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Abstract: This paper suggests a new class of estimators under theajémenework of two phase sampling scheme using auxiliary
information where there is non-response on study as wellgiiary variables. The expressions of bias and mean squarer (MSE)

of the suggested class of estimators were obtained. Someésts are also derived from the proposed class of estmbyoallocating
the suitable values of constants used. It has been showththptoposed estimator is more efficient than the usual sadiastimator
and other estimators. Moreover, these theoretical fincimgsupported by simulation.

Keywords: Efficiency, Exponential estimator, Mean squared erroridiagtimator, Simulation.

1 Introduction

The variable which is highly correlated with the study vhhais popularly known as auxiliary variable which may be
fruitfully utilized either at planning stage or at desigage or at the information stage to arrive at improved esomat
compared to those without auxiliary information. Cochra®42) pioneered the use of auxiliary information for formin
ratio and regression method of estimation. When full infation on auxiliary variable is available, and the auxiliary
variable is highly correlated with the study variable, tlieis well known that ratio and regression estimators previd
more efficient estimates of the population mean of studyaidei However, when the information on population mean
X of the auxiliary variablex is unknown, it is sometimes relatively cheap to take a langdiminary sample in which
auxiliary variable alone is measured. The aim of this sarigole obtain a good estimate of the population mean or total
of the auxiliary variable or its frequency distribution &@Bhu-Ajgaonkar, 1975). This technique is well known as d®ub
sampling or two phase sampling.

In general, conducting a mail survey, the problem of nopeese often happens due to the refusal of the subject,
absenteeism and sometimes due to the lack of informationsétaand Hurwitz (1946) pioneered the treatment of
non-response, assumes that a sub sample of initial nonnméepts is recontacted with a more expensive method; they
suggested the first attempt by mail questionnaire and thensleattempt by a personal interview. Sodip and Obisesan
(2007) have studied the problem of estimating the populatiean in the presence of non-response, in sample survey
with full response of an auxiliary variabbe In general, it has been observed that the population me#redaduxiliary
variable is not known. In such cases two phase (Double) sagigan be used for estimating the population mean of the
auxiliary character. Cochran (1977), Foradari (1961), dipaya et. al (1985), Rao (1986, 1987), Srndal, C. E. and
Swensson, B. (1987), Khare and Srivastava (1993, 1995,)10%&for and Lee (2000), Khare and Sinha (2004, 2007),
Tabasum and Khan (2004, 2006), Singh et. al (2006), Singhkamdar (2008, 2009, 2010), Kumar et. al (2011) and
Kumar (2012) have studied the problem of non-response wtaldsle (or two phase) sampling.

Consider a finite populatidd = (U1, Uo, ..., Uy), a large first phase sample of siZés selected by simple random
sampling without replacement (SRSWOR). Frohunits, a second phase sample is selected ofrsizeSRSWOR. Non
response occurs on the second phase sample af giaghich n; units respond and, units do not respond. From timg
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non respondents, a samplerof (ny/K) ;;k > 1 units is selected by SRSWOR, whéris the inverse sampling rate at the
second phase sample of sizdt is assumed that all theunits respond this time round.
Hansen and Hurwitz (1946) proposed an unbiased estimattrdgopulation mea¥ of the study variablg as

V' =Wi¥1 + Wy, 1)
wherew; = (ni/n);; i =1, 27, = & 57 yi andy, = £ 57,y
The variance of* is given by

whereS) = 11 514 (i —Y)Z ' o) = ﬁ_l S (vi _YZ)Z? G = %? G = S\\(i—(zz)?

Y=gy Yo=g S vis W= Nii =1, 2; Ny andN, are the sizes of the responding and non-responding units
from the finite population of sizHl.

