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Linear Regresgio, " pegresS Anelt 117
116 Sy g2
i Y . Its were worked out fro;
sion coefficient of Yon X, i e; i 1he folloylln‘g results we ut from marks i Statistics anq Mathematics in a
Example 29. The regres' I f,‘,lgqand v= /3—', Find bvu. 3 W/aﬂo"-_’,_ certain
px=12,10="">
L byx= 5% A=
Soluton: 2(); : oY =100 s —
.- 3
2l o = Y =3v+100 o Find the two regression equations.
= i=2f+ ¥ =3v+100 i Estimate the value of Y when X= 50 and X, when Y=130.
X =2u+100 Y7 B (i [Ans. (i) ¥=0.6922X +20.1581, x = 25487+ 21397, 1y 54._’6 3,5 N
(X -X)=Au-1) u)( —.). i 4 Youare given the following data about sales and advertisement expenditure of a.t:an: A]
2x32(=w0" =) _1 shyu : Sales P -
= * v, di
Now, byx 4-Y(u- u)2 By crare) (I::mer:r;;n "
b Arithmetic Mean: 50 0
So, =5 Standard Deviation: 10 | 3 _
i 1.2 08 Coefficient of correlation = +0.9 j
yu=—=0. [ ——
15 (i) Calculat the two regr i\
EXERCISE 2.5

(if) Estimate the likely sales for a proposed advertisement expenditure of Rs. 13.5 crore.

L

——

(iii) What should be the advertisement budget if the company wants to achieve a sales target

1. The following data relate to marks in English and Maths: : of Rs. 70 crore? [Ans. (1) X=4.5Y+5, Y =0.18X + 1, (i) 65.75 crores, (i) 13.6 crores)
Mean marks in English 395 5, Given the following data, what would be the possible yield when rainfall is 29"

Mean marks in Maths 476 ; Rainfall Yield per acre l

, S.D. of marks in English 108 Mean =) 25" 40 4]

'S.D. of marks in Maths _ 169 | Variance . 9 36 ,4\

, Cocfficient of correlation between English and Maths = + 0.42 Coefficient of correlation between rainfall and production = 0.8 i J

() Obain the two regression equations.

{Ans. 46.4)
(i) Calelatethe expected average marks in Maths of candidates who received SDAEAS , ?’_“sg“’eﬁ set of bivariate data, the following results were obtained:

English. [Ans, X=02687 +26.73, Y =0657X * 2164 Ren 2,7 =279, regression coefficient of Y on X=- 1.5 o =60
There are two series of index numbers, 2 for price index and § for stock commodifies Alfom ﬁs:g’:lmmmel-“ of X on ¥ =~ 0.2. Find the most probable value of Y when )
mean and standard deviation of P are 100 and § respectively and S are 103 and 4. e coefficient of correlation. Yo 177, r=-0548]

correlation coefficient between the two series is 0.4. With this data work o lusod" Ly ‘ pmaeSar Y

equation to read off values of P for various values of S . Can the same equatiot L) ¥= 4, 0,225 7 =60, 6, =22, r=075

read off the values of S for different values of P? If not, give the appropriat® il . &

2p+ 8 Smate (7 Value of Y when X =35

(i) Value of X when ¥=20. [Ans. () 534, (i 10: 8

[Ans. P=0.85 +17.6; NOi 4



. 1e3!
llowing informatio! wmp

Standard Deviation:

XwhenY=9,

5, Estimate the value of .

: dYis1 1
The covariance between A an bais X b o mq
7 ¥=3.5b, =25
9, If7=15X=350x _ ' {
Obtain estimate of YwhenX= 5. @ A, 13_751 : o
0. Ifo?=0.75,0% =127y =065 find by Hhacay
x find 7. [An"’=0.81

. Ifo?=250; —625,bxy =016,

11
1 [Ans.r=
~0.50,bxy =1.5,find 7. . ! . 087

12. Ifoyx=0. piey :“dents was observed for weight (X) and height (Y): The varian )
13' Agn;up?i 1 be 9 cm and that of weight 1600 gm. If the correlation coefficient betyzg,

}‘::’isgh? ::d weight was 0.5, obtain an average absolute increase in weight in response

height.

[Hint: Find bxy] ) ) . [Ans. 6.67gm)
14. Inaregression analysis, the following two regression coefficients were obtained

=3.5and byx =0.5 4
(b'fmmem on th)e:e values. [Ans. #=1.75 =r=1.32% 1, Inconsistent values]

& TO OBTAIN REGRESSION EQUATIONS IN CASE OF GROUPED DATA

For obtaining regression equations from grouped data, first of all we have to construct 2
correlation table. After that, we find out X , ¥ and the regression coefficients byx and bxy. SP“f"I
adjustment must be made while ing the value of regression coefficients because regression
coefficients are independent of change of origin but not of scale. In grouped data, the regressi?® _
coefficients (byx and bxy) are computed by using the following formulae:

@) bxy=
Nx3y® -(5fy) - i,
(i) by = 2y~ Bfs Hty iy

Vgt - ()t T
Where, i, = Common factor of X—variable
i, = Common factor of Y-variable,

The following examples makes the Computation of regression equations more clear:

. obtainthe

pute Karl Pearsons” coefficient correlation from two e,

Also com)]
(Tgble Given at Page 120)
= Sfax
X=A+—xi
N x
6
—30+ﬁx20
® -2
100
=30+12=312
F_ g HA
Y_A+TXI},
=325+£x15
100
=325+18=343
= N x Bfdedy - Hde 3y iy
Nx 3y -(Ey) i,
_(90(19)-©)(12) 20
(100)(48)-(12)> 15
_ls0-72 20 128 20
4800144715 4656 15
30560
= =+04
goga0~ 04
M - Sfix. i
by Y By B Sy Iy
N . Zfdx” - ( Zfdx) i

(100 (16)-(6)(12) 15
(100)(46)—(6)> ~ 20
J1600-72 15 1528 15
4600-36 20 4564 20

22920
= i
o180 0%

; lysis.
ssion A12
12 b =
u 1 .

gression coefficients.



Solution 3¢,

120

Y-325
15

=
20

Let dy= X =30
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. - Analysis
[ Re ressiofl 121
e jon Equation of Y on X

el Y-F=bpx-%,
Y -343=025(X -31 5
Y-343=025x -7
Y=025X+265
Regression Equation of X on Y

X-X=by(Y-7)
X -312=0.43(Y 343
X—31.2=0.43Y—14_749
X =0.43Y +16.45]
Coefficient of Correlation (r)

r=\lbxy byx
B - Gomeis
- r=+0.33 approx.

r can also be computed by using the formula:
1 N Zfdxdy — Sfdx . Sfdy
N i - ) N Sy (g2
= 100x16—(6)(+12)
" J00x46-(6)* \[100x 48— (12)?

Aliter:

B 160072 L. 528
" J4600-36 J4800—144  Jas64 V4656
1528
= =033
4609.77

Example 31, Following is the distribution of stud ding to their height and weight:

Height Weight (in Ibs.) J
(n faches) 90—100 100—110 110—120 120130 |
S0—s5 4 = s 2
3560 ‘6 10 7 3
60—65 6 12 10 - N7
65—170 3, 8 6 3
Caleulate: - (j) the two f—egmssion coefficients.

(i) the two regression equations.
(i) coefficient of determination.

(Table given at page 122) Let X denote height and Y denote weight



Solution 31

122

Y-105
10

TS ¥

Let dx=X~575
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. n Analys!s
(RE possi2® 123
62
/ Regression Coefficient of Y on X

@ byx=N.2}fdxdy—}ydx_zfdy i,

Wx:
=100X31—(57)(41) 10
T
_3100-2337 2 763

byx

=220 2 168, 16
13300-3249 1~ 100512 = o =0151=015

@ Regression Coefficient of X on Y
bay= N X BBy - M By i,
NxEb? -y i,

Y

_100x31-67D(D 5 3100-2337 3
10 1110016812

T 100x111-(41)?
_ 763 _1_ 163

X o= =0.040~0.04

9419 2 18838
Calculation of X and ¥
X =4+ % X iy

57 285
=57.5+ﬁx5=57.5+m
=57.5+2.85=6035

?:A+%x i

41 410
=105+ 00 x10=105+T0—0
=105+4.10=109.10

Regression Equation of Y on X
Y-F=bpx(X-X)
¥ -109.10=0.15(X —-60.35)
Y =0.15X —9.0525+109.10
Y =0.15X +100.04
Regression Equation of X on Y
CX-X=by(-Y)
X -60.35=0.04(Y —109.10)
X -60.35=0.04Y - 4.364

X =0.04Y +55.98
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inear Re, ression
m
Coefficient (7)
- [6T5%0.04 = J0.006=0.077

)2 = 0.006

(i) Correlation

T
Thus, Coefficient of Determination = r2=(0.077

the following grouped data, find two regression equations anq _
tiop

Husband’s Age

(Table Given at Page 125)
Regression Coefficient of X on Y
N x Zfdxdy — Zfdx Zfdy i,

by=——— oz X7

Solution:

Nx3? -y
_ 100(138)- (-80)(-100) _ 5
100204)— (100> 5

_ 13800-8000 _ 5800
~20400-10000 10400 et
bry=0.558
Regression Coefficient of Y on X

N - (5

- 100038) - (-80)(-100) 5
100(150)- (-80)" 5
_13800-8000 _ 5800
15000—-6400 m =0.674
byx=0.674
T=as3%,, [-so
, =32.5+— [(5)=28.5
Ll 100)
7oy O I
=+ 32 xi, =27.5+(%%°/J (5)=225

/
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126 Near Regresyio,
Ang "

Regression Equation of X on Y
x-x=b( )
X-zs.5=o.558(y—22.5)
X—2845=0.558Y—12.555
X=15.945+04558Y
Regression Equation ofYon X
y-T=bxX -X)
Y—22.5=0.674(X—28.5)
Y—22.5=0‘674X—19.209
Y=0.674X—19.209+22.5
¥ =3.291+0.674X

Now r=4boyxbx

:on Anal sis .
Re! ressi
e
The f0 i 127

hows the frequenc
y distributi
bution of 50 couples c},
classified accordj
ording to

mate () the age of husband when wife
s age is 30 years. wife’s age is 20 years ang P
2 if) th -
[Ans. X = 0.47Y+ 8.03; Y= 0.72X + 12.0; € age of wife when
: 02, ¥=26.

Estil
pusband’

4 s
2 years; X=22.13 -

Find regression equations fro .
4 Hi m the following data:

= J0558x0.674 =+0613
Marks in Ma
EXERCISE 2.6 e 8 T
8—12
; 12—
- ' . . . 514 1 E
o : regression equations for the following grouped data: 1420 5 162 2
s 000) Advertisement Exp. (Rs. ‘000) (X) 2026 = 13
® 515 15-25 2535 Totdl : 2 ==
75—125 4 el - 2 ” l
125175 . — 5 - ‘ —
. = ; d
TR I : 3 1 5, Find coefficient of correlation and [Ans. X=0.67Y +127; Y=0 61810)(“
> 2 £All, ) . b i 9‘3
L 275 r ; 2 X 5—15 5 from the g data: .
s0 find coefficient of correlation. : : ” o
o - y;[zA:;'# 0.1347—1.45, where X denotes Adv.E- — L \ o \
' tain the regr q from the foll ¥ X+119.13 where Y denotes salcs,r=+0.59S] 120 3 : = |
Marks in c g data: 3 1 R < | D \
Nl BT Marks in Satistics (V) Totl e : 2 | —
LIO—ZO 6 20;30 040 | 4050 | 5060 o - : 2 \ : jl
20—30 = — ¢ = 3
e 3 16 n - 9 P— > ‘ : 1
Fom T 0 5 = = 2 <0 0y, i
0 7 _ 32 K INTH ,.'
5060 = 7 | ROM T, E MEAN
— = 10 P 21 HE REG VALUES AND
L v = = == ; 5 5 *th[?lf"“"“ o RESSION EQUATION scoRRELATION COEFFICIENT
Iso find coefficient of determi o 32 21 o 100 M"sre:;- atmegy €an Values fro;
Ctermination. [Ans. 1= o 50n giy Values (¥ and 7° i the Regression E T _—
X=6.77+0802Y; 7=6.77+0802% Ving giao - € Mean ¥) points. In other words, the poi warepun
/+0.80 gram: values of both X and Y V:ria t;lﬂle point of intersection of the two lines
es, i.e., X and Y. This is clear from the

70



ear that tWO regression lines Y on X and X on'Y imemq

iti that if both regression lines/regression equay;
ther at X and Y’ poin I:_hlz ::::rn values X and Y series, ie., X and ¥, ns e
of H i .
known, then solving them uut- glvesf Correlation from WO Regression Equations; C"mlatiw
(2) To Find the Cn;f“::“;;:l the regression coefficients bxy and byx. From the regreq;
e b;wo:k :an ct,'md out bxyand from the mgressw;: equ;twn of Yol find oy
jon of X on Y, W ) i = Lbxy. t

un::inu‘:en correlation coefficient 7 can be derived as 7 =/ 0)¥

yx s the regression equations are given ix} such way that by il:nspectk).n, itis

Note:  But somellm:ks twhich one is the regression equation of X on Y and which oneis Y oy
difficult to make ou of them, taken s a regression equation of XonY, is used to compute
X.In s'uc!; x:-l casil :ﬂx:{he help of other equation yx is computed. l'f the product of by and
bxy. S.m" i than unity (1), then this follows that our supposition is wrong, becauser?
byx yields more th Thatm eans we have to change our supposition. This time we haveto
cannot exceed unity. Ta d, i.e., previously taken to be X on'Y should now b

ition other way roun s n
rn'.skide(:; ‘f}; ?ms(m?:uz tirre pn};duct of regression coefficients shall not exceed unity and

our results will be correct.
i Alternative Method: To find out which regression equation is X on
following alternative method can also be applied: v
Suppose two regression equations are as follows:

itcl
jagram makes it €
The above di2€? ts. Therefore,

Y and which is Y onX,the

(D ayx+by+e =0
(2)ayx+byy+e; =0
(1) Ifa, b, < a, b, (in magnitude, i.e., ignoring signs), then

ayx+b,y+c, =0 is the regression of Y on X and -
ayx+b,y+c, =0is the regression of X on Y.

(if) If @, b, > a, by (in magnitude), then
ax+by+c; =0 isthe regression of X on Y and
ayx+byy+c, =0 is the regression of Y on X, Y

Example 3. From the following two regression equations, identify which one HorA%
which one is of Y on X:

2X+3V =42
X+2Y =26

absen et us
X ;hn; equation second to be of X on Y, .
Let equation first be regression equation of Y op x
2X+3Y =42
3¥ =42-2X
y=2_2x
= 3 3

From this it follows that

byx = Coefficient of X in () = 2

3
Now, equation (i?) be regression equation of X on Y
X+2Y=26
X=26-2Y

From this it follows that

bxy = Coefficient of Y in (if) = -2

.. Analysis
ression
Re! 129
oo
ce of any clear cut indication, |,

me that equation firstto be ¥ on

()

i)

Now, we calculate ‘7 on the basis of the above values of two regression coefficient,

we get

;1=byx~bxy=_?2x—2=§>1

Here, r* > 1 which is impossible as 7> <1 So, our assumption is wrong. We now
choose equation () as regression of X on ¥ and (if) as regression equation of Y on X:

Assuming the first equation as of X on ¥, we have

2X+3Y =42
or 2X=42-3Y
x=22_3r
2229
From this, it follows that

bxy = Coefficient of Y in (iif) = :23

Now,

» assuming the second equation as Y on X, we have
X+2Y=26
o 2Y=26-X
> 26 1
=2_2x
F : « id 2
Tomthis it follows that

1
byx= Coefficient of X in (iv) = -2

i)

V)
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Linear Re res
S
M
130
s

peby bx="3"7

o i is possible- 7715 within the limit, .e., 7> <1
which 1S ionis of X on Y and the second eqyq:

roved that the first equation s "€ equation sof

===075
4

Here,r* <!
Hence, it iS P
) X+27=26

As  2x2>3x1 ZX+3Y=42istheregressionoonnYand

X+27=261is the regression of Y on X.

Example 34. Given the regression equations:
3X+4y =44
sx+8r=80

Variance of X =30

Find X,7,r and 0,

Calclilation of X and ¥

The regression equations are:
3X+4Y =44

5X+8Y =80
Multiply (/) by 2 and substracting (i7) from it
6X +8Y =88
5X+8Y =80
X=8 or X=8
Substituting the value of X = 8 in (i), we get
38)+4r =44
24+4Y =44
4y =20
Y=5 or Y=5

Solution:

X=87=5
Calculation of Correlation Coefficient
Suppose (i) be regression of Y on X
3X+4Y =44
4Y=44-3x

4 3
Y=2=.2
ek

ress,on Analysis 131
° ’Re
N ' - byx = Coefficient of X in (i< _3
. D 4 '

Lt eqiation (i) be regression of X on y
: 5X+8Y =80
5X =80-8y
L8 8,
575 )
bxy = Coefficient of Y in (v)=- §
5

2 =)
Now # =byx.bxy=—zx?=_>1

This is impossible as < 1. So our assumption is wrong.
3’2 :gzv choose equation (7) as regression of X on V and (if) as the regression of
Let equation (i) be regression equation of X on Y
3X+4Y =44
3X=44-4Y
44 4

x=2_Cy
33

4
bxy=— 3 i)

Equation (ii) be regression equation of Y on X
5X +8Y =80

iv)

Calculation of g ,
We k“°“"; bxy=r, 0—’
s,

GiV_%n; bxy:i,r=—0.9l,6: =30=6x=‘/3—0=>5.41



E— ) Analysis
Linear R ression Ay q ressio 2 ] 133
alyg; il
132 ; W Y= ﬁ_‘_ 8 X
yalues in the formula of bxy, we get 10 10
Substituting the 8V L Y=6.6+08X
133——09“‘ byx=08
d equation as regression
0.91% 5447 _3.74 Assummg secon €quation of X on Y.
g =P 40X~ 18Y=214
i : 214 +18Y
jally destroyed laboratory record of an analysis of correlation dnu, o 40X = 214 8
Example 35. ;;J:wp:;msults are legible: K= 76 T Y
Variance of X =9 X=535+045Y
i tions
Regression equa 0] o 107 + 66=0 bxy= +045
40X - 18Y =214 Now, r=,/bxy.byx

Find (7) X and ¥ (iDry (iii) S.D. of Y.

(i) Calculation of Xand¥
8X -10Y+66=0

= 8X - 10Y =-66
40X - 18Y = 214
Multiplying equation () by 5 and subtracting (if) from it
40X - 50Y =-330
40X - 18Y =214
- +
-32Y =-544

M7 o Fo17
32

Solution:

By putting the value of Y = 17 in equation (i)
8X-10(17)=-66
8X=-66+170
8X =104
B - X=130or X=13
X=13, Y=17
(é) Calculation of Coefficient of Cnrrelatlon( vy)
Letusassumezham,eﬁm quation be

- q

-10Y +66=0
-10Y =66 - 8X
¥ 10Y =66 + 8X

= 1[0.45 x0.8=+0.6

(i) Calculation of G,
Given, variance of X =062 =9 = ¢_ =3
bxy=0.45, r=+0.6

[¢)
We know, bxy =r.—=
Oy

Substituting the values, we get

0.45=0.6 x 2
Sy
= = i =4
7045

Hence, X =13,¥ =17,r= +0.6,6,=4.
Bamle 36. The two lines of mglessmn are given as fo\lows
5
Y=o 4+— =-5+=Y
‘ 3 X X=-5+ 3 Y
Find (1) ¥ when X = 3 and X when ¥=3 (ii)r,,

Wijon, e
Y O ——4+§X

X——5+ Iy

L
! quation () as regression of Y on X!

Y=-442 $x

(0

i)



—

.on Analysts

Linear Re, ress; 5|
ion (e
m S : 135
Thus, from (i), X =5 ¥ +6
2
. bx=3% . 3 9 21
_ 3 i v =3, X=-X3+6=-4+6="—=
Taking equation (i) 35 regression of X 01 put¥ 2 20T TIes
5, 18 P S |0
b £ (@l)rﬂ=m_ 2"5-\/%=«/0“3=0.94s
5 btained the following regressi s
by=2 . A student O gression equations, p .
=3 - e T sy + 21 ‘ 0 you agree with him?
rﬂ_.-=§><§=‘9‘=l'1>l' 21X+ 14Y = 56
Here, 17> which is impossible as <l ‘SO our assumpti_on is wrong, it ere we have two pOS.sibilities:
Reve}sinz the assumption and taking equation (i) as regression of X on Y ol Case I: Treating equation (1) as regression equation of X on v
Ve e 6X=15Y +21 '
Ye—d+iX = 3y =-12+42X
T3 )(—§Y+2—l =
= 2X=3V+12 o 6 6
C 3 2 ]
- x=3 Y+6 ..{iif) Clearly, bxy = 3
. by 3 Equation (i7) as regression equation of Y on X:
2 ) 21X+14Y =56 .
Taking equation (i) as regression of Yon X ar 14Y =56 21X -y
)(=_S+§Y or 3X=-15+5Y or =-56_21
& 14 14
= JY—33X+15 5 =_2
= y=gx+3 ) HEPRY
- _15 _-21
. b;cr=§ Now, 7 = bxy. byx =5 X3 < Here r" <Owhich i impossibleas 20
PR 3,3.9 00 CaseII: Treating equation (7) as regression equation of Y on X:
275710 6X=15Y +21
H 2 ok
s'““ej e L’°“f supposition that equation (i) is the line of regression of X o1 Yand o 15Y=6X-21
equation (i7) is the line of regression of Y on X is true. X or y=5X_21
@) :;2 Ozlglgra:i t;s!imate of Y when X = 3, we use the line of regression on.on . 15 15
oy % .-
s 6
. byx=—
| Thus, from (iv), ¥ =%X+3 Bt 15
ation (j; . .
Put x=3,y=3 9 . 24 (i) as regression equation of X on Y
> ‘3(3)+3=§+3'=?=4_3 21X +14Y =56
“To obtain an estim g . onof X0 21X =56-
viz. (i) or (iii) mate of X when Y = 3, we use the line of regressiof 28 £
: b X= 5_6 sl E v /

21 21
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Linear Regress: gssi0
SSon Ang, " Lml’rﬂe 3 " 137
136 : X=21+37Y.
14
bxy="71 bxy = regression coefficient of 3
S X =
6 -]4(0_}{“"2 <0 which is Impossible a5 ,.2 anY_g
Now, 2 = by =157 21 e by =r. 2=
5 lati i '
2 <0 whichis impossible as 2 20. Hence, calculations done by the Stidey Since Oy
Here, 7 . t
are wrong: ficientof Xon Y i —1/6 and that of Y on X is =312, g . putting the values, :ve ge
ion coefficl dY? J —rX—
Esaghe ]fa‘li:;r:tgr cf)srielanon coefficient between X an 57 rx 5
= = 3
Solution:  Given: bxy= _6—, b= 2 Thus, 7= T =075
r=—fbxy . byx Hence, X=52, 821, =075
(_—_l](ﬁ) - %=_%=-0.5
= 2
§ EXERCISE 2.7
Hence, r=—0.5 (. From the following regression equations:
MPLE 20X -9Y =107
IMPORTANT TYPICAL EXA 14X 5Y =-33
X,¥andr. = =
f] mﬁs(X)onsala(Y)ofacem.mﬁmmﬂ 10X+210 0, Calculate X, . ) [Ans. X=13,7=17,r=06
Example 39. The regresson equation ofp dth ce of profits is Sihofth 1, Regression equations of two variables X and Y are as follows: 2
The average sales of the firm were Rs. 88,000 an ¢ varian P % ofthe ¥ — X —50=0
variance of sales. Find the average profits and the coefficient of correlation between 3?’ - Zz\f -10=0
sales and profits. (i) Identify wlucl_l of the two can be called regression of Y on X and X on Y.
Solution:  Regression equation of profits (X) on sales ) is: (if) Find the means as well as coefficient of correlation between X and Y.
6Y-10X+210=0 ) [Ans. () (1) Y on X and (2) X on Y; (ii) X = 130, ¥ = 90,, r=0.866)
The average profits can be obtained by putting Y = 88,000 in the regression equation 3. The two regression lines are given by:
of X on Y as follows: Y=QX—E X—Ey_ﬁ
18 18 Y

6x88000-10X +210=0 — 10X =5,28,210
X=5281 or X=52821
Also we are given:

Find () Correlation coefficient between X and ¥
(i#) ¥, when X = 10
(iil) X, when Y= 10

s 16
Variance of profits ( 62 )= — variance of sales ( 62 2_ ;
= (s3) ™m ®) opifg2=9 - [Ans. () r=06, Gi) 146, (i) 985, ()5,=4]
= L, * ines of regression of a bivariate populk
g 12X S ou gy o population are:
6Y - 10X +210=0 s the regression of X on Y 4X—27Y=373
rlance of Xic0 -
-10X=-210— 6y Xis9
or 10X=210+ 6y e ™ean value of X and Y
Co
X206, (u,) " lation coeflicient between X and Y, and
10 10 d"d lltlonon
T A R =13,7 =17,()r=+058, (Do, = 4138
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ations were obtained :

ing regression equ

in data, the following T

5. For certﬂ:& sy +33=0
20X -9y -107=

Estimate Y when X = 20 ant

x
0

=20.

d X when Y =20-

[Ans. Ya=22 x

e le 64] = ir poi s
[Bint: See ExamP ines as: 3X+2Y= 26 and 6X+ ¥=31, find their point ofi“'mee:s] '
6. Given the mgfess’loz find the correlation coefficient between X and Y. on
and interpret it. AlS ction of the lines of regression gives the me

— - an v,
(X=4and7 =7y, ,,7::';'5‘
from certain data were : Y=X+5 and 16X=9y_g, 1-' ]
£ ¥is 16. Also find the covariance between X anq Y

[Ans.6,=3; Cov (X, V) =g B

[Ans. Point of interse

sion lines obtained

two re; Ny
7. The gres: the variance 0

the variance of X if
0 y=9)
atistics (X) on marks in Economics (Y) for a clag of‘

ion of marks in St .
ssion ks in Economics = 44 and variance of; Marks;

8. The line of regre:
50 boysis3Y-5X+ 180=0. Average mar
in Statistics is —th of variance of marks in Economics. Find (7) average marks in statistigs
16 it 2
(i) Coefficient of correlation between Xand Y. [AnsT ()X =624,Gyr=03)
9. Equations of two regr lines in a regressi lysis are as follows:
3X+2Y=26 and 6X+Y=il _ !
A student obtained the mean values X =7,Y = 4and the value of the correlation coefficient
r=+05. Do you agree with him? If not, suggest your results.
[Ans. () X =4,7 =7, (i)r=-05]
10. Forasetof 10 pairs of values of Xand ¥, the regression line of Xon Yis X—2Y+12=0,mem
and standard deviation of ¥ being 8 and 2 respectively. Later it is known that a pair (X=3, 1 =8)
was wrongly recorded and the correct pair detected is' (X = 8, ¥ = 3). Find the correct
regression line of X on Y. 4
[Hint: See Example 62]

[An,.X=Y-3]

11 A student obtained the two regressi ions as " g
2X-5Y-7=0and 3X+2Y —8=0
Do you agree with him?
2
s, 4
[Ans. () byx=§,byx= -% CL T
" J . Equations obtained 8r°
12 The two lines of regression are given as follows:
5X—61:+90f0, 15X -8Y -130=0 do
() Find Xand ¥ (ii) Find "y (iii) Estimate ¥ when X =10 (iv) Estimate Xwhen re ¥

[Ans. X =30, ¥ = 40, r=067, Y=233 X5

<sion Anal sis _—
WLN
sRD ERROR OF ESTIMATE

RD
= f independ i
il on, given the value of pendent variable, we eg:
[/ 1 rezfesssli(:l applying regression equation. To find out + exmate the Value of dependent

I an estimate .
ple Y e Ifwe want to hake sure that to what extent the o that is 100% acc; X
Wit nossible: i € estimate, urate is
gt I‘;:pthel'l this can be;llone riv;:;ltilt]; 2:1“: of standard error of estimat: :ade by usare accurate
0o can check the re our estimates. Standard error of aqponr o2 €TOF
ngs‘lm:en; e estimated values by regression line are closer to actya) il ::tlmate shows that to
e wo regression lines (Regression of X on Y and Regression of y o
dF::d grror of estimates: on X), there are two
ol 3 standard Error of Estimate of Y on X (5 ;)
(f'i) S“ndard Error of Estimate ofXonY Sy)
f Estimate of Y s Iti
0 standard Error of Est on X: Itis denoted by S, Its computation is mad
he following formulae: e by
First formula:
, I(Y-Y,)?
S )
N
Here, Y = Actual values, Y. = Estimated values.
Second formula:
e XY’ -aXY-bT XY
S
N
Where, aand b are to be obtained from normal equations and a= intercept, b= slope of line
Third formula: :

S=0, y1-r?

Where, 6 y=SD of Y; r = coefficient of correlation between X and Y.

The third formula is suitable for use when i i i
et Pt o ‘we are given the values of correlation coefficient (r)

(i) Standard Error of Estimate of X on Y: Itis d

the following formulae:
5, = ’z(x;v)rc )y

First formula;
ctual values, X, = Estimated values

rmula;
oy fZXZ—aZX—bZXY
xy = N

% aang p 5
bmtobeobtainedﬁ-omnonnalequaﬁonsmda=inmb=s‘°pnomm

is done by

d by S . Its comp

Here x =
P A=A
Secon g,
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Third formula: 7
s =g, {177

sDof Y; : :'coeﬁ'u:ient of correlation between X and Y,
ird fo;mu lais sui’mble for use when we are given the values of correlation cnemciw
aT;: :andard deviations (Ox and 0 ,,). o
The following examples make the computz:t:ma‘es"
Example 40. Find the ‘standard error of fle e
g, =4.40, =22,r=08
8,0,=4.40,~ 22
are known, the following formulae are used to find v ‘s'andm

‘Where, O«

f standard error of estimate more Cle

Solution:  Given, 7 =0.

As ‘', 0,and0),

error of estimates’:
5 =0y 1-r? -0 1
2
S5 =0x 1-r i)

Putting the given values in () and (i7), we get

Sy =22x,/1-(0.8) =2.2x,[1-0.64

=2.2x4/0.36 =22 % 0.6=132

$y=4ax1-(0.8) =4.4x,/1-0.64
=4.4%x036=4.4%0.6=2.64
Example 41. Foraset of 10 pairs of reading on X and Y, the coefficient of correlation is 0.856 and
the standard deviation of Y is 5.54. Find the standard error of estimate of Y onX.
We are given:
r=0.856, 0,=5.54

The standard error of estimate (S ,,) is given by
7

Solution:

8=,/ 1-r

=5.54.1-(0.856)" =5.54 J1—0.7327 |
=5.54,0.2673 =5.54 x0.5170 = 2.864
Example 42. From the data given below:

(8 andS.) uations and calcul

ossion Ana sis
Uﬂsﬂ’ Be -
Calculation of Regression E

-
o A ey
[ (xx (Y-¥) # £
6 0 0 5
2 -4 16 I n 1 s
10 4 16 s 3 9 )
- = 4 8 B 9 12
8 2 4 7 = 0 0
N=5 Ex=0 | m?=d0 | ZIr=4 1 )
£X =30 O | =0 | 5o —
- _30 = _40
Wehave, X="7=6 Y=—=8
5 5
Zxy _-26
byy="S="TI=_
zyz 20 13
—26
b= 26 __
Tx2 40 0.65

Regression Equation of Y on X
Y-F=bx(X-X)
Y -8=-0.65(X -6)
Y -8=-0.65X+39
Y=-0.65X+119
Y =119-0.65X
Regression Equation of X on Y
X-X=by(Y-Y)
X-6=-13(Y-9)
X-6=-13Y+10.4
=-13Y+10.4+6
X=-13r+16.4
X=16.4-13Y
Thus, the two regression equations are:
Y=119-0.65x
. X=164-13y
::;“ﬂl:ﬁ“" of Sltnndard Error of Estimates
We can ;;:gressmn equation of Y on X (Y, = 11.9—0.65X) for various values of X,
Y(X.<1g ;’ftlﬂ;e corresponding value of Y., values and from the equation of X on
“4=1.3Y), we can find X,. These values are:
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tation of Standard Error of Estimate
(¥ -Y.)?
1.00
0.16
0.16
1.69
0.09
T (-Y)?=3.10

Standard Error of Estimates:

T-r) _ PO

pUsOS ’

\ 5
EX;&)_Z: 620 _s1n1

S = N 5

+0.7874

Aliter: S, and S, can also be calculated as:

-1 _ @:J@mﬁﬂ
0, = N VN 5
- /EX_‘_X').Z= /E"i= 40 _ g=2.828
G N N Vs

26 <626 __ o0
Dt (y_y ~Rox40 800 28.28 :

S =0,1-r =21-(-0.919)* =2 [0.155 =0.7874
S,=01-r =2.8281-(0.919)* =2.828x,f0.155 =111

Example 43. Given that
IX =15, TY =110, ZXY = 400, £X* =250, £¥? =3200, N =10
(1) Compute the regression equation of Y on X
(if) Standard Error of Estimate S ._.
NIXY -(ZX)(ZY)
N.EX?_(zx)?
_10¢400) - (15)(110)
10(250) - (15)2

Solution: @ byx or b=

=1.033

. AnalySis
18
@ Regrﬁ"““ Equation of Y on X

Y-V =bx(X-X)
Y -11=1.03%x - 1.5)
Y -11=1.033X —1.5495
¥ =9.4505+1.033x
(i) Standard error of estimate (S ') is given by
_ |ZY?-azr-paxy

Sy = =

=Jm
10 ‘
4me

10 RS

=13.21
44, From the following data, find the standard error of the estimate of XonY andY on X

I 1 I 2 | 3 l

prampl

s |
v 1 e T o 5 7= sﬂ
Solution:
X —X) x2 Y 7 =
(xxX) “’Y) !1 17‘
1 2 4 s a1 : =
2 =1 1 8 +1 1 1
2 o LU 7 0 0 0
4 1 1 6 = 1 2
5 2 4 ] +1 1 2
X =15 =10 | I¥=35 DF=4 | Io=2
?:3—5‘=7
5
G, = Ei— E—MM
x N e =
Zy2 4
G, =q—=—=,/-=08%
% JN 5
r= Ly
No,o,
2 == _=0316

5xl 414x0.894 6.321
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sy=o "

_ 949=1.342
_La11-0316° = AP0

(on Analysis
5 ressi” 145
Y Smnd“rd Errorof Xon'Y

2
Sy =0x =i

=7.73/1-(0.961)

85 =03 \[]_:’r_l— ' =7'73V0'07647
_0.494/I-(0316) =0-894x0.949=0.848 =2.137

) ; and supply (Y) the following data were .. .
Example 45. For 10 observations on price (X)z =2288 °btamed:
’ £y =130, 57 =220, 27 =
sr?=5506, TXY =3467, N=10

Obtain the standard error of estimate of X on' Y’ and Y on X.

10, £X =130, Z¥ =220, LY? =2288

CISE 2.8

ER
2 /d e sandard error of estimates:

, Fin =0.894, r=0.316
o -1.414, 0,

[Ans. § w848, §_=1342]
Solution: ~ Given, N= et of 8 pair reading on X and Y, the coefficient of co >
$¥? 25506, TXY =3467 Forl

. ; rrelation is 0.
- iation of Y series is 4.2. Find the standard error of Y on X. 130,65 and the standard

[Ans. 5 ,=3.1917)
5 From the following data, compute standard error of estimate of the ion of Y on X:

=10, 2y2=4,2xy=2,N=§, wherex=X-X, y=y_-F

) 2
> _[EX_ ] (Formula of $.D,)
x N N

. 28_3_(1_39)' = (2288-169=,/598=7.73

0 [Ans. § ,=0.848]
. 4, Given the following data:
]

sr? (zrY = ] . 3

= e e ) -
[ I\~ (N ) = - : ‘ ;

5506 (220)’ v 5 s | s

=0 _[W) =.[550.6— 484 =,/66.6 =8.16 Obtain the two regression equations and calculate the -

[Ans. X =0.74Y +02, Y=0.7 +1.9, 8, =101,8,=1.01]

. Familx inco.me and its percentage spent on food in the case of hundred families gave the
following bivariate frequency distribution.

X N.EXY -ZX.I¥
N7 —(zx)? V.Y —(5Y)?

B 10 3467 - (130)(220) o Family Income (Rs) )
J10x2288-(130)% {10 x 5506 — (220)* %) | 200300 | 300400 400500 | 500600 [ 600—7004\
_ 34670 - 28600 1015 = — = I |
2288016900 /55060 — 48400 1520 = 4 P 4 s |
o600 _ 6070 _ oo 22 7 6 > r ]
J5980+/6660 ~ 6310.84 fr = =
Standard Error of Y on X Obtaip ghe ‘; ) 2 - —
$pe=0,i-r7 <8161~ (@s61)? Slingeg 21005 Of the two lines of regression. Also compute the standard error of the

= 8.16,[0.07_647 =2.256

t: g
e Example 55] -
[Ans. ¥=—0.02¢+31.5; X=-9.6Y+666; S, =4494, 5, =9847)
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& . Explained variation = 19.22

n’ple,46, Given: Unexplained variation = 19,70
g
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i od Variation ! i
o Explained and Unexplained ¥ can be split into two:

: /5stermine the coefficient of correlation. .
- in the dependent variable . . ) : Deter | variation = Explained variation + )
The ol vrsion stion in Y which is explained by the variation j y . Total =19.22+19.70= nexplained variation
Explained Variation: The ver (Tl o =19 70=38.92

(a) Explain€® © _ . : : 'y -1 B
explained variation it Y. . The variation in Y which is une'xplaxneq b¥ the: va\} ation iy g{emcjen/t e % o

(¢) Unexplained vn"‘?n:‘;ﬁ (variables) is called unexplained variation in Y, ™ "lably -

other fact p

; ; Total variation 33,55 =0-4938
= Coefficient of Correlation () =,/0.4938 =079

/. '/. 1 - o _ ) B
ting of a regression of Y on X to a bivariate distribution concicr .
Em‘?'“ # ?h:l expg]ained and unexplained variations were ¢ consisting of 9 observations,

X and is due to some
Symbolically, ) o
Timl variation in Y = Explamid variation 1 ; ,

Z(Y—)—’)2=Z(Y,—Y)1+Z(Y—Y,) HET

n Y + Unexplained variation in Y

“a 3 T omputed as 24 and 36 res, o
| | : if) stand ely.
imated) value of Y on the basis of regression equation . Find: () coeﬂ'l".leut of de.tc‘ e and (i) ard error of estimate ut‘?:{ct on xy k
"  Total variation in Y = Explained variation in Y + Unexplained variation iy
7 =Mean value of Y senes. s,‘n“on. B . %
Y = Original value of Y series.

~ A similar relationship we may have for X variable (Dependent) in terms of Y:
7 2
(X -X)=Z(X. _X)P+E(X-X,)

Coefficient of Determination: Based on the above expression, _Lhe coefficient of determinatiog
(r2)is defined as the ratio of the explained variation to total variation, i.e., <

T o 0 Explained variation 24
fficient of Determination (,2) =—F__ - 70n_24 i =
Coeffic Total variation 60 10 040

tandard Error of Estimate of Y on X (§£5= JLM
’ N

- _ 36
5 _ Explained variation _ (- ¥y e : 4 L N9 =Ji=2
= Toulvariation  £(Y -F)’ B fample 48., Given the following data: . s 5
Tt s clear that the object of coefficient of determination is to determine the percentage variati _X: I 1 | 2 | | 4 | s |
in Y which is explained by variation in X. For example, .let f’s sulzapose thazt the correlation | Y: I 10 I 20 l "0 1 =~ l - l
coefficient between X and Y is +0.8, then coefficient of determination (r*) = (0.8)" =0.64. It mqm! Calculate: v T
that 64% variations in Y are due to variation in X and‘36% variations are due to other factors. Thus, (i) Regression equation of Y on X. -
explained variations are 64% and unexplained variations are 36%. 1 (ii) Total variation in'Y.
Coefficient of Non-D ination: The proportion of plained variation to tog!l "’“‘"ﬁ (iii) Unexplained variation in Y.
is Fenned as coefficient of non-determination. It is denoted by k?, where K =1-rtltis (iv) Explained variation in Y ¥
written as: onoiscd i L (v) Standard error of estimate. 5
2 = Unpained variaion _ : : (¥i) Coefficient of determination.
Total variation ~ Sltion;
. 2
The square root of k* is termed as coefficient of alientation, i.e., k= Jk* = ‘ﬁ'—_ - x=X-X x* Y y=Y-¥ ¥ i J
Standard Error of Estimate: Standard error of estimates of Y on X and X on Y =2 4 10 -20 40 w0 |
calculated as: 3 T 10 100 10 ‘
2 g = 1 20 =
2 .
8= / XY -r.)® _ |Unexplained variation in ¥ 0 0 30 0 0 o |
N (o 1 1 50 20 40 n_|
2 " 20 l

rS
&
S
-
=]
8

- 2 -
Sy = M B Unexplained variation in X
L N

|

|

- |
=0 | mdojp | Zr=150 | =0 :}=1ooo\

¥
L;.%
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w
148 _sv 150 LetY denotsa’gﬂtlusband and X denote age of Wife,
15 Y=—Fr=—7-=30 jon: A=23
2y 9o === s 25 = -
=310 ] 13 - i -2
x
' ation of Y on X A /19_—— = L L) -2 - >
@ Regm“mn Equ e 9 18 : J
_F=br(x-X) A 1 \
1 2 4 3-
)'—30 9(x-3) 21 18 i -
y-30=9X-27 /;2’_ -1 1 18 a : 2
Y=9X+3 . - 0 0 19= L
ot ) =xp% = 1000 B=4 =4 0 0 -
(i Total variation in ¥ =2(¥ =T)" =" - +1 1 19 0 ' :
iif) Unexplained variation inY: 2 4 0
e px Ty | F=9x+3 Y-¥, (¥-y 2 - 2 i 1 2
—T 0 | 12 -2 7 26 +3 9 21 2 " -
— = | 21 —1 ; 27 +4 16 21 = " ;
| 20 |
5 | 30 0 0 Zdy==5 | 2 =85 | TO=188 | ri= | 22 o0 | a0
" 50 39 11 121 N=10
: = - o = L X=188
-1=m N.Sdxdy — Sdx Xdy
7 == 0 bx=— o ————
Unexplained variation = (¥~ ¥c) =190 1 N.Zdx? — (Zdx)
(iv) Explained variation in Y = Total variation — Unexplained variation _10x40-(-2)(-5) _400-10 _39% 158
=1000-190 =810 10x20—(=2)2  200-4 196 =L
-r.) ’ 2 2
(v) Standard error of estimate (Syx) = LY")— = 190, 6.164 ol = ﬂ._ E
N 5 Y N N
(v1) Coefficient of determination () = X2 12ined variation 810 _ o g 85 (_5\?
Total variation 1000 = e oo
Example 49. From the following data: -85-0
Age of husband (years):| 18 | 19 | 20 | 21 22 | 23 24 | 25 | 26 20 R .. s _ 823
Age of wife (years): 17 | 17 18 18 18 19 19 20| 2! zl, egl'e&;lun—Eqn.hon ofYon X
-Y= -X
Obtain the following: - £ g \
el ¥ -22.5=199(X -18.8)
regression of age of husband on the age of wife. J Y -22.5=199
(i7) Total variation in the age of husband. ‘ 4 Y= F-3an =
(iif) The magnitude of variatio ed b ﬂw i 1.99X -14.912 -
ey n in age of the husband, explained bY (i) Tota] Vﬂnat:on in Y=3(¥-T2=N 0,
b
(iv) Standard error of the estimate of age of husband. :

=10x825= 825




2 v -78.40 ’
lained variation in Y 7 .
Exp Magnitude of variation in age ofhusband (Y) explained by the regression
equation = 78.40 . ' i B
Unexplained variationin Y = Total variation — Explained variation s
=825-78.40 =4.1
(iv) Standard Error of Estimate Syx) .

S}g_v N _V N 10 i

s

EXERCISE 2.9

e S —————— -3
1. The coefficient of correlation () between two variables X and Y is + 0.95. What

variation in ¥ (dependent variable) remains unexplained by the variation in X (B
independent variable).

(Hint: r* = 0.9025, Explained variation = 90.25%)] -
' [Ans, Unexplained variatiof
and the unexplained variation is 27.09, find ‘-h?

2. Iftheexplained variation is 15,24
of determination.

[Hint: r*=Explained Variation + Total

: Variation] : fas
3. Given the bivariate data: i :
[ [ [T 5T =
[ 1 1
l..-n 0

~
-

Obtain: (i) 'Regression equationvof YonX
(i7) Total variation in Y, and X

e in Y T
@i Explﬁillldvnrl‘“onrl::m | %-F |
e v &
TR - me—— _Lb%‘
1o | ,:’T-/Eg‘__ YR Ry
L0 e | 2a [
|2 269 A 135
_%_ T 269 44 1936 §
L Y~ Fy =154
S

X lysis
Re! ression L > 151
: :

e

. iation in Y
. IalnEd variation in
(i) E:; dard error of estimate of Y on X.
iv) Al =
@) gy [L ns. () Y =2.874 ~0304X ()38 (it 3,042 (iv) 2.0299]
officient of €0 © 1 eXpenditure (C) and dj
A Z ;{; yina s‘?;dy was found to be +0.8. What Percentage of variation in ¢ are ei‘:;:?:;
incot . ons in
arations 1 Y7 . . N [Ans. 64%]
ta, find out (i) correlation coefficient (ii) I ion li
the following da A P near regression line of Y on
5 )F(m,:‘lsu find the P of variation explained by the regressionline,
3 ! 2 8 4 s
2 ) 3 8

—  Example 59]
(Hint: See ExamPp [Ans. r=0.806, Y= 13X + L1,

r2=0.6496 = 64.96% variations are explained by the regression line.]
- en the following data:
i35, zr2 =800, 7 =5, N =20

- iy : s
Find (i) total variation in b4 w_hlch are unexplained and explained by X (ii) coefficient of
determination and (i#?) coefficient of non-determination.

[Ans. () 300, 245, 55, (i) 0.1833, (i) 0.8167)]

=

—

MSCELLANEOUS SOLVED EXAMPLES
e
Example 50. From the following data, obtain the two

X: 1 2 3 4 5 6 7 3 9
y: 9 3 10 12 11 B3| | w6 | s
Verify that the coefficient of correlation is the geometric mean of the two regression
| " coefficients. .
Sinton: (5 Calculation of Regression Equations
X X=5 <2 Y ¥=12 I Xy
x b
16 9" -3 9 +12
-3 9 8 -4 16 12
-2 4 10 2 C A
Frv—] 1 12 _0 () 9
17 o 0 1 -l 1 L
75 1= | 13 H ! A
= i SR 2 (el i L
e ) 16 . 16, e
3 44 16 15 43 s | =it
=45 |50 [ miee | zr-108 | B0 | wea | TS
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152 v 108 Lot ag be denoted by X and blood pressure b genoyegy, .
= _% i T ol T A T A T mar R
X===9"_ o A " e & @? dedy
the]:ctuﬂl means of X and Y are whole numbers, therefore we ghyy take 56 t: :: o T ey +49
Since s o ¥ an /’41‘__ 125 ¢?
deviatio ny _él__+0 95 36 13 169 118 2 +105
bxy‘i;f_so o 2 4 128 ‘T_:+ +286
_57 1095 49=A | 0 0 145 TT¢
e R 2 =3 9 | w=a [ T
YonX - +11 121 - 155 "\‘ST U
Regrsion B e (X T) 7 I O T e - R
y-12=+0.95(X =5) 63 e 1967 | e CI T T
y-12=0.95 —4.75' 55 +6 36 Fyres B T &
e ) = =32 3 = = —
7=0.95X+725 (=52 | BT |- 1202) B | She1r [gapo o]
Regression Equation ofXonY For ’f" ting the blood p of a woman whose age is 45, we fita ion
x-X=by¥-Y) equation of Y on X: ;- aregress
X =5=+095(F -12) 7_2_1522_522 7=E=M_14L7
X-5=095Y -11.4 10 v N 10
X=0957 -6.4 by - Zdbidy — 2 3y an:dyz—rdxr::y
Calculation of Coefficient of Correlation N .Zdx? — (Zdx)
3y _10x1275-32)(7) _ 12750544 s
iy =gy = 10x1202-(32)>  12020-1024 10996
Ix“Zy
T Regression Equation of Yon X ;
R Y-F=bpx(X-X)
Verification: Y-141.7=111(X -52.2)
r=ylbxy-byx Y -141.7=1.11X -57.942 ;
=‘/0.95><0.95 . ¥Y=1.11X+83.758
=095 OrX=45,  Y=111(45)+83.758
Hence the result is verified, =49.95 * 83.758 = 133.708
Example 51. The following table gives the ages and blood pressure of 10 women: Thiijy =133.708 = 134
Age: 56 | 42 |36 | 47| a0 | 42 | 60 Lugyj, 5.0 3 blmllmm of a woman whose age is 45 = 134. 4
1 - b n
[ Biood Pressure: | 1 P cach of 30 ftems, two measurements on X and Y are made. The funowm. :
2 147 {125 [ 18 | 128 | 145 | 140 | 155 MItlommm 3

Estimate the blood pressure of 5 woman whose age is 45 years.

