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Summary

In estlmatlng the finite population total on a current occasion,
three strategles are proposed and studied tnvolving sample selection with
varying probabilities on an earller occasion, stratified sub-sampling in
three different ways from the initlal sample and current sampling
independently from the entire population and suitable combination of
the survey data and available values of an auxillary variable. Some of
these strategies are found better than comparable strategies available.

Keywords : Sampling over two occasions, SRSWOR, PPSWOR,
Rao- Hartley-Cochran Strategies.

Introduction

Following the works of Raj [5], Ghangurde and Rao [4], Chotai
(2], Chaudhriand Arnab[1] we consider and compare performances
of three strategies for estimating the finite population (of size N) total
of a variable on a current occasion (y) using the values of it on a
previous occasion (x) available from an initial sample, a current
sub-sample from that and an independent sample currently drawn -
from the entire population. Specifically, on the first occasion a
PPSWR sample S, of size n; is taken from the entire population U
using known size-measures z;'s (>0 fori=1, ..., N). Utilizing the
ascertained x-values for them, on the basis of certam criteria, the
n; sample units.are assigned to L strata. Let yp; , Xny and zy; be the
value of jth unit of hth (=1, . . ., L) stratum for the characters y, x
and z  respectively. Typically, a random  number
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h
the h th stratum say, S;;. On the second occasion, independent
sub-samples Syy's (say), of sizes- my = yn n1n (with y, pre-assigned,
0 <yn < 1)are chosen independently from respective Sy's (h = 1, .
. L), each following suitable schemes utilizing known z's and

Ny (10 < Npsn;, 2 ‘mn = nj|ofthese n; units will constitute

ascertained x;'s. We will write m 2 my u = ng — m with n2 (<N)
h=1
chosen as a positive mteger large if necessary, such that u may not
be negative. Here n, is pre- assigned but'u and m are random. A
sample of size u is then drawn from U again by PPSWR method using
z;’s. In the next section we describe 3 procedures for drawing the
stratified sub-sample which lead to three distinct strategies for
N

estimating the y-total, say Y = E ¥1 . The study however, is .purely
- ,

' theoretical.

2. The Proposed Strategies And Related Results:

For the strategies denoted respectively as 1, 2 and 3, Sgh s are
selected from Siy's respectively by (i) SRSWOR method, (ii) PPSWR
method with normed size measures taken as qn =

(Xni/ Zni)/ 2 (%ni/zwy) expecting high correlation between y and x and
Sin
(iii) Rao-Hartley-Cochran [ 7] (RHC in brief) method with normed size
measures again as (p. Let us write Yy = 2 Yhy » Xn = 2 Xhj »
] ]

Zn= D 2y Y= Yo, X= > Xu ., Z= O Zn , Pa= Zny/Z
] h h h
2
Po= Z2/Z,wa= np/my V@ [2=23 F I _
. m ] Zhj
- ¢
Ty(h) = E Yy = Cni Xpy + Cp Ky
Sm My, Pry S 1k Phy
' Yh — Ch2 Xh Zp
To(h) = + ¢ —a
2 SE 1h My Phy Ghy h2 s% 1k Phy
To(h) = E (¥ny - cna3 2ny ) Ony + cn 2 Zp
‘ £ N1 Pry 9y - & Nih Puy
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Qpy = sum of gy values for the group containing jth unit of hth
stratum that was formed in selecting Sy, by RHC scheme of
sampling, cp's are constants minimizing variances of Tyh),

T, = 2 Wy Tx(h)fori=1-2.3andT=E _uY_Ixal
§ Szu

The proposed estimators for Y based on strategy i (= 1, 2, 3) is

=T +(1-¢T B (1)

where, @, is a constant to be chosen to minimize V(t,), the variance
of t,.

(dllz)
Bt von

Theorem 1 E (Tl) =Y and V(Tl) =

LI
- X
with Vi @y 3 T e
] Pny
Proof : Let E(V,) be the expectation (variance) over m, (n;;, . . ., nyy)

and E,(V,), E5(V3) be the conditional expectations (variance). over
Sy 's for fixed n, and over Sy;'s for fixed S,;, and n, respectively. The
covariance operators Vy (i = j = 1, 2, 3) are similarly defined.

