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1. Introduction

It is now generally accepted that small
area estimation should be based on
statistical models that permit borrowing
information across areas or over time. See
the recent book by Rao (2003) for a
thorough discussion and comprehensive
account of available methods. All the
models and estimators considered so far
assume either that all the population areas
are represented in the sample or that the
sampled areas are selected with equal
probabilities. Only few studies consider the
case where the sampling of units within the
selected areas is with unequal selection
probabilities, see e.g., Kott (1990), Arora
and Lahiri (1997) and Prasad and Rao
(1999). In this article we consider situations
where the selection of the sampled areas is
with probabilities that are related to the true
(unknown) area means, and the sampling of
units within the selected areas is with
probabilities that are related to the study
variable values, even when conditioning on
the model covariates.

The problem with this kind of sampling
designs is that the model holding for the
sample data can differ from the model
holding for the population values, giving
rise to what is known in the sampling
literature as ‘informative sampling’. As
illustrated in this article, failure to account
for the effects of an informative sampling
scheme may result in severe bias of the
small area predictors.

We use relationships
population  distribution,

between the
the  sample
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distribution and the sample-complement
distribution of a study variable developed
in Pfeffermann and Sverchkov (1999) and
Sverchkov and Pfeffermann (2000) (see

next section), in order to derive
approximately unbiased semi-parametric
predictors of the area means under

informative sampling schemes for both
sampled and nonsampled areas. A fully
parametric approach that consists of
modeling the area means as functions of the
area sample selection probabilities is also
considered. Empirical results illustrating
the biases that could be encountered when
ignoring the sampling process and the
performance of the proposed predictors are
shown. We conclude with a brief summary
that contains an outline for future research.

2. The sample and sample-complement
distributions

Consider a finite population U

consisting of N units belonging to M areas,
. . . M

with N; units inarea i, » _ N, =N.Let

y define the study variable with value Yy,

for unit j in area iand denote by x; the

values of auxiliary (covariate) variables
associated with that unit. In what follows
we consider the population y-values as
random outcomes of the following two
level model:
First level-
{u,..u,, }
from some distribution with probability
density function (pdf) f,(u;) for which
E,(u)=0;E,(u})=0,, where E,
defines the expectation operator

Second level- values {y, ..y, }
generated  from  some  conditional
distribution with pdf f,(y; | x;,u;), for
i=1.M.

(random
are generated

values

effects)
independently

are
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We assume a two-stage sampling
scheme by which in the first stage m areas
are selected with probabilities

7, =Pr(i€ s), and in the second stage 7,
units are sampled from area i selected in

the first stage with  probabilities
7wy =Pr(jes; lies). Note that the
sample inclusion probabilities at both

stages may depend in general on all the
population or area values of y, x and
possibly also design variables z, used for
the sample selection but not included in the
working model. Also, the population areas
are not necessarily the same as the primary

sampling units (PSUs). Denote by I, and
I ; the sample indicator variables at the two
stages (I, =1 iff ie s and similarly for
I;), and by w, =1l/7; and w, =1/7,
the corresponding first and second stage
sampling weights.

Following Pfeffermann et. al (1998), we
define the conditional sample pdf of u,,
i.e., the first level pdf of u, for area i€ s

as,

def
fs(ui) = f(uz IIi =1)

sayes Pr(l, = 1|”,-)fp (u,) 2.1
Pl =1)
Similarly, the conditional sample-

complement pdf, i.e., the conditional pdf of
u; for area i¢ s is defined in Sverchkov
and Pfeffermann (2000) as,

def
fow) = fu,1, =0)
sawves Pr(I, =O|u,) f, (u,)

Pr(I. =0)
Notice that the population, sample and

2.2)

sample-complement pdfs of u, are the same
iff Pr(I, =1lu;) =Pr(I, =1) Vi, in which

case the sampling of areas is
noninformative.
The second level sample pdf and

sample-complement pdf of 'y, are defined
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similarly to (2.1) and (2.2) as,
def

fv(yij |'xij’ui) = f(ylj le.j,ul.,lij =1)
_Pr( =1y, x4 £, (%, 1) @)
Pr(1L, =1[x,,u,)

def
fc(yij |‘xij’ui) = f(ylj I'xij’ui’lij =0)
~Pr(ly = 0]y, X0 u) £, (v % 1) G
Pr(l, :o\xij,ui)

