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SUMMARY

The present work is an attempt to study the estimation of the population mean on the current occasion in two-occasion
successive (rotation) sampling under a super-population model. An estimator of the population mean for the current occasion
in two-occasion successive (rotation) sampling has been proposed. Optimum replacement policy and performance of the proposed
estimator have been discussed. Results are interpreted via empirical studies.
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INTRODUCTION

There are many problems of practical interest in
different fields of applied and environmental sciences
in which the various characters opt to change over time.
For such situations one time surveys are not sufficient,
there is a need of continuous monitoring. Surveys where
sampling is done on successive occasions (over years
or seasons or months) according to a specified rule, with
partial replacement of units, is called successive
(rotation) sampling. Successive (rotation) sampling
provides a strong statistical tool for generating the
reliable estimates on different occasions.

The data collected on the first occasion can be
used for estimating population characteristics of the
second occasion as done by Jessen (1942), Patterson
(1950), Rao and Graham (1964) among others.
Avadhani and Sukhatme (1970) used data collected on
the first occasion for selection of sample on the second
occasion while Arnab (1998) used the data collected on
the first occasion for selection of sample as well as
stratification for the second occasion. Sen (1971)
applied this theory with success in designing the
estimator for the population mean on the current
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occasion using information on two auxiliary variables
available on previous occasion. Sen (1972, 1973)
extended his work for several auxiliary variables. Singh
et al. (1991) and Singh and Singh (2001) used the
auxiliary information on current occasion and proposed
estimators for the current population mean in two-
occasion successive (rotation) sampling. Singh (2003)
extended their work for h-occasions successive
sampling.

In many situations, information on an auxiliary
variable may be readily available on the first as well
as on the second occasion; for example, tonnage (or seat
capacity) of each vehicle or ship is known in survey
sampling of transportation, number of beds in different
hospitals may be known in hospital surveys, number of
polluting industries and vehicles are known in
environmental survey, nature of employment status,
educational status, food availability and medical aids
of a locality are well known in advance for estimating
the various demographic parameters in demographic
surveys. Utilizing the auxiliary information on both the
occasions, Feng and Zou (1997), Biradar and Singh
(2001), Singh (2005), Singh and Priyanka (2006, 2007a
and 2008a) have proposed several estimators for
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estimating the population mean on the current (second)
occasion in two-occasion successive (rotation)
sampling.

All the above quoted works are design based and
consists of some known and unknown population
parameters. Sometimes, it may be unrealistic to get the
readymade information on these population parameters,
in such situations; it is more realistic to assume a super-
population model with unknown model parameters.
Model parameters may be estimated from the available
data. Such a model could efficiently link the study and
auxiliary variable on different occasions. Motivated
with these arguments, Singh and Priyanka (2007b and
2008b) proposed several estimators for estimating the
population mean on the current (second) occasion in
two-occasion successive (rotation) sampling and studied
their behaviors under a super-population model.

There are various ways for utilizing the available
information at estimation stage in successive sampling.
Considering the best linear combination of all the
available information for estimating the current
population mean in two-occasion successive sampling
is one of them. In the present work, we utilize the
auxiliary information which is available on both the
occasions through a super-population model. We
consider that the auxiliary information available on both
the occasions is stable over time. It is to be mentioned
that under the assumed super-population model, errors
are correlated over two-occasion and the auxiliary
variable is gamma distributed. Following the works of
Patterson (1950), Kulldorff (1963) and utilizing all the
available information we propose a generalized
estimator of population mean on the current occasion
in two-occasion successive sampling. Unbiasedness and
minimum expected variance criterions of the proposed
estimator have been explored. Optimum replacement
policy is discussed and results are demonstrated through
empirical means of comparison.

2. NOTATIONS

Let U= (U,, U,, ..., U)) be the N-element finite
population, which has been sampled over two-occasion,
and the character under study be denoted by y, (h =1,
2) on the W occasion. Tt is assumed that information

on a stable auxiliary variable z (with known population
mean) is available on both the occasions. A simple
random sample (without replacement) s, of size n is
selected on the first occasion. A random sub sample s,
by SRSWOR of size m = nA (0 £ 4 < 1) from the
sample s, on the first occasion is retained (matched)
for its use on the second occasion. A fresh sample
(un-matched sample) s, of size u = (n —m) = nu
(u=1-A) is selected on the second occasion from the
entire population by SRSWOR method so that the
sample size on the second occasion is also n. 4 and y
(A + u = 1) are the fractions of matched and fresh
samples on the current (second) occasion respectively.
Hence onwards we consider the following notations for
their further use:

: The population mean of the study variable

=<

»,, on the Hh (h =1, 2) occasion.
Yin : The sample mean based on 7 units on the
first occasion.

