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Estimators for Finite Population Variance Using Mean
and Variance of Auxiliary Variable
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Abstract For estimating finite population variance using information on single auxiliary variable in the form of mean and
variance both, the Ratio-Product-Difference (RPD) type estimators are proposed. The generalized cases of these estimators
leading to the classes of estimators are also proposed. The bias and mean square error (MSE) of the proposed estimators are
found. Theoretical comparisons with the traditional estimator are supported by a numerical example. By this comparison it is
shown that the proposed estimators are more efficient than the traditional one.
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1. Introduction

In sampling theory, auxiliary information is used widely at
both the stages of selection and estimation. At the estimation
stage, auxiliary information is used by formulating various
types of estimators of different population parameters with a
view of getting increased efficiency and are available in
plenty in the literature.

LetU=(1,2,..., N)be afinite population of N units with

Y being the study variable taking the value Y; for the unit i

of U and X being the auxiliary variable taking the value X,
for the unit i of the population, i=1,2, ..., N.

(1 N
Let Y (= WZYij be the population of mean of Y and
=

N
X[:iz X-J be the population mean of X. Also, let
i=1

N
¢ _ 1 (Vi —V)Z .52 =i2(xi —X)z and

N-13 N-13

1N —\r —\S
Hrs :_Z(Yi _Y) (Xi B X)
N i=1
For a simple random sample of size n drawn from U with
the sample observations Y,,Y,,..., Yy, on y and X,

o1 o 13
Xy, ..., X onX, let y=EZyi and X ==>"x; be

i1 nis
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the sample means of y- values and x- values respectively.

2. The Suggested Estimators

We know that the finite population variance O'Y2 of the
study variable is

1 N _ _ 1N
oy’ = 2N VP = 9 Y2 where 0==-3 Y% (2.1)
= =1

. . 2
From (2.1) it is natural to get an estimator of Oy  if we

N _
replace 6= iZYiZ and Y? by their some estimators. In
i=1

N —
particular if Q:EZYiZ is estimated by ¢ and YZis
NiZ
Iva V2 2 2
estimated by yz{1+ kl(x)?_ X)H1+ kZ(Sx -5, )} . We

S 2

X

get the estimator of o-Y2 as follows

d, =6- 72{1+ kl();_ )?)Hu kZ(SXSZ _3*2)} 2.2)

2
X

and its generalized estimator as

dyy =0-y°f(u,v) (2.3)
X s.? L
— X and f (u, v) satisfying the

X
validity conditions of Taylor’s series expansion is a bounded
function of (u, v) such that f(1, 1) = 1.

where U =
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N ) o
Also if gziZYiz is estimated by @ 1+LX)
N X

i=1
2
S, )} we get

2
and Y 2is estimated by 72{14_1(4(5;

2
X

. 2
another estimator of o,  as follows

o k(xX=X)| of, ks =S
d, =61+ 320 g2l 240 Sx JL (2.4)
’ { X } y{ sz
and its generalized estimator as

d,, ~01(0)- 590

S

(2.5)

where U=— and v =

X|| >

, f(u) and g (v) both are

bounded functions in u and v respectively such that f(1) =
latthepointu=1and g(l) =1 atthe pointv =1 and both

are satisfying the regularity conditions for the validity of
Taylor’s series expansion having first two derivatives with
respect to u and v respectively to be bounded.

3. Bias and Mean Squared Error of
Suggested Estimators

(a) Bias and Mean Square Error of Suggested Estimator

d

_ - — 2
Let Y=Y +€,, X=X+e, S,

é=9+%,
For simplicity, it is assumed that the population size N is

large enough as compared to the sample size n so that finite
population correction terms may be ignored. Now

= Uy, +€, and

Kk, (x

st

=(0+e,)—(Y +g,)? (1+ k)flj(LL k. eZJ

Hoz

k,e, ke

and
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E(e,) =E(e,) =E(e,) =E(e;) =0
E( o )__SZ lu20
n
E(el )——52 Hoo
n
E(e,e,) = — pS s, =4
E(e,’) = “fj (B, -1)
E(ee,) = 2
n
E(elez)Z&
n

E(e,))==
E(eoes):

E(e.e,)

E(ezes) =

(/140 + 4Y,U30 +4Y? Moo — ﬂzoz)

]_ _

H (t30 +2Y 11,)
1 _

= H(ﬂzl +2Y ;)

1 _
H(ﬂzz +2Y 1y, = Hoy )

3.1)

3.2)

(3.3)

Let us consider the proposed estimator d1 defined in

(2.2)

ki K€€,

:(9+e3)—(\72+e02+2\7e0)[1+ 272 11
Hoz X
k.k,Y ’ee,

kY2, kY,

= (O+e,)-Y2 -2l "2 Sl = Tl —e,?

