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ABSTRACT

In this study we propose a calibration ratio estimator and a calibration separate ratio-product estimator
of population mean of study variable under stratified sampling using the median of auxiliary variable.
The calibration estimator used calibrated weight determined to minimize a chi-square distance measure
subject to a set of constraint related to the auxiliary variable in other to increase precision of the
estimators. The median of the auxiliary variable was used in defining the calibration constraints. The
variances of the proposed estimators were also obtained. An empirical study to ascertain the
performance of these estimators using simulated data under undetlying distribution assumption of
Student-T distribution, Cauchy distribution, Lognormal distribution, and Standard normal distribution
with varying sample sizes of 10%, 20%, and 25% were carried out. The result of simulation reveals that
when the underlying distribution is Student-T, at 10% sample size, the efficiency performance of the
proposed calibration separate ratio-product estimator is better than other competing estimators. As the
sample size is increased to 20% and 25%, the efficiency performance of the existing stratified ratio
estimator and existing calibration ratio estimator respectively become better than the other estimators.
Under the skewed distributions (Cauchy and Lognormal) and the standard normal distribution, it is
observed that the proposed calibration ratio estimator is better than other competing estimators in
terms of efficiency, consistency and reliability. The result also reveals that under the lognormal
distribution, the conventional stratified ratio estimator and the conventional calibration ratio estimator

give the same result.

Keywords: Calibration Estimation, Stratified Sampling, Ratio Estimators
1 Introduction

The simplest estimator for estimating population mean of a study variable is the sample mean, obtained by
using simple random sampling without replacement. If the population parameters are not known,
supplementary information may be obtained from space (related area to the study variable) or from time
(from previous research) and used to estimate parameters of the study variable. In survey sampling, using
auxiliary information is observed to yield extensive gain in performance (better efficiency, precision, less
bias etc.) over the estimators lacking such information. Auxiliary information is obtained from an auxiliary
variable which is a variable having high correlation with the study. Noor-ul-Amin e# a/. [1]used auxiliary
information in the estimation of population mean. Auxiliary variables can be either positively correlated or
negatively correlated with the study variable. When the parameters of the auxiliary variable X such as
Population Mean, Co-efficient of Variation, Co-efficient of Kurtosis, Co-efficient of Skewness, Median
etc., are known, a number of estimators such as linear regression, ratio, and product estimators and their
modifications like product-ratio estimators, exponential estimators etc., can be used for improved
estimation of the population parameters of the study variable. When the auxiliary variable is positively
correlated with the study variable, a ratio estimation technique is used to improve the estimators’
performance. However, when the correlation is negative, a product estimation technique is employed to
improve estimators’ performance. Over the years, different researchers have used these two forms of
estimators (ratio and product estimation) to improve the quality of estimation with respect to the type of
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correlation existing between the auxiliary variable and the study variable. Singh ez a/. [2] proposed a two-
parameter ratio-product estimator in post stratification, and derived conditions under which the proposed
estimators have smaller mean squared error than some conventional estimators. Zaman e/ a/. [3] proposed
exponential ratio estimators in the stratified two-phase sampling utilizing an auxiliary attribute.

Recently, other parameters of the auxiliary variable such as the median, coefficient of skewness, coefficient
of kurtosis, coefficient of correlation has been used to estimate the population parameters of the study
variable. Subramani [4] suggested a median ratio-based estimator of the population mean, Y.

Calibration technique can also be used boost precision of an estimator. Calibration is commonly used when
auxiliary information is available to increase the precision of estimators of population parameters. This is
done by modifying the original design weights using the known population parameters, in practice
population totals or population means, of the auxiliary variables. Garg ez al. [5] proposed a calibration
estimator of the finite population mean in stratified sampling using the median of auxiliary variable. Rai e
al.[6] proposed calibration-based estimators using different distance measures under two auxiliary variables.
Singh et al. [7] suggested new technique to calibrate estimators of the variance of simple mean, ratio and
regression estimators under different sampling schemes.