Yim : The sample mean on 't (h=1,2)

occasion, based on m units common to
both the occasions.

You : The sample mean based on u units drawn

afresh on the current (second) occasion.

NI

: The population mean of the auxiliary
variable z.

NI
NI
NI

: The sample means of the auxiliary

variable z of the sample sizes shown in
suffices.

f (=%) : The sampling fraction.

3. SUPER POPULATION MODEL

Here we assume that the study variable y, (7= 1,
2) follows the following super-population model:
V= ot ,thl. te,h=1,2andi=12, .., N (1)

where ¢, ,Bh(h =1, 2) are unknown real constants and
e,’s are random errors (disturbances) over nth (h=1,
2) occasion, such that

E (e,;12)=0 ?2)
Ec(ehiehj| z, zj) =0V(@E#j=1,2,..,N) 3)
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2 _ g . )
Ec(ehi‘ Zi) = 05" 0,>0:0<g,<2 (4
E ey 2, 2) =0V (i #/=1,2, ... N)
andh;th'=1,2 (5)
9,%9,
EC(ehieh’i ‘ ZI) = penen, \/6h6h’ Z 2 ;

0,>0;0<g, <2;h#h =12 (6)

where O is the correlation coefficient between the

&6

random errors (disturbances) over the two-occasion.

E_ denotes, the conditional expectation given z,
(i=1,2, ..., N). We assume that zs are independently
and identically distributed gamma random variables
with common density

f(z)—I_‘” Lz>0,0>1 (7)

Let us denote the expectation with respect to
common distribution of z, by £ , model expectation by
E (= E_E) and the sampling design expectation by
E .
d

4. PROPOSED ESTIMATOR

We wish to estimate the population mean \72 on
the current (second) occasion. Following Kulldorff
(1963), we may propose an unbiased estimator of \72,

which is as follows:
T = {2 Yom + 3oy {0 %im + ByYin |
oz, ro g ez reZ)  ®

where a, b b , C
be determlned so that

1 € €3 and ¢ 4 are constants to

(1) T becomes unbiased for \72 ie E(T)= \72 and
(i) the expected variance of 7'=E {V (7)} attains a

minimum.
For unbiasedness condition i.e E (7) = Y, ., we
must have

a1+a2=1;b1+b2=0andc1+02+03+c4=0

Substituting a, = ¢, b, = fand ¢, = — (¢, + ¢, +

¢5), the estimator 7" defined in equation (8) reduces to
the following form:

T= {0Yom *+ 1= 0) Vo }+ B{Vom = Vin}

Ha(20-2)+ 0, (3,-2) & (2,-2)}
- (/)[VZm + g{ylm_yln}J'%{?m_z}

+C;3{7n - Z}} +(1- ¢){72u+ﬁ{7u -7}

= V2m+(1_(0)v2u ©)
Whel‘e Y_Zm = yzm + kl{ylm - yln} + k2 {7m - z}

+ k3 {Zn —Z} i.e. estimator based on the matched

sample and YLZU = Yo, +k4{7u —Z} i.e. estimator

p

based on the un-matched sample, where k, = —,
@

ky = i,k3=3 and k, = 2
¢ ¢ 1-9)

Remark 4.1: It is obvious from equation (9) that for

estimating the population mean on the current (second)

occasion, ignoring findings from the first occasion, the

estimator \72u is suitable, and it would be appropriate

to choose @ to be 0, while for estimating the change

from one occasion to the next, the estimator 72m may

be emphasized, so choosing ¢ as 1. For asserting both
the problems simultaneously, the suitable (optimum)
choice of ¢ is desired.

5. PROPERTIES OF THE ESTIMATOR T

Theorem 5.1: The expected variance of the estimator
T is obtained as

E, V4D = 0°EnVa (Yom ) * (1= 0V Eng (Vo)

+2¢(1- 9)E_Cov, (YZm Y2u) (10)

where £, denotes the expectation with respect to the
model, ¥, and Cov , respectively denote the variance
and the covariance with respect to the sampling design d.
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BV (V) - (i—i){(ﬁsz)zmaz@}

m7d \ '2m m N g
- o 2
ILEaS

m n [0

+ 2k BB,0 + 2k Ky 0
+2klpe1e2\/515ZQT-j_9] (I

() (-3 o0

(12)

+
where g = % 292 .

