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ABSTRACT

a %

The cocoa price mechanism is examined by spectral .

analysis and cross- spectral analysis using spot prices of

Vh.

. cocoa’ First, spectral analysxs is carried out| for prlces B

from the New York Cocoa Exchange and then for prices‘fiom
\
the London Cocoa Términal. Secondky, cross—spectfal
analySis is carried out to determine. any. lead—lag relation- o

ships which may exist between the two series. It emerges
from the Spectral analytic study that there are significant
cyclical and seasonal fluctuatié%s with definite time periods

in the price series and . from the cross—spectral analysis

'that the two series are related. e L v
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CHAPTER 1 |
) N~
¢, . INTRODUCTION \ o

" Y »
"

This thesis deals w1th the’ analysxs of economic

~t1me ser;es, where a tlme serles may be con51dered as a

. [ r

set of observatlons‘arranged\sequentlally in time.: The
series we analyse is spot prices of cocoa. fOur:strategy:f

will be-to 1dok at the series,‘not in the domainfof'time;

hY

but in the frequency domaln, that is, by spectral analy— Kf
'sis. The terms will, qﬁcome clearer as we progress.

Cain

The study beglns in Chapter 2 where we take a

closeglookpat the behaviour of the time series of cocoa -

3 spotuprices by'examininghits'£race. Graphical”presentae pl

‘; tlons of two reallzatlons from two dlfferent markets, thel.

f
New Yo Cocoa Exchange and the London Cocoa Term1nal

@

Assoc1atlon, are glven. -;7 | ‘f,.l o

LY

In Chapter 3, a descrlption‘pf the forerunner of

’kspectral analys1s, perlodogram analysrf and of spectral

. ter 1s made up of history,w

{

“and cross-spectral ana1y51:£3pe presented together w1th

“the works of earller econo sts in the fleld This chap-~

theory and appllcatlons.r, ‘t_;,

Chapter 4 presents the practlcal estlmatzon as-'
2

“gpects of spectral and cross spectral ¥ 1y51s;.\It was >5~:n




” The results of our ana1y51s are presented in Chap-"

i

ter 5.7 Here we not only look at prlCeS in the two markets

separately but also the/;pterrelatlonshlps between the tWO
(‘.‘3 . . X oo '. 6"

serles ;ig,‘ :j;f‘
P e : TR B
Chapter 6 is a/éummary of results and is the cIos—
C c , C . ;
o 1ng chapter.

Whllst afn
» f
cocoa‘lndustry an'

mber of studles have been done on the
Voo P :

on cocoa prlces,'notably by. Labys and }'
’ Granger [28] and'Weymar [37], none of theseflooks at pricéS'

1n a way that Has been done in: ;hls study. Also, 51nce the‘
'method of an {;srs employed here 1s mathematlcal, .an occa—'

)

: ,,‘ 51ona1 equatlon here andqthere has been unav01dable and 1n“
- . fact has een‘necessary throughout the presentatlon‘

T 1./f:e power speotral est;mates have heen obtalned hy

' computer program deveIOped by Karreman [27] for the -
7 90, .and modlfxled here f‘ % ‘the IBM: 360/67 I R

N
Y l .

. Y . oy A k i '
— / L i “H X ( . I , 7
' ! ' : : L ) s .
. . . v .




CHAPTER 2+ = = .
. . { ' . cocox PRICES ' . . . ",

. l . . . o »v‘.

"”2 1 The Spot and: Futures Prlces for Cocoa L

Observers on the cocoa sCene belleve ‘that cocoa
, . %».' o
.tﬁfprlce mQVements fall 1nto three groups._ a long term, a e

,va‘medlum term and a’ short term t.1s also believed that

R . '

each movement has 1ts own generatlng mechanlsm. In this =

‘ study an attempt w1ll be made to dlscover any perlodlc
\ . \"
o movements alleged to exlst in cocoa prlces. ”ﬁ

I
¥

.

The dynamlcs of the long term movements is assumed\\

r

~}to stem from that 51mp1e model of cycllcal prlce behav1our,

‘the cobweb mechanlsm. Low prlces whlch come about as a re—'

“fy;'sult of over-suﬁbly, no doubt, lead to decllne 1n new plant—

‘ffﬁlng, whlch after a tlme lag, leads to prlce rlse resultlng\

Codin more plantlng, more cocoa yleld after a- lag, and flq'v'f'

"‘nally, a prlce fall Thxngs may not be that 51mple 1n the

f;;”freal world, but thls 1s the bas1c plcture.» We note that \

tﬁ,\‘the mlnlmum tlme span between plantlng and harvestlng is~\'

ﬁiffour to s1x years{“ Expectatlons generate the medlum term

.,_,

of consumers and 1nven-r'r*

movements, expectatlons,,that 1s




. R B " . .
. o LRI o , } o .y ) SN . . '~
. s v , : . , v . , . o s , oy
! . ) o . /AN AN , T . r
D .
;

vl " ' ‘ . ‘ v BT _“v
. “The short term fluctuatlons arlse because a»very =

\. ' '

: hlgh percentage of transactlons 1n cocoa are forward sales.“ \ ’
‘- ] A o 4— o ‘ "‘..
' That is; the cocoa may be sold thrpugh 1ntermed1ary mlddle-p“ﬂ )

} men and brokers long before it 1s shlpped ‘to the COnsuang

- Fountrles, and hence some elements of speculatlon and heég ‘ff‘yf°

\ . ' S ¢

"

' 1ng enter 1nto cocoa transactlons,'wrth the hedgers taklng

a pos1tlon in the . futures market oppos1te to that whuch '{

4

. they would hold 1n the spot or cash market’and the specula-"

. v

tors buylng and hoplng that a favourable chéhge in futures =

" v :‘ '

\ pnlces would yleld them proflt. Ba51cally, the speculator
. ‘ , ’ \
-alms to makewuncertaln prOflt from hlS tradsactrons 1n the

‘\ ) ';\

9 market by v1rtue Qof hls expecZatlons and forecast hlé

rprlce eXpectatlons belng base sometlmes on spot prrces

)

Whldh are prlces for dellvery now, sometlmes on futures “~-. SRR

“ L N

y

',rf\yl
prlces whlch are prlces for dellvery at a future date, and ‘»_
sometlmes dn both." SR IS e e

. [ . '
‘ [N
v [ st o Sa T

‘ - , “ . ‘-.‘ ‘\‘y ./\ ,'I' ‘.
. . Futures tradlng in cocoa occurs on the New York

o 5

‘J'Cocoa Exchange“ the London Cocoa Market Assocratlon and 1n AERRa

'l‘h,v. v “',.» ‘,.‘A.‘

Amsterdam, the flrst two belng more meortant than the

..:n

'l .

- S E . { \b g By
The rela edness of two of these markets w1ll be testedyln v

fItxlS alTo alleged that London prlces

i . .
BTy S - i . - 4“

P RN



give an indicatibnqof ooening prices in New York since by
the time the New York market opens at 10:00 a.m., trading

will have started long before in Londén. .

i

. Prices gyrate a lot on the futures market 8 cocoa,
p -
the causes being demand and supply conditions on the market.

On the supply side are the vagaries of the weather- and ran-

i
L)

dom disturbances such as strikes, wgrs and the threat of

nationalization. Demand shifts come from variables like
shifts in tastes,férices of substitutable commodities, and
speculative buyihd which most ofgen stems from change of
governments and Currency devaluationt Bacause prices are
sensxtive .to random disturbances, cgcoa prices are con-'
trolled to some extent on thelﬁew York Cocoa Exchange by
setting price limits. Trades in\futures during any day are
not allowed to be made at prices varying hy more chan one
cent per pound abOVe o2 Jpelow the previous closing price\
Prices are generally quoted in cents and hundredth of a
cent,per pound; and-ihe'minimum.fluctuation*is referred to.
as'a'pOint. ‘On the London market, trade;’in futures-are
not allowed to- be made at prices which vary by more than®

20 shillings per hundred weighe aboye or below thé previous

i‘closing;price. Then there is a’ thirty minutes recess,

,after which %rading may go on without limits.' The same

factors which determine the prices of the futures also

'

i-strongly influence the formation of spot pr/ces on the

-
v". i



O ’ \

three mquets. <In‘fact, spot ‘and futures prices tend to
move in the same direction, especially.if an unexpected
even.fcauses a violent swing in pg}ces. Spots and futures
market prices mbving,in opposite directions is unusual.

There is’also a tendency for the two prices to benabout
\

the same duripng a delivery month for a given grade of the

+
[

commodlty . In thls study, Spot prices of Accra beans on.

. -~

;;the New York and London markets are used for analysis..

\zTﬂﬁs is qulte in keeplng wzth-the fact that Ghana, the

. X * /

world‘s largest producer, accounts for nearly 40 per cent

A)

B of the world production of cocoa, whilst the United States

and the Unlted Kingdom are the largest importers and con-

: " - »
sumers. However, New York prices tend to,set world cocoa

' price . - ) T a )

Prices paid to producers in the blg three producing‘
countries of Ghana, ngerla and Brazil do not reflect world
prices. The.reason is that, the governments of these coun-
tries have all institdted Marketing Boards, which purchase

the cocoa beans from the producers at prices fixed by the

“Boards., The Boerds then sell and export the cocoa.

=

2-2 Price Behaviour

-

Table 2-1 shows the monthly average spot prices of
" main crop Accra beans in New York in cents per pound, ‘and
'Table 2-2 the monthly average spot prices on “the London

ma;ket ln shill;ngs per hundredweight. ‘The plot,of the

. ~
-

II
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‘ data in Table 2-1 is ‘shown in Figure 2- l and tﬁet of. Table
2- 2 in Figure 2-2. The trace shown in Figure»Z -1 1s one
reallzatlon of the cocoa prlce serles In F}gure 2—1; the
p01nt .zero correSponds to January 1946. »The'plot termin—‘
ates w1th November l972»price. The plot reveals some in— :‘
terestlng ‘aspects of cocoa prlces not 1mmed1ately dlscern—

" ible from Table 2~ l'“ fluctuations in spot prices. )

vThese fluctuathns are shown in' Figure %-1. The prlce of ;
?h;na.cocoa was 8.9 cents pér pound just\after World War II. ,
in September 1946, 51.0 cents" per pound in November 1949,
18 9 cents per pound in June 1949 and 68 9 cents per pound
in July 1954, the highest prlce>during the’ 323 months or

the 27-year perlod examlned here. In M&rch 1957, the price
dropped to 22 5 cents per pound rose to 48.9 cents‘per
pound in June 1958 and*hlt rock bottom in July 1965 at 12 2~
cents per pound In between the high and low p01nts were

numerous erratlc fluctuatlons.