. ZX =15, 27 = -6, 5 =56, le_smd:r’-% :
Alculate ghe pmdw moment correlation coefficient and the slope ofthenu;uh' :
meononx @Wwouldyownsulsbelﬂemdlf‘x“wwu‘
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154 ,
: fCorreIntion g
comtion: () CoRIEIm gy 564 15%6 ___1m0 E>

r=,/30><61—(15)2 30x90—(-6) 7605 x Vaces =856

dent of change of scale and of change of origi

is indepen the above mentioned u-ansfd;.mmﬁ:ln, it woyy
[y 5

remain same €ver after making

(i) Regression Coefficient of YonX :
1—7’79 =110

by =Te05 -
is independent of change of origin but not of change ofsca |
le.

We know that Byx !
If byx denote regression coeﬁ)'l{clfr:; of Y on X and bvu denote regressgy |

coefficient of von uwhere, = ——h—aﬂd peF g know thf" by =§bv.,
h

orbvu= T byx. ‘

In the example, it is given that #=2 and k=1, L.e., bvuz 2byx.

¥ SN i
Hence, the new regression coefficient will be two tu\nes\the‘ old regression
) X-1 ®

coefficient of, i.e., regression coefficient of Y on U(= T) will be equal to

2x1.10, i.e., 2.20.
Example 53. For certain data, 3X+27 -26=0 and 6X +Y —31=0 are the two regression
equations. Find the values of means and coefficient of correlation. i
Calculation of X and ¥
3X+2Y -26=0
6X+Y-31=0
Multiplying (i) by 2 and subtracting (i) from (i)
12X +2Y -62=0 "
3X+2Y -26=0
N . J—
9X-36=0
9X =36
s X=4or X=4
Putting the value of X = 4 in (i)
3(4)+27-26=0

Solution:

12+2Y -26=0
2¥=14

_ Y=Tor¥=y
7 X=4,}7;7

691

e

ssion Anal sis
- 155
1 C,|c|||stion of Coefficient of Correlation
Letus take equation () as Y on X and (if) as X on y
Regression,Equntion of Yon X
3X +2Y -26=0
20 =26-3X
260 3
Y=—-=
) 5 0 2 X
byx=—2
; ki)
Regression Equation,of X on Y
6X+Y -31=0
6X =31-Y
31 1
X=—--Y
6 6
1
bxy=——
- i)
Now, r=byx .bxy
(B2
2\6 ) ="\\a) = 7=-0s0

Example 54.

Slution;

The following results were worked out from the scores in Statistics and Mathematics
in a certain examination:

Score in Statistics \ Score in Mathematics
X) o
Mean: 39.5 | a5 |
Standard Deviation: 108 l 178 J
Coefficient of correlation =+0.42 __‘

l;ind both the regression equations. Use these regressions to estimate the value of Y
or X=50 and also estimate the value of X for Y=30.

Given, X =39.5, ¥ =47.5, 6, =10.8, 6, =17.8, r=+.42
() Regression Equation of X on Y
X—X:r,o—‘(Y—i)
0)’

© s
X -39.5=0.42x — (¥ —47.
0 2x”.s(Y 5)

X =-39.5=0.25(Y —47.5) = ~z'(_f-n.25¥f‘2;7§25
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quation of Yon X *

pegress” g

e

-17

Jdxdy

Regression E
P

fiy
10

—=r-A\"y'(X”\7)
Oz

\ 178
\ T8 (x-39.5
7 y_.4745=+0.42)(\10.8(X )

Jdy

-10

y475-069 X~ Jos) = Y=069X+20245

(i) ForX=50,Y= 069 (50) +20.245 = 54.745
ForY =30,X=02530)* 27.625=35.125

L . t on food in case of hundred famj;
. Family income and its percentage spen : amilies
Example 5. Family ‘ate distribution: 8ave thy .

following bivari
Family Income (Rs)
200—300 300—400 400—500 500—600
= 3
4
S
8

10

\

Food Expenditure
(in %)
1015
1520 = A 2
2025 7 6 12
25—30 3

650

|

550
100
1

10 19

ion. Also

Obtain the equations of two lines of regr p dard error of estimates
Solution:  (Landscape Table Given at Page 157)
X-450 Y-17.5

0 YT
Regression Coefficient of Y and X
N .Xfdvdy - Tfdx Zfdy x_il

N fd’ ()’ ks
_100(-48-0x100 5 4800 1 _-2

= X—=
100x120-(0)> ~ 100 12000 - 20 100

450
0
0

Let dx=

350
- 100
1

byx=

250
—-200
2

] 200—300 | 300—400| 400 soo\ 500—600\ euo—'mo\
7
3
10
-20
40
- 26

Regression Coefficient of X on Y
_ N Sfdsdy - Sfix Sfdy
N3y - (S,
=100(—48)—0)(100 100 —4800-0
100x200-(100)2 5 20000~10000
—4800 48

=mx20=7=_9.6

Tods J&
K= A4S xi= 504 2o x100= 450

X - MV!
f/ 3 Y
d
M.V. dx
dy
10—15| 12 -5 -1
15—20| 175 0 0
20—25| 225 +5 +1
25—30| 275 10 +2
s
Sfdx
Jax?
. .




Linear Re, ress;
SSion Anor. i
l !

158
Regression Equati b) i
Regression Equation ofYonX E X-X= b“" ';fxf" Letus as.sumef;q“:';n (DasYonXang Cauation (i) as X o y
eg! y-T=bx(X-X) i x»;’( ~7 Regression of Y o ) R*‘“’iﬂnuxmy .
-5 =004 Xoas0mg 22 27-X-50=0 ', 3¥-2%- 192
¥ =—0.02X+9+225 —450=-96r4 5 2¥=50+X T
y = -002X+315 X=-9.6V+ g6 s Y
imates or 2 or > SO
rd Error of Estimal
Standal 2 _ zy? i\ e 1
zfdxz_(_zﬁi) xi, S V" w _( T/) xi, =3 X=—S+%y
B = "‘N N
’ = 2%_[1o0}5 bxy=2
=‘E_6_’[_£]’x100 - W‘(ﬁ) x5 ] i
i =[2-1x5=5 r =byx‘bxy=5x_
=109.545 -
P - by=(00)* £96=01% r=\/;=,jﬁ==+_o_see
5. =0,41- 2=5x ]_0A192=5>(J0.808=4.494 ~
,,\/ J
: =g J1-r? =109.545 x 1-0.192=109.545 X ,/0.808 = 98.47 (c) We know that byx = rié
xy x K i
3 Y variables and the coefficient of correlation between then o
Example 56. Find the means of X and va::s o : . l=0’86&_y £
from the following two regre: 5 2 —_—
2Y_X_Sz)oﬂ)o = 6,=1732
3y -2x-10= i ! -
Also calculate the standard error of of Y on X, given that the standard Standard error of estimate of Y on X is
= 2
deviation of X is 3. 1 . Sypx= o, _J:
Solution: (a) Calculation of X and Y .
=g g o =112 florge 1.732x%=0.856
N ¥ -2X - 10=0‘ ) ] Iumple 57, A departmental store gives in-service training to its sal which s followed by a
Btakipkyiuk [ 3 and sibioneting () sty test. It is considering whether it should terminate the service of any salesmen who
iy . d?es not do well in the test. The following data give the test scoresand sales made by
3Y-2X-10=0 ! nine salesmen during a certain period : - o
~ TestScores [ 14 | 190 [2a [ 1 [ 26 [2 [ s [0 ] 10}
e Sules00Rs) | 31 | 36 | a8 | 37 | 0 [ s [ B |4 | ]
or Y=90or7=90 ol ‘
Putg the value of Y n () indigt e coefficient of correlation betvween thetest scores and the sales. Does it
2(90)- X-50 =0 it that the termination of services of low test scores is justified ? If the firm
180~ X-50 = engy. Rinimum sales volume of Rs. 3,000, what is the minimuntest score that will
0 2o Sa]sure continuation of service ? Also estimate the most probable sales volume of a
=130 ek iy sMan making a score of 28
5 X=130, F=90
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te the test scores of the salesmen and ¥ denote their Corresp,
note

ion:  LetXde i
Solution: v i .
ol (in ‘00 Rs.) Calculations for Regression Lineg ™
-———Y—— c=X-X | y=Y-F 2 *‘
FT -x-20| =Y-40
1 =a | -6 -9 % | o
_L‘L-—-T‘ 1 -4 1 _T
| v | ¢ P 8 6 | e
48

|2 L= > L 5
I 10 % | 100

% | 0 | 6 s | 5

2 45 2 2

15 33 = = =

20 4 0 L :

19 39 =l - 2 :

Tr=180 | Tr=360 | T=0 | =0 | ®-120 | 3
= _XZY 360
F=ZX 180y T~
N 9
byx=Coefficient of regression of YonX | bxy= Coefficient of regression of Xon
Do 198 608 2% e 05T
= 120 Ty 134

Karl Pearson’s correlation coefficient » between x and y is given by:
P=byx . bxy=1.6083 x 0.5578 = 0.8971
=5 r=+.{0.8971=+0.9471
Since, the regression coefficients are positive, r is also positive.
: r=+0.9471
Aliter:
¥ - 193 193
7 Jmtx? (120x346 V41520

__ 193

203.7646
Thus, we see that there is a very high degree of positive correlati!
seores (X) and the sales (*00 Rs.) (). This justifies the proposal for

service of those with low test scores.

=0.9471
n W"i:z,
the term

e

Example 58. In the estimation of

| Solution;

gression Analysis

161
Regression Equations .
i t score (X) for gi
0 obtain the tes given sales (y),
:—regf ession of Xon Y. B we use the equation of the line of
The equation of line of regression of X op y is:
X-X=bxy(Y-T)

. X—-20=0.5578 (Y- 40)=0.5578y _ 2312
- X =0.5578Y-22312+ 20
- X =0.5578Y-2312

Hence, to ensure the continuation of Service, the minimum tegt A

P es volume =300 seore (X) cor k)
t;:: ;’:)“;n(“-‘;r:n sdails ey :(Y) ofRs.3,000=39 (O00Rs.)is obtained"::;;nning
X=0.5578 x30-23]12 = 16.734-231
=14422=14
imate the sales volume (¥) of a ith gi
;rh: Tisr:nc:f regression of ¥ on Xf fv)hich : !g:;a:y‘:mh o ek v b
Y-Y=bpx(X-X)
- Y- 40'=1.6083 (X~ 20) = 1.6083x - 32,1660
- ¥ =1.6083X—32.1660 + 40
= ] Y =1.6083X +7.8340

Hence, the estimated sales volume of a salesm:
¥=1.6083 x 28 + 7.8340

=45.0324 + 7.8340
=52.8664 (00 Rs.) = Rs. 5286.64

T Juation of two variables X and Y, the following
results were obtained: X =90, =70, N =10, x =6360, Zy? =2860, Exy = 3900,

Wwhere, x and y are deviations from their respective means. Obtain the two lines of
regression.

an with test score of 28s (in "00 Rs.)

Given, N =10, X'=90,7 =70, 5x? = 6360, £y = 2860, Zxy = 3900
3900 X g
byx=3y-=__=+0.61 Where,x=X-X; y=Y-¥
Zx2 6360 e
by=Z9 _3900_ .
Zy? 2860
Regl'ﬁsigm Equation of Y on X
1

; Y-F=bp(X-X)
Y-170 =0.61 (X-90)
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770 =0.61X—549 Regmsi‘;‘f?;:‘;:(";x;:‘f
—0.61X+15.1 ;
E u:n of Xon Y e 5
jion Equa = —3= -
R - X=bor =D K70 s xeusries
X-90 =136 (Y-70) Calculation of

7= Coefficient of Deten-nination

=(0.806)> = 0.6496 = 64.96%

This implies that 64.96% variationsin Y are explaineg by there

Given the regression equation of Y on X and X on y arere

X~ ¥="4 and the second moment of X about origin (ie.
correlation coefficient and (if) standard deviation of y.

0 Regression equation of Yon Xis ¥=2x

Y-90 = 1367952
X =136Y-52

Jlowing data, find out (i) correlation coefficient, (i) linear 2

Iso find out the percentage of variation explained by the wressionline of Y on X

S]zlectively. Y=2Xand
SLX /N) is 3. (i) Find the

Bression line

9. From the fol
Example 5! Tegression ip,,

of YonX. Al e 60-

Eﬂmpl

= byx=2

Solution : Calculations of Correlation Coefficient and_ Regression Eq“atinns\ olation '

X X=3 & Y Y;-S » == Regression equation of Xon Yis 6X-Y=4 o X=l}'+i=, i 1

x . 6 6 xy ==
1 2 4 2 -3 P 1 \ 6
2 3 1 5 0 0 0 3 ZXE =03333=0578
3 -2 4

: 0[ ? 3 3 9 g (if) Second moment of X about origin =3 (given)

4 +

5 +2 4 7 +2 4 4 = x? =3

sx=15 | m=0 | =#=10 | zy=25 Zy=0 57=26 | my=n3 N
s =z o
s 15 .5 25 "3:7—(7) =3-(X)
X= = 3, Y= = )
o Solving the two regressi uations, X=1.7=
Since the actual means of X and Y are whole numbers, we should take deviations ) g 24 ;gre l'i“ze‘l ' ons, we g:'l Jl\i' . LY=2
from actual means of X and Y to simplify the calculations. P ] o 0, =v2=1414
(i) Calculation of Correlation Coefficient / byx = ,G_y
_ Iy 13 13 _ c
r_—=:/_——_=ﬁ—0'806 x
4 2 J10x26 .
B X%y ey 2=0.57g_°_’ i = 12 J'ﬁ&:,g

i iy, Op=—r_=
(@) Calculation of Regression Equations 2 7 0.578 0578

Exay ;
b)’x=3{=g=1,3 Ple 61, ‘Find the 'standard error of the estimates’
& 1‘3’ Mg, . 0. =1414, 6, =894, r=0316
=22 _13_ " " Given, r=0316,6. = =8.94-
Seat el 6,0, =1.414, 6, =8.94

08y =0, fI-72 =1.4141-(0.316)" = 1414 x 0949 =1342
@ s, =0, . 1= 12 =0.894,1— (0.316)" =0.894 x 0949 =0.848

Regression Equation of Y on X
Y-Y=bp(X-X)
Y—5=l.3(X—3)
F=5513%-39 5 y=13x+1.1
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£ xand ¥, the regression llr.xe of Xon Yisx—, N
£ ¥ being 8 and 2 respectively. Later it jg e 12~0: |
recorded and the correct pair detected js ¢ X:;n}, 5
e

10 pairs of values
Example 62. For® 5::: ;m‘.?:}d deviation 0
' m

(r=3, 1=8) was wrongly

;?i; {he correct regression line of Xon Y. s oy
in N - =8,0,=
Inthe usual notations we are given, Ryl ,’\’ 2y (i)
Solution: ; ion of Xon Yis : X—2Y+12=0 (given) «
:on of the line of regression 014 O 2 given), g;
,T-f,'::g? :lg:szionepass through the point (X, 1), we get 118 the
1 = - = - =
X-2F+12=0 = X-Z;’, lé 2x8-12=4 [Using(,)]
X-2r+12=0 =  X=2- = bysy
* P ‘
_ T XY ==
= =2 = ——N——XY=2><22=8
o o}
Y s ZXY = 10[8 +4 x 8] = 10 x 40.= g
2 ET_XY=3 = [ ] x 40 =49
°§-=E:72"(7)’ = IF’=No)+T?1=10 4+ =gy

We have X =4, 7 =8, TV =680, ZXY =400 .
Wrong pair=(X=3,Y=8); Correct pair=(X=8,Y =3)

Calculation of Correct Values
X

=3 == =  ZX=40
N 10
= 45
Corrected TX =40 -3 +8=45 = CorrectedX=E=4.5
_ 3Y Y e
=2 S2L =  z¥=80
=3 = 10
Y
Comected Y =80-8+3=75 -~ =  Corrected 7 =17=7-
Corrected ZY? = 680 — 8% + 3 = 625
Ir? -, 625
Corrected 62 ==—_(7)2=222_ (7572 =625 -
el = (T (1.5~ 525 4
Corrected ZXY=400—24+24=400
XY 40
=21 sy s -
Corrected bxy= N =10 —=
ol 6.25

Corrected line of regression of X on ¥ becomes

X-X=by(y-T)
X-45=1(y- 15)

X=Y-15+45

=
= i
=

} alysis
pogess® A _ 165
(
e datain the following table relates the week|

1y maingen, |
e i imi A ance cost (j
1063 1 onths) of ten '“‘.'°h“1'7s of fs““'l.“" YPe in 2 manufacpyring m(:: RS)totheage
P! (in o regression line o malptenance COSt on age ang- pan .Fl_nd the
IP/:?:‘ tenance cost fora machine of this type which is 49 months ol;:e to predict the
m ;
Machine: L 20 135 : > - L 2 El L
e 0 140 = Pl NET T T A
Cost (V) 190 | 2 200 | 30 | 35 300 | 300 | 3s0 395
Computation of Regression Equation
xp
/L_" 190 ,_?j -107 625 2675
1o | 250 =20 =51 400 1,140
5 250 -15 -1 b s =
20 300 -10 3 100 —30
= 310 0 13 0 ‘o
30 - 335 0 33 o 1 o |
30 300 0 3 o 1 o0 |
50 300 20 3 w | e |
== 350 20 53 a0 | e |
0 395 30. 98 | 290 |
$X=300 | T¥=2970 x=0 =0 | 2A=3050 | my-8s50 |
- _300_ 5 o 2970
X =—=30; Y=—r=297
10 - 10

Regression Coefficient of ¥ on X

Regression Equation of ¥ on X is
Y-Y=bpx(X-X)

=1325.033 = Rs. 325.
Ple 64, For certain data, the .

Since both means are integers deviations have been taken from actual means.

=] y=-297 =2.8033 (X—30) =2.8033X - 84.099
? . ¥i=2.8033X+212901
orX=40, ¥'=2.8033 x 40+ 212.901

£all.
4X-5y+33=9 - ;
20X-9y_197=¢ g

Est .
Simate ¥ when X = 20 and X when ¥=20.
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ion equation of ¥ on X, whil [ Y- 150=°'6"_(X—68)
x—57+33 = ( be the regression q 9 uezox\gy‘l0 ol 25
soluton: €, cgression cqutin ¥ 4 Ty Y- 150 = 4.8 (X 68)
3 =4
ol - y=§X+‘5‘ =  bx=gand Y- 150 = 4.8 X—326.4
9y 7 o hy=— Y=48X-1764
From (if) =% When X=72,Y=48(72)- 176.4= 1692

Thus, the weight of a policeman who is 6 . tall should be 169 2 1b:
g S.

=7 20
79 [0.3
ik r= X by =\5% 36 =25 5 <>

sample 66. Prove that regression coefficients are independent of the change of origin but not of
: )3 scale. :
So our assumption is correct- the X and Y variables into new variables j .
_4 20+_3_3_=1E =22.6 and oD Change b ariables in the following manner:
- When X=20, Y5 =7% 5 5 50 U=-"—a,y=Y_
9 00+ 107 287 _ 1435 3 N e
When =20, X0 =30 X20+ 5= 55~ _E(X-X)¥-T)
] - ill be (a) the height of a police (Y-vy )
the following data, find what will be ) man whog,
Example 65. ‘g}cl;;:“ is;,OO pounds, (b) the weight of a policeman who is 6 ft. tall. X=hu+a Y=hv+b
' Average height = 68 inches, average weight = 150 pounds, coefficient of correlaty ZX=hZutZa TY=kZviZp

between height and weight = 0.6, S.D. of heights =2.5 inches; S.D. of weights=2) SX=hZu+na LY=k.Svinb

pounds. ) ) IX_,EZu . LY Zv
Solution:  Let height of policeman be denoted by X and weight of policeman by Y. n n N L .T+ b

We are given: =1 - X=hut+a Y=k+b

¥=68", T=150lbs, 0,=2.5",  ©,=201lbs,;~ 7, =06 L X-X=h(u-1u) Y-F=k(v-7)
() For estimating the height of a policeman whose weight is 200 Ibs, we use Substituting in (i),
regression of X on Y as follows: ! bw:):h(u—ﬁ)-k-(v—i)=£ T(u-u)(v-¥)
x-%=r.2@¥-7) -9 B (-9
%y h Z(u-ua)(v-v) h
25 B = 2 -t
X-68 =06 x - (Y~ 150) Z(v-¥) k
Hence the result is proved.--

X-68 =0.075 (Y- 150)
X-68 =0.075Y-11.25
X=0.075Y +56.75
When ¥'=200, X = 0.075 (200) + 56.75 = 71.75

Similarly, we can prove for byx =-:- bvu

Ly, ¢ <
¢ 67. Prove that the mean of two regression coefficients is always greater than the
| Souggy,  SOCficient of correlation, poaa

Thus, the height of a policeman whose weight is 200 Ibs shall be 7 - We have to prove
(i) For estimating the weight of a policeman whose height is 72" (-6 6 2 byx+ bxy
regression of Y on X as follows: ; TR
oz O
Y-F=» 20y _ 5 g,
b et -X) r2 ;%
x O y
T2 >r =

2
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c
Oy, S ol +o’
0r-%y o1 = 2,0,
or 2
) by 20, - .
Multiplying bl)th SIdcs Y‘ >’26x o, , [+ o,>0, 0y>0]
: ;t +0 |'—26x'0)>0 = F(0s-0, )20

less than zero. Hence the arith,
umbers can never be Metic
Asthesfinr® Of;::lrxnwefﬁc1ens is greater than the correlation coefficient, mm i
;;!he z; : gl:e acute angle between two lines of regression is given by: ! i
68. Show
Example (1 = ) [
tan@= s pry

Tl oo

Interpret the case when 7= =0, £l
Equations of the two lines of regression are:

(){ T)and X-X= r—x(}' 7)
,V

Solution:
y-¥=r. =

G
We have, m, = slope of the line of regression of Y on X = byx =r -

1_10,

m, = slope of the line of regression of X on Y = by

Lr |
Let 6 be the angle between two lines of regression, then

¥y P
——=-r—= 2 ;
gos M _TO0x  Ox 1-r?)| 6:-9y
tan@=+ = =3 — 2 0
femm, o, 1e, L \@iee)
it

Since r?<1 and 0, .0, are positive.
+ve sign gives the acute angle between the lines.
a-r’) 9,9,
Ir|

Hence, tanf =

6l+02
CaseI: When r =0,tan =0 = 9= =0(°
2

Thus, the lines of regression are perpendicular to each other.
CaseII: Whenr =+1,'tan9=0 = 0=0or

" . o line.
+ Thus, the two lines of regression coincide and there will be one regressio® oS

. Analysis
! IMPORTANT FORMULAE

Lines
n Equation of YonX

l[“g 0
ressil
'(om (X -X)
N.IXY-ZX.ZY W
 NEZXY oA ED
where,b)’x N.TX*-(ZX) enwe“seactualvaluesofxmdy)
Ixy
=-)-:—x—2 Where,x:x_)?;},:},_}—,

(When deviations are taken from a
TN -z S(Tdx)?

C“mansofXandY)
Where,dx=X 4, gy=y_ 4
(When deviations are taken from assumed means of X and Y) |

[}

=r-—=
O,

(When we use 7,6, andg,)

(i) Regression Equation of X on Y

x-X=by(¥-Y)
NIXY-ZX.ZY

by N_z——yz—(ZY\z (Whenweuseactualva\uesannndY)
Zxy A
=Z_yz (When deviations are taken from actual mean)
_N-Zdxdy—Tdx-Tdy s o
_W (When deviations are taken from assumed mean)
GX
=r-; .(When we use 7,6, and 6,)

(i) Tn Groupeq Frequency Distribution
by < NE Sy I fly
N2 fax® - (T fix)? l'.
Wy, N fdvdy — 3 fde T fdy "
NIy -(zy)? i,

Where v
AN = Ef stands for the total frequency.
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inear Re ressio“ A

Coefficients

P 2. Regression gresggncrxfﬁciems:

There are tWo I€ ,

=ppx=r.——
U] Regression coefficient of Yon X byx .
=p. =

ficient of X on Y = bxy

2
S.= E(_X/]_VXL)— or Sy, =0, .1-r?
.
S.= _E_(Z;V’Yi or S,,=0,. 1-r2
=

uation of Y on X is used to estimate the best (average) value of Y for givey

(i) Regression €€

(i) r =B X BP%

b 3. Standard Error

Standard error of estimate

P Important Note

(i) Regression eq
value of X. ¥
(i) Regression equation of X on Y is used to estimate the best (average) value of X for given
value of Y.
QUESTIONS
——

=

correlation and regression.

2. What are regression coefficients? Explain the properties of regression coefficients.

3. Discuss the difference between correlation and regression.

4. Define the dard Error of Esti How isit puted?

5. What is regression line? Why are there, in general, two regression lines? !Jnd.e
conditions can there be only one regression line? When the two lines of regression I
each other at 90°?

6. What would be lines of regression if  =+1,7 =—1,7 =0, Give interprctation in each w'
7. Explain the meaning of (§) Standard Error of Estimate and (i) Coefficient of Determinsti™
:‘ How would you identify regression equation of X on Y and Y on X?

Explain the concept of regression and comment on its utility. Also distinguish between

What s the relationship between correlation and regression coeﬁ'l‘di'i/

o umbere]

cTION
i from time to ti .
d business data ghange me to time. For instan, :
'n constant. It is possible that sometimes the price of a co::’n::ityezof all commodities
e output of  commodity sometimes rises and sometimes fall, Tne, o soquties
flt Su:n o is possible only by means of some statistical - The measurement of

metho

2 e T Sl i the measurement o mh cerg. - S 0
s we mea the statlstlcalvmeasur.es with the help of which relative changes in s, by md.ex

"“mb;king place at different points of time can be d. Application of Indey general price

I?v\?l Jonly 0 general price levels but mt_her ﬂ:ley help in the relative mq ont of are not

T,:Zmeﬂ"" Jike cost-of-living, output, national income, business Wﬁwmwhmmmwmww such

isnot possible- Index numbers are used to the relative ch m“::‘l‘\

|NTRODU

g;onﬂmi" il

in some ph

e cannot 0bserve directly.

g DEFINITION OF INDEX NUMBERS )

Some important definitions of index numbers are given below:

. Index Numbers are a specialized type of averages. —M. Blair
. Index Numbers are devices for measuring differences in the magnitude of a group of

[

related variables. —Croxten and Cowden
3. AnIndex Number is a statistical designed to show ch in a variable or group
of related variables with respect to time, geographic location or other characteristics.

—Spiegel

Z;l;deﬁr'nitions discussed above specify the following features of index numbers:
“"stee]sa::ﬁh : ha in the aggregates are i by index numbers (if) Index numb
Hlons i ©changes taking place in some variable on an average only (iif) By index numbers,
p 2se year and current year are compared.

Uses or '

I INDEX NUMBERS

. Pesent g e
g g o+ 1© IMPOTtance of index numbersisincreasing, Nowadays, they are beingused
usiness fields. To quot Simpson and Kafka, “Index Numbers are economic

NOmj
it
i 3
%gﬂf“ si"lplif;n Zln uses of index numbers are the followings:
h%cha“ges Whos:m,!!exitiu: An index number makes possible the t of such
e the changes ; ! is not possible. In other words, index numbers are used
I some quantity which we cannot observe directly: .
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d Dearness Allowances: By inde,
. pixation of Salary an llow . T
@2 Helpgnldl“:r]:::plcyees can properly make \:ﬂg: a:i: O;ai :gixﬁ:““:n- nd deh:;?’
goverment and ©f 5 allowance for employees on the umbers ong, "
instalment of deaf"‘])redicﬁans: Index numbers give the kﬂo_wlgdge Ao e
3 Hell‘)]tl'lll ::t On the basis of these changes alone, predictions about the g
o :
(T)‘licunzlddlei nur:bers are economic barometers. .
us, Index numbers make possible the c —

by
the

ch‘;’- et .
ture ;%:’,hive

. rison: S N ;
(&) Helpful in COMPC e elative changes oceurring n he variables are detemingg 1
phenomena. By in on of data on the basis of time and space. . Thiy

implifies the comparis ! ¥ olii

Slml:;) TZ Measure Purchasing Power of Money: BY index numbers; the changes ki

the purchasing power of money can also measured. ‘ " o
(6) Useful in Business: Index numbers measures the changes taking place in bisiten P

d prove very useful in making a comparative study of those cl}ang?s, e.g.,sales, changes o |

:d ?Ialue etc. Thus, index numbers, for a businessman, function like a barometer. Oufpy

To sum up, index numbers aré the sign and guide posts a_long the bu§inesS highway that i

to the businessmen how he should drive or manage his affairs. - & Rl

o LIMITATIONS OF INDEX NUMBERS sty
Though index numbers are extremely useful statistical devices, yet they have some limitatios
which are detailed as follows: ) [WiRA0.
(i) Index numbers measure relative changes in different phenomena. They do notalwayshold
cent per cent true. Index numbers are true only on the average. e
(if) A given type of index numbers is not suitable for all the purposes. Multipurpose indes
numbers cannot be constructed. it
(iif) No consideration is given to the changes taking place in the quality of a commiodity whié
constructing the index numbers. i ; "
(iv) Bias in the selection of base year and
misleading results.
(v) Index numbers lack in perfect accuracy because they are mostly constructed o
sample commodities. - L

O TYPES OF INDEX NUMBERS

Inde:x numbers are classified on the basis of the phenomena whose changes the
:nnd b index numbers can be classified into the following types:
(1) Price lnt!ex Numbers: Price index numbers are most popular and co! n
numbers. These index number measure the changes in prices of some commo

commodities consumed in the given period wi i
period with . Th
(i) Wholesale Price Index Number: It Nfel‘eﬂcihw ﬂ:e e P;"dc:: gens
commodity. I r

(ii) Retail Price Index Number: ]
i d : It th b
commodities which are bought and sold in the :etﬁln:::ket

ives

of rep!

pers!
9% u” 173
.. Index Numbers: Quantity index ny; be;
antity .l volume of mbers helps ys j
o in the physic2 volume of goods produceq or sold * It measuring and compari
b chﬂ‘:’%c: culture and industrial pl’O(:]\lCtlon are included i ‘hi‘;fc:;lrchased in a given ;a::dg
1% value 18 dex Numbers: Value index numbers measyre N egory. 3

(;gdiﬁes or grOUP of commodities consumed or purchased in the cl?anges in the value of some

& peric Ind © BIven period with reference to
e P o and Aggregative Index Numbers: On the bas;

) tsounl:= ® s astruction of an index, index numbers are c?:;s Ofthe mumber
mnl

! . sified into twy
s simple Index Numbers: When index numbers are constructed °
these ar¢

termed as simple index numbers.
o ite) Index Numbers: i
i Aggregative (or compost rs: When ind
@ group of commodities, these are known as aggregative (;x numbers are constructed for a

v . WS composite) index numbe;
Costof Living Index Number: Cost of living index. numbers are a; e
50 called consumer pri
price

help in comparison of average ch: B

. jex numbers: They h S ge change in co ° n

:Z‘::modity from one time period to another. It shows the a\'mg:::;nnp‘:’_“ and expenditure of the

ofaparticular class of consumers. ge in consumer expenditure
(6) Special Purpose Index Numbers:

purposes O aspects. They the

specific purpose-
o PROBLEMS IN THE CONSTRUCTION OF INDEX NUMBERS

A number of problems come up while constructing the i :
them are as follows: g the index numbers. The important among

of commodities that
categories:

for individual commodities,

entel

Some i.nl:]ex numbers are constructed for some specific
ge change as to the base period of any

(1) Purpose of Index Number: Index numbers are of many types
different purposes. It is very ial to fix-the before asth_ey ﬂ:en:l;:“be:rf
| 4 -3 num; il

because selection of commodities, their pri i ir wei
purpose of index numbers. Then’e can gef;nﬁxmm o e e o

dhangesinretal prices o R y e of‘anpni}:;xm ber- of
(2) Selection of o e ’
Stlection of items‘.) TIi::ms.AnOther s d o e o

O onl : following things should be considered while making a selection of items:

“.medy :::: fems should be selected which represent the taste, habit, cushom ed needs ofthe

(i) in selection ::‘_’Pl"- (ii)m1€¢ted items should be standardised and of classified feature,

O0Ugh ang gy, sh‘ ems, their quality too must be considered, (iv) the number of items must be

ey gy, ot b of current quality, and (v) the selected tems must be clssified into
ups nd sub-groups.

©) Selecj o

[ t ices sy ks

wlnof Pl'i‘m M:}fs 95 making the selection of items, the next arises the problem of

‘ ; ﬂe“ can be of both types—retail and wholesale. Thus, whether wholesale or

g T PR , the decision depends-upon the purpose of index number. Often,
0t g g In the construction of index numbers. In addition, prices should be picked

whﬂ.‘tv telated items are traded most.
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« UNWEIGHTED INDEX NUMBERs :

Index
gy,

rtant problem in the construction of jnq,

174
(o]

. . Another impo H ex ny, Ll z
@) SelechoTe‘:{iz:’: }:;: year. A base year hl?sot:::::::;i:‘:‘r I’:::““S an indey :}:"u 5|MP unweighted index numbers are those ones i the ;
related wfmivs:ich changes areto be determined, :;fe ;:)lluwing s mee St l;umb_ef Ofbagg bey, Simglfes are given equal importance. There are two methogs ofthc?nskuction of which all
The year fof lecting a base yeah f P inmipg, Tt odit! ative Method. €Ir construction;
is always taken as 100- :; ;e o ommal year and no unusual event like Earthquake, Floog, . o simple Aggreg e e
hy < ar, 1 ce Rel es
W g:::lfi’e:;:e (t)a“ken place in that year, oy (z; simple average of elid.
(if) Base year shoul‘d n:))t beyveearrysgigulrd p::zlose e e (1) qmple Aggregative Method -
. ible, base e . i
(iif) So far as pohsg:d 4 not be too old or to0 distint. of - he simplest method. In this methf)d’. sum of current years Prices is divj
is d the quotient is multiplied by 100. The follo s divided by the sum of

Wing formula is used:

(iv) Base year s blem in making of index numbers ;

; ‘o hts: Another important pro I L

5) Selection of Weights: Anothe’ dities i : asgj 34

weig(h:s to different commodities or itetns- In fact, all commoz1ies included in the cﬁnstmction Py, = M X100
Z py

portance. Therefore, to have accurate results, ¢omp, i

portance. There are two ways of assigning we l}llnex

the construction of index numbers should be Io:iclsl:
Al "

do not have equal impo
rding to their im
hts decided in

of index numbers
are assigned weights accor
() Quantity, (i) Value. Weig!
accurate and rational.

(6) Selection of an Average: The sel
preparation of index numbers. Avemg'es can
used but in practice, usually arithmetic mean

= Aggregate of Prices in Current Year

where, Z P1
= Aggregate of Prices in Base Year

Z po
Py =™ Price Index

This method can be illustrated with the following examples:
Construct price index number for 1990 based on 1981 usin

lection of an average is also a significant problem i
be of several types. Theoretically, any average canb:
and geometric mean are used.. Geometric mean js

L !
mple g Simple Aggregative

considered to be the best for the construction of index numbe‘rs as this is most suitable for measuring
relative changes but due to the difficulties of computation in place of geometric mean, arithmetic Method:
mean is most often used in the construction of index numbers. ; Commodi = - .

(7) Section of an Appropriate Formula: Various formulae can be used in the construction of maedhy Price in 1981 (in Rs) Price in 1990 (1n R.) 1
index numbers but it is very essential to select the most suitable out of them: This selection depends A 50 " j
upon the purpose of index number and availability of data. Fisher’s formula which is called as B o
Fisher’s Ideal Index, is considered to be the best. p 60

10
O METHODS OF CONSTRUCTING INDEX NUMBERS = - 2
Different methods are used in constructing the index numbers which, from the view point of 5 10
convenience of study, have been presented by the following chart: E 2 8
3 Solution;
[ Methods of C Index Numbers | on Construction of Price Index Number ’
Commodity See i S
l Unweighted or Simple Index Numbers . Weighted Index Numbers Brics tu 1981 (ni) Ericela 0 W4l
A 50 80
e - - B ‘ P
I slmplfwcg’gargga(we Simple Average of Price | | Weighted Aggregative [ -Weighted Av'm& 2 - J
Relatives Method Method Price Relatives ¢ 10 2 |
D 5 10 l
(a) Laspeyre's Method [ H I
(b) - Paasche’s Method % — . 4\
(¢) Fishers Method Em= 107 Lp=118 J

(d) Dorbish and Bowley'’s Method
(€) Marshall gnd Ed 'e
0 Kolpe M':m o igeworth’s Method

Py = 2P yio0= B i00=16636 -




Ndex N,
M

regate Method

; imple AZg i on
rits of Simp! ber construction is very easy but it can e

Simple aggregative mfathod' ?f i::i); numl

when the prices of all gammodlnes

results will be misleading-

o (2)Simple Average of Price e
In this method, first of all, the price ret iy
, the quotient is multipli | Inte

then, the g ] . _omntyngrlcexloo or p=ﬂx10°

Price Relative = Sass year'sPrice o

tic average Of Geometric average, or Median, we find the aVerage
0f

Merits and Deme
K app

Relatives Method

atives of the commodities or items are fo
,) s divided by the price in bass y::m(;"; T
o) ang

After this, using Arithme
price relatives.

(i) When Arithmetic mean is used, then the following formula is used:
U

y_(flxwoj
0
Pa=—""pN

Where, N = number of items or commodities.
(if) When Geometric Mean is used, then the following formula is used:

Zlog P
N

P,; = Antilog (

Where, P =L x100
Po /

(ifi) When Median is used, the following formula is used :
N+ 1] - -

Py =Size of[ 2

TRA

In practice, Arithmetic mean is often used. =
The following example illustrates the procedure of the method: ’

Example 2. The following are the prices of commodities in 1980 and 1985. Qo
xvdex based on price relatives taking 1980 as base year using (i) arithm
(if) geometric mean and {iif) median. i

Commodity A B c D
Price in 1980 50 % 80 1m |
Price in 1985 70 60 90 120

been expressed in the same unit. If unnsareamexi:m ‘
te

bers

e 177
I . " "
o price Index using Arithmetic Mean of Price Relatiy
Inﬁ"“: com-lllnd“y Price in 1980 Priceint =
in :
5 ) oo | Price Relatves )
| | P=Llyg
A 50 L)
/
B 40
/_—
C 30
/’_—
D 110
R -
E 20
| B
N=5
22 100
T  100=6106
Using Arithmetic Mean, the formula used is:
b (%‘- x 100)
o 611.
Py=——-—7= j =1
N 5
(i) Pﬁée Index using Geometric Mean of Price Relat;
Commodity | Pricein1980 | Price in 1985 n
=h [ \
P = P N x100 og P
A 50 70 140 21461 |
B 40 60 150 21761
c 80 90 1125 20512
D 110 120 109.1 2.0378
E 20 20 100 2.0000
I log P=104112

Using Geometric Mean, the formula used is:
3 ZlogP A1
~ Po, = Antilog (%)= Antilog {10 4 2}

5
) = Antilog (2.0822) = 1209
(ii}) Price Index using Median of Price Relatives

' Commodity Price Relatives of 1985 | Price m -::;pd n
140 o |
150 109.1 J

1125 el SETS 1

. 109.1 wo |

0 1500 .;_/\
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R ANT TYPICAL EXAMPLE
— size of [ | th item = Size of | == Jth jery pOR : - —
Poy 2 I - the following data, construct Price Index Number
i < g T .
—3rd item = 112.5 Ex‘,,,ple 4 price as base by simple average of price relatives method “:;::,y,-:’r::i-m average
C me ]
e Index Numbers on the Basis of Average Pric, Rate per rupee ean:
= ¢ e
o Construction of Simp structed on the basis of average price ag by, Year
i index numbers are cons'! =t base. The pri %, first),
If the simple index of each commodity and this is taken as base. The price relativeg m’:}""‘ 1
compute the average price 0 e ula: ey
calculated by using the following form Current's Year Price giiad "
z o= ———————————
Price Relative ‘Average Price -
2 . erage of price relatives. This ay, : v : s
After this, using arithmetic mean, we find the averag ‘erage Bivesy, o We are given price per rupee. First c.unvm_ these prices.on 2 common scale sey rice
index numbers. ) he procedure of this method: & per 100 kg. Thus, the price of wheat would be 10 o 100 _ 1250100
The following example ilusrate £ P taking average price as base by . ) 10 27 g ’T=20'
Example 3. Find mde;ctzugxber for the three years g Y USing price similarly, prices of cotton and oil would be 1%0225 M= 40 100 _ 50 and
relative method: 25 s
) i . 100
Price pr qinta] (R+) 100_50,290 50,120 100,
Year A B 2 2 1
5 b 10+12.50+20
= ; Average Price of Wheat=————— =14 17
199 5 il 3
7 6 25+40+50
7 34547 15 Average Price of Cotton =———=3833
) +5+
Solution:  Average price of A=———="r= 50+50+100
5+ i+ 6 15 Average Price of Oil =————=66.67
Average price of B=———=—= 3
3 Construction of Price Index Number
. 8+6+7 21
Average price of C= — = 3 =7 Commodity | Units | Average 1st Year 2nd Year 3rd Year \
Price
Commodity | Average 1995 1996 () Price | Price Price Price Price | Price
price [ 5 PR = PR (p1) |Relatives| (p) |Relatives| (p3) |Relatives
A s |3 |3 s |5 By100 L) By
’ ;xlOO=60 gxIOO=100 I
’ ’ - gxm“m ; %xnoo=so Wheat | Perqu. | 1417 | 10 | 7057 | 1250 | s21 | 2 \ 14114
Cotton ; \ 13045
¢ 78 ;x,wﬂ,m 6 |6, 100=8571 PerQu. | 3833 25 | es22 | 40 [10436| 50 l
I 0. ‘
Total of price relatives 27429 26571 \" PerQil. | 66.67 50 75 50 75 100 | 15000
Avmst:rf geﬁ;’ed:xelaﬁves or 91.43 8857 Total of Price Relatives 21079 26157 \ 2159 l
I
Average of Price Relatives 7026 89.19 \ 1053 _\
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o 5 F ir‘; metric mean
= 1971
EXERCISE 3.1 — . 8
t the following indices by taking 1 A 2
struc s 3
- imple aggregative price index B
O e ice relatives -
(ii) Index of average of price relat : E
; 7 int: See Example el
A nt: P = 01(AM) 1333,183.32292
Ttems n 4 [Hi 01 (M) = 125, 200, 250, Pg; (GM) = 13253, i
Prices Rs. (1997): 6 : : /
nom : r \
Pn.“‘ Rs. (1999): 15 3 3 = e
— Ans. () 1998 - 140 and 1999 - 186.66 (i) 1998 - 137.32 ang g 5

Computea price .index from the following by (1) simple aggregative method, an
2. Comp

]‘
z 2 () aVerage
of price relative method by using both arithmetic mean and geometric mean:

s o si index numbers, all commodities are pj i . "
structing simple index nt BIven equal importance butin prac
ufmﬁr‘l’ dities don’t have equal importance. For example, for S prctiet,
al

Commodi A B c D E T
ommodity B |
Price in 1983 (Rs.) 200 300 100 250 . 400 ‘ 500
Price in 1988 (Rs.) 250 300 150 350 450 550

[Ans. (1) 117.143; (i) 122.92, 121
3. Prepare price index numbers for three years taking the average price as base using simple.

= a aconsumer, wheat is more important
e eableor pulse. Slmllaﬂ_y: clotht{s are more unponm'\t than a video, To express the relative
cortance of different commodities, weights on some definite basis are used. When index numbers
g:‘:omwmd taking into consideration the importance of different commodities, then they
clled weighted index numbers. There are two methods of : <

index numb
(T) Weighted Aggregative Method.
(I) Weighted Average of Price Relatives Method.

0 () Weighted Aggregative Method

are

@ Wgl

average of price relative method: In this method, commodities are assigned weights on the basis of the quantities purchased.
Price per Quintal (Rs.) \ Many statisticians are divided on the issue that (i) Weight should be given on the basis of current
oil ¥ (q) (if) On the base year quantity (9o) (iii) On the basis of both base and current years
Year Wheat Cotton q"ﬂmi.ﬁes(qo,q, )- Different statisticians have used different methods of assigning weights. Some
1995 100 25 30 ofwhich quantity are the following: :
1996 9 20 2 () Laspeyre’s Method
1997 9% 15 30 @) Paasche’s Method
TAns. 110.52,95975) S O)Fisher’s Methog
. using (4) Dorp;;
4. Construct the price index number for three years taking the average price as base by ) Mﬂrbxsh and Bowley Method
simple average of price relative method: © K‘“h“‘EdE!WOI'ﬂI's Method
Year Kot peslunea " elly's Method, ;
! AL 5 . i . -
Wheat Rice Suga’ N " IJ;f‘lt%!llt><!s OfCOnstmcnng weighted index numbers can be illustrated as follows:
—_—
] 2kgm 1kgm 0001 ) PEYTe’s Method
= L " 1.6kgm 0.800 kgm o L aneym has assigneq weights to the commodities on the basis of base year quantities
m 0250182 Omula is as follows:
| ! kgm 0.750 kgm 21 [
T [Ans. 79,527

Py =190 5100
Ipy 40
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J— i 4 y A 1deal i:z::: uted by Fisher’s method is known as Fisher d
alc : € COITeSPO! » s "
S,‘El’s‘fﬂl' 11 multiplying current year prices (p)Wi ponding base yeq, Quangy ndex 0 4 on geometric mean which is the best avera fallndex. This is because:
(i) Firstofall, m o 5910018 computed. ‘ eg [t is base ge considered for =
(4o) their summation 29190 rices (po) With base year quantities (gy), their g U aumbers: . . . computing index
(if) Then, multiplgfing! base year P “mrnltio,, @ This formula prondeS welght:d index number.
poqois found OV ult is multiplied with 100, U . ortance is given to base year and current .
(iif) Finally, 27190 divided by Zpodot™ theres (i) ?q:‘:lr:n iidex satisfies many tests of ideal index lik):?rTli)x:Zes adn: e
he’s Method . . ] (i 18! and Factor Reversal Tests,
» ;ZSCP::;” assigned weights ©0 the commodities on the basis of current year Quantitie @) 9 porbish and Bowley’s Method
1 B £ . B
passuhers formla i as fllows: LikeFisher, Dorbish and Bou{lg}' ||1:)S assigned welght_s to different commodities on th, basi
Ip 4 0 ot year and base year quantl’tu?s th. In f'ac'a Dorbish and Bowley’s index i e. sis ?f
Py = ey x 10! : = et of Laspeyre and Paasche’s index. Dorbish and Bowley’s formula is as folllso :1: arithmetic
g - L+P )
Steps for Calculation . . : ; Py =
(9 Frst ofal, multplying currnt year prices (py) With CUrrent year quantites (¢), e
summation T p, g, is determined. Or
(if) -Then, base year prices (po) are multiplied with current year quantities (g,), their
140, 214,

summation £ pog, is computed.
(iif) Finally, £ pyg,is divided by Z po g,and the result is multiplied by 100.

» (3) Fisher’s Method

‘This is the best method in use for the ion of weighted index bers. Irving Fisher
has assigned weights to different commodities on the basis of both the base year as well as current
year quantities. Fisher’s formula is as follows:

Py = Zp ‘laxrpl 11 100
g0 o ds

Py =‘M" s

The computational process of Dorbish and Bowley’s index is exactly alike as Fisher’s index
» (5 Marshall-Edgeworth’s Method .

In this method, the sum-of base urren
k year and iti i
Mashall-Edgeworth’s formula'is as follows: ‘ s Quanties s el veihs

P = Ip1(g0+q1) X100

In fact, Fisher’s Index is the geometric mean of Laspeyre’s and Paasche’s Indices, ie; Holget 1)
Py =JLxP or
Steps for Calculation
‘ . 1 q0t+3pi g
(i) First of all, current year prices iplied wi il it e o
atlpyg,. prices (p;) are multiplied with current year quantities (41 T compy g o s
1ona|

(i) Base year prices (py) are multiplied by current year quantities (g, ) to g¢t = Pod" o Process of Marshall-Edgeworth’s Index is same as that of Fisher’s Index.