Proof: The expected variance of the estimator 7 is
given by

_ 2 2 =
E, V4D = EnEg[T-% P = 0°EnVy (Yom)

t (1_ (0)2 Ede (YLZU )

+2(1=0)E Covy (Yo Yo, ) (14)

Under the assumed linear super-population model
V=0t ,thl. te,, (i=1,2,...,N; h=1,2) we can
write

You =0 5,72, +8,
Yin =y tBZ, +8,

Yom = % * B2+ & (15)
Ylm =0 +'Blzr_n 8
Y, =, +pZ +&,

where

1< _ 18 _ 1 &
TP N PR R =PI
_ B l m _ N
fin = 2 & e T 2

Following Rao (1968), the expected variances and

covariance of the estimators \?Zu and VZm have been

derived in three steps. First, we operate the design
expectation E , secondly the conditional expectation £,
and finally the expectation E_ with respect to the
common distribution of z,. The design expectation can
be evaluated using the results given in Sukhatme et al.
(1984).

Under the super-population model defined in
equations (1) — (7) and using results of the equation

(15), the expected variance of \72u comes out as

~ _ 2
EmEd [YZU - YZ]

EmEq [ (B k4)(7, - 2)

EnVa (YZU) =
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1 (1 1 2 +0
=EE, === |1 (Bt k) Pereo9192 :
N-1lu N - = - IE (20)
I(1 klopt - +0
519
d 2 2 d 2 =2 1 |§
LA-NZT X Ney * *
. - Ky = Kyopt = _(132 + klﬂl) @D
N * *
AnRSG-Dem)| | ek @)
=1 and
(16) .
Ky = Kyop == 5 (23)

Using the conditions in equations (2) — (7) we
evaluate £ , which gives

A (1 1) 1 2
Ede(qu) - (a_ﬁj N 17 (B *ks)

<2 52 SYPRR IR e
27 -NZ% 1+ Y 6,57 _ﬁ2522i 2
i=1 i=1 i=1
(17)
Now, evaluating E_ using the probability
distribution of z,, equation (17) reduces to

oV (Vo) = (5 —i)[(ﬁz +k, )0+ 52@}

u N o
(18)

Similarly, we can derive the expressions of

EVy (Yom)and  EqCoVy (Yo Vo, ) given in
equations (11) and (13) respectively.
6. OPTIMUM VALUES OF ¢, k , k,, k;, k,

Since, the expected variance of the estimator 7 in
equation (10) is a function of unknown constants ¢, k,,
k2° k3 and k4, therefore, it is minimized with respect to
@, k. ky, ky and k, respectively and subsequently the

optimum values of ¢, kl, k2, k3 and k4 are obtained as

Ede (Y2u )_ EmCOVd (Y2m’ YZu)

Ede (YZm) + Ede (Y2u )_ 2EmCOVd (Y2m’ Y2u )

(19)

opt

Substituting the values of kl* , K , k; and kz from

equations (20), (21), (22) and (23) into the equation
(10), we get the optimum expected variance of 7, say

E_V (T)* with respect to k, k,, k; and k, as

Ede(T)* - ¢2Ede(Y:2m)* +(1_ (0)2 Ede (YLZU )*

*

~

+20(L-9)E,Covy (Y %) 2

where

ol = (2550 (23

* g +6 * +6

{klzcsl Tg *+ 2K Pe1ep 919, g@ ]

(25)
a3 *_ 1 1 W

BV (Vo) - (G_NJ[(SZ ’ ] (26)

and

EN 1 g,+60

0OV (Vo Vo) = _N{%ZT] 27)

In the light of equations (25)-(27), the optimum
value of @ shown in equation (19) becomes

*

Ede (YZU) - EmCOVd (YZm’ Y2u)

Popt =

~ *

Emvd (YZm) + Ede (YZU) - 2EmCOVd (YZm’ Y2u)

(28)
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7. MINIMUM EXPECTED VARIANCE OF T

Substituting the value of @_ given in equation
(28) in equation (24), we get the minimum expected
variance of T as

<12
—{EmCOVd (Y2m’ YZu) } ]