Fidure 2-2 shows the plot of the London series. .

L The zero: p01nt corresponds~to Januar% 1956 and again the

" plaot terminates with November 1972 price.. Again the fluc—‘
*n:tuatiqns ‘in prices are apparent. - The overall shape of the

- plot bears close resemblance to the shape of the ‘plot of

the New York series for the same perlod: The resemblance

"‘is 80 close that a. plot of the New York data for the penod
-;‘January 1956 —‘November 1972, whlch is the perlcd'/pvered ifb,

AR AT . s
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o | L | | ;
by the London series, is shoya.in Flgure 2- 3, for careful !

"comparlson. ~An examlnatlon of Flgures 2*2 and 2 3 1mmed—
]
Klately shows simllar patterns 1n price movements in the

“two markets. The prlces are,not the same,/however: asfa/J

‘closer look at the fine‘ends of the two éraphs reveals.. . |
\ L

Thls is to be expected because of different movements of

[ , \

,futures prlces ‘on the two markets due to dlfferent env1ron—

Y R
meng dlsturbances, "one such dlsturbance be1ng the threat

" of currency devaluatlon

Y

. To flnd out 1f there is a trend 1n the series, the’

New York prlce serles for the perlod January 1946 to Novem—
ber31972 was regressed on time t, t = 1 2,.......,323 to
obtaln the equatlon o I B ‘-

Y : pt-= 32.5496 - 0.0074t. . .. . o
: s - (L. 1389) ~(0.006) . R _

DR
The t—statlstlc for the independfnt variable, tlme, was 1/

found to be -1 2197 and '‘the - t- statlstic for the coefflclent/q

‘was found to be 28 5817. The trend is thus negllglble and

%
“ihence ‘no attempt has been: made to remove it from the data

*
v

for spectral analy51s on ‘the bas}s Og_thls fact. ';““v" !

A,

s
‘,;Ql‘ The fadt that prxces of cocoa from December 1972
;ftyupward were unavallable from the sou;Ee of data collectlon :

““»at the time of th1s study makes it lmp0881b1e to comment

. "._-‘ i

Vf!”on the behav1our Qf prices after November 1972

.‘:
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In the next chapter wer take[gqlggﬁ at the method

. -

whlch w1ll be used to analyse the time serles of spot cocoa\

prices deplcted in the graphs of - tth chapter.
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Co CHAPTER 3 ’
‘ L " v } .\; . . K ‘ Do o | v
' "f ° ' . L ¢ o ' r'%
W FREQUENCY DOMAIN METHODS IN ECONOMICS : e
L 'HIS‘TCRY, THEORY, 'APPLICATIONS ~ . - . .
3 l Motlvatloh : i- l\“ : S . K

i

N Economlc t1me serles may be descrlbed as belng made

t

up of four cOmponents‘ trend cycllcal seasonal and ir—"‘

3

regular. The trend is a long term’movement Whlch shows the

' {
foverall tendency of the serles and hence changes as the pro-

N

cess. changegrthrough tlme.' It may be con51dered to be of ¢
[

T 1nf1n1te perlod and consequently, of very short frequency \
nIt thus shows up 1n the near zero frequency range when one
applles the technlque adopted 1n thls'study. It shows up

.as: a peak 1n Ehe spectrum and may thus mask "the emergence

of. a‘y long cycle 1n the serles ' we shall not be very. con“

. ‘cerned wlth the trend here. This 1slnot because the trend s
ffﬂylisrunlmportant, but our . method of ana1y51s.;s not sulted toé:

1ts study. There ex1st other 51mpler and effectxve ways of

deallng with the trend.‘k

ThlS component may be regular or irregular

and descrlbes the fluctuatlng nature of most economlc varl-g




V * " ¢

SR of cycles‘ If the cycles are SUfficiently ’;’tﬂf”

oY

. ) K
L \ R . A

\

e
irregular/aﬁhe peaks may,not show up even'’ though‘éycles are
Al . N ‘

v
‘ present.;

S B ‘ /.
%ﬁe seasonal component is a varlatlon Whlch occurs .

.w1th1n thé year and lS more fégular than the cycle. The '
) j .
y cause of the seasonal pattern is malnly cllmatlc but other

's. factors; 1nst1tutlonal and tradltlonal, may contrlbute to
o M“A
1ts presence. ThlS component may also be detected }n the

§

spectrum as a peak Slnce we' shall be pre-occupled with. e
the tlme serles of an agrlcultural commodlty our 1nterest

o 1n the Beasonal component w111 not be mlnlmal
/ L ' s ‘ '
‘iyfv,‘ ,;\\?he/lrregplar component is’ a purely random phenom— y

)“Q. ena arlaing ont of the actrv;tles of speculators and hedgers f.f
I‘ \\v ‘/;“\»x: . ,

m\decis1ons of producers and consumers 1n a o

%. natlon s ecoﬁomy.. The component does not show up in the
£ ]

g SPeCtrum as\a'peak but as a flat curve because a purely ran-'Awuﬁq

\!

f};st“chastlt\process,*p'L;f‘;‘

' . \ TN i PRI e : ,‘3 o ' ) il \.”,‘ “;:’ -
.dom.i Econom;c tlme serles are never purely andom. WWhat-1”r"

N

P”ever the"casé”
. : )
?

fbisodk éféiv :
i . o ‘7,] - B £y




for the discrete parameter time %erles

"‘ l‘ ZP ' t = 0' -1' —2'-000-00.0} ‘,]"“.“_' “ ' ‘.”, B H R

f' fin practlce,‘

'
a

! R v ‘-; \
v‘r -ﬁ(‘[‘) M‘ ". » A“ “\
o N\ ,
where P, ! P

P 1s the. mean and n is the length of the process. T 1s re—' ‘r“‘%
ferred to as the time lag of- the poxnts 1n the serles.p A

\
plot of R(T) aga;nst T prov1des 1nformatlon for determlnlng

- |

the autoregre331ve scheme o} a process or for testlng its

' -~

“;[ randomness., Thls 1s ? tlme-dom"n approach For two t1me ﬁhh{;*a

A,
LA

serles w1th dlfferent scales of measurement, 1t is useful

A t'to look at the normalized autocovarlance functlon called ,
L the autocorrelatlon functlon and deflned bva;: p v:f" :‘ | \th

o y(r) has the prop rty\that lt 11es between -l"f_?f 7ff;'f? ﬁgﬁfﬂ -

;‘ Agaln, a plot of\y

gg) against T, called,the,céRRELOGRAm, il




s

' ‘thlrd approach Whlch 1s adopted here.

[to examlne the pOWer spectrum and not}the autocovarlance

*Por the autocorrelatlon functlon.‘ After all, the obsérva

:the tlme ax;s, and for nelghbouring observatlons Whlch 1n-'

glgfluence one another, the autocovarlance or the autocorrela~

;”fodlc" approach 1slbest sulted Fo our purpose.r But, why

| ;look for cycles”at all9‘

oot .

There are two ba51c pr1nc1p1es underlylng such an approach
: ce N

The flrsﬁ 1s that a t1me series orﬂa'stochastlc process,";‘ o

can be decOmposed 1nto a superpositron of sine and cosine

|

'waves of dlfferent frequenc1es -and andom amplltudes or

TR !

varlatlons. The second rs that the process rs statlonaryr

s "‘ N \

The process can. then be descrlbed by the lower moments ofr

1ts probablllty dlstrlbutlon, these moments belng the mean,f o

~

the Varlance the covarlance and the Fourler transform of

\ . he

4me covarlance functlon, the power spectrum.v It is this

*y
.

The questlon 1mmed1ately arlsLs as to why we’ want

[y
‘ : N " ]

q v

‘.l i \ ,,1\.

); : RN

. , Ny ,
,;gtlondﬁare functlons of tlme.“ The answerels that we, are

{ Coab t .

v

>
»

rdomaln methods stress the dependence of observatlons along‘

\“

[ . o
o _}Vo".-‘.
e ,Qﬁ!

§

J}tlon 1s°d1ff1cult to 1nterpret. The}"frequency" or “perl-tl“

[

awa e'that cycllcal or«seasonal patterns exist with defln-hi"””v”

( i

fIt is‘contended that 1f one 1sﬁnf”k

N
i

‘hfrooklng for CYCllcal patterns 1n the tlme serles. Tlme ‘Ejf“f‘"
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The bpginnings of spectral analysis go’ far back to

3-2 The Periodogram

[

tha usc,of the periodoqram of Sir Arthq¢ Schustor [35] to

; \

h&gﬁtimate the. spectrum. The procedure §$riodogram analy-

sis, utilizes the principle that any comﬁection of equally

)

spaced values' of a varleble may be reprfsented by -a finlte

o
A

: w
Fourier Serles, or that a time series may be represented

'/'6 ! ‘
as a superposit10n~oﬁ SLnu31odal wpveforms with independent

,\ v
* _amplitudes. fhe periodbg {s,tq plét of a function - -
£, (A ) against the frequency AJ where one version of £, (A ) -

1

is® .’ S o ' L \ 5' .. 4 N
. . l n 2 b
£ (AL) = ( p COS)\ t) + (2 Sin?\ t)
nTy. T { t=1 & £=1 ] }

H

- 213
: j n

for a discrete parameter time qeries

éln\ -. {P&' t.= O\I tl' Aiz,....;.-.. }
£

A

[4

of length'n.
The periodogram was supposed to be able td discover correct

- eyclés in a series, but this on{y held true if'the series

Y i

under invest1gation were strictly'and genuinegy periodic.

i“

If the series were' not strictly periodic, erronequs conclu-

sions could be drawn. The, first reason behind the periodo-~
RECAME
gram presentation here. is ‘that earliersﬁreguéncy analyses

\"kl

‘in econqmics were based on this mt* £ nalysis which

was; later found to yield an incoﬁ%%!ﬁ:rfﬁcﬁtimape of the

. E
<
P
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spectrum. Its use in economics dates back- to Moore [30]"

)

- who used the periodogram to study rainfall in the Ohio

Valley and to Beverioge [3] who used it to discover,the

\ -

existence of cycles in Western and Central European wheat
o ~‘_ ’ : . \ ©
prices. An extensive account of the use of the periodo-

gram to study stock prices using monthly closing quota- .
tions of the Doy—Jones industrial-stoek price averages is
given by Pavis [é]. Davis's hookrelso covers other uses

of the periodogram such as the an;lysis of annual data of
commer01al paper rates of the Cleveland Trust Compﬁpy for
the period 1831-1930, annual data of Rail Bond prices of
the Cleveland Trust Company for the period 1831-1930 and

of business\failures in the United States during the period
1867-1932, The last study was actually done by,Greenetein
[19]. The second reeson is.that even thoughithe original

periodogram was found to be an inconsistent estimate of the . -

N

power spectrun, per&ﬁdogram averag}ng in)the frequency

-domain ‘through the use -of the Fast Fourier Transform now
presents ‘one, fast afd efficient method of estimating the
spectrum , | SR " i .