Here again the population, sample and

sample-complement pdfs of y, are the

same iff Pr(l; = 1‘yl.j s X5 U;)

=Pr(I; =1|x
sampling of units within the selected areas
is noninformative. The model defined by
(2.1) and (2.3) defines the two-level sample
model analogue of the population model
defined by f,(u;) and f, (y; | x;,
also Pfeffermann et. al (2001).

The following relationships between the
three distributions are established in
Pfeffermann and Sverchkov (1999) and
Sverchkov and Pfeffermann (2000) for

general pairs of random variables v, ,v,
ieU,

define

;%) Vj, in which case the

u,); see

measured on elements where

E ) ,E. and E,
expectations under the population, sample
and sample-complement distributions and
(7;,w,) denote the sample
probabilities and the sampling weights.

respectively

inclusion

AT |V2i) =f vy, i€ )

_ Ep (ﬂ-i |vli ’v2i)fp (vli VZi) (25)
Ep (7, |v2l.)
E (wv,. |v,.
E (v, |v2,~)=—5( Vi) (2.62)
Es (Wi |v2i)
1
E (m|v,)=—""— (2.6 b)
Sk E,(W;[vy)
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L) = vy g s)

CEA=7) v vy ) f, v va)

- E [(1-7)|vy]

_ E [(w, —1)|vli,v2i]fs (v |v2i)
E[(w,=Dlv,,]

2.7)

E [(A-7)v,|v,]
E,;[(l —ﬂ'i)|V2i]

E [(w, =Dy, |v2,.]
~E[(w,=Dv,]

Defining v,, = u, ,v,,=constant yields the

E. (v, |V2i) =

2.8)

relationships holding for the random area
u; . Vig =Yy

effects ;
=(xl.j,u.)and substituting 7, and

Defining

Vi
w,; for 7,

relationships holding for the observations
yij'

and w, respectively, yields the

3. Optimal Small Area Predictors
The target population parameters are the
— Ni
small area means Y = z,:1 y; /N, for
i=1.M, (the means in sampled and
nonsampled areas). Let ={(y; Wy W)

(i, j)e s;(1,.1,.x,), (k,DeU} define the

known data. The MSE of a predictor Z
with respect to the population pdf given D,
1s,

2 _ A_— 2
MSE(Y,|D,)=E,[(Y,-Y)* D] a1

=¥~ E, (7,1 D)F +V,(%1D,)

The variance V, (171 | D) does not depend

on the form of the predictor and hence the

MSE is minimized when )% =LK, (17, ID,).
In what follows we distinguish between

sampled areas (1, =1) and nonsampled

areas (I, =0). Denote by s, the sample of

units in sampled area i. Then, for the

sampled areas,

— 1
E, XD =D=—-3 E

i

L,y 1 Dy)

3286

+sz, E,(y; 1D, T,

1
:V[Zjesi i Zzz E (1D, 1 =1)]

For areas i not in the sample,

_ 1
EP(YI | DS,I,- =0) Z_Zk =1 p(ylk le’Ii =0)

:_zkl L(ylle I —O)

The predictors in (3.2) and (3.3) can be
written in a single equation as,

— 1 N,
E])(Yl |DA) :F{Zkzl yiklik +

=L, =0)] (32

(3.3)

Ni
S E Ly, (1-1)1D,1, =1]},

+NLZII{V’—]EL[ylk Ianll =O](1_Il)

3.4)

4. Bias of Small Area Predictors when
ignoring the Sampling Scheme

Consider for convenience the case of a
sampled area. Ignoring the sampling
scheme implies an implicit assumption that
the sample-complement model is the same

as the sample model, such that
Y v = [ZJES +Zlﬂi E(y; D1, =1)]
where ES (y, 1D, I, =1) defines the

expectation of y with respect to the sample
distribution. Hence,

E [(YIGN Yi)le’Iizl]

