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General Characteristic of the Dissertation
Scientific problem

Various sources of auxiliary information are available in nowadays official
statistics and other areas. It may be data of various statistical registers and other
administrative sources. The dissertation analyzes how to incorporate auxiliary in-
formation into the estimation of the finite population parameters, such as finite
population total, variance, covariance, and how to use it for the stratification of
finite populations.

Topicality of the work

Survey sampling is a young branch of statistics, that has been rapidly develop-
ing since 1940. The Soviet Union did not develop this branch of science, therefore
the first solid scientific works, written in this field by Lithuanian statisticians, were
published only after restitution of independence. Nowadays, the methods of survey
sampling are widely applied in the official statistics, social, economic, and other
surveys. Therefore it is important to develop this branch of statistics and to improve
existing methods of survey sampling.

In many scientific publications, the importance of use of the known auxiliary
information is emphasized for constructing estimators of finite population param-
eters. If auxiliary variables are well correlated with the study variables, then it
is possible to obtain more accurate estimates of parameters. The publications of
J.C. Deville and C.E. Sdrndal are particularly significant. Using auxiliary vari-
ables, they have introduced a new class of estimators for finite population totals,
called as calibrated estimators. This type of estimator is increasingly applied in
the official statistics.

Except the population total, there exists a lot of other important, but compli-
cated parameters: the ratio of two population totals, population variance, covari-
ance, quantiles and others. The estimators of the ratio of two population totals may
be used in the salary surveys, whereas the estimators of population covariance may
be applied for estimation of regression coefficients or covariance matrixes. Unfor-
tunately, the estimation of these parameters, using auxiliary variables, is not widely
studied in the literature. So, it is important to extend the class of estimators of pa-
rameters mentioned above. For this purpose, we are developing the technique of
calibration of design weights, which was proposed by J.C. Deville and C.E. Sérn-
dal.

The accuracy of estimates and their variance depends not only on the estima-
tors or auxiliary information, but also on the sampling design. If we have some
auxiliary information on the structure of population, the stratified sampling de-
sign is often effective and widely used in many surveys. Seeking for better survey
results, we should use more effective stratification rules, which may be obtained
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either by improving existing methods or introducing new ones.

Research object

The research object of the work is as follows:

estimation of the finite population parameters using auxiliary information;

model-assisted and calibrated estimators of the finite population covari-
ance;

stratification of finite populations.

The aim and problems of the dissertation

The aim of this dissertation is to improve some methods of stratification and
estimation of the finite population total and covariance, using auxiliary informa-
tion. Let us state the following problems:

1.

To construct calibrated estimators of the finite population total, variance,
and covariance, using different distance functions and calibration equa-
tions.

To construct calibrated estimators of the finite population covariance that
use several systems of weights.

To construct estimators for variance of the calibrated estimators obtained.

To compare by simulation the constructed calibrated estimators with the
standard estimators of respective parameters.

. To compare by simulation the constructed calibrated estimators of popu-

lation covariance (see [A1]) with the linear regression model-assisted and
calibrated estimator, proposed by C. Wu and R.R. Sitter.

To modify the linear regression model-assisted and calibrated estimator of
population covariance, using separate auxiliary variables for each study
variable.

Assuming that population distribution is exponential, to modify the geo-
metric stratification method, proposed by P. Gunning and J.M. Horgan.

Research methods

The analytic, probabilistic, and experimental methods were applied in the
dissertation. The Lagrange multiplier method, Taylor linearization technique, the
methods for calculating numerical characteristics of random variables and matrix
differentiation rules were used to prove the propositions formulated by the disser-
tation author. For definition of the adjusted model-calibrated estimator of finite
population covariance, the theory of model-calibrated estimators was used. The
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population stratification approaches, such as the cumulative root frequency rule,
geometric and power methods, were reviewed to consider the problem of opti-
mal stratification. The adjusted geometric stratification method, proposed by us,
is based on the population distribution. The mathematical computing software
Matlab was used to perform all the simulations, described in this dissertation.

Scientific novelty

In this dissertation, we construct calibrated estimators of the finite population
total, using C.E. Sdrndal’s idea of weight calibration and several distance func-
tions. The estimators are compared by simulation. Using distance functions that
contain, for example, square roots, we can assure that calibrated weights be posi-
tive. The negative weights are often the reason for greater variance of estimators.
An approximate variance of several constructed estimators is derived in this work
as well.

