) and
c = 0.76.

Eg. 47 becomes
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Figure 4.8 The correlogram for A2( Eoguttulina sp.) and
the best-fitting exponential curve with
a = 0.24 and c = 0.76

Figure digB The correlogram for A3( E. mostensis) with best
- fitting exponential curve. From this
correlogram, a = 0.22 and c = 0.76 were
estimated

e

Figure 4.18 The correlogram for alo(0. stgamosum) and
the best-fitting exponential curve with
a =0.08 and ¢ = 0.50 ‘
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r (k) =0. 760 0-24k | —

L]

This resuilt can be used in Eq. S4. 52 {x N values wbrch are variances

for N adjacent samples, are calculated by the F ’"ORTRAN program
( see Appendix ). For a series of 31 values, there are 30 pairs of
ad jacent values, 29 sets of three adjacent values, etc.. Observed

.
relative variances ( F.,) were calculated using values of S°(x.,) with
reia N g N

the results shown in Table 4.1 .-

TABLE 4.1 Theoretical and observed valiues of the relative variance of

Eoguttulina sp

K 5% (X | Fy F
c 0 0 0.24
{ 20.85 { 0.94
2 (5.95 .53 {.53
3 12.5¢ {80 2.06
4 9.53 {.83 2.50
5 8.00 1,92 2.88
6 7.10 2.04 3.21
7 5.63 {89 3.50

The value Fy; represents the relative variance calculated according to

-

Eq. 54. We have for example,
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1*20.85

F,o=— =
L 20.85
2 * {5.95 :
Foz— = 1.53
< 20.85

If the data were uncorrelated [ white noise model ), all FN values

would approximately be equal to 1. The Fy factors for N 1 are

-~

considerably larger than unity as predicted by Eq. 54 which is not valid

for autocorrelated data. The standard deviation of the mean of 31 .

uncorrelated data would be

o |

with a probability of 95% or because ¢

0.975 °°

(N4

Peittd << 4.426) = 95%

Because the data are autocorrelated, £g.54 must be used instead

with
s! K3 )=V 3los (x)/V F3i
It means that the above estimate of s { Ny y = 0.804 must be corrected

by the factor VF4, . But V Fgy cannot be estimated from the data by
the direst method used, for example, to estimate FF. However, by
assuming that the series is stationary and consists of two components

characterized by a and c, by approximation, we can use E_‘a 59 to



calculate F?:'i' This gives
F3y =1 - 0.76 + (2% 0.76/0.24) -1 + ( e-0.24*31 - 1)/0.24*31]

<

_or F3i =5.72, and
(x4 ) =V 5.72*0.804 = 1.923

L
The above confidence interval for the mean must be replaced by

P{0.00 (u<6.76) =95%
In fact, the lower limit of the confidence interyal is negative, however
the“mean can never be a negative. According to Eq. 59,

Fo =1-0.76=0.24

-

=0.2d+6.33{ 1+ (e

Tj

- 1)/0.24*%1 ] =0.94

i
Es

2:0.24+6.33 1+ (e

Tl

- 1)/0.24*2 ) = 1.53
{ as above in Table 4.1 ).

The Fy and F, variance values ar*'e plotted against lag as shown in
Fig. 4.9. The correspondence between the experimental and theoretical
values is good for this example. ’

The Eoguttulina data, pdirs of Eoguttulina da}@ and the sets of 4
a;{jacent Eoguttulina data were transformed with the probit |
transformation (Table ;1.2 ) using the tablb:ei value. Frequeﬁcy
distribution tables for these data were constructed as in Table 4.3.

Calculated cumulative frequency distributions were plotted on
normal probability paper using upper class limits. They fall
approximately on the straight lines { Chapter 2 ). Eq. 60 provides a
theoretical strfight line on the probability paper for percentage values

of this type. The distribution for the 31 values of AZ { Eoguttﬁlina sp.)
has mean ( x ) = 0.0277 and variance 52 (x) =0.002013. By using

M
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Figure 4.9 Theoretical curve for a = 0.24 and ¢ = 0.76
in comparison with observed values of Eogquttulina sp.
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Table 4.2 Probit transformation of A2 ( Eoguttulina sp.) from. the

Tojeira 1 section.

Sample probit sample probit sample probit
single . pairs ' set of 4
% ; %

4.1 3.261

14.8 3.955 9.45 2.686

19.6 4.122

5.4  '3.393 J2.0 3.835 10.825 . 3.764

1.8 2.903 )

13.5 3.897 7.65 3.570

2.2 2.986

3.4 3.175 ~ 2.80 3.080 5.225 3.376
¢ 0.3 2.252

2.6 | 3.057 1.45 2.816

Ll 2.7L0

1.1 2.710 il 2.710 1.275 2.766

1.3 2.774

0.6 2.488 0.95 2.654

1.5 2.830

0.3 2.252 0.90 2.624 0.925 2.644

0.5 2.424

Ll 2910 0.80 2.591

'. ¢ { continued }
e



Table 4.2 ( concluded )
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Table 4.3 Cumulative frequency distribution of A2( Eoguttulina sp.) for 31,

15 ahd 7 samples.

{

N = 3{ ( single observed values )

class mid  Freq. Cum. Freq  Cumfreq plotting
interval point freg % % value
2.2 - 2.6 2.4 13 13 41.96 41.96  40.4
2.6 - 3.0 2.8 10 23 32.26 74.19  72.3
3.0 - 3.4 3.2 5 28 16.13 90.32  88.3
3.4 - 3.8 3.6 0 28 0.00  90.32  88.3
3.8 - 4.2 4.0 3 31 9.68 £00.00 ~ 97.9
Q
- N =15 { pairs of observed values !
1.7 - 2.3 2.0 i : 6.67 6.67 4,3
'2.3-2.8" 255 9 10 - 60.0 66.67  63.0
2.8 - 3.3 3.05 2 L2 £3.33 80.0C  76.1
3.3 -3.8 3.55 3 L5 20.00 100.00 97.9_
N =7 ( 4 of set of observed values ) L ,
2.6 - 3.0 2.8 5 5 . 71.43 71.43 63.6
3.0 -3.4 3.4 i 6 14.29 8571  77.73
3.4 - 3.8 3.6 { | 14.29  100.00  90.90
NOTE :

cum, freq.*3 - |
Plotting value =

N

(N*3 + 1)/100
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Appenrdix II or III, R = 0.34 was found. From
Eq.62, it follows that
d(b)=1-0.0277=0.97229 |

The probit of 0.97229 ish6.916 ( see Table III ) and

b=6.916 -5 =1.916

[@8]

Eq. 60 becomes Y = C.

31. This functica is plotted on normal probability paper which is the

615z - 2.037 using the above value for N =

same paper Jsed for the probit transformed data { Fig. 4.10 &},
For tne distribution of {5 successive values { pairs of adjacent

. values ) of AZ2{ Eoguttulina sp.), the mean is the same as that of 31

N
S

T
single values of A2( Eogutiuiing sp.} and its variance. Using bq. 54,

-

{»)

)
ro
<
T
tJ
m

= 3.001540

—

]
W

From Appendix Il or 111, it follows that R = 0.30 with b = 1.916 (b
is dependent on the mean }. E£g. 60 becomes Y, = 0.329z - 2.105;‘,
This Y function is plotted on normal probability paper which is the
NN :

sarme paper used belformsfor the probit transformed data of the
paired values of A2 { Eoguttulina sp. ) Fig. 4.100.

The distribution of the 7 successive relative values of Eoguttulina .
sp. ( sets of 4 adjacent measured values } also has the same mean and b

coefficient. Iis variance is,
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Figure 4.10a,b,c Experimental frequency distributions for
31, 15, and 7 values of A2(Eoguttulina sp.) plotted
on two normal probability scales. The values of b
and R were obtained from the means and variances
R They determine the positions and slopes of the
lines for probnormal distributions satisfying Eq.60

¢

-
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‘ Py s (x)
2 4

s (><4):, . = 0.000916
4 \ .

By using Appendix Il or III, it follows that R = 0.25. Eq. 60 becomes _
Y =0.26z - 1.98. For Yq',' this function is shown graphicatly in the
same manner as the ofher Y functions. Tﬁe vertical scales are

X=¢ (Yn) in Fig.4.10c. There is good agreement between the
observe(.:i values and the theoretical distributions as can be seén in Fig.
4.10 a, b, c.,which means that Eoguttulina sp.is a unique species. The
distribufion of this taxon could be of biostratigraphic value. [t could be
used for correlation between sections using the abundance data for this
species as well as for correlation with other species within the same

samples.
4.2.2 EPISTOMINA MOSQUENSIS

As in section 4.2.1 the ARIMA procedure is used to calculate
~ autocorrelation coefficients. The esti;gated a.c.f’s for the AR (1)
model is seen in Fig. 4.11 and the nfodel shown in Fig. 4.12.
ARMA (1, 5 ) may be good time series models for the data set of

Epistomina mosquensis The AR { | } was tested and the estimated a.c.f

for this model is shown in Fig. 4.1 il. The first two autocorrelations are
significantly different from zéro, at the 5% level of significance. The
first and second asterisks in the a.c.f extend beyond the 95% confidence
belt of two standard errors. Since “qbi>0 and the absolute value of qbi<

i then, AR (1) is staticmary. The AR process has theoretical a.c.f’s

Ve
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that decay gradually to zero. Fig. 4.11 shows a.simple exponential
rdecay pattern with "¢, = 0.543. The constant (O} = u L -"¢, ) gives

C =9.812. Other ARIMA estimation routines éutomatit;ally test the .

hypothesis that the true coefficient is zero. A t - value to test‘ each

coefficient for being different from zero is 3.54,-which is larger than

the 95% confidence limit of 2.0, The coefficient is therefore

statistically significant. Tﬁe p.a.c.f supports this as a good model for

the time series. The t - value for the p.a.o.f at lag | is 2.78 and this
vaiue is also greater then 2.0. Consequently ‘q‘Ji [ is also different
from zero at the 5% significance level.

If the random shock process was tested as the null hypothesis by

calculating how many stgndard errors {t ) away from zero each

of this t, value is larger then 1.25 for lag 1, so the residuals are

significantly autocorrelated: If the residuals are autccorrelated, they
are not white noise. Another model must be found with residuals
that are consistent with the independence assumption. Finallyu, AR (1)
is not a good mode!l for this situation.

For the model ARMA (1 ,2), the test of p.a.c.f gives
{ P b T 0.197 . The null hypothesis Ho Ppy = 0 r‘esu@in

0.499 - 0

H
rJ
w
L

v
L

P11 0.197

The absolute value of the t - statistic greater than 2.0 and Acbll is -
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different from zero at the 5% significance level. We also have

"oy = 0.77
0, = 0.55
“62 =-0.47 (from Fig. 4.12)

The stationarity requirement for ARIMA (1, 2) withp=1,qg=2
is that I"qbile { for the AR coefficient. Further,

92+91<i,0.076<1

5 -9, - 1.023 < |

[t may be concluded that the A3 { Epistomina mosquensis ) variabie is

stationary. Its autocorrelation coefficients decrease gradually to zero..
The random shock ( white roise ) was tested with ARIMA ( 1,2 ).
The standard error is 0.179 and the first residual vaiue is - 0.355.
Its absolute value is leds than 1.25 for iag 1. For lag 2, the t - value
is 0.18 and is less than 1.25 too. The random s.hocks {a }in model
ARMA { 1, 2) are assumed to be statistically independent. The chi -
squared test for random shocks shows that the calculated value is 1.10
for df = 2. The critical value with df = 2 at the 5% significance level is
5.99 ( chi - squared table taken from statistical tables). The calculated
chi - squared value is less than the critical value. The conclusion is -
that the residual autocorrelations are not signifi&:"ghtly different from
zero. The hypothesis is accepted that the random Slﬁocks are
independent. The model ARMA { 1,2 ) provides a good fit for working

with the data set. This model becomes:

X, = 4.48 + 0.77X,_| - 0.55a _, + 0.474a,_, + a,

Tri



10l

Now that a model which provides a good fit to the data set of

'Epilstomina mosquensis has been selected, geostatistical moddeling can
be applied. As shown in Fig. 4.12, .the autogorrelation plotted against
the lag has an exponential trend ( signal - plus - noise model }. [f the
vertical axis has a logarithmic scale {as in Fig. 4.13 see page 83 ), the
exponential curve becomes a straight line. The stationary series has

constant values ¢ and a which are estimated from the correlogram. We

have
a=0.22 and
e =0.76

Consequently, Eq. 47 becomes

— . : . . s '
S WM Aare Two or more than rwoe ad__qacent varlances wnicn are

calculated with the F FORTRAN prograrm [ Appendix 1 1. Fy, values are
relative variances which are constant. They are calculated according to

£q. 54 as shown in table 4.4, The FLV'lues are theoretical relative =

)

variances which are calculated using Eq. 59 as seen in Table 4.4,

)

TABLE 4.4 Theoretical and observed relative variance of

Epistomina Mosquensis




b o ., 0 0.24
| 165.42 { 0.95
2 123.42 {.49 1.56
3 108.48 1.97 2.09
4 95.01 - 2.29 2.55
5 80.60 2.44 2.96
6 69.77 2.53 3.3

The theoretical and observed relative variance values were plotted
against lag as shown in Fig. 4.14. The correspondence between

experimental and theoretical values is a good fit.

. 0.1286
The mean standard deviation is s{ Ky ) = = (0.023
u, ’7
(313172
The population mean ( ) iies in the interval x * G.OZ3tO 575 { two
tails } with a probabliiity of 95% or because ty 573 (30) = 2.06 /
PUC.L77 L u < 0.272) = 95%. Using Eq. 54 we obtain,
. [l f/’\ ’ . _ i | ﬁ“:
s (¥ )= (311" % s(x) (Fqy ) *““. This means that
estirnated values above { Aoy V= 0.023 must be corrected by the factor

;
( F31 )i‘/“The value F31 can be calculated as 6.14.

i ] -
Fy, =6.14 and { Fy, 11/2 % 0,023 = 0.057 .

The above confidence interval for the mean must be replaced by,

N

P(0.168 { u ¢ 0.282) = 95%

From Fig. 4.12 the estimated mean is 0.01972 which remains

102
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Figure 4,14 Theoretical curve for a = 0.22 and ¢ = 0.76

in comparison with obhserved values of
A3 (E. mosguensis)
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Table 4.5 Probit transformation of A3 ( Epistomli‘"na mosguensis } from the

Tojeira 1 section.

Samples probit
. single
%

0.0 2.187
0.0 2.187
0.0 2.187
0.2 2.187
15.1 3.968
8.4 3.621
24.2 4.300
18.1 4.081¢
1214 3.8485
26.1 4.360
27.6 4.405
$3.2 3.883
23.6 4.281
23.3 4.271
15.5 3.985
35.2 4.620
21.4 4.207
46.3 4.907
18.0 4.085

sample

pairs

- 0.0

,...
——
~J
on

[N]
e
:J:‘

(5]
]
o

25.35

33.85

probit

2.187

2.187

81z

(O]

4.131

4.173

4.276

4.583

sample orobit
cat ~F 4 '
Pl IR 1
%
0.0 2.187
/"\

L/J ”

16.45 4.024

19.8 -4&.151
. )i

24.4 4.304

( continued )



105

Table 4.5 ( concluded)

39.7 4.739 28.85 4.442 31.35 4.514

30.4 4.487 |

13.5 3.897 24.95. 4.226

23.0 4.261

33.5 4.574 28.25 4,424 251 4.329
37.1 4,671

36.6 4.658 36.81 4.664

38.8 4.715

34.8 4.600 356.8 4.663 36.8 1.663
36.5 4.655

27.4 4,399 31.95 4.531

16.7 4.034
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Table 4.6 Cumulative frequency distributions of the Epistomina mosquensis

for 31, 187and 7 samples.

N =34 | '
Class Freq. Cum Cum Plott.
i_nterval : freg % value
2.1 -2.7 4 4 12.90 11.70
2.7 -3.3 0 4 0.000 11.70
3.3- 3.6 4 8 120 11.70
3.9 - 4.5 {4 22 70.97 69.15
4.5 -5.1 9 31 100.0 97.88
"N =15 .
20-2.8 2 2 13.13 £0.9
2.8 -3.6 . D 2 13.13 10.9
3.6 -4.4 7 9 £0.0 56.5
4.4 -5.2 & 15 100.0 95.7
N=7

2.0-2.8 1 1 14.29 G.1
2. - 306 0 /"\’I’J. 14.26 9.1
3.6-4.4 3] 7 100.0 90.1

\
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within the confidence mterval

The raw data set for smgle, paired and sets of 4 of adgacent\values
¥

of Eplstomma mosquensis serigs were transformed with the probit
/ﬁ P

transformation f Table .5 ) using table. The frequency distribution
for these data is shown in Table 4.6. Calculated cumulative frequency
distributions were plotted on normal probability paper using upper class
limits. Thev are approximately normal distributions which plot as
straight lines. This distribution has 2 mean x = 0.2247 and a variance
52( = 0.016538 for 31 values of A3. The R can be obtained from
the mean and variance relationships. However, the mean and variance\
were too large to be found on standard prepared tables and graphs.
Because of this, the R values were estimated from a different graph
which has been plot-ted by Agterberg (1984).
The scale of this graph is so smatl that R values estimated from
this graph are not very precise. The estimated R value is 0.39,

For Eq. 62 the coefficient ¢ (b} = { - m =1 -0.22497 = 0.7753.
The probit value in Table is 5.756 for ® = 0.775. Calculating
b= 5.756 - § = 0.756.Eq. 60 becomes, Y = 0.4235Z - 0.821

| This function is | blottegdson normal probability paper ( Fig 4.15a ),

which is the same paper used for the probit transformed single data of

Epistomina mosquensis, using the values shown below.

7z =0 }J.:—O.BZJ.
Z =1 y = - 0.397
Z=2 y= 0.025
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af

Figure 4.15a, b, ¢ Experimental frequency and theoretical
o (probnormal) distrbutions for 31l(single values)
15 (pairs) and 7(sets of four adjacent samples)

for A3(E. mosquensig).The two distributions

(j/( ‘ show a good fit.
™S
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2‘0 5.0 7'0 9]0 U’B%

110



111

=-1 y=-1.244 :
Z=-2 y=-1.668
The distribution of the 15 successive vaiues (31/2 = {5, pairs )

of A3 has the same mean as that of the single values of A3. Its

variance is

1.49 * 001654 .

ST lna ) = — =023
Lo -

o

mean. Eq. 60 becames Y, = 0.386z - 0.81 for these values. The Y
function is also plotted on the probability paper and shown in Fig. 4.15b.

The 7 successive relative valiues of A { 15/2 =7 or 3174 =7/, sets of

four of samples | also have the same mean. {ts Variance is
- 2.29*%0.01654
ST tuy, ) =
1 (_i v

and by using Agterberg’s graph, R = 0.33. The Y, = 0.3496z - 0.80

function ‘s plotted as the others and shown in Fig. 4.15¢. There is

gond agresment between the observed values and the theoretical prob -
{
normal distribution as shown in Fig. 4.15z, b and c.,.

Thé ARIMA procedure was appiied to AL1C. The medel AR({1) and
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ARMA (1,1} were fitted to the data set of Ophtﬁalmidium strumosum

AR(-1) and ARMA (1, 1) appear to be good models for this series.
Their first and third autocorrelations are significantly different from
zero as seen in Fig. 4.16. Here we see the first ang second asterisks in
the a.c.f extend beyond the 95% confidence belt of two standard errors
represented by dot&. The AR (1) and ARMA (1, 1) are stationary
since the absolute value of ‘:bi { 1. The kev point to remember is t;nat
any stationary AR { | ) process has a thearetical a.c.f showing
axponential decay.. ARMA | 1, 1| maodel aiso shows exponential decay

s De : .
h

whenlt ", s are positive

\,U,t1: 246 [ see Fig.4.16 ) which 1s greater than 2.0

and ", is mgnifir*antly different from zero at the 5% significan
lavel. For ARMA( I, 1}, t  =06.16,t, = 2.58 and "¢, and =
P oy :
L 1
are larger than 2.0. This means that the coefficients of both models are

’

I
i)

b~

good estimates [ see Fig. 4.

[=]
The t, - test was used for random shocks, using Eq. Z23. For

AR (1), = - 0.279 al lag | and ¢ Lbﬁ = 0.945 a™Nag 2. The

04

—

absolute t values of the residual a.c.f are less than {.25 at lags

and 2. The random shocks at those lags are independent and not

correiated. i, =0.173 at leg and & = 0.533
2 =
i
; g he absoiuwge 1 values are less than .25, indicating that the
randdm shocks are not lated for the ARMA [ L, 1} model =ither.

Furthermore, Thyj chi - squared test w

s
For AR [ 1}, the #alculated vaiue is 1 1.20 for degrees of freedom

I
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df = 4. The critical value from table is 9.49 for df = 4. The calculated
value is 16.79 for df = 10. The critical value is 18.3 for df = 10 at
the 5% significant level. Since the calculated chi - squared value is less
than the critical values it may be concluded tha.t the random shocks are
independent { Fig. 4.16 ).

ARMA (1,1 ) has a calculated chi - squared value of 8.10 at lag
6 for df = 3 and a calculated value of {2.30 at lag 12 for df = 9. The

L

critical values are 7.81 and 16.9, respectively, at the 0% significance

N
o
o0
N
—r

!
level. The calculated chi - squared value i han the critical vaiue

at lag 6, so the chi - squared statistics suggest that the ARMA {1, 1}
) S5 y

model is inadequate [ Fig. 4.17 .

If AR (1) and ARMA ( i, 1) were good models for the working
series, AR (| ) would be preferred because it has one estimated vaiue
fewer than model ARMA ({1, 1 ).

A10 { Ophthalmidium strumosum ) has a time series model which

is AR {1 ). AR {1} canbe written as X, = C + qbin_1 +a. This
madel is a signal piug - noise model.

The geostatistical model can be applied as to the previous data set

( Epistomina mosquensis . The correlation coefficents were plotted

against the lag. [ts pattern is an exponential curve. When a iogarithmic
scale is used for the correlation coefficients, as in Fig. 4.18, this
exponential curve plots as a straight line. The a and ¢ values are
constant for a stationary series and are estimated {rom Fig. 4.18. The

values are a = 0.08 and ¢ = 0.50. Eq. 47 becomes
-0.08k

[a]

r k) =0 5Ce
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FN and FL were calculated as in section 4.24 and Table 4.7 was

constructed. -

TABLE 4.7 Theoretical and observed relative variance of

Ophthalmidium strumosum

3
5 | g
k S5%{ %) Fiy ) FL
5) 0 0 0.50
1 6.18 { 0.99
> 436 {41 (.45
3 3.54 L2 {.89
4 3.33 ~ 9 216 30
5 416 2.56 70
6 .96 2.87 3.07

The observed relative variance | FN Vand theoretical variance

[ F. ) were plotted against lag. The correspondence between values for

Fig and B is shown in Fig. M. For large values of N or L the curve

tends towards a2 horizontal. limit of Fo, = 38.38. The standard deviation
N

of 31 uncorrelated data would be s { 3¢) = 0.004. The popuiation

mean { u ) lies in the interval x = O, 004*13 g75 with a probability of

35% because P ( 0.0102 ¢ 4 < 0.028 ) = 95% According to Eqg. 59,

/ .
31’1 ros

F = 8.38 { must be corrected by the f'actor ( F
31 R v

/ B . .
0.004 = 0D.12. This resulgs in a new confidence

:{8.38)1

) bm

Ry j
interval of P (0.008 ¢ u < 0.0309) = 95%. The estimated mean in

Fig. 4.16 is 0.0196 which falls within this confidence belt.

The Wphthalmidium strumosum data, pairs of Ophthalmidiam\
k2 & ‘4

!



Rty

&

118

THE@RETHCAL CURVE

A10:0.STRUMOSLR, 1A

e b b i e———

L
P ORETICAL CURVE
| . -
1; “OR A.0.08 G650
£
"rl“!‘l"l‘xllrrrxz|'l"|||l;]l“r"l—r'l—r—r‘rllrlr11:1r|ll|ll|||l]|ll1x|i|1]1|;uarlirl

0 i 2 -3 4 5 s LAG

Figure 4,19 Theoretical curve for a = 0.08 and ¢ = 0.50

in comparison with observed values of
0. strpmosum -
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Table 4.8 probit transformation of A10 ¢ Oohthalmidigm strumosum } 7

from the Tojeira | section. . !
sample probit sample probit sample set probit
single pairs . of 4 .

% % %
0.0 2.187
0.0 2.187 0.0 / 2.187
0.0 2.187 &
0.0 2.187 0.0 2.187 0.0 2.187
0.0 2.187 —
0.0 2.187 0.0 2.187
0.0 2.187
0.2 2122 0.1 {.910 0.0 2.187
0.0 2 1B7 7 4
0.0 2.187 0.0 2.187 .
0.3 2.252
0.2 2.122 0.25 2.187 0,12 {.510
0.0 2.187
0.0 2.187 0.0 2.187
2.3 3.005 -
0.3 2.252 1.3 2.774 0.65 2.510 -
2.9 2.634
8.3 3.615 5.6 3.411
6 3.494
1.9 2.925 4.2 3.279 4.91 3.345

( continued )
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‘Table 4.8 ( concluded ) O
0.4 2.348 o
7.2 3.539 3.8 13.226 .
2.4 3.023 .
.9 2.925 2.15 2.976 2.96 3.112
5.8 3.428
t.9 2.925 3.85 3.232
2.9 3.104 )
5.2 3.374 4.05 . 3.285 3.95 ¢« 3.243"°
2.7 3.073
o 2.710 £.90 2.925
5.3 3.384 |
g

ﬁ-“_—_‘
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Table 4.9 Cumulative frequency distributions of AL0 ( Ophthalmidium

strumosum ) for 31

N =31

class
interval

2.25-2.55
2.5%- 2.8
2.8

'L
n

W

o

A

(o8} [o%}
[hN b
N _n
1} 1
LW g
N
on o ¥}

,-
o
.
)
)

[§]
o=
[

i)

(&3]

[ o
1

L2

bem
~J
(_;\
1
r2
[\
()]

[\,
(]
n
1
[\
\J
w

freq
%
16

2
<

(%

[

3

&

15 and 7 samples.

cum
freq

16
18

~J

42.86
57.14

£100.0

plott.
value

s0.0 4
56.

NS

78.7
88.3
97.9

S 4
36.4

50.0

90.9
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-’

strumosumn data and set of 4 ad jaéent Ophthalmidigm strumosum data

r_wer'e trarsformed with, the probit transformation { Table 4.8). The

frequency distribution table for these déf‘é‘kwas constructed as Tables

4.9. Their cumulative frequency distributions were plotted on normal

]
probability paper. The mean of the 31 observed values of AL1OQ

(Ophthalmidium strumosum ) is,

x = 0.01929 - ,
its variance is,
s? (%) = 0.000598 and
b = 2.068 which is constant. . o
R = 0.43 and was derived from the mean and variance, using Appendix
Il or lIl. Eq. 60 becomes Y = 0.4762Z - 2.2290 which is the prob -
normal theoretical distribution model for N = 31,

The theoretical distribution of 15 pairs of successive values of
A10, shows that the mean is mé same, ¥ = 0.01929 the variance
2( N

s°{ %) = 0.0004216 and b = 2068 R = 0.37 and again was derived
.

\

from the mean and variance using Appendix [l or [II. The theoretical

distribution function is Y., = 0.398Z - 2.22C6

The theoretical distribution of 7 means of four successive relative
vaiues of A10 is Y4 = 0.349Z - 2.190 for the mean » = 0.01929
varidrice, s°( x ) = 0.0003229 and R = 0.32 b= 2.068

They were plotted on probability paper as can be seen in Fig. 4.20a,
b, and ¢ and determine the positions and slopés of the lines for prob -
normal distributions satisfying Eq. 60.