:Vzlesi Es(yil |DS,IZ. :1)

1
_FZlm‘. Ec(yil le’Ii :1)

C ow | DL =1
iz ovs(yzl VVZI: s ) (41)
N, < E [(w, D1 D, 1, =1]

1

with the second equality following from
(2.8). Thus, unless the study values y, and

the

selected areas are uncorrelated, ignoring the
sampling scheme results in biased
predictors (see also the empirical results).
A similar expression of the bias can be
obtained for nonsampled areas.

sampling weights w,, within the
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Example

Let the population model be the ‘unit
level random effects model’
yy =Mtu te;

u, ~N(©0,07) , e, ~N(0,07) 4.2)

with the random effects and residual terms
being mutually independent. Consider the
common sampling scheme by which m
areas are sampled with probabilities

., =cXN, for some constant ¢, and
7, =n, /N, (fixed sample size n, within
the areas), that
r; =Prl(Q, j)e sl=nmm, (For
fixed m, c=m/N .) Note that sampling
within the selected areas is noninformative

selected such

= const .

in this case but if the area sizes Nl. are

correlated with the random effects u,, the

selection of the areas is informative (say,
the areas are school districts, the study
variable measures children’s attainments,
the large districts are rich areas with high
school attainments).

Suppose that the area sizes can be
modeled as log(N,) ~ N(Au, + B, O'fl)
with A>0, implying that,

2

(o}
Ep(ﬂ'ilui)-<exp(Aui+B+7M). It

follows that (see Pfeffermann et al. 1998
example 4.3),

PYPREACA D ACH,
K i Ep (7[1)

=N(Aoc.,0)) (4.3)
so that E (u,)= AO'M2 #E,(u,)=0. The
fact that the random effects in the sample
have in this case a positive expectation is
easily explained by the fact that the
sampling scheme considered tends to select

the areas with large positive random
effects. Note, however, that by defining

{¥=u+Ao. and u; =u,— Ao, the
model holding for the sample data in
yij =ﬂ*+u: +el] 4
ul* ~ N(0,0'uz) . € ~ N(0,0'f), which is

the same as the population model. Thus, the

sampled areas is
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optimal predictors under the population
model for the area means 6, = i/ +u, in

sampled areas (I, =1), are still optimal

under the sample model. (Recall that for the
present example the sampling scheme
within the selected areas is
noninformative.)

Next consider nonsampled areas. By
2.7),

E [(A-z)lu1f, W)

L) = )
(4.4)
_ fw) E(mlu)f,w)
E (1-7) E (-7)
Let
E,m)=E,[> " 11=E,E,3." LI{N})]
= EP[Z:Zl 7,1=ME,(7,) define the

expected number of sampled areas, such
that E, (z;)=E,(m)/M . If the number
of sampled areas is fixed, E,(m)=m. By
(4.4) and (2.5),

Mf,(u,)—E,(m)f (u,)

(u)= and
J M —E (m)
hence,
E (mE (u,
R AL Ch
M —E (m)
E, (m)Ao.
=— M 4.5)
M —E (m)
Here again the negative expectation of
the random effects pertaining to

nonsampled areas is easily explained by the
tendency of the sampling scheme to sample
the areas with large positive random
effects. It follows form (4.5) that ignoring
the sampling scheme underlying the
selection of the areas and predicting, for
example, the sample means in nonsampled
areas by the average of the predictors in the
sampled areas yields in this example biased
predictors with bias,

E
B(i¢ s) = Ao, —[—Aafl
M —-E, (m)
= O'jL (4.6)
M —E, (m)
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5. Inference

The first step of the proposed approach
is to fit a model to the sample data, which
of course is a necessary step in any small
area estimation problem. Notice that
although we consider informative sampling,
the sample model can be identified from the
sample data using standard techniques, see,
e.g., Rao (2003) for details.