The novelty and originality of this dissertation is that we propose and analyze
here the calibrated estimators for finite population covariance (variance), using one
or more weighting systems. For definition of the calibrated weights, we introduce
new calibration equations, adapted to the estimation of population covariance. The
problem of estimating the variance for the constructed estimators of covariance is
considered in this dissertation as well. This is a technically complicated task,
because an explicit solution of calibration equations does not exist in many cases.

An adjusted linear regression model-assisted and calibrated estimator of pop-
ulation covariance is also treated as a new result. Its main difference from C. Wu
and R.R. Sitter’s estimator is in the construction, as we use separate auxiliary vari-
ables for each study variable.

In this dissertation, we consider the problem of stratification of skewed pop-
ulations and propose an adjusted geometric stratification method.

The new Matlab functions were created by the author to perform all the sim-
ulations, described in this dissertation.

Defended propositions
1. The proposition that provides the expressions for calibrated weights in the
case of estimation of the finite population total.

2. The propositions that provide the expressions for calibrated weights in the
case of estimation of finite population variance and covariance.

3. The calibrated estimators of finite population covariance using several sys-
tems of weights.

4. The propositions on the calculation and estimation of approximate vari-
ance for the constructed calibrated estimators of population total and co-
variance (variance).



5. The analysis of influence of different calibration equations on the estima-
tion accuracy.

6. An adjusted geometric stratification method for skewed populations.

7. An adjusted linear regression model-assisted and calibrated estimator of
the finite population covariance.

The scope of the scientific work

The dissertation consists of introduction, three chapters and conclusions. In
addition, the conceptual dictionary, index and lists of notation and references are
added. The total scope of the dissertation — 134 pages, 6 pictures, 12 tables and
193 mathematical expressions. The work cites 116 references.

1. Estimators using Auxiliary Information

In this chapter, we give a wide description of the dissertation topics and re-
view of the main results, obtained by other researchers. The most important results
are related to the calibrated estimators of the population total. Let us define them.

Consider a finite population /= {uy,us,...,un} of N elements. Let y be a
study variable defined on the population ¢/ and taking real values y1, ¥, ..., Yn-
A probability sample s of size n is drawn from the population ¢/ with a given
sampling design such that the inclusion probabilities 7, = P(k € s) and mg; =
P(k&l € s) are strictly positive. Suppose that for each sample element k, the
vector of values xi, = (21, Tak, - . ., i) of J auxiliary variables is known. We
assume that the total t, = ZkeU X, 18 also known. The total ty is used for
constructing the population total ¢, = Z,ivzl yi. estimators called as calibrated
estimators. J.C. Deville and C.E. Sirndal suggested the idea of weight calibration
by modifying the weights dj, = 1/m, of the Horvitz-Thompson estimator fyﬂ =
Y hes Uk/Thk = Y 1cs diyk- The calibrated estimator

fyw = Z WrYk
kes
of the total ¢, is defined under the following conditions:

1. Using the weights wy,, the known total ty is estimated without error:

tx = Zwkxk = tx;

kes
2. The distance between the design weights dy, and calibrated weights wy, is
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minimal according to the distance function

L(wy,dy, k €s) = ZGk(wk,dk)/Qk-

kes

Here gy, are free additional weights. The function G (w, d) satisfies the following
conditions:

o for every fixed d > 0, G (w, d) is nonnegative, differentiable with respect
to w, strictly convex, and such that G (d, d) = 0;

e gr(w,d) = 0GE(w,d)/dw is a continuous, strictly increasing function
and gy (d,d) = 0.

2. Stratification of Finite Population

In this chapter, we consider the problem of efficient stratification in the case
of skewed population, where the mean (i, of the survey variable y is estimated and
an auxiliary variable x is treated as a stratification variable.

Consider a finite population U= {uy,us,...,un}. Lety : y1,...,yn be a
study variable defined on the population /. Suppose we have an auxiliary variable
x:x1,...,xN. Let us divide the population I/ into H strata, where H is a fixed

known number. Denote by Uy, the stratum h, by s, s C U, a stratified random sam-
ple set, drawn from the population I/, and by s;, a simple random sample selected
from the stratum Uj,.

The classical stratification problem is formulated by choosing the population
mean /i, as a parameter of interest and minimizing the variance of its estimator:

1 A
//Zy = N Z Npyn.-
h=1
Here ¥}, is the sample mean in the stratum Uj,, N}, is the number of elements in the
stratum Up,, and the product Ny, is a well known Horvitz-Thompson estimator
of the stratum U}, total.

We suppose the number of strata H and the sample size n to be chosen, and
the sample is distributed according to the Neyman optimal allocation.