Eth/phj
. S
E(Tyy=E1E2 B (T)) = E{ Eg ) wy —*

n
b ‘ 1h

=E Y WaYn/Pp = Y
h .
and V(T1)=EVas(T1}+V 1 Eas(T1)= E1 Y, wh quTl (h)+ Vx(E WnYn/ Ph)
h b

(2 Yﬁj Py/ Piy "'Y121)
=E12w{‘1[‘j — +(1/my - 1/nyy)

& (mnPn)

{ E (Yny~ Ch1 Xnp)® Pn/' Py~ (Yo~ Cn1 Xn)® } kV (2 Wh Yn/ Ph)
] o . Ak
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[2 (Tlh - 1) Vi @1]2)/Py + V(5 |2)

Oy

Py(1- Py)

X for h= k= 1 vo-n L]
1 _ 1
Now following the proof of the theorem 1 one may prove the
following theorems:

Vh (dz iX)

3 {1- 17(m,Pw) V(yl z)

Theorem 2: E(Ty) = Y and V(Ty)= b

n

. X
with Vp(dg | x)= 2 (Y~ ChoZny)’ —hl: - (Y~ Chozn)*
J

2(1/ Vh(dslx) V(yI )

Theorem 3: E(T3) = Y and V(Ts)- a
1
X
with Vy(ds|x)= 2 (Voy~ ChaZny)’ ‘i}j - (Yh- cnazn)®
] .

Let us denote by Vy(r|t)= (E thj)E
] ]

(thj)— (E thj) S tfx. V. z

]

M— t; Sh
Bu3- () I

(T, Slt)= N ’14‘1
[Vh(rlt)vh (Slt)]
o = 1- 8 0 x| 2 =212

. 1 ) Vi ]%)
e {1 - 00 20] STy

0% = {1- & (., z|x)}‘——————v\l;(§lyll;;) ;
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1/ -1) |
A= YO —p— Az = Y OuPut) ;
. h h

Ag= Y (1/yn - 1)0%/Py ;
h

The optimum values of cpis (to be written ciy) obtained by
minimizing V(T)'s with respect to cpy's (i = 1, 2, 3) and corresponding
values of V(Ty)'’s to be written as V,(T,)’s are

© Chi= 08, (7. X|2) VVi(] 2)/Vu X[2) ; Vo(T1)= (1+ A) V (v]2)/my i

Che=On (¥, 2| X) VUL [X)/Vi(z[X) ; Vo(T2)= (1+ Ag) V (y|2)/n,

Che= 8y (. 2|X) V(I [X)/Vu(z[X) ; Vo(Ta)= (1+ Ag) V (v|2)/n,
Let E,, Vu denote expectation and variance operators for |

variation over u and E(T|u), V(T|u) denote conditional expectation |
and conditional variance for fixed u. Then

¥ _ 1- V()

E, Y

- (E P ] {(E<u»2}v(y'z)
B u i E(u)

—2%('—) [where 1/&%= 1- (coefficient of variation of )%

The optimum values of ®is to be denoted by P, and.
corresponding values of V(1)) written as V,(t;) (say) come out as

D= 1+ 1+ AW Volt)= [+ (/)¢ 8 ] Viy|2)/my
writing p= E(u)/n1

The 6ptimum values of y'ys for given ny denoted by yj, obtained "
by minimizing V,(t;) with respect to y, come out as :

1-xi) V6,
1= 2 6,/ Py

Yin =

: y‘zh=§(1'—v22' Ve ) VO /P
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. (1- VoY) voy
i
h
Let us denote by c.vco and ay(aj) the total cost, ovérﬁéaid cost

and cost per unit for the hth stratum on.second (first) occasion
respectively. Then for the cost function of the form ¢ = ¢, +

'2 Op Up+t 2 ahmy considered by Rao [6] with uy as the
un-matched sample size in hth strutam we have optimum values of
vim for the given expected -cost c¢c* = Ec) =

Cot I} 2 op P+ (ﬁz— ni 2 Yh Ph) E anPy, for the three strategies
h 7 h ‘ :

as follows:

