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2'6. Measurement of Cyclic Movement. A__crude method  of
- easuring cyclic fluctuations (C;) of a time series (U,) is_ provided™ by the
So-called Residual Approach, which essentially consists in eliminatin the
'ﬂg_&ﬁmpqpeﬁﬁ: viz., trend (7,) and scasonal vﬁ?igtM_r]_CSJ_fiﬁEEﬂ‘]s_:ﬁ
removing the randmﬂmngn_ﬂﬂt.QIiT_E?EHlEE_’@!l@!i_mL(.E;J_b_‘f_.ﬂ‘:'ﬁ_fiam :

Using the multiplicative model
U1=T1 i Sg . Rt H Ch ‘L“""fﬂ-m
the steps involved in the calculation of C, are :

) Calculate trend value T, by moving averg
mdex S; (which is to be taken in fractional form
form), preferably by a MovIng average method.

JAf) Divide U, by T, x S,

~Atii) The resultiog value gives C, the cyclic component,

The use of moving average method of suij i
uttable perj verag
;sm:}_nthenﬁ} out the rand]fm Component R,. Since the msthu%d ?e EIZ?:%?
or 1is success, a number of conditions to be satisfi it i ‘
ey ed, it is very seldom

ge method and seasonal
and not in percentage

Example 2°13. Obtain the indices of cyclical

¥ g \
in example 2°9, variation for the data

Solation. Cyelical variations gar : ——
seasonal variations from the o e Ghliflﬂﬂd by eliminating trend and
eliminated by dw:dmg every figure b
quarters, and subtracting 100 fro
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f Harmonic Apagl Lo . ;

= ARAY s provides a saphist; iri
Ae £¥clic component of a time series. valicated method of determiniog.

Harmoni ;

unction, U, 3:d“:r'=:'}5|ﬂ- Lrom mathematical analysis we know that any
ail!-"'_"—f;'.r;:'r_fé}'i:a'z ~ ome very gencral conditions, can he repreaented by "a
AIME SerE il 3 Serics ol sums of sine and cosine functions, Thuys for.
— AU with reniod ol oscillation A, we have .

e . In :
Ul"'ﬂn""ﬂ| Sin ?:.I +ﬂl sin Ti . 1.‘.-'-,”
+b, cns% t+b, cos 2;— o 24 e
: N _ o)
i ; 2 *
vhere a; Tz U,.sin ('—:” ). (=1, 2.} ’
I=]
5 n
b= = z Ucos (i—r- :'f) o (I=1, 2, ...}
ial]

T
1 Z o
fg= —
0 = U, _

=1
here n i, the number of terms in the time series, ] F_EE instance, il the
tnod ol opscillation 15 12 months an s ..., f12 18 the series or
‘erage of series for a number of years, thenthe constants a,'s and &5

‘e given by I
: ¥

a= L0 .
J=l l}
5 12 2

- # "
ay= HZ U, sin ( -I-i-“ ) y (I=1,12, ..., 6) \ e
=1 : 2 ]:
12 27 :

fu=1
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/ {‘Eu far X in (*)_is_regarded_as a known _caonstant, _Periodogeqy,
L +"L_"_".'l tr provides an tl:i ant methed of deléimining X, - R |

et us consider a ime series in which __|1'|c ’f'-'_'l'-_d ard _'_"" '_"_*-filr:.i-
cemponert Fave been ehiminated. Jn oiliér words, fhe reculling L L4
cnsisis of {-.nlzr- 1wn EEmFFT"-EHIS-. one pari dic wnith rl_'l'lrl'ld LI Jiﬂ. e

Fualsize E%L‘_ “H‘d "a” and'the otber, (1 e random comyonent € (+ay) whith i ued
srelate Thus |

eroxliag “with any cyclic movement, far long time at least.
LFIE' a sin -I.:" [k b ”-{11.1..
Cov (, t)=0, (i#)); Var(s)=¢o g |
] I'-I' ..-..,! ‘1]
Cov {:., sin ;!_.1: )=ﬂ - Cov (t.* cos -~ )1—-11 A l'
1
Let us consider . ‘v
n
2 art = |
= —'—'Fz Ul cos ? z
iy " ...Ez-ul
n ; o !
A . 2=l .
Be= z Z U sin i
fom J
where p is arbitrary and define :
g §%(p)= A2 B2 i (248