Let the variable y be known and its values be arranged in an ascending order.
Denote by kq and kp the smallest and largest values of y, respectively. The prob-
lem is to find intermediate values k1, ko, . .., kg _1 such that Var(ﬁ;) be minimal.
The values k1, ko, . . ., kg —1 are called as stratum boundaries. An assumption that
the variable y is known is unrealistic, therefore we will use the auxiliary variable x
for stratification. The auxiliary variable = should be well correlated with the study
variable y. The principle remains the same: the values of variable z are arranged in
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an ascending order and we are looking for the stratum boundaries which minimize
the variance of the mean estimator Var(fi;) for the variable .

T. Dalenius has showed that stratum boundaries with the above-mentioned
property exist and satisfy the complicated iterative equations. It is difficult to apply
them in practise. That encouraged us to analyse the approximation to the exact
solution of these equations.

Adjusted geometric method. Using the idea of P. Gunning and J.M. Horgan
to equalize the coefficients of variation of each stratum and assuming that the dis-
tribution of a stratification variable is exponential, we get iterative equations for
defining the approximation to the optimum strata boundaries:

%@ﬂ:Immbm+¢mg?44ﬂh+mbmmﬁ@

Ii(h)Iz(h 4+ 1) + I (h + 1)I2(h) ’

where (o) )
adj adjy
k(Y kLY

h@:/ijw,mm:/w)WM
Ko Ko

The simulation results show that the adjusted geometric method outperforms
the cumulative root frequency method, geometric method, and power method in
the considered populations, whose the coefficient of skewness ac satisfies the in-
equality ac > 10.

3. Calibrated Estimators of the Finite Population Total and Covariance

3.1. Calibrated estimators of the finite population total under different distance
Junctions

Using distance function

. 2
L=y LB (1)

kes quk

J.C. Deville and C.E. Sédrndal constructed a respective calibrated estimator of the
total. We have derived the expressions of the calibrated weights, using another
distance functions:

— Jd)?
LQ:Z%IO %_qik(wk_dk)’ L3:ZQ(—M’

qk & dy, qr

keEs kes

10



oL di, o Wkdk
1 Wi 2 1 Wi 2
L= — (% 4 L= — (Y% 1),
¥ éqk(dk > ’ ! é%(\/dk

The approximate variance of calibrated estimators may be derived by the Tay-
lor linearization technique, but not always it is used, because often we do not have
explicit expressions for the calibrated weights wy. An explicit solution to the cal-
ibration problem exists only for the distance functions L; and Lg. In these cases,
we propose the expressions for approximate variance of respective estimators.

3.2. Calibrated estimators of the finite population covariance

In this section, we define some calibrated estimators of the population co-
variance. They employ one or several systems of calibrated weights. Different
calibration equations and distance functions are used for definition of weights.

Estimators of the population covariance using one system of weights

Consider a finite population & = {uj,us,...,un}, of N elements. Let
y and z be two study variables, defined on the population ¢/ and taking values
{y1,y2,...,yn} and {z1, 20, ..., zn }, respectively. The values of the variables y
and z are not known. We are interested in the estimation of the finite population
covariance

N
1
Covly,2) = 57— > (s — 11y) (21 — 1),
k=1

where
1 1
uy:N;yk, uz:NI;Zk-

Assume that two auxiliary variables a and b with the population values {a1,a2,
...;an} and {by,ba,..., by} are available. It means that we have an auxiliary
vector a;, = (ag, b)’ for every population element k. Let the variable a be as an
auxiliary variable for the study variable y and variable b be auxiliary for z. Denote
by Cov(a,b) their known covariance. We construct a new calibrated estimator
Cov(y, z), using these known auxiliary variables.

We consider the calibrated estimator of the covariance Cov,,(y, z), of the
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form

COU’w (ya - Z wk //['yw ( 2k — ﬁzw)7 (3)

kEs

where

~ 1 - 1
Hyw = N Zwkyka Hzw = N Zwkzk~
kes kes

The calibrated weights wy, are defined similarly as they have been defined when
constructing the calibrated estimator of the total:

a) the weights wy, satisfy some calibration equations;

b) the distance between the weights dy and wj, is minimal according to
some distance function L.

We examine three groups of calibrated estimators of the population covari-
ance defined by three calibration equations. Four distance functions are taken for
each calibration equation (condition b)).

L. Nonlinear Calibration. Let the calibration equation be

N1 Z wi(ax — faw)(bk — fyw) = Cov(a,b), 4

kes

where

Law = %Zwkaka Hbw = %Zwkbkn

kes kes

We call this case a nonlinear calibration, since the calibration equation (4) is
nonlinear with respect to the weights wy.