E.Vy(T), ot J -
Ede (YZm) + Ede ( 2u

- 26,00V (Vo Yo }
29

*

Further substituting the values of E_V, (Y_ ) ,

|>
N—

2m

* *

£V (Yo ) and ECOvy (Voms Yoy | from equations

2m’

(25) — (27) in equation (29) the simplified value of

E Vi (T )y is Obtained as

E Vo (T = %{ % - f} (30)

+6
where 4, = 29% ,
_ 25 [HtO s g+o
4y = K0 I + 2K Pgep 919, I
n
d -n
an f N

8. OPTIMUM REPLACEMENT POLICY

To determine the optimum value of # (fraction of
samples to be taken afresh on the current (second)
occasion) so that population mean \72 may be estimated

with the maximum precision, we minimize

E V(T );pt given in equation (30) with respect to 4,

AR+ AR
A

From equation (31) it is obvious that real value of

which yield

i = 31)

[ exist, iff, the quantity under square root is greater
than or equal to zero. For any combination of
parameters that satisfy the condition of real solution;

two real values of f1 is possible. Hence, while choosing
the value of /i, it should be remembered that 0 < i
< 1. All the other values of it is said to be inadmissible.

Substituting the admissible value of i say ,U(O) from

equation (31) into equation (30), we have the following
optimum value of the expected variance of 7" with
respect to i

A

EVa (T gpr = —[ (32)

n

AR J
A+ O,

9. EFFICIENCY COMPARISON

The percent relative efficiency of 7 with respect

to the simple unbiased sample mean estimator Y, —of

the population mean \72 on the current (second)
occasion has been obtained. The sample mean estimator
Yo, is exclusively based on a sample of size n on the

current (second) occasion, which uses no prior
information. Its expected variance under the assumed
super-population model is given by

—f o
EVy (Von) = %{ﬂfw@%) (33)

For different choices of ,Bz, &1 & Peep’ 51, 52

and 6, Table 1 shows the optimum values of ,u(o) and
percent relative efficiencies £ of T over the estimator

Emvd (VZn)

Y,,, under optimal condition, where £ = o
Ede (T )opt

% 100.
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(0)

Table 1. Optimum values of 4 and percent relative efficiency E of the estimator 7 over the estimator Yo,

for (f=0.1, §, = 2.0, &, = 2.0, 6= 8.0)

Porer 03 0.5 0.7 0.9
5, g g, o P po £ po £ po £
0.5 0.5 0.5 0.5118 | 139.48 | 0.5359 | 146.84 | 0.5834 | 161.57 | 0.6964 | 197.94

1.0 0.5117 115.43 0.5356 121.46 0.5825 133.51 0.6931 162.93
1.5 0.5114 106.87 0.5347 112.32 0.5800 123.09 | 0.6840 148.65
2.0 0.5110 103.87 0.5333 108.95 0.5763 118.87 | 0.6710 141.43
1.0 0.5 0.5117 139.45 0.5356 146.74 0.5825 161.29 | 0.6931 196.84
1.0 0.5118 115.45 0.5359 121.54 0.5834 133.73 | 0.6964 163.84
1.5 0.5117 106.94 0.5356 112.53 0.5826 123.70 | 0.6933 150.99
2.0 0.5114 103.97 0.5348 109.28 0.5802 119.79 | 0.6846 144.76
L5 0.5 0.5114 139.37 0.5347 146.47 0.5800 160.52 | 0.6840 193.84
1.0 0.5117 115.43 0.5356 121.47 0.5826 133.52 | 0.6933 162.98
1.5 0.5118 106.96 0.5359 112.60 0.5834 123.90 | 0.6964 151.79
2.0 0.5117 104.03 0.5356 109.47 0.5826 120.34 | 0.6934 146.92
2.0 0.5 0.5110 139.24 0.5333 146.05 0.5763 159.35 | 0.6710 189.59
1.0 0.5114 115.36 0.5348 121.25 0.5802 132.91 0.6846 160.63
1.5 0.5117 106.94 0.5356 112.54 0.5826 123.71 0.6934 151.03
2.0 0.5118 104.05 0.5356 109.54 0.5834 120.53 | 0.6964 147.66