(i) Then, current year price:

] o - an

summed up to get Zl;lq:. (py) are multiplied by base year quantitics i

(iv) Base year prices (po) are multi
Z podo-

2 on th iSi . . .
at quamifi basis of fixed quantiy, different commodities are assgined weights. Itis

es be related to base year or current year. Kelly’s formula is as follows:

) 1084
plied by base year quantities (¢o) and summed 'P

x 100

“ﬁt q Py = 2, :
k‘l - Tefers to 0 o
y ey, o :luantlty of some period, not necessarily the base year or current year.
. S0 called Fixed weight method.
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184 g »s Method:

i z . , ley’s *

.+ hred index numbers can be illustrated wit ¢ iv) BOW!
Different methods of ccnsu’ucnng“elgh " ef"llowing ( Zp1 9o " Zp g,
. . ing data ing: Ipoqo I

sxamiphes: ct index number of price from the following dai by using: Por= % x100

le 5. Constru!
Example P Laspeyre’s method
(i) Paasche’s method

(i) Fisher’s method

200 134

B
_160 107 _L125+1.257
=== XIOO_TXIOO

) Deorbish-Bowley's meth 2.502
) Dorbish-Bow! : - -
(v) Marshall-Edgeworth method e x100=125.1
. 1995 6
Commodity Quantity Price Quant 1 0} Marshall-Edgeworth Method:
8 4 6 szsz (qn+q')X100
10 s 5 2po(90+4q;)
- ; L _IatIa
: E T 5 Zpo 90 +2py q,
Solution: Computation of Various Index Nos. 2004134 -
) 3 7 = 100=222 190
Commodity| 1995 1996 L P 160+107 267 <100=125.09
P % yl i} Po 90 P19 P @ g e N N . )
> [ s ] s |6 ] 16 3 12 u Tumple 6. C weighted fndex for 1970 using weighted aggregative method from
A the following data:
B 5 10 6 5 50 60 25 30 -
c 4 |14 5 |10 56 70 40 150 Commodity Quantity Prices in 1960 Prices in 1970
D 2 |19 ] 2 |15 38 38 30 30 A 5 10 .
2 pogo=160 |  prgo= 200 |  pogy= 107| Z;ar=134]- B P . -
C 3 6 g
(i) Laspeyre’s Method: = = - : -

Py = g %100 Slution;
Zpo 4,

. The quantity consumed neither relates to current year nor to base year. Here quantities

are fixed. The appropriate index can be found out by applying Kelly's method.

200
=g X100=125 Commaihy ] . Al o "
(i) Paasche’s Method: - ; - 8 - .
B
Py =Zl Zl x100=%x100= 125.23 C ; : y r z
091
N ‘ 5 p 9 18 7
(iii) Fisher’s Method: > - : - 5 -
Py = g’—:oxy %100 Kl]y —_—
0 90 o 91 = .
1 ot 8 Method/Fixed ‘Weight Method
- ,_ X134 00 100 S
160 jo7 *100= 1565 x ol zipp.q xm:%xwo
=1.2509 x100 = 125.09 . ‘
=110
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IMPORTANT TYPICA

L EXAMPLES

The table below i
and 2007. Using an
with 2005 as base:

Example T

Solution:

ves details
appropriate formul;

Since, we are given the base year (2005) c

of price and consumption of 5 commodit;
a arrive at an index number fo, 2

e

Commodity Pr;;;g e(;;S")‘ i Pr;f);l;?;‘;')l " c“"’;o';:.:;'.;llue
Rice 0 =] 800

Wheat 2 2z 400

oil % 1 760 -
Fish 110 120 1100
Milk 80 100 480

onsumption values (pogy) and current .
quantities (;) are not given, the appropriate formula for index number is Laspeyre's

s for g
007 pﬁ::i

rice index.
Commodity Po L0 Py P19 Py
Rice 40 800_ 20 48 960 800
40

Wheat 25 40_ ¢ 27 432 400
oil 95 760 _, 105 840 760

95
Fish 110 1oo_, 120 1200 1100

110
Milk 80 480_¢ 100 600 480

80
Total . 4032 3540

&= Pogo _ Consumption value 2005 (Rs.)
® Py Price per cent 2005 (Rs.)
Pm=%2x100=%x100= 1139
Example 8. Given the following data:
Reres Base Year
Price Quantity Price
A ] 10
2 ) s X

0 K X .08:27
Find X ifthe ratio between Laspeyre's and Paasche's index number is L:: p:2

mae""“"bers—| 187
o [lmlatels
B 1 5 | x |2
Ls,l,eyre’slndex:
L=2P1%0 109 2045X §
Zpodo 15 x100 D)
Paasche’s Index:
_Ina 10+2x
i ;?oqxxmo_ 7 109 i)
Dividing (i) by (i), we get
L_20+5X 10+2X% 20+5x 7
P15 7 10eax T
: 28
Given; —1;=E
§=20+5X xl
27 10+2X 15
s 23£=20+5X
27x7 10+2X
= 20_20+5X
9 10+2Xx
= 20(10+2X)=9(20+5X)
= 200+ 40X =180+ 45X
= 5X=20
X=4
Ly g Thus, missing figure = 4.

F % .
F;?:u;::e f"_“"“’“‘s data, construct a price index number by using Fisher's Ideal

C?'ﬂmodigy & Base Year Current Year
Price Expenditure Price Expenditure
| Der unit (Rs.) per unit (Rs)
A 2 40 S 5
2. e 16 8 9
< 1 10 2 2
< 5 25 10 60
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= : Zpigq

the expenditure and the price, we can obtain © quang @ Laspeyre’s Method: Py, = Zp qo X100
Solution:  Since We are gwennd:""e by the price for each commodity. We lhcnt“””
 dividing toe/ T Epply 27, 100= 10
9.7
Fisher's Formule: Base Year Cugrent Year Po % 22;3 3
Quempns ). % o q; 40 @i Ppaasche’s Method: P, = g,lql x100
20 5 L
A j F s 5 16 300 3
B 1 0 2 12 10 = 373 X100=107.91
3 6 25
: : B 3 - |Zng
. Imap (i) Fisher’s Method: Py, = | P90, Tpygy o
=91 o0 anq

By Fisher’s Formula:
P ):‘plqﬂ _Zp_,qL %100
= Ipoqo Zpoq,

202, 199 100=2.1912 x100 = 219.12
o 2

’32 300, 98 ]00
298 X 2—78 X100=

=41 18415 Xx100=1, 0881 X100="108.81

Je 11. Based on the following data, compute Laspeyre’s and p ’s Pri i
Bam® "™ 081 and 1982 with 1980 as base: vasche’s Price Indices for

Example 10. Construct Index Number of prices from the following data by (7) Laspeyre’s methog * Items || 80 *”l 1982 l
(if) Paasche’s method and (iii) Fisher’s method. i rllf: Qty. Price Qty. Price Qty.
Commodiy 1994 1995 (oRs) | (k9 | GuRs) | Gakp) | @nRe) | gmip
e Value Price Value A 20 6 40 6 40 3
®s) ﬁ) “;-) “9‘;’ B 0.40 40 0.70 4 10 3
A 8 -
B 10 50 11 6 € 0.50 2 020 4 025 2
c 5 100 5 12‘): Solution: Computation of Laspeyre’s Price Indices
D \ 3 30 2 7 Items 1980 1981 1982
E 2 8 4 i
: : %o P P
Solution:  Since we are given the total value and the price, we can obtain the quantity figueby A = L L s
dividing the total value by price for each commodity. —_— 6 2.0 12.0 4.0 240 40 24.0
Construction of Various Index Numbers B 4 - | o040 160 070 | 280 10 400
Commodity 1994 1995 nao | o | PO E 24 0.50 12.0 020 48 025 50
n |l e | p a —T | b =g 7| zem
A 8 | s | 1 9 100 | 125 ] 724 B s i =568 =70
- - 7
B U 3 1 6 60 66 =] Index . 100 142 175
c s 1w [ s 20 | 100 | 100 Laspeyre’s prs
D 3 [ ho | 2 B 30 20 | 3 Yre’s Price Index:
2 4 16 19 56.8
4 5 8 et ﬁ By (1931)_3170 x100= 5 —x100=142
ZREneE: L w0
Pﬂl (1982)=r¢2q° x100= Z.Q)(]OO=175
Zpyq, 40
3




4 : 191
| using 2 uitils formula, construct price index number from tp, 3
g ¢ Commodity 1990 ¢ following data:
Price s i
A 4 200 l’rli;e [ —
- : 30 5 400
¢ z 10 2 18
10
aasch : L [Ans. 253,
(i) Find by weighted aggregate method, the index number from the following data: 9]
Commodity A " .
- ' Price (in Rs.) in 2001: 32 s
P o Im;;x. . Price (in Rs.) in 2005: 50 %
Pulr(1981)=zprilln x100= 1—8x100=125 s 8 6
o1
Ipw
Ip,q _ 16 _ o ]
el }:p“qz T 18 L T [Ans. Poy=119.03]

. (i) If the ratio between Laspeyre’s and Paasche’s Index is 52 i
! figure in the following table: 15 52:48, find out the missing

EXERCISE 3.2 = Wd't}' Base Year Current Year j
1. From the following data, calculate Price Index for 1988 by using: Price Quantity s —
(i) Laspeyre’s Method A 2 10 s m
(if) Paasche’s Method B 2 5 5 . ~\
(iii) Dorbish and Bowley’s Method

[Ans. 18]
(iv) Fisher’s Method

(i)) Giventhat £ p, ¢, =250, Po 30 =150
(v) Marshall-Edgeworth’s Method

Paasche’s Index No. = 150, Dorbish-Bowley’s Index No. = 145.

. N - 5 T o Find out (a) Fisher’s Ideal Index No. and (b) Marshal-Edgeworth’s Index No.
" | Price | Quantity | Price | Quantity | Price | Quantity | Price |Quutiv] ¢ g [Hint: See Example 40] [Ans. Zpoq; =167, Ip,qo =216 (a) 144.9 () 145.11]
1980 % s 9 3 % 5 10 3 - Caleulate Price Index Number using weighted aggregative method from the following data:
1988 il 10 10 4 20 8 9 0l % Quantity Base Year Prices Current Year Prices l
] [Aus. () 12067 (i) 120.72 Gif) 120,69, (iv) 1207 0) 12058 2 5 30 40 |
2. From the following data, find the Fisher’s Ideal Index No.: - 3 20 30 l
Items ; 10 10 20 ]
1999 [Hing: Use -
Price Value ' Bised o t;l(elley S N'lethod] [Ans. 156.1]
®s) = ¢ following data, compute Paasche’s Price Index with 1949 as the base:
A m,
i _# 600 * Prices Quantities Purchased l
* 240 1950 1960 1949 | 1950 | 1960
£ L6 [ % 6 4 seo | 40 | W
T 3 12 70 60 50
7 3 100 80 =

[Ans. 117.80, 87.30)
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Relatives Method

1) Weigh!
&1l 9 Jatives for the current year are calculated ong

. d, first of all, the price rel f T ar
st £ the commodities. If the weights are given explicitly in the i

ted Average of Price

0

the base year prices © gl , stion, S0 JP®
weights but if the quantities in Phe base year () are given, thep n, ‘!‘en 3 £

ear price (o), we compute the value we; \lltlp]yi“g

make use of those ) 5 e base ¥
ear quantity (go) With the ye ¥ §
the base year q 0 Yare multiplied with the respective price relatives (P)and 21‘:”")

Whatever be the case, weights w ) i
obtained and then dividing it by the sum of the weights (Z77). The resulting valye ah e
required weighted index number. In terms of formula, s us

TPW .
Weighted Index Number (Py; )= 517, using A.M.

Where, P = Price relative = 5’— x100; /¥ = Value in the base year (i.e., pogy) or fixed e
0 .
If the weighted geometric mean is used, then the formula is golution:

. [Z(logP).W

P, =Antilog| ————

o1 = Al S[ 514

Note: When the base year’s value(pog,)are taken as weights (W = poq, ), then the weighteq
average of price relative method gives us Laspeyre’s Price Index Number, if arithmetic

mean is used.
Example 12. Compute price index from the following data by applying weighted average of price

relative method:

Commodity Base year price Base year quantity Current year price
(90)
A 6.0 40 8.0
B 3.0 80 32
C 2.0 20 3.0
Commodity P 9 P w p= P1 100
(Po 90) Po
A 60 | 40 80
g 24p 8 x100=1333
B 30 80 :
4 32
240 32 100=1067
= = = 30
= 2 30
A0 3 x100=1500
2
IW =520

Usi .
sing Weighted Average of Price Relative Method.

IPW 63
Pm=~=._’600=
W = sy - 12230

Numberﬁ"

on Prices 2"

193
d Weights of Different Commogj
odities are g
iven

in respect of middle class familjes o
a ci

he data 1
weightefd m_dzxr :;.:35:; -for 2006 using (7) weighteq A M‘Yg?fe'given below. Calculate
G.M. of pric B - O price relatives, (i) wej

d eighted
Items Weights 500 eh
5
] Pri
Food | 30 | reeRe,) Pn‘zcﬂgo:m_)
Rent _*
Clothing 20
Fuel 10
Misc. 25

Calculation of Weighted Index Numbe;
sl

r’_ =2 Price Price I
Items eights | 2005 2006 | Relatives | pp
(L) o) @) | P=Bxio Rek |'Wige
)
Food 30 100 90 90.0
Rent 15 20 20 IO(;.O ?;:: lzz;:i e
;ll:hmg Tz 70 60 85.7 1714 | 19330 ;‘;x
R 10 20 15 75.0 750 | 18751 | 18751
A —— 40 55 1375 34375 | 21383 | 53457
THWP=
101015 fl’;!l‘;ﬁ
@) Py (AM.) =_)£=10101.5= 101.015
W 100 ’
(i) Py(G.M.)= Antilog |2 g P }:Amilog ey
1 =w 100

= Antilog [1.9949] = 98.83. y

- A departm
partment store sells stereo systems, television sets and radios. The percentage

distributi
per cent xl:llf,’f the total sales volume (in rupees) is estimated as 30 per cent stereos, 50
one radio jp 1;‘9° ns and 20 per cent radios. The price of one stereo, one television and
respeating 2% Was Rs. 20,000, Rs. 15,000 amd Rs. 500 respectively while their
A Weighte:nc.es in 2004 were Rs. 25,000, Rs. 20,000 and Rs. 800.
(® Which Price index for 2004 with base 1999 is to be computed.
(i)y ¢ index number formula is appropriate, why?
i) Hompme the index.
ere, wei
feimiv;v cighted average of price relative method is
lelevisiolmpon‘"‘ce or contribution of various products,
0s and radios, to the total sales volume is to considered.

appropriate because the
i.e., stereo systems,
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Example 15. Calculate index number of prices for 1995 on the basis of 1990 from the data given

Solution:

ndex Number using Weighted Average of Price Relagiye,
(@) : Price in Price in p=P
Products Weights 1999 2004 s X100
m) @0 ®) Py
"] 25,000
— 20,000 25,000 25000
Stereo 20 20,000 *100=125 m
ST MRS
— | 20,000
15,000 20,000 20,000 0 400 | oo
Television 50 15,000 '0=5 | 66667
.—/‘/
— | 500 800 800 —
Radio 20 500 100=160 320000
I
£ =100 e
.+ 13,6166
I

Hence. the weighted price index for 2004 with base 1999, is given by
P =2"’P=b616-67=136.[7
T Zw T 100

below:

Commodity Weight Prli;; (?:12:.;'“ Prli;; g:;:;.i(
A 40 16 20
B 25 40 50
C 20 12 15
D 15 2 3 i

If the weights of commodities A, B, C, D are increased in the ratio 1 :2:3 4, what
will be increase in index number ?

Calculations for Index Numbers

Price per unit Price
Commodity | Weight in Rs. Relatives WP Increased .
o | 1990 [ 1995 | p=PL 100 Weight (W)
() | (py) Po
A w [ 16 | 2 125 5000|404 ‘_’igg.su
|
B 5 [ a0 [ s 125 3125 2s+—-—2;‘:5=3°
2 | s 125 2500 20+1’|‘.:3=26
2 4x15_
3 150 250 | 1502557
=121
wp | =h=!
= 12875

— |
\

= ' 195
o
original Index Number (J) =
. the weights f:vf the commodities are increaseq i -
cst:gci:’crease in weights are : ntheratio 11234, (Total=10),
2
1 = = x25= .3
L xa0=4, B): 25=5, 1 =x20=
@5 10 © 107 20=6, (D):lioxls=6
IW,P 15650
Number (J;) =—21— =220 _
New Index Nu @) W, s 12934
Increase in the index number =/, - 1= 59
pen GrouP Indices and Weights are Given
o Whe tion of a certain cost of living
6. In the construc Orliving index numbers, the f; .
ample 1 index numbers were found. Calculate the cost of living mdex:u‘:lg:xgg group
(i) weighted A.M. and (if) weighted G.M. Y using
Group Index Number Weight
A 352 s0
200 0
c 230 10
D 160 15 |
E 190 15
Solution:
Group ‘Weight (W) Index WP log P W -logP
Number (P)
A 50 352 17600 2.5465 127.3250
B 10 200 2000 23010 23.01
£ 10 230 2300 23617 236170
2D 1S 160 2400 22041 33.0615
5 15 190 2850 22788 34.1820
— 22
ZW =100 SPW = 27150 _Izll"‘zb';s l
\ _ .
@ Po(AM,)= ZPW 27150 _ 271.50
v 100
(if) W log P . [241.1955
Po(GM,) = Antilog 2 087 | _ Antilog ST
W
= Antilog [2.4119]
=258.19
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196 Yy
of price relative index from the following data;
ge —

EXERCISE 3.3
d avera;

Calculate weighte

Nurﬂberyl 197
s'mp'e Quantity Index Numbers
1l

®

0 simple

. o _Zg,
Aggregative Method: Oy, = go X100

1.

Year Base Year Price N‘ @
“ !g‘i’e’"“‘y @8 . ::i':e" 0 ive Method ¥ [ X100
. t] od: =
w —220\$ i i simple Average of Relative Me! Qu TN (Using AM)
- 2 (f)
lSo —Q [2 log & X 100]
20 Metre 15 . . = 90
1 50 o simple Average of Relative Method: O, = 4L * (Using GM)
[Ans. 13133 tity Index Numbers
- e index number for 2000 by Weighted Aggregative Method and Wﬂightq: o (B Weighted Quantity
B ‘F;{gr;i\-e";ue}hod from the following data: y (@ Weighted Aggregate Method
Average of Re — \‘ 4,p
Prices in 1999 (Rs.) Prices in 2000 (Rs) B tity Index No.: Qo =D1Po 10
0 Rs) | uantity x100
16.00 2000 () Laspeyre’s o 2000
40.00 60.00 fq P
0.50 0.50 (i) Paasche’s Quantity Index No.: On = qu pl x100
5.12 625 ,01\
2.00 1.50 y 29,00 _ Zq,p,
iii) Fisher’s Quantity Index No.: O = x =251 %100
[Ans. (i) Po; =137.188, (i) Py =123.15 (i) Fishe "N 40p0  Zg0p,
i i different commodities for 2001 and 2002 are given below. Calculate 24, po+ 24,9,
e 01 as b by using (i) Simple average of price e
the index number for 2002 with 2001 as base year by usin, ) . ) B anpo+iqop|
relatives and (if) Weighted average of price relative. (i) Bowley’s Quantity Index: On = - E— x100
Ci dity Unit Weight Prices (Rs.) "
S 2001 2002 (v) Marshall’s Quantity Index: 4= M %100
A Ke. 5 2.00 450 2q0po+Zq0P,
2.50 320 N . - SOW
z DSZL:" ; = 450 () Weighted Average of Relative Method: Oy = —)?\7
D Ke. 2 1.00 180

Where,Q:Z_‘xloo, W =g, po

| 180
[Ans. (i) 1705 () 164.05] :
/

By i
"1. Compute quanty index for the following by () Simple Aggregaive method (i) Aveage
O QUANTITY INDEX NUMBERS

of Quantity Relative method by using both arithmetic mean and geometric mean:

h d . o ods OVer
Quantity index numbers are designed to measure the change in physical quantitics of go!

! P
a given period. These index numbers represent increase or decrease in physical qua“'i.“esz s e Al 5 5 Lﬂ - l

prOdl{CE(i' orsold. The n_lethod of construction of quantity index is same as that prl'i‘ce lﬂ_d’c;s‘ ofd Quantity i 1971: 2 30 10 25 40 \ 50 \
quantity is taken as weight in case of 5 price index, similarly, price is taken as weight m-ce inde¥ - Quantipy ; 45 5
qQuantity mdex: By interchanging price with quantity and &uanuty with price in a pri \antity in 198 25 30 15 35
formula, quantity index can be constructed Quantity index is symbolised as Qo




imple Aggregative Index
(9) Simple Agg! %0, 205 ~
Op1 = =L x100="—-x100=117143
Lo =5, 175

(if) Arithmetic Mean of Quantity Relatives puample
9
z (— X ]OO]
0 =__qL—_=£7'_5=122'92
o N 6
(iii) Geometric Mean of Quantity Relatives
. [ZlogQ . 125117
O = Anulog[ N }:Annlogl: 3
= Antilog [2.0852] = 121.7 ition:

Example 18. From the following data, construct Quantity Index Number by using (9) Laspeyre's
formula (i) Paasche’s formula and (iii) Fisher’s Formula:

199
) Laspe)’re’s Quantity Index
‘ Qa =qup° XlOO:ﬂ
Z90Po 426 < 100=10563
@ paasche’s Quantity Index
o _Zap %100 558
o = Sgop, 0= 535 ¥100=10568

sher’s Quantity Index

Zq,p0 _ Zq,p
2Zq4p0 Z10171 i
450 558
= [|—x= -
Va6 528 *100= 1116100

=1.057 x 100=105.7
19: Calculate the index number of crime for 2003 with 2002 a5 base:

(i) Fi

Commadity 1990 1998
Price Quantity Price Quantity
1 8 10 10 u
1 10 9 12 .
ul 16 16 20 -
Solution: Construction of Quantity Index Numbers
Commodity 1990 1995
- @bl
n ) P o | wp | om0 | BH )
I 8 10 10 11 88 80 1D 108
] 10 [
9 12 9 90 %20 o |2
16 n 20 17 a2 | 256 |3
zom [ Zom | 298 21
<0 | =426 | =38

2002 2003 Weights
Robberies 13 3 6
Care thefts 15 2 \
Cycle thefls 249 185 s |
Pocket picking 328 259 |
Thefts by servants 497 48 2 |
Index Number of Crime For 2003
2002 2003 Weights | Crime Relative RW
(U2)
Robberies 13 8 6 8 %100=61.54 36924
13
Car thefts 15 2 PR N R
15
Cyele thefts 249 185 4|18 0-maz0 270 l
249
Pocket picki
cket picking 328 259 1 29 j00=7896| o
; 328
hef,
s by servants, 497 448 2 14;8“00:90.14 180.28
iy 497
= IRW =1659.03
e Y W =18
659.03
Index Number = 2R7. - 1690 _g5 17

W 18
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ntity index numbers from the data given below, usin

; te qual : >
DEX NUMBERS caleul2t® . method (i) Paasche’s method (ii) B

; ' b v i owley’s e
" i diy e e a"; ;‘;T"m S value ing E’v)) kagsbf’”’s method (vi) Simple average of relatiyes renyemzl:t hod (i) Fisher’s method
mmodity 0 . 2 i '
iy Pf.;:m{he s A valu'e oy yea;( ulla isyas ﬁ;slll]m O.ft"tal Valye in |,x ) modity 1980
computed by d;v:h; guo:iem being multiplied by 100. Its form lowes 2 = o
PR = P 100-—f~):‘u‘q1 %100 4
o = Eﬁ g Z podo . :
‘ B
¥ = Value index B
e 5 ¥, = Total value in current year = g - "
z I":, = Total value in base year = X podo ' < !
The computation of value index is illustrated in the following examples: .

data. calculate Value Index for the year 1993 and 1994,

[Ans. () 95.70 (if) 93.98 (

Example 20. From the following

iif) 94 84 () o
1202 1293 1994 3, Compute Quantity Index Number for the following data by (i) S(;) 14.83 ® 94'7_6 (v1)94.52]
25 30 40 ' (ii) Average of Quantity relative method by using A.M.. Ple Aggregative Method,
Quantity (Tonnes): 40 50 60 p— ™ =
1 Production (1989) 20 30
1992 123 1994 Production (1999) 25 30
n | @ [Vo=ma| m [ & |V1=Pl'll )2} | @ | h=ng
3w | ow [ o[ so] 0o ] o] e[ om (Aus. () 11743 i 12292
Value Index is given by:
o, 0 TESTS OF ADEQUACY OF INDEX NUMBER FORMULAE
Yoy =5, -x100 Various formul; .
3V, 3 appropriatslrs‘:;aﬁ :afle::ll:ls:g :tm:) ;-_h; :ons;-ruocfum_l of Index numbers. But itis necessary to select
For 1993: Vo = % *x100=150 ipropriate formula: e - Fisher has given the following tests to select an
2400 (1) Time Reversal Test - TRT
4 _
Par 199 Vo =100 *100=240 8 zf_!ctor Reversal Test - FRT
In practice, value indices are not very much used. ircular Test,

LIRS
EXERCISE 3.4 11Time Reversai Test

I . =
Mg A78 i et Prag
e ot SHOUId be such

5 o
ifgng; ,°l‘.noma“erwhie

Fisher remarks “The test is that the formula for calculating an

" —_— .
1. From the following data, calculate (i) Price Index by Laspayre’s Method, (i) Quantity e
that it will give the same ratio between one point of comparison

by Fisher, and (iii) Value Index:

Commodity Base Year by Ting any year Pl h of the two is taken as base.” In other words, according to this test,
Quantity (g b m":e SUbScripts gre, = © year, some other year’s price index is computed and for another price
“ T Wil yieg unitverSEd’ then the both price indices must be reciprocal to each other, i.c.,

Eve) Y,
Tsal Tegt I satisfieq when .

1
Pos =l B
o Yo = 3y . o1 orPy, x Py =1
Z pogo [AnS. () L = 140.38 (ii F = 140.74 and (iid Vo gy, Fuis the Price i Py
e, Index for the year 1 with 0 as base and P,yis the price index for the year 0
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| Test is not satisfied by simple A.M. of price relative, Laspeyre "
Time Reversal Test 1S/ S

formula. But this (esl‘|s satisfied by
G.M. of Price Relative.

+s Formula: According to Laspeyre’s Formula (omitting factor 100)
(i) Laspeyre's 1O

la:

o Ipdo
" Ipeda .
Interchanging time subscripts, i.e., 010 land 1 to
5
“Poh
Pp=5
P19
Multiplying (i) and (). we get
' (P, _ZPMOXZPn%#l
R Bi= e D

Since Py X P,g =L the Laspeyre’s formula does not satisfy time reversal test.
ince o F ) n
(i) Paaschzl"s Formula: According to Paasche’s Formula (omitting factor 100)

Py = Ing
Zpoqy
Interchanging time subscripts, i.e., 0 to 1 and 1 to 0
Po= praTl
Ip:g0

Multiplying () and (ii). we get
g o Zpod0 %1
o1 IPigo
Since Py, x Py, =1, the Paasche’s formula does not satisfy time reversal test.
(i) Fisher's Formula: According to Fisher’s Formula (omitting factor 100)
Py = |24 |, Zpigy
\ Zpogq Ipg,
Interchanging 010 1 and 1 to 0

Py xPy=

Py = fzﬂa% % pego
VZng, Ipiq,
Multiplying (i) and (if), we get

L EEE
Py X Py = vap]q(, xﬂx Zpog, % Zpoqo

Iodo Ipyg, Ing,  Ipiqo
==

Since Py; X Py =1, the Fisher's Formula satisfies time reversal test.

Fisher’s Ideal Index, Marshall-Edgeworth Index o ;‘:;:hg:s

mbers=!

pre. 203

h’"_EdgeW(lrﬂl Formula: According to Ma
Py = 2190+ Epigy
Zpogo + Zpyg,
hanging Otoland 1to 0
£y = 2200+ 2000y
Zpq, +Ip, 9o
_ 2pi90+2pq, Zpog, +
Poy X Pyg m x WZ?Z: _
since Poy X Pro =1, Marshall-Edgeworth satisties time reversa] est.

(] Mars l-shau"Edge"VOﬂh Formula:

Mple

Interc

)

(i)

o (2) Factor Reversal Test

g iven by Prof. Fisher. Accord; i
This is another.test given J A ng to Prof. Fisher “Just as
gould permit the interchange of two times without giving inconsisting results, s:ui: ::I'l;l:l ::
et interchange of prices and quantities without giving inconsistent results, ie, mge twe
results multiplied together should give the true value ratio.” ? °

Factor Reversal Test is satisfied when

()

Price Index X Quantity Index = Value Index

i) Or

Py, XQm:Z;:l
WJo

(onnlflke time reversal test, Factor Reversal Test too is not satisfied by Laspeyre’s and Paasche’s
mm:]e'( Ma?rsha'll—Edgewurth’s formula too does not satisfy factor reversal test. Factor
estis satisfied only by Fisher’s Ideal formula. This is shown below:

O Laspeyres Formula: According to Laspeyre’s Formula (omitting factor 100)

Pol = ):quo (’)
[ 090
"erchanging p to qandgtop

(i)
Multipyy s
Ultiplying () and (i), we get
Pm XQm =.;Dl90 xﬂ#ﬂv
090 Zqopo  Ipeds

1 X Qo % %, the Laspeyre’s formula does not satisfy factor reversal test.

§i
Nce po a0
090
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Ia: According t© Paasche’s Formula (omitting factor 100)
. paasche’s Formui:
i = P!
o Zpen
Interchanging p 1© 4 and g top.
D = g,
> 131
ing (7 if), we get
Multiplying (i) and (i), we ge
O = Ind % 29, P & Ing
0= Spedi 40Py Ipodo

Since. Py X Qa1 # Trodo

rmula: According to Fisher's Formula (omitting factor 100)

o \Zpedo Ipod

(iii) Fisher’s For

Interchanging ptogandgtop
e
Ou= J&hl’o % Igp
VZ90p0  HoPr

Multiplying (/) and (ii), we get
P90 " g 5% Z4,p0 2 Zq,p
VZpge et Z40Po  Z40P:

Zpyg1 X pigy - Ipiqy
\

Zpodo XX Podo  ZPodo
Inq,

o9

Py xQq =

Since, Pyy % 0y = , Fisher’s formula satisfies factor reversal test.

0
() Marshall-Edgeworth Formula: According to Marshall-Edgeworth Formula:
090+ Ipyg, | Ou = 29, po +Z4, Py
Ipodo+ Zpyg, "= Zg0p0+ Zq0 Py
Py x 0y, =Mx Zg1po+ 24, P 4 Zpidy
Ipugy + Ipyg, Z90po+Zqop,  ZPodo

Py =

Since, Py X Qg #

0f

Ing  the Paasche’s formula does not satisfy factor reversal test,

9 . o
g, e tests not satsfied by Marshall-Edgeworth ol

sl
umner
N

circular Test . ?
s the extension of time reversal test. According to

< are three time periods 0, 1 and 2 and price index of
e 10 0 (Poy), Price l_ndex of [{enod 2 relative to
and price index of period 0 relfm\te to period 2 (P,,)
hen the product of these three indices must be unity.

F his 15! i

o
andI(PIZ
o puted; ¢
;‘fmboucally
d Poy X Pyy X Py =1
THistests satisfied by the simple aggregative index only.
Jar test iS not satisfied by Laspeyre’s, Paasche’s and Fisher's ;

ndex number. Index

Ciret imple G.M., simple aggregative form i 2
;»:‘Thb;;::s\::i;:tssl)“:l;ﬁsfy circulalr) tesfg = ulaand eighted Aggregative formula
gample 21 Show that Fisher’s formula does not satisfy circular test.
lution: The circular test is satisfied when

Poy X Py X Py =1
According to Fisher’s Ideal Index,
Py = ’ZPl‘lo .4 Ing,
) Zpodo  Zpody -0
Interchanging time 0 to 1 and 1 to 2
Pio= Zpoq XZP2'12 i)
Ipiqy  Ip\q,
Again, interchanging 1 to 2 and 2 to 0
Py= Zpoq, 5 Zpogo (i)
) Zp,q,  Ipyqo
MU]tlplying (#), (ii) and (iii), we have
o X Py x Py = MXM xJMxﬂx ooty oot
S Zpoqo  Zpody VEIpqi Zpg: \EIPada  ZPado
ple2), CalClllat(:F‘shlz ,XP‘_:Q #1, the Fisher’s formula does not satisfy circular test.
the time re\lle l:;ls Id:al Index from the following data and show that it satisfies both
— and factor reversal tests:
“ Price Expendi Price Expenditure
“ 0 120 12 %
20 100 2 1%
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Solution:

I 4 o 207
Ndex Ny, eX
Mg [
Sy Pk O Zpido ¥ Inq « Z9p, Zg,p,
. < o1 3, o x—fL
iven the exPe"dimrc "y prlC;;o‘:!’?t;a&;;h::‘nﬂ?uamhy rlxm‘ ):quo zpoql Eq“p 0 z‘]al’ i
Since we arelg * enditure by price for each comi . 0 then app, Filhe:zy _ 451 476 426 476 476% 47¢
dividing tota ?AP {i = 396XEGXT%XE= \=ﬁ= Ipq,
Ideal Formul: Calculation of Fisher’s Ideal Index 396396 3% Zpodo
1954 Hence, the factor reversal test is satisfied,
- 1983 !
Commodity g PLdo | Poay
@ P 1 LU 4
B T [ 2 [ wo [ s0 | 1 % ImPORTANT TYPICAL EXAMPLES
A
2 8 144 | 120 | o5 ~ /—\ —_— P
: O =T w [ ® [ 50 '::m o [y 13- Celoulet® Price Index for the year 1996 from the following data. Use geometric megn:
5 8 d di Average Price 1 -
< v el EE I R R Commodity . Average Price 1996
D T [ = 6 125 | 100 | 150 | ] A 16.1 12
142 |
E Zpdo | 2o | Zpg |3 B 92 87
=451 =39 | =476 | =43 | c 15.1 125
‘" : D 5.6 18
By Fisher’s Formula: - E 1.7 134
= ndo , T8 90 F 100 m
q s
VZpege ZPoth Now reverse the base (taking 1996 as base) and show that the two results are strictly
_ st 476 . 100= 214676 x100 consistent.
V396~ 426 168696

=,/12726x100=112.8

Time Reversal Test: P x Pjg =1
Zpodo
Py= P14, % Ipg and Py = Zpod x_z_’T
\Zpds  Zpod Ipidy 190
2]
Py PIO:\/ZPIqD XEPHI X):Pa‘ll % Pod0

Ipods Iy ZPido
476 426 39 _ [,

396 426 476 451
Hence, time reversal test is satisfied.
Factor Reversal Test:

2}
Por %0y =i
9o
Here,
Ipg
= I, andQ,, = |Z41Po g1V
Podo  Zpygq, Zq0P0 Z4oPi

Solution:

(i) Calculationof index number for the year 1996 with 1990 as base year using

Geometric Mean of Price Relatives.

Commodity | Average Price Average Price | Price Relatives logP
1990 (Rs.) 1996 (Rs.) ﬂxm}r
L h P
A 16.1 142 12 00=8220 1.9455
161
B 9.2 87 87, 100=9457 19757
92
e 15.1 125 125 00=8278 19179
—] 151
D 9331
28 48 7 38, 0=ss7 1933
——] 56
5 7 134 B g0t 20589
[ ——! 117
F 100 o .:(‘)_;xwo=u1.00 20682
w X log P=11.8993
\

Po] for 1996 = Aﬂtilog (2 log P] = Antilog(
N

lﬁ?ﬁ}): Antilog (1.9832) = 9620
6
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r for the year 1990 with 1996 as by
BpIOr DS s

Calculation of index numbei © year;

(i) - o -
3 Average Price rice Relatives
ity | Average Price lo
Commodity | AYEEr Y | 1990 (Rs) {ﬂ « 100]=P 33
P 4 Po
F——1 161 o
L 16.1 T8l 00=
A 142 7 x100=11338 20545
| 92 |
s | 87 9.2 2Z%100=105.75 20,
87
—/—_——_——Q\
e | 125 15.1 % %100=120.80 20820
I I —
Do | s 56 j;: x100=116.67 20669
I ;
& | 14 1.7 17 100=8731 19410
134
—r | 100 190, 100=8547 19313
117
N=t £ log P= 12,1004
. Zlog P
Py, for 1990 = Antilog
. 12.1004
= Antilog 5

= Antilog (2.0167) = 103.928.
Two results are strictly consistent as they satisfy the time reversal testie.
96.2 , .
Py By= 2 103.928
100 100

Note: If the simple index numbers are computed for the same data relating to two Periog:w:lls
GAM.'but wi}h_the bases reversed, then the product of the two index number Sh"'.']d %’l‘.
to unity. This implies that the index number calculates on the basis of G.M. satisfes i of

Example 24. Show with the help of the following data the index number calculated on the it

AM. does not satisfy the circular test, whereas that by geometric mean
averaging satisfies it.

=1[approx.]

[

So[ﬂﬁ"n:

jeX o

pers!

209

cular test is satisfied when L

Ci

Por X Py X Py =1
Calculation of Py, Py, and Py
Price Price Relatives
2000 | 2001|2002 | py,
20 | 30 | 40 [ 1500
30 | 36 [ 45 | 1200
20 | 30 | 50 150.0
12 15 | 30 125.0
Zpy,
=545.0

Index numbers calculated on the basis of AM.

545
Py == 13625
62
Pu=2 15625
4
196.7
Poy=—2"=49.18

136.25 3 156.25 N 49.18
100 100 100
=1.3625 x 1.5625 x 0.4918 = 1

Thus, the index numbers based on simple arithmetic mean do not satisfy circular test.
Index numbers calculated on the basis of G.M.

Py % Pry x Py =

(Omitting 100)

. [8.5283
Pg; = Antilog [T]= Antilog [2.1321]=135.5

8.744
4

6.727.
4

7

Pp,= Antilog[ ]= Antilog [2.1862] = 153.6

Py = Antilog [ 3] = Antilog [1.6818] = 48.06

P 135.
SARET o -
=1.355 x 1,536 x 0.4806
Thyg: | =1 -
"deX numbers based on G.M. satisfies the circular test.”

i
vl
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EXERCISE 3. - -
Laspeyre’s, Paasche’s: Marshall-Edgeworth’s and Fisher’s price jnge, Ny
1. Calculate LasF 7"
Jing data:
for the following ata, o m
Expenditure Price (Rs) m
Ure
6 \Pn\
10 \an
30 12 \95
20 5 ™
56 8 64

i i | tests.
i tisfies time reversal and factor reversa s
Which of them sa [Ans. 123.10, 120.42, 121.77, 121.96; TRT: Fl§her and Marshall; FRT: f;
following data, calculate quantity index numbers using:

ii) Paasche’s _and _ (iii) Fisher’s methods.

isher)
2. Fromthe

(i) Laspeyre’s
1980 1985
Commodity Price Value Price Value
A 50 350 60 500
B 20 80 30 150
C 24 240 20 300
D 100 600 150 600

Which of the above method satisfy factor reversal test? g
[Ans. 103.14, 96.95, 99.99 approx.; Fisher’s formula satisfy FRT]
3. With the help of the following data, show that the index number calculated on the bnsgs of
AM. s not reversible while the Index number calculated on the basis of G.M. is reversibk-
Make comparison between AM and GM.

Commodity Price in 1998 Price in 1999
A 0 60
B 50 80
c 2 40
D 20 10
[Ans. Po; = 140, Pio= 9479 (":‘"gm
Py = 124.45, Pro = 80334 (U518

4. Following are the values:

oo = 425, 3p,q, =505
Vo o tid0 =505, 3pig, =530, 5pg, = 470 )
fe':?r;;ll\(al Fisher's method, Paasche’s metlfgé and Marshall method €l
est and factor reversal test or do not satisfy both or one of them-

A ‘ FRT: Fist
[Aus. TRT: Fisher and Marshall, Paasche’s does not satisfy a1y °n°"d,|y 1l
Marshall does 1%t

b 4
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LLLANEOUS SOLVED EXAMPLES
Mlﬁc - Computea price index for the f?llowing by (i) simple aggregative method (i) a
[gnﬂ’l’le . of price relatives method by using both arithmetic mean and geometric n\nazm:v e
Commodity A B C D E ¥
price in 1971 (RS.): 20 20 10 2 40 50
price in 1981 (Rs.): 23 20 15 35 45 55
Calculation of Price Index
oluion Commodity Po P mT‘
Py
A 20 25 125 20969
B 30 30 100 2.0000
c 10 15 150 21761
D 25 35 140 " 21461
E 40 45 112.5 20512
F g0 35 110 20414
N=5 Zp, =175 Ip =205 IP=7375 | ZlogP=125117
(1) Index number by using Simple Aggregative Method:
_In 205

POl

x100="=x100=117.
. = 7.14

(i) Index number by using Average of Price Relatives:

z[ﬂxnoo)
@Using AM, p, = —Fo__ J_ZP_T815_.
A N N 6
— 25117
(b) Using GM. P, = Amilog[z I:,gP}= Amibg[l 5611 1

= Antilog [2.0853] = 121.7 '

f prices for three years with average price as base from the
ple average of price relative method using A.M.

by,
e 26, (I;repal.'e Index Number of
212 given below by sim

Rate per rupee
b s
Year ~ B c
] dkg 2kg 1kg
L 25kg L6ke. e _{
o 2kg 1.25 kg. 08ke




p—

Inle N
212 Dby
es (i.c., rate per rupee), first we ¢,

N ity pric
given quantity P shown below:

Onve,
¢ per quinta " here ingy

Since we aré

ution: A ]
Solutior money prices (i.e., rat

Second Year

o Rs. 40 per Qtl
25

00 _ gs. 25 per QU
4

i

‘I_Og =Rs. 62.5 per QU

100 _ps. 50 per Qtl
7

- 100 _pe. 100 per QU
1

Then we determine the average price as follows:
25+40+50 _
2T =383

3

%’ =Rs. 100 per Qtl

Average Price of A=

50+62.5+80 _
Average Priceof B=———=— 64-2

100+100+125 _
Average price of C =—”3 =108-3

With average price as base, we compute the price relative (P) and then fip d te

Average First year Second year Third year
price000) (o [ [ Price | P [price| »#
383 25 653 40 1044 | 50 | 1305
B |iwokg| o6t2 | s0 | 779 | 625 | 974 |80 | s
¢ [iookg| 1083 | 100 | 923 100 | 923 | 125 | 154 |
Total of Relatives XP=235.5 ZP=294.1 2P =3705 }
Average of Relatives (%) 73 98:03 183

Thus, Index No. for Ist year = 78.5
2nd year =98.03
3rd year=123.5
Example 27. Find out index number by using Mean, Median and G.M.:

Group 1985 1986
L A 6 12
: L B 9 15
¢ 15 21
D 21 27
E 2 36

o Numbefs" ‘ =
& c i f I v
onstruction of Index Number yg; i
= Sing Different Averages \
solnﬁﬂ“ Grovg >
- - - 19§
P(:c)e R::It'i::u Price | Price logP | pp -
7 i (p,) Relatiyes Price | Price logP
® ("z) Relatives
P 100 1
/A”‘ : = 2 200.00 23010 | 24 400.00 |2.6021
P - = 15 166.67 22217 | 39 333, 33. 2‘5228
= : 2| 14000 | 21461 | 36 | 2000 2‘3302
— 2 100 0 [
= 27 128.57 2.1089 | 42- 200.00 | 23010
24 : .
= 100 36 150.00 | 2.1761 54 225.00 |23522
O = 500 = 78524 | 109538 _ 139833 | 12.158
. ;
ot ofPrice - 100 — 157.05 -
o e — 279.67 =
Median of Price - 1% . 12000 =
Relamlcs] — | 240.00 R
= N+
M=)
G.M. of Price — 100 = =3
Remw?s 15520 | — — |2720
P
[Antilog (Z—%—)]

Example 28. The price paid and quantities purchased by a household in base and current years are
given below. Calculate the additional deamness allowance to be given to the
household so as to fully compensate it for the price rise, using both the Laspeyre’s

n

and Paasche’s index S.

Addit
ditiona] dearness allowance to be paid =29.63%

c 2 Base Period ‘ Current Period J
Price Quantity l Price ‘ Quantity ‘
A 30 w | o | s
B 12 0 | s | s |
Laspeyre’s Index Number
“Ihido g
o %0
40x10+20x15 400+300
= x100=———x100
30x10+12x20 300+240
1700,
=—x100=129.63
540



Index N !
ey

Pnascl{e's index number

40x8+15%18 320
Ip 4 =T x100=222+270
B 4 S %) {10 —7
P, 4 30%x8+12x18 24°+216xl°0

590 100=129.386

arness allowance t0 be paid =29.386%

Additional de . .
N dex number of price from .
Example 29. Calculate by suitable method, the in pi the followmg daty,
Commodity 1977 1987 <
Price Quantity
i N 3 10
B 10 9
c 16 16
Solution: _ Since we are given the base year and current year price and quantity, Fisher's Ideg)
_Index shall be the most suitable.
Commodity )/ 9 Py 9 Py % P % Py q, g
A 3 10 10 11 80 100 88 i
B 10 9 12 9 90 108 90 108
c 6 | 16 | 20 | 17 | 25 320 |
Zp 4 [ Iy g |
| A% | e aa
Fisher’s Ideal Formula is given by
p
= | 2% Z 100
Ipdy TPty

- [E5B  100= [2628 1
426 450 191700

= ,/1.53690 x100= 1.2397 x 100 = 123.97

Example 30. Calculate Laspeyre’s, Paasche’s and Fisher’s Ideal Index for the following data:

With the help of these data, show which of the above index number satiSﬁ“m 5

factor reversal test.

Commodity 1970 1990
Price E i Price Expenditare
A 8 100 10 %0
L8 | 10 60 11 o0
L - ¢ | 100 5 1o
D D . 2
E 5 = i 20

. weare given the 'expenditur? and the Price, .
S;Cicdeins total expenditure by price for each m“::;;;’"\‘;
formulae. ’

Commodity | Po K I Y Py g g

" 8 |125] 10 [ o] 100 IZ:
B 0] 6] 1fs 60 pon
c 5 20 5 20 100 100
D 3 1] 2| 30 20
E 2 | 4] 4]s 8 %
009 =
Lsspeyl‘e's Method:
5p,4, 327
= x100=——x100=
0 S, " 258 0=109.73
Paasche’s Method:
Ip,4, 300
= x100=—x100=
P, S T 10791
Fisher’s Method:
by
Py AT
Ipody  ZPod,

98100

V298778 = V288 <10

=,/1.18415 x 100

=1.0881 X100 = 108.81
Time Reversal Test
Time reversal test is satisfied when Py x P =1
Laspeyre’s Index No.
_Ing, 327
P | T o
Zp.q, 298
I, 278
A 10 e —
Zp,g, 300
P xp 327 218
o1 o
298 300 *

Thy, ;
% Laspeyre’s Index does not satisfy TRT.

T

218
the quantity.figure by
€ can then apply the

b4y [
n %
60 66
100 160
3 P
10 3

208 =
Ipigy =327 2006, =278 | 54, = 300



»s Index No.

Paasche 4, =3_09
To=Spa, 278
Syt 298
Po=%pq, 327
300 298
=ox——# L
Py P =378 527
Thus, Paasche’s Index does not satisfy TRT.
isher’s Ideal Index:
Fisher’ Eplqo zp]ql ) ﬂ
e * = V208 ™
o 2pyd, Zp,q,
P = 2Pty XZPoqo - 28
0 \3pgq, Zpg, V300

Py X P =

Thus, Fisher’s Ideal Index satisfies TRT.
Factor Reversal Test

is sati - zp4
Factor reversal test is satisfied when Py, X0, = S
Laspeyre’s Index
p P 327
%" 5p,q, 298
g, = Iq,py _278
" 3g,p, 298
327 278 ZIpq,
0 X Qg Soge X oo Fo
298 298  Zpq,

Thus, Laspeyre’s Index does not satisfy FRT.
Paasche’s Index

p, =% _300

U Tpg, 278

_Zg,p, 300

0= 2,0, 327
Py x0, =20, 30  Zpg,
87321 Ty

Thus, Paasche’s Index does not satisfy FRT.

[

w
o
t=3

I

N
2
o

[
=2
=
»N
=3
0

|

w
N
=

E;ampleﬂ'
527 300 278 298 _,

208 *278 *300 327

pers=!
Fisher’s Ideal Index
z
Py = x4 _ 3
o =43 oot 22 300
Poq, 298 T78
Z4q,p,
Qg = zq# X m - [278
9oPo Zqopl 98
: 327 300 273
P %20 = {230 T T
o1 Qol 298 273 X 298 xE
_ 300 _3p g
298 Ip g,
g
since, Py X Qg = . q° Fisher’s Ideal Index satisfies FRT.

o 9o

It is stated that Marshall-Edgeworth index is a
number. Verify using the following data:

800d approximation to the ideal index

Commodity
Price Quantity
A 5 100
Big 4 80
g 2.5 60
D 12.0 30
Commodity 1970 1990
) % q Poto
i 100 6 50 500
5 24 80 5 100 [ 320
C Al 25 60 5 7 150
D 120 30 9 3 360
5 Zpgdy
- =1330
3 Fishel"s illdex:

Py, = Eplqonpl‘h scio
Zpyq, Zpy4,
g ’1570 1457 =
1330xm><100-118.44

“?]
|

w
_




Index:

Edgeworth
Marshall-Ed8 P, (q°+q’)x100= Ip,9,+Zpq, X100
Pu=%, (a0t d)) 2pody + ZPog
o 3p, (g% (kL] of)
_IST041457 1g0=1i8.42 «
~1330+1226
. that the answer obtained by the F;;
Iculations clearly show' e Fishep,
1,':!; :;ai;:ﬁ-Edge\xronh’s method is the same. s'“““"ﬂd
a Bus o
le 32. Using suitable formula construct the price index number from the following daty,
Example 52 N 1
Commodity 1990 1995
Price Expenditure Price Expenditg,
e

N 10 60.00 125 [0i? G

- 1.50 37.50 2.50 000

c 200 20.00 3.00 3000

D 12.00 36.00 18.00 7200

E 0.10 4.00 0.15 900

Check whether it satisfies time reversal and factor reversal test.