II. Linear Calibration. The second calibration equation is as follows:

1
N1 > wi(ak — pta) (b — ) = Cov(a, b), o)
kes

1 Y 1
= — a’/JL:f b.
N[;k b NkZ:lk

We refer to this case as to a linear calibration, since we are actually calibrating
the total of the variable (a — pg)(b — pp)-

II1. Calibration of Totals. The system of weights of the third type is defined
by the calibration of totals of the auxiliary variables; in this case, the calibration
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equations are:

N N
Zwkak = Zak, Zwkbk = Zbk (6)
k=1 k=1

kEs kes

This case is motivated by the current survey practice when the calibrated esti-
mators are used and the same weights are applied in estimating all the parameters
needed.

We now formulate a proposition in which we present iterative equations for
definition of the weights wy.

Proposition 1. The weights wy, = w,(f), kes, i =1,3,6,7 which satisfy (4)
(4)

and minimize the distance function L;, satisfy the equation w;,’ = dkg,g). Here
3 1 —2
g =1+ 2 Ve, gY = (5)\(3)%61@ - 1) :

9 =1+ X qeer, g = A\ Vdrgrer —1)72,

A = ﬁ( Z dekekakbk> _1,

kes

A= (N-1)Couv(a,b) + N(2 — N)Nawﬂbw — g drapby, Ny = gwk,
S S

Z/V\w Aaw m w
er = (ar — Tiaw)(be — ivw) — (1 - N) (“ . Mb:)akbk;

Qg
M3) is a properly chosen root of the equation ao\? + o X + ag = 0 with

~ 1

2 2,

ag=A, o3 =-— E qrwrarbrer, ag = 1 E qpwrakbrer;
kes kes

~ -1
A6 = 4 (ZkES dﬁqkakbkek) : A7) is a properly chosen root of the
equation 20> + i\ + By = 0 with

Bo=A, B1=-2> drgrwrarbrer B2 =Y digiwgarbye;.
kes kes
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We introduce some additional notation: ¢, = (ax — ta)(br — ts),

Ck fc = deck.

kes

te =

N

Proposition 2. The weights wy, = w,(:) ke s, i=1,3,6,7 which satisfy (5)

and minimize the distance function L;, satisfy the equation w](;) =d f,g’). Here

) —1
M — 14 (¢, — tc)(zdzqw%) Tk

les
3) a7 ”
=4(2— (N - I)Cov(a,b)< ll> Qk-Ck> )
g ( ; 2(y/w; — V/dy)
A -1
,EG) =14 (tc—te) ( Z d%Qﬁ?) drqrcr,
les

-2

3/2 2 —1
M= (1- (N —1)Couv(a,b) o e dekck>

In the case of calibration of totals, the calibrated weights wy, of the estimator
of covariance (3) are defined in the section 3.1.

Estimators of the population covariance using several systems of weights

Let us consider some other, more general estimators of the finite population
covariance, which are constructed using several weighting systems. The new cali-
brated estimators of the covariance are of the following shape:

50\%“,;(9’ z) = ﬁ Z w;[cl] (yk - %Zwlp]yl) (Zk - % Zwl[?)]zz) (7
kes les les

Several calibration equations may be used for definition of the calibrated
weights w][j] w][f] wE’] Let us consider some of them.

Case 1. One can take a nonlinear equation
Covpmu(a,b) = Cov(a,b). 8)

Case 2. The systems of weights w E], w,[f], w,[f] are defined by the following

calibration equations:
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Zw[l] ak — lg (bk — Mb) = Cov(a,b). 9)

k€s
Z w,[flak =tq, Z w,[f’]bk =tp. (10)
kes keEs

Case 3. The first system of weights w,[cl] is defined by the nonlinear calibration

equation (4). Calibration equations (10) define the other two systems of the weights
w[Q] and w[g].
A reasonable choice of the distance function in the first three cases may be as

follows:

(3 _

w k
+ Qs Z —k___=
kes dk dx

L(w,d) —alz

kes

“1‘0[22

P dk qx

dk s
)
where oy +as +a3=1,0< ; < 1,1 = 172,3.
Case 4. We can consider the estimator of covariance which uses two systems
of weights:

[ 1 2 1 2
Covmw(y, 7210 ( NZwl yl) (zk - NZwl zl)
kes les les
12)
The first system of weights w,[:] is defined by equation (9), whereas the second

(2]

system wy; " satisfies the following equations

S wlar =te, > wllby =t (13)

keEs kes

Case 5. We can use another combination of two systems of calibrated weights:
the first one w ,[61] satisfies nonlinear calibration equation (4), where the system w,[f]
is defined by (13).
Case 6. The system of weights w ][cl] satisfies equation (9), whereas the system
(3]

is equal to wy; ", and it is obtained using nonlinear calibration equation (4).
The following distance function may be used for the last three cases:

[ ]

)’ (wy — de)*
52 (1—ﬂ)27"7 0<B<1. (14)

d
kes kes k dk
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The first case is most complicated analytically, the expressions for the approx-
imate iterative solutions of calibration equation (8) are complicated.