2  Research and method
2.1  Notations and some existing estimators

Suppose the finite population U of N elements U = (Uyq, Uy, ..., Uy) and consist of L strata with N units
in the ht" stratum from which a simple random sample of size Ty, is obtained without replacement. Given
that total population size N = Yk_; N and the sample size n = Yk_; np, respectively. Associated with
the ith element of the hth stratum are Yp; and Xp; with Xp; > 0, being the covariate; where yp; is the y
value of the it" element in stratum h , and Xpi is the X value of the ith elementinh,h =1,2,...,L and
i=1,2,..,Ny where y and x are the study and auxiliary vatiables respectively. For the hth stratum, let

N . n )
W, = Th be the stratum weights and f, = N_: , the sample fraction.

Yhi, —

Let the ht? stratum means of the study variable y and the auxiliary variable x (7h = Z;‘z:ln_ ; Xp =
hi

Xhi . . h v Yhi v Xhi
> n—:i) be the unbiased estimator of the population mean (Yh = f‘l_lN—':; Xy = %1:11\,_’:) of

y and x respectively, based on 1, obsetvations.
The Horvitz Thompson stratified sampling estimator is given as:

Ys(@) = Xioa WiIn €y
Where, Wy, = %, is the stratum weight, Y, = %Z;‘,zl Yh , and the variance of Y (@) is given as
h
_ 1-f
V(yst) = { het Wit n—h"}Sﬁy

1 N .
lziz"l(Ym -2 fn= ;—Z

Where, szly ey
e

The conventional ratio type estimator in stratified sampling is given as:

Vse(@) =Xh-y V_Vhthh 2
Where, Rj = @
Xhx
And the variance is
_ 1-f

V(Yrs) = %lzl thzl Wh (Si%y + Rlzlsi%x - ZRhthy) (3)
The calibration ratio estimator under stratified sampling is given as:

Vst (ap) = Z]ﬁ:l Wy ¥nRn €))

Garg ¢t al. |5] proposed a calibration estimator of the finite population mean in stratified sampling using

the median of auxiliary variable as follow:
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Yma = Zh=1 Wn )
Whete Qp , h=1,2,...,L are the calibration weight obtained by minimizing the chi-square distance

Qp—-wW,
measure 2, P
hWh

Zﬁ:l Qpmy = Zh:l WnMy, (6)

Where my and Mj, are the sample and population median of auxiliary variable, respectively.

2
) , subject to the two calibration constraints:

The Lagrange function is defined as:

Op-wp)?
L= Zh:1% — 2A(Zh oy Qumy — Thhoy Wi My,) )

Where A is the Lagrange multipliers. To determine the optimum value of {1y , differentiate the Lagrange
function in (7) with respect to Qp, and equate to zero. Thus, the calibration weight can be obtained as:
Qp = Wy + AW, Qpmy) ®)
Here A is determined by substituting the value of 1 from equation (8) to equation (6), so this leads to a
calibrated weight given as:

L

After substituting the value of Q from equation (9) to (5) ,we obtain the proposed calibrated estimator

as:
Yma = Lhe1 WaVh + Bma|Zhe1 Wn(My — mp)] (10)
Where 3 5= Yh=1 WhQnmnn

m

" Thoy WhQnma?
Vishwakarma ez a/. [8] proposed a separate ratio-product estimator for population mean in stratified random

sampling using auxiliary information as:

5() _ yL = Xn Xn

Yep = Xh=1Wiin {ah A (1—ap) X_h} (11)
With the variance of YR(}S,) to the first order of approximation given as

Var (V) = Bhoy WEvaT2[CE, + (1 — 2a){(1 — 2a) + 2K, }CE,] (12)

Motivated by [8], [9] who proposed a separate ratio-product estimator for population mean in stratified
random sampling using calibration estimation theory as follow:

