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Abstract- Problem of estimation of ratio of two population means has been discussed resulting with a ratio and product type
estimators. Expressions for the bias and mean squared error have been derived. Developed estimator under study has been
compared with usual estimator theoretically as well as empirically.
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I. INTRODUCTION

In addition to estimation of finite population mean, ratio of two population means is also demanding in various fields such as in
economics for the estimation of per capita income, in marketing, per person consumption of any commaodity etc. Present study
develops a ratio and a product type estimators for ratio of two population means in case of post-stratification.

Initially, Hansen et al. (1953) discussed the post-stratification concept. Later Ige and Tripathi (1989) studied the classical
Cochran (1940) ratio estimator in case of post-stratification. Recently, Tailor et al. (2017) studied the properties of Bahl and
Tutaja (1991) ratio and product type exponential estimators in post-stratification.

Here objective is to estimate ratio of two populations means of study variates i.e. R=-". Where Y, and Y, are the population

means of study variates y, and y, respectively.
From a population of size N a sample of size n is drawn using post-stratification technique. Let y,, y; be the study variables
making ratio of means to be estimated with the help of information available on auxiliary variate x; and X, .
The usual estimator for ratio of two population means in post-stratification is expressed as
Yops

Ry = — (1.1)
Pe Yips

L L — _
where  Yopo = XW;, Vo and ¥y = X W, ¥y, are the unbiased estimates of population means Y, and Y, respectively.
h=1 h=1

Upto the thre first degree of approximation the bias and mean squared error of ﬁps are given as

. . L (S22, S
B(R,, )= R[l_ijzwh by (1.2)
n N =z Y, YoY;
and
. . L (S%, s2, 25

MSE(RPS):RZ(E—iszh ECINAS TN LA (13)

n N/ Yo Y, YoY;

1 Ny - \2 1 N - \2 Ny >\
where S2, =——— —Yon ), S =—— =Y ). SZ, = X pi =X )

yoh Nh—ligl(y"h' Oh) yih Nh—1i§1(y1'" 1h) xh Nh—lgl( Lhi 1h)

;1N ooy 1N - - 1N - -
szh_mgl(xzhi_XZh) S —mgl(yohi _YOthlhi _Ylh)l Syoxlh_mgl(yohi _YOhxxlhi_th)’
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1 N — — 1 N _ _
Syoxh =mi§l(yohi —Yon szhi _th)l Syxh =mi§1(y1hi — Y1 Xx1hi —th)!
Npy

_ _ 1 Ny, _ _
yoh ngl(ylhi —Yap szhi _XZh)' Sy :ﬁgi(xlhi _thXXZhi —th)-

Il. DEVELOPED ESTIMATORS

Motivated by Ige and Tripathi (1989) , a ratio and a product type estimators for ratio of two population means in case of post-
stratification are developed as

. ~ [ X
RRps = Rps(— . J (2.)
les
and
5 A [ X
Rpps = Rp{ )zsz- (2.2)
2

To obtain the bias and mean squared error of the developed estimators IiRps and Iipps , it is assumed as Y, =Y_0h (1+ €on ),

Yin = Vi, (1+ elh)' %in = Xin(L+€,) and Xy, = X5, (1+e5, ) such that E(eon)= E(ey)= E(ez) = E(e3,)=0 and

E(‘egh):(ﬁ—ﬁjcih' E(efh)=(n—jvh—NthC§1h, E(egh)=[ﬁ_,\,ihjcleh’ E(egh){ﬁ_'\ﬂc;h,

1 1 1 1
E(eonemn )= W_N_hjpyoylhcyohcylh' E(eonean ):(M_N_thyoxthyohcxlh :

1 1 1 1 1 1
E(eon€an )= M_N_hjpyoxzhcyohcxzh , E(elheZh)z(M_N_thylxthythxlhv E(elhesh)=(M_N_h}0y1xzhcylhcxzhx

1 1
E(exnesn)= M_N_h]pxlxzhcxlhcxzh'
Expressing Rgys and Ry, in terms of e;, provides
Rpps = RL+eg JL+ey) (L+e,)™ (2.3)

L L )

thYOheOh ZWhYlhelh > Wy, X180 2 Wy Xonesp
where €, ="L—— , g =" — L and eg = "L _
0 Y]_ Xl 2