In what follows we suppose therefore
that an adequate model has been fitted to
the sample data, and in order to illustrate
the estimation procedures we assume that
this model is the ‘nested error regression
model’,

y; =x;' Btu, +e, ;u, 11, =1~N(0,07),
¢, 11, =1~ N(0,0?) 5.1)

The model defined by (5.1) is in common
use for small area estimation problems, see
e.g., Battesse et al. (1988). Suppose further
that the sampled areas had been included in

the sample with inclusion probabilities 7, ,

i =1...m, and that n, units were sampled
from area i in the sample with probabilities
7 ;; - Finally, we assume that,

E (w1 yyou) = E (Wi, 1x;, y;)

= ¢, exp(ax; +by,) (5.2)

where ¢;>0, a and b are fixed parameters.

Comment: As with the sample model (5.1),
the expectation in (5.2) refers to the sample
distribution ~ within the areas. The
relationship in the sample between the
sampling weights and the observed data can
be identified and estimated therefore from
the sample data, see Pfeffermann and
Sverchkov (1999, 2003) for discussion and
examples. On the other hand, the
relationship between the sampling weights

w, and the area means is more difficult to

detect since the area means are not
observable, and in the rest of this section
we do not model this relationship. See
Section 6 and also Pfeffermann er al.
(2001) for examples of modeling the area
selection probabilities. Kim (2003) assumes
the model (5.1) for the population values
and a similar model to (5.2) for the
sampling probabilities within the areas but
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it is assumed that all the areas in the
population are represented in the sample.

As established in Section 3, the optimal
predictor for a sampled area i is,

E (Y ID,I,=1)=

[Zm Y +zlﬂ’_ E.(y,D,,I.=1)]/N,.

In order to compute the expectations
E (y, D, I =1) we proceed as follows:
First, by (2.7), (5.1) and (5.2),
FACH RN )
E (Wz|l|xn’y,/’u ) =111, (y,1| XU
E,(Wy,|x,,u)—1

i Wa bo'ez
¢( )

(o}

A,
/111_10- e

1 yll i
A, —-1o, ¢(

il e

where u, =x,'f+u,,
A, =c expl(b’0’ /2)+ax, +bu,]
=FE (w,|x,,u;) and ¢ is the standard

(5.3)

normal pdf. Notice that if b =0 (selection
probabilities within the sampled areas only
depend on the x-values and hence the
sampling is noninformative), the pdf in
(5.3) reduces to the conditional normal
density defined by (5.1). Second, by (5.3),

E (y,x,,u,l, =1)
, 54
=u, +——bo?’ G
}“il -1

Finally,

E (y,|D,I =1)

=E[E.(y,|D ,u;,l =1)] (5.5)

_E [E (yll tl’ul’Ii :1)]

where the exterior expectation is with
respect to the distribution of u, | D ,I, =1.

Under the model (5.1), the latter
distribution is known to be normal with

AN

0}, where (3,,X)=2" (y;-%;)/n,
=

are the sample means of (y,x) in sampled

o} =0, /n,=Var(y,lu,) and

mean U, = and variance

area I,

y.=0.llo. +0].
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Thus, for the areas
E (y,|D,I =1) by
computing the expectation of the right

hand side of (5.4) with respect to the
normal distribution of

u, 1D,,1, =1. We find that,
Ec(y” lDS’Ii =)= ()C,-/ 'ﬂ+I/At,»)

sampled

18 obtained

1 5.6

+b0 E (——1D,1,=1) ©-0)
1_&'1

Notice that if b=0 (noninformative

sampling within the areas)

E (y,|D,1. =1)=x,"'B+i,, which is
the standard result.

The expectation E ( D_,1.)can

! |
-4
be computed numerically. Alternatively, for
the practical case where the sampling
fractions within the selected areas are very

small, 4, =E, (w, | x,;,u;) is under mild

conditions much larger than 1 and therefore
we may approximate,

) ! -I1D,1)= E[1+4)ID,L].
=4 | |

The latter expectation can be computed

analytically yielding,

E (y,1D,1,=1) =i, +bo.[1+

1 bo!

where i, = x,' B+, .