1.0 0.5 0.5 0.5118 250.04 0.5359 263.24 0.5834 | 289.64 | 0.6964 | 354.85
1.0 0.5117 153.90 0.5356 161.95 0.5825 178.01 0.6931 217.24
1.5 0.5114 119.87 0.5347 125.98 0.5800 138.06 | 0.6840 166.73
2.0 0.5110 108.14 0.5333 113.43 0.5763 123.76 | 0.6710 147.24
1.0 0.5 0.5117 249.99 0.5356 263.06 0.5825 | 289.15 | 0.6931 352.87
1.0 0.5118 153.93 0.5359 162.06 0.5834 178.31 0.6964 | 218.46
1.5 0.5117 119.94 0.5356 126.22 0.5826 138.74 | 0.6933 169.35
2.0 0.5114 108.24 0.5348 113.77 0.5802 124.71 0.6846 150.71
1.5 0.5 0.5114 249.85 0.5347 262.58 0.5800 | 287.76 | 0.6840 | 347.50
1.0 0.5117 153.90 0.5356 161.96 0.5826 178.03 | 0.6933 | 217.31
1.5 0.5118 119.96 0.5359 126.30 0.5834 138.96 | 0.6964 170.25
2.0 0.5117 108.30 0.5356 113.97 0.5826 125.29 | 0.6934 152.96
2.0 0.5 0.5110 249.62 0.5333 261.83 0.5763 | 285.67 | 0.6710 | 339.88
1.0 0.5114 153.82 0.5348 161.67 0.5802 17722 | 0.6846 | 214.17
1.5 0.5117 119.94 0.5356 126.22 0.5826 138.75 | 0.6934 169.40
2.0 0.5118 108.32 0.5359 114.04 0.5834 12548 | 0.6964 153.73
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Porer 03 0.5 0.7 0.9
5, g g, o P £ po £ po £
1.5 0.5 0.5 0.5118 | 43431 | 0.5359 | 457.23 | 0.5834 | 503.10 | 0.6964 | 616.37
10 | 05117 | 218.03 | 05356 | 22943 | 0.5825 | 252.18 | 0.6931 | 307.76
1.5 05114 | 14153 | 0.5347 | 148.75 | 0.5800 | 163.01 | 0.6840 | 196.86
20 | 05110 | 11526 | 05333 | 120.89 | 0.5763 | 131.90 | 0.6710 | 156.93
1.0 0.5 0.5117 | 43423 | 0.5356 | 456.93 | 0.5825 | 502.24 | 0.6931 | 612.92
10 | 05118 | 218.08 | 05359 | 229.58 | 0.5834 | 252.61 | 0.6964 | 309.49
1.5 05117 | 141.62 | 0.5359 | 149.03 | 0.5826 | 163.81 | 0.6933 | 199.96
20 | 05114 | 11536 | 05348 | 12125 | 0.5802 | 13291 | 0.6846 | 160.63
1.5 0.5 0.5114 | 433.98 | 0.5347 | 456.09 | 0.5800 | 499.84 | 0.6840 | 603.61
10 | 05117 | 218.03 | 05356 | 229.44 | 0.5826 | 25221 | 0.6933 | 307.86
1.5 05118 | 141.64 | 0.5359 | 149.12 | 0.5834 | 164.08 | 0.6964 | 201.02
20 | 05117 | 11543 | 05356 | 121.47 | 0.5826 | 133.53 | 0.6934 | 163.03
2.0 0.5 0.5110 | 433.59 | 0.5333 | 45479 | 0.5763 | 49620 | 0.6710 | 590.36
10 | 05114 | 21792 | 05348 | 229.04 | 0.5802 | 251.07 | 0.6846 | 303.41
1.5 05117 | 141.62 | 0.5356 | 149.03 | 0.5826 | 163.83 | 0.6934 | 200.01
20 | 05118 | 11545 | 05359 | 121.54 | 0.5834 | 133.73 | 0.6964 | 163.84

10. CONCLUSION

The following points can be read out from
Table 1:

(a) For the fixed values of ﬂz, g and g the values
of ,u(o) and E are increasing with the increasing

values of /Oelez_

(b) For t(f(l)? fixed values of 3, g, and p,, , the Value.s
of £ and E decrease when the value of g, is
increased.

(c) For t(l(l)? fixed values of 8, g, and p,, , the Value.s
of £ and E decrease when the value of g, is
increased.

(d) For the fixed values of g, g, and p,, , the values
of ,u(o) are stable while the efficiency E increases

with the increasing values of £,.

(e) The percent relative efficiency £ and ,u(o) is
independent of f3,.