"The original periodogram may be said\to have- lived
a short life. 1Its discontlnued use stemmed from the fact
that, firstly, it was able to detect "hidden periodicities"
even in series S0 constructed as to contain none. Secondly,v.
Jt was.found to be an incon51stent estimate of the power

T



':}’.‘ ‘. ‘ , . . .
l;‘v,j";;"r : : i A 21.

,.iég.‘Véftwq‘WgFe not enough its

by fff?onsuming. Generally, too, the
d v’,, T A N3 \

" ey ‘*‘& &y , [ l
‘oa} sciences were thought to be in- -
4 ) .
appropriate for the study of social science phenomena. But

~

Wlth the advancement of mathematical methods in statiStics,

methods of the phé

one of the results of which was the search for consistent
estimates- of the spectrum, and with the advent of the com—
puter which wrought drastic‘changes in computational speeds,‘
‘the study ahd application of frequency domain\methods came
to the fore,‘especia&ly in the engineering‘sc1ences |

" The economists, whether it was 1n the spirit of
vkeeplng up with the Joneses, or. to render theiry analysis
more rigorous, or both, were not to\be outdone Works on
frequency domain methods of analysis in economics were not
lacking in the 196Q's. Not by periodogram analysis, though;
‘but by spectral analysis since the latter method yields a ..

conSistent estimate of the power spectrum

»

3-3 What is SpectralvAnalysis?,

-

Spectral analysis'is‘a statistical method of esti-~

-~

S

i
4

: mation. The estimate we seek is the power spectrum or the
spectral density function. " These two are almost the same,. .
but not quite.<1A fine distinction will be stated later on
in the discussion. Like its predecessor the periodogram

o analysis, spectral analysis is. based on the principle of a

‘time series being decomposable into sinusoidal waveforms



'under the aSSumption of stationarity. Wold [3@] in 1938

yShOY&d that for a stationary discrete parameter time series
{_Pt' € =0, #1, 42, . . . . . } '

there exists a non—decreasing bounded function.Fp(A) defined'

on - 1 < A < 7 such that

R(t) = f 1T ar, (\)

. The function F.Xl) ‘is called the'spectral distribu—

tion of. the time series and can be decomposed into an ab-

solutely continuous function Fac (), a singular continuous
function FSC(A) and a purely discontinuous function or step
function Fd(l) Since F.c(A) has no practical 51gn1ficance
from our p01nt of view and economic time series are not ‘
strictly period so that Fd(A) also holds no meaning for us,
‘these two w1ll be’ dropped out of the discussion, leaving )
c(A) as the fﬁnction of interest ac()\) is assumed to
Ahave a derivative f(l) which is a non-negative function.
£()) 1s the spectral density ction or the power spectrum: :
It is perhaps usefui~to be aware that the Wold rep-
resentation in terms of the covariance sequence of the |
“series is not the only,existing one for arriv1ng at the

. spectrum of the series. In the .l.iterature, one ‘may also

encounter what is known as the Cramer representation which .
- 5" ” . ) < .‘ \' ’. ré*:;} 7
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- ‘ A\
is Qiyen in terms of the series itself s

p. = f T az
F -1 P .

No occasion arises for the use of this representation and

is mentioned here as a point of interest. - S

1

' 3-4 Stationarity

N a

As we mentioned;in the two previoqsISections, the
assumption of stationeritj is crucial to sbectral estime-
‘tion. A time series o;‘stochastic.process may.be station—
ary.or non—stationary. formally, a stochastic process'is a.
sequence ' |

-§Pt' t e T } ........;.;t..Q‘.;.....;:;. f3.4—ix

of random varlables, the set T, called the index set, be-
‘1ng arbltrary and infinite.’ When T is countable, the
‘stochastlc process is said to be a DISCRETE—TIMﬁ process.

If T is an open or_ closed interval on the real line, the

‘ sté?hastic process is said,to_be a CONTINUOUS-TIME process.
‘In (3.4 - 1), the index set T is time. Inléhapter fi we: |
deal w1th a sample of the procesd‘called a REALIZATION or
‘SAMPLE FUNCTION of the stochastic Qrocess. ThlS reallza-l;'
tion extends indefinltely 1nto the past and the future, |

_and constitutes a 51ngle tlme series. A stochastic pro-

,cess 1s a universe of such serles.

- . LY P
P . . = & R B . I R
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A’ stochastic process | '

{Pt’ t €T }: ' | }I o

is- strictly stationary if for any finite set of.integ®rs -

{ 1’ tor cveney th e T } and for every integer t, the‘dis—
‘tributlon of Ptlf‘Ptz"""' Ptn is the«same as the dls-
ltributlon of Ptl+t Pt2+t » cesaay Ptn"‘t' If the first

. érder moments exlst then statlonarlty ‘implies that f

E(Pt)l = E(Pt+s) e -I----'--o...'..-o.r.'n--.-‘(‘3.4"2)

'
t

'
"

s, t =-2, -1, 0,1, 2! ;.....,
'Most economic time series do not fulfill the
‘assumption of strict statfonarity. A weaker form of
- statlonarity must therefore be cons1dered. 'Fortunately,‘

thls weaker form of-statlonarlty, known varlously as 'WIDE-

)

_SENSE STATIONARITY, COVARIANCE STATIONARITY, SECOND-ORDER

STATIONARITY or MEAN—SQUARE STATIONARITY lS adequate for
‘ .
spectral\analysls. If a stochastlc process is ‘covariance

stationary with mean zero, then the following conditlons

vhold S -
E[Pé] < ,‘.g,;v..;;f.r;,7..!,,.;;,.;;."13.453).n"

v . | : T .t
. y ‘ -

| IR PR
E[Pt,Pt T]—R(T) <uf‘_'qo~.obooo-o-occcoo (3-4"4)

The condltlons are stated with mean zero becausq:;or such

iy

. a process no generallty is. lost by assumlng that %»_“h\”' aL

E(Pt) -~o V,r-~*
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+ 4

Generally, R(1) is a’ functlon tlme t and the time lag Ty

Y is &

a but for covarlance statlonary processes, R(T) is & func-'

tlon of T only. A strlctly stationary process need not

\

have flnlte second moments, and hence need not be covar—
i s —_N
5 f ,1ance stat;on;ry, but if it doés have second moments, then

\the strlctly statlonary process is also wide-sense statlon-

I

ary. The converse is, however, not true. But if a covar-

- «1ance statlonary Process’ 1s also Gau851an, then it 1s nec-
) < ‘e v
essarlly strlctly statlonary These statements can be,eas-r',

_,1ly_proved,. - o ,

- 3-5 The Spectrum as a Decompos1tlon of Varlance

The dlscus51on in thls sectlon is carrled out for:

the contlnuous case.‘ Consider a time series- , &rmfff
" L ‘ o : ) LY
i "'." pt,' - ® < t< oo,,
The'ahtooovariance:of the series is' Coe e
T o . . . .
E[Ptpt_ ] = R (T) ‘ . “'; \“\ ,
By the Wold representatlon, the time serles possesses ‘a .
spectral dens1ty function. or power spectrum deflned by :
£ (A) 7— f e 1A Rp(T)dT M_;,7»et'~%f“ i
PR : ”,;JI [0
obtalned by taklng the Fourler transform of Rp(r) It is
assumed that f (A) has a continuous second derlvatlve.;{‘rEV’
SR ce U T e AT e e
. > .,‘.:.,,:? } _’A:{ S Ll : ‘ . . ,“') PR A [ :.’ j:




1 Ry(1) = Ré(-r)

Now . (a )
.tf‘,§ (b) sinATRp(T) is an' odd functlon .
of t, so that ‘ ‘ | . . o
\ R © . S ! , . '

\~T / SinkTRp(T)dT‘= 0

and (@) oL coshr - i -sindt

+

‘Héﬁceiv o f (A) = 7— f cos)\TRp(r)dr,'-oo<A<°°
f (A) is a real-valued functlbn. ‘It is“also.symmeﬁric

about t?egprlgln.z PO | ' ‘ o

: ,

lThls follows from the definition of R, (1) .

;, In R (1) = E[P Py . ] |
put . . t+71T=x, thent=x-1

L

]

'E[Py..Py]

l_ﬁ'?'  ‘ 'h% Rp'(é$x; anﬁ,wg axé;ddﬂﬁ'

| ‘zThishlé seén asvfoliéws-7r;::'ﬁful,**' RO
‘ _ £, (A)I f Rp(r) e ?3* o o
»;fjiééd?i f (dk)%: RP(T) ele 7 y ?,;;;,
Putting ;::éf% QT, énd notlng that R(-x) —'R(x),Aki

0  N iAx‘<g
wehavefp( k) ’I-QRP(X) e | dx f (A)
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Thue, v
fp(M = -2]—;-{ f C‘:OS}\T&(T)(}T, —m<VA<oo | ' ' ¢
= 2 . = A . e
= 5= fo,CQS TRP(T)de\
= % .‘f’o cos")ch%(T)‘dr," . ‘ e

Byitéking’the‘invefSe Fourier transform oflfp(k), one

~ obtains . ta“ o R
S Ry = s eMAT £,008, ~e<r<e )
which reduges to
. o ' “ ) . o ‘:_" o
Lo ‘ R (1) =/ cosAtf_(A)ax - ..... (3.5 - 1)
) . P —_— P, - , " )
‘ . ) : (L
- In particular,‘if Ti=_Q} u
L mTvEeRiRO.
s C ’ . . A . ‘
= J (cos ) £_(\)dA
v ‘ - P -
ha’*‘f, ‘Tl‘lat‘ is, S e ‘ SR e
o el =1 f?()\)dA o (3.5 - 2),
L R P « SRR : ‘ .