» hich‘_i_s_]m_nﬂ_uin  as inlensily corresponding to the trial period p.
Substituting from (2:42) in (2'44) and using (2-43), we get

%uﬁhl\} i{;ﬁ% Ef .f'ls—j—-i](a sin ?T‘f- -1:?-:!) cos g;
! =

'
Al = ‘6“""1“""" #m’ _ E‘“iz . 2nt 2%l
n sin

deglas ,:_,E,_-,,:pg = cos—=
=] g
n
- =T‘:-Lz 2 sin c:.r cos Pr,
t=[
where a= ?: and f= -I;‘l
n
" =0 CANEL & — a2
b A "Zl[ sin (2 B)t-+sin (2 ﬂ:l'l‘] i (
[ em
. n
Let 5= sin (@+B
i ;-.I

= A fﬂf{%}-f{%’ihfﬂ"ﬁ}
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a4 {r“ 1?:_ I;-‘u + B 20 4 1_._'{_-. . :lﬁ}'l

I , e '

- [m -; B, (e 1;_.. . 817

~tin {-fr*‘;"'ﬁﬂl] in 24 9
] §

"h*lllh‘fnl I¥Wa =)

"
YT I
> s-z vin (o4 = - : b

Yy "
(| “( 4 )
Similarly we can et the veloe of !"‘.. un (o=AN,

=
»

r

Substituting in (2 40), we get

a4 ] i + -
= [‘h "_. n ‘. I;—-.—__i.*-al ﬁﬂﬂr'?" il ". bl”f_-_Ei.
A -
n |

l\.
47 - — e e T

“n(:+h) ﬁn(-‘:*i X &

Yo A--0 fof a lnrge 5, since thes Ihe exprensive
. fﬂ:ﬁm l!g,ﬁnndn Iﬂumﬂ:{-wp,uur—ﬁ -?m
Wi

A= lim © {[some finile quantiy)

L

- Ii-ltll-al' 4 1))
+ bhm y - K.

gn e “.(!.'i?)

e P e s )

Thus for large n,
ifagpp = A#y, then 4+0 and

o (w414 -
A then A-+a sin - M3 - §) = i
ifa+f = P - -
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Similarly it can be shown that for large n,
fayf = A/u then B—0 and

WWa-»f = Awp, then B-+acos ['-'i‘_l.}if_‘.:‘@ L~

-

Thlﬂ i!' thﬂ b- ’ L . :
) of HE_E'?‘*;lE;ﬁ!tmﬁ“ﬂmbcLH 1s exactly the . period of oscillation
Sp)=a* = S(p)=a e (2:47)

On_the other hand if ) =
~ae st hand af A=p, then S(p)=0, Thus S(u
o s cou 1 el g 2 1 P n WK 'y
ic 1 ¢ amplitude ‘a’, This conclus; :
Periodogram Analysis, which is summed up as If]'cf:;lc:}nwsf?mﬂ P s ot

F' L, 4 .
{:!'-H}le!-.'ﬂfn&i :'ri':nl[i?;?u:;rglj U,!»‘ U“'[i'-t U—.F%{I':Plﬂ_f A and B as defined in
. “rent valu ¢ from O to n and compute S{u) usine 543
e Erap ﬂblﬂlﬂﬂ‘d 1 4 . . el pute {l"t' UFH'IE {2 .11.}
The LU d_on plotting J‘n;n} against u 13 known ' i
nmv;i“g“':;f’r' Iz ;nrrtapnndmg to the *signihcafit’ n?n,:imuqni WJ
undamental periads of oscillation, provided no B 18 a nf'mt'i?

ple of another . : ) i
et e # 5 e corresponding walues of § provide the corresponding

Rein; :
cﬂ|¢1.tlﬂliﬂn‘sr'f" I;'rtl:: EF::::T Lzlimhhi{k of Harmanic Analysis lies in ‘huge
; : p | Lth of t - :
frue periods of oscillation, |rrm;::, ﬁ::i;:l; ' the time series we CAN guess the

’ ' ; SEMARTY D ¢ =
values of the tnal period it which are ia 11 o compute S for only those

Mate (guessed) values, the neighdourdood of approxi-
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