Hoo X Xy,

:[ 1 %Yiz _y? kY2 kY%,
N i=1 Hoz

or

Xy,

- 2Ye, —

2k,Ye,e,

AACKS

Ho

2k Yeoe 2k Yege,

X

_kk,Y ’ere,

J'i'eg—ZY_eO—T—— _eO —

X

Hoz

Kuoz
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kY%, kY% » 2kYee, 2k,Yee, kk,Yepe,

(d,-ol)=¢,-2¥g, - L —"L--2 2 ¢ " - —21202_ —— (3.4)
' ! ? ’ X Hoz ’ X Hoz 7
Taking expectation on both sides of (3.4), the bias in d, (= E(d,) —03) to the order (E] is given by
n
Bias (d,)= E(d,) -0y —E(e,) - 2VE(e, e)- K Ee,) - EGe,?)
02
2k Y Y 72
E( 0 2)_ E(elez)
02 /Uoz
Using values of the expectations given from (3.1) to (3.3), we have
Bias (d,) = f20 2KV sy 2KV phy  KikoY" g (35)
n X n Hp N Xily, N

Now squaring (3.4) on both sides and then taking expectation, the mean square error of d, (= E(d,)—o¢)? to the first
degree of approximation is given by
_ _ _ _ — 2
Ed 0,7 = E[63 ove, Ve KVl o 2cVee Ve, Kk zelezj
X Koy X Ho, Xtop

2Y4
Hoz
2k,Y ? Y3 Y? Y ¢
——2 —E(e,e,) + 4k Y E(e.e 1)+4k2Y E(e0e2)+2kii

Ho2 02 Hoz

—E(e )+4Y ’E(e, )+k

E(e,")+

E(e.e,)

254
= 1(,1140 + 4Y_/130 + 4Y_2,U20 - /1202) +4Y? Foo _ 4Y_£(:“30 + 2Y_1u20) + kl)?Yz Hoz
n n n

2k, Y?1
_(/Jzz + 2Y/v‘12 HozHag)

K,2Y 4 115, 2kY 1
+ 2—2lui(/32 _1) (,U21 + 2Y/ull)

Hoo n Ho

X n Hp N Xy N
or

1 on kKA, kY 2kY? p,, 2kY? u
MSE (d.) = = (u, — LRV He K _q)_ 2 Ha Kol Hay
1 n(/l4o ,uzo) X2 1 n (:Bz ) X n Ly N

74
sov e, Han, 2KikeY T o (3:6)

n Xy, N

For minimizing (3.6) in two unknowns k1 and k2 , the two normal equations after differentiating (3.6) partially with

respect to K, and K., are

v 4
2Y _/,;02 kl 2Y ,U21 2Y Hoz k =0 (37)
nX nX nXNoz
4 T 2 v/ 2
(8,1, +(ZY o 2 uzzJ 2V s g (38)
n n NiLg, Xty

Solving (3.7) and (3.8) for kl and k2 , We get the minimizing optimum values to be
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[2Y_4 (ﬂz _1)j(_ 2Y_2,U21 J _ [ 2Y_2,U20 _ 2Y_2/122 J( 2Y_4,Uo3 j
(= n \ nx _ n _n,uoz 2 NX L4, (3.9)
[ZY Z_ﬂoz )( 27" (ﬁz _1) _ ( 2Y_4,U03 J
nXx* n NX ko,
( 2Y_4_/Uoz J[ 2Y_2,Uzo _ 2Y_2/422 j | = 2Y_iy21 J( ZY__A.UOS J
%= nx? n Ny, nXx : NX o, (3.10)
( 2Y_4_/“02 ]( 2v* (ﬂz _1) _ ( 2Y__4/103 )
nXx* n ) 977%

which when substituted in (3.6) gives the minimum value of mean square error of the estimator d1 as

2
24y oy ( ﬂzzJ (ﬂz _1)/1212 Hoz ( ﬂzzJ
- ﬂzo_i - - ﬂzo_i

Nity, Hop n n Hoz

MSE( dl)min:%(ym ) { 3.11)