It follows from (3.2) and (5.7) that for

given parameters{ﬁ,ci,a,b,of,of}, the

X.

il

voly, (57)

2’ -]

—ax, —bi, +

optimal predictor of Yl for sampled area i

is,

E (Y, I1D,1,=1)=

1 N _ =  _
F{(N, _n,‘)ei +ni[yi +(Xi _xi)'ﬂ]
bo! bo,
C. 2

l

b’cly,
+T'%)Zm, exp(—ax, —bx,' B)} (5.8)

whereéi =0, +X,8 s
predictor of the mean
0 =X,'"B+u,=E (Y, lu,). The terms in
(5.8) that are multiplied by b correct for the

+(N, —n)bo’ + —bii,

the

arca

optimal

3289

difference between the sample-complement
expectation and the sample expectation.
Notice on the other hand that

even under noninformative sampling (b=0),
the predictor implied by (5.8) differs from

the predictor &, in common use. This is so
because the target parameter is defined to
be the finite area mean Y, rather than@,,

see Rao (2003, Eq. 7.2.37).
For the nonsampled areas, the optimal
predictor of the area means is defined in

(3.3)tobe, E,(Y,1D,,I,=0)

=>" E.(y,1D,,1, =0)/N,. By (2.8)

and then (2.6),

E (y, DI =0) :Ec[Ep(yik | x,,u)1D,]
_E (W, —DE, (yy 1 ;1) |

s Ds]
E.(w1D,)—1
E Wy, | x, .
ES[(VVZ—I) S(thylk xlk ul) |DS]
E (W, 1 ;1)
= - 5.9

E(w1D)~-1
Computing the two expectations in the
numerator of the last expression of (5.9)
employing (5.1) and (5.2), yields after some
algebra,
E(y,|D,1,=0)=x,'B+bo.+
—Du,
By
" E(w ID)-1

Estimating u, = E [(y,; —x;"'#)u,] and

(5.10)

E (w, 1D ) by the corresponding sample

iy, =D (v, =x,'B)n,
JES;

l:f_s, (w, I D,)= Zia w, /' m (application of

the method of moments), and substituting

the estimates in (5.10), gives the following

simple estimate for E_(y, | D,,I. =0),

means and

E.(y;1D,.1,=0)= x, ' f+bo? +
Z(Wi _l)ﬁS,i

ics

> (w1

It follows from (3.3) and (5.10) that for
given parameters {f3,c;,a,b, O'M2 ,O':}, the

5.11)

optimal predictor of 171 for area i not in the

sample is,



2003 Joint Statistical Meetings - Section on Survey Research Methods

~ v v ! 2
E,(Y,I1D,1,=0)=X,'B+bo;
> (w, =Dy,

ics

S w1

ies

(5.12)

6. Parametric estimation

The analysis of the preceding section
makes no assumptions regarding the form
of the relationship between the area
selection probabilities and the area means.
However, in situations where this
relationship can be modeled adequately,
more efficient predictors can be obtained by
incorporating the area selection
probabilities into the model, thus making
the sampling scheme noninformative.

For example, suppose that the
population model is the ‘unit level random
effect model’

y, =Mtu t+e;

u; ~ N(0,0'f); e, ~ N(0,0':)

i=1.M, j=1..N, (6.1)
Suppose further that the area sizes can be
N, = Int[K, X exp(K,u,)]
where K, and K, are constants, and that

the the with
probabilities 77; that are proportional to the

modeled as,

selection of areas 1S

sizes N,. Then, to a close approximation,

the distribution of u, |log(z;) is normal

and the population model can be written as,
Yy = HEU €

= ﬂo +:B1 log(”i)+77i e
7, ~ N(0,62) , ¢; ~ N(0,57)

For the case where the selection of the
samples within the sampled areas is with
equal probabilities, the population model
defined by (6.2) holds also for the sample
data  (the sampling scheme  is
noninformative for this model), and the
small area means can be predicted using
standard procedures. Thus, by incorporating
the area selection probabilities into the
model, the sampling scheme becomes
noninformative. Notice, however, that the
use of this model requires knowledge of the
area selection probabilities for all
i=1..M . See Rubin (1985) and Skinner

6.2)
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(1994) for more general results and
discussion of the implications of including
the selection probabilities among the
covariates of statistical models.