Jo' @) = Thea Wi ik (13)
Where the coefficient 4 = {0( n ? + (1 —ay) %} and Wy, is the new weights called the calibration weight
h h

and are chosen such that a chi-square-type loss function of the form

* 2
L (Wa—Whn
Sher () (14)
Is minimized subject to the calibration constrain of the form
hi=t Wi Shx = V(Xst) (15)

Minimizing the loss function (14) subject to the calibration constraint (15) leads to the calibration weight
for stratified sampling given by
 _ 7 L e QnWaSj,
Wy =Wy + (V&) = Xy Wy Siy) m (16)
QnWhShy
The1 QnWh(S]y)?
And setting the turning parameter Qp = Sjp.2, then
2 _ 2 [VGE0)?
Wn™ = Wi [v(fst)] a7
Where V(X)) = iL1=1 Wifyh Si%x and 17(Xst) = iL1=1 WhSi%x
Substituting (17) into (13) gives the proposed estimator of the mean as

Let Wﬁkz = [Wh + (V(Xst) - Zlfz=1 W;:Si%x)
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— o« = . QpWyS? _
Vst (ap) = [Zh:l Wy + (V(Xse) — Zhy thﬁx)m Ynh (18)

The MSE of the estimator ¥s,“(ay) is given as

MSE(Jst"(an)) = 22 et Wi YaSiy + 72(2 = 1)? (19)
Writing (19) with respect to (17) gives

MSE (3 (an)) = 22 [B8] Sy WRyas?, + P2(A— 1)2 (20)

2.2 The proposed calibration ratio type estimators under one constraint:

In this section we present some calibration ratio type estimators under one constraint using the chi-square

distance measures
Theorem 1

Given the ratio estimator as
—_ _ L —_
Vst = Lin=1 WaVnRn
M
Where Ry, = —2%
Mhx
A calibration ratio type estimatot Ygz, for population mean Y given as

—x  _ vL (QrWrMAx) The s Wh(Mpx—mps) | =

Is proposed with variance

2
— (QrW M) T 1 Wh(Mpx—mpy) 52— 2
Vi) = (R)? Thoo | W + M) Bes VoW, 57, 4 72(Ry - 1)

Proof:
Given the ratio estimator

Vst = X1 WiVnRy

Define a calibration estimator of the form

Ystm = Lh=1 Wy FnRn (21)
Whete the coefficient Ry, = % and Wy, is the new weight chosen such that a chi-square type loss function
hx
s 2

L (Wh—Wn

e () (22)
is minimized subject to a calibration constraint
Th=1 Wimnyx = Xy WMy (23)
The Lagrange’s function, using Calibration constraints and chi-square distance measure is

* 2
Wy —Wh *

8= Thoy (T = 22 (Zhos Wit = Zhey WiMis) (24)
Differentiating (24) with respect to Wy, setting result equal to zero and solving for Wy
Wy = Wh + A1y Qp Wi (25)

Putting equation (25) into (23) and solving for A; gives

Th=1 Wh(Mpx—mp)
A= 26
LT SR whenmi, (26)
Substituting for 44 from equation (26) in (25) gives the calibration weight for stratified sampling:

(QrW M) Thie s Wh(Mpx—mpy)

Wy =W, 2 27
" nt The1WhQnmMpy 27

Substituting for W}, from equation (27) into (21) gives the population estimator

—x (QnWnpm x)ZL= Wh(Mpx—Mhx) | =

Fien = Sher [y + BTG s )

By substituting the turning parameter Qp, = Mj,- we have the calibration ratio type estimator as
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- L
(Mg Wrmpy) Thet Wh(Mpx—mpy)
L -1..,2
Yh=1 WhMpymp,

Vatm = Lh=1|Whn + YnRn (29)