Letx denote an auxiliary variable with population méae: § 31V ; xi. LetX; = g- s % andXy = i 512, % denote
the population means of the responding and non-respondits) LetX = % S, X denote the mean of all threunits. Let
Xy = n—ll S X andx, = n—12 2, % are the means of the responding and non responding unithefuetzy = 1 5_; X
denotes the mean of the sub sampled units of sia#ith this background, one can define an unbiased estimétor o
population mean as

X" = W1X1 + WoXoy, )

Var(x*):Yz{(%—ﬁ)Cerw EQ)}, 4)

wheresf = 3 5N (x —X); Sy = g S (6 — X2) 5 O = 31 O = 22

In the present study, a new class of estimators for estigpdtia population mean of the study variable under the
framework of two phase sampling scheme when there is ngensg occurs on both the variables i.e. study as well as
auxiliary variable is proposed which includes the estimrstdasses of estimators and its properties are studied.

with variance

2 The proposed class of estimators

A class of estimators is define when there is non-respongasosttidy and auxiliary variable as

Y// g o (X _ )—(1)
"=y ————— ) +wye (> 5

y agt+(1-a)X" ver X +xt ©
whereX =ax +b ; Xt = ax* + b; anda(# 0), b are either real numbers or functions of the known parametettse
auxiliary variablex such as the standard deviatit®), Coefficient of VariationCy), Coefficient of Skewnes§83;(x)},
Coefficient of Kurtosig 32(x) }, and Correlation coefficieripyx) of the populationg is a suitable constantg, 6) being
constants which take valu¢8, 1, —1) for deriving the different estimators, aridx, «) are suitably chosen constants
to be determined such thistSE (t*) is minimum.

(i) for (e, wp) = (1, 0), the class of estimatot$ reduces to

YU 9
t; =y I ——— ; 6
! yk{a>‘<1+(1—a)x”} (©)
(i) for (w1, wp) = (i, 0), the class of estimatot$ reduces to
Y// 9
£ =y __ 4. 7
2 yk{on‘(lJr(l—a)X”} @)

(@© 2015 NSP
Natural Sciences Publishing Cor.



J. Stat. Appl. Pro. Let®2, No. 1, 37-50 (2015) www.naturalspublishing.com/Journals.asp

N SS ¥

39
(iii) for (e, wp) = (0, 1), the class of estimatots reduces to

5(X —x
té‘:V“@(p{i(_,, — )}
X +xt
(iv) for (oo,

w) = (0, ap), the class of estimatot$ reduces to

(8)

]
ti=a&7*®<p{%};

(0, 1, 1), the class of estimatot$ reduces to

(9)
(v) for (w1, @y, J) =

"

Y _v1

The different estimators are defined in Appendix (A1-A8)taeemembers of the proposed estimators; , t;, t5 , t;

(10)
andtZ, respectively. To obtain the bias and MSE of the proposesbaéestimators, It =Y (1+ &), X* = X (1+ &1)
andx’ = X (1+ &) such that

E(g) =E(&1) =E(&1)
and

e) = {(3- %)+ 280, he)

n

) N S
E (e0€1) = (:, - %) Cyx
whereSy = itz 3N (% = V) (6 —X); Sy = 1 1% (41— V) (3~ X): Cpe = 2
S @

Expand* in terms ofe’s, we obtain

av (g —¢g
:wl\((lJreo){HM

’ vo Y A\ L
(1+vsi)} +a>2Y(1+£o)exp{ (el—el)(1+§(£1+£l)) } (11)

wherev = -2

axX+b"

Expanding the right hand side dfX), neglecting terms of’s having power greater than two and subtracihijom
both sides, we get

t'-Y)=Y {wl{l—gav (81—81— veirg + ve’lz) + M

a (81 +ef— 25151) + &0—gav (g1 — &g | + wp
vo V25 1/vd v25
{1+7(81—81) 4 (81 —82) +§(7 (81—81)_—

2
5 (sl —el)> +so+v—25(eoei—sosl)}—a%2)