Solution:

Since we are given the base year and current year price and expenditure, so Fisher's

Ideal Formula shall be most suitable.

’amadity, P 9 Py 9 Py % P % o | Ky

]f,x ] 10 60 1.25 50 60 75 500 | 6250

[7 B , 1.50 ] 25 250 20 | 3750 | 625 | 300 | 500

[ c ’ 200 ] 10 3.00 10 | 2000 | 300 | 200 | 3000

L D [ 120 ‘ 3 18.00 4 3600 | 540 | 480 | 7200

[ E ' 0.10 ' 40 | 015 60 4.00 6.0 60 | 90 |

L : e EaE:
| 2575 | =227.5 | =154 [=235)

Fisher’s Ideal Index:

Py = ;p’q"xy'p’q‘ X100
Pody  Zp,yg,

275 33 5084625
= [0, 285 g [2084625
1575 15¢ <100= {555 X100

=4/2.0963 x100= 144.8

|
) N“mbery 219

Reversal Test

d to be satisfied if P x P, =1

_ g 224 2275 a3
Por T\ Zpsas  ZPod, 157.5" 154

Fime s
TRT is sal

227.Sx223.5 154 1575

PouxPo= 1575 T54 35 0375 = |

Thus, Fisher’s formula satisfies time reversal test.

Factor Reversal Test
FRT is said to be satisfied if P, xQ = ﬁ
Zpoqo
o,  Z00, _ [2T5 35
Ipd, ZPod, VIST5T 154
P Zap (154 233
zqol—’o quﬂl 157.5 T”

19

odo

Ip -
As P x Qo‘ = g Fisher’s Ideal Formula satisfies factor reversal test.

E .
tmple 33, From the data given below, show that Laspeyre’s, Paasche’s and Fisher’s Index

numbers do not satisfy the circular test:

Commaodity 1995 199 ‘ 1997
Price Quantity Price Quantity ‘ Price l Qulnﬁ?\
A 1 7 4 s | s |
8 2 6 9 1 | s
8 s 3 1 « | w | 2 |
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Um 4%
220 by 4§ ¢ _ [t Za _ [0 55
Fu"\Zpya, Zpea, V51 @3 o
1Py [P, )P, ikl
0 2\P1 /Py @|py g zq,,p”l = zﬂgqlxthz= mxmz
3|52 40] 5 Fa=\Zpa,  Zpg, V159 ' g -
65
541 63 | 36 | 4 3 e P9, ; Zpd, _ z—x 51
88 |44 |5 [ »\2Zp,9, 2,9, V1027163 (i
40
] 159] o i _ [0, 5 el
161 Py, e X Py 51 43 159 % o
ber ) 528 . . v
Laspeyre’s Index Num » . - . Thus, Fisher’s ideal index does not satisfy the circ 1
Py X P, Py =1 (omitting factor 100 from each index) none of these satisfy the circular test, ular test. Hence, we conclude that
Zp g, _170 Calculate Fisher’s Ideal Index number from gy,
= rTe 3 €| : .
Fo _):ano 51 K”mple & reversal and factor reversal test. given data. Does it satisfy the time
- 2,9, _161 Commodity . 1995 ==
230, 159 Price Quantity Price Quantity
6
Spyd, 26 A 2 10 56
Py = 102 B 2 100 2
2,4, 5 p = 120
4, .4, o9, _170 161 26 8 60
PQ,XPPXPagz 1 nXELx_E 0 2_=Hx15—9xm¢1 D 10 30 2 =
0 Ipg, Ipg, P92 E 8 10 ™ *
Thus, Laspeyre’s index does not satisfy circular test. ol SO —
Paasche’s Index Number Commuify
P, x P, x P, =1 (omitting factor 100 from each index) L) "0_ L] [ 2% | P | may | g
_p9, _159 A s 0 |10 | 56 | 30 | s00 | 33 | seo
o Spg, 43 B 100 2 120 | 200 | 200 | 200 | 200
p g 102 2 60 6 60 | 20 | 360 | 200 | 360
2 35 q, 98 ) 10 30 12 24 | 300 | 360 | 200 | 288
p iy _S1 E 8 40 12 36 320 | 480 | 28 | 432
Ed 2,4, "163 Zpd | Iaq | Zrg | 2
=1360 | =1900 | =1344 | =1880
P oxp xp % Iy Epyd, 159 102 5L,
(Ui} »"y X X _—4——x98 163 }:pq 4 )
Pty I 9, Zpg, 43 = =2 x 2L 100
Thus, Paasche’s index does not satisfy circular test. VE2od,  Zpgg,

Fisher’s Ideal Index Number

Py X B, xP, 20 =1 (omitting factor 100 from each index)

_ [900 1880
1360 “13a2 * '

= ,[1.397 % 1.398 x 100 = /1.953 x100= 139.75
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Construction of Cost of [ ;;
Time Reversal Te5! =1 : o [ e TVing Index Number -
TRT is said to be satisfied if 7o, Py = 5 Gy | Friee | Briee | rric .
s
Py = M X 4 = w X -lsﬁ ’ 4 for 1982 for 1985 fﬂl"l%‘é L4 Rw ﬁ
VP g, ZPod 1360 1344 ) ) @) 3
odo o1
114 S
2pyd,  ZPods _ [1344 1360 L O T e
B e e K 115 —1 30 [ a
Pro= 1880 125 — | 0
o 1900 s | e ——l 1000
110 e
1900 1880 1344 1360 —S | e | e
Py By =yl X o K s Kreres 105 104 . 50 |
o F107 Y1360~ 1344 1880 1900 = ot MU iy
=1 §&?
i i W=
Thus, Fisher’s Ideal Formula satisfies time reversal test. /,’_W&M@
{ ) _ 12
Factor Reversal Test o Index Number for 1985 = W = = 11224
FRT is said to be satisfied if Py X0, = Zplql
oo

ZPZW 57
Index Number for 1986 = o i 115.28

P VZrd, ZPot

_ 2% =‘/1900x1880
1360 1344

late the index number of prices for 1972 .
pmple36- Caicu onthebasis of 197] from the data given

w:
o - [P0Po Zap _ [1344 1880 be'o =¥ i
o= 5 %5, . = 1900 1 Commodi eigl Price/Unit in 1 o S
VZa,p, Z4,p, 1360 1900 &l)n 971 Pmuu(::.).. 197
1880 _ 1900 1344 1880 Rice 40 P
Po* Op = ——X——=X—X— 20.00
07 20 V1344 7 1360 1360~ 1900 Wheat 3 40.00 = amw ]
pox o, <1880 _ P4, Linseod 5 050 50
o Qo 1360 Zpyd, Gur 20 S12 o
3p g Tobacco 10 2.00 150
Since Py, x 0, = "L Fisher’s ideal formula satisfies factor reversal fest. Slton:
2Py, :
0o
Example 35. Construct a cost of living index number from the following price relz.atives forth.cym Commodity w Py ) PP 100 PW —|
1985 and 1986 with 1982 as base giving weightage to the following groups in 7
proportion of 30, 8, 6, 4 and 2 respectively: mc\e 20 6 p P 5000
Group 1982 1985 1986 . » Wheat 25 0 P 150 p—
i 100 114 e - Linsood |25 s 0.50 050 100 500
Rent 100 115 125 Gur 20 512 625 122 2140
Clothing 100 108 ut % 10 2.00 150 75 750 4
Fuel 100 105 'ﬁ: — [=w-i0 P = 12440 |
i 1
L 100 oz | _EIPW 12440
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37. Calculate Laspey’

re’s, Paasche’s, Fisher’s Ideal and Maxshall-}?_dgew
] -

dey Nuny

Example e th inde &
1993
Commodity - 1994
Price Expenditure Price o
N 8 80 10 Eendige
: 10 120 12 ';“
e s 4 s s:
D 4 56 3 >
E 20 100 25 =
With the help of these data, show which of the above index satisfies tige = .
reversal tess o i d expenditure, we can obtaj : E
. ;::zn;v:ogeig::dmp:;;;:e fQA" each con':modity. " qum.lmy figure by
Commodity | P, % Py | Pi% | pygy
A 8 10 10 12 100 80
B 10 12 12 8 144 120
C 5 8 5 10 40 40
D 4 14 3 20 42 56
E 20 5 25 6 125 100

o | e
-t =3

(i) Laspeyre’s Index:

P, =20% 100= 250 10011388
0,4, 39
(ii) Paasche’s Index:
1ﬂm=ﬁxloo=ﬂ x100=111.74
T, 426

(iii) Fisher’s Ideal Index:
P, = ’Mxﬂ X100
09, Zpyg,
Y T
V396 26 <1

=\[1.1388x1.1174 x 100= 112.80

1
- pers”
IndeXNum 25

Marshall-Edgewnrth Index:
_Ip (g, + %)
Py =5——1x 100
2P, (45 +4,)
=2P|qn+zplq1 100 '
Zpyq,+ Zpyq,
_451+476 927
T396+ 426 <1 00=>x100= 115,75

(@)

822
Time Reversal Test:
Py X Py =1
(i) Laspeyre’s Method:
Py = M = ﬂ
Zp,q, 39
Pp= ﬁ :‘ﬂ
Ipq, 476
= Pu* Py =;%;x:i72¢1
Time Reversal Test is not satisfie:
(if) Paasche’s Method:
Py=2P1% _476
Zp,q, 426

Zp,a, 396
Ppo=—"""t=

d by Laspeyre’s Method.,

g, 451
e 476 396
= _P xXP =——x>2_
s T
Time Reversal Test is not satisfied by Paasche’s Method.
(iii) Fisher’s Method: V

P "ﬂqoxzpﬂ‘ 451_476

X— ()
Zpyq, 3Ip,g, V3% 426

Py= 2P, xrpoqn - ﬁxlgé (i)
3 Ipyg, ZIpg, V476 451
= me o= ﬂxﬂxiz—q v39—6=*ﬁ=1

x
396 42_6 476 451
™ Time Reversal Test s satisfied by Fisher's Method.
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Method:
11-Edgeworth
" (@+a) _ Ed 2,

Po= 3p, (4, + ) h Zpydy+2Pyq,
451+ 476 _ 927
=306+426 822
3poq, + IPod, _ 426+396 _g
Pu=Tp g, +Ipg, 476+451 927

_22_7_)(_8_22___]
= Py xPo= 50 07

_ (i) Mars

Time Reversal Test is satisfied by Marshall-Edgeworth Method.

Factor Reversal Test:
Pm me =—22%
(i) Laspeyre’s Method:
Py = iy -2
Ipyq, 3%
_Za,p, _426
On=g,p, 39
= FyxQq =ﬂxﬁ¢ L
39396 Tp,q,

Factor Reversal Test is not satisfied by Laspeyre’s formula.
(ii) Paasche’s Method:

Ip,q, _ 476

Py = =16

3,9, 426

Z,p, _ 476

Q=5 —=7

iq,p, 451
_476 476 Ip4,

= P x E—X—3%
0T T 467 451 Zp,d,

Factor Reversal Test is not satisfied by Paasche’s formula.
(i) Fisher’s Method:

- 2 Zpa, _ [451 476

=, [—X—
I, Zp,q, V396 426

|
bers=
I o Nyt 227
On = leo Xﬂ =‘Fm
oPo Zq,p, 356 =1
451476 465
X =z X——=x 220, 476
= Pu* Qo m
_ [476x476 476 g
V396396 = 36 = o
: 396 p,q,
Factor Reversal Test is satisfied by Fisher’s formula
@ Marshall-Edgeworth Method:
Po= 2p,4q, +3pg,
Zpyq, + Zpyq,
_4514476 _op7
396+426 82
%g,p, +
Oy =020t XPy _ 426+ 476 )
29,Py+2q,p, 39+451 347
927 902 Ipg
P x =——x— xg10
= P Qu=g*gm 4,
Factor Reversal Test is not satisfied by Marshall-Edgeworth formula,
mple 38. From the following data, calculate:
Examp!
(§) Price Index (P, ) using Marshall-Edgeworth Formula.
(i7) Quantity Index (Q,,) using Bowley’s Formula.
Items Current year Base year
Price (Rs.) Value (Rs.) Value (Rs.) Quantity (Rs.)
A 20 200 360 S g
B 4 36 64 16
C Sale 14 238 575 23
Solution;
m Base Year Current Year
Py 9% Py LA Ph% | A% | %
A 30 12 20 10 360 | 240 | 300
B 4 16 4 9 fve4 | 64 | 36
c 25 23 14 17 515 | m | 45
Total Zpd | ZA% | TRd
=999 =626 =761
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-orth’s Price Index . t p,4, =250, Zp g =150, %
hall-Edgeworth’s en that TP, 9, 096150, Paagcher i
Uk o 2,86+ 9) 102 2190+ 2p,q, 40. GV ndex Number=145, 708 Index Numper o ;
= —lexi00= e Bowley’s B 50, Dorbish-
0" 3p (9, +9,) Ipyq, +3Zp, q, Find Ot Fisher’s Ideal Index Number, and Marghgy, =
= = ~Edgew,
— 42‘1‘ 100 :;gg *100=62.50 Given, ZP1 %1 250, Zpyq, = 150 ©rth Index Number.
999+ 7t paﬂSChe,s Index Number = 150, Dorbish-Bowley Index N
(i) Bowley's Quantity Index (0,,) S g LS o
Z9,p, % Zq,p, & %y
_LrP 2Py P 00 gubstituting the given values,
"2 2 150=-22_ 100
761, 474 2
=999 626 100 =75.96 or 76.00 (a 25000 500
2 opprin) - or Zpod, = 150 3 167 (approx)
39. From the following data, 1 .-a- d index for 1997 with .
Example barse year by using weighted geometric mean: 1995 S the i %—-# ﬂ
[ Grosp Weight Price in 1995 m . P = 2oty Zpog; x100
| A s 2.00 e ) 2
B 7 2.50 3\'20 4 Substituting the given values,
c 6 3.00 P : o 145=| 1% |, 250] #
D 2 1.00 180 : 150 167_|
Sol or £=zplqn+150
Group | Pricein | Pricein P 3 50 150
1995 1997 Py log P oW W.logP Zpq
) @) (—X'W] s e : or 290-1.50 =210
» ' A ; R 150
A 2.00 4.50 %xmo:zzs z.;;‘zz i1 117610 - s 2p.q,
’ 150
B 250 320 320 4 21072 77 147504
250 X100=128 ] or Ep,qo=‘l.‘40,><_150 ) ; ;
C | 300 | 450 450100 -2.1761 -6 * =210 (approx.) . : :
30005150 So now, L : i
D 1.00 1.80 % X100=180 22553 L2 Fisher’s Index Number ; g ;
ZW.=20" o me ’Ip,qo ;(zf';ql %100
: b Zp,q, pyq ;
Cost of Living Index Number based on G.M. e 5
= Antilog| =7 1og 7] “[44.0786 e
= Antilog i ¥id Al Antilog x
- 20

= Antilog (2.2039) = 1599
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rth Method: ~
” rshall-Edgeworth Index Number arsh“"'Edgiv:; 3 () Kelly's b ethod:
! 22, @00 g9 = 1%t Zpyg 22,0+ ) 4 100 %
5 X100 = e, X100 - ) Py =4
2p, (45+ %) ZPody+3pq, P " 30,80t D i zpnquo
of Price Relative
= 210+250, 150 = 490 100 wgigmed Average o Method
150+ 167 317 ® ol
FAM. IS useC Lo — v
=145.110= 145 (f)l

- [Z( log Py]
: = Antilog| —=——5 )
(i) M- used Py, 0

IMPORTANT FORMULAE

1. Simple Index Numbers:
() Simple Aggxlegativc Method:

7 = ZPyi00
[} ng

f Adequacy:

rsal test is satisfied when:
Py X Py =1

Factor reversal test is satisfied when:

3, Tests ©
Time reve

e Ave Price Relative POI %0 | S P19
i) Si erage of Pri lative Method 9
(i) Simpl 12 o

Circular test is satisfied when:
Py X P, x P, =1

100
(a) Py =—p°—N——(using AM.)

R
QUESTIONS
e
1. Whatare index numbers? Explain the various problems faced in the
number. What is the utility of index number?
. Explain the uses and limitations of index numbers.
. Explain the Laspeyre’s, Paasche’s and Fisher’s formula for computi i
5 * uting
Check which of them satisfies the time reversal and factor revers:l 1est§ o s

. [Zlog(p,/py)
(b) 7, =Ant|log[—7——

X 100} using G.M.

of an index
P 2. Weighted Index Numbers:

(a) Weighted Aggregate Method
(i) Laspeyre’s Method:

[F

P, = ipq, %100 4 Discu.ss the various tests of adequacy of Index Number formulae.
oo 5. Explain the various methods of constructing Index Numbers.
(if) Paasche’s Method: 6. E:splai" (f) Time Reversal Test (i) Factor Reversal Test (iif) Circular Test. Indicate whether
- p,4, i 3 B T.}’fehs, Paaschg’s and Fi.sher’s Ideal Index Numbers satisfy one or other tests.
0 —Pu‘i, b ; :)1:1 f;e ct{nce;‘:-t of quantity and value indices.
Ly Weighted and Unweighted Index Numb

(i) Fisher’s Method: (i) Explain various f
ous lae for cal

3 i) Di v lating index numb
Py = \/;i@x 100 4 ('“;2 D.lscuss tests for index numbers.
; i i fevearts: Fisher's Ideal Index? Why is it called ideal? Show that it satisfies both the fime
(i) Dorbish-Bowley’s Method: b0 gy test as well as factor reversal test. "
Numbe;

¢ . .
YOU take g ™S are economic barometers”. Explain the statement. What precautions will
2 ' wmmg an index number?

Pryt:l;‘l, 0?‘1 (L“-"qﬂ Zplql
2 (Zng, Zpyg,
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g INTRODUCTION

In the previous chapter, we have studied the concept of inqex number,

ion. methods of constructing them and thf: tests of an 1fieal index

conSIIUCU‘f'_ ,dex numbers’ construction, some specific problems like constry,

Proceshsi;inl: splicing, deflating, construction of a consumer price index, etc,
lv’:f; issemi.a’l to take them properly into consideration.

|Tpeciﬁc l

gt o || o2 b ol
Base Index 1

Conversion Shifting
Here below, we will study such spel‘ﬁc problems:

Price
‘Index
O CHAIN BASE INDEX NUMBERS

Chain base index is that index number in which the year immediately preceeding the one js
taken as base year. For example, suppose, we want to construct index numbers for 1990,91,92,93

the probe, .
Number, S i it

Ction of Chai:‘}&ﬂthg
ex,
Itj

n
» COme acrogs

of Index Ni I

De@w

and we take 1990 as base for 1991, 1991 as base year for 1992 and 1992 as base for 1993, then such

type of index is called chain base index.

O Steps in Construction of Chain Base Index
(i) First of all, link relatives are computed using the following formula:
. Current Year’s Price

Link Rel =
Previous Year’s Price
(if) The link relatives are then converted into chain base index using the following formula:
Chain Base Index = Link Relatives of Current Yearx Chain Index of Previous Year

100
The construction of chain indices can be illustrated with the following examples:
Example 1. Construct Chain Base Index from the following data:

Year: 1985 1986
Prices: 94 98

X 100

1989 1990

98

1987
102

1988
95

100

[

o™

solution:

fample 3

persl

Compautation of CBy
years Prices
1985 M
98 98
1986 94 X100 = 1043
102 102
1987 g X100 = 104
95 s
1988 2 X100 =93,
1989 98 L
95 X100 <1032
100 100
1990 <5 X100 =102
| L
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Chain Bage Index

%
10435199

104.1x104 3

o0 —=1086

9B.1x108.6
0
103.2x101)

i =

=10L1

10:
Wzxiogy

=106.4

Year: 1969 1970 1
- L 15712 1973
Link Relatives: 100 105 95 i
102
Computation of CBI
Year Link Relatives
1969 100
1970 105 105x100
: T !
) 95 95x105
T =995
1972 175 175
15995 _ 12456
1973 102 102x174.56 o o
0

Construct Chain Base Index from the following data:

1972 l 1973 j
3 4 1 5 j
10 12 } 15 j
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utation of Chain Base Index Chained to 1979
jon: com 70 1971 1972
Solution: Group of & L.R. P [ LR P
Commodities ; I;m 3 s 4
L = T a0 | 10 125 12
l’[’] + 100 | s 125 3
Total 200 400
= °ze = 100 133.33
veragt
LR 700 13333x100
Chain Base 0
Index ~13333

SE INDEX k.

o FIXED BA index. the base year remains fixed. Fixed Base Index is an index in wh;

i o e;:r example, suppose, we want to constru_ct md{ces for 1990, 91,9

year i599‘h0e ﬁl"eg :::r‘;se year for all the years, then such type of index is called as fixed b
take 1990 alon Y ;

ich the
2,93 an:a:g
ase indey,

0 Steps in Construction of Fixed Base Index

ix index is computed in the following manner: :
e ‘bm ;:(ljle);l:: pric: relatives are found out using the following formula:
O Fistere? Current Year's Price X 100

Price Relatives = Base Year's Price

ii) If it is a si dity case, then these price relatives would be FBIs. But, ifitisa
@ If '; s a,:‘r:il;itc)"o lT::.'lasmeo thth by summing up the price relative for each year and dividing
Lr:: :;:: by the numbt;r of commodity, average of price relatives are found out. These

averages are fixed base indices. The method of constructing fixed base index s illustrated

by the following examples: ) )
Example 4. Construct index numbers for the following data by taking (a) price of 1975 as base
and (b) average of all the prices as base.

1979

1982 |
[[vear: [ 1975 [ 1976 | 1977 | 1978 1980 19801 =
[ price: [ 110 | 120 | 160 [ 150 180 200 | 22 .
Solution: Calculation of FBI . ==
Year Price Index (1975=100) _|Index Base
0 100 10 100=652 |
1975 m e 7
120 jp0=71d |
1976 120 %x 100=109.1 8.7
160_ 100"
JL . -:;—‘3“00:145.5 wh

Egml’" &

Solution:

1

1982

|

I, e )
L —0 | 200
Il
—r | 20
i o By |
L —o2 | 210

150
110 <1®0=1364
180
Tio¥100= 1636

200
mxlmﬂgm

1244
iven prices= L0 120+160+1504 1gg
fall the given prices= " 200+220+2|0
*Averageofa g \8= —
Find outthe fixod hase ToPex nurber for 1986, 1987 and 1988 bussd o 1955
e T

A 15 =

B 10 =

c 12 o

D s 2

E 17 - 15

Computation of Fixed Base Index Numbers

235

150

168.75 = RN
200
210

Commodity 1985 1986 1987 1988
Price Price Price Price
Relatives Relatives Relatives Relatives
Py P Poe | 2 Boaw | B 100
P 1R
A 15 100 30 200.0 20 1333 24 160.0
B 10 100 12 120.0 16 160.0 13 130.0
C 12 100 18 150.0 8 66.7 10 833
D 8 100 8 100.0 12 150.0 16 200.0
E 17 100 15 882 16 |- 941 20 17.7
Total of Relatives 500 658.2 604.1 691.0
=2 %100 2o
Price Index for 1986 = — 22 =224 13164
b} Py %100 6041
Price Index for 1987 = Pq = T =120.82
e 100 691.0
Price Index for 1983~ —Po___ = a2
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IMPORTANT TYPICAL EXAMPLE
6. From the data given below, calculate the Chain Base Index N“mbErs
le 6. E
Example Year: 1992 1993 1994 1995 1996 1997
ear:
Price: 31 2 i 24 30 P 1995
Verify that the CBI will be the same as FBI with 1992 as bage, 2
’ Calculation of CBI and FBI
Solution:
Year Price Link relatives F‘ ~
1
(Base < 199
1992 31 100 100 -
N 2 2 i00=7096 | 100X7096 _ 5
1993 31 100 =% Zxge o5
| e
28 127.27x70.96 :
1994 ® 28 100=12727 |22127XT7096 %%
2" 100 9030 E -
85.71x90.3
L 2 24 joo=gsy1 | BTIX03_ ., 7
% 00 - M0 | Sixi00=7yy
1996 30 30 =125 125%77.40 _ 30,
24 X100=12500 | —=Tn = 9675 Sx100=067
7 < 27 100=9000 | 0X9ET5 - g |22 )
3<% 100 , 31X100=8109
1998 25 25 0o so | 9239x820T L o Tasl
55 X100=9 = 25, to0- 308

Note: FBI and CBI calculated on the basis of original prices are equal (i.e., same) for a single
commodity case. For a multi commodity case, CBI are almost equa_l to FBI. The si
difference that appear between them are due to approximations made in the calculations.

Example7. Calculate the fixed base index number and chain base index number from the foll

data. Are the two results same? If not, why?

Commodity Price (in rupees)
1986 1987 1988 1989 199
% 2 3 5 7 4
Y 8 10 1 14 1
4 5 7 9 2
Solution: i.e., 1986 i8 2

Since base year is not specified, the first year in order of time,
base.

g N“'"ber?"
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Fixed
o Base Index Numberg ®
Commodity ase year = 1986)
Pri
1986 1987 =]
% 100 [3 0|
5x100=1s0 | 5
v |10 120 = & ;
| v g *100=125 ;zxnx):.so 14
Z 100 |5 e
2 X100=125 TX100=175 | 9
Total of PR 300 w | o
o 7
Average of PR, ie.,| 100 13333 \5
Fixed Base I No, - &
@) Chain Base Index Numbe,
TS Chaing
1 1986 1987 1988 1%
ety | 1989
n|R|p | IR I LR E
| LR
x |2[100f3] 150 [5]| e |5
x| 140
¥ 8100 |10 125 12 120.00 14 11667
7 |4]100]s 125 7 140.00 9 1zs>s7
Toal of LR 300 400 4267 385.24
Average 100 133.33 14223 12841
: . 125.40
Chain 100 13333x100 13333x14;
aun =2 - 2.23 13&63];:2&41 24350 12540
—L = 1'33.33 =189.63 =243.50 = zlgg 34
tomthe above, it is clear that the index btai d '
e it tained by both methods are the same for the

ey are different for the ini
ofthe values for different commodities. —

0 Relati i \
(l);::e g:"‘vs_va'!d Demerits of Chain Base Index and Fixed Base Index

foed year :\:her:;:aus:gw remaius fixed, al'ldiall further years are compared on the basis of same

iaely preg ding y:i?:ileb‘:i;.year shifts every year and each year is compared with

years. This is due to the average (combining)

(O FBl are ;
: constructed
Wflipk telatives. Cted on |

() Fay indj = ~——.;._ \
e data, eates the long-term tendency of data whereas CBI depicts the short-term tendency

(4 liems ;
tieg cl::l:ded- in FBI can’t be shifted or changed whereas in CBI, every year items or
B)g ¢ shifted or chang .

Blis eq:
€7 to compute whereas CBI is difficult to compute. .

the basis of price relatives whereas CBI are constructed on the basis
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EXERCISE 4. ' .
Chain Base Index from the following data:
1. Construct = = ]
= 360 480 1984
N -
i 1979 as base.
i 11 be the same as FBI with -
- [Ans. 100,125, 129, 15,
index numbers from the link relatives given below: 200, b
Pl'epﬂl‘e naex
2. - 1979 1980 1981 1982 05 e = ‘
L:::r!hﬁvm 105 75 il 105 = -

%
[Ans. 100,75, 5325, 55.91,53.11, 4775 =
75,430,

i f commodities for the
. holesale prices of three groups © n year 1995 10
> g:‘;ﬁ.%ompme Chain Base Index number with 1995 as base: 999 are.

1996 1997 1998 e
9 15 ‘ 21 5
30 36 42 &
15 21 27 %

[Ans. 100, 1333, 189.6,243.4,3153)
4. From the following data, calculate Index Numbers: .

() taking prices of 1992 as base year,
(if) taking prices of 1994 as base year,
(iif) taking average prices of five years as base.

Year: 1992 1993 1994 . 1995
Prices (in Rs): 10 12 15 16

20
[Ans. () 100, 120, 150, 160, 200
(ii) 66.67, 80, 100, 106.67, 133.33
(iii) 68.49, 82.19, 102.74, 109.59, li:ﬁl
5. Calculate the fixed base index number and chain base index number from the following dat2-
Are the two results same? If not, why? 4

Commodity Price (in Rs.) % :
1992 1993 1994 1995 s <o
I 7
2 3 g " 18
I 3
8 10 12 v
m 4 5 7 9

23, 19167, 2505

{Ans. FBI: 100, 13 24349, 305

CBI: 100, 13333, 189.63,

1996

1986 *
_E_lm T
[Ans. 100, 108, 120, 96, 112, 116, 124, 10 I —

- 160, 164, |
For a single series of index ““mb;rs« ll:ésl ::C:;Z’ PR
: are equal |

e —

i
E

1984

/
4 BASE CONVERSION

Sometimes, 2 necessity arises to convert chain base index into

5 fi i .
fefollowing procedure is taken up for conversion: xed base index-and vice-versa,

o (t) Conversion of Chain Base Index into Fixed Base Index.
Its procedure is as follows:

(i) For the first year, the FBI will be taken the same as CBI. But if o

asked to take the first year as a base, the FBI for the first year if in a question it has been

o : s - will then be taken as 100.
if) For successive years, fixi ase indices are computed fi i i
iy ettt p om chain base index by the

Current year’s FBI = Current year's CBIx Previous year's FBI
100
tunples. - From the chain base index number given below, prepare fixed base index numbers:

‘Y:I 183 | 1osa | s | s | w1 |
c | | | |

- 153 156 | w1 | s
ution;
" Conversion of CBI into FBI
Year CBI Conversion FBI
1983 5 _—_\’_—j\; ™
1984 153 153 %138 \ 20114 J
" 100 S
1983 156 156 % 21114 L 32938 J -
100 i j
! 1986 147 147% 32938 3
100 ‘
1987 195 195 x 484.19
] 100
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o (2 Conversion of Fixed Base In

ts procedure is as follow

In
dex Nu’“her&
{

dex to Chain Base Index.

St
BI will be taken the same as FBIL

ar, . ord
(2 ;'or :‘:Zcfelfs‘wy: yoars, chain base Indices &re derived from fixed base Index by gy, 1 1972
(if) For Ollgy:
formula: Current year’s FBI 100 Win |
_ Curremt yoO© —

Current year’s CBI= 3 vious year’s FBI 1973
. < index numbers, prepare chai 5 |

Example 9- From the following fixed base 1 prepare chain base index Mumbey,, 1974

mma

Conversion of FBI into CBI

Solution:  ——— -
1981 — 110 CISE 4.
1982 150 %x 100 136364 V_\
[ the Chain base index numbers given bel
18 , From ow, .
o " % %100 120 ! verify the answers: Prepare fixed base index numbers and
1984 250 250 100 138889 Year: 1974 1975 1976
180 2 " CBE: 80 110 = 1978
1985 300 300 120 = 120 105
550 <100 T o
. = - ' . ns. 80, 88, 105.6, 110.9, 105.3
1986 300 100 146.667 3, Change the following fixed base index numbers into chain base index numbers: 31
Year: -
ar 1973 1974 ws | ws | wn | wm |
NT TYPICAL EXAMPLE FBI: 100 110 175
250 300 \ 400 j

Example 10. From the Chain base index numbers given below prepare fixed base index numbers

and verify the answers.

Yo | o1 | o2 | o | 1om 1975
lce: | 110 160 | 140 200 150 1960 1961 1962 \ 1963 l 1964 \
Solution: From CBI to FBI 0 110, 15 l 120 l 130 l
Year CBI FBI )
. From the f; [Ans. 90,99, 113.8,136.6, 177.6]
) 110 110 ¢ fixed based index numbers gi i i 3
T o T o rs given below, prepare chain base index numbgs
100 1970 1971 1972 1973 \ 1974 \ 1975 1
1973 140 140x176 = 24640 FBI; 37
100 9 392 408 380 \ ) \ 400 \
1974 00 x 246.40 _ 49280 T g
200 3_’?.3/ 4 \ [Ans. 376, 104.28,104.1,93.1,103.2, 102].
1975 150 T50x 492,80 73920 i
\L_'__’ 100

[Ans. 100, 110.0, 159.1, 142.8, 120.0, 133.3)

3. From the chain base index given below, prepare fixed base index rumbers and verify your

answers.
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CING, AND DEFLATING OF INDEX NUMBERS
blems related to the construction of index NUmbeg,

FTING, SPLI

o BASE SHI siprd

Following are some speci:
©0 Base Shifting

es necessary that index numbers are changed by taking some
s it becom!
Sometimes, !

B iof o ther
i e year. This operation is called as base-shxﬁmg, B, : Year
base year rather than the tﬁf:i:a:giszy( 1) When the present base year has bccr,:upe rather Oleds(l:;)ﬁmgt
needed for the follomzrgnpa"-‘d whose base years are different. In such condition, sy, Serieg Wiy
some series are {0 be :7“ ison unless base years of all the s.erles are the same. Canpy
be made fit for comp: index number of new base year is taken as 100 and all other old yegrg
While base-shifting. :hi.s new base. The following formula is used for this Purpose; Indey
numbers are converted on Index No. with old Base 0 d
Index No. with New Base = Index No. of New Base Year

lowing example, the process of base-year shifting is illustrated:

From the ?’Le following are index numbers of prices based on 1980, shift the bage 101984
Example 11. e e — — e i
(1980 = 100) - (1980 = 109)
100 1985 390,
120 1986 400

[ w2 200 1987 420

o 210 1988 435
o8 300 1989 ’ 444

Computation of New Index Numbers

Solution:
Year 0Old Index No. New Index No.
(1980 = 100) (1984 = 100)
100
0 100 2 x100=3333
198 100
1981 120 120, 100=40.00
300
1982 200 2001 00=6667
300
T 240
240 240 100=80.00
1983 =
1984 300 — 100.00 -
1985 390 390, 100=1304
300
1986 400 400 100=13333
300
1587 420 420 10014000
300
435 145.00
1988 222 x100=
435 e
1989 yrm 44 00=1480
300

g ituati .
5 jicin! come across a situation when an indey co

0 ome'i,'"cs“:;fi and new index is constructed taking the ye::’“;‘]“xi c!:l a
cd bEin8 U Thus, we have two types of indices and ye have 1o ch an
4ofP° < pase )’e Jure taken up for this is called as splicing. For exam ange
u;l!‘gs' ¢ pracss' whose base year is 1981. This index is sto,
e 98110 19 e’wi‘h ourselves a new series of indices fro,
» xh:‘ljmbers with cqntinuous time period, then
esof 1y us, splicing is & process by which new
« icing- findices is tied with new index series

given base year is
index wag stopped
Ple, one ts}a:li.':sh:lm . S_insle
:lpTg ;Ssmg in 1985 ang takli::‘glllasb::
. m:l’< 1_990. l_fwe are in need of a
b e.x! av.all?ble With us by the
e indices is tieq with old index
may be two typesof splicing:

es: The following formyla is used for

fsp ies
15¢0 series 0 .
s orol;:cmg of new index series to old index serj

0] Splicmg new index series to old index series:
sp

pliced new index series to old index series=E ndexxOld index of overlapping year
l] \
100

- gplicing of old index series to new index series:
(i) Sg’liciﬂg old index series to new index series:

spliced old index series with new index series

The following formula is used for

=0Id index x *
Old index of overlapping year
The following examples illustrate the process of splicing:

Frample 12. Given below are two price index series. Splice them on the base 1981

=100
Year 1981 | 82 ) 83 | 84 | ‘85 | ‘86 | ‘87 | 83 | @ | 90
Index A 100 J 1o fwsfwso| — | - —
(1981 = 100)
Index B — | == —=1w|us|0|z0] e
(1985 = 100)
Solutions Splicing of Index B to Index A
Year Index A Index B Spliced index
(1981 = 100) (1985 = 100) (1981 = 100)
19810 100 — 100
1982 o = 110
R TS — 120
9% o == 125
185 f g 100 100x 132 150
y j 100
150
= 115 Z=1ns
nsx o




are two price index series. Splice the

an oot base Tog8 B

on the base 1985

150
1405150
a5 =210

150
160x =22 _
100 =240

=100,

Example 13. Given below

43 | ‘84 | 85 | ‘86

‘87 | ‘g8 5

0ld Price Index

=

50

—_— (90

(1981 = 100)

_’_,_

100 | 115

120 1130 | 149

licing of Old Index Series to New Index Series

Solution:

New price index
(1985 = 100)

Spliced index
(1985 = 100)

100
100x—=
150 66.67

Year 0ld price index
o (1981 = 100)
1981 100

110

100 s
110X — =173
150 3.33

! 120

100
120x — =380,
-150 "

125

100
125x—=88.33
150

100

100
=100
lSOxlSo

115

115

120

120

130

140

1990

160

Examplevlrt. A price index series was started in 1994 as base. By 1998 it rose by 25%-"
relatix'/e for 1999 was 95, In this year anew series was'started.
15 points by next year. During 2004 the price level was only 5%
in 2002 they were 8% higher than 2000, Splice the two series.

The Iink{

This new seri®s
higher than2

i

Given the following values:

— |
124.2x105

= 130.¢
(T) 13041 3041

y mbes= 245
Old price index .
Year New i
gtio? (1984 =.100) (1990 o™ | Old pricenaex
) spliced to new
el NN
oot e = 100 T 9%-109) |
193¢ oo
e T s 1 | i A
1998 125
//—?\\ mxloﬂ=|051
1999 b = 100
(moxl25] 118.75 i om0
/
000 L 1 =us|
/:—002’_‘ nsxm?ﬂs sl usol
(T)= 1242 12420
/
2004

15.
puample A |
B-
S,

Year Year

1998 Z pygy =Rs. 20 2001 Zpyg;=Rs.35
1999 Zpgy=Rs.24 2002 Zpg=Rs.43 |
2000 Zp,g,=Rs.30 2003 Epg=Rs.525 |
2001 2 pyqy=Rs. 40 2004 Zpgg; =Rs.55 ‘

Solution:

(i) Calculate the price indices in A series with q,

as weights.

(ii) Splice the two series so as to make A a continuous series.
Computation of Price Indices and Splicing

as weights and in B series with q,

Year Index A Index B Splicing of Series Bto A
(1998 = 100) (2001 = 100) 1998 = 100)
1998 100 100
1999 24 - 120
{ pri=i0 \
o 30, 100=150 150 \
20
2 200
oL 0, 100=200 1 \
: 20
302 8 100- 12236 @xm.xwuml
T 100
2003 25, 100-15000] e1sp =300 l
T 100
2004 55 100=15714] 220 x157.14=31428 ,
35 100
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o Deflating of lnd:x ta’::;::me in the prices of commodities and the cogt op livi
Often, changfes l;: r;or\ vages need to be revised due to such changes. In other WDI:dg_ The'!f“
index numbers 0 Saeal wages from money wages or real income from money jng, s, whelevr"
we need to derive T s revised. In fact, this proces$ is called as Deﬂaling = f[n":e, the inﬂh’
numbers have w];’e;a:i ng refers to the correction for price changes in money y, X . X
In other \vo.rds, el deflating, the following formulae are used: ges o mo,
income series. For def > -~ Money Wages X100
Real Wages (or Deflated Wages) == po
Money Income

Real Income (or Deflated Income) = 2300

Cost of Living Index

The real income is also known as deflated income., i.e., income at constant Prices
If real wage index or real income index is to be derived, then first, the above sajq
used and then indices are computed by taking the first year as base. The fol lowing fo,

to find it:

formyl,
e
TMulae gr l.l:;

Real wages of the current year

Real Wages Index No. = X 100

Real wages of the base year
Real income of the current year
Real income of the base year

Real Income Index No. = X 100

The following examples illustrate the process of defalting the index numbers:

Example 16. The following data relate to the wages of the people and the general price index
number. Calculate:

(7) Real Wages and (ii) Index Number of Real Wages with 1980 as base.

Year Wages Price Index
(in Rs.)
1980 800 100
1981 819 105
1982 825 _110
1983 876 120
1984 920 125
1985 938 140
1986 924 140 |
Solution:
- index number
Il:jl:: Real wages R“(ll_‘;;ii_a_‘“_yﬂ)—f .
100 800, 100-800 - g
100
105 319 100780 x10=13
105 3

1982 110 825

10 ¥ 100=750
1983 876 120 8%

120 X 100=730
1984 920 125 020

125 X100=736
1985 938 140 938

Ta0 X 100=670
1986 924 140 924

0> 100=660

The following table gives the per capita income -

7. 2
pample 1 particular community. Calculate th
account the rise in the cost of living:

Year:

Cost of living index (1989=100):

Per capita income (in Rs.):

R —

. d th P
€ index numpers 0:' c::: of living index o 4

%mx“mﬂa.s
730
mﬂm}:glls
736

300 X100=92
670

800 < 100=83.75

660
ﬁﬂ%:s;_s

income taking into

o Construction of Rea] Income Index Numbers
Year Per capita Cost of Real
income (Rs.) [ livirg index et il":)0 me in:;&m Index N,
1989 360 100 30, —
Tog X 100=360 10
1990 400 104 400 ;
40 384.61
lMXlOO—SM.Gl %0 x 100 =106.84
1991 480 115 480
a8 417.39
P s x100=417.39 30 X 100=115.94
1992 520 160 520
325
—x100= == it
% 325 walm—%.lﬁ
1993 550 210 550 7
261.90
100= o
210x 00=261.90 %0 x100="72.75
1994 590 260 5%
226.92
— x100=226. =
: i 6.92 % x100=63.03
995 610
_ 300 810 100=20333 | 2333, 100-5648
300 360

0p . '
urchasmg Power of Mone:
Th y
e o

P, the price
Price indey i 1992 with base

€ con %
any kot de_ﬂ;m{-,g can also be used to determine the purchasing power or real
! Prices in general are rising, the real value of a rupee is declining, If, for
1990 is 120, the real value of a rupee in 1992 as



compared with its

83 paise in 19

Example 18- Table be.l

Solution:

value in l990=120

92. Thus,

low shows the &

workers in the year 1989-
as base are also given:
Year: 1989
“Average wage of 119
workers (Rs):
100

Consumer price index:

(0] Determin
with their wages in 1989.

(i)

1

5 i MoneY = et it Yo
purchasing POwer of MoneY =t of Living Index

verage wages in rupees per week of a
1996. The consumer price indices for thes:“p of ingy,
Year wity

1990 | 1991 | 1992 | 1993 | 1994
133 | 144 | 157 | 175 | 1se
1076 | 1066 | 1076 | 1162 | 1189

e the real wage of workers during the year 1989-199¢
2 Compareg

Determine the purchasing power of rupee for the year 1996 as
year 1989. What is the significance of this result? compared to the

248 Ndex N;
Umj
by

1 +100=0.83. This implies that a rupee in 199
is Wor
iny

1995 199
18 [T
1198 | 105

Fi ’
or the year 1996, it means a rupee worth of 1989, is worth only
peri

Mo
(9 Real Wage = _ MoneyWage 449
Consumer Price Index
Year Wages (Rs.) Consumer pri
illd"l’m:e Real wages
1989 119 100 119
oo 100= 115w
1990 133 107.6 133
x100=
Torg X 100= 12361
1991 144 106.6 144 100= 13508
106.6 :
1992 157 107.6 157
o7 100= 14591
1993 175 1162 = 15080
1994 184 1189
1995 189 119.8 « 189, 100=
119.8
199 194 1202 194, 100=
120.2
(i) The i C
i) The purchasing power of rupee = ilz(())—OZ =0.83 or 83 paise (approx)-

Th .
e purchasing power of rupee has decreased by 17% over

< oin
83 paise!®
419890

o Nl‘"‘bgrs—"
19 Given the following data: 243
o Year
Weekly (ulm—nnm pay
/—]m (Wages) Consumer Price
T 0 | 105 e
CTa R s - oo a2
w2 | e
—’_———2004 135.40
ot 138.10
(i) What was the real average weekly wage f;
(i) In which year did the employees have u;:r each year?
) a"z;;‘tg;fg'?;ﬂg;increase in the weekly wr::,b“yi“s Power?
; o provide e same buyin, the year 2004 ; .
in which they had the high‘gt 3“;’& that the employees m‘;?:ytdrfq\hmd (if
Solution: (i) Real average weekly w; ages. in the year
) ly wage can be obtained by the follow;
lowing formula:

Real Wage = Money Wage
Pri

ce Ind x100
Calculation of Real Wages
Year
Wages (Rs.) Consumer price
1999 fndix Rl wae
109.50
1128 109.5
2000 s 07 70
1220 1132 1122
o= T R
640 1274 116.4
= a0 9
3 .
12508 2 |25 o0 o
= %051
182
2003
13540 1435 135.4
T
2004 d
138.10 1498 138.10
o - 21

(1) The ¢
employees ha -
i o s e et buyingpove n 1999 sne e real wage was
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1l
2% N“"‘Ders’ 251
It - the following data of a firm, construct he in

250 X - dex of ay, .
entage increase in prices in :004 s P it f:nstﬂm prices (Base year = 1980). €Tage wage and salaries at
-~ Cl
(i) The per =‘4z'8x1oo= 1328 ¥ Vear:
12. Average WAges nnfi
ney wages in 2004 so as to have the same Purchasing Po salaries paid (Rs.):
The weekly mo Wer ag; Comsumer price index:
999 .50%132.8 7
! = 1%—— =Rs. 145.42 Calculation Table
——
i h—-
. 50[!!“" Average wages Consumer w,\l
Thus, the required increase In weekly wages ~ Year ~and. price s-hriug:: :::mm Index of wages and
! =145.42-138.10=Rs. 7.32 salaries paid (Rs.) index Prices salaries
i in weekly wages of 2004 (1980 = 100)
The percentage increase in y 1980 5000 100 5000 f6= 5000
= 7;120x1oo=5.3%. Tog " 1025000 | Si00= g
138. S
) 1981 5670 108 3670 o= 5250
20. Calculate the national income at current prices from the followmg data; i x 100 = 5250 =, S 105
le 20.
Examp w9 | 2000 | 2001, | 2003 1982 5865 102 | 5865 5750
! W*IOO=5750 mxmu: 115
National income at 1957 50, BN 4la o100 WAL 1983 6240 0 |om T Tem
prices (Rs. Billion): Wx 100 = 6000 P 100= 120
Price index (1997 = 100): 100 120 125 140 -~
E 1984 6820 110 6820 oo 6200 | 6290
- Calculation of National I at Current Prices 10 5 S 1= 1
2 ice i i i it t prices Iz .
N e I e o e ———————
m::;m (1997=100) | _ 00 2005. The consumer price index for these year was 95.5 and 123.5 respectively.
1997 prices Show that the money wage increased by about 59% in 2005 as compared as 2000,
1999 80 100 Slation:  We first calculate a consumer price index with 2000 as base year by dividing given
consumer price index by 95.5 and expressing the result as percentage:
2000 90 120 Year | CP.I. Wages New C.P.L Real wages Money wages index
¢ (2000 = 100) (::VI:: . mo) Real wages % 100)
2001 100 125 100 x 12 = : s Base year wages
2000 | 955 | 119 | 95.5 119 19
g s = 28 =119 —x100=100
2002 105 140 105 x 0 = T 100 19
\\
2005 ; 189.45
- 120 180, 120 % 700 = 83205 |IBS o ro0 ] 2500 e T Xl00=15920
L= 95.5 129.32
—————
|
2004 15 200 200 Alt .
L 1" 00 50,2055 the Wages are more than doubled, the money wages increased by only
. 0.




p—

dexy pers”! 253
uj urm’
252 mb“"&“ % N
L wages are increased by 20%, calculag ) -
Ifwithrise of 10% in prices: the wag te the pe, % 'D,ﬂatlrl lowing {able gives the per capita income and the cost oflving inden .
Example 23 of real wage increase- 120 o0m 1200 _ - f The fz peopl"" Deflate the per capita income by taking into account the c;):mo; a_palx;mular
1 real wage percentage is 1—1—6x1 ST .09% d:]s;,ing, ges:in the cogt
fons - CUTen i o Per capita i
Solution: entage increase in real wage is 109.09 — 100 = 9,09, er capita income (Rs.) —r
Hence, the perc ‘Im
EXERCISE 4.3
iftin : . . ‘
) BaseT:h; - SO the index numbers of wholesale prices of a certain commodity based o x
1. e 10/

1992:

[Ans. 250,256, 22627, 218
; » 39, 226.27,218.75, 214.29)
W: d (i7) Index of Real W: .
Jate the () Real Wages an ages from the following i i
6. CalG: 985 as base year: wing information

1993 1994 1995 m
108 120 !

150

usin

1985 }
Year: 9 1986 1987 1988

Index No. (1992=100):

. & 1 Ans. 83.33,90, 100, | 1989 1990
P 4 and obtain new index numbers [ , 100, 125, 175 .
thft the b.asew 1099 1981. It rises 4% in 1982, falls 6% in 1983, falls 4% in 1984 anq lise: Average mnmhlyt wages: 200 225 240 280 e m
& o md]e ;slSS {’(t:ziﬁu;:te the 'index numbers for five years with 1983 as base. ‘Consumer price index: 100 120 125
3% in .