2.3 The Variance of the proposed estimator calibration estimator

The variance of the calibration ratio type estimatot Ygspy, for population mean Y using median as auxiliary

variable is defined as
V(y;tm) = (y;tm - Y)z

Votm =¥ = Xhoa Wy ynRy = Y (30)
Squaring both sides of equation (30) and taking expectation gives
=k V4 * — 512
EFstm = ¥)? = [Lh=1 WiFnRn — Y] (3D
—* V4 * — 2 v * — v
EWstm — ¥)? = E(Zk=1 Wy ¥nRn)" — 2R\YE(Zf—i Wy n) + 7 (32)

= var(They Wi TnRn) + [E(Shey WiTnR)]" — 2ARLE (Shey WiTh) + V2

Where E(Xh Wﬁ?h)z = var (k=1 Wy ¥nRp) + [E(Zh=1 er)_/th)]Z

= (Rp)*var(Th-1 Wy ¥n) + (RW)?*E(Xf—, Wfff’h)z — 2R, YE(Zh_ Wiyp) + Y2

= (Rp)?var(Th-1 Wy ¥1n) + R?*(Th=1 W;Yh)z — 2R, Y (Bhoy Wi 1) + V2

= (Rp)? They Wi var(Fy) + (Rp)?V? — 2R, Y2 + 72

E@im — ¥)? = (Rp)? They Wi “var () + Y2((Ry)? — 2Ry + 1) (33)
ETiem — V)2 = (Rp)? They Wy *var () + Y2 (R, — 1)?

VFiem) = (Rp)? They Wr “ 0585, + T2(Ry — 1)?

2
e (QhWnThx) =1 Wh (Mhx—Tn) >
VFiem) = (Ra)? Theo | W + 222 S ot | OnSyn+ V(R = 1)? (34)

Where 0, = (nih - Nih)

2.4  The proposed calibration separate ratio-product type estimators
Theorem 2: Given the separate ratio-product estimator of population mean
V&£ = Xh=1 Whn

Where A= {ah Yne

Mhp

m
+ (1 - (Zh) —h }
Mpx
g . . —x RP . 5o
A calibration separate ratio-product type estimator Vg, for population mean Y given as

¥ RP _ Zh W, + The1 WE FRAQRW n M) (Mpx—Mhx)
stm = Zh=1

L
Th=1 WnQnmp,
Is proposed with variance

2
. (QrW M) Loy Wh(Mpx—Mpy) >
VR = 2 By | Wy + Qe B VGl )| g, 52, 1722~ 1)

Proof:

For the separate ratio-product estimator of population mean Y
SRP  _ YL =
Ystm = Zh:l Whyh/1

Let a calibration estimator be of the form

Viem = Zn=1 Wy ¥nl (35)
Whete A = {ah% +(1-ap) I:In—h} and W, is the new weight and chosen such that a chi-square type
h hx
loss function
* 2
L Wh=Wh
e () (36)

is minimized subject to a calibration constraint
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Yhot Wity = iy WMy (37)
The Lagrange’s function, using Calibration constraints and chi-square distribution measure is
+ 2
Wy -W *
8= They (T) = 220 (Shoy Wi = Zhoy WiMis) (38)
Differentiating (38) with respect to Wy, setting result equal to zero and solving for Wy,
Wy = Wp + Aymp, Qp Wy (39)

Putting equation (39) into (37) and solving for A; gives
_ Zhea Wh(Mpx—mnz)
= Sho1 WhQnmi S

Substituting for 4; from (40) in (39) gives the calibration weight for stratified sampling:

* (QnW M) L= Wi (Mpx=Ths)
Wy =W, 41
h ht The1 WnQnmiy D
Substituting equation (41) into (35) gives the requited calibration estimator of population mean as
L 2s
S*RP _ YL S Zh=1Wh YnA(QrWrMpx) (Mpx—1Mnx)
stm — thl WhynAd + Zﬁ=1Wthmﬁx (42)
1

By putting the turning parameter Qp = .
hx

L — -
Th=1 Wi VhA(Mpg W mpy ) (Mpx—mpy)
L -1.,2
Yh=1 WnMpymy,

sem = Lh=1 WpInh + (43)
2.5 The variance of the proposed calibration separate ratio-product estimator

The variance of the calibration separate ratio-product estimator yara, for population mean ¥ using median

as auxiliary variable is defined as

2
o * Q w X L= Wh(M x— —
V) = 2 The | Wy + L D laCha | g, 52 4 722 1)?