The bias ot* to the first degree of approximation is obtained by takingeexgtions on both sides dt2) as
B(t") =Y [w {1+gav((A —A") ((9+1)avC; —Cyx)) — BCpz — A (g+1)avC;}
vo
+ @{1+ (A=) 35 (v(2-8)CE —4Cy) + ge (v (2-5)CZ, —4cyx(2>) H (13)
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whereA = (— —Aya=(3-4)0= Wz(k 1
By squaring and taking expectations of both sidesl@j,(we have the MSE df to the first degree of approximation
as

MSE (t*) = V2 (14 wPA+ wiC — 261 B — 200E + 2w D) , (14)
where

A=1+(A=2){Cl+ (dPa’v?+g(g+1)a’v?) C; —4gavCy} +A'Ch
+6{cy o)+ (920,2v2+g(g+ 1)0,2\;2) c§(2> —4gavax(2>};

B=1+(A-X") { 012v2CX gavax}jLG{g(ginrl) 2C2 —gavCy; }
c= { (52+ )cx 2v50yx}+)\cy+e{cy (52;5>c§(2>—2v50yx(2>};
D= { Zga+6) +2(Zgaz+5)}cf—(290+5)vcw}+)\’C§

e{cg o+ g{(Zga—Fé) +2(2ga+5)}c§(2>—(2ga+5)vcyx(2>};

- (5] B ol (£52)e o)

TheMSE (t*) is minimum, when

BC—-ED
= AC — D2 = Wi(opt) (15)

and AE — BD
= AC — D2 = W(opt)- (16)

By substituting the optimum values af; andw, from (15) and (L6), we get the minimum MSE of the class of estimators
t* as

17)

) B2C — 2BDE + AE2
mn.MSE (t*) =Y {1— C_D2 }

Thus, the following theorem to the first degree of approxiorat

Theorem 1MSE (t*) > 72{1—%} with equality holding if wp = 8=ED = wy o) and wp = 4E-ED =
W2(opt)-

The MSE of the estimatot$, t5, t3, t; andtZ, respectively obtained by substituting the different ealofw;, w, and
0, as follows:

MSE (t;) = Y2 [(A — A") (C2+ ?a?v?C2 — 2gavCy) +A'C2 + 6 (Cy2(2> +9%a?vCy —2gavCy )} (18)

MSE (t3) = V° (1+ w?A— 2anB) , (19)

V252

MSE(tg):VZ[(A_/\’) (C§+$ —vacyx>+Acy+e<cy2 +—5c2 ) = VOCy2 )] (20)

MSE (t;) = Y° (14 wiC — 2wE) , (21)

MSE(t;):VZ[()\—)\’)<Cy2+VZZCf vcyx>+Acy+e<c§ +— c2 ) — VCy2 )} (22)
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The MSE oft";i = 1(1)5 are respectively, minimized for

_ (A —=A")Cx+6C3)

T A-A)C+ GCE(Z) = U(opt) (23)

B .
W = A Wy (opt) (24)
:2{()\—)\)ny+9Cy2X(2)} . (25)

v{a-acz+ecz, }

E "

Wp = = = Wyop) (26)
and

+ 0

V= A" O Sz } = Viopt)- (27)

2{(A

{ NG+ 6CE, |
Substituting a(op). (opt) Otopt)» wz and Vo), from (23) to (27) in the expressions of MSE df;i = 1(1)5
respectively, we obtain thain.MSE oft* =1(1)5, to the first degree of approximation, as

min.MSE (t;) = min.MSE (t3) = minMSE (1) =

{A=A)Cx+ 0G5} ,2}
(A-A)C;+6 . +A : (28)
lo-wgvacg, - (G0 Sl v
mnMSE () =Y (1—%), (29)
mn.MSE (1) =Y <1—%2) (30)

3 Particular Case: Whenw, +wp, =1
For wy + w, = 1, the proposed class of estimattrseduces to
X g ) (7// —)_(1)
t=wy{———— tl-w)yep{ ——=~ /- (31)
ax! +(1—a)X (X +>—<1)
The expression of MSE df, to the first degree of approximation, respectively, given a