3.3. Estimation of variance of the calibrated estimators of population covariance

We consider in this section the problem of estimation of variance for the con-
structed calibrated estimators of population covariance. We have defined above
three types of estimators having one weighting system. Due to the complexity of
calibrated weights, the calculation of variance of the respective estimators is com-
plicated. For example, in the case of a nonlinear calibration, calibrated weights
are expressed by recurrent equations, and an explicit analytical expression for the
variance is not available. The variance estimators in such a case are derived using
a rough Taylor expansion, or some pseudo-linearization.

In some cases, for example, using calibration of known population totals and
the distance function L, we obtain an explicit expression for the calibrated weights
wy. Consequently, we can derive, in such case, approximate variance for estimator
of covariance.

Proposition 3. The approximate variance of the estimator

—— 1 1 1
Covly,2) = 57— > wi (yk - N ZWM) (Zk N Zw121>,
kes les les

where the weights wy, are defined using calibration of the known totals t,, t, and
the distance function L1 (1), is

N

N
— 1 Tl — TET
AVG/T(CO’U(y7Z)) = m E E W@k@l,
k=11=1

where ey, = ypzr — (1Y — Biar) — (pyzr — Baby),

N N
by = Yk t2= 2,
k=1 k=1

1 .
By =7 A" ( o + o (bybex + tztyx)), j=1,2,

N
Tll = (170)7 7-2/ = (07 1)7 A= quxk’x;m
k=1

N N N

tyox = D QkURZEXE, byx = D QkUkXk, box = O Qh2kXe, X = (ax, by).
k=1 k=1 k=1
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In the dissertation, we derive also the expression for approximate variance
of estimator which is defined by the linear calibration equation (5) and distance
function L.

3.4. Calibrated and model-calibrated estimators of the finite population covari-
ance

In this section, two types of calibrated estimators of the finite population co-
variance are considered. The estimators of the first type are of the form (12). C. Wu
and R.R. Sitter proposed the estimators of the second type. They are constructed
by calibrating the sample design weights d;; = 1/m;;, m;; = P(i&j € s), and
using the linear regression model. Below we recall these estimators, and at the end
of this section, we introduce adjusted model-calibrated estimators of the popula-
tion covariance, which are constructed using a slightly different linear regression
model.

Consider a finite population &/ = {u1,us,...,un} of N elements. Suppose
we have two study variables y and z defined on the population ¢/ and taking real
nonnegative values. The values of the variables y and z are not known. Let a serve
as an auxiliary variable for ¢ and b for z.

Assuming that the relationship between y; and x; = (1, a;,b;)’ (z; and x; =
(1,a4,b;)") is described by the linear regression model &:

Ee(ys) = X0, E¢(z) = X, (15)

C. Wu and R.R Sitter have obtained the linear regression model-assisted and cali-
brated estimator of the population covariance

— 1
Coch(y,z) = mzzwm(% _yj)(zi _Zj)7 (16)
1€8 J>1
here the weights w;; satisfy the following calibration equations

2
mzzwij =1, (17)

i€s j>1
1 a4 o
NN -1 DD wii = 5)(2 = ) = Cou(y, 2) (18)
1€S J>1
and minimize distance function
Lr =30 (wij—dij)*/dij. (19)
ies j>i
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The fitted values for y; and z; are denoted by g; and Z;.

For most populations considered, the accuracy of model-calibrated estimator
(16) is lower than that of our calibrated estimators (12), which use two systems of
weights. We modified the model-calibrated estimator of the population covariance
(16) by introducing a new idea to consider the following regression model:

E¢(y;) = Bo + frai,  FEe(z) = v0 + 71bi. (20)

Using this model, calibration equations (17), (18), and distance function (19), we
have derived a new estimator of the same form (16). We call it as an adjusted
model-calibrated estimator.

The simulation results show that the adjusted model-calibrated estimator of
covariance is more efficient compared to the estimator (16) provided the auxiliary
variables are well correlated with the study variables.