Proof:
V3sim) = Fsem —V)*
y:tqurl: -Y= ZiLl=1 Wif}_’h)I -Y (44)

Squaring equation (44) and taking expectation gives

EGRr = 1)2 = E(Shey Widnd —7)°

EGf — 12 = E(Shoy WiynA)” — 2ATVE(Shoy Wiin) + 72

= var(Xh_ Wi yhA) + [E(Shoy Wi gnd)|” — 2AVE(Sh_, Wy yy) + 72
Where E(Xf-1 W}f}—’hl)z = var (T, Wynd) + [E(Zh- Wft}_’h/l)]z
= 2var(Th_, Wi s) + A2(Zk_, Wi 3)" — 247 (Sk_, Wi T,) + 72

= 2%k Wit var(y) + A2Y72 — 2472 + 72

= 23k Wit var(F) + 72(A2 = 22+ 1)

EGst — V)2 = 22 Thoy Wy var () + V2(1 - 1)?

V@R = 2 Tk Wy %0,SE, + 72 (A — 1)? (45)
_ (L _1
Where 85 = (nh Nh)

Substituting (41) into (45) gives

. w L Wh(Mpx— 2 —
V) = 2 They Wy + B G| g, 52, 4721 1) (46)

Setting the turning parameter Q, = S;,.2

_2 L
(SixWhmpy) The1 Wh(Mpx—Mpy)
L —-2..2
Yh=1WhShx Mhx

2
VR = 22 heo [Wa + | onst, + 721 - 12 (47)
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2.6 Empirical Results

In this section result of empirical evaluation of the proposed calibration estimators are done using simulated
data set with underlying distributional assumption of Student-T, Cauchy, Lognormal, and standard normal.
The result of the simulation study for percent average relative efficiency, percent average coefficient of
variation, and petrcent average absolute relative bias of the existing stratified ratio estimator Vg, existing
calibration ratio estimator V&, existing calibration separate ratio-product estimator Veff, proposed
calibration ratio estimation J 3y, , proposed calibration separate ratio-product estimator yer: for different

underlying distributions, and sample sizes are presented in Table 1, 2 and 3.

3 Discussion of Finding

From the result of percent average relative efficiency in Table 1, it is observed that when the underlying
distribution is student-t in nature, the efficiency performance of the separate ratio-product estimator yar
is better than other competing estimators at a sample size of 10%. As sample size is increased to 20%, the
existing stratified ratio estimator yg; is more efficient than the other estimators under study. As the sample
size is further increased to 25%, the efficiency performance of the existing calibration separate ratio-product

estimator is better than those of the other competing estimators.

Table 1: Percent Average Relative Efficiency for T-distribution, Cauchy distribution, Lognormal distribution,
Standard normal distribution

Distribution Sample size Vst Vi yiRP Vim yiRP
Student t 10% 100 1.59 78.66 53.30 103.04
20% 100 4.97 86.23 30.03 14.49
25% 100 10.70 244.39 74.18 74.18
Cauchy 10% 100 151.233 0 4440.25 0.04
20% 100 107.15 0 639.21 0.19
25% 100 99.24 0.03 988.37 0.90
Lognormal 10% 100 100 0 5187397.31 0
20% 100 100 0 2004581.91 0
25% 100 100 0 1694912.17 0
Standard normal | 10% 100 1.23 95.47 208.081 70.61
20% 100 5.52 232.25 115.15 90.24
25% 100 63.54 1591.89 774.80 438.55

For the Cauchy distribution, it is observed that efficiency performance of the proposed calibration ratio
estimator Yg; is better (for all sample sizes considered) than those of the other estimators compared.
However, there is no defined trend as the sample size increases. The result also shows a very poor efficiency
performance for the proposed calibration separate ratio-product estimator Vit under the Cauchy
distribution. When the underlying distribution is lognormal in nature, it is again observed that the proposed
calibration ratio estimatot Yg¢, using the median of the auxiliary variable is highly efficient when compared
to existing estimators Yy and Y3y that uses mean of auxiliary variable.