4.3 " Tojeira 2 section



Figure

~

4,20a,b,c aﬁxperimental fregquency distributions for
31,15 and 7 values of ALO(Q. strumosum)
in comparison with their theoretical distribfitions
(probnormal distributions) satisfying Eq.60
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A10:0.STRUMOSUM

Y=0.4762Z — 0.2250

= b=2.058
5 N =31
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4.3.1 Eoguttulina sp., Epistomnina mosquensis, Ophthalmidium

strumosum, Spirillina tendissima and agglutinants

An a.c.f and p.a.c.f were eslimated from the data set of Tojeira 2
( see Appendix I ). Printout showed that 5 of 14 taxa had theoretical
autocorrelattons statistically different from zero at lag 1, Z or 3. The 5
taxa are Bi, B2, Bil, Bi3, and B14. Their mean of these realizations
is probably stationary. The estimated autocorrelations drop o zero

ey . e : :

fairiy quickly with approximate sxponential decay. Stationarity is
confirmed since;

[y

for taxon Bl ( Eoguttulina sp.) ”d)i = 0.479,

Sor tacon BL3 { Ophthalmidium strumesum V"o, = 0.805 and

for taxon BL4 ( agglutinanis ) 79

- = .51

ihese satisfiy the condition @ "¢, 1 7 1. The estimated coefficients are
acceptable decause the f_‘orr‘eépondmg absolute t - values are equal to or
zreater than 2.0, All are significantly different from zern al the 5%
significance level. However, the t- value of the "¢, for taxon BZ is

.0

0

~o

less than 2.0. Infact, it can be assumed to be equel to
{ "¢, = 1.97)

The purpose of having a good t ime series model is to compare the
estimated a.c.{ and p.a.c.§ with various theoretical a.c.f.’s and p.a.c.f.’s
to find a match. The various theoretical a.c.f. models have been used to

find best fitting models for the data sets of B1, B2, B1{, B13, and

B14 respectively.
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Using the tests that were explained before, it was decided
that AR (1) is good model for B14 ( Fig. 4.21a), and AR(2) is a
good model for taxon B2 ( Fig. 4.21b ). - |

According to these tests, AR { 1 ) would also be the best model for
taxa B1, B11 and Bi3 ( Figrs. 4.21c, 4.24d and 4.21é ). However,
the calculated residual of Bi is not statistically zero at lag 2 as seen
below.

- 0.320
b T oieas

The absolute ty value is larger than 1.25 at lag 2. This suggests that the
AR({1) mddel is not an adeguate model.l Because the residuals are

significantly correlated at lag 2, the residuals absolute t, value of B2'is

- 0.242
tb = — - = - 1.’3"‘
2 0.1826

at lag | { £q.33 ). Consequently, the random shock is correlateii at lag
{ for taxon Bi1l.

Furthermore, the calculated chi - squared valL’Ie for taxa Bll is
large. This suggests that the residual autocorrelations as a set are
signifiéantly different from zero, and the random shocks of the '
estimated model are probsbly autocorrelated.

In t'his‘case., the residual a.c.f. at lag 2 for taxon Bl and lag 1 for
Bil might be ignored, believing that one significant autocorrelation out
of 8 could occur just because of sampling error. Alternatively, these

models could be assumed statistically inadequate, because some

residual a.c.f. ty, - values exceed the suggested critical values.
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However, there is no guarantee, of course, that a better model will

\ =y
be discovered.

A é:tatistically adequate model is one whose random shocks are
statistically independent, meaning that they are not autocorrelated
( Autocorrelation coefficents are all statistically zero ). We can not
expect all residual autocorrelations to be exactly zero, even for a
oroperly constructed model. The reason is, that the residuals are
calculated from a realization { not @ process ) using only estimates of
the ARIMA coefficients { not their true values ). Therefore, we expect
that sampling error may cause some residual autocorrelations to be
nonzero even if a good model has been found.

Unfortunately, there is a potential problem in using Barlett’s
formula ( Eq.33 ) in testing residual autocorrelation. The estirmated
*standard errors are sometimes seriously overstated when applying
Bartlett’s formula to residual autocor‘r."elations. This is especially
oossible at the very short lags. If the estimated standard errors are
overstated, then the corresponding t, - values are underestimated. This
is very likely, since finding the exact values for thé estimated standard

2
errors and t - values for residual autocorrelations is relatively difficult

{ Box and Pierece, 1970 ).

£y
v

According to the t - test ( at lag 2 ) and chi - squared test ( for df =

4 and df = 10 ), the random shocks of the estimated model of taxon B13

.

are autocorrelated. The various models tested, whichare AR (1), AR @

QJ“—EE,;‘
(2), ARMA (L, 1 )JARMA (2,1 ), and ARMA ( 1,2}, are not

gooo’“‘t;m-z series models for taxon B13. However, the AR { i} model ' /
. s L



9LZ°'0 ESE°0 9SE°0 SIT°0 LIE0 S9¥'0 0000 9
a04d ad

SHOTLYTINE000INY
FSION JLIHM B04 NIIHD KOLINTIMNO0DQLNY

_
- _
! : T6150 0~
A ' 9TLIT O~
: GEOLT O
| . GO9LE Q-
' ‘ 6L600°0
‘ % TSHLT’0
- ‘zERBEE N 6EZAT O
. - N 996E0°0
s . 69IEL’ O
EIveEIEIN : LR
* T68¢9G6FPETTOTZEYSILBSI- HOILYLFHUOD
(TlesBLGEGLY -1 -
T ¥0OLO¥3 SHOTLVTIVEOOOINY TVIINVE
SYOIDVI JAISSTEDIUOLNY
¥6E98°'L HVIH CIIYWILSE - h L} : G¥EEQ'Q
ﬁm FTEVIUVA HO0I TIA0H i s : 6BLLDTQ
- - LE LT B Te65T 0
Ty i I9LLE"0
. snue GFODN”G
{00'0 0ZI:0- 1€0'0 TLT 0- 9EQ Q- 900°0- 960°'0 ZT TO'TE | X4 . ves . PLGIT 0~
G60°0- LZT 0- 900°0 EEtZ'0- ¥IL 0 TLT°0- 650°0 91 ¥2'SC a1 ) . ) 055070~
OFT 0~ LST°0- TLI'0 6%0°0- GLIT0 OLE'0- ¥OT 0 OT 9874T A N ] ' GLESO0°D
657'0 ¥BI'C EZZ'0 €90°0- 6L0°0 TR0°0- BLI'O ¥ 6Z'0 9 N - * £55T0 0=~
g0dd 3a FuxNds 9v1 . TEVREER L66G5E "0
SHOILYIIWHOOOLNY IHD OL T6RLt95F¥YETT TZEF¥SS LB 6 T— HOIIUTIVHCED
STYNAISIY A0 NIIHD HOILVIZYHOOOLNY SHOILYTIWHODOLNY FEUIANT
. SHOo¥EE J.—EEE._M_. OML SYUVH
000’ T Tyo 0- TIHY = : . QEZRO0i0
zhg'0- e0o° T - MH N ! S8L00’0 -
T'Tuv nH : - ve . 4698070
- . ' LLTLO D~
¢ SILYHILST THL JO SROIIVIIHECD ", o mwmmmm
119 lﬂdbﬁumﬂm J0 HEIEHNH - * S6GGETD
968 50T o48 .ot N 906IZ°'0
E60"EOT JIN ‘' aweEws * LIZIE'O
E900E° T - uwH.taAHH.mM Yo¥E dLs sesadawuy - S¥SOF'0
91691 = FIVHILST JONYIUVA TR IUNLINEZIRERE onodo " T
T68Lt9SYeZT TZEFSYH L8 6 T- HOTIVTIHEOD
G8Z08° T - FLVHILSI INVISHOD
. ; . SHOTIVTIHHOOOLOV
T {8t mmhmmﬂ o] LSESLY O T'T8Y 113 ImwaHu.<>memQ A0 HIAERNH
0 ¥S°9 EQBEF"O PEESR"T M+ GIOLE'T HOILYIAZQ QUYAHYLS
ovl OILEVE L HOYEZ 4LS FIYHILSI YLLIHVHY] 199KB°E nmmumum OHINHOM d0 HYIW
' Xoudav . 1a TIEYIYYA IO THVH
HOIIVHILSE QOOHITINIT HOHIXYW VHIHY TUNTID0Ed YHIUY
mmma ¥T R0 ‘AVQSINL TETZ cvs . ...mﬂ BT AL CANGSINL TEGTT svs
6

(*ds 'BUTinOIINbOT) T4
03 Tepow SoTI8s BWT3 (T)d¥ 9yl burlaTy Ze3je
s,3*o*'e*d pue s, *3'0°® DPI3BWTISS JO INOJUTIA HT'¥ aanbtg

S99k 9

FTIvNoDs oY1
IHy» 0L

o1 *

6

8

L

9

S

V

£

|4

1

oVl

0T

6

e

L

9

]

¥ v

£

4

T

ol

SOTL9B0"0 OT

g0910°0C 6

TH0BLT O g

SIERYT 0- &L

9LERSS’O 9

BSBIZL ' §

nmgmﬁ..m |3

TLTOPY 0 £

D968£9°0 T

GEBELS 0 11

\u.:.vo.n 0

SONIYYAQD DYT

e



131

. . ' "0 eg'0 GI9'0 £LL9°0 00070 9 LC'6 9
. LoE'® SL¥O BTV Zes 008’ da u.m.m:mm WMJ

B SO LY TITHOD0INY HD
3 FSION ALIHM BOI NGO HOT IV IIHHOO0LNY
) . - 909%0 0- 0T
. ' . : T19¥0°0 6
. : LISZT . 0- )
’ : EQSZI 0- L
| - ' E6SEZ0- G
! ‘' samsm i B9ROE 0 S
i . zin : TL¥STI 0= ¥
c ewes . (14 £
‘szuuEw ) O168L°0 |4
wEndvEENREIRAT ’ L6919 °0 1
T68L9GFETT 1TzErYS9 LBE T ROTIWETHYOD D¥1
{T)uwmeSLLVL -1
. 1 HOLOV¥d SHOTLYIINE0D0INY ‘TYIIHYd
SHOLOVA AAISSTUOTUOLNY .
FELE LT - NVAH TIIVHILSH i ] . 65LT00 119
118 TIAVIHYA HOd T300H ' » ’ SL¥S0-0— 6
saw N mmﬂw._”..o ]
. . : 69ELD 0~ [
| - ' : g65560°0 9
1070~ SI070- S8070- §§0 0~ 60070 I6070- LI870 LT L8661  ¥Z : sazuusy LLI9E’0- &
N 82070~ 610°¢ TIT 0- cio'0 0T0°C E£00°0- S65.0 91 ST BT TazuEas ! EECIE’Q 14
To0 0- 08070~ LET0 1OT'0- FPO'0- ¥Z0'0 giz'¢ OT DL'EI Zr N snnsss’ OY61E 0~ €
{T0°0 99€°0 &ET'0- 0¥Z°0 11070 teZ'0- ¥ZO 0 ¥ FTIL 9 . sxx ) 9LEEl’0 T
ao4d4d 30 TUYn0s Ovi ' ITYLITEY] G¥56¢€ 0~ 1
SHOILLYTINE000INY I 0L TegoLtosSkFETZTOTITEY €9 £ 8 6 I- NOLLYLCINYOD DV¥1
STYNALSEY 30 MOEID HOTINIIWHOIOLN SHOILVTIHEODOINY d5HIANT
. SHOYHA QUYAHYLS OML SYUYH . R
Q00’1 160°0- 7179V N - * ET6L0 0~ GIT9L G-
160-0- 00071 nH : : 6¥G00°0 POESYT
T'1HY nv ’ . C¥¥60°0 £5ey 8L
- ' : L9E6T 0 ByIL "85
SALYHILSE FHL 30 SHOILVIIRHOD . " §0L0E°0 rg9Y Ik
’ ) 69¥LY' O SE6 THI
\ [+1 =G TYNAISTH J0 HIEHNH . * * 4 16ZEY 0 EpELLY
POS THT - ogs ' PEZBS O BRLSLT
R ¥9L BEL - 2I¥ N . GBSO 6EI7SET
£198°C1 = ZLYHILSI HOU¥d O1S EETTLILE L L ' 694970 [4: 341114
1T8°E8T = JIVAILST IONVIHVA ANEEAETUEARAEIHAZREE 00000°T II TOE
. T68LOoGCrECZIOTZErSS Lt e 61— HOILLVIIEHOZ IDHNVIUVYACD
GE906°9 o JILVWILST LHNYISHOD )
. . SHOI LV ITHEQIOLNY
T ET 9 BLETLT O ESLLYL O 1°'TUY /1% =SHOLLYAHISE0 40 HIGHNN
a HE'E 6ITOL 8 PELE LT [a04) GESE LT = NOTINIAIA GHYENLS
OV QIIVH & HOHHI als FLVHIISI HIALIHHEYA EESL'ST «SITHIS OHINHOM 320 NYIH
YOuddy - 114 © o= FTIGYIHYA 40 IWVH .
; ) ROTINHIZSE QOOHITINIT FIWIXYH WHTHY FUN@ID0Hd YHIVY
LGBT '¥I XIAL YAVOSANL TE:1L (BT '¥T ATINL TAVAS3NL 1712
(14 SVS - [ %4 5YS

. {ewTSsSTOUS] °S)TTd
03 T9pow SSTIDS BwWTF (I)UV SY3 DUTIITI I1933Fe
§,°3°*o'e*d pue s5,°J°0°® P83BWUIFSS JO INOJUTId PII°Y aanbta

VoMM eNOronD
-

3



132

. * ' | {3 ¥ TI19" BEL'0 QOG0 9
‘B6Z'0 L9€'0 S0 9¥5°0 0 99902 %a
SHOIIVIIHHOD0INY
dSICH JLINM HO3 NOdHD HOIIVIIHHODOINY
. Exss i ELSTT O0-
. . ' xx BE¥ZT 0-
* : s E6SZO'0-
h ansns - TSEEC 0=
' s N LLEOT 'O
‘ sxeszan STOTE O-
" T Y T LLeatr 0-
rasacEwE® N hmmm—‘uo
: » - £9920°0-
s aIRIsaNERsIREES E¥BBL O
. . ﬂmnhumvnmﬁeﬂnnvnehmmﬁurouﬁgs
. (T}sx8880500 -1
T B0 SHUILVIIHEOOOLAY TVILIHVYY
SYOILOVI HAISSTUOTHOLNY '
T905°0T HVAH @IYHILSA " as i S55L0°0
m.nm FIEVIUYA BOJ TIA0H e - MWMMW.“I
: ) 1251010
: [EE 3] LLZTT 0-
€10°0~ LY0O'Q QC0'0- $30 0- 6E0°'0- 900'0- G21°0 ZF T9°6C ¥z nssun ' OBTER’D
65070- ZZ0°0- $Z0'0 FL0 0- 6£0°0- 060 0- LZ0'C ST £G'AZ a1 IETEYTTY GEFYLF 0-
S8T°0- TZ0.0- TET'0 EBI'0- ZL0°0 ZIZ'0 Z00'0 OT £E'i7 T1 ’ s £2901°0
- 99C°0- 9ZEC~ 9FV'D LSZ°0 F¥I®0- EOD'O mmmmc .“n mmmw.ww W.nd T omsws MMMMMW
SEFENNIETEuE
SHOIIYTIIHYOD0LNY h{in} oL TEELYSYEZTOTZEPRSS LA 6 T- HOLLVIIHHOD
STVNAISIH J0 ¥JIAHD KOILVTIHHODOINY SHOILYTAIHYODOLUIY dASHIANI
SHOHY3 YAHVIS OML SWHvW - .
0001 9L0°0 Ly T ﬁ- : Aoamo.cl
e T m : : iR
. c3nvxs ) YI9LZ 0O
SAIVHILST THL 30 SHOILVIINMOD E,_.q_\ : o L husss : mmmmm“m
. LR} L]
. o IQDQHWN& 40 3 M Y1 - » * LLEGS O
’ 6T 561 288 d¥ssusunsERN Y : LESY¥S O
£ZTE Z6T DIV & sussvannzras : ¥5119°0
IB6L9°S = H.—..(.IHN.MH HOWMT QLS FUTSUNEBURERZNNY ‘ LPBBL'D
609Z°Z¢ = JIVHWIISA JOHVIUVA BEUVENTIZNERBUEINYNE 00Gon° 1
T68LISPEZTOTZEYSS LB E I- HOLLVITHROD
BLLvO T = JIVHILSE INYLSNOD SHOTIVT o "
fORE L pmee  mmwe  to Ohpoc-s | ZHOLMHEEES 0
OV OILvd & HOWME aLs JIVHILSS HILTNIVd SZ'TIT HWNHmMm DHNINHOY 30 NYIH
tX0yagy £ig FTEVIUYA A0 FHVH
ROIIYHILST QOOHITIRIT HNHIXVH YHINY FANTIDONd YHIYY
LBBT “¥T ATINL ‘ANASANL TSI LB6T '¥1 AINL hhtnmubu. 1612
9z SVS o [34 S¥S
(unsoumIzs g YETE o3 ,
HmmoEmmwaumm SWTl (T)¥V 943 BuT33TI Iogge
, .
"#'ote*d pue s,-3°5°e pejewryss 3O Inojutag @Yy vanbrg

(1] D]
et {11
IHD

Ot M=ot the Urtimenormono
- 5 -

5

6] 00 el 0 0% MY U Y = N

¥

Y IYVADD

QMM NO~oono



» . i K ' 133

4

was selected as a good model { Fig. 4.21e ) because it has fewer .
estimated coefficients than the others. A geostatistical model can be
applied to the Tojeira 2 section after a time series model has been
rec:ognized for each taxon. |

The autocorrelation coefficients were plotied against the lag on
semi - logarithmic graph paper. The exponentiél trends become straight

lines as can be seen in Fig 4.21. The best fitting lines were drawn and

the constant ¢ and a values can be obtained as shown in Table 4.10.

TABLE 4.10 Estimated a's and ¢’s values from best - fitting

]

lines for Bl { Eoguttulina sp. ), BZ ( Epistomina mosquensis ),

Bil { Spirillina tenuissima ), B13 ( Ophthalmidium strumosurn ) and

314 { agglutinants )
Y

’ 4

TAXON Bt B2 B11 ( 313 514
) o 0.58 0.88 0.9G 0.91 0.58
a 0.12 - 0.20 34 0.11  0.12

Table 4.10 shows that the ¢ values for B2, Bil and BL13 are

p—

quite large or close to 1.0, meaning that these data could fit a time

Yy

0

series model which is just a signal ( perfect autocorrelation ) and
net a signal - plus - noise model.

Variances of two or more than two adjacent vilues were calculated
with the F FORTRAN program for each taxon Fy; values, which are

experiinental relative variances, were calculated from variances of

adjacent values { Eq. 54 }. FL values which are theoretical relative

.
&
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Figure 4.21 Correlograms of Bl{ Eoguttulina sp.),
B2(E. mosquensis ), Bll(S. tenuissima),
BLl3 (0. strumosum)and Bl4 (Agglutinants) with
their best -~ fitting exponential curves. The a's
and c's were estimated from the correlograms
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B1:EOGUTTULINA Sp.

B13:0.STRUMOSUM

Bt11:S.TENUISSIMA

C:0.58
d:o0.12

C:0.88

C:0.91
‘a:on g

a:0.18
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BEOGUTTULINA SP.
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Figure 4.2la Theoretical curve for a = 0.12 and ¢ = 0.58
! ip comparison with observed values of
Bl (Eoguttulina sp.)
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Figure 4.21bgy Theoretical curve for a = 0.20 and ¢ = 0.88

in comparison with observed values of
B2 (Z. mosguensis) :
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THECRETICAL CURVE
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- Figure 4.2lcy. Theoretical curve for a = 0.16 and ¢ = 0.90 '

in comparison with.observed values of
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THEORETICAL CGURVE .
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Figure 4.21d; Theoretical curve fer a = 0.1l and ¢ = 0.91 . >

in‘comparison with observed values of
Bl3 (0. strumosum)
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Figure 4.2le, Theoretical curve for a = 0.12 and ¢, = 0.58
in comparison with observed values of
Bl4 (Rgglutinants) '
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variances, were calculated according to Eq.59 and are shown in Tables

4.11 - 4.14. Theoretical and observed relative variances were piotted

against the lag as seen in Fig. 4.21a,, 4.21bi, 4.21c1, '2}.21d1 and

4.21e;.

TABLE 4.11 Theoretical and observed of the relative variance of

Bl {(Eoguttulina sp.)

TABLE 4.12 Theoretical and observed

[
.

B2 (Epistomina mosquensis )

S(.a
0
127.83

et B
F -‘-C}E)

(

,....
e
N

-

[J
N
a2

~J
oo
o~

3.13

vaiues of the

relative variance of
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3 97.19 2.2

4 90.21 - 282 286
5 80.51 - 3u1s 3.36

6 72.73 3.41 3.79 -
7 65.74 3.60 4.18

TABLE 4.13 Theoretical and observed values of the relative variance of

Blil Spirillina tenuissima )

k(lag) S° {x) BN | F
0 .0 0 0.1
! 311.50 ! 0.95
2 259.93 L.66 L2
3 246.42 2.37 2.40
4 236.71 3.04 3.04
5 221.40 3.55 3.60
6 209.80 4.04 4.12
7 193.60 4.35 ' 4.58

4

TABLE 4.14 Theoretical and observed values of the relative variance of

- B13 (Ophthalmidium strumosum |

k(lag) S2( ) Fyy F
0 0 0 0.0%

t 90.56 t 0.97



. 143

2 82.61 1.82 1.78
3 76.85 - 2.55 2.54
4 74.17 3.28 3.25
) 12.24 3.99 3.91
6 69.48 4.60 4.52
J 7 56.23 5.12‘ 5.10

* TABLE 4. 15 Theoretical and observed values of the relative variance of

Bi4 {agglutinnants)

{ ]
~k(lag) 5% (v P F

- ™N =
0 0 0 Dol
{ 24.74 i .68
“ 19,41 1.5 1.39 ¢
3 16.83 2.0 1.97
7 14.98 2.42 2oal
5 135 2.07% 282
£ 10,75 286 3.20
7 ©.838 2.79 3.55

Taxa BL,B2,B11.B

,...
Jd
)]
&
O
o
-

4 show a good fit between observed and
thecretical relative variance curves.
As expiained before, the cumulative frequency distribution tables
.
are constructed with single, paired and sets of 4 consecutive values of
each taxon respectively ( Tables 4.19, 4.21, 4.23, 4.25 and 4.27 ).
Each of these cumulative distributions ( Tables 4,20, 4.22, 4.24, 4.26

and 4.28") was piotted on normal probability paper. R values were
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estimated for single, paired and'sets of four values of each taxon,

using Appendix Il or III, according to their means and variances as

‘shown in Tables 4.16, 4.17 and 4.18, 7
For single, paired and sets of four values of each taxon Y functions

were estimated using Eq. 60. These functions were plottad on normal

probability paper which, as before, was used for the probit transformed

TABLE 4.16 Mean, variance,R and b parameters for species B1 {

Eoguttulina sp. ', B2 ( Epistomina mosguensis ), Bi1l { Spirillina

ienuissima ), B13 { Ophthaimidium strumoswm ! and Bl4 { aggiutinants)

For N=30 samples (single values )

Taxa Bl 52 R Bi3 Blad
v 0.02847 0.1384 0.25753 0.1125 0.1041a
sz(x} 0.00020 0.01238 0.03011 0.00875 0.00235.
R 0.23 0.50 0.51 0.51 G.2
b 1.903 1.087 0.644 1,215 1.264
N 30. 30 30 30 30
TABLE 4.17 Mean, variance, R, and b parameters for species Bi, BZ,

Bii, Bi3 and Bl4 for N=15 SalT{ples pairs values )

TAXA Bi B2 Bil BL3 Bi4
” 0.02847 0.1384 0.25753 0.1125 0.10416
52(x2) 0.00016 0.01038 U.02499 0.00796 0.00188
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R 0.18 0.45 0.44 0.45 0.19
b 1,903 1.087 0.644 1.215 1.264
N LS 15 15 15 15

TABLE 4. 18 Mean, variance, R and b parameters for species Bi, B2,

Bii, Bi3 and Bi4 for N=7(sets of four adjacent values )

TAXA Bl B2 211 B13 Bi4
i 0.02847 0.1384 0.25753 O.1125 0.1C4tk
sz(>:4'} 0.000115 0.00871 0.02288 0.00718 0.001<3
R G.16 0.43 0.4 C.44 p 0.17
b 1.903 1.087 0.644 1.215 1.264
N 7 .7 7 7 7

Experimental frequency distributions for Five samples of single,
paired and sets of 4 microfossil values were Hiotted on two normal
probability scales. The values of b and R were obtained from the means
and variances of the microfossil tawon proportion values using Eq. 60
and 6Z. They determine the positions and siopes of the prob - prob lines
which satisfy Eq. 60 as shown in Figs. 4.22 5, b, ¢ - 4.23 2, b, o -
|

1y, .

3

a)

.24 a8, b, o-4.25a, b, cand 4.26
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Table 4:19 Probit transformation of Bl{ Eoguttulina sp.) from Tojeira 2

section.

sample
single
%

4.4
4

AN

3.8

2 ~J
b oS

RLY

o G

[\

Lo I L W
(] —

AW}

W & KM
L0 T L A et A ¢ s

[}

3.6

probit
single

[#9]
O
A
o

G
(&
<
“n

[ (%] (@8] L2 G2
b~ ~J £
~4 [y ~J
~2 o

{2 L2
] {J
ao (03]
s e

w
.
~J
o]

sample
pairs
%

3.4

3.05

3.45

3.45

probit

pairs

[
——
2
o

305

[95]

3.181

3.181

2.903

. i
T

sample
set of 4
%

8
»)
)
tn

3.975

4.300

( continued }

’ .
probit
set of 4

[#D]

48]

o)

165

D
-
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Table 4.19 ( concluded )

3.7 . 3.213 3.65

LD
Y

) 2.725 3.077

[\
(]
(]
a
63}
~

[\]

1.9 2.925 2.05 2.956

(.7 2.880 )

0.4 | 2.348 {05 2.692 {55 . 3.077
2.4 3.023

0.7 ~.543 155 2.843 \
0.4 SEL:

4 2803 0.90 2.634 122 2,129
L 2.803 .
(.9 2.925 {65 2 868
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Table 4.20 Cumulative frequency distributions of Bl ( Eoguttulina sp.; for
30, 15 and 7 samples.

N =30
class freq. cum. perc. cum. plotting
int. freq. per. value
2.375 - 2.625 3 3 10.0 10.0 8.80
2'625," 2.875 3 & {0.C 20.0 18.70
2.875-3.125 S 11 17 36.67 56.67 54.94
3.125-3.375 12 - 29 | 40.0 96.67 94.50
3.375 - 3.625 1 30 3.33  100.0  97.80

: s
N=15
2.70 - 2.90 4 4 26.67 26.67 23.91
2.90 - 3.10 2 6 13.33 40.00 36.96
3.10 - 3.30 5 I 33.33° 73.33 $69.56
3.30 - 3.50 ¢4 15 26.67  100.0 95.65
N =7
2.20 - 2.80 1 ! 14.29 14.29 9.10
2.60 - 3.00 ! 2 14.29 28.57 22.73
3.00 - 3.40 S 7 71.43 100.0 90.91
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Table 4.21 Probit transformation of B2 ( Epistomina mosquensis ) from

Tojeira 2 section.

sgm?l‘e p_rjobit sample pr:?bit sampi‘e. " probit
single single pairs pairs set of 4 set of 4
% % %
0.0 2.187
1.9 2.925 0.95 2.654
£.0 2.674
0.0 2.187 0.5 2.424 0.50 2.424
H 2.710
1.6 2.856 1.35 2.788
2.4 3.023
3. 3.374 3.80 3..226 20370 3.053
0.5 2.424
C.0 1.187 0.25 2,037
1.8 2.903
(9.0 20022 104 37491 5.325 3.386
17.9 4,08} X
26.3 4.366 221 4.231
16.6 4.030
13.8 3.911 15.2 3.972 18.65 4.109
19.0 4.122
18.6 4.107 18.8 4.115
16.4 4.100

{ continued )
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Table 4.21 ( concluded )

6.7 3.501 11.55
31.4 4.507

16.7 4.034 23.9
10.9 3.768

232 4.268 {7.05
22.8 4.255

21.5 4.211 22.15
37.6 4.687

24.9 4.322 31.25
31.7 4.524

25.0 4.326 28.35

J
v

N

A

~N
|93

N

(W
~J

(5]

—

15.175

150

3.971

4.175

4.378



Table 4.22 Cumulative frequency distributions of B2 ( Epistomina

mosquensis ) for 30, 15 and 7 samples.

N = 30

class
interval
2.25-2.75
2.75 - .28
3.25-3.75
3.75 - 4.25
4.25 - 4.75
N=15
2.10 - 2.70
.70 - 32.3C
3.30 - 3.80
3.90 - 4.50
N ="

2. 70 - 3.30
3.3C - 3.90
3.90 - 4.50

freg

,_..
2

g

cum.

freg.

L

-1

N

2

~J W

perc.
.