MSE (t;) = Y* {1+ C— 2E + @} (A+C—2D) — 2wy (C+B—E—D)}, (32)

which is minimum, when

_C+B-E-D

T TArCc_20  Yomy
Thus, the minimum MSE df; is given by

(C+B—E—D)?
mn.MSE (t7) = {1+C 2E — ATC_2D

{0 -G 6
= A=A 6 A
l( 1SS e, S
= min.MSE (t;) = min.MSE (t3) = min.MSE (). (33)
Thus, the following theorem to the first degree of approxioreis stated as

— 2
Theorem 2MSE(t;) > Y° {1+C— 2E — %75;3} with equality holdingif e = SEER = wify .
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Table 1: PRE of ty, t5, thg andtpy (i=1, 2, ..., 13) with respect to/*.
| Variance ofy* = 0.01514224 |

Ratio-type estimator PRE(Y", .) Product-type estimator PRE(Y", .)
thy 114.2102 thy 116.2246
tho 118.3532 thy 109.9654
ths 116.7055 ths 114.1994
ths 109.6878 thy 97.4185
the 117.3161 ths 113.1566
the 104.8072 the 104.7134
tho 115.7877 th, 115.2462
the 117.7448 the 111.914
tho 114.7163 tho 98.5811
th1o 118.5042 th1o 109.0759
thi1 118.9836 thiq 103.2461
theo 116.1492 theo 114.8503
th3 106.6251 this 97.4487

Ratio-product-type exponential estimator  Product-ratjme exponential estimator
the 119.2562 the 110.218
teo 117.121 theo 99.7700
téeS 118.9385 tée3 105.1443
- 126.6160 = 103.3413
Re5 : Pe5 :
thes 101.3611 thes 102.0961
trer 119.1775 the7 107.4332
tres 118.0704 thes 101.6841
teo 106.7859 theo 96.8283
the10 116.5425 theto 99.1211
ther1 112.0671 the1 96.8456
thero 119.0801 the 106.5048
thes 102.8637 the1s 98.1200

4 Efficiency comparision

For comparison of the proposed class of estimatonsth usual unbiased estimatgt, the usual ratio estimatgg = y* )Zf—*
. i X, . , . . . .
and the usual product estimatgy = y*37; the expression of MSE's to the first degree of approximatéspectively, as

Var () :72{()\ —A)C2+ ec§(2>+)\/03}, (34)
MSE (7) = Y2 { (A = A") (G +CZ — 2Cyx) + 6 (CZ, + CZp — ) ) +A'CE }, (35)
MSE (v5) :\72{()\ — ') (C2+C2+2Cy) + 6 (03(2> +CZ,) +2cyx<2)) +A’c§}. (36)

From (17), (28), (29), (30), (33), (34), (35) and @36), we have

{A-29Cp+ G} _

Var (y*) — min.MSE (tjor t; or t2 or t) = ()\_)\’)C)%Jr@Cf(z) = (37)
2
A=A (C:-Cpn)+6(C2, —
MSE (Vi) —min.MSE (tjor t3 or ts or t) = {( )(C(::(\ _%)C%+(ec;<2) ny(2>)} >0, (38)
X(2)
2
A=A (CE+Cp) +6(Coy +
MSE (Yp) —min.MSE (tjor t3 or tz or t7) = {( /(G4 5) ( X2 ny(2>)} >0 (39)

(A =N)C2+6C2, =
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Table 2: PRE of tig;, thp;, the andtpy (=1, 2, ..., 13) with respect to/*.
| Variance ofy* = 0.01514224 |