1 (1 1)L 1 (1 1
Eles )]=—| =—= |ZW,S2, , Ele? )= —| =—= |ZW,S2, ,
(2) Xf(n Njha hSxh (3) Xzz(n NJE hSx,h
1 (1 1)L 1 1 1)\t 2 1 1 1 2
E(ege;)==——=|=—— |>ZW,S JE(egey )= =—| =——— S , E(eges)==—| ——— S ,
(0 l) YOYl(n Njhz—:l h~yoysh (0 2) oxl(n N]E h~yexh (0 3) Yoxz[n Njhz—ll h~yox,h

1 (1 1)L ., 1 (1 1)L 1 (1 1JL ,
Ele,e, )= —| ——— W, S ,,Eee = ——— W, S ,Ee €y )= —— _——— W, S .
(ese2) (n Njhzl hSyn + o E€1€3) lez(” Njhzl hS yyxh (ee3) Xlxz( N 2 Wi Ssxh

Finally, the bias and mean squared error of IQRpS are obtained as
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5 . L (Si, Sin S S S
B(RRps)= R(E_ijzwh( uh | Sxh _ Oyouh  Syexh ylxth (2.4)

N N =1 Y2 X? Yo¥:  YoX; ViX;
and

2 2 2
MSE(FA?Rps)= F}z(l_i} ZLJWh{SyOh N Syn N Sk 2Sygyh N 2Sypah  ZSyph J

n N/ Yo Y X7 YoYs ViXy  YoX;
(2.5)
Similarly, the bias and mean squared error of Fipps are obtained as
5 5 L (Si, S S s
(R )= R(i_i]zwh ¥ Zvoth _ Zwh , Sy (2.6)
n N Y2 YoYr VX, YoX,

and

. . L §2. 82 §2 28 2S 2S
MSE(RppS)=R2[£—ijZWh[ yoh | ®wh . Sh  “Oyouh  “Oyeh poth
h

n N " YZ Y2 OXZ Y X, o YoX,
2.7)
I1l. THEORETICAL COMPARISON OF ESTIMATORS

Comparison of (1.3), (2.5) shows that the developed ratio type estimator IfeRpS would be more efficient than usual estimator

Ry if

(i) MSE(Rgps )< MSE(R 55

L (SZ, 25 2S
th{ Xh + yixh _ YoXh } <0. (31)

X2 NXL YoX,
Comparison of (1.3) and (2.7) indicates that the developed product type estimator FAaPps would be more efficient than ﬁps if
(ii) MSE(Rpy )< MSE(R ;)

2
SW Sun , Bywan Sy | (3.2)
X2 YoX, WX,

IV. NUMERICAL ILLUSTRATION

To analyze the performance of the developed estimators in comparison to usual estimator, we consider a natural population
data set.

Population Source: [Johnson and Wichern, P. No. 245]
Yo : Voltage (volts)

y; : Current (amps)
X, . Feed speed (in/min)
X, . Gas flow (cfm)

Constant Stratum | Stratum 11
Ny, 30 10
ny, 4 4
YOh 22.13 22.8
' 272.66 272
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%lh 288.38 289
X 52.09 52
Syon 03 0.1
Syun 5.60 2.45
S 107 125
Syon 1.03 0.64
S o 20.48 20.03
S yoxth -0.03 0.05
S oxan 20.04 20.03
S o 0.61 0.24
S yn 0.3 012
S oo 0.06 20.45
Table 4.1: The Mean Squared Error and Percent Relative Efficiencies of R, Rg,s and Rp with respectto R.
Estimator MSE PRE
éps 9.632 100.00
IiRps 2.930 376.58
IiPps 7.421 232.26

V. CONCLUSION

Expressions (3.1) and (3.2) are the conditions under which the developed estimators IiRpS and Iipps has less mean squared

error in comparison to usual unbiased estimator ﬁps.

Table 4.1 shows that the developed ratio and product type estimators for ratio of two population means has better percent
relative efficiency as compared to other usual estimator. Thus there is a substantial gain in efficiency by using developed

estimators Rg,s and Rp,, over usual estimator R .

Therefore, the developed estimators IQRPS and Iipps are recommended for the use in practice for the estimation of ratio of two
population means when conditions obtained in section 3 are satisfied.
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