‘g"

\ Equatlon 13 5 - 2) states that the spectral den51ty or

N

power spectrum of a serles may be con31dered as the decom—, :

‘ *p031tlon of the variance at dlfferent frequenc1es., That v
- 1s, by looklng at the spectrug\we are actually looklng at ;"v
the contrlbutlon to varlance of the serles made by each
frequency component.' The spectrum 1s thus the frequency

1 T ]
<

N U ‘.'_ .‘V !

e S
.



analogue of the variance in‘the~time domain, and hence

'spectral analysxs may be llkened to the cla551cal analysls

of varlance. +For a flnlte sample record of 51ze n, with

.1\

f1n1te sample autocovarlance, the sample Spectra,ern31ty "

functlo is defined .as

| e

.n .

R T yomiAT ?
foA) = =~ [ T)e d
pnf~ - 2m -n“an( ) ' "
\ ‘l n ‘ E ,E ' . ‘ “‘ | i iy
= = [ CosArt T)AT  ceeiee.odvee. (3.5-3 '
, T o an(_ , i ‘, ‘.( | -3) :

For the discretevparametef process the equivalent of egua-

tion (3.5-3) is

o £ (A) = 5= ~R_(A)
K - Py 2T een Pp ,
. B L | |
- 1 R (0) + = T R_ (t)cosit ...(3.5-4)
2n pn ' =1 Pn .

Jfé(x) is-knowh as the populatiod,épectra; density and fph(})
‘as. the sample spectral den51ty. fIt is shown by Anderson: »

-

.[2 pp. 38 496] that

BN ‘.E[“pn( )1 - E e
~as
0 naw

lilbut that the varlance of fp (A) does not approach zero. o

4

,fpn(l) 1s not a cons1stent esﬁimator of f (A) Some wrlt—’

o

ers dlstlngulsh between spectral dens;ty and power spectrum.j




“The term spectral denSity is then given to the spectral N

hestimates computed from autocorrelations and the term power

'spectrum is reserved- for the éstimates’ when autocovariances

. are’ used in: the computations (See Jenkins [25]) In’this

sense, the term power spectrum w1ll henceforth be used 51nce

3‘our estimates are computed w1th autocovariances.‘

’Thislsection gives'three facts:

A, ‘The.pOWer_spectrum of a‘timewserfes is the
Fourier‘cosine'tranSformhof the autocovariance‘function.
‘For}practical.estimation purposes, the sampleﬂpowerfspec—.‘.

{trum is defined as the Fourierkcosine transform ofAthe_
RN
estimate of' the autocovariance functlon., |
- ""bi The sample autocovariance functlon and the
sample power speoirum are a Fourier transform pair.

‘;C.: From equation (3 5.~ 2),'1t is. noted that the

5pectrum of a t1me series may be con51dered as the decompo—

"fs1tion of the variance at different frequenc1es.ﬁ‘ .

pfv' To close this section, 1t may be mentioned that a

lvery 1ong series of data is needed to obtain a good esti-‘~

Y mate of the spectrum Granger and Hatanaka [15, p. ‘611 .

tcon51der n 200 a de31rab1e mlnimum,{althoughtthey note( p

N

!fithat crude estimates have been obtained thh series as.

/

:ﬂ”short as 80 observations.

e Spectral analy51s doesw

'55§fﬂtion of a model Explanatlon of causallty 1s not its ;ﬁj,"f‘

- :,,e

29
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1obbect1ve unless one employs"cross—spectral analy31s.
.l
W r !
1sunonparametr1c, and only seeks to conflrm or deny the
)
ex1stence of\cycles 1n a tlme serles, In the next section .

| B v‘\

Tt

we'take al br%ef look at cross-spectral analy31s. ' R

5—6 :Aﬁbdokhétfcncss;Spéctral‘Anélysis |

| For ease of exp051t10n, let us denote the. New York
'spct ptlce sgrles by IR v"v B ' .

o { o g[— 1, 2, . ., 203‘}, !
Co e e o ‘\e._ |

and the Lcndon.series by
I | {yt, t = 102, .‘.';“..;', 203} : |
Wlth spectra f (A) and f (A) respectively. Assume both
'serles to be statlonary for the moment., As‘unde; euto-ﬂ
.:sPectrum, one could examlne thevrelatlonshlp between the :
‘two‘segles by lcohtng at‘cross~covar1ance functlonsvi\“. :t\:g;

ay (71 = E[xtyt+11 |

‘”fj"f RYX(T) _HEpytxf+T1 :_t o t4~‘;ftj,' va~f/f. ‘3 U

vy . i

"'_or by 1ookLng at the‘cfcss:borrelaticn‘functiqn ‘1“f'h;_1tf e

N i ' - o N (R C ’ . . ' . N ! P ! o v "‘ ) oy :
aro b . ff T e 5 L [ L R Peoe B
R : f T L
Lot S .
oy \ : : ;
('t) IR
'5' . P HTE . I
e : - A : ‘
‘ 8 ;’
y [

'svfand Plottlng elther, (T) or y (T)ﬁdgéinst;;ik}We;néte;ib:

. ““ ",. K '.". vt - B LT (R

1#51n pass1ng that

('t)



LR A »E"(T) =Rt T
e v‘n Xy f." “»y_.

'HoWever;~as befbre we. prefer to look at the relatlonshlp

| between the two serles 1n the frequency domaln and once ,

BN l.agaln the Wold representatlon comes to the rescue to yleld .

. e ' O ' ) - . : ' R K ‘ K

/ ) ta . : m -\

Ceen e 1AT
ny(f) f‘ (A)e ai-
| “Wﬁéf¢ Sl e l't“; e
| ' ‘(Xy = Pyy () + 1q Y(A)‘_L'

\

is called the POWER CROSS SPECTRUM The real functlons [;]w‘
(A) and q (A) are called respectlvely the power co-"

fSPEéTRUM and power QUADRATURE spectrum and are deflned by
o xy (M) 2! [R (T) + R, (:ﬁ)]@coszﬂXTdr,lA>O‘

.\ ) “.‘7-“, 4 RPN
' ‘ ' v L

e
>

g
ll

2f [R (r) 'y(-r)] sin2ﬂATdT Ao |

5 ' ‘, ‘x"‘ . . AR A
‘ A v v

;‘Interest w1ll not be focused on:f (A)ltself but on two func—l'

(e}
D e~
-
~
l

fiw" thDS derlved from 1t phese are the COHERENCE whlch 1s
. defined by e nE R

'vf (X).f (x)
e




The coherence measures the degree of a38001atlon between
\ A rd w.' '

;f:AV the two serles at dlfferent frequenc1es. It is the fre_f,.a
quency domaln analogue ok the correlatlon coeff1C1ent,"f*s_.

O \|thus a’ value Sf C(A) near l 1nd1cates that the components

|, i

~are closely related at the frequen01es 1n questlon whlle

'
v

A low value near zero 1nd1Cates no relatlon. The plot of

"

C(A) agalnst A ‘o«< A < n, 1s known as the COHERENCE
DIAGRAM : The phaSe measures the lead-lag relatlonshlp be-

tween the two serles at dlfferent fréquenc1es, that 1s, it

tells us’ whether or; not one series is leadlng another. It
goes w1thout saylng that the coherence dlagram must be ex—fh_

amlned flrst 81nce there 1s no galn in examlnlng\the lead—

i -h "» 5

lag relatlonshlps of two»serles whlch are not related 'A
' " ) E ) " ‘o )
St plot of W(l) agalnst A 0 < A < n, 1s known as the PHASE

I

DIAGRAM The estlmatlon of" these functlons wrll be among

1 the suqucts dlscussed 1n the next two chapters.“:g:"g,'}-
kN R " oY “ ‘ . y " i ‘, L , s \X . ( : :" : ,‘v‘, . I v.‘ Lo, !. ) ;“‘ : SR 8 ‘_ , . .

3 7 Some Earller WOrks ln Ecohomlcs U51ng }y gﬁ»‘»p[i,}q:~
N Spectral and Cross Spectral Analy81s/ _‘;~f3-“;xu“

:
i . e L She i E L . ' M .
PR .. o . I RN S
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In thlS section works done by economlsts usmng
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econometric modals hagc been  provided by Naylor, Wertzﬂand
Wannacott [33], Chow [4], Hat&naka and Suzuki [22];, Granger
W[ll 12} and Howrey [24]. The long swing hypothesis has’

- been examined by Adelman [1], Hatanaka and Howrey [21],
Howrey (23) and Harkness (20]. Purely theoretical present—
. ation has been givcn by Godfrey [(8].. The textile industry
has not"escaped the attention of Naylor, Wallace;and Sasser
[32], nor the automoﬁilevinduétry of Sweden the discerning
eyes of Brandes, Farley, Hinich‘end Zackrisson 4]. Using
qdhypothetical yields on Brltish Government Securitles, ~
Granger and Rees [18] have used cross $pectral analysis to
examine the term structure of interest rates. General works

-

‘on spectra have been done by Granger (14] and Mbrgenstern

..... 1

[3l]r\ Granger dn the spectral shape of an economic varlable

\

and Morgenstern on the justification for employing spectral
ana1y81s in economics Spectral methods-of dealingﬁyith
seasonal adjustment of data have been the occupation @f
Ner}ove [34] and qufrey ang Karreman [101.' Lastly, stock
macket prices have been unalxged by Granger and Moréenstern
[16} 17] Godfrey, Grangér and Morgenstern-[Q], and Gr;nger
[13]. ' |

'ﬁg; of the works . mentioned above, interesb will be
£0cussed mainly on the long\swing hypothesxs and the spec-
tral - analysis of stock market prices, because.it i on these

two that extensive work has been done.‘

i v -

@
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3-7-2 The Long Swing”nypothesis

Adelman [1] was the flrst to use spectral analysis‘

»

to study Qu31ncss cYclcs in the economy of the United
States. She sought, to confirm or reject the }ong swing

hypothe51s which postulates the existence of fluctuations

s
] l,..;

of" duratlon ranging betwgen flfteen and twenty years in

the United States economy . Her approach was to fllter the

i -~

serles,for output, capital stock,'emplqyment, investment,

. productivity of labour and'other variabRps, compute their '

spectra, and iook for the long cycle. Her conclusion was
that there existeduno'cycles‘ranéing'from fifteen‘to twenty
years. The chles given by the spectral estimates, Adelman
observed, Qere spurious oneé‘introduced by the fi&terind
processTand spectrum averag%ngh- |

, Howrey [23] has determined_the spectral estimates
of various macroeconomic variaples with regard to tne’iong
swing hypothesis. He examined the dpectra of series ofl
gross national product, consumer durables, industrial pro-
duction and many - others, and came to the conclusion that
the long swing frequency band which should be centered
around 1/20th cycle per year was very ‘weak indeed. So weak,
in fact, as to render them 1nsignificant.' He also pointed
out that the use of ‘filters introduced biases into the

spectral estimatés, and consequently, long swings were

existed. o . .