Ratio-ratio type exponential estimatorPRE(Y*, .)  Product-product type exponential estimatoPRE(Y*, .)
thet 72.88283 the1 54.4895
thro 119.1121 thpo 118.6979
tira 118.8514 thps 119.2595
thra 109.618 thpa 104.187
tors 118.9539 thps 119.1989
tire 109.0434 t5eg 108.6556
tiry 118.6964 thp7 119.2745
tirs 119.0066 thpg 119.029
tiro 114.808 thpo 108.951
tir10 119.121 the10 118.4505
thr11 118.8057 thp11 115.5702
thrio 118.7521 tip1o 119.2637
thria 106.2542 thpi3 101.913
Ratio-product-type exponential estimator Product-ratfe exponential estimator
thp1 118.3666 thea 119.1826
tipo 112.1377 thro 70.6831
thps 94.8842 thrs 62.2368
tipa 110.4339 thra 90.9394
tips 101.4054 thRs 64.8927
tipe 93.9754 thre 98.1167
thp7 85.6730 thr7 58.8636
thpg 106.2526 thrs 67.3112
tipo 115.1801 thro 86.7157
tip10 113.5166 tiR10 71.8743
thp11 119.1379 thr11 79.6060
tip1o 89.2789 thrio 60.1875
thei3 107.5185 thri3 93.3973
. o .. <2(AE—BD)?
mMn.MSE (t;) —min.MSE (t*) =Y A(AC—D?) >0, (40)
. o .. o2(BC—DE)?
min.MSE (t;) — min.MSE (t*) =Y C(AC_D?) >0, (41)
. o +_2{C(B-A) +D(D-B)+E(A-D)}*
mMN.MSE (t7) —minMSE(t*) =Y (AC—D?) (AT C—2D) >0, (42)
From 39)-(44), the following inequalities holds,

min.MSE (t*) < min.MSE (t;) < min.MSE (), (43)

min.MSE (t*) < min.MSE (t;) < min.MSE (t3), (44)

min.MSE (t*) <min.MSE (t; or t3 or t2 or t;) < MSE (Yg) < MSE (V). (45)

From @3), (44) and @5), it is noted that the proposed class of estimatoat its optimum is the best among all the
discussed estimators.

5 Simulation Study

In this section we demonstrate the performance of diffetgpés of estimators fallen under the proposed class of
estimators mentioned irb). Basically we compared all the estimators with the usudiiased estimatoy* by an
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Table 3: PRE of tjg;, tp;, tog andtsy; (i=1, 2, ..., 13) with respect tgy*.
| Variance ofy* = 0.01514224 |

Ratio- type estimatofa, g) = (1, 1) PRE(Y",.) Product-type estimatota, g) = (1, —1) PRE(Y', .)
tirt 32.8621 tip1 16.8928
tiro 96.0705 tipo 42.0280
tirs 58.4124 tip3 26.3190
tira 111.9331 tipa 85.8688
tirs 70.0109 tips 30.6321
tire 82.2834 tips 87.5777
tiry 45.7031 tipy 21.6785
tirs 80.6888 tipg 35.0751
tire 116.4345 tipo 77.9212
tirio 100.1586 tip10 44.5980
tir11 118.348 tip11 62.4593
tiro 50.2727 tip1o 23.3932
tiri3 108.8982 tip13 90.0502

Ratio-type estimatofa, g) = (1, 1) Product-type estimatofa, g) = (1, —1)
Rt 0.2288 tp1 0.0835
tiro 0.5449 t3pp 0.0802
t3rs 0.2982 tps 0.0805
Bra 1.9323 by 0.1676
tors 0.3430 tps 0.0799
t3re 0.2602 t3re 0.2611
tiry 0.2600 t3py 0.0817
t3re 0.4043 tpg 0.0796
tiro 3.2945 t3po 0.1255
t5r10 0.6180 t5p10 0.0809
Bra1 1.9482 tp11 0.0924
tir12 0.2732 P10 0.0812
tori3 1.2337 t3p13 0.2065

exemplary simulation study. The whole simulation processdrawing a two-phase sample on interest variable Y and
auxiliary variable X from the pseudo population and caltotathe estimates was repeated 5000 times.