]

20.00

i
L2

%

(%]
5]
I

“
L
8]
Lo

20.00

e L
o (oS
[ e
~J o

H_
c
o
o

~8.57
42.86

100.0

piotting
value

18.70
32.00
38.50

[OY]

O

~J -
fon) NN
(]

~J
o
[ ]

]
[}
(&)

AL
e R

95.65

£2.80
36.40
90.90



Table 4.23 Probit transformation of R1 1 { Spirillina tenuissima }

for N= 30, 15 and 7/ samples from the deeiré 2 section.

sample
single

%

S57.

A o I no
by - I

S oo oo Jd 9

(O3] [9%) (@2}
(] 00] A

— Is n
(s} o [N
I

,_-
51

%]

—
()]

N

——
(o)} ~J5

o=

0O

“

o]

D O W

02

(o)

probit
sihgie

5.194

A Q4
4.294

0

<:220

sample

-
I.JC!.“

98]
(2
—

probit sample
pairs set of 4
%
4.768
5.073 46.875
5.076
4.608 43.90
ap
4.993
r §
4.563 11,425
3.961
3.664 £4.975
4.040
( continued )
L
~ -

152

probit

+
set of 4

3.963



%

1

3.
4.069
3.
3

AN

)

|09

L]

Table 4.23 ( concluded )

820

12.20 3.835

14.5 3.942
19.8 3.957
36 3.738
9.6C 3.695

L2656 3.856

14.525

[5.15

9.975

153

3.943

L
0
.
&)

3,717
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Table 4.24 Cumulative frequency distributions of B { (Spirillina tenuissirﬁa}

for 30, 15 and 7 s’amples.

N = 30

class freq. cum. perc.
interval freq. %
3.40 - 3.80 4 4 13.33
3.80 -4.20 1§ 19 50.0C
4.20 - 4.60 2 21 6.67
4.60 - 5.00 5 26 16.67
5.00-540 4 300 13.33
N=1{5

3.75-4.05 9 3 50.0
4.05 - 4.35 0 9 0.0
4.35-4.65 2 ‘o 13.33
4.65-4.95" 4 15 - 26.67'
N =

3.80 - 4.20 4 4 57.14
4.20 - 4.60 0 0.00
4.60 - 5.0 3 7 42.86

cum,.

o
e

13.33

63.33
70.00
86.67
100.0

60.0
60.0
73.33
100.0

plotting
value

S 12.10
61.50
68.10

[,

84.60
97.80

56.50
56.50
59.56
95.65

50.00
50.00

90.91

™
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Table 4.25 Probit transform.ation of B13 ( Ophthalmidium strumosurn )

for 30, 15 and 7 samples from Tojeira 2 section.

sample oobit sample probit
single single pairs sairs

% %
AT M B R
G e Tems L ug
0.5 2.9249 0L30 =.300
0.0 2.187

e | p] AT ATA MR S
(WA Caw A D0 NN —h T
{ ! IR e

L A v
0.0 2. 187 5.58 2.196
L.C 2,674
0.9 2.634 J.95 2.6564
2.8 3.08¢
Do 2.348 160 2856
1.8 .9G03
5.2 3.374 3.5C 7188
1 - \
14.9 3.959 \
10.3 +.018 15.6 3.989
22, 4.241

—
(@)
[0 T N R o

~o

{5 REE EN
mw

(%]
L) LN

,__
X0]
N
A
LD
i

15,7 3.993

il .
27.5 1.402
A
y

sample probit
set of 4 set of 4
%

noaTG

e 4ot

—

-
2

~J
&

( éontinued )

g

<.068



Table 4.25 ( concluded )

14.8
16.5
27.4
29.8
16.1
18.3
20.9
11.5
8.3
15.4
£5.4

3.955
4.026
4.399
4.470
4.010
4.096
4.190
3.800
3.615
3.981
3.981

21.15

21.95

9.90

15.4

4.198

3.713

3.981

18.425

&2
to
MY
&)}

4.101

N EN
o
Y
[\

3.954
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Table 4.26 Cumulative frequency distributions of B13 ( Ophthalmidium

strumosum ) for 30, 15 and 7 samples.

N = 30 N

class freg. cum. perc. cum. plotting
interval freg. % % value
2.25-2.75 ¢ 9 30.00 30,00 28.60
2.75-3.28 2 L 6.67 36.67 35.20
3.26-3.75 2 L3 6.67 43.33 41.80
3.75 - 4.25 14 27 46,57 "90.00 88.00
4.25-4.75 3 30 10.00 L00.0 97.80
N = 15 |
2.05-2.75 4 S 2R.67 26.67 23.90
275325 2 13.33 40.0 37.00
3.26-3.75 7 6.67 46.67 41,.80
3.76 - 4.25 8 L5 $3.33 £00.0 95.70
N =7 |
2.0-2.8 3 3 42.86 42.86 36.40
2.8-3.5 0 3 0.00 42.86 36.40
3.6-4.4 4 7 57.14 £00.0 90.90
]
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Table 4.27 Probit transformation of B14 ( agglutinants } for N = 30, {5

Sy

and 7 samples from Tojeira 2 section.

-

sample orobit " sample probit sample probit
single single pairs pairs set of 4 set of 4
7.5 3.560

3.9 3.238 57 . 3.420

3.5 3.188 ¥

3.3 3.162 3.4 3.175 4.55 3.3314
4.2 3.283

2.4 3.02 3.3 3.162

12.2 3.835

7.3 3.546 9.75 3.704 6.525 3.488
7.9 3.588

7.1 3.532 7.5 3.560 )

6.6 3.494 : |

112 3.784 s.9 3.653 8.20 3.608
14.9 3.959

134 3.892 14,15 3.926

5.6 3411 |

14.8 3.955 10.2 3730 12.175 3.834
3.5 3.897 ‘

103 3.735 i1.9 - 3.82

9.3 3.867

7.4 3.553 8.35 3.618 10.125  3.725

{1.0 3.773 { continued )



Table 4.27 ( concluded )

16.7
11.8
10.5
17.8

8
12.3
9
7

._,_
-
-]

3

4.034
3.815
3.746
4.077
4.187

3.840

g
——
[E9]
]

[#8)

13.85

11.15

la

,ﬁ-
(6}

- 3.913

3.781

4.030

159

12.5 3.850
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Table 4.28 Cumulative frequency distributions of agglutinants for

30, 15 and 7 samples.

N=30
class freq. cum. perc. cum. piotting
interval freg % % value
3.10-3.30 5 5 16.67  16.67  15.40
3.30 - 3.50 2 7 6.67 2333 22.00
2.50-3.70 6 {3 20.0 43.33  41.80
3.70 -3.90 10 23 3333 76.67  74.72
3.90-4.10 7 30 23.33  100.0  97.80
,
N = 1§
3.15-3.45 3 3 20.00 20.00 17.40
3.45-3.75 5 8 33.33 53.33 50.00
3.75-4.05 5 13 ©33.33 86.67  B2.60
4.05-4.35 2 ! £3.33 100.0 95.65
N=7
3.375 -3.625 3 3 42.86 42.86 36.40
13.625-3.875 3 5 42.86 85.71  77.30
3.875 - 4.125 1 7 £4.29

{00.0 . 90.90
\\



Figure 4.22a,b,c

16l

Experlmental frequency distributions for
30,15 and*values of Eoguttulina sp.and

thelr theoretical frequency distributions
which are probnormal distributions
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Figure 4.23a,b,c Experimental frequency distributions for
30,15 and 7 values of E. mosquensisg and
their theoretical frequency distributions
satisfying Eg.60
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Figure 4.24a,b,c Experimental and theoretical distributions
for 30,15 and 7 values of S. tenuissima
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&
Figu\ne 4,26a,b,c Experimental and theoretical distributions
for 30,15 and 7 values of Agglutinants
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CHAPTER 5 New data set and geostatistical modelling
{

‘e
oy

5. {Introduction- .
&

-y

The Tojeira 1 and Tojeira 2 sections were resampled by this

author and F. M. Gradstein during the summer of 1986.
5.2 - Tojeira 1 section

The samples were collected at regular intervals of 5 m. The
sampled section starts just below outcrop 17 of Stam ( 1986). A
total of 23 samples were collected, with 5 of these samples coming
from the. same layer.

As explained before, with only 17 observations, there were less than
the minumum ‘( 30 ) recommended for initiating an ARIMA procedure.

About 4 autocorrelations would be a safe number to examine, since this

When ARIMA procedures were appiied the autocorrelations of the
species tumefj out to be not significantly different from zero at the 5%
significance level. The null hypothesis of absence of autocorrelation
was acceptable. All tir.ne series of species were white npise. This was
expected because 17 samples are fewer than the necessary number for

the ARIMA procedure to be considered accurate.

SEREE O



5.4 1 - Tojeira 1 section:

- 75 _%\q
u . ‘ i e

5.3 Tojet;‘*g 2 section
. _ ,

A total of .13 samples were récoll.ected from the Tojeira 2
section. They were not collected at a regular interval as explained

before. An ARIMA procedure could not be applied to this data set
{

either, because of the'small sample size.
L ]

>

5.4 - Correlation of Stam’s and Gr‘ad%tein’s data

"‘J
J

The new data set was not sufficiently large to construct time

series models for either Tojeira { or Tojeira 2 separately. To

-

overcome this problem a larger data set was created by combining

- Stam’s and Gradstein’s data using samples taken at different locations

-

only. Beforé creating the enlarged data set, Stam’s and Gradstein’s data,
L]

which were collected at approximately the same location, were

correlated to each other. The idea was {o see how close the data from

v
the two differ‘erit data sets related to each otht_::r ( Tables 5.1 and 5.2).

Table 5.1 was used as input for the SAS CORR procedure to
caleulate correlation coefficients.

As can be seen in Table 5.3, Ophthalmidium strumosum and the

taxa Spirillina elongata and Eoguttulina have a high positive correlation.

The taxa Epistomina uhligi, lenticulina, Epistomina mosquensis,

-




5.1 Comparison of Stam's and Gradstein's data for Tojeira 1 section
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Table 5.3 Correlation coefficients of Stam's and Gradstein's

data for Tojeira 1 section
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Table 5.4

Correlation coefficients of Stam's and Gradstein's

-
—

data for Tojeira 2 section

L.muonatarl

0.01
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=0.32
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Lenticulina muensteri, Pseudolamarckina rijansanensis have a low

positive correlation;}gir‘illina tenussima, Ophthalmidium carinatum

and agglutinants have positive or negative correlation coefficients that
are close to zero, indicating no correlation between Stam’s and

GCradstein’s data for these taxa. Nodosaria/Dentalina are negatively

correlated. The taxa show an inverse relationship it Tojeira | section.
There is no correlation between Stam’s and Gradstein’s data for

Epistomina sp.. These relationships are shown graphically in Fig. 5.1,

5.4.2 Tojeira Z section

Epistomina mosquensis, tpistomina uhligi and Spirillina tenuissima

have a high positive correlation. Spirillina infima, Spiriliina elongata,

Epistomina sp., Lenticulina sp., Ophthaimidiun strumosum and

Pseudolamarckina riasanensis have a low positive correlation There is

no correlation between Stam’s and Gradstein’s data for Lenticulina

muensteri, agglutinants and Nodoseria/ Dentalina as shown in Table

5.4. These relationships are shown graphically in Fig. 5.2,
In Tables.5.3 and 8.4, the first number is a correlation coefficient and *
the second number is probability. The significance probablity of the !
correlation or PROB _\z'D is the significance probability, of Hoelfding’s
D. This probability is approximate for Spearman, Kendall and Hoeffding
statistics,

‘Stam’s and Gradstein’s data are only weakly corrélated. This is

probably due to the relatively large noise component in the data
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which is caused by counting errors as well as local random variability.
However, Eoguttulina sp., Epistomina mosquensis and Ophthalmidium
strumosum showed cobrel‘ﬁ varying from lew to high in the Tojeira

| section The taxa Epistorfiina uhligi, Epistomina mosquensis and

Spirillina tenuissima showed a positve correlation in Tojeira 2. So,

these species could be expected to reinforce the autocorrelation

. structure in the enlarged data set.

v

v
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CHAPTER 6: Enlarged data set and geostatistical model

6.1 Introduction

The enlarged data set, ( Table 6.1 ) created by merging Stam’s ard
Gradstein’s data, is difficult to work with beéause of the poor
correlation between the two sets. For-a linear reiationshipthe relative
closeness of the relation is best meastired by the coefficient of
determination. This measure shows the proportion of the variance in the
dependent variable that is associated with differences in the other
variable. As seen in Chapter S, the relative closeness of the relation of
- Stam’s and Gradstein’s data is weak. <

4

6.2 - Tojeira { section (Eoguttulina sp., Epistomina mosquensis and

Ophthaé‘midium strumosum}

Tf'we new data set-has N =41 ( Stam’s 3! samples plus 17 of
Gradstein’s sample equals 48 samples, but 7 samples were collected at
the same level by both authors.). About 10 autocorrelations is a safe
number to examine a taxon using an ARIMA procedure to estimate the

a.c.f and p.a.c.f for Tojeira 1.

MAS seen in Appendix _Ijﬁoggttulma sp., Epistomina mosquensis
\

and Ophthalmidium strumosurmn show an exponential function. The

estimated a.c.f and p.a.c.f of Eoguttulina sp., E. mosquensis and O. "

|, strumosum suggest two things: - The data of these species have

1

~a stationary mean, and 2 - The AR { 1 ) model for Eoguttulina sp. \



T-ABLE 6.1 ENLARGED DATA SET

A2 A3 A4 A5 AG A7 AB A% A0 A1l A12  A13  A14

Al

SAMPLE
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( Fig. 6.1 ), AR({ 2 ) model for E. mosquensis ( Fig. 6.2), and ARMA
(1, 1) model for Q. strumosum ( Fig. 6.3) are good first choices to try
at the estimation stage. The stationlar‘lty assumption is confirmed since
“cpi =0.510, “qbi = 0.281 and “d)i = 0.935, respectively for the
mentioned species. These satisfy the condition "¢, < 1. The large t -
values attached to "¢, indicate that these terms should be kept in Lge R
model. |

As seen in Figs. 5.1- 6.3 none of the residual autocorrelations have
an absolute t - value gr‘éater than the practical warning levels. The chi-
squared values indicate this too.

\
The constant © and & values were estimated from their best -
=y

fitting straight !ines as shown in Figs. 6.4 - 6.6. Table 6.2 shows the

estimated values of a and c. B B,

TABLE 6.2 Estimated a and ¢ values for best - fitting lines for AZ

{ Eoguttulina sp. ), A3 ( Epistomina mosquensis } and A10

( Ophthalmidium stremosum ) for N = 41

Taxa AZ2( Eoguttuline sp.) A3(E. mosquensis) ALO( Q. strumosurn)
c 0.48 . . 0.52 . 0.60
a 0.08 0.12 0.19

&

&I

Eq. 56 and Eq. 60 were used to calculate Fy and F | Tables 6.3 -
5 ) respectively. The theoretical and observed ralative variances were

!
olotted against the lag as seen in Fig. 6.7 - 6.9 for each species. The
H

.correspendence between the experimental and theoretical values are not

good for these taxa. As explained above, Stam’s and Gradstein’s data do
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Figure 6.4 Correlogram for Al0(O. strumosum) and best -

giEt%ngOexponential curve with a = 0.19 and

Figure 6.5 Correlogram for A3 (E. mosquensis ) and best -
fitting onential curve with a = 0.12 and

c =0.52

Figure 6.6 Correlogram for A2(Eoguttulina sp.) and best -
fitting exponential curve with a.= 0.08 and

c = 0.48 - \
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not show strong linear relationships with one another.

TABLE 6.3 Theoretical and observed values of the ‘r@,lative variance of

AZ(Eogiuttulina sp.)

TABLE 6.4 Theoretical and observed values of the relative variance of

A3 (Epistomina mosquensis } »

kiiag)
O

f
S

[\]

klag!

O

1
L

N O (@8] (W]

.

1.43
1.88
2.15
l,
2.26

F
O.;‘:B
.98
1.44
1.87
2.26
2.63
2.97
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TABLE 6.5 Theoretical end observed values of the relative variance of

A10 (Ophthalmidium strumosum )

k(iag) S%(x) Fuy FL
0 0 0 0.40
{ 8.67 1.0 0.95
2 5.16 1.2 {.45
3 4.74 |.64 £.90
4 4.49 2.07 2.20
5 4.24 2.44 2.63
6 4.03 2.80 2.97

The probit transformed ( Tables 6.6, 6.8 and 6.10 ) frequency
distributions ( Tables 6.7, 6.9 and 6.11 } for each spezies were plotted
on normal distribution paper for single, paired and sets of 4 consecutive
values as done previously ( Fig. 6.10a, b, c - 6.11a, b, c and 6.12a, b,
c.).

£q. 60 represents a}abr‘ob - normal distribution which is a straight

line on probability paper. For Eoguttulina sp., Epistomina mosquensis

and Ophthalmidium strumosum , the prob - normal distribution

-
parameters, which are x, s“(x), R and b values, were calculated as
i‘l

shown in Tables 6.12 - 14. Calculated parameters were used with Eq. N

60 and Y functions were plotted on normal probability paper as
theoretical distributions as shown in Fig. 6.10a, b, ¢~ 6.11a, b, c and

6.12a, b,c.
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in comparison with observed values-of
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Table 6.6 probit transformation of A2 ( Eoguttulina sp. ) for N = 41, 20 and

10 samples from the Tojeira 1 section.

T
/ 1
- sample \'pr‘obit sampie probit sample probit
single single - pairs pairs set of 4 set of 4
4.1 261 .
14.8 3.955 9.45 3.686
9.0 4.122 _
5.4 73:393 12.2 3.835 10.825 3.764
1.8 2.903
13.5 3.897 7.65 3.570
, 2.2 2.986 '
3.4 3.175 2.80 3.080° 5.225 3.376
0.3 2.252
2.6 3.057 ° 1.45 2.816
0.5 2.424
i1 2.710 0,80 2.591 1.125 2.766
0.7 2.543
, {1 2.710 0.90 2.634
0.6 - 2.488
£.3 2.774 0.45 2.386 0.675 2.644
" 0.0 2.187 ' N
0.6 C:xaa 0.30 2.252
1.5 2.830 ( continued )



e I I R T

T\e

J Table 6.6 ( concluded ) J

0.4 2.348 0.85 2.612  -0.575 2.475\
0.3 2.252 |

1.2 2.743 0.75 2,567 }

0.5 2.424 |

1.0 2.674 0.75 2.567 0.750 2.567

1.4 2.710

0.3 2.252 0.70 - 2.543

0.8 2.591 |

0.0 2.187 0.0 2.348 0.550 2.456
0.8,  2.59 7

0.8 2.591 0.8 2.591

3.5 3.188 v

{.5 2.830 2.50 3.040 ..630 2.868

’ 0.6 2.488 . |

0.6 2.48%3 0.60 2.488

0.9 2.634

1.0 2.674 0.95 2.654 0.775 2.579
0.0 2.187

0.0 2.187 0.0 2.187

0.3 2.252

0.0 " 2.187 0.15 2.187 0.00 y 2.187
0.2 2.187

. / A
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Table 6.7 Cumulatjve frequency distributions of Eoguttulina sp. for N = 41,

20 and 10 samples from the Tojeira 1 section.

N =41

Class
interval

2.25 - 2.55
2.55 - 2.85
2.85-3.15

Freq.

'8
13

3.15-3.45 °

3.45 - 3.78
3.75 - 4.05

L2 [\
oo

1 I
N
Is

woowW
m A
1 I
:L\ L
SR

N =10

2.2 - 2.6
2.6 -3.0
\

3.0-3.4
3.4-3.8

il

NN

(W]

w O

cum.
freg

18
31

- 34

38

g
.

i
15
17
19

20

10

perc.

42.30
31.71
7.32

i
/7
(@)

0.00
7.32

155.00,
20.00
10.00

10.00
5.00

50.00

30.00

10.00
10.60

c%m.
43.90
75.6.
82.93
92.68
92.68

£00.00

55.00

75.00
85.00
95.00
100.00

50:00
8C.00
90.00
100.00

plotting
value

42.74
74.19

52.50
72.13 ‘
82.00
91.80
96.72

45.16
74.19
83.87 .
93.55
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Table 68 Probit transformation of A3 { Epistomjina mosguensis ) for -
z ='41.,20 and 10 samples from the Tojeira { section.
sampie probit . sample probit sample. probit
single single pairs pairs set of 4 get of 4

- 0.0 2.187

0.0 2.131 . 0.00 2,187
00 2.3 S )

' 0.2 2.187 0.00 2.187 0.00 2.187
15.1 3.968
8.4 3.621 1175 3.812
242 4.300
18.4 4.08! ©2%.S 4.198 16.45 4.024
12.4 3.845 \

T o6 4.360 19.25 4131
27.4 4.399 N
2767 4.405 27.57 4.402 23.375 4.273
385 4.708
' 13.2 3.883 . 25.85 4.357
25.1 4.329 | oL /
;. 23.6 4.281 24.35 4309\ 25.10 4.329
22.4 241 | \. |
23.3 4,274 . 29.85 4258
i 15.5 ' 3.985 ( continued)

LTS



Table 6.8 ( conclided )
4.115

18.8
35.2
32.4
21.4
25.7

46.3

18.0
-39.7

0.2
30.4
13.5
23.0

33.5

37.3

| 36.6

38.8

34.8

39.0
38.9

36.5
27.4

16.7

4.620
4.543
4.207
4.347
4.907
4,085

4.739°

3.671
4.487

. NS
[N
~d o
HAY —

A
oy
~J
-

£17.15

33.8

24,45

36.8

38.95

31.95

4.047

4,308

r.
Pt
.

RES
A
[

4.638

4.636

4.718

4.532

©

20.0

28.675

28.30

36.825

35.45

207

4,158

4.437

4.426

4.329

4.463

4.626



Table 6.9 Cumulative frequency distribution.of A3( Epistomina mosquensis } -

for N = 41, 20 and 10 samples for Tojeira i section

N= 41
" class
interval |
2.25-2.75
2.70 - 3.2
3.25-3.75
3.75-4.25
4.25 - 4.75
".75! 5.25
N = 20
2.25-2.75
2.75 - 3.25
3.25 - 3.75
3.75 - 4.25
4.25-4.75
N=10
2.1 -2.7
2.7 -3.3
3.3-3.9
3.9-4.5

freq.

[ NS

[
[

£J
L

L0 O W

—
L2

P

CUIM.
freq.

LD

(U]

[—

10

15.00
0.00
0.00

20.00

65.00

. 10.00

0.00
0.00
90.0%

O
C
3

0 W0
g o~
N o .

.
o
N
[]

g
—
g
[5))

15.00

15.00
£5.00
35.00

100.50

¢ 10.00
10.00
10.00
100.00

plotting
value

8.87
<
8.87
13.70

40.32

95.96
98.40

13.11
13.11

96.72

6.45
5.45
5.45

93.55

Pl
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Table F\ 10 Problt transfor‘matlonf? Al10( Opnhthalmidium sj:r:umasum)

..For N = = 41, 20 and 10 samples from Tdjeira | section.

sample probit sample probit = sample probit
single single pairs , pairs . setof 4 set of 4
0.0 O -2.187 _ A
- 0.0 2.187 - 0.00 2:187 N
6.0 = *2.187
0.0 2.187 0.00 ©  2:187 0.00 2.187
0.0 2.187 | | y
¢ 0.0 2.187 0.00, 2.187
> 0.0 2.187
0.2 2.187 0.00 2.187 0.00 2.187
0.0 2.187 g 7
0.0 2.187 0.00 2,187
(.2 2.187
0.3 2.252 0.75 2.567 0.375 2.324
. 2.9 3.104
Y02 2.187 1.55 ~_-2.843 /1
1.2 2.187 . —
0.0 2.187 0.60 12.488 £.075 ¢ 2.701
0.0 2.187
. 0.0 2

187 0.00 . 2.781

2.3 3.005 ( continued )
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Table'6.10 ( cor)cluded ) e

0.0
0.3
5.9
2.9
5.7
8.3

~] O (]
o I

&~

oo
MR I S N L SEPUs Vs SR> SR Uo BRI N

[\

5.3

2.187

2.252

3.437
3.104
3.420
3.615
3.494

&2

925

(O]
(W8
w
~J

D
L
Ia
i

N
O
(]
(o)

\ [

.15

3.10

3.80
.15
3.85
4.05

2.05

2.715

3.134

2.969

3.255

3.393

210
0.575 2.472
{
3.70 3.213
4.275 3.280
2.975 3.4195
/ ~

3.725 3.216
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Table 6.11 Cumulative frequency distributions of Ophthalmidium strumosum

for N = 41, 20 and 10 samples

N = 41

dlass
. _inter‘val

2.125 - 2.375
2.375 - 2.625
2.625 - 2.873
2.875 - 3.125
3.125 - 3.375

3.15 - 3.45
3.45 - 3.75
‘N =10

2.25 - 2.55
2.55-2.85

2.85y 3.15
3.15}— 3.45

16 IR % B Y

T
- ~J

[
s

e
w

35.00

20.00
15.C0
25.00

5.00

40.00

10.00
10.00
40.00

cum.

46.34
46.34
56.10
78.05
80.49
100.00

35.00
55.00°
k]
70.00
95.00
100.0C

40.60

- 50.00

60.00
100.00

piotting
value

45.16

45.16 \

54.84

- 76.60

79.00
98.40

32.80
52.46
67.21
91.80
96.72

35.50
45.20
54.80
93.5%
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TABLE 6.12 Means, variances,R and b parameters, for species AZ,AT

and A10 for N=41

Taxon Eoguttulina sp. E.mosguensis Q. Strumosum
" 0.022025 0.23756 0.023927
s2(x) 0.001627 0.014694 0.000845
b 2.014 0.714 1.977
R 0.60 0.39 0.47
N 41 T 41

1

TABLE 6.13 Means, variances, R and b parameters for species Az, A3+

and AL0 for N=20 -

Taxa | Eoguttulina sp. E.mosquensis Q. strumosum

v 0.022023 0.23756 0.023827

s%i) ¢ 0.001277 0.011020 0.0006347
2.014 0.714 1.977
0.55 0.34 0.42
20 20 20

TABLE 6.14 Means, variances, R and b parameters f“or species AZ, A3‘

and A10 for N=10

Taxa Eoguttulina sp. E.mosquensis O.strumosum
% L, 0.022025 0.23756 " 0.023927
% () 0.001037 0.008816 0.000487
b 2.014 0.744 ; £.977
R 0.51 0.29 ¢y 0.38
N 10 {0 K £0

S
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6.10a,b,c Experimental frequency distributions

for 41,20 and 10 values of Eoguttulina-sp.
plotted on two normal probability scalles.

The values of b and R were obtained from

the means and variances., Theoretical
distributions are the probnormal distributions
which satisfy Eg.60
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Figure 6.l1la,b,c Experimental and theoretical frequency
distributions for 41 {single values),20
(pairs) and 10(sets of four adjacen{:

samples) for E. mosquensis
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Flgure 6.}2a,b,c Experimental dnd theoretical dlstrlbutlons
for 41, 20 and 10 values of 0. strumosum
They were plotted 'on probability paper
as explained in the text
~rd
Y 4
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Observed frequency distributions of Eoguttulina sp. and

Epistomina mosquensis have a good fit with the theoretical prob -

normal distributiens. The observed frequency of Ophthalmidium

strumosum a good fit with its theoretical distributions, but not as good

as those of Epistomina mosquensis and Eoguttulina sp.

a

lelgl

[

o
w

T™ o
Lojeira

[t

sec

Gradstein’s samples matched Stam’s samples at many levels. Just

Gradstein’s samples were collected from different levels than

k]

Stam’s. This results in a sample number of 3Z for the eniarged data
setof Tojeira 2. This newly created data set is not much different
from the old data set-of Tojeira 2. For

-0 -

-

his reason the.enlarged data
set was not studied by author. :

4

Five samples were collected in the same layer at the Tojeira |

section. Each sample contains the same percent of different species.
> s

If the percent of species were plotied against sam

should be horizontal. Actually such & plot shows that they are not

horizontal or that they are not even close to straight lines as shown .'m

Fig. 6.13. The reason for this may be that each group of fossils

presents counting problems or sorme specieé were grouped together as

one species. 1n addition, during the sampling process,some species
p g

~could be lost.

6.4 Binomia! distribution and standard deviation of noise
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6.13 Five samples from Tojeira 1 section; which were

collected in the same layer, were plotted with
respect te their percent values™ -
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If frequency distributions of species were binomial distributions,

the binomial mean and standard deviation are,

N
M=np '
and
' . U/
<:r:(npq)"2

where, u is a binomial mean, ¢ is a binomial standard deviation, n is a

grade average of samples and p is a percent cf a microfossil content

-r

hat (

—_ -
——-L"I-.f.