(b) Bias and Mean Square Error of Suggested Estimator d1g

For f, and f, being the first order partial derivatives of f (u,v) with respect to u and v respectively at the point (1,1), that

is
0 = 0 -
(f(uy)) =fiand | — f(u,v) =f,
6U (1,1) 8V (1'1)

expanding f (U ) V) in (2.3) in third order Taylor’s series about point (1, 1), we have

A

d, =0- [f(11)+(u Hf,+(v-)f,+= {(u D)% f, + (V=1 f, +2u—-1)(v-1)f,}

1 o o1
+3!{(u_1)au+(v_l)8v} f(u :V*)}

where f; and f, are already defined,; fy4, f,, and f;, are the second order partial derivatives given by

2 2 2
fll:(azf(u,V)J ,f22=(a—2f(u,v)] o= ( 0 J
ou ) ov w1) ouov w1

and
u*=1+h(u-1),v*=1+h(v-1),0<h<1l.
or
- e 1]e? e’ ee
dyy =(0+e,)-(Y +e) ) |1+ f + 21, 4 S0 2 f + 2 f, +2 22 f
1g ( 3) ( 0)|: X /uoz 2 2!{)(2 11 ﬂoz 22 X/Uoz 12

3
1180 8 O e
3\ X au w, ov

L, Ve, Ve, V(e ¢
—(0+e,)-v2 LGy & fz——(‘ifMJre fr29% ¢

X Hoz 2 [ X? i

Hoz Hoz

et~ Ve, - 2Ye e, L f - 2Ye,e, f,
X Hop
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1 N 2 2 v Y_Ze Y_Ze 2 Y_2 2 Y_Ze 2
i=1 0

2Yee L 2Ye,e, 2 - Y? ele2f
X Mo, X o
_ Y% Y %e Y %, Y %e,’
d1g _Gy2 =e, —2Ye, — = f, - : f, _eoz_Y _612 fll_Y e22 f2

Hoz 2X 2 o

— 7/, v/ 2

A [ o 2Yee, f, _Yes f, (3.12)
X Hoz Xtoo

Taking expectation on both sides of (3.12) and using values of the expectations given from (3.1) to (3.3), the bias in d1g

(: E(d,,) — oy 2) to the order (1] is given by

n
Bias (d,,) =E(d,,) - o’

u Y? u Y? 7 2Y 2Y Y?
My _ . 02 g f, 02 (132 _1) Al M , Hp ! f, Hos
n 2X n 2u, n X n n o Xuy, n

v V2 v/ 2 v 2 v/ 2
Bias(dlg) =_@_27Y i 2Y f, - Yi Mo ¢ Y fzz(ﬂz _1)_ X Hoz.
n X n Loy N 2X? n 2n X1ty

(3.13)

Now squaring (3.12) on both sides and then taking expectation, the mean square error of dlg to the first degree of
approximation is given by

Y Yo, )
E(dy, —0,%)? = E(eg _oVe, - ;1 f, L % fzJ

Ho

V 2

= E(e32 )+ 4Y? E(eo2 )+ % f,? E(el2 ) +Y—42 fZZE(eZZ)— 4YE(e,8,) —Z;T f.E(e8,)

Hoz
2 v 3 va v 4
il f,E(e,e; )+ Ll f,E(e.e,) + 4’ fE(ee)+3 f f,E(ee,)
Hoz X Hoz Xty

1 - - 2 U 1 Y ou
= H(ﬂm +AY pgy + 4Y 2:Uzo - ﬂ202)+ 4y 22 4y = (/‘30 + 2Y/“20)+ X2 f, ’ r(])z
Y 2(B,-1) 2v% . 1 - 2\7 2.1 -
+— f22 Hoz (ﬂz ) ——= = +2Yp,) — f, _(,uzz +2Y uy, — /Uozluzo)
Loy n X 'n Hoo n

v 3 v 3 v 4
A A A
n Ay N X n

— “n _ _, .
I\/ISE(dlg)_ (:u40 ﬂ202)+YTf2&+Y (ﬂz )fz 2Y Uy 2Y 7

- f, = f
X2t n n 2 X ''n g, °on
T4
+2Y2f, ”nZO )2(Y flfz% (3.14)
Hoo

For minimizing (3.14) in two unknowns f; and f,, the two normal equations after differentiating (3.14) partially with
respect to f; and f, are
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2Y * g, £ _ 2Y 2y, + AR f,=0

1

nX? nX nX sy,
2Y_4(ﬂ2 _1) f +£2Y_2N20 _ 2Y_2ﬂ22j+ 2Y % g f =0
2 v 1=
n n Nilo, NX o,