The pseudo population sizZ& units) is 2000 and all the sample and sub-sample sizes are coridere to run
this empirical study are’ = 500, n= 100, n; = 70, n, = n—ng = 30, r = 20. Now, we assume that the relationship
betweenY and X is linear with drift 3 and slope 1.5 and the auxiliary infortina on variableX has been generated
from N (0.5, 0.3) population. We have also employed an additive noise faattiieé modely = 3+ 1.5X, by randome
following N (0, 1). This type of population is very relevant in mostly all soeiconomic situations with one interest and
one auxiliary variable.

We have computed theRE of ty;, {5, tra: tai: trris topis trpis toris URis Upis Dris pis tareis peis Lareis tapei @Nd
Var (y*), wherei =1, 2, ..., 13. The results are shown in tables (1-4).

Note: The estimatot: : (w1 =0, wp =1, 6 =1) is same as; for § = 1.

The following points are to be noted from tables (1-4) :

1.The ratio estimatoliy ;, ter, trros thrios theirs tirir @ndtize, have the large efficiency with respect to the usual
unbiased estimatgr among the class of estimatdis t;, t5 andt; respectively.

2.Among all the proposed ratio-type class of estimatoss etimatot;,, (i.e. Ratio type exponential estimator with
parameterg =0, 0 =1, a=1and b= 0) is performing well in terms dPRE with respect to usual unbiased estimator
y.

3.The product-product type exponential estimatgg (a =1, g=—1, d = -1, a= B2(X), b=Cy) is more efficient
with respect to usual unbiased estimatoamong all the proposed class of estimators.

4.The performance dfy;, tip;, Ui, top;, G3ris tap;s tag @Ndtzg (i =1, 2, ..., 13) estimators are worst compared to the
usual unbiased estimator for population considered in teegmt simulation study.
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Table 4: PRE of t3, t3p;, tag andtyy; (i=1, 2, ..., 13) with respect tg/*.
| Variance ofy* = 0.01514224 |

Ratio-type exponential estimatér=1 PRE(Y", .) Product-type exponential estimador —1 PRE(Y*, .)
t3Re1 88.5738 t3per 38.4703
t3Reo 118.7231 tpeo 66.1256
t3Res 109.6319 t3pes 50.9517
t3Res 106.4449 t3ped 93.0202
t3Res 114.3062 t3pes 55.6612
t3Res 93.9335 t3pes 97.6524
t3Re7 101.6158 t3pe7 45.2421
t3res 116.7272 tpes 60.0671
t3reo 109.6907 t3peo 88.9766
t3re10 118.5368 t3pe10 68.2052
t3Re11 115.3762 t3pe11 80.3392
t3r12 104.8377 t3per2 47.4486
t3Re13 104.6520 t3pei3 95.0889

Ratio-type exponential estimatar,= 1 Product-type exponential estimator= —1
tiret 2.3228 theet 0.4348
tarer 0.4557 tapeo 0.2435
tares 1.1721 tipes 0.3466
tares 0.2290 tapes 0.1524
tares 0.8855 tares 0.3142
tares 0.3927 tapes 0.3130
tare7 1.6236 taper 0.3867
tares 0.6653 tpes 0.2830
tireo 0.1933 tipeo 0.1364
tAre10 0.3949 tape10 0.2286
tire1 0.2081 tipe11 0.1597
tAre12 1.4280 tiper2 0.3706
tARe13 0.2642 tape13 0.1793

Thus, we recommend that the proposed class of estimdt@she best in terms of having led#tSE among all the
estimators discussed here. Finally, the results of thisilsition study provides an evidence that the proposed class o
estimators™* should be used when the study as well as auxiliary varialéelireearly related in presence of non-response.

