Chapter 4
Stratified Sampling

An important objective in any estimation problem is to obtain an estimator of a population parameter
which can take care of the salient features of the population. If the population is homogeneous with
respect to the characteristic under study, then the method of simple random sampling will yield a
homogeneous sample, and in turn, the sample mean will serve as a good estimator of the population
mean. Thus, if the population is homogeneous with respect to the characteristic under study, then the
sample drawn through simple random sampling is expected to provide a representative sample.
Moreover, the variance of the sample mean not only depends on the sample size and sampling fraction
but also on the population variance. In order to increase the precision of an estimator, we need to use a
sampling scheme which can reduce the heterogeneity in the population. If the population is
heterogeneous with respect to the characteristic under study, then one such sampling procedure is a

stratified sampling.

The basic idea behind the stratified sampling is to

e divide the whole heterogeneous population into smaller groups or subpopulations, such that the
sampling units are homogeneous with respect to the characteristic under study within the
subpopulation and

e heterogeneous with respect to the characteristic under study between/among the
subpopulations. Such subpopulations are termed as strata.

e Treat each subpopulation as a separate population and draw a sample by SRS from each
stratum.

[Note: ‘Stratum’ is singular and ‘strata’ is plural].

Example: In order to find the average height of the students in a school of class 1 to class 12, the
height varies a lot as the students in class 1 are of age around 6 years, and students in class 10 are of
age around 16 years. So one can divide all the students into different subpopulations or strata such as
Students of class 1, 2 and 3: Stratum 1

Students of class 4, 5 and 6: Stratum 2

Students of class 7, 8 and 9: Stratum 3

Students of class 10, 11 and 12: Stratum 4

Now draw the samples by SRS from each of the strata 1, 2, 3 and 4. All the drawn samples combined

together will constitute the final stratified sample for further analysis.
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Notations:

We use the following symbols and notations:
N : Population size

k : Number of strata

Ni : Number of sampling units in it strata

ni - Number of sampling units to be drawn from i stratum.

k
n= Z n. : Total sample size
i=1

Population (N units)

\4 \ 4 \ 4
Stratum 1 Stratum 2 Stratum k
N1 units N2 units Nk units

Sample
1
N1 units

Sample
2
N2 units

Sample
k
Nk units
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Procedure of stratified sampling
Divide the population of N units into k strata. Let the it stratum has N,,i =1,2,...,k number of units.

e Strata are constructed such that they are non-overlapping and homogeneous with respect to the

K
characteristic under study such that Z N, =N.

i=1
e Draw a sample of size n, from i (i=12,...k) stratum using SRS (preferably WOR)

independently from each stratum.

e All the sampling units drawn from each stratum will constitute a stratified sample of size

Difference between stratified and cluster sampling schemes

In stratified sampling, the strata are constructed such that they are

e within homogeneous and

e among heterogeneous.

In cluster sampling, the clusters are constructed such that they are

e within heterogeneous and

e among homogeneous.

[Note: We discuss the cluster sampling later.]

Issues in the estimation of parameters in stratified sampling
Divide the population of N units ink strata. Let the i stratum has N,, i=12,....k number of units.
Note that there are k independent samples drawn through SRS of sizes n,n,,...,n, from each of the

strata. So, one can have k estimators of a parameter based on the sizes n,,n,,...,n, respectively. Our

interest is not to have k different estimators of the parameters, but the ultimate goal is to have a single
estimator. In this case, an important issue is how to combine the different sample information together

into one estimator, which is good enough to provide information about the parameter.

We now consider the estimation of population mean and population variance from a stratified sample.
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Estimation of population mean and its variance
Let

Y : characteristic under study,
y; - value of j" unit in i" stratum j=1,2,..,ni, i = 1,2,... k,

N;

1 i
W y; : population mean of i stratum
i j=l
o 1§ . ith
V. = by y; :sample mean from i stratum
i =l
1&H - N,
Nz Y => WY, :population mean where w, _W
i=1 i=1

Estimation of population mean:
First, we discuss the estimation of the population mean.
Note that the population mean is defined as the weighted arithmetic mean of stratum means in the case

of stratified sampling where the weights are provided in terms of strata sizes.

Based on the expression Y = Z N.Y., one may choose the sample mean

k

1 _
y_ﬁzniyi

i=1
as a possible estimator of Y .

Since the sample in each stratum is drawn by SRS, so
E(Y) =Y,
thus
13 _
E(Y) :EzniE(yi)
i=1

18 &
=_ZniYi
N5
Y
and y turns out to be a biased estimator of Y . Based on this, one can modify y so as to obtain an

unbiased estimator of Y . Consider the stratum mean which is defined as the weighted arithmetic mean

of strata sample means with strata sizes as weights given by

o1&
yst :N;Niyi'
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Now
E(7.) = 2 NEG)

18 ¢
:W;NiYI

=Y

Thus ¥, is an unbiased estimator of Y .