For the standard normal distribution, there is a notable gain in efficiency for the proposed calibration ratio
estimator Y¢p,, actoss all sample sizes. There is still no observable trend as the sample size increases.
However, the proposed calibration separate ratio-product estimator yify show a considerable gain in
efficiency at 25%.

The result of the average coefficient of variation in Table 2 shows that when the underlying distribution is
student t-distribution, the calibration separate ratio-product estimator yerh is a more reliable estimator
compared to the other estimators understudy at sample size of 10%. As sample size is increased to 20%,
the existing stratified ratio estimator Y becomes a more reliable estimator when compared to the other
estimators. At sample size of 25%, the existing separate ratio-product estimator V:RP is a more reliable
estimator than the competing estimators.
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Table 2: Average coefficient of variation for T-distribution, Cauchy distribution, Lognormal distribution,
Standard normal distribution

Distribution Sample size Vet Vi yiRP Vim yiEp
Student-t 10% 917.98 57618.69 1167.02 1722.29 890.90
20% 330.50 6655.77 383.29 1100.39 2280.58
25% 963.81 28487.24 429.51 1299.29 1299.32
Cauchy 10% 3060 2383.09 1.36e+09 256.68 94436
20% 786012612 7332 102164238 -12.299 -41589
25% 11623 11709.09 42321142 1175.65 12865
Lognormal 10% 89577234 89577234 2.0e+117 8.25e+22 6.03e+93
20% 10862134 10862134 1.79e+50 543 2.13e+38
25% 8012143 8012143 7.3e+49 475 1.27e+38
Standard 10% 1.46 119.51 1.53 0.70 2.07
normal 20% 1.81 32.75 0.78 1.56 2.00
25% 9.53 15.01 0.60 1.23 2.17

For the Cauchy distribution, it is observed that the proposed calibration ratio estimatot Y¢t,, is a more
reliable estimator of the estimators under consideration at sample size 10%, 20% and 25%. However, there
is no defined trend as the sample size increases. The result also reveals that the estimate obtain from the
proposed calibration separate ratio-product estimator is highly unreliable. When the underlying distribution
is lognormal in nature, it is observed that the proposed calibration ratio estimator V¢, is more reliable than
the other estimators under consideration. It is also notable that the existing stratified ratio estimator Yg;
and the existing calibration ratio-product estimators are the same at sample size 10%, 20% and 25%.

For the standard normal distribution, it is observed that the proposed calibration ratio estimator Yg¢p, is
more reliable than the other estimators under consideration at sample size of 10%. At a sample size of 20%
and 25%, the existing separate ratio-product estimators is observed to be more reliable than the other
estimators under study.

From the result of the simulation study in Table 3, when the underlying distribution is student-t in nature,
it is observed that the proposed calibration separate ratio-product estimator yif has minimum bias
compared to the other estimators under consideration at sample size of 10%. As the sample size is increased
to 20%, the existing stratified ratio estimator Y5 show a minimum biasness. At 25% sample size, the
existing calibration separate ratio estimator yart. show minimum biasness compared to the other estimators
under consideration.