6 Conclusion

In this article, a class of estimators is proposed. The esgiwas of bias anMSE /VAR are derived under simple random
sampling without replacement when non response occursdmgiudy and auxiliary variables. Proposed estimators are
compared with other existing estimators by different atgtamd usual unbiased estimator. Theoretically, it is shitah
the members of the proposed class of estimators are morieeffiban already existing estimators.

Simulation study is conducted to show the performance ofptloposed class of estimators under the assumption
that the relationship betweefiand X is linear with drift 3 and slope 1.5 and the auxiliary infortoa on variableX
has been generated frd0.5, 0.3) population. The results are shown in tables (9-12) whickcate that the proposed
class of estimators is performing more efficiently than teeal unbiased estimator and the existing estimators. liFinal
we recommend for precise estimation of population meanesthdy variable in presence of non-response under double
sampling, the use of proposed family of estimators are recenued.

(@© 2015 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

%NSP}

46 S. Kumar, K. Chatterjee: A Simulation Study for Unit Non Resge...
Appendix
Table Al: Some members of the class of estimatot$
Ratio type estimator Product type estimator
(a,0,0)=(1,1,0) (a, g, 90)=(1, -1, 0) a b
thy = 1y’ (¥ ) + w2y thy = a1y’ (%) + w2y 10
o=y (FZ)+oy oy (HE) oy 1 G
ti = 1y’ ﬁj((x));ij%x) t@y ty=ay (BPEE)roy B G
=@ (S BN+ @y =y (Srihe) @y G B
ths = w1y ;di%‘()-szy ths = @y (518 + ooy S
the= Y (firre)+@y  te=wy (BRI ) vay BN S
tiy = ey (B2 ));ijz‘(g Tyt =Wy BZ(@Q&; twy B(X) S
o=@y (F2)+wy gy (32)+wy 1op
o=@V (F29) @y o=@y () +wy 1 B
o= 1Y (Exi2 )+ @y o=y (&L )+wy G p
tr= @Y (g )+ @y thy =@y (2 ) + oy P G
thao = @y (L) Ly thyy= @y ﬁz%ﬁiﬁ +ay B(X) P
taz= @ (20 )+ @y = wy (SR ) 0y o B
Table A2: Some members of the class of estimatot$
Ratio type exponential estimator Product type exponeatiimator
(99)=(0,1) (9.6)=(0, -1 a b
they = 17" (¥ )+wzy9‘@<p<x+x) they = @Y + @y exp (55 ) 10
thep = @y + oy exp{ X E s theo = @Y + @y ep{ o X ¥ | 1 G
the = @1y + @y ep{ g BN g =@y +woyep! fENNO L B G
thea = 1Y + 0V 0P| i b = @Y oy en] 2t st G B
thes = @Y + 2V eR{ ZETIs ) ths— @Y + @y ep{ mhis | 1 s
thes = @Y + wyep{ FANE X = ay +oyep{ ZANE T L B
they = @1y + @y ep{ pBNC T g =@y +wyep! LK L BN S
theg = @1V + 2y exp{ X theg = Q1Y + Y &P { sy 1)
oo =@V + 7 ep{ i ZE ol ooy +over| garhky ) 0 L BX
theio = @Y + @y ep{ o0t o= @Y + oy ep{ cas & p
therr = @Y + @y epd S EE It = @y +wyep{ ;B8 T P G
theo = QLY + @2y eXP BMX)QZP% theao = @Y + G2y"eXp Bﬁ;&imﬁzﬁ,% B P
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Table A3: Some members of the class of estimatot$