1
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A year‘after nomref's paper mentioned above‘had:
been published, Hatanaka and Howrey [21]‘questioned
Adelman's methodology and her conclusions. To them Adelman
had not chosen an, appropriate truncation point for “he .
proper resolution of the spectral estimates.{ Nor had she
successfully surmounted the problem of trend removal The
filtering process had, therefore, lessened the 'significance
of some important peaks in the'spectrum, and because of im-
.proper resolution the spectral‘estimates were not‘independ—
ent enough to warrant any good statistical testing. ‘lhere—
fore, her conclusion that the estimates of the spectrum ob-
tained offered no ev1dence of long swings was premature,-
further 1nvest1gation was called for.

)‘ It may be surmised from the above that”the‘use‘of
filters has marred the attempt to discover‘the_long swing.
Filtering ‘is, 'in fact, the most difficult aspeCt of spec-

, ‘ !
tral estimation. A filter de81gned to remove Rower at low

‘frequencies should remove power at the desired frequencies.
However, this is not always the case. For example, Slutsky
[36] has shown that if sum and difference filter is applied‘;.
~ to white noise whose spectrum is the same over all frequen;.
cies, the output is a sine wave. It is apparent, then,
Athat the presence of.some cycles in economic time series
may be explained by the smoothing procedures used on the

+

"data.
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" The problem of trend elimination, when testinq the

long sw1ng hypothesxs for the Canadian economy, fills a
\ i

greater part of Harkness"' s;%aperw Harkness [20]) chose har—
monic regression as the trend elimination procedure because

" of| 1ts predictable effects on low frequency varlations.

U51ng forty eight series of wholesale prices, output, Am-

\

ports, exports, population, 1mm1grant arrivals, total sales

of Canadian bonds and total sales of corporation bonds,
\

K w1th_some of the series in money terms and som® 'in real -

terms,\all‘data Canadian and'all 60 to 100 years lorg, he

A

found am average period of 10 to 14.years long for all® the
S S
series. The long swing hypothesis is a fact for the Cana—

dian economy, and this makes Harkness s results verv ‘inter-

-

esting. 'It also confirms Hatanaka and Howrey's rejectlon
_of the Adelman conclusion It is here conjectured that

long swings may exisgt for the United States economy also.

*

One further result which makes Harkness's study

hnteresting is\that the long swings which appeared in the

v
series in real terms Wwere longer than those whlch agpeared

in the series in money terms.
,z T . .
3-7-3 The Random\Walk Hypothes1s N A

The stock\market is a speculator s market; its an~
alys;s lS of impor nce to investors, financi?l analysts
and,”’ of course, to s eculators. The question that has been

'asked with regard to \stock market pr ces is this~ do stock

' market prices follow a\trend knowledge of which will make

.

Vo
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future prices predictable or do the prices follow a random

- walk? The random walﬁ'hypothesis states that prices of'

' stock ln?pterxod t denoted by Py equal prices in period
i

t - l 'denoted by pt 17 plus white noise u, .
Symbollcally,’ : - . t.
Pe.= Pt«l tug - '

Three.cases may be dlstlngulshed - The series of prices Py

is a strict random walk 1f‘ut and ut-é,is # 0, are inde-

pendent. 1If the condition for strlct random walk holds,

Aeir™
and in addltlon the ut are all identically normally dis-

tributed then p, is a Wiener process. If u, and utés,.
s # 0, are just uncorrelated we have a second order martln-,
gale. A colourful 1nterpretat10n of. .random walk is that 1t
represents the steps of a drunken man as he moves along a
straight line. - A similar 1nterpretation for martlngale is
that the procJ:s represents the w1nn1ngs of a gambler who
on'each'play of the game either loses or w1ns. That is,'if
lpgirepresents the{capital of a gambler after t1me t and if
the best are . 'fair in the sense that they result in zero

| expected gain to the gambler, then Py t > 0, forms a mar=
tingale.' A WAener process is a' stochastlg process Wthh
'may be used to describe the highly 1rregular mqtion of mic-
groscoplc particles suspended in a llqu1d ' |

The implicatlonsaof the random walk hypothe51s run -

counter to the beliefs of pract;cal flnan01al analysts.“
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For, the model implies that past vdlues of absolute stock

\\1
'

market prlCeS contain no pertinent 1nformation as a guide
for.predicting future prices. The method used by Granger

R and Morgenstern {17] in their. analySis was to estimate the '

. ‘spectrum of first differences of price series of stocks -

‘w1thout,transforming the data. This prOVided useful infor—

1 . L \

mation only for the short run.. To discover-the long run

properties of the seried, the trend was removed by a moy—

ing average procedure be oreiealculating the spectrum. 1

.The results frOm both analygils were that the random walk .-

model provided a good r very short term movements of
( N . R ‘ . . - . ‘
stock prices, -but not for the long run. In the‘short~run,

‘stherefore, stock market prices cannot be predlcted

, God&;ey, Granger and Morgenstern [9] reached the same con-
clusion by taking the logarithm of price series from the

‘,London'and New York markets,‘removing the trend by regres-~

“Sion and estimating the spectrum of - flrst differences of
the.logarithmic price series. The work .of Godfrey, Grangerf '

and Morgenstern differed from the work of Granger and
y\.

S Morgenstern in that the three authors not only utilized
- 1

data from the London market but also used cross-spectral

ana1y51s to show that the random walk mechanism operated

PO

,even when the market was closed
‘The random walk mechanlsm basically operates on two

'assumptlons. The first is that price chang%f are random

P " ’ .'I",
i . &
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variables, independent and identically distributed . The

L]

» second ls that the changes conform to somﬁ probabllity dis—

: tribution, usually taken to be Gau881an, with variance

Al

assumed finite. Mandelbrot [29], however, has squested

f
that the differences of the logarithm of the prices, say
Yt' is. a ramdom sequence, independent and 1dentioally dis—
tributed from a Pareto -Levy distributlon with 1nfinite

PN
- variance, where-

log pt-logpt_i

-

it

tian hypothes1s. Further discus51on
\

hypotheSis may be found in Fama (7],

’ ’/

- -

This is the Stable Pa
\\\of the'Stable Paretid

"U‘ » It has been aldeged by some practical financial an-
‘ l
alysts that stock market prlces are predictable and that

one can make .money by "playing the market." But if statis—

¥

tical tests w1th real world data 1nd1cate that the behaviour

‘of prices on the stock market, at least for the short run,
is, not predlctable but random, and 1f 1n particular the ran-

e dom process is a random walk or a martlngale, then one may

!

- be cautlous in speculating sinCe onelstands as much chance'

*

-----

""of Winning as of 1081ng. S ﬁ

] o Recently, Labys and Granger [28] have attempted to7

A

,‘find out 1f commodity prices follow a random walkl QQ:y

examined the flrst diffé&ences of futures prices for thir-'

&

31x of the thirteen commodities whose futures were also

- o ’ '!cf."oi , Lo T " T LA

‘, . :, . L, . ; .
T . ’ o . \ ° B Lo ' e . . T : i
. . - . . E - . i - PR

"!‘

'S:teen commoditles and first differences of cash prices fo: 5

Ce
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~ studied. Some of the'commodities werg potatoes, eggs, corn, ..
oats, cocoa, copper, flax, soybeans“and=rye. ‘The observa-

. S { -
. tions, mostlyamonﬁgfi/but some weekly;and;some daily, cov- |

ered mostly the period'danuary‘l950‘to July 1965. .The com~ ,h
modities were taken from the American market Groups Of
one to four were aSSLgned to‘th;‘commodltles on the basis'
of how near random walk the price changes were found to be.
‘Cocoa spot and futures prlces fell 1nto group one, the
group'whose prlce changes cloSely resembled/a random walk,
_since the spectra’ ofgthe members of thlS group.were-weld
withintthe‘Ssi confidence band constructed about the hori- H
.zontal average of the spectral estlmates. Examination of
”dally prlce changes for cocoa futures coverlng the perlod
. August 1964 to July 1965 revealed negatlve autocorrelatlon
"for cocoa prlces. Slnce prrces showed a steady downward
, ,movement in that perlod an explanataon for the upward slop—
?1ng spectrum was hard to come by.d Lastly, using monthly
.:data for the perlod 1950 ‘to 1965, no signlflcant lead—lag
7fre1at10nsh1p was found for spot and futures prrces of cocoa,’
The main conclusxon drawn from the exerclse was :
i,_that whereas the random walk model prov1des a very. good flt
ﬁd,for stock market prlce changes, the "model 1s a cruder ap-‘,

’h;proximatlon to the truth for commodity prices“ [28. p. 671,

I
. v R I
: Le S N LA o
o) ' R . B S



- .~ CHAPTER 4

| | PRACTICAL CONSIDERATIONS * - =~ . -
L 3 CAL CONSIDERRTIONS  —= =

4-1 Autospectrum Estimation'r L

For the practlcal estimatlon of the autospectrum
(to dlstlngULSh 1t from the cross—spectrum) use 1s made of

the estimate of the mean and the estlmate of the autocovar- v
iance functlon of -the price series. These estlmates are

@ W

glven by (Jenklns and Watts [26], pp- 171~ 18&)

- 1 | ‘
. p==1 P ' L.
. n t=1 ,'t’ : Y . .
i n-T . - T
(r) = i_l*(gt’- p)(pt+T - P), !

However, knowledge of these wo estlmates and the

Fourier transform of the. autocovariance functlon would notf‘

]

fnecessarlly y1e1d a con81stent estlmate of the power specﬁ',*f

‘trum. For, that 51mple procedure w111 be apprOPﬁlate 031Yh1"

LA

. vwhen the tlme serles under'lnvestigataon 1skstr1ctly perl-*

r [ I8

odic. For tlme series not strlctly perlodlc, 1t ds- neces—"_

! -

"Sary to. estlmate the average band centered around a fre-:ff'

}?‘}quency rather than the power at al preclse frequency.J How-,i'”

: ?ever, when thls 1s done,;the blas 1n the estimate 1s takeq,jﬁ’

o

‘hj“along with the true estlmate of the spectrum.‘ If the blasf

tls'smgll the 5pe°tr“m is sald t° be reproduqed W1th high ey

T O R N
B \\ 1" '): -;« o t . L ) 41 ) . \ . .x : ’\_
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FlDELlTY'Or REsoﬁUTroN. When the fldellty is' small, a large'.