1fi

<)

of a given species. From p it foliow
=0.0277 , g =0.9733 and n = 443 for Eoguttulina sp.

The mean is .

w=0.0277* 443 = 12.27 -and

the standard deviation is
R l B I . —
o= ( 443*J,0277*0.9733)"" 7 = 3.,45%

-

e b 1

100*a
Binomiai ncise, | Jq i =
H _

n

for Eoguttuiina sp. is gg = 0.78%

-3 ]
Noise of variance | U,\:" y=(1l-c)s”
I

. Lo . g £ z . ; £
wfher'e ¢ is constant value which was menticned tefore, s~ is variance of
species.
aN = 4,824 - \

) . o /2
Noise of standard deviation ( o) T Loy
N

aN < e 2,19% for Eoguttulina sp.
The ratio of noise of standard deviation and binomial noise is
UB ,/ UN = 0-36 !

The same procedures have been followed for all studied series and
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the results are shown in Table 6.15. Here, the r*a(;io of the Eoguttulina
sp. is larger than 1.00 but, this must be less than¥.00. This
discrepancy suggests that the ¢ value of this species was

underestimated.
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CHAPTER 7: ‘Correlation between taxa of Tojeira |{ and 2 sections

end Stam’s data .
7.1 Introduction

Before correfation, Stam’s ( 1986 ) data set { Table 1.1 and
1.2) was transformed with the logit transformation which is close to
the probit transformation. . |

Instead of using Table XI, for logists in Fisher and Yates( 1963 ),
a small FORTRAN program was pxhﬂl'epar*ed and used as shown below.

The lo;git transformation, Z = (.1,/2 ) LOGE {P/Q)., is equivalent
to the R, Z transformation with R = ZP - 1. For values of P £ 0.5

k%)gits are negative and numerically equal to the tabulated valiues for

{ - P,

DIMENSION P(40,40),Q(40.40),R(40,40),A{40,40),Z(40,40)
READ (5,1000) N,M
DO 2001 = {,N
READ { 5,1001) (P ¢1,1),J =-1,M)
200 CONTINUE '

1000 FORMAT ( 2I2}
1001 FORMAT ( 14F4.1)

DO 100 I=1,N

DO 104 J=t .M "’\

QU,J)= 100.0-P{,0) /. | :
\ X

*
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R{,J)= P(1.J)/QLJ) .
A(1,J)= LOG(R(1,J))
Z(1L,J)= AGJ) /2.0
101 CONTINUE
100 CONTINUE
DO 90 I =1,N _
~ WRITE (6,2000) (Z{L,3), J =1,M)
*90 CONTINUE '
2000 FORMAT ( 14 ( 1x,F7.4))"
STOP
END

NOTE. : Table {.{ and 1.2 was thought of as a matrix (N =31, M = {4)
Logit transformed data were used as input to the CORR SAS package
program to calculate correlation coefficients.

.
7.2 Correlation of taxa in Tojeira 1 section

Significant positive and negative correlation coefficents between the -

various taxa are given in Table. 7.1.

Pseudolmarckina rijasanensis, Epistomina mosqguensis and Epistomina

uhligi are known to characterize
deeper shelf deposits ( Pazdro, 1969; Gradstein, 1983; Lloyd, 1970). All
species of this group are positively correlated to one the other.

Spirillina tenuissimé fits in well and actually confirms the idea of this

o
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Specieé vreferring shallow water ( Stam, 1986 ). Spirillina infima is ’

positively correlated with Spirillina tenuissima but Spir‘iilina elongata is

negatively correlated to it. This was not really expected. However, this
correlation coeFfic'\ient. is very close to 0 and it is not significantly different

from zero.

Lenticulina muensteri muensteri is positively correlated with the

Lenticulina so. and negativelv corralated with Ecistomina SD.. Enistomina S0.
1 7 1 L +
—_

has a moderate degree of positive correlation with Epistomina rnosquensis and

a negative correlation with Lenticulina muensteri and Nodosaria/Dentalina

sp. which indicates that they are closer to the deep water assocation rather

than the shallow water one.

There is no currelation between Lenticulina muensteri ahd Epistomina

uhligi, or between Epistomina uhligi and Spiriilina infima.

Il

The group formed by Epistomina sp. and Spirillina elgngata is,

H H . * H PRI ~ +3 . s . ‘ 1
considering their negative correlations with the shallow water group, closer
to the deeper group.

The correlation coefficents of the species are usually low, but, as seen in

Table 7.1, Spirillina infima has a high positive correlation with Eoguttulina

sp.. Epistomina mosquensis with agglutinants and Epistomina mosquensis

with Eoguttulina have a hi§h negative correlation.

7.3 Correlation of taxa in Tojeira 2 section

Psedolamearckina riasanensis, Epistomina mosaguensis, Ophtalmidium

strumosum and agglutinants have a high positive correlation (Table 7.2)

&

\
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Consistent with this are the negative correlations between Epistomina

mosquensis, Eoguttulina sp. and Spirillina infima.

The group formed by Epistomina mosquensis, Pseudolamerckina

rjasanesis, Ophthalmidium strumosum and agglutinants has a preference for

relatively deeper water. A second group formed by Eoguttulina sp., Spirillina

infima and Spirillina tenuissima has a preference for shallow water.

Epistomina mosquensis is negatively correlated with Lenticulina and
Epistomina sp.

Epistomina uvhligi, Lenticulina muensteri, Nodosaria,/Dentalina sp..

Spiriliina elongata have a preference for deeper water. Lenticulina,
P 24 =L el SRR LR A

Epistomina sp. and Ophthalmidium carinatum have a preference for shallow

water as Suggested by the correlations in Table 7.2.

The result of correlating taxa within the Tojeira | and Tojeira 2

]

sections shows that the bentnonic foraminifers microfauna isthe same for
both sections, but species of Tojeira 2 are more strongly correlated than the
species of Tojeira | as seen in Tables 7.1 and 7.2.

In general, the correlations of this section, based on lcgits of proportion
values for thé species, confirm the correlations previously obtained by Stam {

1986 ) who used Drooger’s ( 1982 ) BALANC and DISTUR computer

programs.
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CHAF"TER 8: Conclusions .

In this new geostatistical approach to biostratigraphic sampling
and spatial analysis, two stratigraphic sections were studied in detail.
They are the so - called Tojeira | and Tojeira 2 sections located in
c'entr‘al Portuga;. “he geology and macropaleontology of .area have been
studied since 1880. The lithdlogy and micropaleontology have been
clearly established by Stam ( 1986 ).

For statistica!l analysis, the count is considkered to be the
numerical pr\opor‘tion of a taxon from an assemblage pf_foréminifera. It
ic characterized as a series. These series have a logical order ( from
bottom ta top or from top to bottom of sections ) and are related to
time. Time series analysis shows how a time series variable ( X, 1 can
te related to its own past values or that there may be an
interdependence in the sense that some taxon property ( its proportion )
in a c;artain sample is strongly related to the one(s) in the sample(s)
immediately below, even if the proportions of species are zero in some
of the sampies.

The ;iu;‘*ation of time from Middie to Late Jurassic age is
appro>'<imately 11 Im.y. Microfossil sémple data for this time interval
were statistically analyzed as time series. The samples plotted were

proportion values of species. At Tojeira | section. the orovortions of

taxon Epistomina mosguensis and Ophthalmisium strumosum seem to

show an increasing trend, and Eoguttulin sp. a decreasing trend towards

the late Jurassic age (Figs. 8.1 - 8.3) with Stam’s data and Figs.8.4



234

values from Tojeira 1 section. Data are

8.1 Time series of 31 Eoguttulina sp. percent
autocorrelated according to Table 1.1
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8.2 Time series of 31 E. mos

Figure

guensis percent.values -
Data are autocorrelated

from Tojeira 1 section.
according to Table 1.1
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- 8.6 with enlarged data ). At To‘jei‘ra 2 section, the proportions of

taxa Epistomina mosguensis, Ophthalmidium strumosum and agglutinants

may show an increasing trend and Eoguttulina sp. and Sgirillina-

tenuissima show a decreasing trend from Middle Jurassic to late -

Jurassic age ( Figs. 8.4 - 8.8) .
The ARIMA process, formed from a combination of
autoregressive and moving average processes, was used to calculate
autocorrelation coefficients for 14 species in both the Tojeira { and
Tojeira 2 sections ( Appendix I). _
.( Before starting the new geostatisticgl model, the data was
tested in terms of a time series model. The three time series models

1

that were céansider‘ed were the AR {p,q) ,p=1andg = 0,

' au}toregressive model, the MA (p, g}, p =0 and g = 1, moving average
model and the ARMA (p,q) p - {, 2and g =*{, 2 autoregressive and
moving average model. It was determined that only the AR (p, q) and
ARMA [ p, q ) models explained the data suitably. This was because
these two mode}s are signal - plus - noise models. .

The preparation and counting procedures play a primary role in the
magnitude of the white noise { efror }. The white noise was tested
according to t and chi - squared tests, as was tﬁe periodogram which
- was calculated by the SAS SPECTRA procedure.

If the obser'_vations gL‘n*ing the count really are random, the
statistical error may be considered to be equal to the theoretical

standard deviation of the binomial distribut_ion model. The ratio of the

theoretical standard deviation from the binomial distribution to the
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Time series of 30 Eoguttulina sp. percent values

latea

Data are autocorre
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from Tojeira 2 section.
according to Table 1.2
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Figure

8.5 Time series of 30 E:

B2

percent values

mosquensis
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standard deviation of the 'pr‘obnor*mal distribution { geostatistical model)
was calcula£ed and shown in Table 6.15.
| A good starting point for this type of modeling is to construct the

covariance of a pattern. The covariance can be converted into an
autocorrelation coefficient by using standar& statistical formulae or the
SAS package program ARIMA process.

The autocorrelation fLJnction {r)) is exponential for all directions.
The autocorrelation coefficients ( ry ) plotted along the vertical axis

s

with a logarithmic scale. The geostatistical model or the signal - plus

- . \ ‘
noise model with r = c exp.(-al) where a and ¢ are two constants

characterizing the stationary series. The a and ¢ are estimated frem a
correlogram ( see Figs.4.8, 4.13, 4.18, 4.21, 6.4, 6._5 and 6.6 ). If
noise is absent, ¢ = i and the line passes through the point r(0} = |
for zero lag. If the series consists of noise only, ¢ = 0. .
Estimated a and ¢ valués were used for thé calculation of the FL
ftjnction ( Eq.54}. The F function was also determined experimentally
by averaging an increasingly greater number of adjacent values of
species. This gave the factc‘:;rs FN calculated by the F FORTRAN
program ( see Appendix I} for relative variance of the mean multiplied
by the number of observations { N }. For uncorrelated data, Fy Is equal
to one. The FN and FL functions were plotted against the lag as an
observation and as a theoretical curve, They all show a good fit for the
species studied. ( see Figs. 4.9, 4.14, 4.19, 4.27, 4.28,4.29, 4.30,
4.31, 6.7, 6.8, and 6.9 ).

In the model used for this study, the frequency distribution of a
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Time series of 41 E. mosquensis percent values
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. Pata are autocorrelated

from Tojeira 1 section
according to Table 6.1

. Figure
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Vv

Time sereis 6f 41 O. strumosum percent values

from Tojeira 1 section, Data are autocorrelated

according to Table 6.1

Figure 8.1l1
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random variable ( Xt ) in Eq. 60 becomes a straight line if the function
is plotted on paper that has a normal probability scale both for the
ordinatz and for the abscissa representing the cumulative frequency
percentage.\If the model is good, a straight line is also obtained by -
plotting the [Ear‘obitlof the proportion value of the taxon ( see probit
transformation tables for each taxon } on normal probability paper. )
This procedure facilitates the comparison between the model given by
Eq.60 ( the theoretical distribution } and any observed frequency
distribution for a sample obtained by superimposing a grid on the
pattern and Cc-vmputing the average proportion values of groups of
adjoining original samples. |

In our statistical model study three different data sels were applied
successively to both sections.

First, Stam’s data { Tables {.1 and {.2 ) were used for application
of the geostatistical model. Nine examples of the graphical test of the
. model are‘_show@ in Fig. 8.12. These nine plots are for the previously
discussed foraminifer species of Upper Jurassic age in the Tojeira 1
section. The first set of 3 plgts is for Eoguttulina sp.. The fmean » =
0.0277 has a corresponding variance of 52 = (0.00201 for‘31 samples,

52

5 = 0.00154 for 15 samples which are combinations of palrs of
ad jacent single samples and 524 = O.OOOFSZ for 7 samples which are
combinations of groups of four adjacent single samplés. These data
vield the values of b and R shown in Fig. 8.12. The second set of 3

plots is for Epistomina mosquensis- with the mean x = 0.2247 and.

"
variances 52 = (0.01654, Szf,: 0.0123Z and 5"420.00947 for 31,.
Lo
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i

y Figure §8.12 Experimental fregquency distributions and thelir
. theoretical distributions for 31,15 and 7 values
of Eoguttulina sp., L. mosquensis and
0. Sfrumosum., The values of b's and R's obtained

From their mean and variance for Tojeira 1 secticn
with Stam's data
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15 and 7 sa‘rr.pleé. respectively. The third set of 3 plots are for

Ophthalmidium stromosum with mean % = 0.01929, and variances

52 = 0.02445, "22 = 0.00042 -and 524 = 0.00032. -

@%raext fifteen examples of the mode!l are shown in Fig. 8.13.

‘These fifteen plots of spemes of Middle - Upper Jurassic: age are for the

Tojeira 2 section.

‘The first set of 3 plof:s is for B1 { Eoguttulina sp. }. Eoguttulina
sp. has mean a equal to 0.02847 and sample variances equal o
0.00020 0.00016 and 0.0001 ! for 7, 15 and 30 samples
respectively, The second s‘et o'f3 plots is for BZ { Epistomina

mosquensis ). Epistomina mosquensis has a mean equal to 0.13840 and

sample variances =qual 10 0.01236, 0.0:038 and 0.0087 1. As shown

L1 ( Spirillina tenuissimal,

s

in Fig 8.13, the third set of 3 plots is for

the fourth set of 3 plots is for Bi{3 { Ophthalmidium strumosum) and

the fifth set of 3 plots is ( agglutinants }. Their means,

. . ' ”~
variances, b's and R’s values were aisc estimated for 7, 15, and 30

samples, respectively.
N .

The second set of data consisted of Gradstein’s data. This datd set

included seventeen sampies from Tojzira | and thirteen samples from

Tojeira 2 . In general, the ARIMA pracess requires a

mirimum of 30 samples for reliable results. Since each section had
leés than 30 s.argpﬁles the results of the ARIMA p‘rocess' on Gradstein’s
data must be considered with caution,

" Third, jan enlarged data set, which €onsisted of both Stam’s and

Gradstels data sets, was applied to ‘E@jcies for both sections.

I
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Figure 8.13 Experimental frequency distributions and their
theoretical distributions. for 30,15 and 7
values of Eoguttulina sp., I. mosquensis,

- S, tenuissima, O. strumosum and Agglutinants
for Tojeira 2 section with Ctam's data
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Nine examples as previously are explained for the Tojeira 1
section using Stam’s data only are now used for a graphical test of
the model ( Fig. 8.14 ) using Stam’s énd Gradstein’s data together
As before, the first set of 3. plots is for AZ( Eoguttulina sp.). They
now have an average value equal to 0.02202 and variances equal to
0.00163, 0000130 and 0.0C104 for 10, 20 and 41 samples, ~
respectively. The new results can be seen in Fig. 8.14. The second set

of 3 plots is for A3 { Epistomina mosquensis ) and the third set of 3

piots are for ALO { Ophthalmidium strumosum)

it may be concluded that the model given by equation ( 60 ) providés
a good fit to the data used'in Fig. 8.12, 8.13 and 8.14. The observed
data tend to lie about the line approximated by the theoretical line
described by Eqg. 60 with b and R estimated from the means and
variances of the propertion valiues.
The R values were tabulated with respect to their means and
3
variances, their logarithmic means and variances or their means and
quantities equal to ( variance/( mean { 1.0 - mean )) ( see appendix II ).
7 R values can also be estimated from plots that were c-onstructedd
according to mean and variance relationships ( Appendix Iil ).

The results shown it Figs. 8.12, 8.13 and 8.14 indicate that the
new model provides a good fit for all sampie si;‘eé. Furthermore. the
model giVen by Eg. 60 remains applicable with -aecreasing samnple size.

The T‘ojéir'a { and Tojeira Z sections were correiated with each

other using Stam’s data. Before correlation, the raw data were

transformed with a logistical transformation. Positive correlation
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X

Experimental fregquency distributions and their
theoretical distributions ( probnormal ) for 41,
20 and 10 values of Eoguttulina sp.,_E. mosgquensis
and €. strumosum with enlarged data
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does not mean that the taxa and biological environments are dependent |
on each other. It means that they have similar relations with the same
set of environmental conditions.

Epistomina mosquensis, Ophthalmidium strumosum and

agglutinants show a positive correlation ( Table 7.1 and 7.2 ).

Epistomina mosquensis has been reported from deeper shelf deposits

{ Pazdro, 1969 ). Epistomina mosquensis shows negative correlation

with Eoguttulina sp. and with Spirillina tenuissima \—uhich prefer

shaiiow water ( Stam, 1986).

. . . 3 L
Eoguttulina sp., Epistomina mosquensis, Ophthalmidium strumosum

Spirillina tenuissima and agglutinants are unigue species. The

distribution of these\taya could be of bistratigraphic values. they could
be used for correlatign between sections using the abundance data for
this species as welllas for correlation with other species within the

same samples.
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T : SAS and FORTRAN programs are used in this
project. Listing of FCRTRAN programs

l - FF FORTRAN
2 = F FORTRAN

3 - ARIMA for Tojeira 1 and 2-sections with
Stam's data

4 - rRIMA for Tojeira 1 and 2 sections with _

Gradstein's data’ ~amy
\

5 - ARIMA for Tojeira 1 section with enlarged ;

data \

) .
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105
103

KJ

102

101

00

99

98

97

96

110

DIENSION BA(30] R zg i 012213 08657533)585 {23350
DIMENSTON G g JH17

DO 110 MM=1

FORM&B ,105) N

et o e

é

Lo ]

1

o
“""""""'O
[alalalaslolelalalaleleles]lelels)

SUMHH:
DO 102 I=1,N
SUMX=SUMX+X (I}
SUMXX=SUMKX+X(I)**2
CONTINUE

DO 101 K=1,N-1

i,

SUMAA=SUMAA+A11 K)**2
CONTINUE
DO 100 L=1,N-2
§L£~Al L) +X(L+2
s N

Lothanabots

SUMBB=SUMBB+HB22 (L) **2
CONTINUE E}
DO 99 M=1,N-3

c3 M)=B2 (M) +X (M+3 @

M}B))/4 0

My={ 24M&#X 3**2

sma%ﬁmw
SUMCC=SUMCC+C33 (M
C@HDWE

£J3 £J3 §J+4)
P 150 21024 ¢ J)
SUMDD-SUMDD+ D44 Jy**2

E5(NN)=D4 NN)+X&NN+5)

RN i)

SUMEE=SUMEE+ESS (NN **2

CONTINUE -

DQ 96 Jj=1,N-6 \T

Fé Jg =E5 Jg& /sJJ+6)

UM§ éumr% % 6(J3 {\ﬁ
SUMFF=SUMFF+F66{JJ} **2
CONTINUE

SO=( SUMXX—( SUMX**2 /FLOAT(N) /FLOAT -1)
S1={ SUMBAA—{ SUMAM**2/FLOAT N~ /FLO N—2%
§2={ SUMBE-{ SUMBN**2 /FLON /FLOA }
§3=(SUMCC—{SUMCT**2 /FLOAT N—3 ZFLOAT (N-4
S4=( SUMDD— ( SUMDF**2 /FLOAT{N-4 FLOAT N-5
§5=( SUMEE—({ SUMEX**2 /FLOAT{N-5 FLOAT N-6
§6={ SUMFF—SUMFZ**2 /FLOAT{N-6 /FLOAT N-7
WRITE(6,»] S0,51,52,53,54,85,S _

(5334

R
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3 - ARIMA for Tojeira 1 and 2 sections with Stam's data



AR

EAS
ARIMM PROCEDURE

NM{E OF VAHIABLE -
MEAN QF WRKING SIRIES=
STANDARD DEVIATION -
NUMBER OE' OBSERVATIONS=

UTCCORRELATIONS

1234567891

ERNARAARAN N AN RN AN

?}23{567891

1234567485

-
Py

0.022 0,060

LAG COV?‘RIANCE CORRELATION =1 9 87 654321
o 21.782 1.00000
1 -1.72933 ~-0.07942 L
2 3,91989 0.17996 hbudald
’ 3 1.36552 0.061269 L
. i 139808 006409 ) . .
5 0.476232 0,02186 .
6 1,31162 0.06022 . *
1 0.798186 0,.03664 *
8 1,1767 0,05402 "
9 1.07484 0,04935 . 4 .
10 -1.22516 -0.05625 . * .
, ' MARKS TWGQ STAND ERRORS
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 987 6 543121
1 0.D08837
2 -0.152 2 LLa
3 -0,08739 L1
4 -0.02719 L4
3 0.01360
5 -0,02652 -
7 -0.04160 L
. 8 -0,06B838 -
9 -0.02290 .
10 0.07444 . "
PARTIAL AUTOCORRELNTIONS
LAGCORREL&TION—ISB?GSl:!Zl
1 -0.07942
2 0.17475 . nrk
3 0.09172 L&
4 0,04602 *
5 0.00317
£ 0, 03885 »
7 0.03329 "
8 0.03971 -
9 0.0382% I
— 10 -0.07885 ae
~. -
AUTOCORRELATION CHECK FOR WHITE NOISE
TO CHI AUTOCORRELATIONS
LAG S{OUARE DF PROB
] 1,82 6 0.935 -0.079. 0.180 0.063 ©.064

270
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.

i) HOO

[=1V-1-_L P Ay

COV%%IANCE CORRLLATI%N ~1987654 3 11 ?

WL b ~] O LN ©3 00

-0,9

[y

[=3¥-7--L81- AT ¥ J

[

4

CHI
SOUARE
i7.22

-Ea

1.0
0
o,
'
0
0

OODHQUO&
o

(=]
[
w

.014

s

ARIMA PROCEDURE

HAME QF VARIAD.

MEAN OF WORKING SERIES-

STANDARD DEVIATION

NUMBER OF OBSERVAT!GNS-
AUTOCORRELATIONS

I
L1

[ -

Sad 00 o
»

a2 O o L= LN GO

hved Wl -0
o O ML

UL o ol b N D €O b=t LA
@ oVD s D VD L

ERNAAART

iR
L3

: "
. ' MARKS TWO STANDARL
INVERSE AUTOCORRELATIONS

CORRELAT oN 1987654321
0.39887

f

A2
2 77097
713 .

1234567891
AR AN AR NNRR R AN
EANRRANE AR
saeny
ANRE KR
T
s

L ERRQRS

123456785951

wkh

ER 3 B

PARTIAL AUTOCORRELATIOHS

CORRELATION -1 987654 J 21

T

1234567891

ERERRARREN

nrawan’
»

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

DE

EROD
6 0.009 0.489 gigﬂg 0.322 0.288 0.087 -0.001

[-Y=t=l-T-]-T=l=log-}

.252356

12:42 MONDAY, OCTOBER 5, 1987
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e

000

Vo=t hin
Oy B L e b= s b WD O
wo

S W L U
It o D e e
[=1:-TNIT-1T AN 1

[
DWQQG“‘U&M‘OE
[
»
b
=
=

coooooooaor

.07804

-0, 05880

-
AwuHE

e 9
-
ownm~iain

g CDRRELAT}%N -1%98765 i 11 1 9

hulﬂﬂg
QOOQ:MBQOD
(=]
A
L=
L
-~

[=2'-L--L - At
1

-

CORRELATION =1 9 8 7 6 5432 1

ARIMA PROCEDURE

OF VARIAB

OF WORKING ans )
ARD DEVIATION = 12,6522

NUHBER OF OBSERVATIONS= 31
AUTOCORRELATI

IONS

.-

. .
' MARXS TWQ STANDMUL

COVARIANCE CORSELATION 71 938 3 6 5 4 3 21

Al
22,471

1234567891

EANEANAEARAAAANREREN
AANEAARREN
ARWEARRRARA

wRASARS

LELL

.

L4

"R

L L]

e

-
ERRORS

INVERSE AUTOCORRELATIONS

l"ﬂ'll'
AKAE

-
RAN

1234567891
. A}

LR}
ARw
k&

LA

PARTIAL, AUTOCORRELATIONS

"
L1

1234567891
RRRRANRE AN
ALaRmtAs

AUTOCORRELATION CHECK FOR YMITE NOISE
AUTOCORRELATIONS

TO CHI

6 586 46 5 D 000 0.459 0.532 0.365 0.201 ©0.175 0.093
BAS 12142 MONDAY, OCTOBER 5, 1987
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s IR R N




NF*OE

=

[=17-1--ToP- YT 3]

g
z
[
hnag

0 ] B O (D AL ] s bl
[NTS1 i B ) et et 00D el i 0 D B
y 1
[—Y=]=T=T=Teleld—1=
Lat
[--}
b
(L
o]

[
[=1¥-1.- T8 [-\E T 3

=

- ‘
OO D = Ch LN Lt bt

STANDARD DEV O - .
NUMBER OF OBSERVATIONS= 1
AUTOCO!