Solving (3.15) and (3.16) for f; and f,, we get the minimizing optimum values to be

2Y_4('BZ _1) - 2Y_ZIUM _ 2Y_2/”20 _ 2Y_2/122 2Y_4/U03
n nX n Nily, nzuoz
fx=— ~ — —
2Y° gy | 2 (8,-1)) ARTS
nx? n NX s,
[2Y_4/u02 ]( AR _ 2 1y J _ (_ 2Y % piyy j( AR J
f *_ nX 2 n n/'IOZ nX nxﬂoz

2 _ — — 2
2Y 4_;102 2V4(8,-1)) 2Y_4,u03
nx? n NX 1,

which when substituted in (3.14) gives the minimum value of mean square error of the estimator dlg as

MSE(d, min_L1(, _, 2 {
19 n(ﬂ4o ,uzo)

{(ﬂz _1)ﬂ02 - ,Uosz}
Ho2

(c) Bias and Mean Square Error of Suggested Estimator d2
Let us consider the proposed estimator d, defined in (2.4)

d, = é{1+—k3(’_‘){ X)}— 72{1+ ke’ 5. S*; S5 }

X

ka (X X ki(S,>+e,—S,2
_9{1+ 3(X+e )}_72 1+ 4(X 22 X)
SX
= (9+93){1+ ks—_el}—(VZ +e,’ +2\7e0){1+ @}
X Hoo
=0+ 0 k3el +e + k3ele3 Y_Z _Y_2k4e2 _e 2 —ZY_e . 2Y_k4eoez
X va 0 0 —
X X Hoz Hop

0

N / 2 —
I(EZYiZ —Y_2]+e3 —2\7e0 + 0 ;391 —Y k4ez e’y k3e_163 _ 2Yk,e08,

N2 Hoy X oo
or
d,—oy =, —2Ye, + 0 KSel - Yoke, —802 + I(3E163 _ 2Yk g8,
X Hoz X Mo,

Taking expectation on both sides of (3.20), the bias in d2 (=E(,) —af‘) up to terms of order (1] is given by

n

(3.15)

(3.16)

(3.17)

(3.18)

2
2y s [,U _ﬂzzJ_(ﬂZ_W_yOZ(y _’HZZJ
20 20
Nilo, Hop n n Hoz (3.19)

(3.20)
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0 kE(E) Y’kE(,) _ E(e,%) + kiE(ee;) 2Yk,E(&8,)
— - 0 fr—
X Hop X Hoz
Using values of the expectations given from (3.1) to (3.3), we have

Bias (d,) = E(e,) - 2VE(e,) +

Bias (d,)=E(d,)—o?= i;(1(/121 Wiy, ) 2Ke oz _ Hao (3.21)

Hoz
Now squaring (3.20) on both sides and then taking expectation, the mean square error to the first degree of approximation
is

0 k e Y? 2
E(d, —0?)? = [e Co¥e s &J
Hoz
. 21, 2 7 41, 2 _ 29 k
o)+ av2e(e,?)+ 9;; Ele?) + Y5 E(e,?)- aVE(e,e,) + Elee,)
Hoz
2Y %k 4Y 6 k Y 3 Y 2
S (e, T E(ee) + T E(ge, ) - 22K ()
Hoz X Hoz Xidy,
1 — -1 — 6?
H(/’lAO + 4Y,U30 +4Y? Hyo — /Uzoz) +4Y? % -4y H(ﬂso +2Y p1y0) + 7 k32 %
Y k" u 20 k, - 2Y2%k, 1
4 02 (ﬂz -1+ X (/’l21 2Y/u11) - (,uzz + 2Y,u12 ﬂozﬂzo)
,Uoz 02
B 4Y_€ K, My 4Y %k, tHy 20 I_Zkgk4 Hoz
X n Hy N X oy n
or
O%k,’ 26’k 2Y %k
MSE(d )—_ 2), Z B3 fuoz 4 _1 R Moy a4 Moo
(,u40 Ko ) X2 n (182 ) n o n
72
+2 \7%4@_&%@ (3.22)

n Xito, n
For minimizing (3.22) in two unknowns k3 and k4, the two normal equations after differentiating (3.22) partially with

respect to k3 and k4 are

26° 260 20Y ? gk
Wﬂozks +Wﬂzl_ﬁ =0 (3.23)
02
74 72 72
2Y (ﬂz —1)k4 + 2Y gty 2Y T pyy ZQY Hos k, =0 (3.24)
n n Hp N X,