When the selection of the samples
within the sampled areas is informative,
one can either model the relationship
between the selection probabilities and the
study variable and apply the methodology
described in Section 5, (see also Kim 2003,
this article assumes that all the population
areas are represented in the sample), or use
the weighted direct estimates of the area
means as the observed data. (In practice,
the only available data to the analyst are
often the direct estimates anyway.) See
Kott (1990), Arora and Lahiri (1997) and
Prasad and Rao (1999) for modeling of the
direct area estimates. All these studies,
however, assume implicitly noninformative
sampling.

Suppose that the direct estimates are the
Hajek’s estimates,

[ (6.3)
where 6, =pu+u, =E, (Y, lu,) defines

H,i

the i-th area mean. Then, under (6.2),
combined with the common assumption

that éH’i =6,+{, ., ~ N(0,07) where

¢ defines the sampling error in area i, the
model holding for the direct estimators is,
6,, =0, +4,,8 ~ N(0,0‘é);
6, = B, + B log(x,) +7,

n ~N(©,0,)

The model defined by (6.4) is the familiar
Fay and Herriot (1979) model that is in
common use for small area estimation.
Notice again that this model can be fitted

using standard procedures (ignoring the
sampling process).

(6.4)

7. Monte-Carlo simulation study

In order to illustrate the biases that could
occur when ignoring an informative
sampling scheme (employing standard
predictors), and to study the performance of
the predictors proposed in this article that
account for the sampling process, we
designed a small simulation study. The
study was carried out as follows:
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1- Generate population random area effects
u, ~ N(,07)
N, = Int[1000x exp[u, /(50,)]
i=1.M (o’ =16, M=150 population

areas).

and area sizes

for

2- Generate y-values using the model (6.1)
with = 20, o> =100.

3-  Select with  probabilities
7, =mN,/ zljiol N, (m=90 sampled areas)

using Systematic PPS sampling.

areas

4- Sample n; units from selected area I

. eqe,e Ni
with  probabilities 7, = n,z; / Z vet Si

(n,=n, =5 sampled units in each

selected area), where gz, =exp(yl.j/ 50),

again using Systematic PPS sampling.
These selection probabilities satisfy the
relationship (5.2) with a =0, b =—(1/50)

and ¢; = (N, /ny)E(z;).
Repeat Steps 1-4 1000 times.

For each sample we computed the
following 4 predictors of the area means:

A- él =7y, +(—%)y for sampled areas,

6= 175 +1-9)71/m=5

y:Ziesyi/’/n’

A2 A2
(6,.0))

u?

for

nonsampled  areas;

7, =616 +67 In,],
computed by method of moments; see
Prasad and Rao (1990).

The predictors {62} are the ordinary

predictors under noninformative sampling
(ignoring the sample selection), when the
area sizes are sufficiently large such that

N, _
D€ /N =0
B- HAHJ (Eq. 6.3) for sampled areas (‘direct
estimator’), 6’~H7,. =Zi€swiéH,i/

for nonsampled areas.

w.

ies !

C- Proposed ‘semi-parametric’ predictors

assuming the relationship (5.2) for the
weights w,;

(5.8) for the sampled areas and by (5.12)
for the nonsampled areas with a =0,

The predictors are defined by
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x; =1, = . Note that under the model

(6.1) and the sampling scheme used to
select the areas, the sample random effects
also have a normal distribution but with a
different expectation, thus justifying the use
of the predictors (5.8) and (5.12). See
Pfeffermann er. al (1998). The unknown
model parameters have been replaced by

sample estimates: (6. ,87) computed by
method of moments, I =y ; the parameters
b and ¢, indexing the relationship between
the weights w;, and the study variable (Eq.
5.2) were estimated by fitting the model
wy =c¢ exp(by;)+¢€;, using the REG
and NLIN procedures of SAS.

D- Fay-Herriot predictors
fitting the model (6.4)

approach); O'; estimated by the Fay-

obtained by
(parametric

Herriot (1979) method, o ; taken as known

(computed as, OA'g2 = Zies (éHJ — 17[)2 /m).