General Conclusions

After solving the problems formulated in the section “The aim and problems
of the dissertation”, we have obtained the following results:

1. The expressions of the calibrated weights have been derived in the case of
estimation of population totals. The results were obtained using seven dif-
ferent distance functions. The constructed calibrated estimators are more
efficient compared to the straight estimators provided the auxiliary vari-
ables are well correlated with the study variables.

2. By virtue of different distance functions and calibration equations, three
groups of calibrated estimators have been constructed for population co-
variance, using one, two, and three weighting systems, respectively. The
results of mathematical simulation show that calibrated estimators of co-
variance are more efficient compared to the straight estimators provided
the auxiliary variables are well correlated with the study variables. The
increased number of weighting systems gives the reduced variance of esti-
mators in many cases.

3. Several methods have been proposed for estimating the variance of con-
structed estimators of the population total and covariance (variance). The
Taylor linearization technique played an important role here.

4. New Matlab functions have been created to compare by simulation the
constructed calibrated estimators with the standard estimators of the re-
spective parameters.

5. Using the linear regression model, an adjusted model-calibrated estimator
of the finite population covariance has been constructed. In the case of

18



high correlated study and auxiliary variables, the mean square error of
the adjusted estimator is smaller than the same characteristic of estimator,
which was proposed by C. Wu and R.R. Sitter.

An adjusted geometric stratification method has been proposed for skewed
populations. Simulation results show that the adjusted geometric stratifi-
cation method outperforms all the methods in the case of highly skewed
populations.
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BAIGTINES POPULIACIJOS PARAMETRU
STATISTINIAI IVERTINIAIL GAUTI NAUDOJANT
PAPILDOMA INFORMACIJA

Tiriamoji problema

Siuolaikinéje valstybingje statistikoje ir kitose srityse yra jvairiy papildomos
informacijos $altiniy apie tiriamas populiacijas. Tai, pavyzdZiui, gyventojy, imoniy
ar mokesciy inspekcijos registry duomenys. Disertacijoje nagrinéjamos papil-
domos informacijos panaudojimo galimybés konstruojant baigtinés populiacijos
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sumos, dispersijos ir kovariacijos jvertinius, bei sluoksniuojant baigtines popu-
liacijas.
Darbo aktualumas

Imciy metodai — jauna statistikos mokslo Saka, kuri sparciai pradéjo vystytis
po 1940 mety. Soviety Sajunga nedalyvavo plétojant Sig mokslo Saka, todel Lietu-
voje pirmieji rimti mokslo darbai, susij¢ su baigtiniy populiacijy statistika, pasirodé
tik po nepriklausomybeés atgavimo. Siandien im&iy metodai, organizuojant ap-
klausas, vertinant populiacijos parametrus, placiai taikomi valstybinéje statistiko-
je, sociologiniuose, ekonominiuose ir kt. tyrimuose. Todél svarbu plétoti Sia sriti,
tobulinti esamus im¢iy metodus.

Daugelyje mokslo darby pabréZiama Zinomos papildomos informacijos svar-
ba konstruojant populiacijos parametry jvertinius — jei papildomi kintamieji gerai
koreliuoja su tyrimo kintamaisiais, tai pasitelkus tinkamus jvertinius, kurie nau-
doja papildomus kintamuosius, galima gauti tikslesnius jvercius. Ypac¢ svarbus
yra J.C. Deville ir C.E. Sédrndal straipsnis, kuriame pristatoma nauja baigtinés
populiacijos sumos ivertiniy, naudojanciy papildomus kintamuosius, klasé — kali-
bruotieji jvertiniai. Sie ivertiniai vis platiau taikomi valstybingje statistikoje.

Be populiacijos sumos, egzistuoja daug kity svarbiy, bet sudétingesniy para-
metry: populiacijos dviejuy sumy santykis, dispersija, kovariacija, kvantilis ir kt.
Populiacijos dviejy sumy santykio jvertiniai gali bati pritaikyti darbo uZmokescio
tyrimuose, kovariacijos ivertiniai — regresijos ir koreliacijos koeficientams bei ko-
variacinéms matricoms vertinti, o kvantilio jvertiniai — ekonomikos tyrimuose.
Deja, néra daug darby, kuriuose biity nagrinéjami Siy parametry ivertiniai, nau-
dojantys Zinoma papildoma informacija. Taigi blitina praplésti minéty parametry
ivertiniy klasg, pavyzdZiui, pritaikant J.C. Deville ir C.E. Sédrndal pasiilyta svoriy
kalibravimo technika.