Variance of Yy
k ) k n;
Var(y,) = wVar(y)+ > > ww;Cov(¥, V).
i=1 i(=j)=1 j=1
Since all the samples have been drawn independently from each of the strata by SRSWOR so
COV(Vi,yj) :O!i * J
Var(y) = M g2
N.n.
where
2 1 ] v .\2
S=——» (Y. -Yi)".
I Ni _12( 1j )

Thus
k N. —n

Var(y,)=> w’——18?
(ySt) ; ] Nn 1

= k w2|1-T% S—'Z
= N; ) n

Observe that Var(y,) is small when S’ is small. This observation suggests how to construct the strata.

If S? is small forall i =1,2,....k, then Var(y,) will also be small.

The total variation in the population is fixed and can be orthogonally partitioned into between and

within strata variations, i.e.,

Total variation = Between strata variation + Within strata variation (S?).
Since S’is small, so obviously “Between strata variation” has to be large. That is why it was

mentioned earlier that the strata are to be constructed such that they are within homogeneous, i.e., Si2

is small and among heterogeneous (“Between strata variation” is large).
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For example, the units in geographical proximity will tend to be more closer. The consumption pattern

in the households will be similar within a lower income group housing society and within a higher

income group housing society, whereas they will differ a lot between the two housing societies based

on income.

Estimate of VVariance

Since the samples have been drawn by SRSWOR, so

E(Siz) = Si2

2

where =15 (y, -5y
i =l

Note: If SRSWR is used instead of SRSWOR for drawing the samples from each stratum, then in this

case

k
Vo =D WY,
i=1

E(yst) :V

N. -1
Var(yst) ZW [Wj SI __:

it
w’s?

k
Var(y,,) Z '

|
i=1 n|
N;

where af— Z(yIj Vi)
N =
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Advantages of stratified sampling

1. Data of known precision may be required for certain parts of the population.
This can be accomplished with a more careful investigation to a few strata.
Example: In order to know the direct impact of the hike in petrol prices, the population can be
divided into strata like lower income group, middle-income group and higher income group.
Obviously, the higher income group is more affected than the lower-income group. So more
careful investigation can be made in the higher income group strata.

2. Sampling problems may differ in different parts of the population.
Example: To study the consumption pattern of households, the people living in houses, hotels,
hospitals, prison etc. are to be treated differently.

3. Administrative convenience can be exercised in stratified sampling.
Example: In taking a sample of villages from a big state, it is more administratively convenient
to consider the districts as strata so that the administrative set up at district level may be used
for this purpose. Such administrative convenience and the convenience in the organization of
fieldwork are important aspects in national level surveys.

4. Full cross-section of the population can be obtained through stratified sampling. It may be
possible in SRS that some large part of the population may remain unrepresented. Stratified
sampling enables one to draw a sample representing different segments of the population to any

desired extent. The desired degree of representation of some specified parts of the population is

also possible.
5. Substantial gain in efficiency is achieved if the strata are formed intelligently.
6. In the case of skewed population, use of stratification is of importance since larger weight may

have to be given for the few extremely large units, which in turn reduces the sampling
variability.

7. When estimates are required not only for the population but also for the subpopulations, then
the stratified sampling is helpful.

8. When the sampling frame for subpopulations is more easily available than the sampling frame
for the whole population, then stratified sampling is helpful.

9. If the population is large, then it is convenient to sample separately from the strata rather than
the entire population.

10.  The population mean or population total can be estimated with higher precision by suitably

providing the weights to the estimates obtained from each stratum.
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Allocation problem and choice of sample sizes is different strata

Question: How to choose the sample sizes N;,N,,...,N, so that the available resources are used in an

effective way?
There are two aspects of choosing the sample sizes:
0] Minimize the cost of survey for a specified precision.

(i) Maximize the precision for a given cost.

Note: The sample size cannot be determined by minimizing both the cost and variability
simultaneously. The cost function is directly proportional to the sample size, whereas variability is
inversely proportional to the sample size.

Based on different ideas, some allocation procedures are as follows:

1. Equal allocation
Choose the sample size n; to be the same for all the strata.
Draw samples of equal size from each stratum.

Let n be the sample size and k be the number of strata, then

n :E for all i =1,2,... k.

2. Proportional allocation
For fixed k, select n; such that it is proportional to stratum size N;, i.e.,

n oc N,
or n, =CN,

where C is the constant of proportionality.