Table 3: Percentage Average Absolute Relative Bias for T-distribution, Cauchy distribution, Lognormal
distribution, Standard normal distribution

Distribution Sample size Vet Vi yiRP Vim yiRe
Student-t 10% 9.179 576.19 11.67 17.22 8.90
20% 3.305 66.56 3.83 11.00 22.81
25% 9,64 284.87 4.29 12.99 12.99
Cauchy 10% 36.1 23.83 1.36e+07 2.57 94421
20% 78.6 73.3 1.0e+06 12.30 41523
25% 116 117.09 423421 11.76 12861
Lognormal 10% 8.9e+05 8.9e+05 2.89e+49 17.2 1.98e+37
20% 1.08e+05 | 1.08e+05 1.79e+48 5.43 2.13e+36
25% 8.01e+04 | 8.01e+04 7.3e+47 4.72 1.27e+36
Standard 10% 146.449 11950.8 153.399 70.38 207.41
normal 20% 180.75 3275.09 77.8 156.96 200.315
25% 953.51 1500.74 59.90 123.07 217.43

For the Cauchy distribution, it is obsetrved that the proposed calibration ratio estimator Vg, show

minimum biasness at sample size of 10%, 20% and 25% compared to the other estimators under study.
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However, there is no trend as the sample size increases. The result also indicates that the proposed
calibration separate ratio-product estimator is highly bias when the underlying distribution is Cauchy.
When the underlying distribution is lognormal in nature, it is observed that the proposed calibration ratio
estimator Yy, has minimum biasness compared to the other competing estimators at 10%, 20% and 25%
sample size. The result also reveals that the proposed calibration separate ratio-product estimator yiRP is
highly bias under the lognormal distribution.

For the standard normal distribution, it is observed that at a sample size of 10%, the proposed calibration
ratio estimatot Yy, has minimum biasness compared to the other estimators under study. As sample size
increase to 20% and 25%, the existing calibration separate ratio-product estimator show minimum biasness
than the other estimators under consideration.

In summary, under the skewed distributions (Cauchy distribution and Lognormal distribution) and the
standard normal distribution, it is observed that the proposed calibration ratio estimator is a more precise
and efficient estimator of the population mean than the competing estimators in this study. This estimator
is found to be consistently better than the other estimators in efficiency and minimum bias as the sample
size increases. This result agrees with [4], [10], [11] result which suggest the use of median of auxiliary
variable as an alternative to the use of auxiliary mean to give a more efficient and less bias estimator of the
population mean. It is also necessary to note that under the lognormal distribution, the conventional ratio
estimator and the calibration ratio estimator give the same results.

4  Conclusion

Calibration estimation technique is a known method used to modify the design weights in other to improve
sample survey estimates by minimizing a distance function subject to one or more constraints when external
information related to the population otherwise known as the auxiliary variable is available. In this work,
calibration ratio estimator and calibration separate ratio-product estimator has been proposed in the
presence of auxiliary information using the median of the auxiliary variable, stratified sampling scheme and
chi-square distance measure. A simulation study was conducted to evaluate the performance of the
proposed estimators in terms of percent average relative efficiency, percent average coefficient of variation,
and percent average absolute relative bias. The result of simulation study shows that under the stratified
sampling, proposed calibration ratio type estimator Vim gives better estimate of population mean when
the auxiliary variable is highly positively correlated with the study variable and the underlying distribution
is Cauchy distribution, Lognormal distribution or Standard normal distribution. For lognormal distribution,
it appears that the efficiency performance of the proposed calibration ratio estimator Yz, increases as the
sample size is increased. This suggest that the proposed calibration ratio estimator is the most efficient and
list bias estimator of the population mean when the undertlying distribution is Cauchy, Lognormal or
Standard normal. However, this is not the case under the other distributions (Student-t, Cauchy and
Standard normal). When the distribution is T-distribution, the efficiency performance of the proposed
calibration separate ratio-product type estimator ViRP is better than the other estimators when the sample
size is 10%, but as the sample size increases, the Horvitz Thompson estimator Vst and the calibration

separate ratio-product estimator yiRP give better precision than the other estimators. The Horvitz

Thompson type estimator yg; and the Sarndal Calibration estimator Y, give equal precision when the

underlying distribution is lognormal.
5 Declarations
5.1 Study Limitations:

The simulation studies in this work are limited to only standard normal distribution and skewed
distributions.
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