135 175 2 |
87.5, 192, 207.41, 200, 177.78; (i) 100, 93.75, 96, 103.72, 100, 88.89)
7. The following are the average daily

Ans. 102.29, 106.38, 100, 96. . () 200, 1
(Hint: See Example35] ey 0584 pah g

wages in rupees of a group of industrial workers and
) splicin . = price indices:
Splicing 2 : ; . Splice (7) 1995-base index
" the two price index series at different ba.?e YCAISS . 1 X
3. Given be.:j:“;;;_base in?iex series, and (if) 1991-base index series with 1995-base index v'f" o Sl 2001 20z 2003 20
series il Daily wages: 80 108 125 147 216 230
series. C ice index: 100
Year: 1991 | 1992 | 1993 | 1994 | 1995 1996 | 1997 | 1998 | 1999 | 2000 onsumer price index 120 125 140 180 200
. T | s | 1 | 25 | — = o et (6] Detlermme the real wages of workers during the years 1999-2004 as compared with
) 9;:‘::5 -;m): = their wages in 1999.
1 ; A
P—— — T — 1 = | — | 100 | 104 | 10 | 112} 120 (if) Calculate the purchasing power of rupee for the year 2004 as compared to the year
(1995 as base):

1999. What is the significance of this result?

7.5, 14 7.5
130, 137.5,1 0, 150, 18
[Ans. (1) 100, 105, 115, 123, 125, astioee it l | .

() 80, 84, 92, 98.4, 100, 104, 110, 112,120 151
4. The following three series of index numbers are given:

8 G has decreased by 50% over the period from 1999 to 2004]
Y Index A Index B Given the following data: -
ear 5
(1954 =100) (1969 = 100) ;’:lr T T T o T T e e |
o
- 100 ’ ,i: ".“y £y (Rs.) 10,500 | 11,000 | 11,500 | 12,500 | 13,500 | 14,000 1450 |
e 5 -

—— I el w [w [ w [wlwlnlel
1969 200 ” i lna::;!m the real monthly pay for each year.
1975 = (i) Whgy ich year did the employee have the highest purchasing power?
1% - Percentage increase in the monthly pay for the year 2001 is required (if any) to

C . gt
*TPenSate him with the purchasing power in the year of his highest real pay?

[Ans. () 9130.43, 9166.66, 8846.15, 9057.97, 9375, 9333.33, 9062.5 (
" (ii) 1999, (iii) 3.44%]

Prepare a splced series of index numbers with base 1975 = 10088 Dase._ ) 5o, 100;F
[Bint:Sec Example 35] numbers with bast [Ans.25x 30,5
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ICE INDEX OR COST OF LIVING INDEX NUMBERS :

the direction and magnitude of change t, akin

|
ndex"”'"be 255
l diture Method )

te Exper 5 3
pkeair 8 y Agi‘rz&zd, wages are assigned to items on the base of hage
n 1hl5

. index numbers ShOW s W Year quantit;
Cost 9f hv;rng midle;‘ up of persons at given time a.nd place. Its PPI‘pose isto Know Consumer Price Index (P )= iﬂ! %100 Quantities, :
costof hvmdge ;eil’;‘has aken place in the outlay or subsistence edxpenlgflfn re made by 5 mn:: gy 2 pyg,
increase OF Iso known as consumer price index. Effect of ch; . SUMgy F thod i 1
ik these are als® . & Changeg Tog i nditure mef is equal to Laspeyre's
his Iwu:ﬁ,f;::’zf:';l the classes of @ society hecausde_ L:.llfferen:l _‘;IFSSCS of people congypg g e apative EXP° Method.
is not ul anges in the prices of commodities are different. Therefore, o lﬁ‘e.,m glculﬂ“o" - L
tr oLl base year (4,) and prices in current year

ities and ch 5 %
commodities and € for different classes of people and for different plac Cost op sieps for antity m

o nstructed ! es. r (¢ ( — ;
hv"nfll:g;&;f;;:“ are those index numbers wh.lch measure the effects on living S:n;“'ﬂer 0] 8“.“11 0)is taken. This is the aggregate expenditure in CP;) atﬂ; ::ltrphsd and their sum
Pfl'ldtl fferent classes of consumers for any change in the level of prices over a eﬁodn t.“.i“'" ) Qumlm. in base year ({10) and price in l?ase year(p,)are m""“' °l; ~ £ 3
guch types of indices ar® constructed in orc_ler to find out how the economic progress Ofa‘;ohm" (ii) s taken. This is the aggregate expenditure in base year. Plied and their sum (2 Pody)
has affected the standard of living of 2 particular class of people. Untry @EP 4,18 divided by = p,g,and the quotient is multiplied by 100,
. . i, 1 5
0 Uses of Consumer Price Index ) i e mily Budget Method ~
The different uses of consumer price index are given below: - Under this method, the weights are assigned to items on the basis of percentag, |
i in Retail Prices: Iti i e b € expenditu i
(i) To Examine the Effects of Changes in Ref rices: Itis used to examine the offector ¥ items. ; S penditure on

1 prices on the cost of living of a particular class of people:
The government may decide its price cunﬁ,l;.};lil‘m
f the changes in the cost of living index. -

change in the retail Consumer Price Index ( P, )=
(i) Helpful in Policy Formation: —}_‘,W
wages, rationing policies in the light o

Where, P = Price Relatives = Pi x100, W = Total E e
n of Dearness Allowance: The amount of dearness allowance and revision ({fwages P, Py 9,

iii) Fixatiol
“ of different categories of employees are decided on the basis of consumer price inder » |fthe geometric mean is used, then P, =AL{M]
0 Construction of Consumier Price Index O . 1 W
The procedure of inga price index is as follows: - | Family budget method is equal to Weighted Average of Price Relative Method.
(1) Decision about the Class of People: First of all, it should be ascertained that for which class Seps or Caleulation
consumer price index will be constructed, i.e., whether the index is related to industrial workers, (y Price relative of current year for each commodity is computed by the following formula:

teachers, office employees, etc. Atthe same time, the scope of the index should also be well defined.

(2) Conducting Family Budget Enquiry: After deciding about the specific class, some
families from that class should be selected by random sampling and their budgets should be studied 0
make findings about their items of income-expenditure, quantities of commodities and size of fa
etc. According jence, the items of pti divided into five main categori
(if) Clothing, (iif) Fuel and Lighting, (i) House Rent, (v) Miscellaneous.

(3) Obtaining Price Quotations: Afier selecting the commodities, their retail Pi
obtained. Retail prices of the selected commodities are collected from the reliable sources
those places from where the people of that class buy goods. 2

P=&x100
0

(i) Price relative of each commodity i ipli .
¢ is multiplied by the i b .
ofind out weighted price ml:}tlives.u iplied by the expenditure on it or (Value Weight or W)

i ((m: Weighted price relatives are summed up EPW)
%) ZW, A &
) zp‘;,'}:';?“f"‘““?‘!n of weights which is % p,q, is determined.
L It shoug l: o by ZW and the quotient is multiplied by 100.
h ¢ noted that prices and quantities must be same in units while multiplying. If

(4) To Decide Weight: To ex, tve i of con its of s
- u press the relative importance of the items of price and quant q
selective weights are assigned to thy & Svn : (i) Inthe p e unit of prse o, uantity are not different, then the unit of quantity must be changed into

gne em. Weights can be given in two ways: @ udihe Price before carrying out mlfiplication. For example, if the price is per quintal

consumption quantity in the base i A e
o e T o, iea: (g,) (if) In the proportion of expe 5
6] Me't:;.i; :{ (;:uns.tmcting Consumer Price Index: After this, consumer g

g methods:
(.1) Aggregate Expenditure Method
(i) Family Budget Method. :

Quantj " i
o multiplic;:{oﬁumhas"d in kg. then kgs. must be converted into quintals before carying
" e Consumer pyrt o 5! ; \
il " Price indext numbers (or cost of iving index) obtained by both the methods
" Bregage = z 4 8 X
et thay KE;:&“"“ method should always be preferred to in as much as it provesto be—
ly budget method so far as calculations are concemed.
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Example?4:

Solution:

1
Ly b= 27
the Cost of Living Ind ] IPW 144
ing data, find the Cost of LIving ndex number of 19 iving Index (P, )= 997 675
From the following €2t =7 . d; i ; 90 on of Living In! )= 2 LTS
1080 by (i) Aggregate Expenditure MethoU, and (i7) Family Budgey Me:}l\:;h"ixnr Cost w 10075 = 13212
ity d nit i -
Items Quantity consume ct Cost of Living Index Number of | |
” n 1990 Je25 Cons"‘;imre Method, and (i7) Family Bud, 980 on the basis of 1970 by (,)'A
2 Qs Quis o Expen get Method: geregate
Wheat 5 K Items Quantity Unit .
Rice - - 20K £ consumed Prices in
= TOK Ke in 1970 1970 —
. el
Ghee 5K, Ke Wheat 2Qils Qus . &
Clothin{ 25 Meters l\,/lcler e Tou e : _* W |
Fuel 40Kg Kg ] Arhar 20Kg K * 110 .
Rent One House House e g 120 T
Sugar .5 Qtls. Kg 20,
i ivi X i 20
AC ction of Cost of Living Index Number by Aggregative Expengi o |20 | o0
()ltems Quantity | Unit | Pricesin | Pricesin W ey e Methog = = Kg Qus T 1
consumed in 1980 (py) | 1990 (p)) 0 g 0il g Kg P .
1980 (go) Clothing 20 Meter Meter $*
Wheat | 20t Quls 7 125 150 E Fuel 4Qils Qs 5 5 -
Ricc 20Ke Ke 12 8 240 320 Rent One House H 15
Sugar 10Kg Kg 12 16 120 1\60 - - ouse 50 5
Thee 5Ke Ke 10 15 50 | mowml siution:  Since the unit of price and_quanﬁty of two items such as bt i
Clothing | 25 Meters Meter 45 1125 > | we should convert the unit of quantity into the unit of price before we l;‘:“nl.
Fuel 40Ke Ke 10 12 400 10 method. ‘ apply any
Rent One House House 25 40 25 20 (i) Construction of Cost of Living Index by Aggregate Expenditare Method
= podo= 10975 | I pgy=14s0 Items Quantity Unit Pricein | Pricein Py %
ed 1970 (; - 1
3 1450 B () | 1980 (p,)
Cost of Living Index Number (P, )= P10 5 100= 2 x100=132.12 in 1970 (¢)) &
Zpyd, 1097.5 Wheat 2Qtls Qils 50 o o po
(if) Computation of Cost of Living Index Number by Family Budget Method Rice 1Q1 Qs %0 o - =
Yiems | Quantity | Unit |Pricesin| Pricesin | Price |W=pyd| F¥ Arhar 20Kg Kg 120 230 2 56
consumed 1980 1990(p,) | relatives =
in 1980 (g;) ) Py rulisiion Sugar S0Kg Kg 20 3.00 100 150
“p Sk 0.1Qtls. Qils 20 30 2 3
Oil
Whea |20is | Qus 75 125 166.66 150 C: - 10Ke Kg 4 8 40 50
Rice | 20Ke Kg 12 16 13333 | 240 ] ; othing | 20 Meter Meter 3 5 60 100
Sugr | 10Ke | Ke 12 16 133.33 rﬁ", el 4Qus Qs 12 15 48 60
Ghee |5Ke Kg 10 15 15000 | 50 1 Rent *| One House House 50 75 50 75
Clothing | 25 Meters | Meter 45 5 11111 1125 5040 = 504 Zpy g, = 834
Fuel | 40Kg Ke 10 12 12000 | 400 4 o .
Rent | One House | House 25 40 160.00 _.—2';,/ St of Living Index Number (Py)= Z8% 100
[ 3 =
l_' =10915 Py,
834

=22"x100=165.47=165.5
504
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iving Index by Family Budget m¢p, e dex Numb ZPW 973
. tion of Cost of Living od t of Living Index Numbers (P, )= _9786.85
@ ‘_—Construc = i i Prices Price w—\ - Lo o W T =97.86
Quantity | Unit | Prices | FEE | Rett =Poay |  py ; A 0
fems | onsumed ‘“(‘1,9)7 0 '"(p Yy |p i;'}: % The percentage decrease in prices in 2002 < 97.86 - 100 2
i =P1/Po -86~100=_
in 1970 0 t x100 Thus, there is a decrease of 2.14% in the prices of 2002 ag cou;;d, &
I ey ared to i
Wheat | 2Qtls Qtls 50 100 200 100 m Je27. Construct the Cost of Living Index for 1976 on the basis of 1975 fi 000 )
Rice | 1Qu Qtls 80 110 137.5 80 100y pramtP data and give your comments: rom the following
Asar | 20Ke Kg 120 | 280 | 23333 24 TM o
sugar | S0Kg | Ke 20 | 300 | 15000 100 | i
salt | 0.10Qus. | Qtls 20 30 150.00 2 3\00 Food
oil_|10Ke |Kg 4 8 200 40 8000 Fuel
Clothing| 20 meter | meter | 3 5 166.67 60 10000 Clothing
Fuel | 4Qts. Qtls 12 15 125 48 6000 Rent
Rent One House | House 50 75 150 50 7500 Misc.
Z W =504 | X Pi=g3py . e S
3 Solution:  Since weights are directly given along with the prices in 1975 and 197,
S PW 83400 WOIE : th the prices in 1975.and 1976, we first
Cost of Living Index Number (P, ) = T T 165.5 determine price relatives (P) and then multiply it with weights (W).

IMPORTANT TYPICAL EXAMPLES
BASED ON FAMILY BUDGET METHOD

Example 26. An enquiry into the budget of the middle class families in a certain city in India gave
the following information:

tems Food Fucl Clothing |  Rent Mist

Expenses (in %) 35 10 20 FI
Prices in 2000 (Rs): 150 25 75 0 | 4 4.
Prices in 2002 (Rs): 145 2 65 0 | %

What is the cost of living index number of 2002 as compared with 20007
Sol  Here the p ge exp on different items are to be taken as weights W)
] Construction of Cost of Living Index
Items Weights | Prices in 2000 | Prices in 2002 P= Py 100
w) A ) Po

Food 35 150 145 96.67

Fuel 10 25 2 92.00
Clothing 20 75 65 86.67

Rent 15 30 30 100.00

Mis¢. 20 0/ 7 112.50

“IW=100 /

X It
nple 28,

Calculation of Cost of Living Index

1
It -
s P A p=L500 w W
Py
Food 39 47 12051 4 48204
Fuel 3 12 150.00 1 150.00
Clothing 14 18 128.57 3 385.71
Rent - 12 15 125.00 2 25000
| Misc. | 25 30 12000 1 120.00
4 : IW=11 |[IPW=1387.75
v 87.75
Cost of Living Index Numbers Py) = Z}:ﬂ = BT 12610
. w

shows that the cost of living has gone up by 26.16% in 1976 compared to 1975.
alculate th,

e Cost of Living Index from the following data:

Fuel and Clothing Rent Misc.
m - Lighting
200 230- 160 190
15
lllhn'n: 9 m 10 3 12
“sl: ;:':le 3re given index no. for different group items alc;ntg w;;h! (:]:Z‘{c:xvl:ltzt'i;t\?f .
*living 3. i ice relative:
l“’ing ind};:udget method (or weighted average of price 1
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ion of Cost of Living Index : xtile worker in the city of Delhi eams Rs, 7
Calculation 0 “i“m e ;:,:fl ary 1980 is given as 160. Using the followinsgod‘:t:"-ghe cost of living index for
. 1
em "o o ; on (a) Food and (b) Rent. 11 outthe amount h spent
Food i;; : ‘:z Group Eead
Fuel a.nd Lighting pn 3 Expenditure: ?
Clothing 2 1840 Group Index: 190
Rent 160 1920 .
el 190 15 285 o Letexpenditure on food be Rs. X and rent be Rs. v ’ 3
tion? - .7 A
, IW=93 ZIW=25506 s Group Expenditure Group Index P\
_ZIW 25506 _ &) () o
Cost o Living Index Numbers (Fy,) =5, =~ =274.26 Food X N 190X
’ § . Clothing 125 181 P
Example 29. The following table gives the group index numb<_ar§ an'd the weights of differen Rent . Y A 625
heads of expendimrfe in.the calculation of a cost of living index except the index for ‘—_Fucl and Lighting 100 T 140Y
the group fuel and lighting: e = X —1 R
Group: Food Clothing Fuel & Rent Misc. . TW=750 L - 7575
Lighting Z PW =42000 + 190X + 140Y
Index: 132 113 — 128 147 As textile worker in the city earning Rs. 750 p.m.
Weights: 65 9 8 10 8 X+1254+Y +100+ 75=750
If the cost of living index is 134, find the index number of fuel and lighting. = X+Y =450 ()
Solution:  Let the index number of Fuel and Lighting be denoted by X 1 Cost of Living Index = E;’Z’ =160 (given)
G Price Ind Weight PW
roup o W) 160 = 22000+ 190X + 140¥
Food 132 65 | 8580 750
Clothing 113 9 1017 | 1,20,000 = 42,000 + 190X + 140Y
Fuel and Lighting X 8/ X nd 19X +14Y =7800 .(ii)
Rent 128 10 1280 Solving (i) and (i) X
Misc. sl 176 | Multj -
- Pt : sow=1208348 ] | ltiply (1) by 14 and subtract from (i), we get
- < zw=wo | 2 —— § 19X + 14Y = 7800
Cost of Living Index = 2; u’f’ = 134 (given) \ 14X+ 14Y = 6300
= o : ] s=tmeas b o
= 134 1205348X 5X = 1500
100 > X=300
= 13400= 12053 + 8 PutX =300 in () I
= 13400-12053= gy !
o - ; 300 +Y =450 = Y=150
1347=8x “ X=30
= 1347 Thig, g £ =150 :
X=—3-=168375 ’ E’}l"eﬂditure, on Food = Rs. 300
*penditure on -Rent = Rs. 150

| |
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262 - 4 st of living index uses the following Weights— * - =
[ol0} H i 8
4 Lob440, Rent 15, Clothing 20, Fuel 10, Miscellancoys |5 During the period 200095, e
4 SHLR T R o f li,ving index raised from 100 to 205.72, Over the same period the pércen!age ris;s in
EXERCISE 4. lculate consumer price index numbers for 1989 0,;'6““ i -~ coffez were : 175, Miscell - :
the following data, calcu e method and (if) family budget method; ¢ Yasisy Pnct-GO Clothing—180, Fuel-75, Miscellaneous-1 5. What s the Percentage change in the
1 Frof"b (i) aggregate expenditur - - Rent o ?
19705y antity consumed Unit Tices price © 40x+7725 )
Quanthy o7 1970 (Histr=— ey 5. 2] . [Ans. 71.1)
- 2Qts Qus IS;)O -Q An enquity into the budget of the middle class familjes in Bombay. gave the following
= 25Kg _ Qtls * 5.( ‘nformation: . S
l0Ke Qus 80 120 ] o Food Rent | Clothing Fuer* Mis
ks ke 90 1 Ty | e % B | aw® | R | e
Ghee (Dalda) , | ;
O“u Do - ' 2 = Price in 2004 (Rs.): 150 -50 100 20 60
Meter 225
Clting e , [ NP | ] Femomm—— 174 60 125 5 loim
: - 4Qtls. Qtls —10 | i : :
*, | Buel | Hoise - House 20 : 2 What changes in the cost of living figures in 2005 have taken place as compared to 20047
[ Rent . e o . [Ans. 126.10, Change =26,10%)
. 1 : rtain cost of living index number, the followin weights d: Food
ice index for 2000 on the basis of 1999 from the following data 6. Incalculation a ce d y g weights were used: Foo,
2... Construct the consumer price index : 15, clothing 3, rent 4, fuel and light 2, misellaneouys 1. Calculate the index for adata when the
using: average percentage increases in price of items in the various 8roups over the base period
(i) Family Budget method ’ vere 32, 54, 47, 78 and 58 respectively. ’
(if) Aggregative Expenditure method - - p Suppose a business executive was earning Rs. 2000 in the base period, what should be his
Commodity: Rice ~ -| = Wheat Pulses Ghee salary in the current period if his standard of living is to remain the same?
Weights : 40 20 15 20 5 _ [Ans. Py, = 141.76, Rs. 2835.20]
G i 6.00 40.00 0.50 512 20 7. An enquiry irito the budgets of the middle class families in a certain cj revealed that on an
Price (per unit) 1 7
19 Gy 150 average the Percentage expenses of different groups were: Food 45; Rent 15; Clothing 12
Price (per unit) 2000 60.00 0.50 6.25 - Fuel and nght 8 and Miscellaneous 20, The group index numbers for the current year as
2000 (Rs.): =137.188] :; mpared “{lth a fixed base period were respectively 410, 150, 343, 248 and 285. Calculate
[Hint: See Example 41] [Ans. (i) Py (FBM) = 123.15, (ii) Poy <AIT‘M) _i) Fg‘mil}’ pe:'c‘:t of living indexv foltthg current year. Suppose Mr. X was getting Rs. 240 in '-h‘e\base
3. Construct cost of living index number from the following data for 1986 using ( o 0“‘; ad Rs. 430 in the current year. State how much he ought to have received as extra
Budget Method; ii) Aggregative Expenditure Method. 41 to maintain hig former standard of living? - ;
Items Quantity consumed Unit Erices ¥ hagg P —— _ [Ans. Py, = 325, Extra allowance = Rs. 350]
in 1985 b7 oy ~ Rs" Working class people wheat was selling at an average price of Rs. 32 per 1.0 kg,
Qs Xe 2004 ¢, f4 PEr metre, house rent Rs. 60 per house and other itetns at Rs. 20 per unit. By
R i doubleq Of Wheat rose by Rs. 8 per 10 kg, house rent by Rs. 30 per house. and other items
e o Vs 160 r;lce._ The working class cost of living index for the year 2004 (with 2003 as base)
; Wing; SEe!]; oW much the cloth rose in during the period ?- 3
20 Litres Litre < ~“Xample 39 . L
House . - ans. 11 } [Ans. Increase in pricé of cloth i by Rs. 2.60 per metre]
\ ; ‘ .
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The data below show the percentage increase in prices of a few selected food tep, LLANEOUS SOLVED EXAMPLES
9. o hts attached to each of them, calculate index Eumher for the food group: - S ang MISCE
ights al s . . . 2 A
weig Weightage Percents 31. An index is at 100 in :9.91. It rises 5% in 1992, falls 6 ;
Food Item % 8¢ E,aml"e rises 4% in 1995 and 7% in 1996. Calculate the index ny ° In 1993, falls 594 in 1994,
T Re 180 1991 as base. . mbers for all these years with
Wheat it L 202
- BT
- 3 115 solution” F”Year—— Link Relatives -
L P =] e e e i L
Ghee - | 3 212 1991 . molnd“ Numbers
oil > 173 1992 T =100
3 = 105x100
Spices P WL o Ton - =105
1 260 s 100
Milk 19 M 94x105
Fish L] 426 | Tw w
Vegetables 2 332 1294 95 95x98.7 _
Refreshments 10 ) 239 s _ w00
Using the abov; food index and the information given below, calculate the consumer price o 104x938 _ 976 .
index number?_. 1996 = 100\
Group Index Weight 107l><% Sl4a )
= = " o Y
Fo : N SRR
- Example 32. The average wholesale prices of three iti 3
" 5 < groups of commoditi
Clothing- 310 1992 are given below. Compute chain base i d = for the year 1988 to
P 25 3 p ase index number with 1988 as base:
uel ard Tigl
Renfand Rates 150 s ‘ Do 1985 1989 1990 1991 1992
Miscellaneous 300 18 . U ) 15 21 24
[AnS. Treoq= 340; CPI=30460] " % 30 36 @ s4
10. Following information relating to works in an industrial town is given: biif 12 15 21 2 %
i i in 2005 Proportion of Expenditure Stlution; - -
Items of Consumption Cnnsume(rzol’ll)'ll)ci llra%;x in2 P on the ifem COmputatron of Chain Base Index
| Food, drinks and tobacco 132 Group 1988 1989 1990 1991 1992
{ Clothing : 154 [P || P || P || P |w]r |
Fuel and Lighting 147 1 | 6 w0 o0 15 |eeer] 21 | 140 ] 26 [n1a29
Housi y 7
M",::'lg 178 < T 124|100 30 |15 36 | 10| 2 |ueer| s [12857
laneous 158 55 i 5 3
: ce eXpreS 12 [ 100 | 15 140 | 27 |12857| 36 [133.33
. Average wage per month in 2000 is Rs. 2000; What should be the dearness allO 1G5 ypsia . - 7619
as percentage of wages? What should be the average wage per worker per x;xe 2000 ],vel’l% P 300 400 426.67 385.24 37%.
that town so that the standard of living of the workers does not fall belo;v76 ~100 =416 | w 100 133.33 14222 12841 1254
- g s =141 0 i =
[Ans. CPI = 141.76, Dearness allowance as % of W00 141.76 _ s, 24352 Chain Ingex 100 100 x 133.33 | 133.33 x 142.22{189.62 X 128.41) 243.49 x 125.4
Worker should ge —’]’0/ 3 w0 | 10 100 _31005034
; _/ e =133.33 ~189.62 =24349 =305

i
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Example 33.

Solution:

Example 34. The price index of cosmetics was 110 in 2

Solution:

s of index number shift the base from 1989 o 19g3

In the following serie

1981 1982 | 1983 1984 1985 | om0
1
105 110 125 135 180 P 987
- 205
C tation of Index Number (Base 1983 = 100)
P
Index No. I
ear ndex
o (Base 1980 = 100) (Base 19831‘{:.10“)
100
1980 100
125 X 100=g
105 05 -
1981 105, -
125 < 100=84
110 110
1982 m_—
125 <100=88
1983 125 100
1984 135 185 2
125><1[)0 108
1985 180 180 0t
ot 125
126, 195 195, 100=156
) 125 ]
1987 205 : 205 100=164
125

001 with base as 1995 and 120 in 2002 with

in 2003 in relation to the price index of

H 0,
2001 as base. It further increased by 30% 2003, Find thendex

2002 and decreased by 10% in 2004 as compared to its level in
for 2004 with 19\95 as base.

P
Pam 100 = 110 = X=11
1995 P1995
P P, P,
Similarly, =~ —202=13, 203 =13 24 -09
2001 PZOUI 2003
- P
Price index for 2004 with 1995 as base = —22* x 100
S 1995
=P1001 xonoz xpzoos & Paoos % 100
Pl995 onm PZOOZ P2003
=1.1x12x13x0.9x100
=154.44

R

4

L
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: isat 100 in 1981. It rises 4% j
5. Anindex I *S47%In 1982, falls 6y ;
ganP1e%> i cos 3% in 1985. Calculate the index numbers e fsliA, 01983, falls 4% in 1984 ang
k. Computation of Index Numbers ®a © Years with 1983 55 base.
altion? ; se 1983 = 100)
Year Index No,
(Base 1981=100) dhl!r:dle; sr;:.w
1981 , o T
5776 X 100= 10229
1982 10+4 = o400 10 s
- = ] 9776 X100=" 10633
- 19 .
==x104 = 9776 .76
..!00\ 9776 X100=_ 10000
1984 :
——Xx9776= 93385 93.85
100 . 776 ¥100=" 9600
1985 103 Toe
— X 9385= 9667
100 96.67 o176 X100=" 9838
. ” 3 |
Fample36. From the Chain Base Index numbers given below, i
3 > prepare Fixed Bas
() when 1991 is not the base year and (if) when 199] is taken as thee ll;na::);z:rmbm
Year: i -
ear 199{ 1992 1994 1995
Index No.: 80 110 120 90 140
Sulution: Conversion from CBI to FBI
Year ! | CBI FBI FBI
- (1991 #100) (1991=100)
1991 i 80 30 100
1992 110 10x80 _ o lox100 _, o
100 100
1993 120 120x88 _ o 120x110_
100 | 100 B
- 1994 90 90X1056 _ o0 0x132 oo
100 )
1995
" 140 140x9504 _ 00 L"J";ﬂ'ﬁﬂéasz
R — i
(Ba OWing data of a firm, construct the index of wages at constant prices
€ year= 198, :

1986 ‘1987 1988 1989 1990 1991
300 340 450 460 475 570
100 120 20 | 20 250 300
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Solution - Let the rise in price of cloth be X, -
olution: ————‘r — < tion? == e
Consumer | Wages at constant price: 50111
Year Wages price index ¢ %20%
— | Commodity Price in 2003
1986 300 100 ?ng %100 =300 -~ [ Price(‘i’n 2004 p\
340 T T —— ) . (—'xmo]
1987 340 120 22 %100=283.33 28333 .- Wheat 120 l\
J20 300 % 100=94 4 o 80 o
450 Cloth ' T . 20 X 100=150
1988 450 220 430 . 100=204.55 204.55 - o 20 ] 120
220 i 300 X100=6g) X X
— - ’ U EE———— =x100=5x
1989 460 230 460 . 100 =200 200 | House rent 300 I S
230 300 X100 = 66,67 e 50 1 aso
250 475 Miscellaneous 100 ey 300 100=150
1990 45 | 4715 = 190 :
555 < 100=190 300 X 10=6333 200 m -
- ¢ N=4 — =T 100
1991 570 300 570 e 190
300)(100 190 %—OX100=6]A33 L 500+ 5%
B
s of i ; ] 2| 2100
Example 38. The following three series of index numbers are given: 3 ;
Year Index A Index B Index C Py = 0
( 0 ¢ ) (1975=100) 500
1954 100 — = Hence, 160="= +5X
1960 120 = = ) 4
1969 200 100 — = 640=500 + 5X
e 1975 — ) 200 100 X= 140 _ 5
1985 — — 120 5 8
K K ) _ _ - Hence, therise in i
I Prepare a spliced series of index numbers with base 1975=100. | Banpleds, 1 caliiatiogh t::.Pl'lce of cloth was Rs. 8 per metre. i.e., Rs. 28— Rs. 20=Rs. 8
ion: - . ngace AN . ¥
olution: — Clothing 2, sohta fulel; coztl?fllllvmg index, the following weights were used: Food 15,
Year Index A Index B ln;i;:lgq ) whenthe a,vera > and lig| t2, mls?ella.neous 1. Calculate the index for the period
a a 00! (:)9 5 base period we%e l;ezl' c;:tafe increase in prices of items in the various groups over the
1954 100 100 100, 50=25 [ - . €32, 54, 47,78 and 58 ively. S a busi i
— x100=50 as e; . o er Y. Supp
200 | 200 _— ¢4 perioﬂlhng Rs. 2,050 m.tlfe base period. What should be his salary in the current
1960 120 100 120=60 lo% x60=30 | Slutign, 1s standard of living is to remain the same?
ih = 20 2
= . Computation of Cost of Living Index
1969 200 100 100 100=5 Group
; 200 . Average % Group Index Weights S W
increase in price | .
) 1975 = 200 [ 9 Food 20 )
120 32 132 15 1980
1985 = i ; Clothing
Example39. In Rs. 1209 zoh': Rent 54 154 3 462
e39. : 1 ice Rs: i
p Clollgoés for working class people wheat was selling at an average P""es 100 p¢f ‘3‘[ i g 47 147 4 558
cloth Rs. 20 per metre, house rent Rs. 300 per house and other ieMS "% gq and el and Lighy a - 2 o
o d4 cost of wheat rose by Rs. 180 per 20 kg, house 1ent ®Y - year 004" Miseslancous 1 158
20:)"35 o:bled in price. The working class cost of living index fo; g the peri°d7 L] L - = R
as base was 160. By how much the cloth rose in price 4ur - Tw=25""| TIW=354
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: . Index N“""bers;l s NumEE= ‘ .
I . .
m—’////;_w’;—\ / (,-,-) Aggregatlve Expendngre Method
| . onsu| :
iving Index (Po) =T~ 25 e - mer Price Index Number
Cost of Living o’ TW s Commodity | Weights szi: n v .
. rd, the business executive should get 3 by : e —
For mainlaifi"e : sam;ss(t)a: cIk:il 76 ¢ 1999 2000 Relatives
= 205 100 : (@) (o) ®)) ©ot0)
0)
Rice 40 16.00 WTOO | ew) |
=Rs. 2906.08 - / =30 > a5 B L_W\_%
truct the consumer price index number for 2000 on the basis of 1999 from the e 2 o T%M
Example 41. f ])]r;swing data using: . m s ‘\0¢¢
(20 Family Budget Method : , ! GT\“ 5 . Fe 5
ive Expenditure Method ’ | o I e e T
=T ' ’ 3 =W=100 =1 750 |
ity Rice Wheat | Pulses @ — m o
: : | =1,559.90 | =2,140,00
- 40 20 15 20 | p BTy
Weights : - . 2
prce e ) B = = 22 ~ 20 Consumer Price Index for 2000 = #MOO: % x100=137.188
Pyq 90 .
i i ;| 20.00 60.00 0.50 6.25 150 & vy
ey Thus, there is increase of 37.188% in prices of 2000 with that of 1999,
i i t Method I
Solution: (i) Family Budge

Euample42. During a certain period the cost of living index

Constructing Consumer Price Index Number - of a worker is also raised from Rs. 500 to 900.

goes up from 110 to 200 and the'salary

Does the worker really gain, and if so,
i i Price Price Price WtigT!ﬂ‘ 1 by ho“.’ "“_’Ch in real terms? . = i .
Commodity | Weights (Rs. per unif) | (Rs. per unit) | Relatives Relatives Sion: - To maintain the same standard of living, the salary of the worker should be
™ 1999 2000 P15 100 _ Salary at the beginning of period x CLI at the end of the period
®o) (2] Po | CLI at the beginning of the period
e 50 - _500%200
— - =i sy s | smo | =10 = Rs-909.09
Wheat 20 | 40.00 60.00 150 3’03 The actual salary received by the worker at the end of the period = Rs. 900.
Pulses 15 0.50 0.50 100 1’;0 - Loss =900 —909.09 =—9.09 )
= 20 512 625 122 2'375 gg;s(’)gﬂ:eg (\;\(r)orker really losses. If the worker has got an additional increase of
Oil 5 2.00 1.50 _—75——— e 12315 N .900 X100=1.01%, then his standard of living may have remained the same.
=100 : |t "0, M. Ashok was geting Rs, 400 in the base year and Rs. 800 in the current year. If
s 12315 I ‘s:t:’:lsdu::r Pl'if:t? index is 350, what extra amount is required for maintaining the earlier
Cost of Living Index for 2000 = w100 sﬂuliq,,: o fol-ml')fhvmg? A
| er standard of living,
= %(1)_5 » Ashok should get = ‘“)OITX‘:SO =1400
=123.15 ith that of 199 " Amount required for maintaining the same standard of ving
Thus, there is an indrease of 23.15% in prices of 2000 with =Rs. 1,400 — Rs. 800
=Rs. 600



. Example 44.

Solution:

In a working class
to different grou

Food 55, Fuel 15,

dearness allowance

-1 fully compensa 2
which fully l;nything else. Another mill of the same town

r cent which compensated for the rise in fuel anq
that the rise in food is double the rise in fuel an,
is double the rise in rent.

compensate_for

allowance of 46.5 pe
groups. It is known
miscellaneous group

cons!

umer price index of a particular town, the we; K
ps of items were as follows: ghts
Clothing 10, Rent 12 and Miscellaneous 8. In Qcf,
was fixed by a mill of the town at 182 per cent of

ted for the rise in the prices of food and re,

\ ¢
d p
272 e Numbere

a%ming

ober 19
worke,-sxg‘s’a“"-‘
nt but g; By
Ppaid g
miscel]a,,%:z
d the rige ;,

d nop

Find the rise in food, fuel, rent and miscellaneous groups.

Let rise in fuel be x,
Let rise in rent by ¥,

the rise in food is 2x.
rise in Misc. group is 2y.

The first mill compensated fully for the rise in food and rent but not anything else, by

paying 182% D.A.
Items Index Weights m
) W)

Food 2 55 110

Fuel 100 15 1500

Clothing 7 100 10 1000

Rent y 12 12y

Misc. 100 8 800

ZW =100 TWI =3300+ 110x+1%
Index = 3300+110x+12y _ 282

100

= 110x+12y=24900

Similarly, the second mill compensated fully for fuel and misc.

0

46.5%D.A.
Items Index Weights
@ W)

Food 100 55

Fuel x 15

Clothing 100 10

Rent 100 12

Misc. 2 8
\{\ W =100

i

group by payine

|

= !

In 273
Index= M

100 =146.5

N 15x+ 16y =6950
solving () and (i) for x and y, we get (if)

x=199.37 and = 2;17 44

Hence, the rise is as follows:

Food 2v=2%199.37=398.74
Fuel x=199.37 .

Rent y=247.44

Misc. 2y=494.88

IMPORTANT FORMULAE

1 L 1. Chain Base Index:

Chain Base Index = Average of LR of Current yearx Chain Base Index of Previous ye
/ear|
100

/

P 2 Conversion of Chain Base Index to Fixed Base Index:

Fixed Base Index = CUrrent year's CB.L  Previous year'sF.B.I.
100

b i . . d
3.Conversion of Fixed Base Index to Chain Base Index:

Chain Base Index Number = -CUTent year’s EB.L

Previous year’s F.B.I. x100

b4 Base Shil‘ting;

New Index Number = Old Index Number of the Current year
Old Index Number of the New year

x100

5. Spligy TS
plmng of Index Numbers: ase
Spliceq Index Number . L
_Ind
- Index Number of C rent yearx Old Index Number of New Base year
) 100

L
eflag;,
‘ ling of Index Number:

Rea] Income = Money Income %100

Cost of Living Index Number
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- fnbe,k“
iving Index Numberleonsumer’s Price Index

b 7. Cost of L i
(0] Aggregative Expendit

) _Zn9
Consumer Price Index = odo

%100

(if) Family Budget Metl.!od: -
Consumer Price Index = 7

(iif) When Group Indices and Weights are given:

z
Consumer Price Index = W7

QUESTIONS

1. Distinguish between fixed base and chain base methods of constructing index number ang
give their relative merits.

2. Write a short note on ‘Chain Base Index’.

3. Explain the following terms: (i) Base Shifting (i7) Splicing and (i) Deflating.

4. What s the cost of living index number? Discuss its uses. Give formulae you will use in the |
construction of cost of living index. -

5. Discuss the uses and construction of Consumer Price Index. . )

6. Usingsuitable examples, explain the operations of base shifting, splicing and deflatinginthe
context of index numbers.

B
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ure Method: 2 ) !

: fime Series Analysis—I-
S e e

4 NTRODUCTION ‘
ries has immense importance in the economic and business

’ Jike prices, national income, population, i fields. Most of the ecgnomi
Jbusiness data €, population, imports, ¢ t of the economic
::Ics, profits, €tc- are collected on the basis of time (such as da;sxpn‘l’::xﬂ?roductmn, consumption,
ghject 10 regular and irregular chang_es constantly with the passage ’Ofﬁfne Si_years). These data are
(ices show upward trend and sometimes the declining trend, For th - For example, sometimes

Time se!

in the values of the data over time, the study of time series is extre;:ll;alf:erzﬁlem of such changes
g MEANING OF TIME SERIES
The set of data collected on the basis of time (such as da

series. In o'therwo_rds, when data are observed on.the basis of tir)i/xse,(‘;:“sﬂls, Years) is called as time
lzownas time series. Under time series, there are two types of.varial:’le’ I:numlhns or years), these are
This represent. thF time, (i) Dependent variables: This represents chan, Zs(gh depende_nt variable:
of daa (population, sales, production, etc.) with the passage of ti & ng place in the value
ilustrate the meaning of time series: ge of time. The following examples

TABLE I TABLE II =
Year Production
= Yeal i
s (in tonnes) " l(,i‘;p:rl::t';;
CRT 50 1931 219
oy 52 1941 319
PPy 53 1951 36.1
o 55 1961 439
60
lithe b 1971 54.5
1579, .- 200Ve said t. i :
. Table I able 1, production of some commodity is shown between time period 1975 to

contain, a
Ples of time serie: thé,pol?‘\llatlon figures of a country in different years. Both of' them are the

AL :
Some inp N OF TIME SERIES §

Ortant qefiie: A )
" Asetof definitions of time series are as follows:
2, . Ofdata dependin

€ serj .
A Ag TIes consists

—Kenny and Keeping
—Croxton and Cowden

gonthe time is called time series.
of data arranged chronological.

Serieg i . _’ ¥
Saset of Gbservations taken at speficied times, usually at equal intervals.
—Speigel
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F TIME SER ) ) 4
-] UTILITdY (; ime series has great importance in economic and businegg worlg iy
The study . ints: ich i
llowing points: ) . 1
illustrated by the f:e Past Behaviour of the Data: With the help of time series, changeg ]
@) To Stu:?; 4. Only by analyzing the va.riflus sorts ?f changes occurred in the past e‘:onlm! in
the past are 5;‘-‘13:] can frame their present policies by taking advantage of the past °"Pel‘ienc:'m‘
and business! t Future Behaviour: With the help 9f time series anticipation ofchang“‘ )
@To F&?ﬁ:ure becomes possible because studies about past prove to be Boing
to occur 1n

Very usefy] g,
ing about future. ot & 3 ;
forecasting a 1 of Trade Cycles: Cyclical fluctuations in a time series give g

imati : § €a aboyt
®) l:lf:ir:ﬂs;;ce in the business like boom, recession, depression an'd recovery, BusinesSm“;:
chanii,sly misinowledge to rationalise his course of action, by way of which potentia] losses canbe
can 3]

avoided. . . r1. ’ .
i i r Time Series: Time series analysis is also Important for
Ccmggri ;ilzl;n‘::;;lxi:eo::-?es. By comparing different time series together, their cause ::;
effect can be more elaborately analyzed. ‘ . . .
(5) Study of Present Variations: Time serie§ anal_ysns is also help_ful in stuqymg the present
variations in different economic variables like national income, export-l'mport, ‘pnce,.outp% efc.
(6) Universal Utility: Time series analysis bgneﬁts all classes llk_e busm;ssmgnz .fannem
consumers, economists and government and accordingly they plan and direct their activities.

o COMPONENTS OF TIME SERIES ;

Many types of changes collectively exert inﬂuenc‘:e on tin.le series. Such cha:éz':s are called
components of time series. A time series has the following four important components:

(1) Secular Trend/Trend - T

(2) Seasonal Variations - S

(3) Cyclical Variations - C

(4) Irregular Variations - I

(1) Secular Trend/Trend-T: Secular trend refers to the general tende'ncy
decline over a long period of time. Any time series shows various ﬂuct.uatl&.)ns
in long period, that series has the increasing or declining trend in one direction. e
Secular trend includes or incorporates not short period variations b‘{t long-l:;at except
example, if we study the industrial output statistics since 1951, we Wl"-ﬁndsmilarl)’y price
two years the production of industrial goods has been subject to general rise:* Sl the upW
c?m.xnudlue.s, money supply, bank deposits, population, etc., are subjett;: r:::nd in Indis-
Similarly, since 1951, there has been persistent decline in death rate per dodecline. THUS ol
Tate in some year has risen due to abnormal causes but secular trend is towards ries exhibit ;
trend shows persistent growth or decline in a time series. Quite often, time $¢ ts in ¥

: ol eme!
trend due to population growh, technological reforms, capital formation, improY
organisations, etc,

ofthe data 080"
from time 10 time
This is secular
yariations:
for one

ofthe

peid

S
wrend

sis—1
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is usually of two types:
d: When long-term rise or fal] j 4 ¢ .
(@ Liner Tt i called a linear trend, This o 2l i takes place by a constant
ounetr’lted by the following equation: %N as straight line trend, This is
repres! Y=a+bX
ic Trend: The trend is said to be
::r,i.;b;lnot taking place at a definite rate. It has many forms byt
oS econd Degree Parabolic or Quadratic trend, Its equation is
Y=a+bX+cX?
al Variations-S: Seasonal variations refer to
arly within a period of 1.2 months. These variations are of regular
“Z‘:r:ﬁ:]ipat};d. Most of the variations taking_ place in economic andg\ilausig;‘:: ?:rﬂ?::fe;\is};
fo " Prices of foodgrains ?em‘! to b'e low at the time of harvesting and high at sowing time, During
sinter, woollens cloth'es rise in price and becom? cl"leap during summer, In India, utensils sale
shoots up on the occasion qf Diwali, sale of essential m?m_s tends to be high in the first week of the
nonth and tends to be low in last week of the month. Similarly production, consumption, prices of
wommodities, interest rates, etc., move up and down all theyear due to seasonal variations, Seasonal
variations are most perceptible during different months or weeks of the year. Seasonal variations
weaffected by the climate and customs. During summer, demand for fans, ice, coca-colatends to be
greater compared with other seasons. Demand for college text-books tends to be high during
luly-August each year. The time period of seasonal variations generally remains definite.

(3) Cyclical Variations-C: Cyclical variations refer to the oscillatory variations in a time series
which have a duration anywhere between 2 to 10 years. Cyclical variations arise due to trade cycles.
“Business cycles have been described as waves of and that
xarr at about the same time in many economic activities.”—Burns and Michell, Cyclical
Vanations have four phases (1) Prosperity, (2) Recession, (3) Depression and (4) Recovery. These
phases are illustrated by the f‘ollowing graph:

parabolic w i i
” hen long-term rige or fall in a time
MOst prominent of them is

as follows;

(t) Season periodic variations in time series which

», PHASES OF BUSINESS CYCLE
,o%e,,-,y

R Trend Line
st‘s*,on . e rend Li

Depression
Abo, Time

v .

) tendeiog;ﬂ Ph makes it clear that business activities (Production, Prices, E"‘Pl"yg’e'ﬁ’ S;:::‘
s ©attheir heigh during prosperity, then recession or the fall starts and gr'l?h'u o );’] vays
Ih'°~‘§lxenceweSt lm.]it of decline in trade activities. This is the stage of dc.a,pre.ssmm chl:rdin o
gy : Yelical fluctuations but each cycle and its length of phase is dlﬁirtzx‘itt;elf Thus,gl\hé :
8 goes on © cyele takes complete turn from 2 to 10 years and then it repe ,

q
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ns-I: Irregular variations refer to those short term

lar Variatio it Variatjgp. -
] ) Iljr;g“ccur irregularly due to certain accld_enta'l causes. These are alsqo knuatlons in gy,
series which o Jar variations take place due to accidental causes like war, “-anhwn as m“dox:

fluctuations. Irregy p 5 i i : qu;
int:iush'ial strikes, etc. They don’t happen in definite order or in a systematic way. Their ake, ﬂ%,

d anticipation becomes very difficult. The decline in industrial output due to the e
o a0
is an example of irregular variations.
o ANALYSIS OR DECOMPOSITION OF TIME SERIES

Time series is composed of four components yiz. Trend (T), Seasonal P "
variations (C) and Irregular variations (I). There is always some sort of relationship iy t’hcmi“‘
componens. To study the influence of these components on time series, they are mese four
separately, which is called as Analysis or Decomposition of tine series. According to Prg s
«The analysis of time series consists in decomposition of a time series into its basic com;m:::ft:h
Models of Analysing Time Series: Analysis of time series is based on two models: 1
(2) Multiplicative model

L odreme
eing facmr;

(1) Additive model
0 (1) Additive Model
This model is based on the assumption that time series is the sum of the four components
According to the formula: i
O0=T+S+C+I 1 p
This model treats all the constituents as residuals on the basis of which, by deducting trend from
the original data, short term fluctuations can be determined. Similarly, cyclical variations and irregular
variations can be determined by deducting seasonal variations from short-term variations. On the
basis of additive model, the analysis of various components is illustrated as given below:
O-T=S+C+1
O-T-S=C+I
0-T-S-C=1I
O (2) Multiplicative Model
Thi‘s model is based on the assumption that a time series is the product of four components:
According to the formula:

0=TxSxCxI=TSCI

i Wh}lteve_r _\he component is to be separated, works as a divisor with resp!
nalysis of different components on the basis of multiplicative model can be €%
following forms:

;ginal data O
ect to oﬂl%:ess o in the

Usual iplicati i i
ly, multiplicative model is most often used for time series analysis-

<

[ time
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ETHODS OF MEASURING TREND
’ ; o main methods of measur ing trend in a time series are as folJ
0 Freehand Curve Methpq; T
® semi-Average Method— .
6] Moving Average Metho:
(4 Least Square Met] od. = wb
Letus study these methuds in detail. u
: 12:30
o (1) Freehand Curve Method— 12 —
isis the simplest method of trend-fiting. In this method st of g . - - 1330 Lyzp
seres s plotted on a gr: aph paper. Thereafter, taking care of the ﬂu:m’ the original data of the
aae s dravn which passes through’the mid-points of the fluctuations fat.l"ns of data, a smooth
aneiscalledas freehand trend curve. This method isalso called as tre:d t;me series. Infact, this

The procedure of this method can be illustr:

d by the fol itting by inspection.

pample 1. Fit a trend line to the following data by the freehand o m;h .d
0d:

Year: 1971 ) 1972 | 1973 -
1974 | 1975 | 1976 | 1977 1
- 978
Production (000 Rs.): | 150 | 155 | 165 | 152 [ 174 | 150 | 178 | 13 1l967: =
' — : 180
Solution: Fitting of Trend Line by Freehand Curve Method
E 18
g Trend Line
8 17
5 16
g
S
'g 1
T 1

0
1971

1972 1973 1574 1875 1976 1977 19758 1979 1980
Year

Merits and 2
Mer, Demerits of Freehand Curve Method

Vg

(0 This

(i) No py,
(i) This
tritg,

“Tun mg
b, ofcuv

Method jg simple.
ethod is flexible.
athematj L
b :‘:‘_“’al formula is used in this method.
1s also used for forecasting about future.