Ratio-ratio type exponential estimator

Product-prodypetexponential estimator

(a,g9,0)=(1,1,1) (a,g,0)=(1, -1, —-1) a
s~ 7 (Z) + oy exp (2E) tipr = @1y (% ) + 2y exp (5% 1
thro = 1" ;‘i%x) +w2y*exp{ﬁ} tppp = 1Y ?dig:) +w2y*®<p{ﬁ L &
s = @y (R ) + wyrep{ fEXE X L = ay (IS )t wyrep{ g ENE T L B G
thra = C1Y" &;ﬁjﬁiﬁxﬁg tay | oin o | thea= Y %ﬁﬁfé?; - “’Zy*e"pgcchi(xx;éﬁz(x) i G Rl
thps = 7" (542 ) + oy ep{ miis | thps = @1y (322 + oy ep{ witss 1 X
s =V (53 ) + oy ep{ g0 b e = (GBS ) +ayen{ gliiTos b A S
e = Y (e ) + ey en{ gttt | ther =V (e ) + oy ee|{ glia s | R0 S
thee = 17" (515 ) + v em{ XX | topg = @1° HJM&W@@{%} 1 p
tiro = @Y (F20) + oy em{ X b tee =y (5T + e en{ ik | 1 B
thrio = @Y (G2 ) + iy exp{ s thpro = @Y" (252 ) + wyexp{ s XX P
tRr11 = @1y Ef TE) +wyep p(5g7)§)20x tpp1g = Wy" Zﬁgj + Wy exp % p G
tiraz = 13" ( 5 51’5; e M% therz = 13" (G 33«153 o e Mi P
trras = Y ( G i) + 9y P iefin o | tera= @ (G i) ey Rl m P B
Table A4: Some members of the class of estimatots$
Ratio-product type exponential estimator Product-ratietexponential estimator
(a,g,0)= (1 1, -1) (a,g9,0)=(1, -1, 1) a
trpr = @W1Y" ( 5 )+wzy*exp(x +x) tpry = @W1Y* x’)+w2y*e(p<x+x) 1
thp = @1V §1a)+wzy*exp - . thre = @1y" (518 ) + wy'en{ w2 | 1 G
tips = 1" ( i 3;{:21 + oy exp % e mx e = 1Y ([Fc: ) + oy ed{ g lia s b R G
tipy = @1y (SZHE9) 1 oy’ =Py b = o (E ) twyep] e st G Ba¥)
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thes = 1Y (e s ) + @V @R g os b tre— Y (Bes ) F o ed{ gl | BN S
tor = 13" (i 335«13; oy @‘pgmj tory = 17" 55s ; “*’Zwe‘pg()((wimzsj R S
tipe = w1y (555 ) + w2y e { i thre = @1’ %ﬁ)wzy ep{ i 1 p
oo o7 (E0) v e w E ) - (B0 oren(n i) L e
tip10= 1Y S;Q*if, + @y ep{ 5 BN thrio = @Y" (2L + wyexp{ XX &P
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Table A5: Some members of the class of estimatot$

Ratio-type estimators

Product-type estimators

(0,99=(11) (a,9)=(1 -1 a
tr' =Y (%) tipy® =" <%) 1
tire =V (24% )Singh and Kumar (2009) t}p, = v* §Tig;) 1 G
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trs =Y" jié) tps =Y" :—digf) 1 .
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tro =" (55205 tro=V (Fiked) 1 B
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Hri1 =Y Z?iigi 11 =Y Fg«i& p Cx
tiri =Y (B o5 tpo=V (B52) B p
triz =Y Ziiﬁi(&i tip1z=Y" gﬁigf&) P BAxX
Table A6: Some members of the class of estimatot$

Ratio-type estimators Product-type estimators

(a,99=(11 (0, 99=(@1 -1 a b
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Table A7: Some members of the class of estimatotg
Ratio-type estimators Product-type estimators
o=1 o0=-1 a b
threr =V eXp( % >'d+>z )Slngh et. al (2010) t3py = V*exp Y)Slngh et. al (2010) 1 0
teo =7 0| e | a0 i 1o
s = V'EXP %i tpeg = V' XP %i B  Cx
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Table A8: Some members of the class of estimatotg

Ratio type exponential estimator Product type exponeasiimator
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