Solving (3.23) and (3.24) for k3 and k4 , We get the minimizing optimum values to be

(2Y_4( 2 _1)]( 29/121]_[ZY_2/120 _ 2Y* /“22}(_ Zgizﬂosj
e n nX n Hyp N Xy, (3.25)

3 20 1y, 2Y_4(ﬂ2 _1) _ — 26V ° s 2
nx? n NXu,,
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and
[2‘92/102 }( 2Y 2 gy _ 2Y % j _ ( 2011, j{_ 26X * pigy j
= = =
K= — nX n _ Nity, nXx / n)z,u02 (3.26)
20° g, | 2Y 4(ﬂz _1) [ =20Y * fhog
nX? n NX sy,

which when substituted in (3.22) gives the minimum value of mean square error of the estimator d, to be

2
2 _
( HarHos J[ﬂzo B ﬂzzJ + /Uoz[luzo . luzzJ + (:82 1) #212
Niy, Hoz n Hoz n (3.27)

MSE(d, )min Z%(ﬂm e’ ) 2
{ﬂoz (B, -1) _(ﬂoaj }

Hoo

(d) Bias and Mean Square Error of Suggested Estimator d2g

For f'(1), f"(1) and (L) to be first, second and third order derivatives of f(U) at the pointu =1, u*=1+h,
(u-1),0<hy<1,als0 g'(1), 9"(L) and g"(1) to be first, second and third order derivatives of g(V) at the point v = 1

and v*=1+h, (v-1),0<h,< 1, expanding f (U) and g(v) in d2g in third order Taylor’s series, we have
Ty 1\3
d,, = a{ FO)+U-1F'Q+ % f7(1) + % f ’”(u*)}

—y2{9(1)+(v—1>g'(1)+(V‘Z!l) g+ 20 g"'(v*)}

1 e " N3 le " le "
=5 f (U*)} Z{Hu 9+ 229 @+ EP 239 (V*)}
02

2|

_oh 1e1 "
_6{ f(l)+2lx2f @+ I

2

-_— — — ! 1 n
Z(0+e, ){1+f ')+ le f”(l)} (Y2+e02+2Yeo). {1+829(1)+ezzg (1)}
Hoo 2 Hop

o Y2et _ 2Yese,
29'()-——59"M)—e," -2V, ——>2g'()

Hoz

Y %e

Hoz Ho

(9e1 fn

e’ ee
=0+ = f” Qf'l_*z_
O+ 7% (B)+e % ) -y
— de Y2 6
Y2 Y2 |+e5—2Vey + 1f(1) Y% gm-e2+28 7
[ .Zi J O Hoa o Tox?
2Ye e,

Y %’ ee
-—4 9"(1)+%f’(1)— g’
Ho 02
or
— Oe ... Y2 oe’ .,
d,, — 0y :e3—2Ye0+71f - 022 g’ -e,’ 2)%2 (1)
I _
—Y—ezz 0"+ 28 )= 2Y8%82 gy (3.28)
2l‘oz X Hop

Taking expectation on both sides of (3.28) and using values of the expectations given from (3.1) to (3.3), the bias in ¢

(= E(dy,) - 0,%) tothe order [1J is given by
n
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. 0? 4 Y? Loy 1 1 - 2Y n
Bias(d, )= 20, & gy toe T gmayFos | 2 gy (4 2V, )- 2 g') Ha2
29 n o ox?2 @ n ,Uozzg @ N X ()n(ﬂzl ,un) 029() 0
6* toy VP H R ARy V"
=—— ")~ "1 04+ '@ + 2, )- - (3.29)
2X2 () n Zluozzg () () (/u21 /u’_l.l) #ozg() n n

Now squaring (3.28) on both sides and then taking expectation, the mean square error of dzg to the first degree of
approximation is given by

2
E(d,, _UYZ)Z = (es —2Ye, +0ﬁ ') - Yﬂez g (DJ
02

v 4

= E(e:a2 )+ 4y *? E(eoz )+ 6)’(22 {f ’(1)}2 E(elz )+

2 geee) - roEee) - gwEee) -2 roy0EEe)

Hoz Hoz Hoz

Using values of the expectations given from (3.1) to (3.3), we have

msE (0,9) =E(d,, — 02 f

G OFER,)-aVE@e) + 5 FOE )