The assumption that the sampling error
variance is known is common. Estimating
the variance from the sample data yields

b= (ﬂo ) ﬁl )
computed by generalized least squares with

HH,i

(6;,0';) replaced by (OA';,OA';).

very  similar  results.

as the dependent variable values and

The results of the simulation study are
displayed in Figures 1-4. Figures 1 and 2
show for each area the empirical prediction
bias and root mean square error (RMSE) of
the four predictors over all the simulations
for which that area has been sampled,
Figures 3 and 4 show for each area the bias
and RMSE of the four predictors over all
the simulations for which that area has not

been sampled. Denote by 17” the true area

mean in simulation r, r=1...1000 and let

A

Y

. represent any of the predictors. Define

D, =1 if area t was sampled in simulation

rand D, =0 otherwise. For a given area ,

the prediction bias and RMSE when this
area has been sampled is computed as,
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> oD, (Y, -
1000 ’
2. D
DTV (YTV - Ytr )2
1000
2
The prediction bias and RMSE when area ¢
has not been sampled are obtained by
replacing D, by (1-D, ) in (7.1). The
four Figures show also at the bottom for
each predictor the average of the
corresponding measure over all the 150
areas.

The conclusions from this simulation
study are clear-cut and can be summarized
as follows:

1- Ignoring an informative sampling
scheme can result in severe prediction bias
for both sampled and nonsampled areas.

Bias, =

1000

r=1

RMSE, = 2

(7.1

tr

2- The direct (design based) estimators are
approximately unbiased in sampled areas
but are biased for the area means of
nonsampled areas. This result is explained

by the fact that the estimator éH,i estimates

the average of the area means in the
population, which is different from the
average of the nonsampled area means. For
the present population model under which

the true area means @, are exchangeable,
the predictor,

Ons = 2 00 =00, 12, (5 =) s
approximately design unbiased for the area
means in nonsampled areas, but this
property does not necessarily hold for other
models. In fact, no approximately design

unbiased predictors for the area means in
nonsampled areas exist in general.

3- The use of the semi-parametric approach
yields unbiased predictors for both the
sampled and nonsampled areas but with
large RMSEs for nonsampled areas
compared to the use of the fully parametric
approach. Notice in this respect that under
the present model and sampling scheme
used for the selection of the areas,

E@)=pu—Im/(M-m)lo, /5
Var (6,) = O'f —[mM (M —m)z](O'u /15)*.
(The o,/5 the
distribution of the area sizes. See step one

and

parameter indexes
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of the design of the simulation study.) For
1 =20, M =150, m=90, 0> =16 as in
the present study, E (6,)=18.8 and
Var,(6,) =13.6. Thus, by predicting the

area means of nonsampled areas by their
true expected value of 18.8, the RMSE of

the prediction error is +13.6 =3.69,
which is only slightly lower than the
average RMSE of 3.79 achieved by use of
the semi-parametric predictors (see bottom
of Figure 4). However, the use of the
expected values under the model or the
semi-parametric approach do not account
for the relationship between the area means
and the sample selection probabilities. As
illustrated in the present study, including
this relationship as part of the model can
reduce the RMSE quite substantially,
particularly for nonsampled areas where no
direct estimates exist.

8. Summary

This article proposes two approaches for
small area estimation under informative
sampling. The semi-parametric approach
makes no assumptions regarding the
relationship between the area selection
probabilities and the true area means. The
proposed predictors under this approach are
approximately unbiased for both the
sampled and nonsampled areas but the
prediction RMSEs can be large particularly
for nonsampled areas.

The parametric approach models the
relationship between the area selection
probabilities and the area means and
incorporates this relationship into the model
for the study variable. As illustrated by the
simulation study, the use of this approach
can reduce the RMSEs quite significantly
but a major issue that needs to be
investigated is the robustness of the
parametric predictors to misspecification of
the model relating the area selection
probabilities to the area means.

Two other outstanding issues are the
development  of  appropriate = MSE
estimators for the nonparametric approach
and the extension of this approach to other
plausible sample models.
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Bias

Figure 1. Prediction Biag in Sampled Areas
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Bias

Figure 3. Prediction Bias in Nonsampled Areas
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Figure 4. Prediction RMSE in Nonsampled Areas
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