CORRELATION -1 987 654321 '1 2345

Q4615

. 00280

0

0

o,
0.32729
0

0

RRELATIONS

e
1) s
AREAN |
ARNE

AN
AERRA
L 1]

: e .
.! MARKS TWO STANDARﬁ ERRCRS
INVERSE AUTOCORRELATIONS
COXRELATION =1 9 8 7 6 5 4 312 1-0 1234567891

. REWAN .
AARAER

I;'.ﬂ'ﬂl
AW
akkw

LE R 3

PARTTAL AUTOCORRELATIONS
CORRELATION -1 987 654 321012245678591

-
L1
e .
. RARAANK
NIl 11]

“nn

LL}

N -
. MERWE

AUTOCORRELATION CHECKX FOR WHITE NOISE

LAG SQUARE DF

PROB-
6,75 6 0.345 -0,003

AUTOCORRELATIONS

0.061 -0.201 0,122 0.28% -0.178
SAS

=
0.175605
0.179607
0,180281
0.187337
0,189864
0.203543
0.208527
0,211693
0,221617
0.232782

12142 MONDAY, OCTOBER 5, 1987
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LAG IANCE CORRELATION -1 9 8 7 6 54321 23 y
9 14,7016  1.00000 HS3.3.40.05.0.004
13,3136 0.21860 . . wann
2 -2.91795 -0.19848 U weas
3 -3.B6058 -0.26260 T mxsaw
g -4.18162 ~0,20443 , RARBEN
=1.53857 -0,10465 . . bl
& -0.B32851 -0.06073 . . "
g ~0.395661 -0.02631 , . *
1.14899 D.076815 - . L
9 0, 11892! 0,00809 . .
10 0,53068 0,03542 . - .
' .' MARKS TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS
LAG CORRELATIOH -1 9 8 7 6§ 5 4 32 13
1 0.46397 B 1 ---::2-1-5 67891
P 0,.62334 . ENAARBASARAE
3 0.5107 EEEARAMNRW
4 0,50650 ERARRAREAS
5 0.35377 ARERANN
6 0.32722 ARRANEN
7 0,.25312 LI
1] 0.,13863 1Y)
Ed 0.12349 n
10 0,09072 T
PARTIAL AUTOCORRELATIONS
LAG CORRELATION -1 9 87 6 543121 12345
1 0,21060 . LEL LI 67831
2 -0.25862 . ERARN
- 3 ~-0.17046 . “nw
4 -0,26489 . mEERw
5 -0.10707 "
& -0,23353 anken
7 =0.19589 L]
8 ~0.13432 L]
9 ~0.26045 nRRAN
10 -0.1p116 HRAN
AUTCCORRELATION CHECK FOR WHITE NOISE
™0 CHI - AUTOCCRRELATIONS
LAG SQUARE DE
6 9.19 6

MARIMA PROCEDURE

NAME OF VARIAB

MEAN OF WORKING SERIES-

STANDARD DEVIATION -

NUMBER .QF OBSERVATIONS=
AUTOCORRELATIONS

PROB
0.163 0.219 -0.198 -0,263 -0.284 0. 105 -0.061
! SAS 12:42 MONDAY, OCTOBER 5, 1987
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"
omc:-dmm-wuHOE

e
- 4
y
! .
H
ARIMA PROCEDURE
NAME OF VARIABLE AS T
MEARN OF womtmc suur.s- 10.2419
. STANDARD DEVIATION 5,9591
Nmmm or oasmvmlms- 31 -
- UTOCORRELATIONS
covmmczcoanm.xnou—1987654321012345 7891 5TD
15.5108 1, 00000 AR ARREARNN IR AR v}
713813 0.21619 . LEELS 0,179605
-2.21072 -D.06415 . . * .+ 0.187961
-12.2193 -0.34410 RLLLEL L 0.188635 .
1.7834 0.05022 : . * 0,207891
7.55795 0.21284 . LLLL 0.208283
-2.76041 ~0,07773 . bt g.215183 ~
~9,98317 -0.28113 LLLLL L e 0.216087
-3,3978  -0.09568 . L 0,22758
3.65937 0.10305 . - 0.220874
9,38114 0.35418 . L 0.230366
: .' MARKS TWO STANDARD ERHORS \
INVERSE AUTOCORRELATIONS
LBGCORRmTIm-198765{321?1231567391 .
1 0.29908 LA ]
2 -0,38703 -‘ltt-lt
3 0.54935 ) . SARRARARE AN ‘ -
4 -0.04219 . o
5 -0.36353 SERANAN .
6 0,263237 . . e
7 0.10517 . LL]
g -0,16990 . wew . |
9 0.07907 . s R :
13 -0.01973 . .
-
PARTIAL AUTOCORRELATIONS ) i
I.n.GCOELRELAIUN-1987651321 12345678691
1 , 21819 I
2 —0.11535 . . i Lt
1 -0.32337 LAmanan .
i 0.232505 . wheaw .
5 0.14637 . (L]
& -0.35507 EARRARE .
7 ~0.13750 . was .
8  0.35138 : areae | N
9 -0.127126 . wew .
10 0.03779 *
AUTOCORRELATION CHECK FOR WHITE NOISE
TO (uI AUTOCORRELRTIONS
LAG SQUARE DF PROB .
[ 8.21 6 ©0.223 0.218 —g‘.\gm -0.344 0,050 0,213 -0,078

12:42 MONDAY, OCTOBER 5, 1987



LAG COVARIANCE CORREMTIM -1987654321

Q T.923293 1.00000 ARAAE R A AR AR AN AN
1 1,10392 0.13933 nan
-0, 0376046 ~0.00348
3 1.32244 0.15443 - e
4 =1.0 -0,.13780 e
5 0.,754833 0.09527 == .
6 =0,727153 -0.09178 il .
7 ~0,B413242 -0.10618 -
8 =0.607848 -0.07672 e
9 -1,96481 -0.24799 Lhdd .
10 -1.67154  -0.321097 . nEnm .
. ' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS
LAGCORRELATION—19B76543219123-I567591
1 .35413 thAANA LD .
2 . 40548 EERRAANR
3 —0.37965 wEnqsens .
4 0.37481 . ARERRER
5 - -0.30921 JEEARER .
6 0.35903 LA
7 ~0.14434 e
N 8 0.15599 e
9 0.003262 .
10 10, 16411 . LA
PARTIAL AUTOCORRELATIONS
IMCORRELATIOH-ISB?GSl!Jl~1234567891
1 0,13933 e .
\ 2 -0.02335
A 3 016133 e
4  -0,191717 LAl L
5 0,16925 LLL]
6 -0,20026 rEAw
7 0.03173 -
- il -0,.18538 ookl
9 -0.11470 . bdd
10 ~0.25130 . WERAW
AUTOCORRELATION CHECK FOR WHITE NOISE
v CHI AUTOCORRELATIONS
LAG SQUARE DP PROB
6 2.95 6 0.814 54 -0,138 0.095 -~0.092

ARIMA PROCEDURE

NAME OF VARIABLE
HMEAN OF WORKING- SERIE.S-
STANDARD DEVIATION Ll

NUMBER OE‘ OBSERVATIONS=
UTOCORRELATIONS

0,139 ~-0.003 0.1
SAS

A
4.73548

4.81477
il .

1234567891

oDooooORO0

12:42 MONDAY, OCTORER 5, 1987
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o
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ARIMA PROCEDURE

NAME OF VARIABLE - AB
MEAN QOF WORKING SERIES= 2,13871
STANDARD DEVIATION - 1.28557
NUMBER OF OBSERVATICHNS= 31
AUTOCORRELATIONS
COVARIANCE CORRELATION ~1 9 8 7 6 54 321901234567 8191 5TD
1.6527 . 1.00000 WANERAARK RN AR AR RN 0
0.679093 0,41090 i . ARARARA 0.179605
0,107905 0,06529 . * . 0.207728 .
-0,36514 ~0,322094 . okl 0.208389
=0.119194 ~0.07212 . I 0,215811
=-0,0759129 -0.04593 - . - 0.216589
0.0579618 0.03507 ' * 0.216903
0.322502 0.19514 Y wARA 0.317084
0,265222 0,1604 B hdald 0.2232673
0.0828116 0.0501 . - . 0.226373
-0,298475 -0.1B060 Ly RAAw . 0.22673
.' MARKS TWO STANDARD ERRORS
INVERSE aumcongam'rxms
LAG CORRELATION =1 9 87 6 54 32101234567 829]
1 -0.42496 ERRERREN . 4
2 -0.10749 . wu .
3 0.37182 . LALALLE)
4 ~0.21712 LEERE R .
5 0. 04671 . "
6 0.13220 anw
7 =0,16498 raw
] 0,04037 .
9 =0.04314 *
10 0.06562 »
PARTIAL AUTOCORRELATIONS
LAG CORRELATION =1 987 654 3 212 1234567891
1 0.41090 . FRARARES !
2 - -0.12459 . . . —
3 ~0,24432 . WERAK .
4 0.16168 . LA A
5 -0.08013 . bl .
6 0.00688 . .
7 0,.26953 . waAka
2 =0,.07833 . *
9 =0,03590 »*
10 =0.10181 -
AUTOCORRELATION CHECK FOR WHITE NOISE
TO CHE . AUTOCORRELATIONS
LAG SQUARE DF PROB /
6 B.02 6 0.237 0.411 0.065 -0.221 -0,072 -0.046

12:42 MONDAY, OCTOBER 5, 1987
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\
} ‘
i ARIMA PROCEDURE
B : NAME OF VARIABLE A9
HEAN OF PDRKING smns- 3.16774
STANDARD DEV 6.59889 P
R O CBSERVATIONS= EJ 1
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 87 6 54 3310123456753 S§TD
[+] 43, S454 1. 000040 ARRANEANRRARNNAARRAN Y a ' J
1  2.3g836  0.03899 . . . 0.179605
3 132893  0,03052 . . . .180223
3 14,1353  0,25581 . e 0.100336
i -6.02295 -0ll3adl L e 0.191741
5  2,81535  0.06467 |. . * 0194933
6 -1.73948 -0.04041 " 0.135623
7 -4.63303 -—0.10653 . el 0.195333
8 75166  0.17301 . LLLL] 0.197733
9 -0,0426226 -0, 00098 : . . 0.202856
10, -1.93853 -0.04433 : . : 0.202856
,' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS
.
mclcomrfgggm—19evss¢321 1234567891 '
2 004762 *
3 -0.28028 Jeanwwn .
1 0:13639 . LL LI :
5 -0.01623 . " :
© 6 0.13458 . wan
7 0.01087 .
8 —0.113M4 e
9 -0.03875 ! .
1@ 0.08062 : : ’
5 )
) PARGEAL AUTOCORRELNTIONS -
LAG CORRELATION -1 987 6 54232101334567851
1 0.05899 . " .
2 0.02713 . * .
1 0.253m . CLLALE
i -0.170877 L owman .
5  0.08433 . w
§ -0.12817 Lo omw : —_—
7 ~0.00705 .
5 8 0.14075 . wne w
° 9 0.03408 T »
10 -0.04747 .

AUIO:ORREZLATION"C!E’:K" FOR WHITE NOISE

TO  CHI AUTOCORRELATIONS

LAG SQUARE DE .
6 3,50 6 D.'H'I 0.059 0.031 0.3256 -0.138 0,065 -0.040

: SAS 12:42 MONDAY, OCTOBER 5, 1987



ARIMA ‘PROCEDURE

NAME OF VARIABLE

MEAN OF WORKING SERIES-
STANDARD DEVIATION
NIMBER OF OBch?IéVATI(JHSE

COV%EIAEEE CORRELATION -1987654321

: *

,' MARKS TwO s'rmnmL ERRORS
INVERSE humoonmuxons
coaam.xrggu~198765i

-1 234567891

SARPANERARRAAANDAE
.l.l"l.

L] 'l'.‘i-
WAARAA

*Rw

ARNEAN

--Jt

e N -

1234567891
wRERRE
-
LL]

PARTIAL AUTOéBRRELATIONS
CORRELATION -1 9 87 6 54321
40527 .

1 2 J456 7 891

EAREN
I
II'II".*'

AUTOCORRELATION CHECK FOR WHITE NOISE

LAG

0 .97819 1.00400
1 1,42279 0.40517
] 1,18283 0.19746
3 2.97305 0.48733
4 1.5424 0.332491
5 0,788303 0.13186
6 1.52585 0,25534
7 1,10028 0.18405
.8 -0.0387607 ~0.00648
9 0.736675 0.12323
10 0.282735 0.04729

LAG

1 -0.412
2 0.28358
3 -0,34462
b 4 0.04717
5 -0.10078
6 0.09321
.7 -0.15191
a 0.17082
9 ~-0,13653
10 0,09781

LAG

1 0.405
2 ¢.04023
3 0,48425
4 -0,04037
5 =0,00047
[ 0.02176
7 =0.06657
8 -0.11777
9 0.08271
10 -0,14693

™ Ol
i}

ARE DF
[

PROB AUTOCORRELATIONS
0,001 0,405 gaégﬁ 0.497 0,325 0,132 0.255

Qoo Oooo0o

279
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ARIMA PROCEDURE

NAME OF VARTABLE - All
MEAN OF woaxznc SERIES=  7.80968
ST EVIATION = 7.16498
NUMBER OF P G SERVATIONS= 31
UTOCORRELATIONS |

LAG COVARIANCE CORRELATIOH -1987654321 1234567891 5TD
Q 51,337 . 00000 AREEERANNNRAREANNORR 1]
1 26,3863 0.51398 . AERARENE AN 0.179605
a3 13,0168 0,25356 R LI . 0.22204
3 9,36743  0.18637 : aman | 0.231192
4 =1 ,5746  -0.06962 . b . 0,3355988
5 -;.5117 ~0.14632 awn . ¢.21663
6 3727 -0,04632 . * 0.23955
7 -1,99501 -0,03886 . . . 0.239838
f ~7.45035 -0,14513 il . . 0,340041
3 -7,73027 -0,15058 . aw . 0,242855 ~

10 -3.14883 -0.06134 . L4 0,245948
. ' MARKS "TWO STANDARD ERRORS
INVEASE AUTOCORRELATIONS
LAG CORRELATION =1 9 8 76 54 3 2101234567891
1 -0,38910 Rt wEEEw .
2 0,00328 . .
3 -0.24165 . , Wumg® .
4 0,.24735 . Ldedallad
5 0,08416 . Lokl
6 -—-0,08533 . =
1 -0,10398 . e
8 0.04695 . *
9 0.13012 . okl
10 -0.06893 b
~
PARTIAL AUTOCORRELATIONS
LAG COHRELATION -1987654 3 a1l 1234567 8 91
1 0.51398 AARARREAER
3 -0.01144 .
3 0,08371 . L .
4 -0,26738 . WAARE . -~
5 =0.02047 . . )
] 0.09151 .o okl
7 ~0.01603 .
8 -0,19356 . WREE
9 -0.08524 . bl
10 0,10330 . wa
AUTOCORRELATION CHECK FOR WHITE NOISE
T0 CHI AUTOCORKELATIONS
LAG SQUARE DF PROB ~ . \

6 13.66 6 0.034 0.514 gi§54 0.186 -0.070 -0.146 -0,046
12:42 MONDAY, OCTOBER 5, 1987



ARIMA PROCEDURE

NAME OF VARIAD AX2
MEAN OF WORKING SmIl‘L‘S- 3,91613
STANDARD DEVIATION 4.929328
NUMBER OF OBSﬂ"WATIONS- 31
MITOCORRELNTIONS
LI\GCOW\RIANCECORRELA’PION-19B7654\]21 1234567891
L58071 1.00000 PARTARANRRANNERNA AR
1 l .29B19 0.50091 ARRRAERNEN
] 1.17676 0.13714 LT R
3 -0.9562835 -0.11221 e
it Qi
[ -~1.8985 -0,33779 T
7 =-2.55518 -0.2977 amaAa
g -0.618964 -0,0721%! =
El 0.143681 0.0167 N
10 ~0.374912 -0.04369 . hd
* MARKS TWO STAND. ORS
INVERSE AUTOCORRELATIQNS
LAG CORRELATION - -1987654321 12345678591
1 -0.26717° LLLLA .
2 0,09241 . ol
3 0.15864 . i
4 0_0879% e
5 0.16314 L]
6 -0,00021 .
7 0.24339 wREae
8 -, 04734 -
9 0.06288 -
10 0.19271 ke
/, PARTIAL AUTOCORRELATIONS
-'mGCORRELATIDN-lSB?G.')l]?l 1234567891
1 0.50091 ARERANNEES
2 -0.15188 Ll
3 -0.15750 nnn
4 -0.1088B6 LL L
5 -0.18326 wEwE
6 -0,12673 mrn
7 -0.19568 aEER
8 0.06038 *
9 =-0.15329 . wAN
10 ~0.27604 JEAARER

B3
u30
T

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

(M3
6

PROB
0,001 0.501 giéJT -0,112 -0,284 -0,36% -0.338

s
-~
3i-3
Ty -1v)

[-T=1-1-T=1-T=J=)-1=
f=y=y Y. 1. 1Y)

OV WK ER Oy

Ch kb Lk et

12:42 MONDAY, OCTOBER 5, 1987
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ARIMA PROCEDURE

NAME QOF VARIABLE - Al3
MEAN OF WORKING SERIES= '2.16452
STANDARD DEVIATION - 5,7633
NUMBER OF OBSERVATIONS=

LAG COVARIANCE CORRELA’
33.3849 1.0000
14.6964 0, 44154
4.73734 0,14333
7.90004 0.23735

20103 0,156126
44458 0,04340
-0,763471 -0,023191
-1,17215 -0.035232
=1.01493 =0.03049
-1.01704 -0.03056
-1,34970 —0.04055

F=1V-1.. L8 1 YE F AR STyt

=

:
E
£

- g
s
OO0 Cwd VLA Ll i = £ [=17-1--T81- 10 T AN] N
1 | O L
Q CcCOoooooOoOoO0

(™)

TG CHI
LAG SQUARE
6 10,44

Tl ) ) Pk a0 G2 S 2 WD

AUTOCORRELATIONS

TIgN 1987654321

» %%

INVERSE AUTOCORRELAT

-1987654321
EARARRAS S

: nEENw

L1 L]
13T L2
AN

L]

IONS

PARTIAL AUTOCORRELATIONS

COR%ELATIDN -1987654321

123

. * :
.* MARKS TWO STANDARD ERRORS

012 34567891

TITI

12345670891

2..'- :

-

4567891 ST

ARARRRANAEAARNANNANAR
RENARRAAN

(=]

I MIRIRI . RIRIRI
- W @R OD

SO000 Qo0D

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

DE

£

PROB
6 0.107 0.442 0.142 0.337 0.2156
. SAS

0,043 -0,033

M 11:42 MONDAY, OCIODER 5, 1987
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CSUD~SANMIMNHD

s

!

7. P T T TR A TN

LAG COVARIANCE CORRELATION =1 9 8 7
78.4676 ,00000 .

ARIMA PROCEDURE

3
NAME OF VARIAELE - Al
MEAN OF WORKING SERIES= %6 gg

STANDARD

DEVIATION
NUMBER OF OBSERVATIONS=
AUTOCORRELATIONS

[ e
[=]eYelolalaleteloleloy

UL B - o e

[
LA LN I WD L 8 G e Lk
2D b b e et O Lk R Y
O O B bD 4D 33 (O D
A ] Ll s Ll LN Lt S GBS

1

. MARKS TWO STANDARD ERRORS

654322101234567891
AEEANAN R AR R AR NN AR
LT
L1 N
ERERN
TRAEARARNAS
L]

TRx

INVERSE AUTOCORRELATIONS

£

OUEIAWNE WM -0

CORRELATION -1 9 8 7
~0,11838

SO0 0 W - O

0
-0
=0

0.

0.
-0

0
-0
-0

[

. PARTIAL
CORRELATION <1 9 8 7
0.14417

3

CHO@ IS LI H
&
<
Cad
@
=
~3

[y

65543232 % 1234567891
" L .

. -
ZIIITEL]

AUTOCORRELATIONS
6342321 1234567891
. wrw .
LR 3] .
ARARARE
R

"

LR 4
arhE

AUTOCORRELATION CHECKE FOR WHITE NOISE

TQ  CHI

AUTOCORRELATIONS

LAG S?UARE DF _PRCB
[ 0.45 & 0,107 0.l44 -gﬂé‘? 0,234 ©.429 0.036 -0.025

'3

Soococooooon
»
[ %]
-
—
D
w

. 230077

12:42 MONDAY, OCTOBER 5, 1987

283




ARIMA PROCEDURE

NAME OF VARIABLE -

MEAN OF

WORKING SERIES=

STANDARD DEVIATION -
NIMBER OF OBSERVATIONS=
AUTOCO

I LIS

[alalolalelelel=
R ATl B
N 1 1 E D e ie S
1
O00oDDLOAOGH
=] r
w
%)
(=]
¥

—
nﬁam~40ﬂn¢u¢upua

E

K]

[=1t-1--L [ A0, E ARy S [
|
<
»
(=]
o
-
o

=]

L% '

RRELATIONS

LAG COVARLIANCE QDRRELATION 19876543121

v

WRAARNAS

: Ew
RS )

ERww

1234567891
AERAANARARERAAA AR CARN
AaEmaAAwR
I
wann
ARERRRN
ARERRRR
ERANRE

.' MARKS TWO STANDARD ERRORS

INVERSE AUTOCORRELATIONS -

CORHELATION ~1 9 B 7 6 54321
-0. 35597

1234567891
-

arnmw

-
-

PARTIAL AUTOCORRELNTIONS

3

c.
0.1218%

[=1%-1--L0 1. 10 P A KTS ]

st

CORRELATION -1 9 8 7 6 5 '
46545 : 4321

rhwnunaN

RN
*

34567891

12
REARABAAD
'

AUTOCORRELATION CHECK FOR WHITE NOISE
*AUTOCORRELATIONS

© 1A8 sgime op
6 59¢.55

o

PROB
6 0.000 0.465 gigl2 0.215 ©.356 0.353

[—]—J=lasla]e]=]=}=]=]

.282872

1

12:42 MONDAY, OCTOBER 5, 1987
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ARIMA PROCEDURE

T HAME OP VARIABLE B2
KEAN_OF VORKING SERIESS 13,84
STANDARD DEVIAYION = 11,1162
RULDER OF OBSERVATIONS= 0
AUTGCORRELATIONS

LAG COVARIANCE connzLAmION -1987654321¢12234567891 STD
0 123_57 1 no l‘.'ﬂ.l.t'lt'.lill‘ 0
1 82,6732 0.66904 EREREARNREN RS 0.183574
2 73.32918 0.59312 Anwdans 0.251345
3 65,7658 0.53212] 0.204324
4 44.4355 0.35960 0.334823
- 36,0074 0.29139 AEERAR 0,337832
6 31.5637 0.25542 . wanaw 0.346109
7 19.0184 0.15391 - Ll 0.3532336
8 16,5733 0.13411 . . R 0, 35457
9 9, 96005 0.08060 . " 0.356257

10 -3.74567 -0.03031 , , . 0.356864
,' MARKS TWO STAND ERRORS |
INVERSE AUTOCORRELATIONS
LAGCORRE!ATIUH—].BBTGS!:SQI 1234567891
1 0. 24444 EaRR . ;
2 -0.16458 L =em .
3 =-0.10472 ., Wasa .
o4 0.08161 . " .
5 0.07836 . e . -
& =0,02635 . " .
T 0.02726 . b
g =-0,07548 . L
g -0,06415 " 1
10 0.10547 L ;
PARTIAL AUTOCORRELATICNS
LAG conRELaTIoN 198765 4 12101234567891
1 6690‘ AANRAAANKRAASN
2 0.25311 . . ELLIL
3 0.12389 . LL
1 -0.17430 . "
5 -0,02600 -
& 0.06208 L _
7 -0.05618 " ™
8 0.01632
9 -0.05145 *
10 -0.14598 wen

AUTOCORRELNTION CHECK FOR WHITE: NOISE
O CHI . AUI‘OCORRELA\TIONS '

LAG UARE DF  PROB
. L360 0.2 0.255
6 SQ'I.S’:) 6 0.000 0,669 0.533 D 532 0.3 91 12142 MONDAY, DER $, 1987



LAG COVARIANCE
:1326

.
[
DD ) O L2 B - D
“
- B
[={T.Y-SNT. S F AR OO0 @~ OV L I

S
[

0
6

CHI
LMAG SQOURRE

286

-
ARIMA pp.ocmunz:\'“

HNAME OF VARIASB
MEAN OF 'WDRKING SmII‘.‘S-

STANDARD DEVIATION -
HIRMBER OF OBSEIVATIONS-
AUTOCORRELATIONS
CORRELATION -1 9 8 7 6 543 2101234567891

1.000

B3
3.92667
§.01049

kL

ARARKRANRERRRANRRRN A

0.04201 . "
. "

L QgB1S ‘ . .

"wd
-a

. 05050 . » :

.' MARKS m's'rmm-;;anoas'

INVERSE AUTOCORRELATIONS

CORRELATION—1987651321T1234567891
L]

[~Ys]slslole]le]e]-]e]
bt b et b b o

-0,04220 .

0,06401 f N
=-0,03641 . . .
. 6 . we .

e
(3]

PARTIAL AUTOCORRELATIONS
CORRELATION -1 9 87 654321012345678591
, 04201 . * .

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

DF  PROB
0.71 6 0.994 0,042 —gag98 0.004 -0,068 0.045 0,042

12:42 MONDAY, “ocron\im 5, 1987

\

i )
1



. ' . 287

ARIMA PROCEDURE

NAME OF‘VAR‘IBELE B4 o~
4 MEAN OF WORKING SERIES= 0.78
STANDARD DEVIATION - 1.1791
NUMB OF OBSERVATIQNS= a0
AU:I‘CCORRELATIONS
MGCOVARIANCECORREIATION-IB3765432101234557891 STD
0 1.3902 1.0a000 ARRAAARLAAARANANRAAR 0
1 0,219053 0.15756 . i 0,102574
2 D0.0451067 0.03244 B . . 0,187052
3 16 0.33890 . FARRRER 0,187239
4 -.00145333 -0.00105 ' . 0,206677
5 ~0.0313 -0.902244 0,206677
6 0,175253 0.12606 o 0.206758
7 ~.00469333 =-0,00338 0.2092305
§ —-0,0341733 -0, 02458 . 0.209306
9 0,1592547 0.13850 ' . wew 0.309{03
10 0.0543233 0.03908 . AR.LL' . 0.21243
.' MARKS TWO STAND ERRORS
* INVERSE Al RRELATIONS
I,AGCGRR.ELATION-1987651321 1234567891
1 —-0.33335 . WEASE . B
2 0.1185% . e
3 -0.33148 e— WRANEEE
4 0.12301 e
’ 5 —0.04440 . w
\‘?? 0,05921 . .
-0,02410 .
] 0. 04745 »
9 -0,08985 "
10 -0.00517
-
PARTIAL AUTOCORRELATIONS
LAG CORRELATION ~1 98 7 654321 1234567891
1 0.15756 . bl .
] G¢,00781 . .
3 0.34108 : . REARRRY
1 TRk Do '
& 001399 VAN
7 D.01224 ey N
] -0.01454 : f )
9 0,11015 . bl
10 ¢.00620 .

AUTOCORRELATICH CHECK FOR WHITE NOISE
0 I AUTOCORRELATIONS
LA%' SQE.\RE DF

PROB
.60 6 0.470 0.158 0.032 0,339 -0,001 -0,022 0.126
SAS 12: 42 MONDAY, OCIOBER 5, 1987
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owo~ muu-uu»-cg

[

NAME OF VARIABLE

ARIMA PROCEDURE

MEAN OF

F WORKING SERIES= 4.
STANDARD DEVIATION - 2.

NIMBER OF OBSBW'ATI(RIS‘-
UTOCORRELATIONS

CO\'ARI&NCE CORRELATION -1 987 654331
4. 34766

1.00000
0,709677 0.15674

-1.67178  -0,36924
-0.614223 -0.13566
0.292387 0.06458
0.139454 '0.03080
0.213731 0.04721
-0,0601248 -0,01338
-0,643481 -0,14212
=-0.52241 -0,11538

[
0.0617407 0,01364

[
OUMDQU“F‘U‘HJE
[—TaY=T-1=1/l1-1_1=]

(=

[~

(2]

L)

»

ﬁUNHE
o

WP m~Ithin
i
[=
(=)
n
I
w
w

t

L]
'l""t
L3

lll'ﬂ".

» B

12334567891

WARBANRA DA RN RN RRERN

' MARKS TWO STANDARD ERRQORS
INVERSE AUTOCORRELATIONS

-1987654321 1234567891
anen

PARTIAL AUTOCORRELATIONS
CORRELATION =196 TEI43310%
0. 74 aw

234567891

AUTOCORRELATION CHFCK FOR WHITE NOISE
AUTOCORRELATICNS

T CHI
LAG SQUARE DP
6 6,42 6

I

AN

@

DWW L Bl by

oo00 o_oooe
BIRIRIR 30 R R
= ) O

|

Ol S0 O
LISl

PROB -
L3 .157 -0, ~-0.136 G.065 0.031 0,047
0.378 0.1 Shgsg 3 12:42 MONDAY, OCTOBER 5, 1987
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Mﬁhﬂﬂ‘og

[=10-1. L0 -

1

locQoo

hutr TS L e
WD DO

]
e ol LN -
Ll Lt 3 1L E
1
(=]

1S

o0 O
i O Oy ED L
[=]

g

—d CALA e LI D = O

-
owe

hLJLHﬂE
1

[
£ D ~d Ch LN
]

o

CHI
SQUMRE
6.18

B2

_0.

1 1
[=]-1-T=1~]1=]y=]

HOOOMNMD

ARIMA PROCEDURE

NAME OF VARIABLE BS

STAND.

CORRELATION -198765 l 321

,01110

ok had seod bt b

NS o had L O Lad
umwcmuumo:

) DR

F KORRIN" c!RIES-
'ANDARD DEV -

NUMBER OF oasmvumns- T30
AUTOCORRELATIONS

o -1987654321 T'l 23456

\ N T
' ' YT

: AARRAN
. =

. . :
' MARKS TWO srnmuuL ERRORS'
TNVERSE AUTOCORRELATIONS

Tlltl
TRAWN

L]
AREW
ARER
L]
an

PARTIAL AUTOCCRRELATIONS

-a
R

* -
anann

[l

AARAR
"
LL]

AUTOCORRELATION CHECK FOR WHITE NOISE

DF
6

P
0.