IS methoq ; 2
) Thepe, is ]azi s based on subjective judgements. So bias may affect the findings.
o of accuracy in this method.

ement (trend) obtained from this method is not definite. This is because a

TVes can be fitted from the same original data.
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EXERCISE 5.1

the follo wing data by freehand curve method:
to

. ine
1. Fitatrend lin os6 | 1987 | 1988 | 1989 | 1990 | 1991 | 195 [ 1o -
Years 30 18 26 20
000 Units): | ® | % : ] i)
Sales ( 4
d PR,
j-Average Method . | o .
o (g).‘s‘eml A. 5 :9' £S fgfl time Series is divided into two egual parts and t!\ereaﬁer, Separate
S this mey_hod',;ﬁrstl:ted for each part. The two values of arithmetic means is plotteq on
: is calcul
arithmetic mean 1S

A : . 3 p
. the time periods. Joining the two points, _stralght line thus obtained is calleg o
corresponding to the tim

trend line: X
The semi-average me . % : When the given number of years in  ser
in a series is even: > 102 series
(1) When the8 nllt:ﬂbsl‘;zz:a;:ﬁz:m be easily divided into two eqllxal parts. In this situation,
s i 4,:;06,5: can be illustrated with the following example: -
W“d'ﬁm"zg ? Fit a trend line by the method of semi-average to the data given below:
Example 2.

thod can be applied in case of two situations:

2000 | 2001 2002_ 2003 2004 2005 | 2006 | 2007
Year:
2 490 | 500
Sales (Rs. lakhs): 412 438 444 454 470 48
| =
Sales Semi-Total Semi-Average Middle Year
ale:
Year R als)
+ 2000 412
5
2001 438 B . -
— 1748 X, =1748+4 4 e
2002 444
2003 454 )
2004 470
20053
2005 482 2 S AR
— 1942 2 t/
2006 490
2007 500

is—I
s Analysis—|
e 52 281
Trend Line by Semi—Average Methog
Y.
| Trend Ling,
Actual Ling
. 480
%
<
=
S5 460
P
[
B 440
©
(2]
4204 .
400
242
0
T e s S
Year

(2) When the number of years in a series is odd: When the number of years in a series is odd
fike 5,7, 9, then there will be a problem in dividing the series into two equal parts. In such case, the
nid-year figure is to be dropped. For example, if 1981

X 101989 (i.e., 9 years) figures are given, then
wewill delete 1985, i.e., 5th year and its corresponding figure and we will make 4-4 years’

i parts,
ie,1981t0 1984 and 1986 to 1989. The remaining process will be the same as before. Trend fitting
inthis case can be illustrated by the following example: :
En Fita trend line by the method of semi-averages to the data given below:
Year: . 1981 1982 1983 1984 1985 1986 1987
Profit (000 Rs.): 20 22 27 26 30 29 40 —l

Also estimate the profit for the year 1988.

Solutiop; Since there are 7

years, the middle year 1984 will be left out and the arithmetic

average of the two parts will be calculated as given below:
Year Profit Semi-total Senﬁ-uvenge Middle year
(‘000 Rs.) %
1981 20 -
X, =69+3=23 — 1982
1982 n_~ —69 1 :
— |
1983 27
1984 2% Omitted.
1985 30 - -
T — e — X,=99+3=33 — 198
1986 p —9 ) 198
Los Fa
1987 40 ik

Wy
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TREND LINE BY SEMI-AVERAGE METHOD
(S Graph showing Tread Line
b Actual Line
40
a7 Trend Line
@
4
s
8 20
5
[
20
T T X
a1 19a2 1983 1984 1965 1986 1967 1988
Year

The estimated profit for the year 1988 =Rs. 37,000.
» Merits and Demerits of Semi-Average Method
Merits:
(i) This is an easy method. .
(i) This method is free from bias. )
(iii) Trend values thus obtained are definite. . )
(iv) Less time and effort is involved in drawing the trend line.
Demerits: ) .
(9) This method is based on straight line trend assumptio
(i) This method is affected by extreme values. ]
(iif) This method ignores the effect of cyclical fluctuations. ; :
Notwithstanding above said demerits, this method is more suitable in comparison Wi
trend method.

EXERCISE 5.2 |

n which does not always

Year: 1981 | 1982 1983 1984
lﬁducﬁnn (‘000 tonnes): | 30 26 24 38
2. Fitatrend line to the following data by the semi-average method:
Year: 1983 1984
Profits (000 Rs.): 80 82

3. Fitatrend line for the following data by semi-

Year: 1980 1982
Production (‘000 units): 12 16

1981
| 12 | 4
Also estimate the value for the year 1988,

hold true.

th frechand
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o poving Average Method )

g .(3‘))‘,ing R {neﬂmd is very wid;ly used in practice, ey this
e, The g et oo g

erage depends upon the periodicity

y yw,5 e here is 10 specific rule for that. The period is determined by plott;
otting the data on the

icing the average time interva] i
r and noticing : - Interval of successive
E,,phﬁli? ‘o consider while selecting the period of | moving average 12:::; Or troughs, However, it is

tions occur in the data. Moving average method i studied in er how many years most of

s
4 £
o fluct two different situations:

(§ 0dd Period Moving Average

(i) Even Period Moving Average.

y @ 0dd Period Moving Average
When period of the moving average is odd, say 3 years, then
{he computation of moving average:

(1) First of all, add up the values corresponding to first 3
pefore the middle year (i.e., 2nd year).

(2) Thereafter, leaving the first year value, add up second, third and fo
thesum in front of middle year (i.e., 3rd year). Carry this process further t

following steps are to be taken for
years in the time series and put the sum

urth year values and put
Il we reach the last value

of the series.

(3)Moving totals thus obtained are to be divided by the period of the moving average and show

| thetrend values of different years.

Similarly, five-yearly, seven-yearly moving averages can be oBtained.

:xxm‘[:ii Fomputation procedure of 3-yearly moving averages can be illustrated with the following

E s 4 y
1ample 4, .From the following data, calculate trend values using 3-yearly moving average:

I_‘L 1981 1982 | 1983 | 1984 | 1985 | 1986 | 1987
S Production: 412 438 446 | 4sa | 4w | 483 | a%0
lUtion;
Three-yearly Moving Average
/
Year Production Three-yearly moving Three yearly moving
.. totals average (Trend values)
1981 T _ -
1982 438 ——> 412+438+446=1296 1296+3=432
1983 - 446 L 4384446454133 1338+3=446
1984 454 Sy 446+454+470=1370 1370+3=457
i 470 ) 454+470+483=1407 1407+3=469
198 483 ) 470+483+490=1443 144343481
— % [ — -
o i —
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Example 5.

Solution:

Ti

From the following data calculate 3-yearly, 5-yearly and 7-yearly moving g
and plot the data on the graph: -
Year: 1989 | 1990 | 1991 | 1992 | 1993 @
Cyclical fluctuations: +2 +1 0 = 29 2
Year: 1998 | 1990 | 2000 | 2001 | 2002 | 2003
Cyclical i +2 | +1 0 -2 =
Calculati » of 3-Yearly, 5-Yearly and 7-Yearly Moving A"el’agu
Year N Cyclical 3-yearly moving | 5-yearly moving aryal:
averages averages &p’\ng
1989 +2 = . -
1590 #1 . +1.00 — =
1991 0 - -033 0. =
- = = 2 +043
1993 -1 —033 5 e
1994 +2 1067 5 o
- = 1 u - 043
1996 0 033 ps T
1997 b =g —1.00 m i
1998 -1 033 5 T
1999 +2 067 5 =
2000 1 00 . =t
201 g -033 0 ~
2002 -2 -1.00 - 3
2003 1 ™ = =

Trend By the Method of Moving Averages

Actuals
3 yearly
. 5yearly
——- 7yearly

gy

lysis—!
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i PeriOd Moving Average
i) EV oving AVErage peirod is even,
n M d by tWo methods:

(g First Method

® Second Method.
Letus study these methods in detail.
0 First Method: The computation procedure of 4 yearly moving average is as foll
(i) First of all, add up ﬁr§t 4 values corresponding to the first 4 years and ollows:
f petween _second and third year. Thereafter the next tota] (i.e., from 2ndayl:, Sl::t the sum in
| tobe putin between 3rd and 4th year. Carry on this process till the last value of {:::;al) N

. : es.

(if) Now add up the 1st and 2nd 4-year totals and put them in front of 3rd year. Similarly, add

2nd and 3rd 4-year total and put them in front of 4 .

‘IJ:“ valuc. th year. Carry on this process till the

(ii) 8 years’ totals thus obtained are to be divided by 8. These val
averages and show the trend values for different years,

The computation procedure is made clear by the following example:

say 4 years, t i
y hen moving averages have to be centered, [t

lues are 4-yearly moving

Example 6. Calculate the trend values using 4-yearly moving average from the following data:

Year: 1970 | 1971 | 1972 | 1973 | 1974 | 1975 | 1976 1977 | 1978 ‘ 19;\
] Sales 7 8 9 F
s 11 10 12 8 6 5 \ 10‘\
Solutions 3 .
ution: Computation of 4-Yearly Moving Average (Trend) by Centering the Totals
Year - Sales 4—yearly 2 period moving 4-yearly moving
(in crore) moving totals totals of 4-yearly average (centred)
moving totals (Trend values)
o (C) ® @ ©=@+8
1970 7
L1970 | _ _ =
19 . l
| . | 8 = = =
— = —— 7+8+9+11=35
) =
fﬁ 9 —35+38=73 | 380125
1\‘ — 8+9+11+10=38
973
1 |, 3g+d2=g0 | 80+8=1000
= — H+11+10+12=42
n -
10 L m+4l=8 83+8=10375
] — 11+10+12+8=41 I
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——41+36= \
7 Tt C 1050 _
L, 10+1248+6=36 |+ ] 1974 10
—1 — |
— L —" —20.
1976 ——36+31-67 m — o o 10|
L, 1248464531 ] s |12 |
L —" — 1925
1977 —31+29=60 60+8=7; — 36 9.00 — 9.625
: I
3 B46+5+10=29 1976 | 8 E—
—" — 1675 8375
1978 = — = —31 7.75 7
1979 - = o 1977 6 ===
] . ) | ——15.00 | 7500
(b) Second Method: There is an alternative method of constructing 4-yearly centereq o —529 725 ]
averages, the procedure of which is given below: ng 1978 5 — — S
(i) Firstofall, add up the 4-values corresponding to the first 4 years and put the sum in between 1979 10 = _ j:

second and third year. Thereafter, the next total (i.e., from second to fifth year total) isto be
put in between 3rd and 4th year. Carry on this process till the last value of the series,
tained are divided by 4 to obtain 4-yearly uncentereq pample 8.

Note: Answers obtained by using Method -I and Method -1 are the same.

The figures of quarterly income of municipal corporation (in Rs. lakhs) for 2
2 years

(ii) 4-yearly moving totals thus ob!
are given below: 5

moving averages.
(iif) Now add up st and 2nd 4-yearly moving averages and divide it by 2. Put this average in Year: Ist Quart: ;
frontof 3rd year. Similarly, add up 2nd and 3rd 4-yearly moving averages and divideitby2 arter | Tind Quarter | Mird Quarter | IVth Quarter
and put this average in front of 4th year. Carry on this process till the last value. These 1995 74 56 48 P
values so obtained are 4-yearly centered moving averages and show the trend values for 1996 83 -
- 49 81

different years.

The computation procedure is made clear from the following examples: Using a four-quarterly moving average, estimate the trend values.

Example 7. Calculate trend values using 4-yearly moving average from the following data: Soltion: Calculating of Four Quarterly Moving Average
Year: 1970 | 1971 | 1972 | 1973 | 1974 | 1975 | 1976 1977 197 Years Quart .
e 4 P o ers Value 4-Quarterly 2-Quarterly 4-Quarterly
i :r:'e)' 7 8 9 11 10 12 8 Moving totals of Moving Average
i Ly totals 4-Quarterly (or Trend values)
Soluti . e Movi
Comp of 4-yearly Moving Average by Centermgw 1995 I el
Year Sales 4-yearly |d-yearly moving [ 2 period A'Y"rl’i:,:v:ng) &
(in crore) .| moving totals average moving total 'vf;’ged ‘values) 1 56
(not centered) | of col. 0] (Tren —247
(0] @ 3) @=03)+4 e | O — m 48 — 503 — 62875
1970 7 = ——256
= ., — | v 69 —— 508 — 635
1971 8 — — T L= —252 -
1996 I - — 5505 63125
I —>35 875 | — —253
L 9.125 —
R 9 o i e i 52 518 6475
&_—_// ——265
—38 9.50 I m i I 49
1973 no | %
= | —n® i, S o
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oving Averages

! o calculation of M
¢ calculation ©
of different years-
averages.

i rages with weights, 1,
d moving averag g 4 and | from the

£ moving averages. Its objective is 1 , .

Iso bt.he w ook The following examples “‘ustmtgs“lﬁ“
0 .

weighted moving J

ghte

differen
pmcedu

Example 9-

re of Cﬂmpfl:ing :

Calculate 3 yearly Wel

following data:
-n---

-yearl, Weighted Moving Avera

Solution: Computation of > o g
° ' _early Weighted Moving T
Year Values (Y) | 3-year Te:ﬁnls y"]e'[x:lgh«d
@)@
m | @ | 3 @ [6)
1971 2 =
6 x1+6x4+1x1)=27 6 274645
1972
1 (6xl+lx4+5xl =15 6 15+6=25
1973
1974 5 Ix1+5x4+3x1)=24 6 24+6=40
1975 B sx1+3x4+Tx1)=24 6 24+6=40
1976 7 (3xl+7x4+2x1)=33 6 33+6=55
1977 2 —

wY
)/
Example 10. For the following data, verify that the 5-yearly weighted moving average wnf\ weights
1,2,2,2, 1 respectively is equivalent to 4 years centered moving average:

Year: 1989 | 1990 | 1991 mm%

r Sales 2 6 1
(Rs. in lakhs)

z
* Weighted Moving Average =

luti Calcul of 5-yearly Weighted Moving é‘ﬁ'&jm
e
Year Sales 5-yearly Weighted Moving W —‘vﬁf;ud/m
Totals |
1989 2 — ___—_-’_/
199 =
199? ? = "s”‘m
(|x2)+2g5+|+5)+(|x3)=29 = — .38
1992 s Z 8 312823
5 (1x6)+2(1+5+3)+(IxN=31 | — 33*,,,4‘13
T 7 [axnrasmnmraxn=3 | 5=y
= 7 [ (xsraorie2e(x6=35 | S —775=48
2| ax3)+27+2+6)+(1x4)=37 3 48
i —37 | 8 g
1996 6 a = 3 y
o T X7)+2(2+6+4)+(1X8) 39 | —

is—1
g AnalySts
gerie
K
Comp of 4-yearly Centered Moving Avera

e
o Sales. 4.yea|‘-‘|,¥a||r;oving 2-yearly moving 4-yearly
totals of Col (3) centered moving
average
(Trend Values)
- @ 3) @) (5)
1989 L — -
ey 6 o —14 1 =]
1991 ! =k JI el ko
= 5 516 T -a 31+8=388
L
s 3 517 1 5133 33+8=4.13
1994 7
T 518 ] =35 35+8=438
Jgﬁi 520 39 39+8=488
1997 4 — J]
1998 8 i — \ —

Hence, both the results are the same.

0 Period of Moving Average
Whil i i :
e applying moving average method, sometimes the period of moving average is not given

| inthequestion, 3 X
| . The most important question that arises here is about the determination of the period

ofthe movin,
Oseven or nginaev;;:%f_ il:ol{ld we take three yea.rly moving average or four yearly moving average
‘ &Y o answer) The :’ oving average or moving average of some other period, is a question not
Waltthe periog o fgc ne;?l conc}us.lon in this regard is that the period of moving average should be
mz:}ﬂ reduced to th};cnl,ci:livmatmns so that all types of cyclical fluctuations are eliminated or in
b mes the cycle aK comm‘ljm' BUt sometimes the pelled of cycle in a series is not upifo‘nn.
“"'Ssheuim' Under such, circup ete in five years, at others in seven years and at still others in eight
g od‘b? taken as the inid n:]stances, .the average duration of the cycle should be calculated and
"“”Ehst "iginal daty ona iod of moving average: The duration of the cycle can be found out by
Soylg hee aVerage of the, El'é}ph paper and reading the time distances between various peaks or
taken g the Se time distances would give the average duration of the cycle and this

period of moving average.

0 f“"O\v'
in
8 example would make the procedure clear:
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Example 11.

Solution:

v
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i : d trend val X
Determining the period of moving average, find tren gy -— avemgesf
| the following data: q
|

Year “Anmual Sales (in Rs. ‘000) \l’;:; m
1968 40 2
1969 42 1999 45
1970 ot 1980 46
o | “ 1982 52
1972 49 1982 58
1973 46 143 56
1974 2 1684 51
1975 4“4 1985 57
1976 4 1386 54
1977 50 1987 63

. : i is the period of the cyqjj

t the appropriate period of moving average is e cyclic
We. :[{ll:r‘:’ "l]:ll:e givi e:}:iata does not reveal a regular cycle of any fixed period, To
;:Jt;nnin;a the appropriate period of moving average, we i o b
below:

sl
70
[
g 57 !
© 60 !
& 4 : H
s 50 i, 4 Y
£ ! |
8 s04 49 [t : {
s 1 bt b < Byl
2 1 1 1 1 1 1 1
5 2 . 1 i i I %
£ 1T 1l oy TR O S i A
20T [ T A IR Y Loy
e T o ol e e SR P Il A b
S I e OO V0 ke b S s B
(Nl W el ey | e A ! L L 8
196869 70 71 72 73 74 75 76 77 78 79 80 81 82
Year

ing points:
If we examine the graph carefully, we have the peaks at the following

) alysis=! 5
e - 291
()

Average Cyclical Period = % 18
6 =5 =3
ti f :
- Computation of Three Yearly Moving Average
year | Sales | 3-Yearly 3-Yearly Year | sales | 3 Y
moving moving -Yearly 3-Yearly
totals averages moving moving
(trend values) totals ( averages
S — | (trend values)
1968 | 40 - = 1978 | 43 w0 |
M ogo | 122 | 1223=4066 | 1979 | e
42 =40.66 1
1969 | 1979 | 48 136 | 13653=4533
40 126 126/3=42.00 I
1970 0 1980 | 46 146 146/3 = 43,66
133 1333 =44,
o1 | 44 4433 | 1981 | 5 156 156/3 = 52,00
49 139 1393=4633 | 1982
1972 9 58 166 16613 = 5533
o — |
w073 | 46 137 1373=4566 | 1983 | s 165 165/3 = 55,00
il (]
1974 | 42 132 132/3=44.00 | 1984 | 51 164 | 164/3=54.66
1975 | 44 130 1303=4333 | 1985 | 57 162 162/3 = 54,00
1976 | 44 138 138/3=46.00 | 1986 | 54 174 17473 = 58.00 \
1977 | 50 136 | wses=asn | ww | o | — | _ |
Example 12. Determining the period of moving averages, find the trend values by moving average
method for the following data:
Year Value Year Value Year Value
1 390 6 396 11 459
9 381 7 387 12 438
3 372 i 381 13 35
4 405 9 435 1 42
|
k s 420 10 474 15 3
| Solugiy ibitsa |
n: i B
Smc;a the peaks of the given data occur at the years 1, 5, 10 and 15, the data exhibits a
regular ¢

d

1987
1985
Year: 1969 1972 1977 1979 1982 =
Peak Value: | 42 49 50 45 3 2
- 3
Period: 3 5 2 3 z pecli"‘]y'
s and 2 16F° ods
Thus, the data shows 6 cycles with varying periods 3, 5, 2,3,3 of P s

: tic mean 3
The appropriate period of moving average is given by the ar 'ﬁ::': movin avert®
of different cycles shown by the data. Hence the period of
given by:

yelic movement with period 5. Hence the period of the moving average for

C

elermining the trend values is also 5 years, viz., the period of the cyclic variations.
omputation of Five Yearly Moving Average

5-Yearly moving totals

5-Yearly moving averages
(Trend Values)
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’ |

| 396 1989 m
—/7’ 387 2019 4038
s | 381 2073 e
’9’__ 435 2136 427,
”\0_’ 474 2187 4374
’L—— 459 2241 4482

7 438 2298 oy

13 435 2334 4663

14 492 L= -

15 510 = L

0 Measurement of Short-term Fluctuations
Time series is the mixture of both trend and short-term fluctuations.. Therefore, if treng
component s eliminated from the original data, we can find out short-term fluctuations. We can use
cither additive model or multiplicative model to eliminate trend. ]
The following examples make clear the measurement of short-term fluctuations:
Example 13. Using three yearly moving averages, determine the trend and short-term fluctuations.
Plot the original and trend values on the same graph paper:

Year: 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987
Profit (‘000 Rs.): 18 21 20 25 29 27 35 | 2
Solution: Calculation of Trend and Short-term Fluctuations using Additive Model
Year Profit (‘000 Rs.) 3-yearly 3-yearly moving Short-term
) moving totals averages Fluctuations
(Trend Values-T) ¥-N
0 ® [0) @ | ©® -
1980 18 il - oy /:/
1981 21 59 10667 | . 13
1982 2 66 22,00 2
|18 | 25 ! % . 24.667 | 0B
1984 29 81 ; 27.000 2 3'
3.3
1985 27 9] 30.333 =
- 0.
= = 3 104 et | ]
1987 =
L a2 I _
Dediicting trend val S | left is shoﬂ-tcﬂ‘“
valu it . idual
es from the original series (Y), the residu i 5).

fluctuati : A
ctuations. These fluctuations have been shown in above said €

b 4
__ arialysis=!
gories 0
- 293
Graph of the Origi
p! ginal and Trend Values
45
40
a5
5
ey
g ol nd Line
§ 25
z
& 201
M==.5
1380 1981 1982 1983 1884 s >
1586
Years =
fample 14. Eliminate trend by ‘moving average method’;
Year 1st Quarter IInd Quarter
TMIrd Quarte)
— o = = T TVth Quarter
2002 42 37 39 =
38
2003 41 35 38 42
Solution: = -
Year | Quarter ‘(,}‘iven 4—qunr.lerly 4-quarterly | 4-quarterly Given figure
alues moving moving moving percentage of moving
totals average average average or trend
R 5 centred eliminated values
. C D E F G= Cx100
2001 I 40
I 35
153 3825
g 38 385 38 L0 = 987
; 385
| 155 3875
v 40 39 D00 =10256
39
2002 157 39.25
I 2 39375 | 42x100 _yg666
39.375
158 39.5 2
u 37 3925 |3XI0 - gy675
\1 39.25
L | 156 0 [ 1 —
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875
; 39 39x109
r;_ B <igy,
155 38.75
385 38
38 L
3857100 <
153 38.25
4 8125 | 41
38125100 =105,
152 38.00
385
35 - =
385 <100 =99
156 39.00
38
42

After eliminating the trend, we are left with short-term fluctuations,
» ' Merits and Demerits of Moving Average Method
Merits: .
(f) This method is easy to understand and simple to use.

(ii) This method is flexible, i.e., if number of years are added in a series, previous calculati
are not affected.

alysis—|

3. C

produ

Assume 2

=

jate trend values by 4-yearly moving avery
alcy

1980

1981

Year: [ 1979
Sales (Lakhs Rs.): [ 5 3

4-yearly cycle, eliminate the trend values fro,
3 verage method. Use additive model.
a

[Ans. 101.88, 98.75, 91.88, 84.3

13.12,- 8.75, 3.12, 0.
« Forthe following data, verify that the 5-yearly weighted movin,

2,2,1 respectively is equivalent to 4 years center:

ed

e [Ty}

5. Estimate the trend values using the data given below by takin,

[Ans. 18,195 20 g
the following data b

m

75,22.75]
Y moving

8, 78.75, 74.38,71.88,
62, 1.25,— 9.38,3.12,

, 73.13
-3.13]
T g average with weights 1,2,
moving averages,

1985

(iii) This method is most suitable for eliminating cyclical fluctuations.
(iv) This method has great practical usefulness.
Demerits: e
. s od is not
() Itis difficult to ascertain the proper period of moving averages and if proper peri
ascertained, results will be misleading and inaccurate.

. I terminal years
(i) The second defect of this method is that some begmnmg years’ and some
trend values remain beyond the scope of calculations.

(iif) The limitations of arithmetic mean affect this method adversely. o e
(iv) If periodicity in the series is not clearly visible, this method should not

EXERCISE 5.3

1.

e ——

. . e
Find trend values for the following data, by using 5-yearly moving ok
actual data and trend valyes on a graph:

6. Alsoplot*

1971 | 1972

702

1973

690 712

6
[Ans. 691.0, 717.0, 742.6,7

54,7892

P

g a four quarterly moving
average:
Year/Quarter ) 11 m v
2002 78 62 56 | 7
2003 84 64 61 | 2 |
w 2004 92 70 B | 85|
[Ans. 67.5, 68.5, 69.375, 71375, 73.750, 75.500, 76.50, 77.125]
6. Determinirig the period of moving averages, find the trénd values by moving averages for
the following data:
| Year: 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980 | 1981 [ 1982 | 1983
(SlesC000Rs): | 26 | 29 | 35 | 47 | 51 | 26 32 | 37 | 46 | s3
Year: 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993
e (W0Rs): | 25 | 30 | 36 [ 46 | 54 [ 28 | o | 36 |6 | 5
@int: S-yearly Moving Average)

[Ans.37.6,37.6,38.2,38.6,38.4,38.8,38.6,

8.2,38,38,38.2,38.8,39,39,39,39]

0
(4)‘Least Square Methog
IS S the 1
E;l‘:;r.natiea m:tsl:o?e;:c’d
lng
g are fulfilled:
il Yy :ér): .
Oy _ Yy

tng vaj i

UES 1
from ¢ 1 line is [eagt.

. . ; . i s
of trend-fitting in a time series and is most u_se;i in praclll‘ce. TLus llhm
W g d a trend line in this method is fitted or obtained in such a way

© conditiong

; nd
> i.e., the sum of the deviations of the actual values of Y and computed tre

25 omputed
i dotl tual and compu
Vis leas, Le., the sum of the squares of the deviations of the ac
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ed under this method is called as the Line of Best Fit,

7 fitt
Trend line thus be used to fit straight line trend or parabolic trenq or
e"lmnenﬁal

Least square method can

trend.
» (A) Fitting of Strai
A straight line trend

ght Line Trend

can be expressed by the following equation:
. Y=a+bX

Where, Y=Trend values, X=Unit of time

s the Y-intercept and b is the slope of the line.

In the above equation, to determine two constants, a and b, the following two normg) -

are solved:
Y =Na+bZX )

XY =aZX +bEX’ i)
After determining the equation Y =a+bX, we ‘fmd Ehe trend values related to different Years
and plot them on the graph paper which show a straight line trend.
There are two methods of computing straight line trend by using least square method:
(1) Direct Method
(2) Short-cut Method
(1) Direct Method
The procedure to compute straight line trend in this method is as follows:
() Any year is taken as the year of origin. Usually first year or before that is taken as 20,
deviations of other years are marked on 1,2, 3 ..., etc. Time deviations are denoted byX:
(i) Then ZX, XY, %XY and £X 2are computed.
(iii) The values computed are put in the following normal equations:
IY = Na+ b XX -0
XY =a X + b LX? (i

The values of a and b are determined by solving the above said two normal t:quati(ms.ﬂre
(i) Finally, the calculated values of a and b are put in ¥ = a + bX and trend values
computed. The following example makes clear the procedure of this method:

: ; : ioin)10
Example15. Fitastraight line trend by the method of least square (taking 1978 asYe%" st
the following data:
- 1984
Year: 1079 | ios0 | 1om | 19s2 | 198
1
Production (lakh tons): 5 7 9 10 - )
S ——

Also obtain the trend values.

fine series AN sis-! 297
[
n: Fitting of Straight Line Trend
jon* i Az,
soluti® Pro?-}-,c)tmn Dev:allol(wxf;om 197
3 1
7 2
9 3
10 Py
12 p
17 P
“£¥=60 X-21

P

The straight line trend is defined byihe\equatiom
Y=a+bX
Two normal equations are
XY=Na+b3iX
IXY=aZX +bEX?
Substituting the values, we get
60=6a+215
248=21a+91b
Solving the two equations (i) and (if)
Multiplying (i) by 7 and (ii) by 2 and then subtracting
420=42a+147b
496 =42a+182b

-(0)
()

-76= -35b
=76
b= ?3; =217
By substituting the value of ‘3" in equation (i), we get
. 60=6a+21p "
N 60=6a+21(2.17)
6a=14.43
a=240

H
ence, the trend equation is

=2, igi ‘
> 40 + 2.17X; origin = 1978, X unit =1 Year.
For 1l;utsmon of Trend Values
oy 19;9, X=1,Y=240+2.17(1)=457
0.X=2,¥=240+217(2)=674
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Example 16.

Solution:

v =240+217(3)=891

is—I
s Analysis™
e 299

_87

1981, X=3; =—=3.107
o g, X =4, Y =2:40+2.17 ()= 1108 | % ,
For 1933, X=5Y=240+217 (5)=1325 By substituting the value of b in equation (i), we get
:ﬁ1984,X=6:Y=2-4°+2-”(6)= i From 945="7Ta+21p
Fita strai;ht line trend by the method of least square (taking 1980 a5 _— 7a=879.753
from the following data: Oigi) a=125679
Year: 1980 | 1981 | 1982 | 1983 | 1984 | 1985 [ Thus, the straight line trend is
Production (in ‘000 units): | 125 | 128 | 133 135 140 | g 14: Y =125.679 +3.107X
Estimate the values for the years_l987 a_nd 1989. Origin =' 1980, X unit=1 Year.
Fitting of Straight Line Trend Estimation for 1987 and 1989
iati For 1987, X =7
Production Deviations from 1980 Xy e B
= L8 o Y= 125679 +3.107(7) = 125.679 + 21.749
1980 125 0 0 0 Y= 141.:328
1981 128 1 128 1 For 1989, X =9
1982 133 2 266 4 Y =125. 679 +3.107(9) = 125.679 + 27.963
1983 135 3 405 9 Y =153.642
1984 140 4 560 16
1985 141 5 705 25 EXERCISE 5.4
1986 143 6 858 36 - — '
P a0l o e T, L flf'a st_rang:; till.ne trend by the method of least square (taking 1981 as year of origin) to the
g data:
The straight line trend is given by: o Vear: 1981 1982 1983 1984 =
'Y =a+bX Value: 15 o1 pm - .
g sofinal equa;:x;rLs ;vre+ - Also obtain the trend values.
. 2 o [Ans. Y = 14.4+6.2X, 14.4,20.6,26.3, 33,39.2)
PA=azX+bIX 2ight line trend by the method of least square to the following data:
- o
Substituting the values, we get ol ear. 1560 = o - W
945=Ta+21b (i) Sales (in lakhs): 45 % = p” pm
2922=21a+91b . e ——
Solving the two equations. Multiplying equation (if) by 3, we will get @ nd values,

2835=21a+63b
Subtracting (iv) from (iif) we get,
2922=21a+91b
2835=2la+63b

/

= T
87= 28

e
the year 1968 a5 the working origin)

" Fita strajg, [Ans. Y = 45+5X; 50, 55, 60,65, 70]
! i o
Yoy 8ht line trend by the method of least square to the following data:
L
Prodyegg 1980 | 1981 | 19s2 | 1983 | 198 | 1985 | 1986
~ 0 Qus): [ 40 90 92 8 9 9 | %

[Ans.Y=84+2X]

(Tale
the
Year 1980 as the working origin)
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@ Short-Cut ?lf:’comp“tation in this method to find straight line trend is as follows.
ces! e :

The ;.)rO all, middle-year is taken as the year of onvgm with valm? zero and de"iﬂﬁons &
(1)Firstofalh, ill be zero, i.e., X =0. Since deviations abgy, -

ted. Sum of the deviati(_ms Wi X _ e
years a.,lel ;Zn—ulm—eé _3, etc., and deviations after m}dfile year willbe 1,2,3, .. etc., ap, d de;nild-d]e’
)’::1; ;V;nd bek;w ntli ddle year will balance out. This is made clear by the following GXampl:tmns
al 3 4

Other

()Y, XY and £X are computed.

(3) For computing the values of a, b, we need not have normal equations but they are foyng by

the following formulae:

IY b= XY
=N TTEx?
(4)Finally, the calculated values of @, b are put in the equation ¥'=a+ bXand with its help, trend
values are computed.

Short-cut method is studied in two cases:
(i) When number of years is odd.
(i) When number of years is even.

(i) When Number of Years is Odd
When number of years is odd like 5, 7, 9..., etc. then the computation of straight line trend can be

v

d with the following p
Example 17. Fita straight line trend by the method of least squares to the following data and also
show on graph paper:
Year: 1993 | 1994 | 1995 | 1996 | 1997 | 1998 1999
Production (in 000 units): | 80 90 2 | 8 94 » | *
Solution:
2
Year | Production (¥) |  Deviations from 1996 (X) (X¥) ﬁ
1993 80 3 —240 /9
1994 % 2 T | A
1995 9 L
—_ X, -92
1996 ; //0
1% | s 0 0, e 22
1997 ——— | 1
| 1997 | 9 1 w4 | —
w98 | T s |
e O] 2 T8 |—
1999 92 \—’—"6/ /9
N ?\3_’_.:2/ s’ =2
L _=7=60 | X=0 L_E_’X"i

e

ies Anal sis-]

The equation of the straight line trend is:

since, 2X =0

Thus,

Y=a+bX
Y
a===
N
_ XXy
T
_IY_e30_
N e
=m_§_2
X 28
Y,=90+2X

Origin = 1996, X unit = One Year.
Computation of Trend Values

For 1993, X=-3,
For 1994, X=-2,
For 1995, X=-1,
For 1996, X =0,

For 1997, X=+1,

For 1998, X=+2,

For 1999, X=+3,

¥,=90+2(3) =84
¥.=90+2(-2) =86
Y,=90+2(-1) =88
Y.=90+2(0) =90
Y.=90+2(1) =92
Y, =90+2(2) =94
Y,=90+2(3) =96

Graph Showing Trend Line

1

R BEEE-EEEE]

Trend Line

Actual Data
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302
ing data by the method of
Example 18. Fit2 straight .”'i': ::3‘: i‘; ;g;—?::i;;ﬁ Estim};te the sales for ;eoz:)s;.s uare taking
() 1994 as origin, e 9% 1997 1998 =
ear:
:nles (Rs. lakh): 4 * = = B
jtting of Straight Line Trend by Least Square Method (Origin 19, 4=q) ‘
Solution: @ Higae? Deviations from 1994 Xy |
(X)
45
112
234
184
375
ZXY =950

The equation of the straight line trend is
Y=a+bX

Two normal equations are

IY=Na+bZX
TXY=aZX + bEX2

Substituting the values, we get
300=>5a+15b
950=15a+55b

Solving the two equations. Multiplying equation (i) by 3 and substracting it from

equation (if)
950=15a+ 55b
900=15a+45b

By substituting the value of b in the equation (7), we get
300=5a+ 15 (5)
Sa=225
a=45
Hence the trend equation is :
Y =45+ 5X, Origin

=

=1994, X unit = 1 year.
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(if) Fitting of Straight Line Trend by Least Square Methog (Origii
Year Sales Deviations from 1997 gin 1997 = 0)
®) x)
1995 45
1996 56
N 1997 78
1998 46
1999 75
N=5 £ =300 X=0

The equation of the straight line trend is

Y=a+bX
2x=0,a=22 5= 2%
i =0,a=—,b=
Since, N T x?
Substituting the values, we get
300 50
a=—=60; b=—=5
5 10

Thus, the straight line trend is
Y=60 + 5X; Origin = 1997, X unit = 1 year.
Estimation of Trend Value for 2000
(@) Taking 1994 as orgin
For2000,X=6,Y = 4\5 +5(6) =Rs. 75 lakh.
(b) Taking 1997 as origin\
\ For 2000, X =3, Y = 60 + 5(3) =Rs. 75 lakh.
ote: It j
¢ é:ilsiclgar that the value of ‘5> remains the same whether we use 1994 as origin or 1997 as
: tﬁ enﬂut the value of ‘a’ will differ. Change of origin does not affect the value of ‘5’ which
. ope of the trend line but it affects the value of ‘a’ (Y-intercept)
ben Numbey of Years

i is Even
Yearbegy Siven number of years is even (6, 10, 12... etc.), in such a case, the selection of the middle
e m.es a Pl’Oblem_ b 1Y, 3 3

ing, deyiat: In such a case, mean of the two middle years is taken as year of origin and
adyg Tos; » eViations for other years are found out. Deviations will be—2.5,—1.5,-0.5,0.5, 1.5
L0 simpj ) .
e Plfy the Computation process, these deviations are divided by 2 multiplied by 2.
inj
by, o S1%ps are the same as before,
es]ttir: Straight line trend by the method of least square to the following data and
ate the profits for the year 1970.

1961
80

1967 | 1968

92

1966
99

1965
94

1962 1964

90

1963
92
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Solution:

Time Series Ang
S

]
Fitting of Straight Line Trend
Deviations | Deviations _?1
iy } Multiplied by 2 =
r—,ym ) from 1964.5 o
1
80 -35 i -560 *9
N e T -
I N i
1 -1.5 -3 276 :
1963 92 ; 2 iy
0.5 - ~ :
83 | s |
1964 Iy
1965 94 405 1 N A
1966 99 +15 3 297 5
967 92 425 5 460 -
! e
968 104 +3.5 7 728 »
_—_‘_—l le—
=0 XY =210 | px2oig
N=8 sy =734 4
The equation of the straight line trend is:
Y=a+bX
Since, ZX =0
Y
a=—and
N
_IXY
e
Substituting the values, we get
4
a= e 91.75
8
b= % =1.25 (b gives half-yearly increment)

The straight line trend is:
1
Y =91.75 + 1.25X; Origin = 1964.5, X unit = 3 Yyear.
Estimation for 1970
For 1970, X =11,
Y=91.75+1.25(11)

=Rs. 105.5 lakh
Thus, the estimated profits for the year 1970 are Rs. 105.5 lakh.

P

e serleS pralysis=! 305
I
Method: The same result .
e by 2. Bt i ht cse thecompuin g 12 0t iy he
seen below: ‘ S Es Cauldibe
g P?;l;ns Deviltions( )f(r)om 1964.5 ?T
1961 80 -35 WT
1962 %0 -25 | o5 | 25 |
1963 52 -15 T8 | 225 |
1964 83 —05 5] oo ]
1965 94 +05 410 025
1966 9 +1s 1485 | 225 |
1967 92 +25 20 | 625 |
1968 104 +3.5 364 1225
N=8 ZY =734 IX=0 IXY=105 | mx’=42

The equation of the straight line trend is:
Y=a+bX
Since, ZX =0
a= X and b= 2
N Tx?
Substituting the values, we get
a= % =91.75

105
b= o = 2.5 (b gives yearly increment)

Thus, Y =91.75 + 2.5X, Origin = 1964.5, X unit =1 year.
Estimation for 1970
For 1970, X = 5.5
Nugy Tnthe Y_? 91.753 +2.5 (5.5)=Rs. 105.5 lakh.
asip !}iicgnd method, the value of b gives annual increment rather than 6 monthly increment

thevalye rfst method discussed above. It is clear from the example that in the first method,

and 55 1 2 iS half of what we obtained from the second method (5 was 1.25 inthe frstcase
nthe second case).

Fita straj

Sstimate

El""lllez

ght line trend by least square method to the data given belca\y. Also :'md an
for the year 2006. What is the annual and monthly increase in sales?

2000 2001 2002 2003 2004 2005

28 32




Solution:

T

Fitting of Straight Line Trend

z Deviations Deviations Xy
m s(';lf)s from 2002.5 | Multiplied by 2
(@.9)
28 2.5 =5 ~140
2000 - = = =
2001 2 - = —
2002
2003 35 +0.5 +1 +35
;004 40 +1.5 +3 +120
2005 50 +2.5 +5 +250
N=6 Tr=214 ; X =0 X7=120
The equation of the straight line trend is:
Y=a+bX
Since, ZX =0 .
a= 24 and b ==
N X
Substituting the values, we get
4
a= e 35.67
6
140
b=—=2
70

L1
Thus, ¥ =3567+2X; Origin=2002.5, Xunit= 2 year.

Estimation for 2006
For 2006, X=+1
Y=3567+2(7)
=49.67

Thus, the estimated sales for 2006 is Rs. 49.67 lakh.
Annual increase in sales=2 x h=2x2=4
Monthly increase in sales = % = % =033 lakh
or _ Annual Increase

12

o
13~ 033 lakh.
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NT TYPICAL EXAMPLES

ypoR mthe g —
po— isagapin the given years
hen . L.
o Wi i Below are given the figures of production (in thousang qQuintals) of 3 sugar fact
ory:
pramP art 1980 1982 1983 1984 1985 1986 2
Production: 77 88 9% g5 " 5 1987
Y 90
(i) Fita straight line trend by the method of least S

e i guoph fopes quare and also show the trend [ine

if) Eliminate the trend using additive model. .
@ are left over? wat components of the time series
(iif) What is the monthly increase in the production of sugar?

(i) Since there is a gap in the given data. It is not neces: iati
from the middle year would be zero. sary that deviations taken

Fitting of Straight Line Trend

Solution:

Year Production

T S e
1980 77 4 308 6. |
1982 88 2 176 s |
1983 94 2] 94 | |
1984 95 0 0 | o |
1985 91 +1 91 1
1986 98 i 196 4
1987 90 +3 270 9

“ N=7 3 Y=633 X =- IXY=-21 X2=35

The equation of the straight line trend is
Y=a+bX :

Since XX is not equal to zero, the values of @ and & will be found out by solving
the following two normal equations: )

.. Z¥=Na+b5X y--
SXY=aZX+ brx? ol
Substituting the values, we get

633=7a+(-1)b -
“21=_a+35 ) -8}
Multiplying equation (iv) by 7 and adding (iii) and (iv)
633=7a-b =
=147'=—7a+245h
486=244p
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=286 _ 1 991 =2 (approx.)
244

=
i ue of b in equation (i), we get
P e V:313 =7a+() @) = 635="7a
Thus, a=§;—5=90.71
So, the equation of the straight line .rrénd is
' Y =90.71+2X, Origin = 1984
ion of Trend Values
lf:rn;g:(':'m; =_4, Y=9071+ 2(-4) =82.71
For 1982, X=-2, Y=90.71+2(-2) =86.71
For1983, X=-1, Y=90.71+2(-1) =88.71
For1984, X= 0, Y=90.71+2(0) =90.71
For1985, X=+l, Y=9071+2(1) =9271
For 1986, X=+2, Y=90.71+2(2) =94.71
For1987, X=+3, Y=9071+2(3) =96.71

The straight line can be fitted by plotting trend values on the graph paper.
Graph Showing Trend Line

Trend Line

Actual Data

Production

- T
1884 1985 1986 1987

Year

198 1981 162 1983

(if) Elimination of Trend using Additive Model

sis—|
o gefieS Anel 309

1

iminating the trend, cyclical and j
After eliminating the trend, cy: and irregu]ar
seasonal variations will be absent as the data giv::';\sp::::zﬁ Frelefiover, snce
(iify Annual increase in the production of sugar = p = g auingaly
. Monthly increase in the production of sugar= . _ 2:000
. 12 12

=166.67 quintals,

SHILIO,
Y

convertAnnuaI Trend Equation to M lyTrend Equati (Odd Period)
0 To ain problems, we require to convert the annual trend e,
Ince

- quation to monthly trend e uati
B P e annual trend equation to monthly trend equation, divide the value of ‘a? :yl?lzl:

nvertl
o0 n to quarterly trend equation divide

£¢b’ by 144. For converting annual trend equatio
;"d::fu‘;a:;i Oby 4 and the value of b by 16.
e

pample 22 Below are given the annual production (in thousand tons) of a fertiliser factory:

1977 1978 1979 1980 1981 1982 1983
100

Production: 70 75 90 91 95 98 -

(i) Fitastraight line trend by the method of least squares and tabulate the trend values.
(ii) Convert your annual trend equation into a monthly and quarterly trend equation.
(iif) What is the rate of growth of production per month?

Year:

Solution: Fitting of Straight Line Trend
Year Production Production Xy X
1977 70 -3 -210 9
1978 75 -2 -150 4
1979 90 -1 -90 1
1980 91 0 0 0
1981 95 +1 +95 1
1982 98 +2 +196 4
1983 100 43, +300 9
N=7 $Y=619 £X=0 XY =141 X' =28
The straight line trend js given by
Y=a+bX
Si
nce, Xx'= 0, =Y _619_ 88.43
N 1
IXY 141
b=""=—=504
Ix* 28

Y=188.43 +5.04X;  Origin=1980.
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; d Values
oL OIXT:Z y=8843+504(3) = 7331
o 188 Ao, Y-8843+504(2) = 7835
L Aol Y-8843+504(C1) = 8339
rer 19;(’;’ X=0, Y-8843+504(0) = 88.43
ror 1931' Xotl, Y=88434504() = 9347
g iZszy x=+42, Y=8843+504(2) =)9851
Eor 1983, X=+3, Y=8843+504(3) = 10355
or » )
i Quarterly Trend Equag;
(i) Monthly Trend Equation - " )}\ e
Y‘=%+1—42X S UTEAN
88.43 5.04 \.
8.43 5.04 o 504
c=812_+mX T T X y

¥ 7369+0.035% ¥,=22.1075+0315% "\,

(iii) Rate of growth per month !
b 5.04

0.42 thousand tons.

12

IO

rterly Trend Eq

0To Convert Annual Trend Equation to Mol tion (Even Period)

ion i f even number of years,
For ing annual trend eq; tomonthly trend equation in case of eve
we dri:')ide the value of ‘a’ by 12 and the value of ‘b’ by 6 x 12 (= 72). For converting th;)a 8I;HU3| trend
equation into quarterly trend equation, divide the value of a by 4 and the value of b by 8.

Example 23: Fit a straight line trend by the method of least square to the following data :
2004
40

2005
60

Year: 2000

10

2001
20

2002
30

2003
56

Profits (Rs. lakh):

4 o : is the rate of
Convert annual trend equation into monthly trend equation. What is

growth of profit per month?
Sol
e
Year Profits X xy
[¢9] 25
2000 10 -5 —-50 9
2001 20 _3 — 60 1
2002 30 =1 -30 1
2003 56 1 56 9
2004 10 +3 120 2
2005 60 +5 300 F=1
[ ] e
N=5 I¥=216 X=0 XY =336

h'mple 24,

S,

311

The equation of the straight line trend jg
Y=a+bX
ince, 2X=0
ST ez s
N 6
IXY 336
b= =
X 70

Y=36+4.8X; Origin=2002.5 5

@

Xunit= % year.

Monthly Trend Equation will be as:
b

=X

12 72

36 4.8

el

12 72
Y.=3+0.066X

(i)
Y= L

X

. 4.
(iti) Monthly Increase in Profit = % = ?8 =0.8 lakh.

0 Shifting the Trend Ofigin

While computing trend values, a certain year
Sometimes it may be necessary to shift the origin
series. For this, there is no need of making all cal
ajustment to shift the origin of the trend equation:

Y=a+b(Xk)

i e is ?h.e number of time units shifted. If the origin is shifted forward in time k will be
l‘:ﬂn ve and if origin is shifted backward in time, k will be negative.

e lshh’ﬂi“g of origin affects the values of
€ slope of the trend line is the same i

You are
(Origin

(or unit of time) is assumed as point of origin.
of the trend equation to some other year in the
culations again but there will be the following

Where ‘%

@’ (Y-intercept). The value of ‘4’ remains the same as
rrespective of the year of origin.

given the following trend equation:Y =45 +5X
1990, X unit = 1 year)

Shift the origin to () 1988 (i) 1993
¥'=45+ 5 (Origin : 1990)

® Shifting Origin to 1988: 1988 - 1990

Replace X by X -2 in the above trend
Y=45+5X-2)
=45+5X-10

Y =35+ 5X, Origin : 1988
in to 1993 : 1993 — 1990 =+ 3 shift the origin by 3 years forward.
Replace x by X +3 in the above trend equation. .

—2 shift the origin by 2 years backwards.
equation.