Iverciy tikslumas bei jy dispersija priklauso ne tik nuo naudojamy jvertiniy
ar papildomos informacijos, bet ir nuo imties plano. Turint papildomos informaci-
jos apie populiacijos struktiira, daznai efektyvus biina sluoksninis émimas, placiai
taikomas daugelyje tyrimy. Siekiant tikslesniy statistinio tyrimo rezultaty, reikia
naudoti kuo efektyvesnius sluoksniavimo metodus, kurie gali baiti gaunami tobuli-
nant esamus ar kuriant naujus.

Darbo tikslas ir uZdaviniai

Pagrindinis Sio darbo tikslas — naudojantis papildoma informacija patobu-
linti tam tikrus baigtinés populiacijos sluoksniavimo ir populiacijos sumos bei ko-
variacijos vertinimo metodus. Siekiant tikslo buvo sprendZiami Sie uZdaviniai:

1. Naudojant skirtingas atstumo funkcijas bei kalibravimo lygtis sukonstruoti
baigtinés populiacijos sumos, dispersijos ir kovariacijos kalibruotus jver-
tinius.
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2. Sukonstruoti baigtinés populiacijos dispersijos ir kovariacijos kalibruotus
ivertinius, naudojancius keleta svoriy sistemy.

3. Sukonstruoti gautyjy kalibruoty jvertiniy dispersijos ivertinius.

4. Remiantis matematiniu modeliavimu kalibruotus ivertinius palyginti su
standartiniais atitinkamy parametry jvertiniais.

5. Modeliuojant palyginti autoriaus (Zr. [A1]) sukonstruotus kalibruotus ko-
variacijos ivertinius su C. Wu ir R.R. Sitter pasitlytu tiesiniu regresiniu
modeliu pagristu kalibruotu baigtinés populiacijos kovariacijos jvertiniu.

6. Modifikuoti tiesiniu regresiniu modeliu pagrista kalibruota baigtinés po-
puliacijos kovariacijos ivertinj kiekvienam tyrimo kintamajam naudojant
atskirus papildomus kintamuosius.

7. Modifikuoti P. Gunning ir J.M. Horgan pasiiilyta geometrinj sluoksniavi-
mo metoda, darant prielaida, kad populiacijos skirstinys yra eksponentinis.
Tyrimy metodai
Darbe taikomi Sie metodai: analizinis, tikimybinis ir eksperimentinis. [rodant
teiginius, taikyti LagranZo daugikliy, Teiloro skleidimo eilute, atsitiktiniy dydZiy
skaitiniy charakteristiky skai¢iavimo metodai ir matricy diferencijavimo taisykles.
ISvedant pataisytaji tiesiniu regresiniu modeliu pagrista baigtinés populiacijos ko-
variacijos jvertini, remtasi modeliais pagristy ivertiniy teorija. SprendZiant opti-
maliyjy sluoksniy riby radimo uzdavini, nagrinéti Saknies i§ f, geometrinis ir laips-
niy sluoksniavimo metodai. ISvestas pataisytasis geometrinis populiacijy sluoks-
niavimo metodas yra pagristas populiacijos skirstiniu. Atliekant matematini mo-
deliavima, naudotasi matematiniy uzZdaviniy sprendimo paketu Matlab.

Mokslinis darbo naujumas

Remiantis svoriy kalibravimo id¢ja ir naudojant keleta skirtingy atstumo funk-
ciju, Sioje disertacijoje sukonstruojami bei tarpusavyje empiriskai palyginami po-
puliacijos sumos kalibruotieji jvertiniai. Naudodami tokias atstumo funkcijas,
kuriy iSraiSkoje yra, pavyzdZiui, kvadratinés Saknys, mes garantuojame, kad tu-
résime neneigiamus svorius, nes neigiami svoriai daznai yra didesnés jvertiniy
dispersijos priezastis. Darbe taip pat pateikiamos sukonstruoty jvertiniy apytikslés
dispersijos.

Sios disertacijos kitas naujas rezultatas — baigtinés populiacijos kovariaci-
jos (dispersijos) kalibruotieji ivertiniai, naudojantys vieng ar daugiau svoriy sis-
temy. Svoriy konstravimui pasitelktos naujos, specialiai §iam parametrui pritaiky-
tos, kalibravimo lygtys. Disertacijoje taip pat sprendZiama sukonstruoty jvertiniy
dispersijy vertinimo problema. Tai — techniSkai sudétingas uzdavinys, nes daugeliu
atvejy kalibruoty svoriy negalima uZraSyti iSreikStiniu pavidalu.
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Fataisytasis tiesiniu regresiniu modeliu pagristas kovariacijos jvertinys — taip
pat naujas rezultatas. Jis skiriasi nuo C. Wu ir R.R. Sitter pasitlyto ivertinio tuo,
kad ji konstruojant kiekvienam tyrimo kintamajam buvo naudotas atskiras papil-
domas kintamasis.