AUTOCCRRELATIONS

ROB
392 -0.130 -0.096 0,103 0.020
SAS

1224567891

108 ~1 987 65 4 3 2 1 p 12345678%1

0.192 -0.300

=YY= 1-1-1-1 -1 1=
i
-]
I
(%)
(=]
h

,212231

12:42 MONDAY, OCTOBER 5, 1987
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ARIMA PROCEDURE

NAME OF VARIABLE By
MEAN OF HORKING SERIF.S— 2.75667

STANDARD DEVIATION = 1.,574512
v mmm oF DBS!.'RVATINS- 0
AUTOCORRELATIONS
LAG COVARIAN CECORR.B!ATION"].BB?554321?123!567891 ! STD
0 - 2.4791% 1,00000 ANAREREARARRRANRA NS o
1 -0,51)739 -0.20642 — LAl . 0.183574
2 1,01654 0.41407 RRNARARW 0.190194
3 =-0,.437066 =D.17630 enn . 0,218184
4 0.5]7315 0,21690 LLLA) . . 0,.222082 -
5 -0.248813 ~0.10036 . . .~ . 0,22981
6 _ 0.31268 0.12613 ' \ K T 0,231267 .
z -0.330349 -0,35107 , WERRANE 0.233548 &
-0,33409 -0,13508 . (1] 0.250522
9 =~0,209986 -0.08470 . b 0.252939
10 -0,288159 -0.11623 . o 0.253082
. ,* MARKS TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS
LA&;CORRE%:%S{EN-].BBT65432101234557091
F -0:37525 YT
3 0.02035
4 0.03499 L
5 =0.21618 LA
6 -0,11661 . :
7 0.36096 nEERANE
B8 0.19961 LA AL
9 ~0,09582 n
10 -0,00428
PARTIAL AUTOCORRELATIONS
LAG CORRELATION =1 9 87 6 54 32101234567691
1 -0, 20642 . wmmA .
2 0.38800 . LLLA LA L
3  -0.05353 . L] .
4 0,03618 . "
3 0.01862 .
[} 0,01705 .
7  ~0.35606 bbbl b
a -0.371236 WARARAAR
9 0,14940 wna
10 0.00678 {
--..\I !
}\UTOCDRRFLRTION CHECK FOR WHITE NOISE
TO CHI AUNCDRRELA\TIONS
LAG SQUARE DE

PROB
6 11.16 6 0©.084 -0.206 0,414 -0.176 0.217 -0,100 ©.126
SAS 12,42 MONDAY, OCTOBER 5, 1987
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NAME
MEAN

ARIMA PROCEDURE
OF VARIABLE

OF WORXING SERIES~ 2,73
3.06

STANDARD DEVIATION -
NUMBER DFAS%SERVATIONS-

9.33089 . 00000

=
QW@\MHH‘EH”‘OQ
]
»
ol e 3 G0 Laid i LU AD B
HUROM WD G
e LT A0 Gl o = LA CD R
QW MAWODWOW
1 1
(=] -1 Y=T=T=T=T=T Y] o
'
o
e
o
(=]

cmmqmutuukg
1
'o
-
n
-
>
=]

[

CORRELATION -
0.24111

ﬁulﬂ‘g

OCORRELATIONS

CDVARIA‘NCECORHEIATICN—ISB?65‘32101234567891

o
. "
.t MARFL THO STHHDANL

L WNRAER
AREAW
L]

. -
R LLE

PARTIAL AUTOCORRELATI

Ll

LR L]

[=1F-1-~L o]
o
™
R
-~
N
wn

[

IVFASE AUTOCORRELATIONS
CORRELATION -7 5 87 6 54 31 1?
-0, 39149

-1 987654321 1
~

AN AANENAN KRR ARANS
RREARAN

“anw .

[T 221 L

-

[ 1

ERRORS
12334567891

ONS
2345678931

RAXANER
E 2
kW

LA B
AkR

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

T0 CHI
LAG SQUARE

DE  PROD .
6 8.7¢4 6 0,189 0.341 gigll 0.277 0.047 0.105 -0.050

[T X--T=101
DN ~RO

[=Tat—T-T-]a)=t=1-]=]
[
S
Lad
[

.23176%

12:42 MONDAY, OCTOBER 5, 1987
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,ﬂ’ . , ARIMA PROCEDURE
NAME OF VARIABLE ng
MEAN OF wonxruc ssnxes- 3.17
STAN 1.47313
NUHBER or DBSERVATIONS- 30
UTOCORRELATIONS N \
LAG COVARIANCE CORRELATION ~1987654321p12 34567891 STD
0 2.1701 1. 000 AEAEANNARERAARAARARE 0
1 -0.29153 -o. 134 . waw . 0,182574
2 -0,515617 -0.242:1 R LLLL . 0.18584
3 0,0997767 0.04598 . 0,196081
i ~0.483353 ~-0.22204 rune . L, 19644
5 0.46615 0.2148% ELLL I 0.204635
6 0.34162 0.15743 " 0,212018
7 ~-0.2673717 ~0.12316 - . 0.215879
8 -0.32724 ~D.15079 wx . 0.218208
9 -0,0766367 -0.03531 . » . 0.221655
10 0.246932 0.11379 . " . 0.421042
. '.' MARKS THO STANDARD ERRORS
. INVERSE AUTOCORRELATIONS
LAG CORRELA TION -1 98765 4 1210 1 : 34567891
1 0.12628
2 0.20686 . ------
3 ~-0.02893 . . . . ,
1 0.25037 . A
5 -0,11637 . LA .
6 0.00631
7 0.023441 . »
8 0.135900 : . wuw
9 0.01242 .
10 -0.03098 .
.
PARTIAL AUTOCCRRELATIONS
Lag connz&a$§gﬂ T19871654332 1 1'234567891
2 —0.26504 . ----t .
3 -0,03373 - . .
4 -0.31135 LTI . .
5. 0.15251 . aaw .
6 0.08178 . okl
1 0.03100 - *
8 -0.19181 wan
9 -0,02789 *
10 0.03916 *
p . .
AUTOCORRELATION CHECK FOR WHITE NOISE
T™ CHI aumoconnz;amzaus
LAG squnnz pF _PROB
6 27 F 0.297 —-0.134 -0.242 0. 046 -0,222 0.215 0.157

\\ 12:42 MONDAY, OCTOBER 5, 1987




s
s
P
1
ARIMA PROCEDURE
NAME OF VARDABLE = = Blo .
MEAN OF WORKING SERIES= 1.75
STANDARD DEVIATION =  2.43143
NUMRER OF OBSERVATIONS= 0
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 8 7 6 54 32101233 4567891
u 5'91163 1'00000 ! EAANRENERANARAAEARENS
1 115308  0.19488 aane
2 1.47583  0.24964 arunn
5 1,435 o0.23911 o Pt
i 0,314867  ©0.0537) .
5 152342  0.25789 o
§ 0.533667  0.10043 e
7 ildt442 0’18005 wunn
8  0,916667  0.15506 e
3 0,00891667  0.00151 : :
™0 0.0386333  0,00657 : '
. MARKS THO STANDARD ERRORS
- INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 53 2101234567091
1 " -0.08506 T A i
3 60,1094 =
3 Zel13373 wne
1 0.03585 --
- 5 -0.14349 sun
§ 0.02797 .
7 ~0.13112 van
8 -0.07434 .
5 0.04813 "
18 0.10i13 "
PARTIAL AUTOCORRELATIONS
LAG CORRELAZION 719 87 654321012345678391
1 0.19448 . LTI R
2 0.32002 waen
3 0l17291 X e
i -0,06315 : "
5 019172 : see
& 000800
T o0.1018] : .
@  0.02725 : "
5 -g.Da45a : T e,
1 -0.11571 . *e
AUTOCORRELATION CHECK FOR WHITE NOISE
0 CHI AUTOCORRELATIONS
LAG SQUARE DE  PROB
§ 88" 0305 0.195 0,350 0.239 0.053 0.258 0.100

293
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0 301, =3 00Q00 AN AR RAR RN AN AAAR R
1 403,829 0.67692 Anmanasannantr
2 185,139 0,51485 AANERSARELNR
3 175.348 0.58234 REARARARAANS
4 137,343 0.42291 bdababinbi
1 142,935 0,47469 . hdodebatnldatialel
S #hn 918 ; S| me
"R
8 28,4353 0, 09443 p e
9 1.6;364 o.oogw _\—""
10 -5.76119 -0.01913 .
.' MARKS TWO STAND, ERRORS
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 87 6 54 3210
g COR 59519 1331 1134567891
2 0.13276 . [T L]
3 -0.31940 LLLLL] .
4 0.31233 e LLLLLLN
5 0.36177 LALLA L L]
6 .09598 LT
i =0.07369 »
8 D0.16188 T
5 =0,05473 .
10 0.02759 *
PARTIAL AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 5 4 32:101234567891
1 0.67692 AR RN ER RN
] 0.'28910 LLLITE N
3 0.182490 LLLL]
4 -0.15411 L1
5 0.20868 . anws
6 -—0.23593 . weAww
7 -0.12502 . e
8 -0.22517 , peAww
9 0.04611 . L
10 -0.04606 L -
AUTCCORRELATION CHECK FOR WHITE HOISE
™ I AUTOCORRELATIONS
LAG UARE, D PROB
6 9.22 6 0,000 0,677 0.615 0.582 0.423 0.475 0,307
: SAS
@

ARIMA PROCEDURE

HAME OF VARIABLE - B11
MEAN OF HORKING SERIES= 25,7533
STANDARD DEVIATION - 17.3525
NUMBER OF OBSERVATIDNS- 30
UTOCORRELATIONS

oN -1 987654321012345670891

.384737
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ARTMA PROCEDURE

NAME. OF VARIABLE Bl2
MEAN OF WORKING S!IIIL‘S- 3.06667
STANDARD DEVIATION 2.19884
NUMBER QF DBSERVATIONS- 30
AUTOCORRELATIONS ,

LAG COVAR IANCE CORRELATION -1 9 8 765432101233 45678891
0 .B3489 1.00008 ARNARRNAR AT AR RN
1 0.954185 0.19735 aaw
2 ,13293 0. 44115 ArAANEANE
3 0.564889 0.11684 . an
4 0.0463963 0.00958 .

5 -0.402852 ~0,08332 . "N
G -1,.87056 -0.2868% Jmmramanw
7 -0,359481 -0.07435 o
A} =1,37507 —0.28441 LLLA L
g 0.456444 0.09441 . e
10 -0.600593 -0.12432 . ol
.! MARKS TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS
. LAG CORRELATION -1 987 6 54321 O 1 2 3 456789° 1
1 0.048776
2 ~0.34865 wawERAN
3 ~0.37417 LALLLLL]
4 =0,10116 *n
5 0.12671 . ARR .
6 0.36373 - . ARAARAN
7 0.04028 L
) -0,11128 L
9 -0,17617 L]
10 0,08286 L 4
, PARTIAL AUTOCORRELATIONS
LAG CORRELATION —~1 9 8 7 6 54321 133456
1 0,19715 . FAAN 7891
r 0.41850 . nREARARR
3 -0, 02067 N .
4 ~0,23528 . WeERw
5 -0.13688 . Lhdd
[ -0.36804 AEAANAR
7 0.15339 . A
] 0.10261 . wh .
9 0.27290 ., LT
10 -0.13705 . nax
AUTOCORRELATION CHECK FQR WHITE NOISE
™ CHY AUTOCORRELATIONS
LAG SQUARE DF  PROB
6 14.70 6 0,023 0.197 0.44% 0.117 0,010 -0.083 -0.387

(=l -i=l=d=]=]=]=

V3

O -
B R RIRIRI R

G ol . B3 B B ED ED
WML WO D

0 LN DA LN e Rd L ek ALY D
et O 2 e b B et LA LR a
SO DO~
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COV.BRI%!;CE CORRELATION

ARIMA PROCEDURE

NAME OF VARXAB - Bl3
MEAY OF WURKING SERIES= 11,25
STANDARD DEVINTION - )9 .35617
HUMBER OE‘ OBSEWATIMS- 30
{rPOCORRELATIONS

—1937654321?123!567891

7 78 1.006000 AN ARARANEARERANANW
69,0171 0.78043 ARAEANARANBENR R
53,5328 0.61154 ARRARARARNAR
56.5819 0.64637 ANRRANRN
51.97173 0.59377 ARARANANNERD
31,1163 0.36688 ew
26,1013 0.29817 "

44.1731 0,27614 ERRAAN
11.6783 0.13341 raw
-1,97825 -0.02160
-7.87917 -0,09001 "

CORRELATION 1987654321

[ "

OW D~ et h=0) O\DQQG\W#UUHE
] ] [
[=] DOOODOQOQ

pory

CORRELAT}%N =19876 542321 T
. "

~d
-3

‘n2591 »

INVERSE AUTOOCRRELATIONS
12345676891

ARNEAARNARD AN
LA L]
. "
ANAREARR .
AEARMANNR

ARAE

PARTIAL AUTOCORRELATIONS
1234567891

BARKARARRERANTERN
NEARAARAR

. A AN
ARRENNN

L omwekx

a .
rann R ‘.

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

% 0,612 0.646 0.554
SAS

PROB
6 0.000 0.7688

0.367 0.298
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*
ARIMA PROCEDURE
NAME OF VARIABLE - Bl4
MEAN OF WORKING SERIES= 10,4167
STANDARD DEVIATICH - 4.89027
NUMBER OF OBSERVATIONS= 30
AUTOCORRELATIONS
COVARTANCE CORRELATION -1 9 8 7 6 54 32101234567891 - STD
41,9147 - 1,00000 AARRREABR RN AL AN RR R a N 0
12.4696 0.52142 AARTRERE NN ' 0.182574
9,11081 0.3B8515 EARRARAR 0.226845
9.81681 0.41049 LALLM 0, 349685
7.29857 0. 30519 - 0,26941
4.39513 0,17961 0,280698
3.497489 0.14637 0.284502
0,223169 0,00934 . 0.286998
-0,771685 ~0,03227 . = 0.287008
3.53575 0,14785 . L) 0,.1871219
=-0,452436 -0,01892 . 0.3289656
' MARKS TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 3 87 6 54 32101234567891
1 =0,31%10 ELEL .
2 =0.01593 .
3 -0.10536 bl .
4 =0.13177 Ll
5 0.06135 *
&  -0.00749
1 0,.05631 *
8 0,.18166 . LAt
9  =0,28651 Ll
10 0.10810 *w
1]
PARTIAL AUTOCORRELATIONS f
LAG CORRELATION -1 9 8 7 6 5 4 3 2 1 1234567891
1 0,52142 . ANasnERR AR
] 0,15557 . e
3 0.22490 . wRaR
4 -0.00035 .
3 -0.07980 LA
6 -0.02123
7 -0.16427 waw .
8 -0.02753 . " .
9 0.27932 . LLLEL LN
10 -0.15514 . naw .
AUTOCORRELATION CHECK FOR WHITE NOISE
O CHI AUTOCORRELATIONS
LAG SQUARE DF  PROB
6 25.61 6 0.000 0.521 0.385 0.410 0,305 0.180 0.146 hd



4 - ARIMA for Tojeira 1 and 2 sections with Gradstein's
data
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NAME, OF VARIABLE = Al
MEAN OF WORKING SERIES= 1.15882
CTANDARD DEVIATION = 1.63529
NUMBER OF OBSERVATIONS 17
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION —1 9 8 7 6 5 4 3 2 1 1234567891
0 2.67419 1.00000 : - AEKRAXKAKARKRRAR KA A KK
1 0.686302 0.25664 . EREK K . .,
2 0.496583 0.18569 . bkl .
3 1.10119 0.41178 . REKKKK KK
4 —0.07552 =0.02824 . *
5 =0.268423 =0.10038 . . bl
6 -—0.188695 -0.07056 S *
.' MARKS TWO STAND ERRCORS
“ INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 87 6 54 3 21 12345678¢91
1 =-0.12821 . %K .
2 -0,02767 . *
3 -0.46485 JRERRF R AR RN
4 0.10400 . *K
5 0,06690 . *
6 0.13544 . L
PARTTAL AUTOCORRELATIONS o
LAG CORRELATION ~1 9 8 7 6 54 3 2 1 1234567891
1 0.25664 . KR KK K .
2 0.12828 . *kk
3 0.36714 . KEAKKKK
4 -0,25633 . Ik Kk K
5 -0.17154 . X *x
6 =0.18741 . KKK

AUTCCORRELATION CHECK FOR WHITE NOISE

‘TO  CHI AUTOCORRELATICNS
LAG SQUARE DF  PROB
6 6.42 6 0.378 0.257 0.186 0.412 -0.028 -0.100 -0.071



NAME OF VARIAB a2
MEAN OF WORKING SERIES= 21.6412
STANDARD DEVIATION = 11,8928
NUMBER OF OBSERVATIONS— 17

UTOCORRELATIONS

LAG COV%R%AN%% CORRELATI%N -1.987654321

U= WO

T0O
LAG SQUARE DF
6 .48

1513

:%%.0548 _9: 13179 L wwx

x

Z4.20078 -0.02970
4.50278 0,03184
~-5.85604 —0.04140
-31.831 -—0.22505 .
.' MARKS TWO STAND

INVERSE AUTOCORRELATIONS

1234567891

RERKKKEIXRXRNKANAATERKNR
L2 5 2.4

x
LA 50

ERRORS

LAG CORRELATION =1 9 8 7 6 5 4 3 21 1234567891
1 -0,38177 L kRREAKER .
2 0,26639 . ARRKR
3 -0.12548 : . * ko
4 0.10370 . *k
5 -0.08331 . *
6 0.17286 . * kK
Y PARPIAL AUTOCORRELATIONS
LAG CORRELATION -19876 5 4321 1234567891
1 25 974 KAKXN .
2 —0 23138 kR KKK
3 0,09094 *k
4 -0.02217
5 -0.04675 *
6 -0.21617 KXKK

AUTOCORRELATION CHECK FOR WHITE NOISE

PROB :
6 0.747 0.270 —0,142 -0.030

S

AUTOCORRELATIONS
0.032 —0.041 -0.225
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NAME OF VARIABLE = X
MEAN OF WORKING SERIES= 6.40588
STANDARD DEVIATION = 5.68118
NUMBER OF OBSERVATIONS= 17
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION =1 9876543210123 456718291
0 -—32.2758 1.0000
1 —1 97734 —0.06126 : . *
2 2ﬂ95346 0.09151 | . *%
3 5.42415 0.16806 . T2
4 -6.07136 -0.18811 . *okkK
5 —-8.05679 -0.24962° LEE A
6 =13.7782 -0.42689 L RREERER AR
Lt MARKS TWO STANDARD ERRORS
. _ INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 987 6 54321012 3 4 567891
1 0.30357 . LR A
2 -0.13706 . *xn
3 -0,29889 . *okk Kk Kk
4 0.10453 . x%
5 0.32608 . EREKKKKN
6 0,.33585 - . T T T ]
PARTIAL AUTOCORRELATIONS
LAE CORRELA%%%N -1 9876 5 4 32 1 01234 5 67891
2 0.08808 . %
3 0.18064 . KEKK
4 ~0.18192 . Rk KK
5 -0.32762 . O RRXXEXK
6 —0.55264 KR AKKAKAXN XK,
" AUTOCORRELATION CHECK FOR WHITE NOISE
TO CHIL AUTCCORRELATIONS

LAG SQUARE DF
6 6

8.82

PROB
0.184 —0.661 0.092 0.168 -0.188 ~0.250 —0.427

AEKEREAK KA A A A AR A AR K
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NAME OF VARIABLE =

MEAN OF WORKING SERIES= 0,28

STANDARD DEZVIATION = 0,72

NUMBFR OF OBSERVATIONS=
AUTOCORRELATIONS

AEEXEKRKRARERKRRKE AL R

COVARIANCE CORRELATION -1 9 8 7 6 54 3 2101234567891

1.00000
~0.01055 .
-0.15508 . KKK
-{.12839 . .
0.15962 - .
-0.15718 . KKK
—0.16654 R

.' MARKS TWO STANDARD
INVERSE AUTOCORRELATIONS

L. 5

ERRORS

LaG COR%ELA%%?N -1987654321 0*1 234567891

1 03
-2 0.13275
3 0.21052
4 =0,07173 *
5 0.18067
6 0.13800
PARTTAL AUTOCORRELATIONS
LAG CORRELATION =1 987 6 54 3 2 1
1l -0.01055 . .
2 -0.15521 . bl
3. -0.13519 . *HK
4 0.13530 . .
5 —0.20316 . TRAK
6 —~0.15596 - Ll

‘TQO  CHI
LAG SQUARE
6 .3.01

AUTQCORRELATION CHECK FOR WHITE NOISE

DF
6

AUZOCORRELATIONS
PROB
0.807 —0.011 —0.155 -0.128 O.

kK
Kkkx

xRk Kk
* kK

1234567891

L&

160 -0.157 ~0.167
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NAME QF VARIABLE = A5
MEAN OF WORKING SERIES= 14.5647
STANDARD DEVIATION = 5.4932%

NUMBER OF OBSERVATIONS= : A
AUTOCORRELATIONS .
LAG COVARIANCE CORRELATION —1 9 8 7 6 54 3 2101 2345678391
0 30.174 1.00000 AARRARAXEEAKXEAXER AR R K
1  -7.01419 . -0,23246 b . EXEKN :
2 -0.62423  =0.02069 .
3 2.02853 0.06723 . *
4 -9.33289 —0.30930 T T r T T
5  0.530222 0.01956 .
6 8.3642 0.27720 . : AARK KR
.' MARKS TWO STANDARD ERRORS
» INVERSE AUTOCORRELATIONS
LAS CORRELATION ~1 9 8 7 6 54 32 1012345678091
1 0.20588 . EARE L
2 -0.05378 ~ : *
3 0.07858 . xx
3 0.26487 . *AxxR
5 0.00316 .
6 -0,21255 . *RKK
PARTIAL AUTOCORRELATIONS .
- LAG CORRELATION ~1 9 8 7 6 54 32 1012234567891
1 =0.23246 _ - T :
2  -0.07899 LN
. 3 0.04646 |. ;. *
4 —0.30199 - . KREKER
5 -0.13775 . T
. 6 0.26070 . AEkkR
] )
_ AUTOCORRELATION CHECK FOR WHITE NOISE
70  CHI AUTOCORRELATIONS
LAE SQEAQE PROB

6 0.440 -0.232 -0.021 02067{70.309 0.020 0.277

N
\
N



LAG
0

AU LWk

Ny

NAME OF VARIABLE = A6
MEAN OF WORKING SERIES= 2.41176
STANDARD DEVIATION = 1.31412
NUMBER OF OBSERVATIONS= 17
AUTQCORRELATIONS
COVARIANCE CORRELATION —-1 @ 8 7 6 54 3 21 1234567891
1.72692., 1.00000 AAAERAIRARRRANKRANKRK K, K
0.763244 0.44197 TAKKXRRER
-0.072473 -0.04197 x| -
-0,481824 -0.,27901 LEE LA
—-0,333424 -0.19307 RAKK
0,0297171 0.01721 . ‘
0.124865 0.07230 . *
| .' MARKS TWO STAND. ERRORS

INVERSE AUTOCORRELATIONS

LAG CORRELATION -1 9 8 7 6 54 3 2 1

-0.43875

UL Wb
L=
o
h
=

PARTIAL AUTQCORRELATIONS
CORRELATION -1 9 87 6 54321
0.44197 .

'1234567891

*

* K

*
* %

*

LKRAEERK KK

N
g

W

1234567891

EXXXXKKK
ok ok ok x
kK%

* W

AUTOCORRELATION CHECK FOR WHITE NOISE

LAG
2 —0.29491
3  -0.16966
-4 0.02709
5 0.06389
6§ —0.06758
TO  CHI

LAG SQUARE DF
6 6.86 6

AUTOCORRELATIONS

PROB
0.334 0.442 —0.042 —0.,279 —0.193 0,017 0.072

304
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o
NAME OF 'VARIABLE AT
MEAN OF WORKING SERIES" 2.72941
STANDARD DEVIATION = 2.1687
NUMBER OF OBSERVATIONS= 17

AUTO CORRELATIONS

i 234567891

RRELATION -1987 6 54321
1.00 ARERARKAXAKAARRRRRRN
1 -0.0227498 -0.00484 *
2 -0,925361 —0,19675 LR R L
3 -1.59756 -0.33967 *rRK KKK
4 0. 03235? 0.00688 .
5 -0,35676 —-0.07585 . *x
6 -0.129821 -0.02760 . *
. ' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 54 32 1 1234567891
1 0.39905 . KAKRNRKKX
2 0.42832 KRk RREK K
3 0, 49050 ********k*
4 0.19623 « *H kX
5 0.21231 KRAK
6 0.15815 - Tk K
PARTIAL AUTOCORRELATIONS .
LAG CORRELATION‘—I 987654321 1234567891
1 -0.00484 N .
2 ~0.19678 . *x KK
3 -{(},35554 XKAKKRKK
4 ~0.07108 *
5 -0. 26194 REKKK
6 =0, 25259 XXX
AUTOCORRELATION CHECK FOR WHITE NOISE
- TO CHI AUTOCORRELATEGNS
LAG SQUARE DF PROB
6 3.67 6 0.721 ~0.005 -0.197 ~0.340

e

r

0.007 -0.076 —0.028

308
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NAME OF VARIABLE = Ag
MEAN OF WORKING SERIES= 7.09412
STANDARD ,DEVIATION = 4,53878
NUMBER OF OBSERVATIONS=. 17
AUTOCORRELATICNS
LAG COVARIANCE CORRELATION =1 9 8 7 6 54 3 2 1
0 20,6006 1.00000 .

0.22949 . KRXKK
=0.03860 . ®
-0.00902 .
-0.26893 - . rEXAK
-0.2053% . . FRER
-0.17735 Laladadad

AL LIRS

TO

4.72761
=0.79519%4
—0,18575
-5.54001
-4,23105
=3.65351

AU LD G)

LAG CORRELATION -1 9 8 7 6 5 4 3 2 1

[« JE NN

LAG SQUARE
6 4,95

.' MARKS TWO STAND ERRORS

INVERSE AUTOCORRELATIONS

0.24780 | .
-0.15264 . T3
0.26483 . KKKKR
-0.00675 .
0,.14920 . L

PARTIAL AUTOCORRELATICNS

0.22949 :
~0.09634 . *%
0.02430 .
-0.29442 . . KXK KKK
—0.07585 . **
—-0.18121 *x XK

\V,J

AUTOCORRELATION CHECK FOR WHITE NOISE

AUTOCORRELATIONS

DE  PROB
6

12

L% 3 &

34567891

AAXRAAKXAAERERKNKNARANK

p-.

CORRELATION -1 9 87 § 5432101234567 1891
-0 24570@ : \ kKKK ) g

12345678291

*hkkk

&
0.550 0.229 -0.039 -0.009 -0,269 -0,205 —-0.,177
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NAME OF VARIABLE A9 ;
MEAN OF WORKING SERIES— 3.14706
STANDARD DEVIATION =  3.33363
NUMBER OF OBSERVATIONS= 17
AUTOCORRELATIONS -
LAG COVARIANCE CORRELATION $387654321012345678901
0 1 1131 1 00 EAEKKAAKKXKAANETAANK LKL
1 -3.12923 —0.23153 . EEIRRX
2  0.370916 0.03338 . *
3 -3,p17 —-0.27148 : . XXX
1 0.334046 0.03006 . *
5 -0.891586 '—0.08023 . *%
6 i.18718 0.10683 . *%
\ ; .' MARKS TWO STAND ERRORS
\ / INVERSE AUTOCORRELATIONS
\J |
LAG CORRELATION -1 $ 87 6 54 3 21 234567891
1 0_51174 . *****t****
2 0.38165 . ARKERKAR
3 0.39483, ) . RERXERKR
4 0.23210 . KXKRE
5 0.16276 . L | xxx
6 0.05390 . *
PARTIAL AUTOCORRELATIONS
LAE COR%E%%E%ON -19876 5 4321 1234567891
* kK
3 —0.04986 . * : ~
' 3 ~0.30014 L ERERAR )
4 —0.16052 . Kxx .
5 -0.18010 - ) ARk .
& —0.08077 . *x . '
AUTOCORRELATION CHECK FOR WHITE NOISE (‘
¥
TG  CHI AUTOCORRELATIONS .
3 SQUARE DF  PROB )
s 3.86 6 0.696 —0.282 0.033 -0.271 0.030 -0.080 0,107

. 307
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NAME OF VARIABLE = Al0
MEAN OF WORKING SERIES= 3.4
hd STANDARD DEVIATION = 3.29349 .
NUMBER OF OBSERVATIONS= 17
AUTOCORRELATIONS

LAG COVARIANCE CORRELA&ION 1987654321 1234567891
10.8471 1.00000

0 . ] HRKERERRERKKERERRRER
1 3.67412 - 0.33872 . HRER KKK

2 3,52882 0,32533 . ERIRKKK

3 0.995294 0.09176 . *% .

4 ~=1.1952% =0.11020 . *x .

5 =1,05412 -0.09334 . *r .

6 -—-0.149412 -0.01377

.' MARKS TWO STANDARJ!) ERRORS,

INVERSE AUTOCORRELATIONS *
LAG CORRELATION -1 987 6 54 321 1234567891
=0.12361 *x .

1 . .

2 -0.38734 . REXAXKXK

3 -0.06015 . * .

4 0.24724 . FTT T ) .
5 0.07393 . * .

6 -0,12352 . X%, ) %

PARTIAL AUTOCORRELATIONS
LAG CORRELATIgN T1987°65432101234567¢8291

1 0.3387 kxkEKkK
2 0.23789 . ' T21L3

3 -0.08717 . *%

4 -0.23041 . +k Kk

5 -0.01366 .