From the above discussions, it may be
concluded that the proposed estimator 7 is appreciably
preferable over sample mean estimator under the
proposed super-population model. Hence, the use of
auxiliary variable through a super-population model is
highly beneficial and it may be recommended to the
survey statisticians/practitioners for its further use.

ACKNOWLEDGEMENT

Authors are thankful to the honorable referee for his
valuable and inspiring suggestions. Authors are also thankful
to the University Grants Commission, New Delhi and Indian
School of Mines, Dhanbad for providing the financial
assistance and necessary infrastructure to carry out the present
work.

REFERENCES

Arnab, R. (1998). Sampling on two occasions: Estimation of
population total. Survey Methodology, 24, 185-192.



G.N. Singh et al. / Journal of the Indian Society of Agricultural Statistics 64(3) 2010 407-415 415

Avadhani, M.S. and Sukhatme, B.V. (1970). A comparison
of two sampling procedures with applications to
successive sampling. Appl. Statist., 19, 251-259.

Biradar, R.S. and Singh, H.P. (2001). Successive sampling
using auxiliary information on both occasions. Cal. Stat.
Assoc. Bull., 51, 243-251.

Feng, S. and Zou, G. (1997). Sample rotation method with
auxiliary variable. Comm. Statist.-Theory Methods,
26(6), 1497-1509.

Jessen, R.J. (1942). Statistical Investigation of a Sample
Survey for obtaining Farm Facts. lowa Agricultural
Experiment Station Research Bulletin No. 304, Ames,
lowa, U.S.A., 1-104.

Kulldorff, G. (1963). Some problems of optimum allocation
for sampling on two occasions. Rev. Int. Statist. Inst.,
31, 24-57.

Patterson, H.D. (1950). Sampling on successive occasions
with partial replacement of units. J. Roy. Statist. Soc.,
B12, 241-255.

Rao, J.N.K. and Graham, J.E. (1964). Rotation design for
sampling on repeated occasions. J. Amer. Statist. Assoc.,
59, 492-509.

Rao, P.S.R.S. (1968). On three procedures of sampling from
finite populations. Biometrika, 55, 438-441.

Sen, A.R. (1971). Successive sampling with two auxiliary
variables. Sankhya, B33, 371-378.

Sen, A.R. (1972). Successive sampling with p (p = 1)
auxiliary variables. Ann. Math. Statist., 43, 2031-2034.

Sen, A.R. (1973). Theory and application of sampling on
repeated occasions with several auxiliary variables.
Biometrics, 29, 381-385.

Singh, V.K., Singh, GN. and Shukla, D. (1991). An efficient
family of ratio-cum-difference type estimators in

successive sampling over two occasions. Jour. Sci. Res.
41C, 149-159.

Singh, G.N. and Singh, V.K. (2001). On the use of auxiliary
information in successive sampling. J. Ind. Soc. Agril.
Statist., 54(1), 1-12.

Singh, G.N. (2003). Estimation of population mean using
auxiliary information on recent occasion in h-occasion
successive sampling. Statist. Trans., 6, 523-532.

Singh, G.N. (2005). On the use of chain-type ratio estimator
in successive sampling. Statist. Trans., 7, 21-26.

Singh, G.N. and Priyanka, K. (2006). On the use of chain-
type ratio to difference estimator in successive sampling.
Int. Jour. Appl. Math. Statist., 5 (S06), 41-49.

Singh, G.N. and Priyanka, K. (2007a). On the use of auxiliary
information in search of good rotation patterns on
successive occasions. Bull. Statist. Eco., 1 (A07),
42 — 60.

Singh, G.N. and Priyanka, K. (2007b). Estimation of
population mean at current occasion in successive
sampling under a super — population model. Model
Assist. Statist. Appl., 2, 189 — 200.

Singh, G.N. and Priyanka, K. (2008a). Search of good rotation
patterns to improve the precision of estimates at current
occasion. Comm. Statist.- Theory Methods, 37(3),
337-348.

Singh, G.N. and Priyanka, K. (2008b). Use of super —
population model in search of good rotation patterns on
successive occasions. J. Statist. Res., 42(1), 127-141.

Sukhatme, P.V., Sukhatme, B.V., Sukhatme, S. and Asok, C.
(1984). Sampling Theory of Surveys with Applications.
Towa State University Press, Ames, lowa (USA) and
Indian Society of Agricultural Statistics, New Delhi
(India).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