 Shifting 0y
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Y= 45+5 (X +3) =45 +5X +15
Y = 60 + 5X, Origin : 1993

Sale.s.of a particular commodity is given as:

Example 25. — x 19
99
78 16 =

(¢) Fit a straight line trend to the above data assuming 1997 as the yeq, 33

Estimate the value for 2000. )

(if) How would you shift the year of oﬁgi.n to 1995 in the above prc?blem'! Explaip,
(iii) Convert your annual trend equation into monthly trend equation,
a

Solution: = —— " - =
1995 45 -2 -90 4
1996 56 -1 =05 |
1997 78 0 0 0
1998 46 +1 46 1
1999 75 +2 150 4
N=5 ZY =300 IX=0 IXY =50 X*=10

(i) The equation of the straight line trend is
Y=a+bX
Since, ZX =0

o Y =60 + 5X, Origin = 1997, X unit = 1 year.
Estimation for 2000, X =3, Y = 60 +5(3) = Rs. 75 lakh.
(éf) Shifting Origin to 1995: 1995 — 1997 =—2, shift the origin by 2 years
Replace X by X~ 2 in above trend equation.
Y=60+5 (X-2)=60+5X 10
Y=50+5X; Origin = 1995;
(éif) Monthly Trend Equation will be as follows:
v=9,3 y_si0034x
12 144
Y =5+0.034X

Xunit= 1 year:

backwards

=

is—|
e Analysis
1ime serie o3

5

GISE 5-

gXER !

oadperiod —

12 fiestmight ine rend by methodo Least Square o the following daty

1. 3 1981 1982 0w on
‘ear:
production (“000 tons): 77 88

[Ans, y=g

: 942X; 83,
Fitatrend line to the following data by the least square meth,

85,87, 89, 91,93,95]

od and estj :
2 B o9 and 2000: estimate the production
Year:
1998
Production (‘000 tons): 18 21 n“ﬂ
What is the monthly increase in production.
[Ans. ¥ =21 +0.1X, Y1995 =21.1 (000 tons); Yaung =21.6 (000 tons), 0.0083 thousand]
3, Below are figures of sales (*000) tons:
Year: 1991 1992 1993 1994 1995 1996 1997
Sales (‘000 tons): 12 10 14 11 13 15 16
Fita straight line trend and calculate trend values: i
[Ans. Y =13 +0.75X, 1075, 11.50, 12.25, 13.0,13.75, 14.50, 15.25)
4. The sales of a particular commodity is given as:.
Year: 1980 1981 1982 1983 l 1984 | 1985 l 1986
Sales (000 tons): 20 23 22 25 | 26 | 29 | 30

(i) Fita straight line trend to the al

bove data assuming 1983 as the year of origin. Estimate
the-value for 2000.

(if) How would you shift the year of origin to 1979 in the above problem? Explain.

5 e [Ans. ¥'=25 + 1.642X; Y00 = 52.914; Y =18.432 + 1.6424]
aleulate the trengd values by the method of least square from the data given below:
m 1992 1995 1997 1998 2000 2001 2003
m 75 67 68 65 50 54 4

Caleulagg g, [Ans. ¥=60-3X,78, 65,63, 6?, 54,51,45)
© trend values by least square method for the following time series:

1980 1981 1982 | 1983 | 1984 | 1985 | 1986 | 1987

53 79 76 66 69 g7 | 79 | 95 | ™

1988

Alsy
min:alculate the trend

s values by taking 4-years moving average period.
¢¢ Example 39]

3 2,97.27
"S- ()Y =78.67 + 4.65X, 60.07, 64.72, 69.37, 74.02, 78.67, 8332, 87.97,92.62.9 :
(i) - <70.50, 73.50, 74.875, T8.875, 86.875, -
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ive the value of sales of a company for the years 1988 ¢, 1998
-

1989 m

e w0 |63 [ 99

traight line trend to the d; .
. thod of least square o fita s & ata giy
() Use ;“;e"“;e o S values for 1991 and 1996 (Take X =0 for the year 1993

7. The following data &

en ab“Vc_

nd the
B i d compare the trend val :
(if) Constructa five year moving average and comp: values for the !
d 1996. o
o [Ans. () Linear trend equation : ¥'= 39.9-0.767X; x =X - 1993

Trend values for 1991 and 1996 are 41.4 (Iacs'Rs.) and 37.6 (lacs Rs.) reg
(i) 5-yearly M.A. values for 1990 to 1996 are (in lakhs Rs.):
426, 402, 394, 386, 380, 384, 37.6]

Pectively,

8. Usethemethod of least squareto fitastraight line trend for the following data. (Take 194 .
origin).
Year: 1984 1985
Production (in '000 Qtls.): 28 38

Also compute the trend values. What are the annual and monthly increase in production?
{Ans. Y =416 + 5.8; 30, 35.8, 41.6,47.4, 53.2; Annual Increase = 5.8 thousands Qs
Monthly Increase = 0.483 thousand Qtis)

» Even Period
9. Fita straight line trend by the method of least square. Also estimate the production for the

year 1995. What is the monthly increase in production?
1993 m

Year: 1989 1990 1991 1992

Production (in lakh tonnes): 25 40 47 59 68

[Ans. Y =53.17+ 5.3X,9027, 0883

10. Fitalineartrend to the following time series by the method of least square and also obtaintte
trend values: -
59
Year: 1954 1955 1956 1957 wss | 1
4
Production (in crore of Rs.): 7 10 12 14 17 : l
62,21
. L [Ans. Y = 14+1.54X; 6.3, 938, 12.46, 15.54,18
1. Fitastraight line trend by the method of least square to the following data:
Year: 1988 l 1989 1990
Sales (in lakhs): 12 18 2%

Estimate the sales for the year 1995,

g

sis—
e serieS Anal “
L 5
: f a calf taken at weekly intervals .
o weights © are given beloyw. F+ .
1 ,l;:thod of least square and calculate the average rate of gm»?:‘t‘l: Fita straight line using the
per week.
1 2 3 :
Age () 4 5 6 7 . »
. ;i 587 | 65. 10
weight (1) 525 5.0 | 702 | 754 | gy 872 | 955 | 1002
- 2 | 1084

Also estimate the weight of the calf when age is (j) 12 (i) 15 weeks

Ans. () Y = i
[Ans. ()Y =79.62 +3.08X, (ii) 2 x3.08 < 6.16, (i) 119.66, 138,
the Given Years o

)Gapin = o,
s Below are given figures of production (in thousand tons) of a sugar fact
4 ory:
Year: 1986 1988 1989 et
Pproduction: 77 88 94

() Fita straight line trend by the least square method and tabulate the trend values

(if) Eliminate the trend. What components of the time series are thus left over? -
(ifi) What is the monthly increase in the production of sugar? .

[Ans. Y=88.803+1.38X; 83.28, 86.04, 87.42, 88.80, 90.18, 91.56, 95.73;

Monthly increase =0.115 (housa,nd qﬂi

14, The following time series shows the cost/unit (Rs.) of a product for the period 1981-1995:
Years: 1981 1982 | 1984 | 1985 | 1987 | 1990 | 1991 | 1992 \ 1993 \ 1995
Cost/Unit (Rs.): 332 317 357 392 402 405 410 \ 421 \ 405 \ 43;1

Calculate the trend values by the least square method and estimate the cost perunit for 1997.

[Ans. Y=388.5 + 7.509X; Y097 = 456.081]
) Conversion of Annual Trend E

g ion to Monthly/Quarterly Trend Eq
- The following data relate to sales of Reliance Ltd.:
Year:
- Ar 2000 2001 2002 2003 2004
ales (Rs. lakhs): 40 80 120 200 160

() Fit ioht Ii
‘ 1. astraight line trend by the method of least square and tabulate the trend values.
(i) Eliminate th

left e trend using additive model. What components of the time series are thus
(i) over? !
ulj : |
) i:;lme.xte the likely sales for the year 2006.

v) Co:\f y halfyeaﬂy’ quarterly and monthly increase in the sales?
1) Shi ”i the_ trend equation into () on monthly basis, (5) on quarterly basis.
the origin (a) to 2004, () to 2000. . }
[Ans. (i) Y = 120 + 36X; (if) only cyclical and irregular variations,

(i) Yagoq = 264, (iv) 18,9, 3 () (@) Y = 10+ 025X, () Y =30 + 225X
o il (v1) (@) Y = 192+ 36X, () Y =48+ 36X]
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/Elimination of Trend

) Measurement of Short Term Flu w
16. Following data relate to sales of Bharat Ltd.
%_-mn = I
(i) Fita straight line
(if) Eliminate the tren
left over?
(iii) Estimate the likely sales 'fort A
(iv) Whatis annual increase m.the sales? ,
(v) What is monthly increase in the sales? ; .
(vi) Bywhatyearthe company’s expected sales would have equalled to its target of 84 ok,

int: See Example 38]
[Hint: See Ex: [,‘:ns. ()Y =36+48X ()-2,— 1.6,-12,15.2,-10.4,0, C & L are fefy over,
(iii) 69.6 (V) 4.8x2=96 (v)(g lakh

trend by the method of least square and tabulate the trend v,

aly
d using additive model. What components of the time serig, Ny

S are thyg
he year 2006.

(vi) Target is expected to be attained in the year 2007.5 (.., 2002.5 + 102)] .

17. Fitastraight line trend to the following data by the method of least square after summing the

quarterly data to yearly data:
Year 9, 92, [N 9,
1993 10 13 14 2
1994 12 14 15 13
1995 13 15 18 14
1996 15 18 21 18
1997 15 22 23 2

Also find out short-term fluctuations for the given years using additive model.
[Hint: See Example 36] : Sl
[Ans. Y= 63+8X; Trend: 47, 55, 63, 71, 79; Short-term fluctuations: 2,~1,= %
) Shifting of Origin

18.  Production of a particular commodity is given as:

Year: 1997 | 1998 1999 2000 2001 2002 [
Production of Steel 60 72 5 65 80 L
(in tonnes): i

—— igin, Estine®
(1) Fitastraight line trend to the above data assuming 2000 as the year of origit
the value for 2004,
((fl) How would you shift the year of origin to 1997 in the above Pmblem7 E "
iii) Convert your annual trend equation f thly trend equation. = 9542
q 0 mon )['Anesl.l(,) qY et 4_,35-,)(,‘5\(:;0‘+ 0.0337)(1
(i) Y = 61.429 + 4.857X: Origin 1997; (ii) Y =°

P]nin-

is—|
- Analysis=
erieS 3
P 17
d of the annual sales of ABC Co. Ltd, is descy

The 916X, Origin = 2001 X it = 1 year,y i o3 U 0

llowing equation:

. 2 T unit = ap,
19 y Jonthe annual trend equation into monthly trenq equati:x:al sales.

o o the following trend equation: % [Ans.y=2 5+ 0.025%]
" ,611384 26+ 5.8 X (origin = 1978, X unit = | year)

(A 7) 1985 and (i), 1969
-5 the origin to () -
shift [Ans. () Y = 124.86 + 58X, Origin : 1985 (1 y = 3, 06+ ;
d equation is: 96+ 5.8X, Origin: 1969)
The annual trend €q .
% y=50+ 2X , Origin: 2000, X unit=1 year,

. igin to 1997.
shift the origin [Ans. Y=4442X Origin:
deaal . 5 > > Origin: 1997]
" The tlr;,foog ;a(rmual sales of a company is described by the followmg equation:
y= ¢

(Origi 1 1987, X }mit =1 year, Y unit = Annua| Production)
Convert the equation to quarterly trend equation, [Ans.Y=3.75+0,03 125X]
) (B)Fitting of Second Degree Parabolic Trend or Quadratic Trend

There may be many such sﬁ.tuatio,ns in economic and business fields in which a straight line
end may not represent the long-term tendency of the time se

2 = ries data. In such cases, a second
dgree parabolic trend or quadratic trend is fitted. The equation of the second degree parabolic tre:d
orthe quadratic trend is:

Y=a+bX +cX?

Where, ais the Y-intercept, & is the slope of the curve at the origin and ¢ i the rate of change in
slope.

Under't.he method of least square, the values of the constants a, band c are obtained by solving
befollowing three normal equations:

ZY = Na+ bZX + cEX?
ZXY = aZX + bX* + c2X®
IX?Y = aZX? + b3X’ + cLX*
d: If the time deviations are taken from the middle year (or arithmetic mean of
years), the values of Z¥and X >would be zero (i.e. ZX =0 and EX* =0) and the

Short-cut Metho
%o middle

Heationg ape reduced to the following:
XY =Na+cZX? P
ZXY =bEX? p
2X2Y =a3x? + Xt e

When g
urther solved, these equations gives the following values of the constants a, bandc.

F
Tom Quation (i) we geth= XY

R
o ®quaty —cxx?
0 (), we got . Z¥ = X

P
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NIXYY —(ZX*)(EY)

” N
and from equation (i), We gete=" syt —(2x?)?

b and ¢ in the above manner, the trend equation

values of @, ; man s
1 time series by substituting the respective valye, an be g

f the give : 5 ofxt:;:“‘fl‘e
cut method is widely used for fitting second degree Parabolic Tein,
N

After finding the
obtain the trend values O
Note: In practice, short- -

Procedure i . i
The computation of second degree parabolic trend/quadratic trend involves the followip,

(i) Find the time deviation of each year from the middle year and denote it by 'x.
(if) Then ZX £¥,TXY,5X Y, X, 2X "and %X *are computed.
uted are put in the above formulae of b, @ and c.

8 steps;

(iif) The values comp! °
(iv) Finally, the calculated values of @, band c are putin¥ = a+ bX + cX *and trend Values gre

computed.

© Type I: Odd Number of Years
Example 26. Fit a second degree patabolic trend (¥ = a+ &X' + cX %) to the following data:

Year: 1983 1984 1985 1986 1987

Production (in crore Rs.): 5 7 4 9 1

Also compute the trend values. Predict the value for 1988.

Solution: Fitting of Second Degree Parabolic Trend
Year | Production | Deviations XY Xy x* x3 X
[63) from 1985
X) -
1983 5 -2 -10 20 4 8 | 16 ]
1
1984 7 -1 =7 7 1 = S I
1985, 4 0 0 0 0 0| 0]
1986 9 +1 9 9 1 _;‘___/‘
1987 12 2 24 48 4 hid L
_ 3_ofext=
N=5 | zr=37 X=0 |zxv=16| sx?r=s84 |Ex2=10[ZX" =

The second degree parabolic trend is given by the equation
Y=a+bX +cX?
The three normal equations are:
IY=Na+bZX +cZX?
IXY = aSX + bEX 2 + 52X
ZX?Y = aXX? + brx? + 2y ®

o5 Anal sis—|
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Substituting the values, we get
37=5a+b(0)+c(10)=:.37=5a+ n
16=a(0)+5(10)+c(0) = 16=10p ¢ )
84=a(10)+b(0)+c(34)=3‘,,=ma+34C v (i)
(i)

From (if) equation, 16 =106 = p=16_ | ¢
0 -

Multiplying () by 2 and subtracting it from (iif)
84=10a+34c
_74 =_I 0a+20c

10= 14c
se= 10 = 071
14
Putting the value of ¢ in (i), we get
I 37=5a+10(0.71) . .

= 5a=299
8, a=598=6.0
Thus, the second degree parabolic trend is
Y= 6+1.6X+0.7LX?,  Origin= 1985,

.
Computation of Trend Valyes

X unit= 1 year

For1983, X =-2 Y =6+1.6(-2)+0.71(=2)* = 5.64
For1984, X =_1, Y =6+1.6(-1)+0.71(-1)2 = 5.1
For 1985, X =0, Y =6+1.6(0)+0.7100* = 6.00
For1986, X =41, Y=6+1601)+0.71)> = 831
For 1.987’ X =42 Y=6+16(2)+0.71(2)> - =12.04
::f:l;;;d value for 1988 is given by:

i . . X =43, Y =6+16(3)+0.713) =17.19

*=ven Number of Years

ple 27 Ti
* The prj K
Paralf(:ll:?ooéa commodity during 1994-99 are given below. Fit a sccond degree
Commodity : e following data. Calculate the trend values and estimate the price of the
odity in 2001,

1994 1995 “| 199 1997 1998 1999
M 100 107 128 140 181 192

P Q



320

Solution:

Time Serigg Ang
3

Fitting of Second Degree Parabola

. iati Deviations | XY Xy x?
Year | Price ﬁl-)::.lg;'é‘.ss multiplied X3 }
™ by2
X)

Moor | 25 -5 -500 [ 2500 25 ‘\\
1994 | 100 . Er
[Fieo | 15 -3 =321 963 9 T |
b 2 ' 28 128 =2 | w

A @ 128 05 -1 -1 1 =N \1
1907 | 140 | 05 +1 +140 140 1 i \1
il 15 +3 +543 | 1629 9 | w0 T—
1998 | 181 +1. A
1999 192 +25 +5 +960 4800 25 125 =
= =0 | ZXY | =xX% |=x2=70|5x3 ool
N=6 |Zr=848 | B I f‘f;‘
The second degree parabolic trend is given by the equation
Yz a+bXtex’
The three normal equations are: g
$¥ = Na+ bEX +cZX? -
SXY=aEX + bEX? + cZX*
XY =aZX?+bEX® +cEX*
Substituting the values, we get . &
848=6a+b(0)+70c = 848=6a+70c — 1)
694 =a(0)+b(70)+c(0) = 694 =T0b )

10160 ="70a+b(0)+ 1414c => 10160 =70a+ 1414c
4
From equation (i), 694 = 70b = b= 679T_ 9.914
Multiplying (i) by 70 and (iii) by 6 and subtracting (i) from (iii)
60960 = 4200+ 8484c

59360 = 420a+4900c

1600=
1600
=——=0.4464
T
Putting the value of ¢ in (i), we get
848=6a+ 70 (0.4464)
848 =6a+31.248
_816.752
6

3584c

=

a

=136.125

T —
r
v
lysis—!
igs A2
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Thus, the second degree parabola js
y =136.125+9.914X +0.4464x2, Origin : 1996 5 =T
Computation of Trend Values [ s g
For 1994, X'=-3, ' =136.125+9.914(5).. g464_g_ . 7s
For1995, X=-3,Y= 136.125+9‘914(_3)+0,4464(_3);= i e
For1996, X=-1Y= 136.125+9.914(—1)+0.4464(_l)z N 126' ss74
For1997, X =+1, Y =136.125+9.9141)+ aagay - 146.4351//
“For1998, X =+3,Y= 136,125+9.914(3)+0.4464(3)z = 169.884
For1999, X =+5,Y =136.125+9.914(5)+ 04464(52 = 196.855
Predicted value for 2001: ’
For2001,. X =49, ¥ = 136.125+9.9149) + 04464972 = 261.5094
Thus, ﬂlé.m(ely price of the commodity for the Year 2001 is 261.5094,
EXERCISE 5.6
, 1 Fitaparabolic trend ¥ = a+ bX + cX *to the following data: ’
Year: 1981 | 1982 | 1983 | 1984 | 1085 1986 l 1987 \ 1988 \m
Output (in ‘000 units): | 2 6 7 slwlufufwl|s |

Also compute the trend values. Predict the value for 1990.
(Take the year 1985 as working origin)
[Ans. Y =10.02+0.85X —0.27X 2, Trend values: 23,5.04,7.24,89,

” 10.02, 10.60, 10.64, 10.14, 9.1, =1,
L The prices of a col el

mmodity during 19811986 are g

to . iven below. Fit a second degree parabola

19;]!; following data. Calculate the trend values and estimate the price of the commodity in

m 1981 1982 1983 1984 1985 1986
1o 114 120 138 152 218

[Ans. Y = 124.15_+ 9.6X +1.53X 2, Trend values: 114.40, 109.12,
" Fitasecong degre 116.08, 135.28, 166.72, 21040, ¥,q,,= 266.32]
© parabola (Y = a+ bX +cX 2) for the following data:
1
25
t: See E"ample 40]

2 3 4 5
28 33 39 46 "

1y

[Ans. 7=22.78 + 146X +0.64X’]

‘ P
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322 ¢ data given bel S ¢ Method: If the time deviations are taken from the il
i ond degree o the data givenbelow and estimgg, port-cY the value of ZX' would be zero (i.e., 2x = ‘© year (or arithmetic mean
- gl gl @ the Value [wﬂfsniddle)/-e: :)’ 0)and the normg| €quations are reduc:vf
wingi .
1999. m 1995 1996 1997 othe follo loga or loga= Zlogy
Year: e 10 is3g s1og¥ = N " 108 N =a= Amilog[z'k)\gy
Sales (in '000 Rs.): : N -
[Ans.¥ =11.031-0.143X ~0.31257 sox? or logh= 2K 1o8Y)
. iy s BO=—5xz . b= Arnnog[u log¥ (if)
i ity is given as: Z )
fa particular commodity is 8IV¢ - ' ‘ 2
5. Salesofap 1981 1982 1983 1984 1985 1986 Afier obtaining the value; ofa.and bin the. Stovs e nd e |
= = . = = on, we can fit the trend equation under this method and with such an g their values in the
Sales (1000 tons): 13 13 60 ) ;?ufrt::ld'values of the time series and predict the values for the future o bty
; 2 . : . . ‘
O o srforina e 0'; ‘J?b)(f+ cll\;szz to the above data assuming 19 i Note: The annual rate of growth in case of exponential trend is obtained as r =(Antilog b - 1) x 100
igi imate the value for 3 ' _ =
the year of origin and estimate : e

f origin to 1980 in the above problem? Explain, ) ) .
30+12X +2X 2, Origin: 1984; 110 (if) ¥ = 14-4x 121 The computation of exponential trend involves the following steps:

(i7) How would shift the year o
data using second degree equation: (i) Find the time deviation of each year from the middle year and denote it by ‘X,

[Ans. ()Y =

the following 4 4
6. Calculate trend values for Gen | (ii) Obtain the logarithms of the variable Y.
g5 | 1986 | 1987 1988 | 1989 | 1om . Sk
z (iif) Multiply log Y by the corresponding time deviation ‘X* and obtai
Foupucoooang | 100 | w7 | 128 | w0 | W | IR | w ime deviati e
Output (000 tons): = = (iv) Square up the time deviation X and obtain XX 2.
Iso make a forecast for 1993. t The values computed i
Alom [Ans. 7 =149.10+18.68X +0.16 2, Trend values: 94.49, 11238, 1303, ((v‘:]) Fin:;; ';n calcull:ted Vm;e Pm: {pasbTic artinis m.' fog anadlngh
149.10, 167.94, 187.10, 206.58, Forecasted value = 26694 B SRS G alues of log a and log b are put in log ¥ =1loga+ X logb.
(vii) Take the antilogs of these logs to arrive at the actual trend values.
0 Type I: Odd Number of Years
» (C)Fitting of Exponential Trend Example 28. Fit an exponential trend ¥ = ab* to the following data:
If the time series is increasing or decreasing by a constant percentage rather than gorf\sfﬁ:; Years o -
absolute anount, the fitting of exponential trend is considered appropriate. Such tendency is fou - 1991 1992 1993 1994 1995 1996
in many economic and business data. ales (Rs. crore): 12 10 14 18 20 2 30
The equation of thexexponential trend is Sl Estimate the sales for the year 1997.
Y=ab : Fitti N
itting of Exponential Trend
where s Y-intercept and b the slope of the curve at the origin of X. Year , )
In the logarithmi S Sales X log ¥ Xlog¥ x?
n the logarithmic form, the above equation is written as under: 1))
log¥ =loga+ X logh J logﬂﬁmmk —19% | 12 ) 1.0792 ~3.2376 9
'Whe|_1 plotted on a semi-logarithmic graph, the curve gives a straight line.(m' calle 1991 10 ) 1.0000 ~2.0000 4
straight line). However, on an arithmatic scale chart, the curve gives 3 non-linear tren 'solviﬂﬁﬂ“ 1992 14 1 1.1461 _1.1461 1
Under the method of least square, the values of the constants a and b are obtained ¥ —1993 | 18 . 0 0
following two normal equations; 1994 g 12553 A
D — 20 1.3010
ZlogY = N-loga+ log =X 1995 +1 1.3010 .
(X1 _ . 24 +2 1.3802 2.7604 | 4 |
( OEY)—logaZX+logbzx2 1996 9
N\ - 30, +3 14771 44313 [~
=7 - 2.
~ | _ EX=0 [ Zlogr=8638 Z¥logr=2.1090 [ Ex*=28

b _



The equation of the expon?ntial trend is
y=ab*

Taking logarithms of both sides, we have %
lug}’=loga+X log b

i s (i)
A _Zloe? 8638 550
L
tog =X, 2906075

i ¢ 28
Thus, the equation of the exponential trend in logarithmic form is:
X log ¥=12341+0.075X or Y. = Antilog [1.234] + 0075y,

Here, origin = 1993, X unit= 1 year.
Estimation for 1997
For1997, X=+4, ¥, = Antilog [1.2341 + 0.075X]

7 = ¥, = Antilog [1.5341] = 34.20 crore

Thus, the estimated sales for 1997 is 34.20 crore.

Example 29. The sales of a company (in lakhs of Rs.) for the seven years are given below:
Year: | 1990 1991 1992 1993 1994 1995 | 199
e e 47 65 88 132 190 | s

Find out the trend values by using the equation ¥ = ab* and annual rate of growth.

Solution: Fitting of Exponential Trend

Year Sales x log ¥ Xlog ¥ X
(03] v F—
19%0 32 =3 1.5052 45153 | 9
1991 47 -2 1.6721 33442 | 4
1992 65 1 1.8129 18129 | LA
1993 88 0 1.9445 0 e
1994 132 +1 2.1206 2.1206 ___l/
1995 19 +2 22788 asst6 |
1996 275 +3 24393 73179 /gu
Ne7 TEX=0 | Tlogr=13.7733 | £X logt =43237 | 2

The equation of the exponential trend is
Y=ab¥
In the logarithms form, the equation is written as
log Y=loga+ x log b

is—|
ies AnalySis— <
e : azs

since, X =0 -
_Zlog¥ 13.7733
log a= = —=—""=1967
_EXlog¥ 43237
log b *ZXZ =T=0'154
N b= Antilog [0.154] = 1 4256

Thus, the exponential trend equation in logarithmic form is;
log¥ =1.9676+0.154X " Origin: 1993 i

Computation of Trend Values

For 1990, X =3, ¥, = Antilog[1.9676-+0.154(-3y] = Ar:

For1991, X=-2,¥ = Antilog[1.9676+0.15i((_2))]]::::;;gg[[ll'igiﬁ] - 32.03

For 1992, X =~1, ¥, = Antilog[1.9676+0.154(-1))= Anﬁlog[l:mg ;:?g

For 1993, X =0, Y_ = Antilog[1.9676+0.154(0)]= Antilog[1.9676] ;

X unit=] year

) =931
For 1994, X =+1, ¥, = Antilog[1.9676+0.1541)]= Antilog[2.1216) = 1323,
For 1995, X =+2, ¥, = Antilog[1.9676+0.154(2)]= Antilog[2.2756] = 185,62

For 1996, X =+3, Y, = Antilog[1.9676+0.154(3)]= Antilog[2.4296] =268.91
Computation of Annual Growth Rate )
r=(Antilog b -1)x100 or

———

! : r=(b-1)x 100
=[Antilog(0.154)-1]x100 =(1.4256 — 1) x 100
) =(1.4256—1) x100=0.4256 x 100 = 42.56% =42.56%
0 Type ll: Even Number of Years
‘ Example 30. Fit an exponential trend (¥ = ab* ) to the following data:
| Year: 1941 | 1951 | we1 | wom [ uem [ iem
Population of India (in crore): 319 36.1 439 548 l 683 844
S Also predict the population for 2001.
i Fittifig of Exponential Trénd
Population () | ~ X - log ¥ Xlog¥ x|
9=y 1.5038 —7.5190 25
36.1 - -3 15575 —4.6725 9
43.9 =1 1.6425 —1.6425 !
548 1 - 17388 17388 '
+3 1.8344 5.5032 9
+5 19263 | 2 oes | B
TX=0 | Zlogr=102033 w@

7 |
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. The equation of the expongnn'sl trend is
y=ab*
In the logarithmic form, the equation is written as
log Y=loga+ Xlogh
Sinee =0 g g ZloEY 102033, 5
og a=— gy
log b=&]izg—y=zi39§= 0.043
X 70
Thus, the exponential trend equation in the logarithmic form is:
log ¥=1.70+0.043.X; Origin: 1966; X unit=5 véas
or Y= Antilog [1.70+0.043X]
Furtherloga=170 = a= Antilog [1.70] =50.12
log5=0.043 = b=Antilog [0.043]1=1.10
Thus, the equation of the exponential trend is
¥=50.12(1.10"
~Prediction for 2001
For2001, X =+7,Y = Antilog [1.70+0.043(7)]
= Antilog [2.001] = 100.2 crore.
Example 31. Fit a logarithmic straight line to the following data:
Year: 1991 1992 1993 1994 1995 M
Production ('000 tonnes): 64 70 75 82 88 95
Solution: Fitting of Logarithmic Straight Line
Year | Production X log ¥ ‘o XlogY x
(4] . |
11 64 -5 1.8062 oo | B
1302 70 =3 1.8451 3 |9
1993 75 el 18751 BT IR B
s | w 1 19138 19138 - /;
> | = 3 1.9445 sos | ——]
o p3 5 19777 osmss |
IS L | ZX=0 | Ziogr=113624 X logr 1194 | 2~

The equation of the €xponential trend is
Y=qap¥

s
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In the logarithmic form, the equation is writte as
log Y=loga+ X logp
Since, ZX =0

log a

[Lugan'thmic Straight Line Form)
_Zlogy _11.3624
N T
M _ 11944
= 0
Thus, the equation of the logarithmic straight line is:

=1.8937

log b= =0.017

log ¥=1.8937+0.017x: igin:

X, Origin: 1993.5; X unit= %year.
o Y = Antilog [1.8937 + 0.017x]
) Merits and Demerits of Least Square Method

Merits:

(i) This method is far better than moving avera;

years are obtained. Not even'a single initi
method.

(if) It results in a mathematical equation which may be used for forecastin;
(iii) It is widely used method of fittin, -
reliable and appropriate.
Demerits:

ge methoc.l because the trend values for all the
al or terminal trend values is left over in this

g a curve to the given data. The results obtained are

(i) The computation process in this method is complex which is not easily understandable.

(i) This method does not have the attrib il igures !
ute of flexibility. If some fi
subtracted from the original data, all computations i - l g

=T ons have to be redone.
(i) Ttis difficult to select an a

: ; ppropriate type of equation in this method. Results based
Inappropriate selection of equation are likely to be misleading. o

L Fitay C€Xponential trend ¥ =

SStimate the trend for 1992,

==

ab*to the following data and calculate the trend values. Also

1985 1986 1987 1988 1989

108 105 12 12 .

[Ans. log ¥ =2,0527+0.0286Xor Y =1 12.90(1.07)",

Trend values: 98.97, 105.71, 112,90, 120.59, 128.80,
Sales for 1992 = 156.93 crore]
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2. The populat
Census Year:

Population (in crore):

Fit an exponential trend Y = ab » o the
trend values. Estimate the population in 1981. )
In the following exponential trend equation (origin: 2001, X-unit=1year, y _,

1911
250

1921

ion figures of India is given below:

1931 1941

1951 -

25.1

219 319

1961

I
) 4

36.1

to the above data by the method of least sqy

547
quare 5

[ARS. Y =33.60 (1. 142y p e

1981 = 57,

3. i
shift the origin to 2005. Yl profi
Y =1507)* [Ans. Y = 12,528 (17)* g
c o . ) » Origin 2005)
' 4. The consumption of electricity in the agriculture sector during the period 1991‘1999
recorded as under: s Wag
T
Year: 1991 1992 | 1993 1994 1995 1996 1997 | 1998 19%
| Consumption 50 65 70 85 82 75 65 % »
(000 lakh tonnes):
Find: (i) The second degree polynomial equation.

(ii) The exponential trend equation.

_[Ans. ()

Y,=774+39X+

(= 0.32)X% (if) ¥, = (70.13) (1053

MISCELLANEOUS SOLVED EXAMPLES

Example32. Calculatetrend values from the following databy using four yearly moving average:

Year Value Year Value
1972 41 ' 1979 60
1973 61 1980 61
1974 55 1981 7B
1975 48 1982 8
1976 53 1083 = 1
1977 67 1984 L)
1978 6
Solution:  Four yearly moving averages can be obtained as follows: %
Year Y 4-yearly moving | 2 period moving 4'y'::|'y,:;:v
- totals totat of cols: @) | pend Value)
8
U] o) ® @ o=t
1972 m — = r
1973 61 — — o
1974 55 205 422

¢

513 Analysis1
i
S 1329

1975 48 ,
1976 217
5 ——
ol 223 — | S
1977 67 453 >
—_— 230 T ——— 56.625
1978 62 ?2 * o0
DECE—
S E— 498~ -
1979 |60 | 256 e 6225
T *z\n* 6475
D 5 .
| 8. 1 73 | ] 278 + 6750
=20 |
b 78 o Tl . 7%
1983 76 o & 75625
& — s
puample 33. Determine the trend for the following data by

’(i) moving average of length 4, and
(ii) the least square method. i

| Sem Quarters
1 | ! m
1991 210 191 216 =
1992 218 197 B B
1993 246 215 = = ‘
Solution: () i > | =
Moving Average of Length 4
Year Quarter Gi i -
iven Figures :mf-ﬁgnr: Two'-ﬁgure " Four-figure
_ oving total | moving total | ‘moving |
o I — Average
I 191
817
| m 216
‘ - 1642 !%=2os,2s
v
VAR 200 | \ 1656 207.00
1992 i)
1 218 ; 1676 20950
it o
197 ; 1701 212625
= 856
230 1740 21750
884 3
i v 211 o0 1788 by
93 ; 26 1809 26125
907
- 5% 1828 22850
921
R I 235
] v 225

A
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Least Square Method

@ \‘

Year! Xy Treng
Quarter Valy,

— 121 -2310
1991 1 - 20083

g ~1719
1 2366

49 -1512
il 3 2 20644
w| , ~1000 1 209y,
1992 1 5 1 =654 1 2y
i E =197 1 g
i 7 230 1 1 230 21755
vl s 211 3 9 633 203
— 9 246 5 25 1230 21
I 10 215 7 49 1505 | 2590
i 1 235 9 81 2115 22868
W 12 225 11 121 2475 23146

sy=2594 | =x=0 | =f=572-| zxv=79

Let Y= a+ bX be the trend equation, where a and b be are calculated from the

sol

normal equations.

$¥=Na+bZX -0
XY= GEX+ bR el
Putting respective values from the above tables, we get
2594=12a+0
or a=2% 51617
2
Again 796 =0+ b(572)
or b= 2%, 1.39 ]
572 (i)
». Trend equation is ¥=216.17 + 1.39X he wmspnndinﬁ
For finding trend values we putX=—11,=9, .., in order ans;mbl&
trend values have been shown in the last column of the abo moving averss
Example 34 From the given data, compute ‘trend” and short-term fluctuations by
method (Periodicity = 4 years) 1989 i
88
Years: 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 17 -
0
Production: | 462 | 510 | 525 | 470 | 15 | 50 | 575 | 560 | ¥
(in Qtls.)

ation®

. Analysis!
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Computation of Trend ;
P Wi 4-yearly movin, i !
L e e
centered) )
w | @ 1 0 & |
g0 | 462 | — |
1081 510 1967
1982 525 2020 3987 493_375
1083 470 2060 4080 510.000 |
1984 515 2110 4170 521250
1985 550 2200 4310 538750 i
1986 575 2265 65 558.125
1987 560 2335 4600 575.000 ]
1988 580 2405 4740 592.500
1989 620 == e T
1990 645 = — \ — ‘\

Computation of Short-term fluctuations

The short-term fluctuations for the given years are obtained by deducting the trend

values computed by using 4-yearly moving average from the actual values of the
series using additive model.

> -

Years Actual Values Trend Values Short-term
(8] (Ye) fluctuations

1980 462 —
1981 510 — =
1982 525 498375 26.625
1983 470 510000 -4000
1984 515 521.250 -625
1985 550 538.750 125
1986 575 558.125 16875
1987 560 575.000 =150
1988 580 592.500 =1

— 620 = —
1990 645 "
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Example 35. C

Solution:

arterly trend values by the method of least square for th !
o q“r five years given below:

m 11 Quarter

f°“°Winx

—
—

quarterly data o

I Quarter

Calculation of Annual Trend by the Method of Least Square’

Yearl, Devinvﬁin\ns Treng
Year —gﬂ A:::é: from Mid-Year Xy x Vll:g
™ ie., 1996 Y,
X
[——
1994 280 7 -2 =140 4 )
1995 360 90 -1 -90 1 I
1996 400 * 100 0 0 0 112
1997 520 130 +1 130 1 13
1998 680 170 +2 340 4 160
N=5 £¥=560 X=0 EXY=240 | X%=10
Equation of straight line is
Y=a+bX
E_S0_
N 5
IXY 240
and b=—Fmg=""=24
IX* 10 0
Trend Equation ¥,=112+24X; Origin=1996

The trend values have been obtained by the equation (7).
Yearly increment = 24

Quarterly increment = % =6

Calculation of Quarterly Trend Values g Trend valuel
Now, we calculate the quarterly trend values. Consider the year 1994.mnd and i
64. This is the value for the middle of the year 1994, i.e., middle S
‘quarter. The quarterly increment is 6. Therefore, the trend w{alue o4+ o
quarter of 1994 would be 64 -3 or 61 and for the third quarter it WOU
67. The value for the first quarter of 1994 would be 61 —6=55 sl ?:;,r ye
67+ 6 = 73. Similarly, trend values of the various quarters of o
calcu/lated. These values are tabulated below: v

astqU
thel anl

sis—!
e series. Anal
i
Quarterly Treng Valueg
1 rte

— Quarter I Quarter 1 Quarter
= 55 61 67
= 79 85 91
= 103 109 11s
= 127 133 139
o 151 157 163

prample 36.

Solution:

S A

Fit a straight line trend to the following data
summing the quarterly data to yearly data:

IV Quarter

3
97
121
145
169

by the method of least square after

333

Year I Quarter I Quarter @E
1983 10 13 14 2
1984 12 14 15 13
1985 13 15 18 14
1986 15 18 21 18
1987 s 2 - 23 20

Also find out short-term fluctuations for the given years uSing additive model.

Year Yearly total X ‘ XY \ X‘j
(&) !
1983 49 =3 -98 4 !
1984 54 -1 -54 1
1985 ~ 60 0 0 0
1986 72 +1 2 1
1987 80 +2 160 4
L__N=s IY=315 £X=0 EXY=80 =10
The equation of the straight line trend is
Y=a+bX
Since, 2y = o
? 2B
N 5
and b= ZIXY 80 _ 8
X2 10
Ths, Y,=63+8X, Origin=1985; Xunit=1year

\

\
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Solution:

f Trend Values

tion o
Computsi? =63+8(-2) =47

For1983, X=-2 T

is—|
gefes AnalystE= 335
1 g data relate to sales of Bharat Ltd.

38. Followin

—“

pan?®

=

For 1984, X=-11= 63+8(-1) = sf ) Fit astraight line trend I;y the m‘ethcd of least square ang tabulate
1985, X=0, .= 63+80) =63 @i Eliminate the trend using additive mode], What compon thetreqdvalue&
gl 6 x=1, 1,=63+81) =T are thus left over? ents of the time series
For 1986, - ; re63+82) =19 (iif) Estimate the llkfaly salesvfor the year 2006.
For 1987, X=2, Ic T erm fuctuations (,-‘,)"vﬁat is annual increase in the sales?
C = - (v) What is monthly increase in the sales?
] Y ort-term flyep. th 5
Year using addig 2ions (vi) By what year the company’s expected sales would haye ualled to j
Al 84 lakh. — saualledtoits targetof
585 2 s +2 oz © Fitting of Striaght Line Trend
1984 54 55 —1 Sl Year | Deviations Sales Trend m
1985 60 3 =3 o 2 Values ﬂucmll'!i:l:s
o 7 71 41 2002.5 X Y X |veasm| poy,
1987 80 7 +1 2000 | -25 -5 25 10 50 | 120 | S
. 2001 | 15 -3 9 20 —60 |
) . gote t square and estimate th 21.6 16
Fita straight line trend by the method of least squ imate the value for 2001 2002 | —05 | -1 1 30 | 3 312 "1z
[Yar_ [ o | s [ wn [ wm 191 2003 | +05 | 1 1 56 56| a0s 152
[Popuiationcerorey | 3¢ | 50 | & [ s | ® 2004 | +15 3 9 40 120 S04 s
Fitting of Straight Line Trend 2005 +2.5 5 25 60 300 60.0 0 |
Year Y X XY X N=6 2¥=0| =¥*=170 [sr=216] 2xv=336 T(r-n=o|
1951 34 20 —630 400 The straight line trend is given by
1961 50 -10 —500 100 Y=a+bX .
1971 67 0 0 0 Since, ZX =0
1981 75 +10 750 100 XX 20616
1991 85 +20 1700 40 N 6
2 i
N=5 Ty=311 X=0 IXY=1270 | ZX’=100 and p=ZXr_336_,.
=x* 170

The straight line trend is given by

Y=a+bX
Since, X =0
Y XY
a= v and b= x?
311 1270
=—=62.2; b=——=127
4 5 2% 1000
- Y=622+127X; Origin=1971
Estimation for 2001

For2001,X=+430, -, y=622+127 30)
Y2001 = 100.3 crore

(i)

Hence, the annual trend equation is given by:
Y=36+4.8X
[Origin = 2002.5, X unit = Half year, ¥ unit = Annual sales in lakh ofRs.]
Trend values for different years are shown in the 7th cqimnn of the table.

(i) Eliminates trend values as shown in the 8th column of the table. After eliminating

the trend only cyclical and irregular variations are left since seasonal variations
ar.e absent as the annual data is given.
Likely sales for the year 2006 : For 2006, X=7

() Annyal g

i

Y006 =36 +4.8x7=69.6
rease in sales = 4.8 x 2=9.6
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) Monthly increase in the sal
- Anual Increase =_9§ 0.8 lakh
¥ " (84-36) _

(vi) 84 =36+4.8X = X= Y]

Hence, target is expected t0

les =5~

10 half years from origin (e, 200
e, 200 5

be attained in the year2007.5 (i.e., 2007 5
ment by a firm is given below: L

Example 39. The production of ce
1980 | 1981 | 1982

Year:
4 5 5

6 7 8

Production (tonnes):
Calculate the trend values by taking 3

Also calculate the trend v

-yearly moving average.

)
10l2).

1983 | 1984 | 1985 1986
NEN N iy

alues of the above data by least square method,
C: lation of 3-yearly moving average

Solution: (U]
Year Production 3-yea:ly moving PY—— i
otals average (lrend)g
1980 4 = A
1981 5 - 14 467
1982 s 16 T
1983 6 - 18 600
1984 7 = 21 7.00
1985 8 - 24 8.00
1986 9 =¥ 25 833
1987 8 - 27 9.00
1988 10 ¥ — | -
(@) Fitting of Linear Trend Equation
Year ¥ X XY X
1980 4 ] —16 5
1981 5 Y 15 J
1982 5 2 —10 g
1983 5 O S ;
1984 7 ) 0 g
1985 3 ) +8 i
1986 9 42 +18 .
1987 3 3 24 7
1988 10 ” 40 - )
N=9 IY=62 sX=0 zxy=43

1iMe. serie2

Solution:

Anal sis—|

The linear trend equation is given by
Y=a+bX

since ZX=0,

Thus,

L og=ZY_62
N 9689 b

ComP““’ﬁon of Trend Values
X=-4,Y=689+0.72(4) =4 01
X=-3,Y=6.89+0.72 3) = 4:73
X=-2,Y=689+0.72(-2) =545
X=-1,Y=689+0.72(-1) =617

Forl 1980,
For 1981,
For 1982,
For 1983,
For 1984,
For 1985,
For 1986,
For 1987,
For 1988,

X=0, Y=6.89+0.72(0)
X=+1, Y=6.89+0.72 (1)

=6.89

=7.61

X=+2,Y=6.89+0.72 (2) =833
X=43,Y=6.89+0.72 3) =905
X=+4,Y=6.89+0.72 (4) =977
Fample40. Fit the equation of the form Y =a + X + cx?
cX” to the data given bel
ow:

Y g3
_ 7=2==072
Y=689+0.72X; Origin: 193 60

X uni

337

t=1 year.

X: 1
2 |
3 4
Y: 2! :
s i 1 39 6 |
Fitting of Parabolic Trend
X Y t
s I ¢ ¢ Y e 4
1
. ;5 -2 4 -8 16 -50 © 100
: 3 -1 1 -1 1 -28 2
: 33 0 0 0 0 0 0
n 39 1 1 1 1 39 39
N=5 Y- : ’ ; \ = = =
=171 | m=0 | z2=10| z=0 | m=34 | mr=s3 |zr=3s1

Let ]
he second degree trend equation between ¥ and ¢ be:

Y =a+bt+ct® wheret=X -3

The three normal equations are:
ZY = Na+ b3t + c3?
ItY = aSt+ b3s? + c3f

2
20V = a3f? + b36 + c5r*

From (s,

B\

e
10

53

=53

=

171= 5a+10c
= 53=100

= 351=10a+34c

D
(i)
i)
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i btracting from (iii), we get ]
Itiplying (1) by28nd sul . =£§_
Multiply! 35|=10a+;4)£ sy 22 e
=10a+20c - ——
342 =10a+ Therefore, Y,=525+0.225x; Orsin= 150p
2; Xunit=1 yesl.

¥, denotes average of quarterly trend values,
1990

)
= - 2=064
9=ldc=c=73

"o ‘o Average of quarterly 4.800
trend values &

— 171-6.4
171-10x0.64 17 54

Putting the value of

a=
5 -
_ 42. Thetotal annual fertiliser consumption in tonn, - —
Thus, y=3292+531+0.64 £ wherer=X-3 pamp® Karnataka state was recorded as given below;es during 1995-2001 in XYz village of
Hence, the second degree trend equation of Y on X beco:nes Year: 1995 199 -
y=32.92+5.3 ¥—3)+0.64 (X =3) : 2001
2 . Consumption: 50 56 60 8
¥=32.92+5.3X —15.9+0.64(X —-6X+9) | | p
2 (i) Fit a straight-line trend by the meth
y=22.78+1.46X +0.64X quantities. od of least squares and compute the trend
Example41. Findaverage of quarterly trend values for the given years from the data given belo: (if) What has been the annual i in fertiliser
Quarters (iif) Eliminate the trend variations from thy il -
Yar [ 1 ] T == wq multiplicative method. e fertiliser consumption data using
— 0 egge .
1990 4 6 5 ‘ Solaton: (1) Fitting of Straight Line Trend i
1991 5 8 6 6 Year Consumption X Xy R
1992 3 5 D) 3 [¢) »
1993 6 9 4 s 1995 50 -3 ~150 9
1994 6 8 5 5 L% 6 -2 -112 4
luti We compute the following table to find the trend equation: __— :z: o 3! - 60 1
Year Yearly Quarterly Deviations 58 0 0 0
total average from 1992 XY X _1999 70 +1 +70
(L) &) — | 2000 -
1990 19 475 =7 _’;’5,_,_;‘/ . 75 +2 +150 s
1 001 78
1991 25 625 -1 -625 | _—1 +3 +234 9
— o] " N=7 SY =457 ;
1992 13 325 0 0.00 _,l/ - X =0 EXF=132 x2=28
1993 u- 600 | 1 | s | —] The straight line trend is given by
1994 2% 6.00 2 1200 | _— _
=5 Ir=2625 | EX=0 =22 | =" Since, 52X = 0, q= 2 2457 _¢s .29
The values of a and b with equation ¥=a + bX are ) N 7, =
I _26.25 : po ZXY 132
a==—=220 === =—"=471
225 s Ix? 28

N 5 .
b Y =§5~;9+ 4.71X; Origin = 1998; X unit=1 year.
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nd Values: s ofMeﬂSllri“g Trend:

Computation of Tre fl
__3 Y=6529+471(-3)=5116 - Meth
For1995, X=-3, '~ il E_ z; 553 p? [0) Frechand Curve Method (i) Method of §em;
For 1996, X==2, Y=69. : 87  Method of Movirig Averages () M S“'“‘-Av_erages
For 1997, X=— , Y= 65.29 +4.71 (- 1) =60.58 (iif) ethod of Least Square,
For 1958, X=0, Y=6529% 471 (0) =65.29 " inear Trend by Least S;
Forioos, X=1, Y=6529+471(1) =70.00 p 40 L Tmatht e
For2000, X=2, Y=6529% 471(2) =747 ions:
5 _ Normal Equations:
For2001, X=3, Y=6529+4710) 27942 e £¥=Na+bEX
(if) Annual increase in fertiliser consum?uon = b'= A'1.71 tonnes. SXY=aZX + bEX? .
(iil) Elimi of Trend Using Multiplicative Model Y XY
-0, thena=—— and b=—+
Var Y Trend (T) Elimination of Tyepg) if£x =0, thel N Tx?
Detrended va)
) =
1995 50 51.16 50 e i .
S11g ¥ 100=9773 B 5 Fitting of Quadratic Trend by Least Square Method:
| L Y=a+ 2
1996 56. 55.87 iX100=1qn,g ) a+bX+cX
55.87 Three Normal Equations:
1 - = 2
1997 60 60.58 sgossx'“”:m‘ XY = Na+ bEX + c£X?
: ZXY = aXX + bEX? + cTX?
15k 68 F8329) —6:829x100= s || XY =aXX? + bEX? + cix*
_ IFEX =0, 2X > =0, then
1999 70 7000 —;%x100= 10 2T ez
= _2‘“2 , a=
2000 75 74.71 71571 %100=10039 X N
' oo NZCY @)D
2001 78 79.42 79?%)(‘00= 9821 b N-IX* —(zx2)?
3 6. Fitting 3
g of Exponential Trend by Least Square Method:
Y=ab*
—IMORTANT FORMULAE \ ] Tw log Y=loga+ X logh
i 0 Normal Equations:
P> 1. Components of Time Series: : ;& a
. g 1 =N.
() Secular Trend or Trend - T (if) Seasonal Variations = s X ‘Oglyf Niloga+log b‘z:Xl
- . .. . ogY =
(i) Cyclical Variations — C (iv) Trregular Variations = 1 Itzy < e, 8Y = log aZX + log b2X
> 2. Models of Analysis of Time Series: 1 log a= —,—E log¥
10) A(()idmve Model: (i) Multiplicative Mode: ZXNl -
=T+ | =

> -
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/QUESTIONS

What is time series? Expla
What is time series? What is the need fo :
Explain briefly the components of time series. .
Distinguish between secular trend, seasor.\al vanfmons and cyclical ﬂucmmic“s
Explain the meaning and importance of (Iﬂ.le series. . 5
Explain briefly the additive and multiplicative models of time series. Which AL

185 Mgy,

. is more popular in pra
7. Explain briefly the various methods of determining a trend in a time series. Exp];
and demerits of each method. Plain mey
8. Compare the moving average and I
. Which method is better and why?
and cyclical fluctuations with suitable examples.

lysis to a businessman and an economist. Also stay th
2 e the

in any one method of measuring trend in a time ser;
. i . €
r analysis of time series? Ties,

ERL RPN S

ctice?

east square methods of measuring trend i
nd in a giyen o
€N time

serie:
9. Distinguish between seasonal

10. Explain the utility of time series anal
different components in a time series.

11. Define a time series. Explain the components of time series.

12. Explain the procedure of fitting linear trend, quadratic trend and exponential trend usi
least square method. "8

Or

Discuss least square method of fitting linear, quadratic and exponential trend.