6 0.16058 . LR

AUTOCORRELATION CHECK FOR WHITE NOISE

T0 CHI * AUTQCORRELATICNS
LAG SQUARE DF PROB
6 5.34 6 0.501 0.339 0.325 0.092 -0.110 —-0.095 -0.014



P el

NAME OF VARIABLE A
MEAN OF WORKING SERIES= 14.42
STANDARD DEVIATION = 7.032
NUMBER OF OBSERVATIONS=

. AUTQOCORRELATIONS

LAG COVARIANCE CORRELATION -1 9 8 7 6 54 3 21 1234567891
0 49.4 1.00000

11
35
41
17

547 AAEKKKAXKARKNKARR A XA N K
1 0.644812 0.01304 .
2 4,94326 0.09996 . *k
3 -0.633246 ~0.,01280 .
4 ~7.33985 =0.14842 . ok ok
5 =12.558 ~0,25393 P KRRk
6 -16.3663 =0.33093 EXRKK KK

.' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 87 6 54 3210123456789 1

1 0.18872 . xRk

2 -0.02%07 _ . *

3 —0.02585 . *

4 0.10697 . * %

5 0,25151 . el
6 0.27632 . KEXK KK

PARTIAL AUTOCORRELATIONS .
IAG CORRELATION -1 8 8 76 54 32101234567891

1 0.01304 .

2 0.09980 . *x
3 -0.01544 :

4  -0.15969 . *xx

5 -0.25656 I

6 -0.33594 . REkRERR

AUTOCORRELATION CHECK FOR WHITE NOISE

TQ  CHI AUTOCORRELATIONS
LAG SQUARE DF PROB
6 5.72 6 0,455 0.013 0.100 -0 013 -0.148 -0.254 -0,331
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LAG

Sk lo o

LAg SQUARE DF

NAME OF VARIABLE = Al2
MERN OF WORKING SERIES= 60588
STANDARD DEVIATION = 6.50325
NUMBER OF OBSERVATIONS= 17

AUTOCORRELATIONS
COVARIANCE CORRELATION =1 9 8 7 6 54 3 21
, 2923 1.00000

—6 11872 -0.14468 . * k%

~8.38865 —0.Y9835
—-1,09246 -0,02583
-8.35198 -0.19748

7.22092 0.17074

-4,75818 -0.11251 . *%

. ' MARKS TWO STAND
INVERSE AUTOCORRELATIONS

LAG CORRELATION -1 9 8 7 6 5 4321
1 . 28760

. 43729
. 20307
. 30856
. 02857
.16185

e 2
OCNDQCDO

PARTIAL AUTOCORRELATIONS

LAG CORRELATION -1 9876 5 4 321
-0, 144 KRk

-0, 2239f

~0.28798
0.05283
-0,22173

[= (R PNy N ] e

*k Rk

L 5

. XK
~0.10039 . *%

LR & &

kK *xX

1234567891

KERKEKRARKEEKAKEL R KKK

%ok

ERRORS

12345678291

ARRARK .
EITT T
*hkKE
HRKKRK

*

xh®

1234567891

AUTQCORRELATION CHECK FOR WHITE NOISE

TC  CHI
.41 6

oROE AUTOCORRELATTONS
0.756 —0.145 -0,198 -0.026 -0.197 0.171 —-0.113
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’ NAME OF VARIABLE al3
MEAN OF WORKING SERIES=  3.28834
STANDARD DEVIATION = 4.60395
NUMBER OF OBSERVATIONS= 17
. AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 8 7 6 54 32 1012345678691
0 21.1963 1.00000 HHRKEKERIK KKK KKK XK K
1 6.96954 0.32881 ARKRRXR
2 2.68746 0.12679 xHK .
. 3 -1.21996/ -0.05756 *
4 -4.9442 -0.23326 Y . XX KR
5 -=2.81963\ -0.13302 S xax
6 -0,211018\ -0.00996 LT~
.' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS -
LAG TATION -1 9 8 7 6 5 432101234567891
1 ,-0:23231 *ERXER .
2 -0.12077 *x
3 -0.01969
4 0.19486 *RAx
5 0.02428
6 —0.06713 *
PARTIAL AUTOCORRELATIONS
LAG CORREIATION -1 9 8 7-6.54 321 012345678291
1 0.32881 ~N AEREEEE
2 0.02094 .
3 -0.11807 *%
4 -0.20845 KEKE o
5 0.01896
6 0.07759 xx
AUTCCORRELATION CHECK FOR WHITE NOISE
TOQ CHI AUTOCORRELATIONS
LAG SQUARE DF  PROB
i 6 4.44 6 0.618 0.329 0.127 -0.058 -0.233 ~0.133 ~0,010
-
”‘\x\
i ks b/
L] 4-‘\\
N

W
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NAME OF VARIABLE = Al4
MEAN OF WORKING SERIES= 12,3882
STANDARD DEVIATION = 10,2683
NUMBER OF OBSERVATIONS= 17
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 8 7 6 54 32 1 0 1 2 34567891
0 105438 1_00000_ THERL KRR TRk k ok kR %
1 21.6447 0.20528 . rEKK
2 —4,39074 -0.04164 . *
3 ~8,37037 -0.07939 . xk
4 -0.807299 -0,00766 .
5 -17.6811 -0.16769 , LR 2
6 -28.1517 —-0.26700 . R KKK
.! MARKS TWO STAND ERRORS
INVERSE AUTQOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 54 32 1012345672891
1 =0.15208 . Lk .
2 0.05062 R *
3 0.11229 . * %
4 -0.04696 . *
5 0.09117 , *%
6 0.19157 .ot *AK K

PARTIAL AUTOCORRELATIONS
IAG CORRELATION -1 9 8 7 6 543 2101234567891
0.20528 : % -

LE ]

1 .

2 -0.08747 . * %
e 3 -0.05485 . *

4 0.01880 .

5 -0.18809 . * XAk

6 -0.21330 . el

¥
AUTOCORRELATION CHECK FOR WH%TE NOISE
TO CHI AUTCCORRELATIONS
LA ARE DF PROB
g SQg.SQ 6 0.692 0.205 —0.042 —0.079 -0.008 —0.168 -0.267



LAG

UL W RO

NAME OF VARIADLE Bl !
- MEAN OF WORKING SERIES— 13.5615
STANDARD DEVIATION = 12.6542

NUMBER OF OBSERVATIONSo 13
AUTOCORRELATI@S‘ , ,
2101234567891

COVARIANCE CORRELATION —1 9 8 7 6 5 4
0.129 1.00000

******************‘k_*
—0 878516 ~0.00549 .
-42.7192 -0.26678 . el
-69.7566 ~0.43563 . KERIERANK
-14.6981" -0.09179 . %
47.7994 0.29851 . hhKL XK
32.498 0.20295 *hxK

.' MARKS TWO STANDARD ERRORS
" INVERSE AUTOCORRELATIONS
LA% CORRE%%EEON -19876 5 432101234567891

KRKKKRKKKRKXK

0
2 0.45188 . AEEKRKKKAKN
3 0.43911 ' . HRRKKKKKK
4 0.23761 . KhRER ;
5 0.04899 . * . -~
6 0.05282 . * ; ‘

;
PARTTIAL, AUTOCORRELATIONS I '

LAG CORRELATION =1 98 7 6 5432101234567891
—0.00549 .

1 . .

2 -0.26682 . KEX AKX
3 ~0.47261 L ORRAXRAKAK
4 -0.31109 . HRAXEKX
5 -0.03116 . *
6 -0.09025 . xx

AUTOCORRELATION CHECK FOR WHITE NOISE
TO CHI AUTOCORRELATIONS
LAG SQUARE DF  PROB
6 B.46 6 0.206 -0.005 -0,.267 —0.436 —-0.092 0©.299 0,203

313
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" NAME OF VARIABLE

u

MEAN OF WORKING SERIES= 0.346
STANDARD DEVIATION = 0.397
NUMBER OF OBSERVATIONS=
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1987654321
0 0,15787 1.00000
1 -0.0376195 -0.23829 . ekl
2 -0,0174875 =-0.11077 . *x
3 -.00688711 -0.04359 . *
4 .0.0223623 0.14165 . ,
2 —0.0342513 -0.21696 . XX
6 0.0293127 0.18568 .
. .' MARKS TWO STAND
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 8 76 5 4 321
1 0.25588
2 0.22695
3 0.1122] v
4 -0.03220 . *
5 0.11236 .
6 -0.10546 ‘ . *x

PARTIAL AUTOCORRELATIONS

LAG CORRELATION —1 9 8 7 6 5 4321
-0.23829

AKX KR

-0.17764 , KAk %
=0.12810 s kk K
0.08263 .
~0.19695 . Tkokx
0.12355 .
=

314

1234567891

********************_

KKK

*hkk
ERRCRS

L234567891
RAK % .

L &5 3
* X

*x

1234567891

£

* %

* %

AUTOCORRELATION CHECK FOR WHITE NOISE

1 “~
2
3
4
5
6
TO CHI
4 LAG SQUARE .DF
6 3.72° 6

AUTOCORRELATIONS

0. 715 —0,238 ~0,111 -0.044 o,

142 -0.217 0.186



N

LaG  SQu DF  PROB
6 5.35 6 0.500 0.471 -0.042 -0.190 0.117 0.162 -0.050

NAME OF VARIABLE = B3
MEAN OF WORKING SERIES=  18.3385
STANDARD DEVIATION = 21.2601 ;
NUMBER OF OBSERVATIONS= 13
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 8 7 6 54 321012 34567891
0 451,99 ,’1.00000 AEKEKAALRKKRKKRKRKKRRT RN X
1 213,069 [ 0.47140 KRRKRKKRR |
2 -1B.7645 0.04152 *
3 -85.7151a -0.18964 RrA
3 52.6769 0. 11854 *x
5 73.360 0.16231 . *rk
§ -22.3497 -0.04967 p *
.' MARKS,TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS ' )
LAG CORRELATION -1 9 8 7 6 543 2101234567891
1 —0.50849 _***'A"A"k**** . .
2  -0.04805 * . :
3 0.34868 (RS TT22T
4 ~0.25925 AhkwR
5 0.01449
6 0.06786 " .
—~
PARTIAL AUTOCORRELATIONS :
LAG CORRELATION -1 9 87 6 54 3 21012345678891
1 0.47140 . EEE TS L 4 2 B
2 -0.33909 L kRRRREK
3 -0.00521 . :
4 0.32606 KKK KKK
5 -0.18957 *RAk
6 -0.12023 *x
AUTOCORRELATION CHECK FOR WHITE NOISE
TO  CHI AUTOCORRELATIONS

315



AU WNHO

TO
6

b

AUk WoRE)

[ SRS TR

CHI
SQUARE
2.711

NAME OF VARIABLE =

MEAN OF WORKING SERIES=
STANDARD DEVIATION =
NUMBER OF OBSERVATIONS=

AUTOCORRELATIONS
LAG COV%RTANCE COR&ELATION -19876543210123456.7891

-0.12862
-0.03710
=0.13800
0.29100
—0.08691
0.02908

B4
11.2769
18.3383

13

KAKKKRKAKAKKNRKNRARAKRK

xRK
*

*EK

KERKRNKK .

*K Lt

»,

.' MARKS TWO -SANDARD ERRORS
INVERSE AUTOCORRELATIONS

CORRELATION -1 987 6§ 5432101234567891
0.06120 ‘ ', .

0.06660
0.08174
-0.23384
0.03087
—-0.02726

xkkkn| L

PARTIAL AUTOCORRELATIONS

CORRELATION —1 9 8 7 6 5 4
-0.12862

=0.05454 by
-0.15302 .
0.25968
-0.02937
0.52984 L

3 21
KAk

o

1234567891
* :

ARK*X

TREKK

*

AUTOCORRELATION CHECK FOR WHITE NOISE .
AUTOCORRELATIONS

DF

L

PROB
6 0.845 -0.129 -0.037 -0.138 0,291 -0.087

0.029

316



NAME OF VARIABLE B5
MEAN OF WORMING SERIES— 6 93846
STANDARD DEV1iATION F . 36297
NUMBER OF OBSERVATIONS= 13
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 87 6 54 3 21 1234567891
0 69, 1.00000 AAKAKKRKKAKRRR R KRR h K
1 "26.019 -0.37202 . kAKX KK .
2 4,71492 0.06741 . *
3 -15.7526 —-0.22523 . HRKXK
4 . 21.8879 0.31296 . RAXK KK
5 —23 0055 -0.32893 . KEEKK KL
6 .56121 0.09381 . : *x
'.' MARKS TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS .
LAG CORRELATION -1 9 87 6 543 21 12345 891
1 0.37556 X o e ek ok kR s
2 0.25657 . * Xk K K . !
3 0.24582 . kKA K
4 0.05299 . *
5 0.23583 . ® XK KK
6 - 0.09791 . * %
PARTIAL AUTOCORRELATIONS
LAG CORRELATION -19876 5 4321 1234567891
1 -0.37202 %% K Kk R .
2 -0.08239 . It
3 -0.26729 . KERKK
4 0.16445 '\ ko
5 -0,22125 R *E K
6 —0.13083 . *AN
AUTOCORRELATION CHECK FOR WHITE NOISE
T0 CHI AUTOCORRELATIONS
LAG SQUARE DF PROB
6 8.32 6 0.215 -0.372 0.067 -0.225 0.313 -0.329 0.094
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NAME OF VARIABLE = B6
MEAN QOF WORKING SERIES= 5.08462
STANDARD DEVIATION = 4.49013
NUMBER OF OBSERVATIONS= 13

AUTOCORRELATIONS
LAG COV%%I?NCE CORRELATION —l 98765432101234567891

613 1.00000 AKX AKX RRRAKRRRR KR
l -1.50665 =0.07473 . *
2 1.42801 0.07083 . |*
3 -0.471238 -0,02337 .
4 " -3.58055 -0,17759 . AEXK .
5 6.6337 0.32903 . ERKK KKK . i
6 —2.18964 ~0,10861 . ]

) £;£ .

. ' MARKS TWO STAND ERRORS

INVERSE AUTOCORRELATIONS

G CORRELATION -1 9 8 7 5 54321 0 1 2 34 5 67891
1 -0,06574

2 —-0.08259 . **

3 0.07048 . *

4 0.13715 . k%

¢

-0.28085 . HEREXX
0.05656 . *

PARTIAL AUTOCORRELATIONS

LAG CORRELATION -1 98 7 6 5 4 3 2 1 1234567891
1 =0.07473 .
& . o -

v
8]
O
O
[o))
Ul
o
fuy

3 . .
4 -0.18668 R *E RN
2 0,32033 . KEKE XK

AUTOCORRELATION CHECK FOR WHITE NQISE

TO CHI AUTOCORRELATIONS

PROB
LA% Sogégg Dg 0.698 —-0.075 0.071 -0.023 -0.178 0.329 -0.109.
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NAME OF VARIABLE = B7
MEAN OF WORKING SERIES= 7.29231
STANDARD DEVIATION = 5.64971

L NUMBER OF OBSERVATIONS= : 13
> AUTCCORRELATIONS
LAG COVARIANCE CORRELATION =1 9 87 6 54 3 2 1 1234567891
0 31.9192 1.00000 L322 28 2243 2 R T SRS 2L 2
1l - 7.301 0.22873 . RAXRKK
2 3.80751 0.11929 . *x%
3 -10.445]1 =0.32724 . FREKRXAR
4 -4,82239 =0,15108 . . Ll
5 -8,55718 -0.26809 . ARAHK
6 0.624766 0,01957 . i .
. ' MARKS TWO STAND ERRORS -

INVERSE AUTOCORRELATIONS

LAG CORRELATION -1 987 6 5 4,3 2 1 1234567891
1 -0.,22379 . LR .
-0, 08884 *x i

0.28361 KRR KK
-0.06324 X *

0.14317 . Frk
-0.01220 .

b It

PARTIAL, AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 54 3 2 1 1234567891
0.22873 . .

1 . ARXKX
2 0.07066 . ¥

3 -0.39107 . RERRAXKRR

4 -0.00172 .

5 -0.16838 . * kK

6 0.014%96 .

AUTOCORRELATION CHECK FOR WHITE NCOISE

TC CHI AUTOCORRELATIONS :
LAG SQUARE DF PROB
6 45 6 0.488 0,229 0.119 -0.327 ~-0.151 -0.268 0.020



NAME OF VARIABLE = B8
MEAN OF WORKING SERIES= 1,18462
STANDARD DEVIATION = 0.80369
NUMBER OF OBSERVATIONS= 13
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION ~-1987654321

0 0.645917 . 000

]l -0.138302 —0.21412 . *R XK

2 0.106532 0.16493 . “ *EX

3 -0.082244 -0.12733 . Ll

4 =0,14741 -0.22822 . el

5 -0,0596177 -0.09230 . bl

6 —0.185435 -0.28709 ! kol

LAG CORRZLATION -1 9 8 7 6 54321
38862

1 ¢,
2 0.13082 : : xx
3 0.19806 X rxxh
a4 0.27880 - : *rxRRE -
5  0.27946 : *xRR AR
6  0.24361 o X xRK
PARTIAL AUTOCORRELATIONS
LAG CORRELATION 19 8 7 6 54 3 2 1
-1 -0.21412 *rER
2 0.12481 : *x
3 -0.07420 : *
3 -0.30518 : *HREHR
5 -0.19340 : .
6 —0‘34483 ) EXRKK kKX

TQ. CHI
LAG SQUARE
6 5.18

.' MARKS TWO STAND
INVERSE AUTOCORRELATIONS

AUTOCORRELATION CHECK FOR WHITE NOISE

AUTCCORRELATIONS

-

1234

ERRORS

320

567891

AARXEKAKRKREARK KRR Kk hK

1234 5 6 7 8 91

KRAEKKKREARKX

1234567891

PROB
0.522 -0.214 0,165 —0.127 -0.228 -0.092 —0,287

H]
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-
NAME, OF VARIABLE B9
MEAN OF WORKING SERIES* 1.14615
STANDARD DEVIATION = 1.05219 4
NUMBER OF OBSERVATIONS= 13
AUTOCORRELATICNS
COVARTANCE CORRELATION =1 9 8 7 6 54 32 1012345678291
1.1071 1.00000 KEKKKKARKKKRKR KKK AR KKK
0.232499 0.21001 .. *kxx .
0.607128 0.54839 . KEXXRRRRKRN
0.119686 0.10811 . *ox
0.151475 0.13682 . HFEK
-0.125%695 -0.11715 . *x
—-0.292877 -0.26454 ool

.' MARKS TWO STAND ERRORS
INVERSE AUTCCORRELATIONS
LAG CORRELATION -1 9 B 7 6 5 432103234567891
0.07525 * . ’

% =0.40286 . L RRERREAA .
3 -0,16361 . T
T4 -0.13153 - ) rRK
5 0.11450 . X%
6 0.21603 ] T2t

PARTIAL AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 5 4 3 2 1 1234567891
0.21001 KXAK

% 0.52756 . A
3 -0.08276 . *% .
4 -0.22632 . AEAKRKK
5 —-0.,19996 . X T
6 -0.32061 . AXRKRR

v

AUTOCORRELATION CHECK FOR WHITE NOISE

TO CHY AUTOCORRELATIONS
LAG SQUARE DF PROB

6 8.97 6 0.176 6.210 0.548 0,108 0.137 -0.117 -0.265 ‘ N
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Y
\
NAME OF VARIABLE B10
MEAN OF WORKING SERTES= 1.57692
STANDARD DEVIATION = 1,6821
NUMBER OF OBSERVATIONS—
: UTOCORRELATIONS \
LAG COVARTANCE CORRELATION -1 9 8 7 6 54 32101234 ii
0 2.82947 3.00000 *******:*****w***
1 0.8299 0.29331 ) REKRKK
2 0,296013 0.10462 . **
3 0.0594037 0.02099 .
4 0.142321 0.05030 . *
5 -0.462039 -0.16330 . *xx |
6 -0.566163 ~0,20010 : *RE®
.' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS
LAE COR%E%?%ION -19876 5 432101234 5 678691
2 -0 03799 : “: d
3 105151 . *
4 -0.14489 . * k¥
5 0.12467 . *%
6 0.10326 . *%
#
PARTIAL AUTOCORRELATIONS
LAG CORRELATION -1 9 87 654321012345 p 7891
1 0.29331 . ARREAK
2 0.02034
3 -0.01645 .
4 0.05087 . *
5 —0.20854 . *EHR
6 -0.11708 . xx
" AUTOCORRELATION CHECK FOR WHITE NOISE _ -
TO CHI AUTOCORRELATIONS )

LAG SQUARE DF  PROB .
6 3.42 6 0.754 0.293 0.105 0.021 0©.050 -0.163 -0.200



NAME OF VARIABLE Bl1
MEAN OF WORKING SERIES— 0.846154

STANDARD

DEVIATION = 1.65833

NUMBER OF OBSERVATIONS—

INVERSE AUTOGORRELATIONS

JTOCORRELATTIONS
71987654 3.21 12345674893

********************

*

Khkkkok

.' MARKS TWO STAND ERRORS

198765432 1234567897

xk
LE S 31

* *

PARTIAL AUTCCORRELATIONS

* kK
*

71987654321 1234567891

Ak Kk*
PR EAR R
*
*
A

AUTOCORRELATION CHECK FOR WHITE NOISE

AUTCCORRELATIONS

6 0.716 —-0.172 0.059 -0.198 0,300 —0.133 0.024

LAG COVARIANCE CORRELATION
0 2.75018 . 00000
1 =-0,4733 -0 17210
2 0.161566 0.05875
3 -0.545817 —-0.19847
4 0.826031 0.30036
3. =0.364843 -0.13266

.6 0, 0646973 0.02352
LAG CORRELATION
1 0.04736
2 0.01085
3 0.12475
* 4 —-0.21809
5 0.05690
6 0.04180
LAG CORRELATION
1 -0.1721¢
2 0.03002
3 ~0.18926
4 0.25233
5 =0,05330
6 —0.04601
TO  CHI
LAG SQUA?% DE  PROB.
-

)
-t
s
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\J"\\,\
\'\
NAME OF VARIABLE = B1l2 )
MEAN OF WORKING SERIES= 1.36923
STANDARD DEVIATION = 1.08087
NUMBER OF OBSERVATIONS= 13
UTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 8 7 6 54 3 2 1 123456 7891
0 1.16828 1.00000 KREXEAKKKARERR AR KXE XK
1 0.211821 0.18131 ek ’
2 0.174292 0.14919 LA
3 -0.467497 -0.40016 FERXRK XX
4 -0.156268 -0.13376 bl
5 ,~0.238885 -0.20447 .. LA
~» 6 0.0384388 0.03290 . *
.' MARKS TWO STAND ERRORS
INVERSE AUTQOCORRELATIONS
LAG CORRELATION -1 9 87 6 54 3 21 1234567891
1 -0.21255 . KAk ok .
2 -0.20411 EXKK
3 0.42260 BREL T3 23
4 -0.04496 *
- 5 -0.00511
6 0.07887 *
PARTIAL AUTOCORRELATIONS
~ LAG CORRELATION -1 9 8 7 6 5 4+3 2 1 1234567891
1 0.18131 . R .
2 0.12027 *%
3 =0.46767 KEKXRKKRRX
4 0.01114
—0.03989 *
6 -0.10672 ol
AUTOCORRELATION CHECK FOR WHITE NOISE
£ . )
TO CHI AUTOCORRELATIONS
LAG SQUARE DF PROB
6 5.49 6 0.483 0.181 0.149 -0.400 -0.134 -0.204 0.033



Nk W= O

NAME OF VARIABLE . =

MEAN OF WORKING SERIES= 3.%%923

STANDARD DEVIATION = 3.

NUMBER OF OBSERVATIONS= 13
AUTOCORRELATIONS
LAG COVARYANCE CORRELATION -1 9 87 6543 2101234567891
14 7252 1.00000 KAKKRKRRERAK KRR KA TR
48354 0.15366 , L]
—5 25287 -0.35673 . HAXKERK
-2.11158 -0.14340 . AR
0.80965 0.05498 . *
-1.19457 -0,08112 . *x
-3.91594 -0.26593 . REEKK
' MARKS TWO STAND ERRORS
i INVERSE AUTOCORRELATIONS
LAG CORRELATION ~1 9 8 7 6 5432101 23 4 5 67891
1 ,-0.14213 xXK
2 0 39361 TRAXAAA XK
'3 0.06957 *
4 0.17761 KKXK
5 0.04167 *
] 0.20250 *EEX
PARTIAL AUTOCORRELATICNS
LAG CORRELATION -1987654321 1234567891
1 16866 . *h® .
2 —0 39645 . ek kkkh kK
3 0.00914 .
4 -0.06651 . *
5 -0,16575 L *hk
6 -0.26785. . ERKKK
' AUTOCORRELATION CHECK FOR WHITE NOISE
TO ' AUTOCORRELATIONS
LAG .SQUARE DF PROB : ! .
6 .32 6 0.504 0.169 —Q;§57 -0,143 0.055 -0.081 -0.266

4
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NAME OF VARIABLE = Bl4
MEAN OF WORKING SERIES= 19.7154 '
STANDARD DEVIATION = 18.2136
NUMBER OF QBSERVATIONS= 13
AUTOCORRELATIONS
LAG COVARIANCE CORRELATION -1 9 8 7 6 5 4 3 2 1 12345686
s} 331.734 1.00000 *************1*2*2*1
1 ~36.3239 -0.10950 . L
2 =31.2764 . -—-0,09428 . *k
3 -45,2304 “-0.13635 R : *xx
4 131.488 0.39637 . KXK KX KKK K
5 ~114.864 —-0.34625 . KRkRRAKK
6 -23.085 -0,06959 *

.' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS .
CORRELATION 1937554321 1234567891

LAG
1 0 13984 T
2 .08227 , *k
3 .16055 , KR
4 —-0.26739 . KRKKK
5 ., 0.279%48 . KRERKK
6 0.03312 . LA
PARTIAL AUTQOCORRELATIONS
LA% COR%E%% ION —-1 9 8 7 5 5432 l 12345678291,
2 -0. 10756 ' . *K :
3 -0.16338 . T
4 (r.36563¢ . Ak KKK
’ 5 -0.36007 . AEKRKKKK
6 —-0.04222 . *

AUTOCORRELATION CHECK FOR WHITE NOISE
TO CHI AUTOCORRELATIONS

LAG SQUARE DF PROB
6 7.18 6 0.305 -0.109 —0.094 -0.136 (.396 —0.346 ~0.070

-~

g
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5A5
ARIMA PROCEDURE
WAME OF VARIABLE Al
MEAN OF WORKING SERIES- 7.31951
STANDARD DEVIATION - 6.05049
NUMBER OF OBSERVATIONS= 41

COV&RIJ\N%IE CORRELATION

AUTOCORRELATIQNS
~198765432310

. "
' MARKS TWO STANDARD

<19876543231

RITIT

* %"

L1

PARTIAL AUTOCORRELATI
-19876543321

a— * =
an

INVERSE AUTOCORRELATIONS

12345678891

FARNREARE AT AT RAANRARA D
LALLM
L]

L1
*a
L

ERRORS

1234567891

E N

T

-w

oNS
1234567891
ITITT

W

RUTOCORRELATION CHECK FOR WHITE NOISE

36,60 1,00000
8.54141 6.23332
1107311  0.03024

~1.74188 -0.12953
-2114367 -~0.05856
2.84364 0.07768
3.56367  0.10827
371424 0.10146
-4,37248  -0.711944
0.815104  0.02237
~4.1%431  -0.11331
LA CORAELATION

1 0.27292

7 -0.00133

3 0.0733%

3 D.03353

5 ~0l05115

& -0.04249

7 ~0.08777

8  0.18613

.9 -0.15838

10 0.11130
LAG CORRELATION

1 0,23332

2 -0.0255%

3 -0.13842

1 000437

5 0.10324

6  0.05408

7 0.05345

8 -0.15057

g 011702

10 -0.12093

Ee) I
LAG SQUARE DF
€ 4.27 6

AUTOCCRRELM'

TIONS

PRACE
0.640 0.233 g).\gao -0.130 ~0.059 0.078 0.108

12155 MONDAY, OCTOBER 5, 1987

12:55 MONDAY, OCTOBER 5, 1987
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* ARIMA PROCEDURE
NAME QF VARIABLE Al
HE'-HN OF WORKING SﬂlIES" 2.20244
STANDARD DEVIATION 4,03343
HNUMBER OF OBSERVATIONS' 41
UTOCORRELATIONS
G COVARIANCE CORRELATION -1 9 67 6 54321 1234567891
[1] 16‘2635 1 onnou AAARNARARNARARN AN EARRN
1 8.39467 0.51602 . AARKARER AN
2 4,3428 0,.26694 ) . YT I
3 5.46681 0.33602 . IO
4 5.0157 0,30831 . WRRE AR
L] 1,.59018 0.09773 . hdad
[ 0.546622 0.03360 ' *
7 0.171189 0.01052
8 0,0428721 0.00264
9 -0.487336 ~0,02996 . » .
10 -0.418818 =0.03574 . » .
.* MARKS TWO STANDARD ERRQRS
INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 54 321 1234567891
1 ~-0,42019 ARWERRAN .
2 0,14653 L
3 -0.13343 ew
4 -0.16956 LLb
5 0.12696 bbb
6 -0, 05874 *
7 0.10302 b
] -0.03658 -
; 9 0.02154
10 -0.01973
PARTIAL AUTOCORRELATIONS
LAG CORRELATION -1 9 87 6543121 1234567891
1 0151602 . RERAEANEAR
2 0. 00091 . .
3 0.26976 . AREAE
4 0.04826 B *
5 -0.15205 , amw
& -0.02644 . b
7 -0.08927 . bk
8 0,02581 "
9 ~0,00216
10 02737 *

AUTOCORRELATION CHECK FOR WHITE NOISE
0 CHI AUTOCORRELATIONS
LAG UARE DP PROB
6 5,25 & 0.000 0.516 gﬁgﬂl 0.336 0.308 0.098 0,034

329
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-
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ARIMA PROCEDURE
NAME OF VARIABLE - xS
MEAN OF WORRING SERIES= 23.1561
ANDARD IN 13. 2}2

ST, DEVINTION
RUMBER OF OBSERVATIONS=
. AUTOCORRELATIONS

LAG COVARTANCE CORRELATION -1 9 8765432101 '
0 1‘5.9‘1 1'00000 ‘ )ltﬁalal=i§l§lzlglgl} STD
1 66,4589 0.45228 . wetmnnaws 0.156174
2 77.2056 0.52542 . KARmRRE AL 0.185388
3 41,5462 0.28274 v . rrxnen 0.218713
3 31,3431 0.32133¢ . aven 0.237453
5 23,3485 0.15209 o anw . 0.233281
§  7.02952 0.04784 - " 0.234697
7 -5.86578 -—0.03993 . " 0.2345635
8 5.27999 0.03533 L . '0,2351
9 -7.73063 -0.05261 . » 0.235234
10 6.02891 0.0§103 0.235521

. .
. ' MARKS TWQ STANDARD FRRORS '

CORRELATION <1 9 8 7 6543210122345673 91
—-0,16148 L waw .
-0.39178 LIl

0.10091 . : '
0. 04509 8, : . : -
-0.16663 L waw .