Siame darbe taip pat sprendZiamas asimetriniy populiacijy sluoksniavimo uz-
davinys ir sillomas pataisytasis geometrinis sluoksniavimo metodas.

Atliekant eksperimentus, buvo naudotasi paties autoriaus sukurtomis nau-
jomis Matlab funkcijomis.

Ginamieji disertacijos teiginiai

1. Teiginys apie kalibruotyjy svoriy iSraiSka, vertinant baigtinés populiacijos
sumas.

2. Teiginiai apie kalibruotyjy svoriy iSraiska, vertinant baigtinés populiacijos
dispersija ir kovariacija.

3. Kalibruotieji baigtinés populiacijos kovariacijos jvertiniai, naudojantys ke-
lias svoriy sistemas.

4. Teiginiai apie sukonstruoty kalibruotyjy populiacijos sumos ir kovariacijos
(dispersijos) jvertiniy apytiksliy dispersijy skai¢iavima ir jy vertinima.

5. Skirtingy kalibravimo lyg¢iy jtakos vertinimo tikslumui analize.

6. Pataisytojo geometrinio sluoksniavimo taisyklé asimetrinése populiacijose.

7. Pataisytasis tiesiniu regresiniu modeliu pagristas kalibruotasis populiaci-
jos kovariacijos ivertinys.

Darbo apimtis

Disertacija sudaro ivadas, trys skyriai ir iSvados. Papildomai disertacijoje yra
pateikta vartoty Zyméjimy ir santrumpy sarasas, savoky Zodynas, dalykiné rodyklé
bei literatiiros sarasas. Darbo apimtis yra 134 puslapiai, kuriuose pateikta: 193
formulés, 6 histogramos ir 12 lenteliy. Disertacijoje remtasi 116 literatiiros Saltiniy.

Bendrosios isvados
ISsprendus skyrelyje ,,Darbo tikslas ir uzdaviniai“ suformuluotas problemas,
gauti Sie rezultatai:

1. I8vestos kalibruotyjy svoriy iSraiSkos baigtinés populiacijos sumai vertinti.
Rezultatai gauti naudojant septynias skirtingas atstumo funkcijas. Sukon-
struoti jvertiniai yra kur kas tikslesni uZ standartinius ivertinius, jei tyrimo
ir papildomy kintamyjy koreliacija yra didelé.

2. Taikant skirtingas atstumo funkcijas ir kalibravimo lygtis, sukonstruoti trijy
tipy baigtinés populiacijos kovariacijos kalibruotieji jvertiniai, naudojan-
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tys atitinkamai viena, dvi bei tris svoriy sistemas. Matematinio modelia-
vimo rezultatai rodo, kad kalibruotieji kovariacijos ivertiniai yra tikslesni
uz standartinius jvertinius, jei tyrimo ir papildomy kintamujy koreliacija
yra didelé. Svoriy sistemy skaiciaus padidinimas iki 2 ar 3 daugeliu atvejy
sumazina jvertiniy dispersija.

3. Pasiulyti sukonstruoty kalibruoty populiacijos sumos, kovariacijos (dis-
persijos) ivertiniy dispersijy vertinimo biidai. Svarbus vaidmuo ¢ia tenka
Teiloro iStiesinimo metodui.

4. Sukurtos naujos Matlab funkcijos, kurios atliekant Sioje disertacijoje na-
grinétus eksperimentus buvo naudojamos kalibruotiesiems jvertiniams pa-
lyginti su standartiniais atitinkamy parametry jvertiniais.

5. Sukonstruotas pataisytasis tiesiniu regresiniu modeliu pagristas kalibruo-
tasis baigtinés populiacijos kovariacijos jvertinys. Modeliuojant pastebéta,
kad $io jvertinio vidutiné kvadratiné paklaida yra maZesné uz C. Wu ir
R.R. Sitter pasiilyto jvertinio viduting kvadrating paklaida, jei tyrimo ir
papildomy kintamujy koreliacija yra didelé.

6. Pasiillytas pataisytasis geometrinis asimetriniy populiacijy sluoksniavimo
metodas. Matematinio modeliavimo rezultatai rodo, kad $is metodas ypac
asimetriniy populiacijuy (kai ac > 10) atveju yra geriausias.
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