0
varlance or low STABILITY is most llkely to result If the

estlmate has a small varlance,-rt is sald to have hlgh STA-:. -

B
BILITY. ngh Stablllty may result in low fldellty andsfow

stabrllty in hlgh fldellty In practlce a compromlse mtst

-
»

be made between the two‘

To achleVe thls compromlse, the usual prlncxple 1s'
o . ‘ - f K A .
to* apply a welghtlng ﬁunctlon w(T/m) known in the time

domaln as’ the LAG WINDOW, to the estlmated autocovarlance a
functlon before taklng 1ts Fourler transform The Fourler’

t§aﬁqurm of the Iag w1ndow, that is, the representatlon of

the 1ag w1ndow 1n the frequency domaln is known as the
2

| AyERAGING KERNEL or’SPECTRAL WINDOW. The typical shape of

“
»

SR

. a lag w1ndow 1s one large lobe centered at some . frequency

L

Ao' flanked by smaller lobes or 818e 1obes. An acceptable
. 6,

lag w1ndow would possess small 31de 1obes to reduce or

ellmlhate LEAKAGE, and permlt a, reasonable compromlse to

/-'

be made between fldelity and stabillty. The effect of leak-

age, a dlStOrthn of the spectrum caused by the manner of

0.‘

B observatlon,lls to blur the‘power spectrum, consequently

Spreadlng power to nleghbourlng frequencles 1nstead ‘of be-

LN 7.

ing concentrated at‘a 81ngle point. It thus 1ntroduces.

l

blas lnto the spectral estlmates. The source of the trouble

I

|-
lles 1n deallng w1th f1n1te 1nstead of lnflnlte samples.-

)

The suppres51on of the s1de 1obes, or equlvalently, the ‘




"

ows.

Yo [ ‘ : o ) "'4)3“
reduction of Ieakage, is one reason for the use of lag wind-.

o

There are several lag w1ndows in the llterature-’
' Bartlett Hammlng, Hann, Drrlchlet Fejer, Lanczos, Blacman—

Tukey and Parzen. The Parzen w1ndow has been chosen for

our.estlmation. It is of the form:’ @§

1-6 (X 2 _«‘T. m
‘%'G(m) (1 ﬁ)' for o < 1 < ;
| w(l) 2(1 —1) : | "for“m < T < ) N
‘ m ' I o m ’ * ‘ . 2 = = m . )
’ . ﬁf*Di E ‘ for T > mw

where m 1s the max1mhm number of lags or number of frequency‘
bands for Wthh the spectrum is estlma@bd.: For ‘this w1ndow,u
the correspondlng estlmate of the’ autocovarlance functlon 1s
taken to be o |

/

-~ 1 n-(r l) ' ‘u ‘37 n o n

'_ TR PPy (r-1) -‘n(z py) (2 pt)] N

‘*,_‘___p\/ l t=1 - t=1.

The des1rable propertles of the Parzen w1ndow are that sta-

\
W

tlstlcab varlablllty is" reduced when u51ng thls w1ndow and

also the power spectral‘!stlmates are nonnegatlve, a fact

)

whlch is con51stent w;th theory. The Blackman-Tukey lag f

&

“L; w1ndow, on the other hand,,can glve negatlve estlmates.‘ o

Thls 1s not necessarlly unde51rable since negatlve est1mates1sf

may 1ndlcate low power, leakage or.p0551b1y osc1llat1ng

power 1n the nelghbourlng frequency bands of the negatlve,

r o .. gy L
- SR ot TR
4
. S




Z,estlmate.‘ When‘the Parzen We;ghtlng functlon is applled

"
' o f > "
I

equatlon (3. 5 4) becomes

N - ' m‘l B i . } .
. L 1 v oL
fph(Ak)‘fwa o (0) + 3L ioslkrw(—)R A(T).‘i"""",(Afl—xx
L ' . | i - '..: | | ‘ | ' ‘- " R
and . the equation used‘for’the actual estimation is-
SN A | nkT E x RS
£ (k) =‘-—~{ (0) + 2 Z c (T)cos W( )}...... (4.1-2
P C 2 \ Pp . =1 pn o - e )
- C N . “ ’ s Py I ‘ . . ‘
where. k = 0, 1, ..., M is a given time lag. The value of k'

”ﬂwhlch glves the largest value of f (k) 1s the lag most 51g—

n S

. n1f1cant in explalnlng the varlance of. prlces."f.\ .

From equatlons (4.1-1) and (4 ‘1= 2),51t is seen

. that ’ll“ oy e e .v ‘.'f .

where f 1s the frequency 1n cycles per unlt of tlme and lk

%

w‘1s the angular frequency 1n radlans per unlt of time.v.;[

J SR
) , . . ot
.’ . R N ; RPN * ta . 2 . i . R \ e .
.' R T PR : g T s Co
: A . ' . ; 2 v - . . ’ .
o ' Ly i " coh .- et r . .
. . \ . S A
!

yvarylng the number of lags or the truncation p01nt m fﬁ :

’;?affecff the smoothness of the spectral?estlmates.; Several ff
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L A \CREERE ‘ |
B S ch0031ng 60\1398&\\There ls no known method of ch0031ng an
o v \\ N

optlmal value of m. The number of laqs has been chosen by

‘examlnlng the spectra obtalned u51no the various 1ags of

. tS145 60, 7Q and 90 and also with the. adv1ce of Granger and f‘
uHatanaka (15, p. 61] 1n mlnd that for small n, m' taken as

n/5 or n/6 is a reasonable ch01ce.’ Flgures 5 l and 5 2

Y

show plots of the spectra of the cocoa prlce serles estl—"

mated w1th 60 ‘and’ 75 1ags ' It is noted that 1f m 1s too

o

']large,,spurlous peaks appeaxgln the sPectrum and mav be

' mlstaken for’ genulne ‘peaks.  In thls\sase, as stated ear-‘i
' \ { .
ller, the blas 1s small but the\varlance lS large, and the

1

ékpectrum is sald to be well resoIved, or has hlgh deellty,’

| but low stablllty.. If m 1s small \¢he vaﬁ%ance 1s small ‘
but the blas is large and the spectrhm has ﬁugh stablllty 8

‘il’f but 1ow fldellty.f In the latter case,\a genulne peak may
'iﬁﬁ, be smoothed out of ex1stence 1f m is too\small ZV“ﬁﬁn J“ h,ﬂl

-2 Firtéfing,; i,o*g[tf‘u‘,;"»'__*, :,‘xuf“', S
ST e e Y

¢
‘.

It was observed in Sectlon 3-J.that .:onomko\tlme

serles are tradltlonally decomposed 1nto trend; cycle,

~ L
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transformatlon and then dlsregard the peaks'ln the low fre~
! . '

quency range of the spectrum since’ it 1s 1n the low fre-

' , ' K ~ )

quency range that trends manlfest themselves 1n the\spec— . ixﬁ
trum. However, the problem 1s not solved that way, for 1t
1s also 1n thls range that cycles of long perlods make thelr

f
appearance. If the raw.gerles is| therefore estlmated eapeak' N

S N yNc

in. the low frequency range of the spectrum would most llkely L
f5?_ be the result of cycles w1th long perlods, and trends. Thls

1eads to the second approach transform the serles 1n a way‘ :
to removemthe trend and make iv as near statlonary as pos-
81ble before spectral estlmatlon.i However, the problem of

fllterlng 1s not a: 31mple one.‘ One mpst consxder the effectf

of the fllterlng process not only on the trend but also on
ol ’ .

other components of the serles.J Fllterlng 1s, 1n fact;
. based on the assumptlon that the four components.can be lln-fifq
| early added and that they are 1ndependent.e But thlS assump-;?h
tlon 1s much open to doubt.' A fnlter de51g;e&5 o remove a :

trend may also remove a cycle.\ Any adjustment da*.

ta

"“ ’l““"' LY Y
atayto,g3‘

A:fo make 1t statlonary 1s, therefore,»at best, an approx‘ 1on._

.

In vlew of thls, and the fgct that the estlmated trend uﬂ;

;ﬁhgf-:lng the New York serles was negllglble,\the data used here

A11a51ng 1s a problem Wthh arlses from data samp—’
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woekly and"’ monthly, the datnutond to be corrolated and if

i

at 1onq intorvals such as yearly, aliasing rovults I£

- | 9]

‘data are taken.at intervals of At years per sample, or .in

*

terms of frequency; ﬁ% samples per year, then‘the*inf0r~~\
métion‘cont?pt ofldata quen.at % (At), years per sample orf-
g% samples ber year is lost.*' In sﬁch.a situation, the
:highést frequency about wnich there is information is ét.
and is called the FOLDING or ALIASING or NYQUIST frequency:
Frequencies in the original data above the Nyguist fre-
quency will be folded back into the rgnge 0 to i%-and are
said to be aliased with the frequencies in the range 0 to
£ =_£%. It must be remembered that shorter periods of time
imply higher frequéncies and vice versa. ™he fréqueﬂcigs
.whiéh are aliased\aéd power to the spectral tes in
the 0 to f = K—- frequency range. The result is biased eg?“
timq}es. vOne,method of dealing with the aliaéing problem
is to sampie.at such small intqgvals that no data can be
igﬁ;fed'aﬁ the cut-off frequency poiﬁ% The second method
is*to filter the data before sampling to eliminate iAforma—
tion aboverthe,desired maximum frequency. Since the data
analysed here were‘collectéd mdnthly,‘ho informatiqn can be
obtaihed regarding periods of less than 2 months or fre-
quenciea greater than that corresgonding to the 2 month
period. Also due to th@'symmegry in the definigion of -power

spectrum the only frequency range worthy of practical,

3 »

‘ i ’ A & L N - ) i
2 . . & . ) .
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consideration is the range ‘0 to 7.