13. What is time series? State its utility in business.

B

Time Series Analysis—IT
=

g |NTRODUCT'ON
rader, along with trend analysis, the knowled,
d e i ge about
el with its help he can, on the one hand, make short-term :la;;ais i
Jonthe other hand, he can immune himself from the effects of short. ng for his business activities

analysis of seasonal varla'tmns is very important. In this chapter, 'pe}"od _Variation& Therefore,
easuring seasonal variations. > we will discuss the methods of

o MEASUREMENT OF SEASONAL VARIATIONS -
The main methods of measuring seasonal variations are as follows:
(1) Method of Simple Averages =
(2) Method of Moving Average

_ (3)Ratio to Moving Average
(4) Ratio to Trend Method
(5) Link Relatives Method
Letus consider them in detail.

Forat
onal variations is also very

9 (1) Method of Simple Averages
This is the sim
: plest method of i iati
Stutions * measuring seasonal variations. This i i
Ty :e n'znd isassumed to be absent in the data. This method mvoxlr\:ztsht;‘: ;;I;:\;?nms:‘emse
. : S:
N data is arranged monthwise or quarterwise for different years. =

() The totals
of :
12014, the aver. each month or quarter for different years are obtained and then dividing th
) The averz; age of each month or quarter is computed N
. .

N ll(‘?) Takirig theggel:;:: monthly average or quarterly average is then computed.

" .

Ing the following fo rr:::el;a:e as base, seasonal indices for each month or quarter are computed

O w

) e monthly data is given:

e

2sonal Index for Jaii = Average of Jan.

i General Average
) -
Mal Index for Feb. = Average of Feb. N

General Average

seasona ind: )
al indices for other months can also be computed:

. 100
s'milarly
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(i) When quarterly data is

Seasonal Index for I Quarter

Seasonal Index for 1l

Similarly seasonal indices for 11 and IV quarters can also be computed,
1! g

The following

Example 1.

Solution:

Assuming that trend is
below:

What are the seasonal indices for various

Quarter =

examples illustrate the p

given:

_ Average of I Quarter %100
~ 7 General Average

Average of 11 Quarter %100
General Average

rocedure of this method: .

absent, determine if there is any seasonality in the data 4
iven

2nd Quarter _ E e
B e 3
36 - 5
33 po

quarters?

Computation of Seasonal Indices

Years Q1 Qz Q3 Q4
1982 37 4 33 35
1983 37 39 36 36
1984 40 43 33 31
Total 114 123 102 102
Average 38 41 34 34
4

Average of Average a3 34, 36.75

(Grand Average)

Seasonal Index = w %1

General Average
Seasonal Index for 1st Quarter = 363875 %100=103.40

Seasonal Index for 2nd Quarter =

Seasonal Index for 3rd Quarter =

Seasonal Index for 4th

ol x100=111.56
75

= x100=92.52
36.75

Quarter = 3
36

4
00=92.52
75 %1

b 4

is—1!
geries Analys
z 345
Compute the seasonal indices for the following tim
1 . - .
Eumpl’ simple averages: sttt by sing et .
Year | Jan- Feb. | Mar. | Apr.
fos1 | 15 | 16 | 18 ] 18
los2| 23 | 22 | 28 | 27
1983 | 25 25 35 36
Calculation of preg
lution’ — Seasonal Variation Ingex
§ Month Years m_m\
1981 1982 1983 Totals A::::lglz Seasonal Index
far 15 2 25| Ly ]
B HXIOD 70
Feb. 16 2 % TT ii:
— 30 x100=70
s i Ll Rl By o Y
— T X100=90
Apr. 18 27 = T
ﬁxlo():go
i 23 ]
ay 31 36 = = = =
Ju 23 Z5X100=100
ne 28 3 - - 27
—x100=90
July 20 2 =
30 72 % >
Ay, §X1W=BD
8. 28 28 ™ po E X
= x100=100
S 29 30
) 32 38 - 5 2
—x100=110
T 30
2 33 37 47 17 39 3_9X|m_ =
V 30
? 3 il 108
36 36
—x100=120
B %
. 38 W P = - .
—x100=150
- 30
~— Totals 360
Average of Monthly Averages = 360_3,
I (or General Average)

Seasonal Inqey = Monthly Average <100
General Average

21

Seasona] Index for Jan. = Average of Jan. cing a <I00=70
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M ime.
3 I
I 51077 1as 86 +6aq ERGISE 6.2 =
w ,_2‘, 4 Ex/' al fluctuations by the method of movin
—" 548 .d the season 8 averages from the following data:
B 141 {, Fin — g data:
L — 1126 -85 % 3 Ist Quarter 2nd Quarter 3rd Qu,
w9 S| % 1 — Y = e ST | 4th Quarter
—578 1983 74
146 426 | o fa
L — 1170 2547 ; 82 68 %
VI — | 198 62
— 1 | —= o 70 7 = =
—
,__,—;T 5 1195 149 -20 % [Ans. 6.25,1.375, -8.50,0.875)
T | Ny . Find the seasonal fluctuations by using the following data:
- _7;—-——" 1235 154 +81 % ] Year Ist Quarter 2nd Quarter
—TT e | L 1983 16.00 13.50
I pn | 19 92 | gy 1984 1590 1220
80 S| 67 L B~ 1985 16.30 11.90
| — 639 —
] 1345 168 +33 25435 1986 1710 1320
e T [Ans. 0.754,-333, 0,087, 2.4
—— 706
| = e o o — . = ~19.0625
Al 18 _ == 5 +68.4375 0 (3) Ratio to Moving Average Method
2 = = i} . :
wi o0 e This is the most popular method of measuring seasonal variations. It is based on the
s | Variations p N
Calculation of Seast;]na tuations) ltiplicative model of time series. The following steps are taken up under this method:
s uc 101 . .
from, shortterm Autumn M (1) Obtain the trend values by the moving averages method. If given data are quarterly, then
Years Summer Monsoon = 4quarterly moving averages are found out. As againstit, if given data are monthly, then 12-monthly
= — = ~11 Moving averages are computed.
50 +12 =14 _’ﬂ——‘ (?) A.ﬂel' this, using multiplicative model each figure relating to the time-periods of original
1 g ____L“/ dﬁl_ﬂ is divided by the corresponding trend value and the quotient is multiplied by 100 to get
1978 -73 +30 il felio-to-moving average:
-20 | : :
1979 -85 +26 R Ratio to Moving Average =% x 100 Where, O = Original Value
. +33° —
1980 92 = 21 ,‘ 5 T = Moving Average
-300 101 - Next, ari . 3 : i
fon _19.25 D lodiﬂlre:?t’ arithmetic averages are computed after arranging the ratio-to-moving averages related
Aveee = B2 875)| 68 25'('0';18575] 4)Al Periods in a separate table. '
—(-0.1 684 | : . |
Seasonal | 75 - (~0.1875) | 25.25 - (= 0.1875) | “1935_ 15.0625 o eragy Averages relating to ratio-to-moving averages are summed up and treated to get a genera
Variations =-74.8125 =+1254375 (S) F
inal], ; ¢ found b;
-75+25.25-19.25+68.25 te rollmvin yf, making the general average as base, the seasonal indices for quarters are Yy
General Average = ——4/ 8 formulg;
2075 ids Seasonal [pgjces < Quarterly Average %100
4 ' Thig Methoq General Average
€an be illustrateq with the following examples:
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50 Anal Sy o 5eries pnalysis=l
T =7 1im!
ine data, calculate seasonal indices by the Ratio to : § 2 . 351
Example 4. :Amtxl? t‘];e following da Mong Ave,a 3 Calculation of Seasona] Indi
ethod. g ices
m 11 Quarter 11 Quarter ‘ year 1 Quarter
1985
“ 1987
: : . Average
Solution Calculation of 1 Indices by Ratio-to-Moving Average Mgy, d S - ;e;:jices
0! : 04 eason:
Values 4 Quarterly 2 Period 4 Quarter], .
Year | Quarter o Moving [otay M“"i": y !1::"‘3 fo General Average = 106.2+96+97.8+99 3
Totals Centralized Average Av:v‘m \4 =99 825
ra -
(1) @ I6) @ Totals (O‘:‘BII'::M e xlzc; ‘ Calculation of Seasonal Indices:
) T & T i Seasonal Indices for
It - i 106.2
e — I I Quarter =
68 — B | x100=
1985 1 a =) ‘ 99.825 00=106.4
! 254 1 1 Quarter =—25_ 100~ 9.2
99.825 -
m 61 —— 505 63.125 9.6 97.8
: i III Quarter = x100=98
— 251 ; " . 99.825
\4 63 S 62.25 1012 _ 993
: ki o 1V Quarter = 5 25 X 100=995
2247 f i Example 5. Calculate seasonal i di .
7 - nal indices for each s
1.75 1053 v uarter fro.
18 ' @ g s { M to their moving averaZes: m the following percentages of
—247 § Yeap
] 58 492 61.50 943 i Quarters
[0 I o
—25 ' 1987 = o
50 1988 = o 2025
m 61 = 5493 61.625 T . 12812 9171 96.10 103.90
g | . = 112.33 100.35 78.13 97.88
v 61 __so | 62625 ?7 A St 105.26 103.50 =) —
- Eml < Calculation of Seasonal Indices
107: ear
1987 1 1 68 508 63.50 | 2, 2 0, 0,
—> 255 01 = = 85.71 9025
" 63 64.50 ! 128.12 91.71 96.10 103.90
w —— 516
| 11233 100.35 78.13 97.88
1 —261 ) | 105.26 103.50 — =
11 63 — — \/:/ 34571 295.56 259.94 292.03
N 67 x — = 7 11523 98.52 664 | 914 |
! 115.89 99.08 87.13 9789
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64+97.3 .
ral Average = wﬂ%sﬁ—g—“ = 397773 =99.43 o - ithmetic mean of each quarterly or monthly perigq it
3 s . al " g
Gene ) 5 e neral average is c_m;puted by summing up al] tpe ¥ 10-to-trend is compued,
Calculation of Seasonal Indices 3 ((hs Hereafter seasonal indices are computed by using the folll-:%veiireflaﬁng 10 the quarters or
=— = pe= Quarterly A g formula:
i uarter = x100=115.89 L Seasonal Index = =Y Average .
Seasonal Indices for1Q 99.43 R «
11 Quartr = 9852 . 100=99.08 tis method can be iHUStr:i.ted with the following example;
99.43 e 6. Find out seasonal index by ratio-to-trend method
86.64 100 L Year Ist Quarter 2 om the data given below:
=——X =87.13 nd Quart -
Il Quarter =0 - = = o
34 1988 34 =
IV Quarter =g %x100=97.89 1989 40 =
1990 54 p
EXERCISE 6.3 1991 30 P
1. Calculatethe seas.onal index for the data given below by Ratio-to-Moving Average Method, Solution: Firstd \;Jre ?:ve to }:ie;ennine the trend values for yearly data by fittin, -
——T o | i
Years Ist Quarter 2nd Quarter 3rd Quarter @ trend by the method of least squares. g a straight line
Year Yearly | Qu P
62 61 arterly | Deviati
:::? :i 58 56 : wasal AV(G;;IBe rﬁT x Trend
X) alues
1982 68 63 63 67 1987 140 35 2 - = (Yc)
1983 70 59 56 62 1988 180 45 ) s G| i:
1984 60 55 51 58 1989 200 50 o > 5 =
[Ans. 107.0,96.4,94.5, 1021 :::‘l’ 260 65 +1 e . .
2. Eliminate trend by moving average method: v 340 85 +2 +170 4 80
Year Ist Quarter Tind Quarter IlIrd Quarter m Z¥=280 | =X=0 | EXv=120 | mx?=p0
2001 4) 35 38 % The equation of the straight line trend is
2002 12 37 39 Y=a+bX
2003 41 35 38 Since, 2 =0,  q=2¥ ,_ ZX¥
[Ans. 98.7, 102.56, 106.66, 94.2675, 94.2675, 98.70, 10754 e
280 20
a=—== =
O (4) Ratio to Trend Method S i ol s Tk
: yariatio™ B |
Under this method, the following steps are taken up for the measurement of seasonal Bt 1987, s Y=56+12Xx
(1) Obtinthe trend valus season-vise (quartery) by the method of 1852y Other treng v, 2Y=56+12(-2)=56-24=32
" B;'. dividing the each value of original data (O) relating t all the pert valyes, Values can be found by adding the value of b in the preceding trend
corresponding trend value (), ratio-to-trend is computed. Symbolically, Yearln
. 0o ] arly increment = 5 = 12
Ratio to Trend = — x 100 Thug
T » Quarterly increment = B =3
4

A
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. Values: Consider 1987; Trend
. rterly Trend e Valug
Calculation of A S“:alfof'he 2nd and half of the}ﬁ:)rc; is 3de Quarterly '"cl‘eni::t'.‘h‘
middle quaner,lll;egfzﬂd quarter is 32- 3/_2, r.g.g 3 an| 20;- 3rd quargey L +Is 3
So the trend vad value for the 1st quarter is 30. _I s t.e.l,1 275 and of 4¢p quan]/?’
ie, 33.5. lTrefjls 5. We thus get quarterly trend values which are gjye, beiie erig
B Quarterly Trend Values -
2nd Quarter 3rd Quarter
The given values (O) are to be expressed as the p ges of the ponding
nd values.
W Quarterly Values as % of Trend Values
- Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter
o 131.1 107.5 S 931
1987 109.1
1224 109.9 507
1988 86.1 1 A
1989 71.7 106.4 i %
85.0 114.3 97.8 85.5
1990 .
1991 106.0 117.1 105.5 97.0
591.3 514.6 456
Total 4639
118.26 102.92 89.12
v . 102.92 89.12 100
Scasonal Indices | 278 159 | 11826409 225100 | oo™
100.77 100.77 100. o
=920 =117.4 =102.1
92.78+118.26+102.92+89.12 = 403.08 _ 100.77
General Average = ———44—— e
EXERCISE 6.4
1" Using ‘Ratio-to-Trend” method, determine the quarterly seasonal indices for
Year Ist Quarter 2nd Quarter 3rd Quarter
[ 1984 60 80 72
) 1 s 68 104 100
L 1986 80 116 108
1987 108 152 136 .
1988 160 184 172 210 8-

[Ans. 92.03, 117.33 :

[ is=1l
o SeriES Analyst )
im!
Link Relatives Method ‘
’ (5)' js another method of measuring the seasonal variations, The steps involved in th; thod
is . -
WS- )
o {Dclzcmate the link relatives of the seasonal figures - monthly or Quarterly. l-‘ur thi
(I)ing formula is used: ’ P
follow Current season’s figure

Link Relatives = Previous season’s ﬁgurex 100

@ Then the average of th.e liink[re!ativ'es for each month or .quarler is computed,
P The verag_e of ;?e link relatives are then converted inf
pllwing formula i USeC:
Chain Relatives = : .
Average of LR of the current season's figurex Chain Relatives of the previous season's figure
100
(4)The chain relative for thg Ist term is calculated on the basis of
Forthis, the following formula is used:
Chain Relatives of the Ist term =
Chain Relatives of the last seasonal’s figure x Average of LR of the 1st season
100
(5) Theoretically, chain relative of the first period should be 100 but sometime, due to the
influence of the trend, this can be more than or less than 100. The difference in this case be found out
by deducting 100 from the revised chain relative of the first term. This difference is divided by.the
mmber of periods and the quotient is multiplied by 1, 2, 3, etc. Values thus obtained are subtracted

fiom the chain relative of 2nd term, chain relative of the 3rd term and the chain relative of the 4th
term, ;

(6) Finally,
Benera| average

to chain relatives, For this, the

chain relatives of the last term,

arithmetic mean of the adjusted or corrected chain relatives is computed. By taking
as base, seasonal indices are computed by the following formula:

Corrected Chain Relstives
) General Average
::ls::ethod is illustrated by the following examples: ) '
+ Calculate seasonal indices from the following data by using link relatives method:

S I Indices =

x 100

3%

Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter
20 40 60 s
30 30 0 ~ | N
' 40 60 3
' 50 5

P
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Calculation of S al Indices by Link Relative Methoq 1 » Calculation of Seasonal Indices by Link Relative Me'th d \
- 1 on o
Solution: tQuarter | 2nd Quarter | 3rd Quarter m ol Year 2, o, e AR
Year 200 150 [ 1991 2 o, J
e | ———— a3 - 120 |
| ws |0 L ws T 1992 80 1 — ] m
| a4 150 50 ] 17 wo e
B ——— g — |
- 17 100 140 ] 1993 88 12 9
s | 4T 2043 *T
Total 1236 550 433 *26 1994 80 125 T
] %6 -
fLR. 95 83 e f———
oy 2 1375 TCEREN Bl rymt 12 L 120 - ‘
| - 2 .
Aversge 00x137.5 | B75x1183 | Termee Total of LR 31 608 —
Chain Relatives 10 100 T | Rl fLR. 8275 —=_ | |
] .  E—
=137.5 =162.7 =131;05 ] Average of 1216 1184 -
_—m— 100 137.5- 1575 1627-31.5 957113 Chain Relatives 100 121.6x100 121.6x118.4 143.97x88 | - |
Corected Chat =121.75 =1312 < rl 100 o | e |
Relatives 348.45 ] 1216 _ 00 100 |
Seasonal Indices 100x100 121.75%100 131.2x100 34845100 - ) & =126.69
175.35 175.35 175.35 17535 Aditsted Chaln 100 1216-121 | 14397-2x121 | 12669-3x121
=57.03 =69.43 =74.82 =1987 Relatives =12039 =141.55 12306 {
L | Indices 100 120.39 : |
41.2%395.7 . Heason X100 22089 o 141.55 123.06
Chain relative of the first quarter = —— == 163 | 1211352 " 121.25 125 ® 2125 <% ‘
=8247 =999 = = |
(on the basis of the last quarter) 116.74 =10L5 i

Example 8. Calculate seasonal indices by link relative method from the following datd:
o |

The difference between these chain relatives = 163 — 100 = 63
63
Difference per quarter = iy =15.75

Adjusted (or corrected) chain relatives are obtained by subtracting 1x1 5.7?, 2x15.75,
3x15.75 from the chain relatives of the 2nd, 3rd and 4th quarters respectively.
100+121.75+131.2+348.45 _ 17535

Average of corrected chain relatives = n

(or General Average)

Seasonal variation indices have been calculated as follows:
Corrected Chain Relative %100

Seasonal variation indices =
General Average

Link Relatives

Quarter/Year | 1991 1992 1993
1 — 80 88

1l 120 117 129

il 133 113 1l
v 83 89 923

In the above table, the correction factor has been calculated as follows:
Chain relative of the first quarter = 100

(on the basis of the first quarter) »

82.75x126.69

Chain relative of the first quarter =
100 .

(on the basis of the last quarter)

=104.84

The difference between these two chain relatives = 104.84 — 100 =4.84

Difference per quarter = 1L 121
4

?d‘li usted (or corrected) chain relatives are obtained by subtracting 1x1.208, 2x1.208,
X1.208 from the chain relatives of the 2nd, 3rd ahd 4th quarters respectively.
100412030+ 10155412806 _ o

Average of corrected chain relatives = 1

(or General Average)

Se: P ‘
#sonal indices have been calculated as follows:
SeaSOnal indices = Corrected Chain relative <100
General Average
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) ) Computation of De .
EXERCISE 65 d cal s,,]uﬁ”“' Quarter Sales (0) e
. lowing data and calculate s o s Se:
1. Apply method of link relatives to the following 2 €asonal lﬂdlces; (Rs. '000) “0(';11 )lndex Deseasonaliseq Value
L Quarterly Figures ) o
) Quarter I = 100)
1992 = i sy 1996 = % 108.26 40
p 60 54 68 72 e RS S - 08,26 100=36.95
6.6 - 2nd 35 — |
| 6.5 il 3 74 9207 - 5
78 8.4 93 7.5 92,07 X100=38.01
1 - L 3rd 38
8.7 73 6.4 85 n 96.98 18
= ‘Ans. 8 - ] 56,05 <100=39.18
d [d ns‘; 8.09,94.44, 113.05, 104 4th 40 P — |
" - i i P 2 4
2. Apply the method of link relatives to the follow\ng ata and obtain seasonal indices; 102059 x100=38.95
Link Relatives _\g
Year Ist Quarter 2nd Quarter 3rd Quarter dth Quarter EXERCISE 66
1987 — 120 133 8 —
lise the followi i .
1988 8 17 113 8 1. Descasonalise the following data with the help of the seasonal index given against:
1989 88 129 111 92 Month: Jan. Feb. Marchi Apri "y .
1990 80 125 115 96 Sales (Rs. '000): 360 400 550 360 o -
1991 83 17 120 B Seasonal Index: 120 80 10 % " -

[Ans. 82.5,99.4, 116, 1014]
|

O DESEASONALISATION OF DATA

There are two objectives of studying seasonal variations: (a) to -measure the
eliminate them from the given series. Elimination of the seasonal effects from the serie:
deseasonalisation of data. If multiplicative model is assumed, the following formula wi

deseasonalisation:

D lised value'=

"~ Seasonal Index
Example 9. Deseaonalise the following data with the help of the seasonal index g

x100

e them and (5) 0
s is termed
11 be used for

where, O = Time Series Data

jven against

Quarter:

Sales (Rs. '000):

Seaspnal lqde;:

Ist 2nd 3rd
40 35 38
108.26 92.07 96.98

[Ans. 300, 500, 500, 400, 500, 500]

2. Fi i i
Find the seasonal index from the following table by ratio to moving average method. Also

deseasonalize the data.

1983 1984 1985 1986 1987
40 42 41 45 44
35 37 35 36 38
38 39 38 36 38
40 38 42 41 42

[Ans. (i) 108.26, 92.07, 96.98, 102.69 (if) 36.95, 38.01, 39.18, 38.95; 38.80,

40.19, 40.21, 37.00; 37.87, 38.01, 39.13, 40.90;

41.57,39.10, 37.12, 39.93;
40.64, 4127, 39.18, 40.90]
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ICES
SES OF SEASONAL IND
= £ sales of a firm during 1996 are as under:
1 indices of 58 B e T
Example 10. The seasona e e
” July
“ Aug.
” Sept. -
“ Oct.
Nov.
b e
Ifthe firm is expecting total sales of Rs. 42,00,000 during 1996, estimate the saleg D
€
individual i f 1996.
ndividual in months o
‘he" d Monthly Sales = Average Monthly Sales X Seasonal Effect.
Sadeer BN Annual Sales _ 42,00,000 ~350000
Where, Average monthly sales = —T— AT X
Seasonal Index
and Seasonal Effect or S.E. = LT ;
On the basis of the above formulae, the estimates of the monthly sales are computed
as follows:
Estimation of Monthly Sales
Month Seasonal Index Seasonal Effect Estimated monthly sales
(S.E)
0,000 x 1.06.=3,71,000
January 106 % =1.06 3
5=3,67,500
I 1.05 3,50,000 X L.0:
N l:f 1.01 3.50,000x1.01 235350
March 1 " 50, s
Apl 104 1.04 3,50,000% 1.04= 3,64,000
: 350,000 X098= 343
May 98 098 ] e
0 X 0.
Lo 9% 0.96 3,50,00 i
L 0.93 3,50,000 x0.93 =
uly 93 X Doxo‘”:z'n,
August 89 0.89 3,50,0 = 3,22.000
3,50,000 X 0.9 =
September 9 092 2 o
October 102 1.02 3,50,000 X :‘06 - 3,1|,ixi’
November 106 1.06 3,50,000 % 1-0B o] )
[Novmber | 106 | .
December 108 1.08 3,50,000% 42'00.0(”
| December | [ s |
&I 12.00
| e

jes Anal sis—!
e
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The seasonal indices of the sale of garmengs ofa

Particu; i :
goamP®® ! given below: #rYpe ina certain shop are

[ Qe

Jan.—March
April—June

-_
N

If the total sales in the first quarter of a Year be worth Rs.

much worth of garments of this type should be ke,
meet the demand in each of the three quarters of thy

Oct.—Dec.

t 15,000, determine how
Pt in stock by the shop owner to
€ year.

Calculation of Estimated Stocks

sﬂmﬁon:
Quarters Seasonal Index Estimated value of stock
(in Rs.)
Jan.—March 97 15,000
April—June 85
P 15.000% 83 Rs 13,144
97
July—Sept. 83
1s,ooox§=ns. 12,835
Oct.—Dec.
a ey 183 15,000% 123 _ps 20876
97
Aliter: The deseaonalised sale for the first quarter is given by
Observed Value 15000
S= =——=15463.9175
Seasonal Effect  0.97
On the basis of this deseasonalised sale of the Ist quarter, the stocks of the remaining
three quarters will be computed as under:
Quarter Seasonal Index | Seasonal Effect (S.E.) Estimated value of stock
1 85 0.85 15463.9175 % 0.85 = 13,144 app.
I 83 0.83 15463.9175 x 0.83 = 12,835 app.
v 135 135 15463.9175 x 1.35 = 20,876
B 15, Giv ]
ind'en the following ratio of observed to trend values (%), calculate the seasonal
Ices, 1

I the annual sales for 1991 are expected to be Rs. 2000 lakh, what are the

likely sales for the individual quarters.
Q, % &
- 5 110
104 0 =
95 2 ot
110 100 120




2

te the given percen
Comp!

Ist Quarter

Solution:  We rewr

Quarterly Average

2nd Quarter
| 2nd Quavter |

o0 95
101 104
100 95
115 110
| - A0 ]

Ti

101

3rd Quarter

Me Serieg
Anag,
~yy

age to the trend in the following form,
tation of Seasonal Indices
sl

=2 ]
i 9 100-99 | 2 x100= 2 x100= 110
99+101+90+110 _ 100
General Average =————4——— =
Expected annual sales for 1991 is 2,000 lakh.
AnnualSales _ 2,000 _ 500
Expected quarterly sales = ——4—— i
The of the quarterly sales are computed as
Quarters S.L Expected Sales
& 99 500 % 22 = Rs. 495 lakh
100
& 101 500 x 10 _Rs. 505 lakh
100
% 2 500 x 22 = Rs. 450 lakh
100
[ 110

500 x 110 Rs. 550 lakh
100

Example 13. Calculate the seasonal index number éom the following data:

Ratios of Observed to Trend Values%

Year/Quarter 1 it m
1999 108 130 107

2000 86 120 110

2001 ) 118 104

2002 78 100 94

2003 8 1o 98

| 2004 | 106 118 105

If the sales of a good X by a firm in the first quarter of 2005 is

determine how much worth of the good should be kept in stock

demand in each of the remaining three quarters of 2005 by usi

numbers calculated aboye,

by meﬁrﬂ‘
ng the S

worth RS :3;( e

00=119

o

to

onal ink

garies A2l sis-ll
it 363
: Calculation of Séasonal Index by Ratiy o
o™ Year It Quarter | Tind Quargy |- Method
1999 108 130
2000 86 120
2001 92 118
2002 78 100
2003 82! 110
2004 106 118
Total 552 696
Average/S.1. 92 116

Total of averages 92 + 116 + 103 + 89 =400, Since,
required. The actual sales in the first quarter is worth

the total is 400, no adj i
, ljustment is
Rs. 92,000, So, the sales without

considering the seasonal, effect, i.e., deseasonalised sales will be
92,000x100 Lo
02 ,00,000
Quarter Deseasonalised sales | Seasonal index Estimated stock
ocl
)i 1,00,000 116 ' 116
1,00,000 x —=
*Jop = b16.000 \
m 1,00,000 103
00, 103
1,00,000 x —=1
x 0 ,03,000
v 1,00,000 89 1,00,000 %22 - 89,00
100

Exampl i
Ple 14. The trend equation for quarterly sales of a firm is estimated to be as follows:

F= 3 ;

qua§:+2§, wherc? Y is sales per quarter in millions of rupees, the unit of X is one

o an, fhe origin is the middle of the first quarter (Jan.-March) of 2001. The
onal indices of sales for the four quarters are as follows:

Quarter:

m
85

Seas, indices :
onal indices : 120 105 90

Soluﬁu": ?tlmate the acutal sales for each quarter of 2006.
st quarter of 2001 is the origin
X= 0 in the first quarter of 2001
X =20 in the first quarter of 2006
X =21 in the second quarter of 2006
X=22 in the third quarter of 2006
X =23 in the fourth quarter of 2006

A
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Ye Seasonal
index

2006
Quarter 20+2%20=60
20+2x21=62
20+2x22=64

20+2%23=66

1 indices of the sales of garments of a particular type in a certain shop
e

Example 15. The seasonal
given below:
111 e ‘
83
Seasonal index: -

If the total sales in the first quarter of a year.be worth Rs. 15,000 and saje %
expected to rise by 4% in each quarter, determine how much worth of garments of
this type be kept in stock by the shopowner to meet the demand for each of the three

quarters of the year.
Computation of Stock

Quarter Expected sales Seasonal index Estimated stock
15,000x97
I 15,000 o7 =20 185
0 550 |
I 15000x104 _ 15 g 85 15,600x85 _ 13960
00°
m 15.600X104 0oy 83 1622483 _ 1, 466
100
v 16224104 _ oo 135 16873135 _ 39 779
= 10 § L 100 |

- o i arter
Note: Since, sales are expected to rise by 4% in each quarter, the expected sales of previous qu

will become the base for calculating sales of the next quarter.

EXERCISE 6.7
1

—_—

A company estimates its sales for a particular year to be Rs. 36,00,0
for sales are as follows: 3

dices

00. The seasonal if

Month Seasonal Index Month
January 80 July
February 90 August
March 95 September
April 130 October
May 140 ‘November
June 120 December

' lysis=Il -
ries. An2
s : 365

Jsing this information:
there is N° trend.)

arterly seasonal indices of the sales of 5 po
in Delhi are given below:

1
130

,3.00, 3.15,3.00, 330,2.10, 1.80 lakhs]

- Pular brang of colour television of 2

i company

Quarter

11
90

Ifthe total sales for the first quarter of 1997 is Rs, 6,5t

. 0,000, estim;
kept in store to meet the demand in other quarters. Assume :;Z:hﬂe]:vo
E e

[Ans. 4,50,000; 3,759

1
75

v
105

Seasonal index

rth of television

be £
o is 1o trend.

3. The seasonal indices of the sale of garments of a particulartype ina iy ::l:nc:] 5,]25,000]
g n below:
Seasonal index 98 89 “

If the total sales for the first quarter of a year be worth Rs. 10 000, find h
garments of this type should be kept in stock to meetthe demand in acl; alfuthe r::l:nl:: :u::tther: .
[Ans. Garments to be kept (in Rs.): IInd Quarter : 9031.63"
' TiIrd Quarter: 8469.39; IV Quarter: 1326530,]
4. Calculate seasonal index number from the following data of sales of goods X:

Year 1 )i m v
2001 108 130 107 9
2002 86 120 110 o
2003 92 118 104 8
2004 78 100 o4 78
2005 82 110 o8 36
2006 106 118 105 98

if:;{:’so‘;f goods X in the first quarter 0f 2007 are worth Rs. 20,000, determine how much
e goods should be kept in stock by the firm to meet the demand in each of the
aining three quarters of 2007 by using the | index numb Iculated above.
[Ans. 25217.39, 22391.30, 19347.82]
quarterly sales (in Rs. lakh) of a certain commodity for the year 1994-95, the
ulations were made:

5. Onthe basis of.
following calci

M Seasonal Variations -
1 1L m N
Yo 80 % 120 mw__ |
=20+ o
Xunjt= g;.iXW“h origin : Ist quarter of 1994
Estimqe u Quarter ; 'Y = Quarterly sales (Rs. lakhs) P
Auarterly sales for each of the four quarters of 1995, using the it nf1(l,9;5'
: for the four quarters o)
[Ans. Estimated quarterly sales for 75 85 respectively]

(in Rs. lakh) are 17.60, 20.25, 27.60,
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bserved values to trend values (%), calculate th
e seaso

6. Given the following ratio of 0

index:

Quarter IIT

|
o]
s |

for 1991 are expected tol

If the annual sales be Rs. 20,000 lakh, what are the likely g for

individe quarters?
the individe q [Ans, 10238, 97.62,90.48, 109.52, 5119, 485.1, 457, 5 g

s

IMPORTANT POINTS

easonal Variations/Seasonal Indices:

—l

> Methods of Measuring S
(1) Simple Averages Method

(2) Moving Averages Method

(3) Ratio to Moving Average Method
(4) Ratio to Trend Method

(5) Link Relatives Method

QUESTIONS

e ———
1. What is a seasonal index? Explain the different methods of estimating it.
d method of measuring seas

2. Discuss the ratio-to moving average and the ratio-to tren: o
variations. Compare the two methods.
3. dExplain any method of estimating the seasonal index for
ata,
4. Describe, step by step, the moving average method of deters
5. Explain briefly the various methods of isolating seasonal fluctuations in ti g
6. What are seasonal variations? How would you construct a seasonal index using ratio

method? What are the uses and limitations of seasonal indic‘eid/

a time series based on quanerlY

mining seasonal index-
me series:

> -

totrend”

| o (.@ has 52 possible outcomes.
glts ‘\—————

Th
| il

4 NTRODUCTION z

to-day_life, we%’
I""""dal"c"":’boutthe meaning of probability. For example, ive‘ But generally people have no

jte idea 2 ¢ i often h 4
g;gbability it may rain today”; “it is likely that the particular teacher maye::; croti( g l:tsl:is m‘(le,
ing his

. sthere is a chance that the particular stude; ot ity
At-may. Stand int

doss 00 possible tha the parti o
cqmination”; “it is possible that the particular Companyawm#ww
i most probably Tshall be returning withira week”; “it is possible that he ma polndirs
jinkis duty”. In all the above the terms - possible, probably, likely chanz'en:::e ::le to
’ 3 » CIC., convey

fhesame meaning, i.e., the events are not certain to take Plac: In other words, there is involved
3 ved an
nty is provided

dement of uncertainty or chance in all these cases. A numerical measure of uncertai
ory is to provide a measure of uncertainty.

bythetheory of robability. The aim.ofthe probabilify the
Thetheory oﬁ%a ability owes its origin to the study of games of ch: ==L O uncerainty

e ol 2 7 anct q
(i, dice, etc. But in modern times, it has great importarice is decisi:,l,“: ai?:lge: :: &aer‘:ss, tossing

0 SOME BASIC CONCEPTS

Before we give definition of the word probability, it i
Mo b bl 5: ability, it is necessary to define the following basic

—

When w i in so
S e cr(mduct a trial to obtain some statistical information,-it-is.called.an experiment.
s 7 . s T . X
v i) Tossing of a fair coin is an experiment and it has two possible outcomes: Head

(H) or Tail (T).

(i) Rolling a fair die i i
ie is an experiment and it has six possible outcomes: appearance
of lor2or3 or4orS or §on the upper most face of a die.

(iii) Drawi /
rawing a card from a well shuffledpack of playing cards is an experiment and it
N

©possible
Oute, 5
Iy leters : Omes of a trial/experiment are called events. Events are generally denoted by

Uplgg, e R E. e e S

9 (1) An Experiment

) Ia fair ais &
@i 4ir coin is tossed, the outcomes - head or tail are called events.

) Ifa fair gie ;
eV:::r die s rolled, the outcomes 1 or2 or 3 or 4 or § or 6 appearing up are called
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o (3 Exhaustive Events

ber of possible out
the possible outcomes O
xhaustive events- )
Incaseof tossing a die,
exhaustive events: )
sing a coin,

comes of 8 trial{experiment are called exhaustjye eve
The total num £ an experiment are taken into COnSldel’aﬁqn’ 'hen's' I
other words, if all T

events are called & the set of six possible outcomes, i.e., 1,23 4 :
> % Sandg
Examples: () re

(i) In case of 05 the set of two outcomes, ke, H and T are ey
i) In ve

events. .
. i t of possible outcomes =
(iii) In case of tossing of two dice, the set of p are 6 x 6=3¢ Which
are given below:

o (4) Equally-Likely Events

The events are said to be equal
same. In other words, events are sal
the others.
Examples:

ally-likely if the chance of happening of each event is equal or

(¢) If a fair coin is tossed, the events H and T are equally-likely events. '

(i7) Ifadieisrolled, any face is as likely to come up as any other fac.e. Hence,n tzes\x
outcomes - 1 or 2 or 3 or 4 or 5 or 6 appearing up are equally likely events

0 (5) Mutually Exclusive Events

/ f usly in 8
Two events are said to be mutually exclusive when they cannot happen st

d to be equally likely when one does not occur more often than

pening ofone |

single trial. In other words, two events are said to be mutually exclusive when the hap]

excludes the happening of the other in a single trial. . becaus? poth

Example: (i) In tossing a coin, the events Head and Tail are mutually exclusiVeor tail 0ceU,
cdnnot happen simultaneously in a single trial. Either head occugs excludes 3
Both cannot occur simultaneously. The happening of hea |
possibility of happening of tail. B ﬂ‘:

(i) Intossing a die, the events 1,2, 3, 4, 5 and 6 are mutua\ll)’.‘”“c]f amber ! e

the six events cannot happen simultaneously in a single tria:
up, all the other five (i.c., 2, 3, 4, 5, or 6) cannot turn Up-
O (6) Complementary Events iBis called W
Let there be two events A and B. A is called the complementary e"e"t. s
complementary event of A if A and B are mutually exclusive and exhaustive:

o2l 369
@In tossing a coin, occurrence of head (H)andt;

les: 2 i
E,ng @if) In tossing a die, occurrence of an even numb,
are complementary events.

:l (Mare éomplementary events.
2,4, 6)and odq number (1,3, 5)

ple and Compound Events

sim|
ol . nts, we consider the probabil;
¢ simple events, probability of happeni =
[ncase © INg or not happenin i
g of single
events: ie is rolled once and A be th
. Ifadieisro € the event that fac 3
pnP!®  lled a simple event. .  number  is tumed up, then A is
In case of compound events, we consider the joint occurrences of two
o 3 e g or
— If two coins are tossed sunultaneo_usly and we shall be finding th, more ?\(ents.
" getting two heads, then we are dealing with compo & the probability of

und events,
o (8 Independent Events

Twoevents are said to be independent if the occurence of one does n
by the occurence of the other.

(i) In tossing a die twice, the event of getting 4 in the 2nd
getting 5 in the first throw.

ot affect and is not affected

Example: throw is inde’penacnt of

(if) In tossing a coin twice, the event of getting a head j i
independent of getting head in the lstthrgw. Ao o i
0 (9) Dependent Events

Twoevents are said to be depend
waurence of the other events.
Euample:

when the

of one does affect the probability of the

(i) If a card is drawn. from a pack.of 52 playing cards and is not replaced, this will
affect the probability of the second card being drawn.

(i) The probability of drawing a king from a pack of 52 cards is 5;42 or % Butifthe

card dra;vn (king) is not replaced in the pack, the probability of drawing againa
king is =, g
51
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T::INmon OF PROBABILITY
prObability is defined j
i
lcal o Mathematica] Definition

Mpirjc, 2

O Sy .al or Relative Frequency Definition
| P Approach,

asaical
ki g °F Mathematical Definition '
Mgy © oldegt g 5 ition is based on the

that g, out simplest definition of probability. This definition is based Jusiv

€omes or results of an experiment are equally likely and mutually exclusive.

n the following three different ways:

o



Y

" Uty
i tio of the favourable cases to ¢,

) bability is the raf i e

According to Lﬂl’hf,e’]::)::mis definition, it is clear that in ?rder to caloulate the Pm‘:a.k:l'“'nh“ Y

equally likely cases™- £ favourable cases and it is to be divided by ¢ i

beo by the toga) ¥ Oy
event, \;e hav:l;z It:;n;if Tz:gu;ntai ns 6 green and 4 red balls, then the probability of ;:i“““’he'or
cases. For ex: s

fballs are 10 and the Za

ball will be 6/4 +6=6/10 because the total number 0 Nnumber g Fiieas ha“sg;:;n ]

Symbolically, Number of Favourable Cases m

e ——=—

PA)=P= Total Number of Equally Likely Cases p
bability of occurrence of an event A

Where, P(A) = Prol
— Number of favourable cases

” .
n  =Total number of equally likely cases
Similarly, i
e LY
P(A)=g=1-P(4) . (
Where, P (4 )= g =Probability of non-occurrence of an event A. .

o Gy bability of happening of
bove definition, it is clear that the sum of the prol nappening of an evert
» e};r:‘;:; cl;:s a(pl; and the probability of non-happening of an event called failure (g) is always one
(1), e, p+g=1.1fpis known, we can find g and if g is known, then we can find p. In practice, tie
va{ué t:fp lies between 0 and 1, i.e.,0< p<1 To quote Prof. Morrison, “If an event can happenin

m ways and fail to happen in n ways, then probability of happening is mnd that of its |

failure to happen is ”
m+n
» Limi of Classical D\

Following are the main limitations of classical definition of probability:

(1) If the various outcomes of the random experiment are not equal]y-likely, th
the probability of the event using classical definition. .

(2) The classical definiition also fails when the total number of cases are infinite.

(3) If the actual value of N is not known, then the classical definition fails.

en we cannot find

© (2) Empirical or Relative Frequency Definition

. imens
This definition of probability is not based on logic but past experienc® ﬂ"::!:sxgg oft ﬁ
present conditions. If vital statistics gives the data that out of 100 newly born badt “; xter ',{
girls, then the probability of the girl birth will be 55/100 or 55%. Accf"‘.i'"rgni«e sequent® |
Cowden, “Probability is the limit of the relative frquency of success In “‘1 'o",, indepeng,q
trials”. To quote Kenny and Keeping, “If event has occured r times in t_i ser'le:elﬂ'iw “f b
trials, all are made under the same identical conditions, the ratio rinis ﬂlfle occw et ¢
of the event. The limit of r/n as n tends to infinity is the probnbi“ty _0“
event”,

"
b 3N

ggrbotically

camples if a coin is tossed 100 times and the heads tumm up 55 ¢

For € T
ofhead will be]—0—0-=0.55. Similarly,

imes, then the relative
i s and if the head turns
the relative frequency will be — = ‘

1000 0.495. In 10,000 tosses, the heaq

Muenc}’ ifacoin is tossed 1000 tip,
pdos times,ther
en the relative frequency will be 0.5085. Thus as we

5:1': :“f’ﬂdeﬂcy that the relative frequency of head would
7 1 .
:Ilusuate the idea:

turns up

goon increasing the numb,
approach to 0.50, The fo:?o;r

of trials,
ing figure

Probability

0 s 100 150 200 250 300
Number of Trials (n)

350 400 40

From the above figure, it is clear that as the number of trials increases, the probability of head

tends to approach 0.5 and when the numbser of trials is infinite, i.e., n — o, th ili i
head is equal to 0.5. DL e it

0 (3) Subjective Approach

cyid:‘:::fvfﬁ tl‘:lthls approach, probability to an event is assigned by an individual on the basis of
Onfdenc tha: e to. him. .He?c.e probablhty.xs interpreted as a measure of degree of belief or
teis that diffea particular md\Vld!fal reposes in the occurrence of an event. But the main problem
Ml rent persons may differ in their degree of confidence even when same evidence is

" '
IMPORTANCE OF PROBABILITY

The ¢ -
s cory of Probability has its origin in the games of chance related to gambling such as

ruluurg ?r:::’ :)gsmg a °°if" drawing a card from a deck of 52 cards and drawing a ball of a particular
Emmerce and o) But.m modern times, it is widely used in the field of statistics, economics,
o ce Ofp:‘c)';lall-: nces that involve making p ions in the face of uncertainty. The
1 Pmbab‘[‘ a.hlhty 1s clear from the following points: )
‘ﬂlqmm ersl 24 us_ed in making economic decision in situations of risk and uncertainty by
)Pmbabi,]ipmfiucmn managers, etc. ; ] N
v, foug ks used in theoq’: Ofgames Which is further used in managerial declsxons.. }
Sampling tests like Z-test, t-test and F-test are based on the theory of probability.
i h i




Y

a2 Lrobay,

i companies because Ii
(4) Probability is the backbone of insurance comp; ¢ life tables are
theory of probability.

Thus, probability is of immense

g PROBABILITY SCALE )
& of an event always lies between O and 1, i.e., 0 <p <1.Ifhe e

"The probability \ betwee : : L
placZ;hi.ee‘.’, impossible event, then its pro-bablllty W_l“ be zero, i.e., P(E) =0 and if the e‘,e::?““ltakt
occur, then its prohability will be one, i.e., P (E)=1 s“fle(n
. o0 Calculation of Probability of an Event
The following steps are to be followed while calculating the probability of an evens

on |
utility in various fields. the

(1) Find the total number of equally likely cases, i.e., n

(2) Obtain the number of favourable cases to the event, i.e., m

(3) Divide the number of favourable cases to the event (m) by the total number Ofeq"a")’”ke[' |
cases (n). This will give the probability of an event. -

Symbolically,

Probability of occurrence of an event Eis:
N Number of favourable cases to E m

FE)= Total number of equally likely cases n

Similarly, Probability of non-occurrence of event E is:
P(E)=1-P(E)
The following examples will illustrate the procedure:
Example 1. Find the probability of getting a head in a tossing of a coin.
When a coin is tossed, there are two possible outcomes - Head or Tail. o

Solution:
Total number of equally likely cases =n=2
Number of cases favourable to H=m =1
m_1
PH)====
(H) 5 ) .7
Example 2. What is the probability of getting an even number in a throw of an unbiased di
Solution: When a die is tossed, there are 6 equally likely cases, i.e., 1,2,3,4 5,6
Total number of equally likely-cases=rn =6
Number of cases favourable to even points (2, 4,6) =m= 3
P_mhability of getting an even number = % = %
. 2
Example3. What is the probability of getting a king in a draw from 2 pack of cards?
Solution: Number of exhaustive cases=n=52

There are 4 king cards in an ordinary pack.

.

p mbabi"

P mple 4.

golution

grample 5.

Solution:

Example 6.

Solution:

Ehmllle "
ltig,

373

Number of favourable cases = ,,, < 4
Probability of getting a king = 4 =4
52 13

From abag cont.:iix_ling 5red and 4 black bal|s
probability that it is a red ball? )

Total No. of ballsin the bag=5+4=9
No. of red balls in the bag = 5

Aballis drawn atrandom. What isthe

Probability of getting a red ball = >
9

tains 5 blacl i :
kﬁa:;gb:ﬁ?(ﬁ) s 3 blac kb :ll;;l 10 white balls.VWhat is the
Total number of balls =5 +10=15
(i) P (black ball) _ No. of black balls =i 1
Total No. of balls 15 3
No. of white balls 10 2
Total No. ofballs 15 3
t[:eac]l:pa:irgs, (t)l;ere are 10 prizes and 90 blanks. If a person holds one ticket, what are N
(i) getting a prize
(ii) not getting a prize
Total No. of tickets = 10 + 90 = 100
() Probability of getting a prize:
No. of prizes = 10
No. of favourable cases =10
Total No. of cases = 100

probability ef drawiné ()a

(i) P (white ball) =

. s 10 1
_ Required Probability = T 0.1
(i) The probability of not getting a prize:
No. of Blanks =90
+ Number of favourable cases =90

Total Number of cases = 100
Required Probability = % =09
]:Vhat is the probability of getting a number greater than 4 with an ordinary die?
\ Umber greater than 4 in adie are 5 and 6. -

Number of favourable cases =2
Total number o cases =6