-t

Yin= VO, (V2 ahPh’_ EX YoyPy, ) {Eph Vo, (1- Zeh/Ph)}

Y2n= V0L (VZ opPp - VI 0,0h) (8Pn Vai,) ™

* 7 i r"- -1
Y3n= VO, (VZ 0yPy — VahPy ) {EPy Vo, (1- 264/Py)}

If the total sample size for the second occasion n, in kept fixed
and the proportional allocation is used, the optimum yj's written as
yi and the value of Vy(t;) denoted as Vyu(t;) come out as

VB (1+ VBV (v|2)

Y1 = 1+ VB, i Vi () = on,
. ‘/E 2t
B TvEs ¢ Vam ()= [nomy (1- VB

-1

- : _ _2m
Y3 = 1+‘/§'3— ’ me (ts)— {1’12— m+ (1+ E)}

2 b > 2 o
. By = .

6n
P, ' P, ' .B3= Py

where, B; =

In particular when n; = n, = n we have the minimum variances as:

Va(t1) = (1+ VB ) V (y|2)2n)” ;
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vmm<t2)-[ n{1+ (1- @)}]"vmz)
Vam(ts) = (1+ VB3 ) V (v 2)(2n)™

3. Relative Efficiencies of the Proposed Strategies :
To compare the efficiencies of the proposed straitegies we note
that if Vo(T)> Vo(T)) for a fixed set of y,'s (h=1, : L) we have

Vo(t)> \(o(tj) fori=j=1, 2, 3. Thus comparing V,(T;) with V,(T3) we
note that the strategy 1 is superior or inferior to strategy 2 according
asyp >or <1 - 8/0h ¥ 'h =1, ... ., L. Similarly strategy 1 is superior
or inferior to strategy 3 accordmg asOp< or> 6 ¥ h=1,...L
Strategy 3 is superior to strategy 2 since we have assumed
mp21 % h andhenceEmy = ny Phyn21 ¥ h=1,..., L. Raj[5],
Chaudhuri and Arnab [1], Ghangurde and Rao [4], Chotai (2],
considered the strategies (to be denoted respectively as 0, 4, 5, 6) of
sampling over two occasions with n; = ng = n. The expressions for
the variances for thelr estimators of Y denoted by Vit,), V(ty), V(ts),
V(te) respectively are :

V2

Vit) = [1+[20-9] |V l2) @ny

%3
V(ty) = [1+{ 1- 8%y, x{2)} ] V (y|2) (2n)*

v

Vit - N[l—n[Z(l— p)l\(11+ Bn/N)}. ]V(y]z)

%3
Vits) = N[1-§+2{1-6(y.x|z)} } (ZLIS’({\%)

(Yl"% (X~ X)
N

 B=N{I-8 . x|2)} Y (- V*{(1- p)vcylz)}
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The expression for V(i5) was obtained by Chotai [2]. Chaudhury
and Arnab modified Raj's estimator and it is of the form
ts= pTat (1-9) T

V(x|z)

P

W Y
Where T4=2_-‘-—6(X, |Z) 2___
-~ mpy mP1 s, npy

and E denotes the sum over the matched sample.

Sm

8

Now if we put ¢,;,= 8(y.x|z) ¥ hand y, = o = N - n we have

+Vy|2)
n

Py Py

V(Ty)= ( ) E k 2 [y 6(y X|z) Xy } [Yh— 8(y. x|2) Xy }2
h

+Y019 _vir,)

1

( )E[EY‘“ b x' X}ty o yla) X |
h

Hence the proposed strategy 1 is better than Chaudhuriand Arnab’s
[1]) strategy. It was already shown by Chaudhuri and Arnab that
their strategy is better than Raj's [5] strategy. Hence strategy 1 is
better than Raj's strategy as well. Thus we can always improve on
Raj's and Chaudhuriand Arnab's strategy by (i) stratifying the initial
sample S, (ii) taking matched samples from respective strata by

- proportional allocation and (iii) using the estimator t, on taking cj,

=8(x%,y|z)in Ty(h)forh=1,...,L

Taking some numerical data on the yields of barley and maize
in two successive years treated as x and y and the area under the
crops as z we checked that for several combinations of the
parameters involved, the strategy 3 fares the best and strategy 1 -
better than the strategies 4 - 6. Details are easy to check and hence

" omitted to save space.
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