- 4-4 CrossfSpectrum Estimatibn

(LI

AN

The estimation of cross-~spectrum follows almost the
same steps as the estimation of auto-spectrum. Using the

notation of Section 3-6, we'compute the estimate,of

R, (~7) = E[x

| ny (T) = Xy : tyt-’l‘ ]
by
. 1 n- (t~1) 1 D n
Cxy (V) =7 [til XYt~ (x-1) " n (znlyt)(i=1xt)]
and Of - ¢ ‘.. . N '
Ryx (1) = Ryp (R} = Elyexe ]
by .
- L. (i-1) L n n
=2 L ~ = (z T
y( T ,)‘ n[tal tht_ (Ti_l) n (t-lx ) ( lYt)]

- where 1 is the maximum number of lags. Using these esti- ‘

‘maﬁes. and the Parzen weighting function, the COSPECTRUM

and the QUADRATURE SPECTRUM are computed respectively as

J
' 1 4 moL. A kT
P y(k) = 5= G&y(o) +§=1(ny(r)-+-ny(r)]cos-5~W(T/m)*
L and ~
A . \

.y m A
gK) = 5 2 iy - Cyy () s:\n’”"r T (o/m)
-T

L3

where k and w(t/m) have the same meaniﬁg as they had under
autOSpectrum.‘eFrom'the co4épectrum and the quadrature:

-

8
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spectrum emerge
(1) the cross~spectrum:l

fxy (k) = Pyy (k) + iqu(k) | g
(2) - the cohcrence

AN
.
(k). + af (k)

c(k) = fx(k).fYTK)

and
- (3) the‘phaée:
| a4,y (0
-?gk)-= arctan [p lE?l

Xy

The phase angle 'is measured in radians. The value of k

.which glves the highest value of coherence indlcates that -

‘thé two prlces series are highly correlated in that partic-

AN
ular frequency and the period of the related cycles can be

computed as before as

R 2& 3 , .‘
6 . k .

The dlfference in phase between the two price series can

be’ computed by | ' o, x .

. » - 2 { VH"' . {\
2# .5 W(k) f..-.-....;.;.....-o (4.9-1)
< B o ,

where B is the phese;difference;

From (4.4 - 1), we have that

B = &Y(k) . | .
‘ s:ﬂ’z . . » . :

= v B ) (442

4 14
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' It is important to note the fact that if.no lag: exists be~
tween the two series the phase"W(k) will be zero for all k.
We also note that the phase difference B could be fractional
as well as integer since fractional lags are possible to ob-
serve. Also, as mentioned earlier, it -is not useful eramin—
'ing the phase T(k) 'if the _coherences do not 1nd1Cate that
any relationship exists between the two series, and lastly j

Dif oue‘series ishnot‘simply lagged to the other but there
is a feedback between the twb series, the comblicated theo-
retical shape of the phase diagram permits no meaningful
interpretation of the lag structure. To be specific, if .
spot prices of cocoa on the London' marﬁet influence signif-
icantly, in some way , the spot prices on the New York mar-
ket, and vipefverse, then the phase diaqrem will.look com-
plicated and we cannot tell the lag structure of one series
on the other by examining the phase diagram. ' The phase
diagram of the two series shown in Tables 2-1 and 2-2 will
be examined in the next chapter. There is as yet no satis-

factc;,ry method for investigating feedback of economi%vari—

ables in the frequency domain.



| .o - CHAPTER S

v | RESULTS

o ( -
5-1- Introduction

- In this chapter, the results obtained from the an-

alysis using methods described in Chapter 4 and the data
' ' " .

of Tables 2-1 and 2-2 are presented.

5-2 " Spectrum of Data froﬂ the New York/;arket

, Thebspectra of raw cocoa price series, New York
spot Accra, are shown in Flgures 5-1 and 5-2. For theAes—
tlmatlon of these spectra use, was made of 'all the 323

monthly obserVatlons. Throughout the presentation the\ data

vnsed has been post—war data since wars affect the 1ow fre-

‘quency range of the spectqem (Granger and Hatanaka [15

p: 199D, ~

'The first observation to be made concerns the )shape

of the spectra. The spectra decrease with increasing fre—
, duency and dlsplay the "typlcal" shape made famous by
Granger [14] 'This shape is typical of . most economic time
serles even when there is no trend in mean. The typlcal

shape suggests that the serles can be represented by a

first or second order auto—regressxve model. The shape al-

so tells us that the serres'are positlvely correiated. One .

'+.advantage of. spectral anai?sis is‘that the frequencyd.
e 51 o
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analysis allows  the concepts of long run and short run: to
o ! ‘- o | c “.

be specifically stated. ,[An examination of the spectra in
Fignres 5-1 and 5-2. reveals different periodicities in the

price series. Before examxnlng the peaks in the spectrum,
[

. we hasten to comment that we are estimatlng a function and
“not a point, so that cons1deratlon is gdven to bands of fre—ﬂ
quencles as well as points centered on these bands We al-‘
. sd 1nterpret the spectra bearlng 1n mlnd that the trendnjxthe .
price series 1s negllglble. “Another p01nt to note is that
Granyer ‘and Morgenstern [16, p. .138]_state that any trend
»in the data shows-up in the frequency range'O‘to n/n, and
Granger [14] states that the trend shows up 4in the range 0
T.to Zn/n. For 323 observations, n/n = 0. 0097 whlch is very
small 1ndeed wh;lst 2n/n =0. 019. We now proceed to exam—v’-
1ne ‘the peaks in the spectra. Usrng 60 lags the geaks;ap_
“'peared in frequency bands 0.0083 to 0.0250 centered Sh\ ”
Ad6.0157; 0,0833 to 0.1000 centered on 0.0917; 0.1917 to
;O.Zbﬁavcéntered:on the freduency 0. 2000; 0. 3038, to 0.3250
i'-centered on the frequency 0.3167; 0 40d0 to 0.4250 centered »
_Qfon 0. 4167 and finally in the band 0 475 to 4.4917 w1th cen- .
tre at 0. 4833. The corresponding perlods u51ng the points
*gln the centers of the bands are 59. 88 months or 4 99 years,

1

,1‘10 91 months, 5 months, 3 16 months, 2. 40;and 2.03 months.

e Al

1} For the estlmation u51ng 75 lags, the correspondlng centered é,

lfjfrequenC1es are 0,0133, o 0867 0.2000,0.3200, 0. 4133 and .

.g\
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0.4800 correspondlng to perlodsﬁgf 75. 19 months or 6 27 T

years, ll 53. months, 5 months, 3. 13" months, 2 42 months and

'

2. 08 months. From the estlmation using 60 lags the band *
0.0083 to 0. 0250 glves an 1nterval of 40 to 120 monghs, and

from the band 0 0067 to 0. 0200 obtalned by using 75 lags we

\

“have a time 1nterval of 50 to 149 months. A close examlna—

tion of Flgure 5 2 shows that the spectrum shows\sllght in- ’

"

'Stablllty For 1nstance, a peak shows at the frequency of
0. 2800 with’ period of 3. 57 months. This peak is not SO pro-
nounced 1n the estlmatlon u51ng 60 lags; There the pe@k, 1s
overshadowed by the one at frequency 0 2000 The ‘peak at
0.2800 in Figure 5-2 1is therefore spurlous. .In‘fact for

60 lags,,we have 20 degrees of freedom where v, the number

of degrees of ftreedom per est1mate, is calculated as .

\ N .
. ., \ f

b +
. .+

v o= 2(2)‘51 .

where bl is therstandardlzed bandw1dth of the Parzen w1n- .:F
dow and 1s equal. to 1. 86 (Jenklns and Watts, [26 -p 252]),
' whereas with 75 lags we are left w1th approx1mately 16 de—’t}

grees of freedom. Now;,.if the number of degreef of freedom ;p -

Y
3 _] 5

1s large, the estlmate is more rellable 1n ‘the sense that ~“i :

,~I 5

"1t has smaller varlance. What we have done by increa81ng '

“m is to reduce the bias and 1ncrease the varlance,per est1- |

“‘mate, thus 1ntroduc1ng peaks whlch were not ;}esent in the 2 '7\

N i LN
LT - - 4

estlmatlon uSLng 60 1ags.v7

<
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5-3. Spectrum of Data From the London Market

N Here,\we are deallng with 203 observatlons coverlng\

;‘ 'the perlod January 1956 to November 1972 and for’' the pur-
pose of cqmparlson the‘New York data was divided into‘two!

‘.partsfand'spectral'estimation was carried with data cover-
ing’the'same Seriod as the data from the London Market
Flgure 5 3 shows the plot of the spectrum of the cocoa se-

rles, LOndon spot Accra,, estlmated with 40 lags. Flgure.

~g5~4’shows the same series estlmated~w1th 50 lags. The spec-
f-tfﬁh estimatedlwith 40 lags shows a peak in the band cen-

<" "tered on the frequency 0.0250'which corresponds t6 ‘a 40-
B mojﬂh cycle, and a peak in the band centered on the fre-''

.

quency 0. 4125 correspondlng to a perlod of 2 42 months
The spectrum is very smooth even ‘with the estlmatlon using’
' m equal to 1/5 of the data and a. degree of freedom per es-
‘timate of approxlmately 49. Examlnatlon of the spectrum ‘

. estlmated with: 50 lags and hence w1th 15 degrees of freedom,

" shown in FiQUIG 5 4, indicates a sharp peak in the fre-

.

quency band 0 0100 to 0 0300 centered on 0.0200, and weak L

peaks 1n the bands centered on frequen01es 0 1100 and 0 4100,~<

oy - !

correspondlng to. perlods of 50 months or 4 17 years, 9 months

.t -

”and 2. 44 months. The correspondlng New York data estlmated

w1th 40 lags, shown 1n Flgure 5 5 ylelded perlods also of

A

40 months and 2,42 months, the frequenc1es belng 0.025 and
0 4125 respectlvely\‘ The presence of 40—month cycles and

2 42 month cycles argues strongly for the presence of the

a2
FERA ey T e
. . IR : e € . )
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5 4 Cross Spectra of the 'To Serles Co 5'fua

[
|

As stazfd earller, the objectlve of cross spectral

ana1y51s 1s to drscover the relatlonshlps betWeen the two~

serles and to flnd out lf one serles 1s leadlng the other.~,

l ' ‘
In Flgure 5 ~-6'is shown the coherence dlagram far the two

'
1

short serles and the correspondlng phase dlagram. The ccu

herence and the phase dlagrams are shown on larger scales

"

in Flgures 5-7 and 5 8 respectlvely All coherences lhe

1

between 0 and l.ﬂ The coherence dlagram‘lndlcates a numberh

] »

- of s1gnlﬁlcant correlatlons at varlous frequen01es. At

"

i these f§equen01es the two’serles are subjected to “the sameﬂ

W .
v P "o '
-

1nfluencés. . ‘;,lmn

. i

"

Taklng the perlods at whlch the two serles are

" kN

phase dlagram for any lead—lag relatlonshlps.» That one se— f~‘

rles may be leadlng another 1s 1nd1cated hy the factfthat

PR
3N

the phase dlagram 1s not flat., HOWever, for there to be

any'meanlngful relatlonshlp between the two serles, the 1n—7

g
d1v1dual cycllcal components corresponding to the frequen-”'