Hoo

L wr s .y
= H(ﬂzto + 4 g + A 2 g1y — ﬂzoz)"' 4y? %

1 0% ., Y4, 2 20
AV (g + 2V )+ o {8 (1>}2%+7{g OF 22 (5, -D+ S 10> (ﬂ21+2Yﬂu)
02
v - 4Y6 e NP
= go- (uzz+2vulz—uozyzo) e R O O ORS
Hoa ;Uoz X ttos

or

MSE (d,,) = E(d,, — o2

1 2\ 0° 2 Hoz | ve (ﬂz Dy, ,Uzl 2Y2
Y . ¢ {t@ 1 ffl _2L Mz g
(11— p20*)+ S (T @ 2 of+ L rofe-2- e
N 2
o2 Hao gy - 20 Hos £y g (3.30)
n Ko, N

For minimizing (3.30) in two unknowns f '(1) and g’(l), the two normal equations after differentiating (3.30) partially
with respectto f'(1) and g'(1) are

72
26* /Uoz f(1) + 20 :u21 2Y eﬂosg 1) =0 (3.31)
NX iy,
and
Fa(p v 2 72 72
2Y (ﬂz 1)g!(1)+(2Y Ha 2Y ,Uzzj_ 2Y_91U03 f/()=0 (3.32)
n n Ny, NX g,

Solving (3.31) and (3.32) for f'(1) and g'(1), we get the minimizing optimum values to be
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(2\7“(& —Dj( ZHuZIJ_(ZY—z Hao _2\72%}(_ ZY_Z%J

fr)*=- n nx N He T Xt (3.33)
_ — 2
262_;“02 2Y 4(ﬂ2 _l) 2 2_6 Hoz
nXx? n nX sy,
(2‘92_/”02 J( 2Y 2 1y _ 2Y 2 1y, j _ (29 Ha J(_ ZY_Z_H Hoz J
o'y~ = nx? n NiLo, nX nX s, (3.34)

26715, (27 (8, ~1)) [ 220 pios )
nx? n nX sy,

which when substituted in (3.30) gives the minimum value of mean square error as

2
(ZﬂzlﬂosJ{#zo _/122j+:u02[ﬂ20 _,Uzzj + (ﬂz _1),L1212
5 n/,loz /«102 n IuOZ n (335)
*( 40 ~ Hag )

n # - 2
{ﬂoz(ﬁz -1 _(/103] }
Hoz

4. Efficiency Comparison with the Traditional Estimator

MSE(dzg )min 1

n

. . . 1 _ .
As we know that the mean square error of usual conventional unbiased estimator s? =—Z(yi — y)2 of population

n—li:1

. 2 1 ( 2 )
variance o, Mo — My ) and

is —
n
MSE(d,)min = MSE(dlg )min

2
215 f0s (,U _ Hap } _ (:82 _1)/L‘212 _ Ho [/U - #ZZJ
20 20
Ntlo, Hoz n n Hoz (4.1)
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Comparative studies regarding their efficiency over the for a simple random sample of size n. For the data considered,
usual conventional unbiased estimator are carried out with  we have
theCheIp_gf a nutr;]wegc?l iI_Iustrgtign. ran (1977 deali " n=34 Y =258 X =83706
onsidering the data given in Cochran ealing wi - - 7
Paralytic Polio Cases ‘Placebo’ (Y) group, Paralytic Polio Hao = 98894, 115, =7.1865882x 10 »
Cases in not inoculated group (X), computations of required My =47.015235, p,, =1.4510955 x 10

values of x have been done and comparisons are made M, =421.96088, 1, =4.5961952 x 10'°

_1
n

(/U4o - /Uzo2 )_
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Uy = 93.464705 x 10° p,, =3.443287 x 10°

Ly, =19.435294 x 10° 11,, =3.0156658 x 10°

Using above values, we have
Mean Square Error of usual conventional unbiased
estimator = 9.534136695 and

MSE (d,) = MSE (d,,) = MSE (d,)
= MSE (d,, ) = 5.512540843,

Hence the percent relative efficiency (PRE) of the
proposed estimatorsd,, d,, d,, and d,, over the usual

conventional estimator are given by
PRE (d,) =PRE (d,,) =PRE (d,)

=PRE (d,, ) = 172.9535792,

d,, and

are more efficient with highly significant percent

showing that the proposed estimators d,, d
dZg

relative efficiency over the usual conventional unbiased
estimator of the population variance.

19

5. Conclusions

We have derived new sampling estimators of population
variance using auxiliary information in the form of mean and
variance both, the bias and mean square error equations are
obtained. Using these equations, MSE of proposed

estimators are compared with the traditional estimator in
theory and shown that the proposed estimators have smaller
MSE than the traditional one.
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