-uuHE

-0.09230 N 1

SumsIT

[
I
e
[=:]
I
o

»

L]

»

pun

PMWIM;AUHﬂDNEUﬂIQﬁ

LAG CORRELATION -1 987 65 43 2101234567891

1 0,4532328 . ERRAMBNNE

2 0.40337 ' . ARRAARRN

3 -0.061328 . - .

1 -0.09150 T

5 0.03227 . ]

6 -0, 06248 ' "

g 'g.iigﬂﬂ Lo ey

5 -u.oos%g : " N
10 0.03536 . . .

AUTOCORRELATION CHECK FOR WHITE NOISE
T0 * CHI AUTOCORRELATIONS
LAG SgUNES % SR 0.452 0,535 0.283 0,213 0,152 0.048 ' -
' ) ) SAS ’ ) ’ : 12:55 MONDAY, OCIOBER 5, 1907
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ARIMA PROCEDURE

NAME OF VARIAB
MEAN OF WORKING SERIES—
STANDARD D

DEVINTION
NUHBEI. OoF OBSmVATIONS-'
AUTQCORRELN

TIONS

CPVARIANCE CORRELATION -1987654321

LAG
0 a5.4618 . 0000
1 6.36537 0.24999
2 -1,38245 -0.0p430
3 3,2394 6.127323
g 26237 0,06885
-3.023327 -—0.11874
6 3,87057 0.15201
7 6,58035 0.25844
B —2.63504 -0.10349
9 -3.73567 -0.14671
10 ~4.201 - -0.16813

30566

CORRELATION -1987654331 T
n

-
OWﬂFJGﬂﬂhUIJWg
1

[=

=

-~

e

[+

o=

5

RN PN RINT )
1
=)
o
S
wd
G
e

[y
[=1%.1:-
]
(=]
St b
L
a3 23 14 O

AUTOCORRELATION CHECK FOR WHITE NOISE

PROB
- . ,0B9 -0.119 0.152
87 6 ©0.438 ©0.250 0,054 0.127 0.0 0 12155 MONDAY, OCTOBER 5, 1987

n
L 3.1
ARA

Ad
4.456341
5.04597
41
1234567891 STD
AURARREARNNRAARRRRAE a
LLLAL - 0.156174
0,165647
wen 0.16608
Lid 0.168441
0.16958
"aw X 0,171596
sEAEE 0,174849
0,18393
0.185345
0.188156

. ' MARKS TWO STAND, ERRORS’
INVERSE AUTOCORRELATIONS

N AN
N kRAN

oN-1987654321 T
' . e

L i

L]
LD & B

LES ]

PARTIAL AUTQCORRELATIONS
1234567891

EREAN

ANRE

LT LN

. mawms
. *
RILLl]

R

AUTOCORRELATIONS

1234567891°

331
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ARIMA PROCEDURE
NAME OF VARIABLE A

3
OF mRKING SmIES" 2.52439
DARD DEVIATION - 3.55574
NU!"BER QF OBSERVATIONS= 41 .
AUTOCORRELATIONS
LAG COV AHIANCBCORREI.ATIM—19B7654321?123‘567891 STD
0 12.6433 1.00000 ARAEARR AN AATRERARAR (]
1 7. 24441 0.17752 . LALLM 0.156174
1 -1.30087 -0.10289 . b . 0.16102
3 -3.11952 ~0, 24674 . mARER . 0.1632616
4 2.44439 -0.19333 . WhEw . 0,171504
5 -0.348978 -0.06715 f » . 0,17674 .
] 0.133595 0.01057 . 0,177361
g —0,184546 —0.01460r . 0.117376
=1,29605 -0,10251 ' . e 0,177406
9 = 11  -0.04042 ' - . 0,1786845
10 -0.868027 =-0.07014 . bt . 0.179067
- .' MARKS TWO STANDARD ERRORS
o
INVERSE AUTOCORRELATIONS _—
LAG CORRELATION =1 9 87 6 54 321 13234567891 .
1 0.08230 . e . ’
2 ¢,.26103 ’ . LA LLN
3 0.29717 .o wERRAE
4 0,24542 . AR,
5 0,19106 V] wARE -
[ 0.14600 . e .
7 0,13330 . LI
8 0.167212 . LT
9 0,03215 - -
10 ° 0.12786 . awe
PARTIAL AUTOCORRELATIONS
LJ\GCORRELATION"‘ISB?GSl:izl 1234567891, <
1 0.1775 arAw
2 —0.13573 . muw
3 -0.21194 , mawe
4 -0,13554 oo, waw
5 =-D,06908 . . hd
6 -D,05981 \' hd
7 =-0,10563 . . bl
8 -0,17006 , WA
g -0,06913 . I
10 -0.16106 LLA]

AUTOCORRELATION CHECK FOR WHITE NOISE"

TG~ sq;{m: oS, * AUTOCORRELATIONS
-c——--’ys 70 6 u(:{so 0.178 -0.103 -0.247 0. 193 -0, 067 0.011
=

12:55 MONDAY, OCTOBER 5, 1987
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ARIMA PROCEDURE

NMME OF VARIABLE A6
MEAN OF WORKING SI‘IRIE‘.‘S-' 11.5854

STANDARD DEVIATION 6.37172
NUMBER OF onsanvawxous- 41 .
AUTOCORRELATIONS .

LAG covnxinucs CORRELATION -1 9 8,7 6 54 321012345678931 STD
ﬂ 0 5983 1 00 u t'll'lltl-tlil-nllll 0 1
1 12,1566 0.29943 . ERAAAR 0,156174
b1 ~1.2492 -0.03077 . ” . 0.169599
3  -10,8471 -~0.26718 , wEaAn 0.169735
4 =10.184% -0.25086 AEAE 0.1797
5 -7.27753 ~0.17925 weas 0.1808048
6 -~1.41672 =-0.03490 * 0, 19317
7 2,3766 0.05854 . 0,192325
8 2.83059 0.06947 . 0.192759
9 1.55476 0.03820 ) . . 0.133368

10 -5.70755 -0.14058 aae . 0.133553
. MARKS TWQ STAND ERRORS
INVERSE AUTOCORRELATIONS ,
LAG COMRELATION -1 59 8 7 6 5 4 3 2101 234567891
1 -0.16618 .
bl 0.05351 . wet
3 0,3133 . sane
4 0.05943 . we
5 0.14137 . anw
& 0.05964 - : . .
7 0.07467 . * .
B 0,06213 Lo * .
9 -0.05682 . . . .
10 0.16444 . e
PARTIAL AUTOCORRELATIONS
LAG CORRELATION -1 9 8 7 6 5432101234567891
1 0,29943 . nannnE
2 -0.13229 . wea
3 -0.24277 LRwnan
x, 4 -0.11607 L e
5 -0.11543 L A
6 -0.03955 ! *
7 -0.02149 .
8 -0.04282 Lo
9 -0,03244 . "
10 -0.1986% R TLH

AUTOCORRELATION CHECK FOR WHITE NOISE
T0 CHX AUTOCORRELATIONS
LAG UARE DE
6 1.94 & 0 063 0.299 -g"gfil -0,267 -0.251 -0.179 -0.035

12:55 MONDAY, OCTOBER 5, 1987



ARIMA PROCEDURE

VARIABLE - A7
N OF VORKING SERIES=  4.00293

STANDARD DEVIATION - 2.714
NUMBER OF OBSERVATIONS= 41
AUTOCORRELATIONS
7 LAG COVARIANCE CORRELATION -1 9 87y 65 432101234567891 ° sSIp
-0 7.3868%81 1.00000 MAREARAANAN R R ES RN 0
1 1.09548 0.14873 . L1l 0.1563174
2 0,21186 £, 02876 . b . 0,159591
3 1,438356 0,19530 . . Lbd-L I 0,159717
4 =0,336459 ~0,04568 . L4 0,165439
5 -0.823165 =-0,11173 e 0.165747
6 0.0338657 0.00460 . 0.167575
7 0.231467 0.03142 . * 0.167578
8 =1.6J057 —-0,220815 . EAEAE 0.167721
9 0,58070Y 0.07084 . bl . 0.175128
10 -0.63585% ~0.08633 . o . 0.175991
, ' MARKS TWO STAND. ERRORS :
o INVERSE AUTOCORRELATIONS
LAG CORRELATION -1 98 7 65 4 331 1234567891
1 ~0.31871 ’ ARRRE .
- -2 0,15854 .. Ty
3 =0.23596 b dd)
4 0.15216 . aan [ .
3 =-0,04968 . . "
6 0.13650 . e
7 =-0,19177 . mEAR .
8 0.24107 . LLLLL
9 -0.1811% , EREe
10 0_14007 . bl
PARTIAL AUTOCORRELATICNS -
i
LAG CORRELATION ~1 9.8 7 6 543 21¢1234567891
1 0.14873 . Bkl
2 0.0067% . .
3 0.19435 . nawn | -
4 -0.10899 . bl .
5 -0.095%4 L
6 -0.00186 .
7 0.06613 . 4
8 ~0.,22337 . mERE
9 0.15267 . bl *
-10 -0,17870 L)

AUTOCORRELATION CHECK FOR WHITE NOISE
0 QI " AUTOCORRELATIONS

LAG SQURRE DF  PROB
6 3.4 6 0.745 0.149 g‘.\gJQ 0.195 -0.046 -0.112 0,005

12:55 MONDAY, OCTOBER 5, 1987
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LAG COVA?IANCE COR%ELATION 19687654331

-0.23768

0,0227615

0,225232
0.3

LU WO
1
o
-
b
Y
(=]
L
P |

0.015086
-0.280487
-0.236024

o
r=18-1-]

[
cﬂﬂm‘JanﬁthP‘E

5 B
OOE~IGARWRIH

0

CHE
LAG SQUARE DE  PROB
[ 8,50

ARIMA PROCEDURE

NAME OF VARIABLE

MEAN OF WORKING SERIES'

STANDARD DEVINTION
NUMBER OF CRSERVAT
AUTOCORRELATI

-0.14764

IONS=
TIONS

1234567891
EEAEARARAARNANRRRTAEA
RARD
anen :

kR
RAAN

' MARKS TWO " STAND. ERRORS

INVERSE AUTOCORRELATIONS

CORRELATION -1 987654
-0.1442
-0. 36151
0.236412
0.08860

3 2 1

13 3 4567891

nrans »
LLJ

PARTLAL AUTOCORRELATIONS

321

sARANAd
L]

L2

1234567891
YT

AR

'L LI
" N ,

MI'I.‘(X:ORREIATION Cll!ﬂ FOR WHITE NOISE

AUTOCORRELATIONS
§ 0,203 0.182 0.18%9 -0.270 -0.149 0.014
5A5

oooooot
e b e et et 2

oo
i
-]

<

L 141 N
13:55 MONDAY, OCTOBER 5, 1987

335



0
uuaug
NNERE

= B
CWwD~IANRWHD
(U
b Sy ST
w
1
[=]

-0,

d Ch i L b - )
1
o

[
oo
(=

NAME OF VARIABLE "
MEAN OF HORKING SEEIES-
STANDARD DEVIATION -
NUMBER OF OBSEEWATI(NSM
AUTOCORRELAT

1.060000

CORREL&TION -19876654 3 11

0.00220

CORRELATION -1 9 8 7 6 5 4 32 1l
01165 .

ARIMA PROCEDURE

TIONS

IANCE CORRELATION -1 9 8 7 6 54321 ? 1

l'l.l‘lli'l"‘ﬁll.l'

AWK

A9
3.37317
5.856

41

234567891

: * ;
' MARKS TWO STANDARD ERRORS
INVERSE AUTOCORRELATIONS

N LA
N wAEEN

1234567891

PARTIAL AUTOCORRELATIONS [

* &

1234567891

L .
ET LI

AUTOCORRELATION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

ARE DF
6 0. BJS 0.0132 gang 0.207 -0.077 0. 055 -0.040

4
]

T
patuh

LD
~Ith e O

crLALhA
1t Gkl L (0 fd o

o
[ T o o

SO0 O000o0o
e Xl al il

12:55 MONDAY, OCTOBER 5, 1987
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g
z

Qe RIS QA
LHALNCY Code O RIRI Y
D G B3 ol el e Lk K3 L0 Y
CAAD O e e bd £5 =) e AR
O O G0 WD LN el 0 00 ol e Eud

g
8

[=1F-1- 2 T- AT P AT T
HH R et
M i

-
1
[=] (=]
w0 o
£ ” 5
owum~Jeniidey Wk OG-t h U Lo B L)

[

o83

CHE
SQUARE
33.83 6

JCORRB%ATI

o e L et

(1 -]=Y=1-1—T=F=l]-]
Ol QWS
LD MO DR OO
sl ] ved Lk i ) ol e 11O CO
DO WSO~ ~IEMWLD

bt Ol B

0.19168

(=]

-
=1 X ==10, %7 3.1
W0 W oUW,
=i LA ERAD =] B e e

.06

0.18063
0.51882
0.45589
~0, 09076
=0,37582

. |
cooos

CN

\

RRELATICNS
19876543210

X

.

. L
. ' MARKS TWO STANDARD

EAEAR ARk
YT

“

1234567891
RREARASARAARTANRAANN
haw
RAEARRRR AN
MEARREN AN
EL AR
LR i 2 ]

ARAEEN

AR
"eA

ERRORS

INVERSE AUTOCORRELATIONS
CORRELATION -1 9 87 6543210

1234567891
LTI

* .
ARWR
.

PARTIAL AUTOCCRRELATIONS
CORRELATION ~1 9 8 76 5432101234567 8591
1] . TRAN

. L
ARNEERAN

l.tl';'..t
HARRAAAAR a

L2 2]

AUTOCORRELATION CHECK FOR WHITE ROISE
AUTOCORRELATIONS

[

PROB
0,000 0,181 gigJS 0.462 0.218 0.229 0.305

12:55

QoooooODo0o

" ol

BIRIRI R B A
£ Lo vead o e Lk e I ol
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ARIMA PHOCEDURE

HAME OP VARIMBLE All
MEAN OF WORKING smn:s- 7.83171
ANDA\RD DEVIATION - ,60799
NUMBER OF OBSERVATIONS= 41
AUTOCORRELATIONS
LhGCWARIANCECORRmTIm--lSBT55{32101231567891
1] 43,6656 1.00000 ARST AN RN AT RANRNANR
1 15,9143 0.36446 bdobedebododel
2 14.8708 0.34056 ARAAERA
3 '5,959078 ¢.13720 waw
4 0.5443578 0.01247
. 5 ~0.696386 ~0,01595 '
6 -0.975483 -0.02231 .
T -9,55386 -0,21880 . ARAN
] ~9,91328 ~0,22736 . WERAE
9 -1,11285 -0.02549 . " .
10 -10.5178 -—0.24087 anEwe
.' MARKS TWO STANDBRD ERRORS'
INVERSE AUTOCORRELATIONS
I.MCORREIATION'193765432101234557391
1 0.25272 ,RARAS .
2 -0_3‘140 FRAANNSE ~
3 0.1569%4 . L
4 0.16400 . L
5 =0.12574 . Ban
6 =0,17850 L, WuRw .
7 0,24895 . REARE,
=8 0.11475 . Lh
9 =-0.36906 LERERE
10 0.15120 nEn
PARTIAL AUTOCORRELATIONS
MGCORREIATION-].SB?GS‘32101234557891
1 0, 36446 . ERBAMER
2 0,23955 EAREA,
3 ~0. 05444 b
4 -0,11561 e
5 -0.01146
[ 0.02921 . .
7 -0,24283 JEEARE
8 —0.14338 . man .
9 0.26400 . RERRA,
10 -D.23326 JERRE
AUTOCORRELATION CHECK FOR WHITE NOISE
T0 CHIL AUTOCORRELATIONS
LAG SQUARE DF PROB
6

132,03 6 0.062 0.364 0,341 © - -
T .137 0.012 -0.016 -0.022

o] s

ey e
Lp W Ch O MR 00D

oooo oDOo0o
N~ AR LA O WD
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ARIMA PROCEDURE -

NAME OF VARIABLE - AlZ
MEAN OF WORKING SERIES= 3.65122
STANDARD DEVIATION - 2.69227
NUMBER COF QBSERVATIONS= 41
AUTOCORRELATIONS
IMCECORREIA’I‘ICN"19B7654321 1234567891 51D
25372 1‘-00000 .--.l'lﬂltiﬂﬂllﬂl‘.l
51527 0.48434 AERAEARAAN 0,.156174
45065 0.1999% LLLL 0.189297
7878 -0,01615 0,194382
21 -0.14780 bt 0,194415 '
g1 -0.181}2 Aaam 0.197137
22  -0,31380 L Ddadelel 0.201155
45 -0.30253 AwERER 0.313276
61 -0.19281 anw 0.223005
41 -0,09724 . . 0.3227035
85 ~-0.09032 s . 0,228048
' MARKS TWO STAND: ERRORS
INVERSE AUTOCORRELATIONS ,,Ff
LAG CORRELATION -1 987 6 5 4 3 21012345678%1
1 -0, 32680 FAGEEEE .
3 -0.03779 . "
3 0.08B99 . R R
4 0.14713 . LLL
El -0.13618 , BAE
6 0.14404 . waw
7 0.10209 . Lid
8 -0,00514 .
4 =D,07120 . "
10 0.12032 . LA
PARTIAL AUTOCORRELATIONS -
LAG CORRELATION -1 9876 54321 T 1234567891
1 0,40424 . ANEBRAEARN
2 -0,04520 . -
3 =-0.13515 ., WA
g =-0,10996 . L3
-0,05595 . *
§ —0.24555 JARWAN
7 -0,.09218 . Lhd
g -0,00202 .o
9 -0,04510 . -
10 -0,15738 ., Wk
* I

AUTOCORRELATION CHECK FOR WHITE NOISE

T™O CHI AUTOCORRELATIONS - .
LAG SQUARE DE  PROB
6 i9.77 & 0.003 0.484 0,200 -0.016 -0,148 -0,181 ~0.314
SAS 12:55 MONDAY, OCTOBER 5, 1987
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RRIMM PROCEDURE

NAME OF VARIAB Al3
MEAN OF HORKING SH{IES- 2.15366
STANDARD DEVIATION 5.074668
NUMBER OP OBSERVATIONS-' 41
OCORRELATIONS
COVARIA.NCECORRELATION—ISB?55'!321 1234567891 STD
25.1727 1.00000 ARARSARARANNNRAARARR 0
10,1469 0.39371 B ERwERER 0.156174
3.06424 0.11889 f . " R 0.17875
5.17424 0,20075 \ . wanw 0.180668
3,83261 0,14871 . el . : 0.18603
1.1649 0.04520 . * . 0.180907
-0,758916  —0,02945 " 0.189171
~1,31927 -0.05119 . L 0,189283
0,844001 0,03275 . » 0.18962
0,934208 0.02625 . * . 0.189758
-1,023274 -0.03368 . » . 0.18995327
' MARKS TWO STAND ERRORS
INVERSE AUTOCORRELATIONS
LAGCORRE.LATION-193755|321 1234567891
1 L 38930 AAEREREN .
2 0.15081 . bk ' A
3 -0.17483 . ARE
4 =-0,01312 .
5 0.00752
6 0.01971
7 0.06654 b
B -0,03963 -
3 -0.03865 L
10 0,03133 * d .
-
PARTIAL AUTOCORRELATIONS
LAGCORREIATIDN—IBSTE.'Ii32101231567851
1 0.39371 ERANNIAN
2 -0.04273 . L .
- 3 0.20011 . bl
4 D0,00079 .
5 -0.01989 x
] -0.07618 kel
7 ~0,04449 . . *
g 0.07790 . L
9 0.01562 .
10 -0.03859 . R . *
AUTOCORRELATION CHECK FOR WHITE NOISE
pas) CHI AUTOCORRELATIONS

LAG SQUARE PP FROB
6 10.54 6 0,104 0,394 0.113 0,201 0.149 0.045 -0,029
SAS 12:55 MONDAY, OCTOBER 5, 1987
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ARIMA PROCEDURE

NAME OF VARIAB " Al4
MEAN OF wonxxnc SERIES- 15,7819
STANDARD DEVIATION -  B,64627
NUMBER OF OBSERVATIONS- 41
UTOCORRELATIONS

COVARTANCE CORRELATION <1 B 6
i ycs i 9 7 §$432101234567891

ARAARRAARRARNEAAARA RS

-08384 . e
01200 N

14131 . wwn
. 47383 . amawe
04730 = .
02232 . .
22854 . 'TLLE N
05795 . . -

00413 : '

. 02759 -

' MARXS TWO STANDARD FRRORS
INVERSE AUTOCORRELATIONS

CORRBLATION -198?65132‘%- 1234567891

0.14397
128409 PLELE L]

PARTIAL AUTOCORRELATIONS

083ad
. 80500 .
.14089 : E
25735 . wasnn,

MJ:I’OCORRELJ\TION CHECK FOR WHITE NOISE
AUTOCORRELATIONS

[

T1234567891
"k .

PROB
& 0.550 0.084 0,013 0.141 0.274 —0.047 -
SAS 12:55 MGNDAY, OCTOBER 5, 1987
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APPENDIX II: Relationships between mean and variance for
various R values (GRAPHS)
1l - Pelationships between mean and variance ’

2 - Relationships between mean and variance/{mean(l.0 -
mean))

3 - Relationships between logarithmic mean and variance/
{mean(l.0 - mean)) ‘



1 - Relationships between mean and variance
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APPENDIX III: Relationships between mean and variance for
' varipus R values (TABLES)
1l - Relationships between mean and variance

2 - Relationships between mean and variance/{mean
(1.0 - mean))

3 - Relationships between logarithmic mean and variance/ -
{mean (1.0 - mean))
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3 - Relationships between logarithmic mean ang variance/
{mean(1l,0 - mean)) ' '

(.~



Relationships between logarithmic mean and varlance/(mean(1.0-mean))
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0.001485
0.001718
0.001971
0.002245
0.002541
0.002859
0.003201
0.003568
0.003961
0.004381
0.004830
0.005309
0.005821
0.006365
0.006945
0.007562
0.00822
0.00892
0.00966
0.01045
0.01128
0.01217
0.01311
0.01411
0.01517
0.01630
0.01749

0.01876

0.02010
0.02152
0.02303
0.02462
0.02631
0.02810
0.03000
0.03201
0.03414
0.03659
0.03878
0.04131
0.04398
0.04682
0.04982
0.05299
0.05637

-6

0.000856
0.001234
0.001682
0.002199
0.002787
0.003447
0.004177

0.004881"°

0.005857
0.006808
0.007834
0.008936
0.010114
0.011371
0.012708
0.014125
0.015624
0.017206
0.018873
0.020627
0.022469
0.024400
0.026424
0.028540
0.030752
0.03306
0.03547
0.03798
0.04060
0.04332
0.04615
0.04909
0.05214
0.05531
0.05860
0.06202
0.06555
0.06922
0.07302
0.07695
0.08103
0.08524
0.08960
0.09412
0.09878
0.10361
0.10859
0.11375
0.11907
0.12458
0.13026
0.13613
0.14220

- 0.14847
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-1 2 -3 4 . 5 -6

0.00062 0.00200 0.00634 0.01993 0.05990 0.15494

0.00073 0.00230 0.00708 - 0.02169 0.06367 0.16163

0.00086 0.00264 0.00791 0.02360 0.06765 0.16853

0.00102 0.00303 0.00884 0.02567 0.07187 0.17566

0.00121 0.00348 0.00987 0.02793 0.07633 0.18303

0.00143 0.00400 0.01103 0.03038 0.08105 0.19063

0.00169 0.00460 0.01232 0.03305 0.08605 0.19849

0.00199 +0.00528 0.01377 0.03585 0.09133 0.20661

0.00236 0.00607 0.0153% 0.03910 0.089693 0.21500

0.00278 0.00687 0.01719 0.04252 0.10286 0.22368

0.00329 , 0.00801 0.01920 0.046256 0.10914 0.23264 :
0.00389 0.00920 0.02145 0.05029 0.11578 0.24191 N
0.00459 0.01057 0.02357 0.05469 0.12282 0.25149
0.00542 0.01214. 0.02677 » 0.05847  0.13027 0.26141

0.00633 0.01394 0.02980 0.06467 0.13817 0.27167
0.00754 ~ 0.01600 0.03340 0.07032 0.14654 0.28230

0.008858 0.01836 0.03730 0.07647 0.15541 0.29330
0.01047 0.02107 0.04166 0.08315 0.16482 0.30470 \
0.01234 . 0.02418 0.04652 0.09042 0.17480 0.31653 : '
0.01453 0.02773 0.05195 0.09834 0.18538 0.32879

- 0.01709 0.03181 0.05800 0.10685 0.19663 0.34152

0.02011 (.03647 0.06476 0.11633 0.20857 0.35475

0.02363 0.04181 0.07231 0.12654 0.22126 0.36850

- 0.02777 0.04792 0.08074 0.13767 0.23477 0.38282

0.03260 0.05491 0.09015 0.14981 0.24%914 0.39772

0.03826 0.06291 0.10066 0.16304 0.26444 0.21327

0.04487 0.07207 0.11240 0.17750 ,0.28076 0.42950

0.05259 0.08254 0.12552 0.19328 0.29817 0.44646

(06160 0.09452 0.14018 0.21054 (.31676 0.46421

0.07211 0.10823 0.15657 0.22942 (.33665 0.48282

0.08435 0.12391 0.17490 0.25009 0.35794 0.50236

0.08861 0.14185 0.19540 0.27276 0.38075 0.522390.

0.11519 0.16237 0.21836 0.29763 0.40524 0.54455

.0.13448 0.18585 0.24406 0.32496 0.43156 0.56739

0.15688 0.21270 0.27285 0.35501 0.45990 0.591586

0.18291 0.24344 0.30513 0.38812 0.45044 0.61719

0.21308 0.27862 0.34132 0.42464 0.52344 0.64442

0.24808 0.31889 0.38195 0.46488 0.55913 0.67342

0.28862 0.36489 0.42756 0.50960 0.58782 0.70440 -
0.33555 0.41778 0.47881 0.55905 0.63984 0.73757

0.38982 0.47826 0.53643 0.61393 0,6%556 0.77318
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