,"~- o . - ';“ R Do K . __‘ T . . ._"

cant for each of the serles consrdered separately., Thrs

happegs to be the case for the 47

v

[

strongly related as the spartlng p01nt we next examlne the‘a'
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is the largest importer and consumer, it may pe assérted

. that the New quk series 1ead$ ﬁhg LondQn series. 'Tablq
5-1 gives géﬁe-va&ues of the coherericé and phase where the

; 4 N

coherence‘values are ‘high. Table'5~1 also shows' some val—P
ues of‘phase'differenéesAcalculated according to equation
(4.4-2). As mentioned above only the 40-month component

is of igzerest, and for ﬁhis 40 months per cycle fluctua-
tion, it is thF Londdn series which leads the N;Q‘York se-
ries by'2 days. No cogent reason can be advanced for the
peculiar"shgpe of the phése diagram except to s;y that in
such hiéhly organized markets as ﬁhe'London'Cocoa Terminal
and the New York Cocoa\Exchgnge, thgre is a 'strong likeli-
hood df feedback of info;métidn regardihg prf%qs'pptween

<

the two markets. The plots of the raw series in Figures

é-3 and 2—4,Jshowing‘similar overall shapeé may‘confirm
this. BN |

The graéh in Figure 5-7 shows that.the therences,
are not uniformly high. fﬁis points to the'fact éhat thgre,'
are fac;ors appreciably affecting one series but not the
other, at various freduenciesj To find oﬁt if thié is the
case we have plotted-tﬁé SPECTﬁAL ESTIMATES OF THE RESI- °
' DUALS given by | ‘ | ‘ |
RO TR O D I C A D R
c(k)'befng4the's§gared cqherénqy and fy(k) the épeétrum of

© the London Series'.

7
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\ The re51duals are similar to the reslduals in

.

ordlnary reggesslon analys1s and the estlmates glve one\an
dea\Qﬁ the 90351ble perlodlcltles in the' London serles -

‘ whlch.are not presentvln the ‘New York Serles.. ‘The graph

af S(k) is shown in Figureé ‘5~9:v The only slgnlflcant peak
occurs in the frequency band -0. 1250 - 0. 1625 and 15 ‘centered

on the frequency 0.1375 whlch correSponds to a perlod of

7.27 months. This‘indicates that some factor affects‘the

London series causing a flubtuqtioh-with e‘beriod of .7:27
mon?hs, but that this fﬁctor'ié not'siénificantlfor the
New, York series. 1t would be 1nterest1ng, from the point

of view of speculation, to know what this factor iss

4
-

-

,
. \



* .. CHAPTER 6

 CONCLUSTONS

In~this thesis an attempt has been.. made to study
the fluctuatlons 1n spot prlces of .cocla in the - frequency
'domaln The overall shapes of the spectra obtained uslng

the two series from the London Cocoa Termlnal and\the New

\ \. i

'York Cocoa Exchange 1ndlcate ‘that dlverse‘mechanlsms are
at work in generatlng the series of spot cocoa Prices.

‘The typical shape 1mp11es that a long run component exists,
- ahd 1ndeed 1ong cycles of 5 years uslng 60 lags and of 6
"years u51ng 75 lags were found. ' If the intervals are con-

"v

51dered we. “have perlods of 3.33 to 10 years u31ng 60 lags -
and 4, l7 to 12 4 years uslng 75 lags./ A 40-month cycle
ﬂ:{showed~up even in the short serles. However Weymar t37],
"using methods other than spectral ana1y81s states a cycle
of about 11 yearsg The Qacts ab&ut the coéo~\tree are the

hffollow1ng. In Grenada. a 11fe tlm? of 80 years has been

recorded' in West Afrlca, 50 years~ and 1n West Indles lOO-i"

‘year old trees have been known to yleld frult. Tbe young
~tree beglns to y1eld 1n its flfth year with® a varlatlon of

;4 to 6 years. Optimum yleld is supposed to odcur at about

’

the 30th year and then a declane sets un. Once, howeyer,’

e

the yield beglns. it bears frult twmce a yearp the_manqqﬁ
s | '5xfth3:68f~r ' - 8 :
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one aroﬁnd-Decemher and ‘the minor one in June.

" The fact that the peak with perlod of 10~-12 months
;1s well deflned ;ndlcates its permanence. —Thls, focourseJ
1s a seasonal fluctuatlon, w1th harmonics of 5, 3, and 2.4
months. tThe/zt~12 months perlod and the 5 month harmonlc
may be explafﬁ%d on the grounds that there are two harvest~m
ing perlods fﬁg.cocoa, a. "main crop‘,whlch is harvested
. from October to March and a "mid crop" which is‘harvesteéf‘
from:May to,June; ‘Itfis possihle that the‘annual‘fluctuaé‘
tion is caused by the mahor harvest and, the 5 month fluctu-
‘atlon by the minon harvest. Demand and\supply condltlons
'1n the market ‘and the level of 1nventor1es may thus explaln
these prlce Shlfts. The 2 to 3 months harmonlcs may be ex-
plalned of tge ba51s of hedglng and speculatlve behav1our
‘on the market since’ the parts of the spectra in ‘the fre—
quency ranges 0.30 to 0.5 are relatlvely flat. | |

Cross—spectral analy31s 1nd1cated that the differ- ?.

ent prlce fluctuatlons are governed by the. same factors.

1;What affects spot prices 1n New York affects prlces in
:»London.? An 1mpend1ng change of government in Ghana, say,
may, cause the same Shlfts in prlces “on the two Exchanges
The shape of the phase dlagram rendered 1t qulte dlfflcult
‘:to 1nterpretat10n. However, on the assumptlon of absence'
Aof feedbacks, qulte an unlikely one, a lead of 2 davs wasxvl

”ifound.c The fact that the phase values were not zero

A
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indicated some form'of‘relationSh%p, though. Also, since

\
Al

the phase~diagram was ' found to be madefup of . straight lines“

w1th dlfferent slopes, there was strong indlcation that. one

‘serles was leadlng the other and that the lead lag relatlon—

L

.of freqnency to another. It. suggests that different models

may be.fitted to dlfferent ranges of frequency. The two -
W

”

markets are apt, h?wever, to possess feedback of 1nformatlon

‘ Wthh 51gn1f1cantly affects prlces. Further work needs to

be done in thls area. Examlnatlon of. the spectral estlmates
.of the residuals showed that there is a seasonal fluctuatlon
‘of perlod 7. 27 months whlch though not very notheable On

the New York market - is qulte 51gn1flcant on the London mar-

-~

*et. No‘explanatlon can be advanced hére for such a fluc-
‘tuation. 5

What are the 1mp11catlons of the above flndlngs for

' dde0131on maklng? What has been done here is to establlsh

the EXISTENCE of. phenomena. It is the flrst step towards‘

;,predlctlon and regulatlon. Before an attempt ls}made to

predlct a&d control one must flrst establlsh the ex1stence -

‘ of the Qhenomenon. Hav1ng establlshed ex1steQ\e one can

then undertake furth%r study o the process to know 1ts

1propert1es.» Only then can predlctlon and cont ol proceed.

o @

The spectra of prlces could help-ln model bulldlng. .f

e , ey ;
Kq"ﬂedge of the cycles of long perlods and the seasonal o

PP PEIPZS R
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“ship does.change.ln the tlme domaln.as we mﬁwe'from one band _

\
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. fluctuatlons Sane these fluctuatlons affect the incomes of

o . et 71
L ‘\ ' ‘ ' '

fluctuations andaof the shape of the spectra could lead to
theﬂconstruction of a realistic predictive'model“for cocoa

prlces whlch may be used to damp out some of the price; ﬂm

A

both producers and consumers. : . r'u
The cross- spectral method may be used to study not
{

. only two prlce sefres as done here, but also the prlce pro—

ductlon relatlonshlp, prlce consumptlon relationshlp, crop-'
/

failure and prlce relatlonshlp and many other varlables.

Our study showed that the two prlce series from the dlffer-

-

ent markets.are governed by th\\ifme factors at seVeral

n

definite time perlods, with th 0 month perlodlc fluctua-

. \ t \ N

~ tion belng the most 51gn1flcant here. The pr1Ce fluctua-

[

) tlon of perlod 7. %7 months Whlch was' "found slgnlflcant for

the London market but not for the New York market could be

put to. use by speculators on the World Cocoa market lf 1ts‘

‘nature could be ascertalned for ‘example as to .when such a .

r\.,

‘fluctuatlon occurs,'and what causes it, by further ana1y31s.d

The flndings here .in no way contradlct the results

W

;obtalned by Labys and Granger [28] that cocOa price changes
xfollow a random walk As stated earller, the shape of the
7phase dlagram 1ndlcates that dlfferent models‘may be fltted_ -
sto the dlfferent frequency ranges of the spectrums The |

fﬁ*{hlgh frequency range may be fltted w1th a model which is’

:{fqulte dlfferent from the_‘ del requlred to flt the low

. . ot
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fféduenCY'rangew"Thisifus says‘that dlfferent generatlnq
mechanlsms combine to produce the serles.‘ It could beva
: w :

comblnatlon of an\autoregre351we process and whlte\n01se,

3 .
R

) i
“k ) N "«.

or’ even 2 comblnatxon of more than two or three qeneratlnq

\. N 1 N . N

mechanlsms. We note that the random walk model ls not put y

forward to explaln long term changes 1n.elther commodlty
or-stock~pr1ces, It is a "short run" model. In~fact/-an
examlnatlon of Table 3~1 in Labys and Granqer [28 p 69]

. reveals the fact that after fllteslng the monthly~cocoa i
~ futures prlces for the perlod January 1950 to July 1965 and

of‘48 months was

estimating the spectrum a business cycle
found.  * ‘ o

We conclude by Statlng that Spectral analy51s is a:

-

frultful approach to t1me series analy51s in that 1t allows

. o !

'rms of tlme perlods. Spec— o
‘an aid to model b@ldgg. .

fluctuatlons w1th deflnlte

examlnatlon Of the serles in

tral analy51s 1s also useful

Ay

: Flnally, 1t is afflrmed t

-

tlme perlods dovex1st in cocoa spot prlce serles. These .

o

fluctuatlons milﬁlast years o{ months. Ex1stence is a f’;
fact:p lt 1s on. the questlon of. how long these fluctuatlons

last that observatlons dlffer.e; - !!h

- »
a1
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