Thus n, :(EJ N..
N

Such allocation arises from considerations like operational convenience.
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3. Neyman or optimum allocation

This allocation considers the size of strata as well as variability
n. oc NS,

n =C'N.S,

where C* is the constant of proportionality.

k
This allocation arises when the Var (¥, ) is minimized subject to the constraint Zni (prespecified).
i=1

There are some limitations to the optimum allocation. The knowledge of S,(i=1,2,...,k) is needed to

know n. . If there are more than one characteristics, then they may lead to conflicting allocation.

Choice of sample size based on the cost of survey and variability

The cost of the survey depends upon the nature of the survey. A simple choice of the cost function is
k
C=C,+>.Cn,
i=1

where

C: total cost

C, : overhead cost, e.g., setting up the office, training people etc

C, : cost per unit in the i stratum

k
> Cn, : total cost within the sample.

i=1
To find n; under this cost function, consider the Lagrangian function with a Lagrangian

multiplier 4 as
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¢=Var(y,)+4°(C-Cy)

Thus ¢ is minimum when

WS,

=A,/C.n foralli
0
or n _lw,_S,
i /1\/(3_'

How to determine A ?

There are two ways to determine A .
Q) Minimize variability for a fixed cost.
(i) Minimize cost for given variability.

We consider both cases.

(1)  Minimize variability for fixed cost
Let C =C, be the pre-specified cost which is fixed.

So Zk:Cini =C,

or Z;‘C \/7—
\/_WS

o

or A=

Substituting A in the expression for n, = , the optimum n; is obtained as

N
of5

*

« WS, C,
n.

I\/_ \/—WS
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The required sample size to estimate Y such that the variance is minimum for the given cost C =C, is

n= Zk:n,
i=1

(i)  Minimize cost for a given variability

Let V =V, be the pre-specified variance. Now determine n; such that

k
Z[l _ij Wizsi2 =V,
. N.

i=1 r]i i

K W2S? K W2S?
iYi_\ 4 i Vi

i=1 ni ° ; Ni

2
or Zk:lv;/sc—wzsz =V, + ZWS

k VviZSiZ
Vot 2. N, - 1wS,
= (after substituting n. = = —=1).

2 WS C, A

i=1

orid=

Thus the optimum n; is

k
ﬁ-=WS ZWiSi
| \/_ V, + ZWSZ

So the required sample size to estimate Y such that cost C is minimum for a

k
prespecified variance V; is n = _f.
i=1

Sample size under proportional allocation for fixed cost and for fixed variance

k
(i) If cost C=C, is fixed then C; = D .Cn,.
i=1

Under proportional allocation, n, = n N, =nw,
N

k
C .
So C,=n> wC, or n=—-""— Thus n, = Co,

> W, 2.mC

_ [
The required sample size to estimate Y in this case is n= Zni.
i=1
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(ii) If variance =V, is fixed, then

K
Z(l_ijw{?sf :Vo
N;

n;

2Q2 2Q2
=1 i ;

2¢Q2

or n=—=E

or n=w —=

This is known as Bowley’s allocation.

Variances under different allocations

Now we derive the variance of Yy, under proportional and optimum allocations.

(i) Proportional allocation

Under proportional allocation

n; 21 Ni
N
and
k
N
Var(y), = ,ZS,2
t —1 N
N, ——N 2
N.
Drop(y)st - - 5 (le Si2
N, —N
_ N - Zk: Nisi2
Nn <5 N
N-—ng
= w,S2.
Nn Z 1~

i=1

Kk 2¢2 k
or zﬂzvﬁzwi\li (using N, = nw,)
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(if) Optimum allocation
Under optimum allocation

nN;S,

Tus
i=1

AP A

Comparison of variances of the sample mean under SRS with stratified

mean under proportional and optimal allocation:

(a) Proportional allocation:
N-n g?

Vers (V) =

: lel2
prop(yst) Nn IZl: N

In order to compare Vg (¥) and V. (V,), first we attempt to express S? as a function of S?.

prop
Consider

k N;

(N _1)82 = Z Z(Yij _Y_)Z

i=1 j=1

[(Y -+ -Y) ]

=
=~

=> (N, -DS’ + ZN,(Y, -Y)?

i=1 i=
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N —n N-n<< N N-n&N - - ) N-n )
or S?= —is2 4 —L (Y. =Y)?(Premultiply by —— on both sides
2 Nn;N(' ) ( ply by —— )

SRS(Y) Vprop(yst)+ ZW(Y Y)

k
Since > wi (Y, -Y)* >0,
i=1

jvarprop (Vst) < VarSRS (7)

A larger gain in the difference is achieved when Y, differs from Y more.

(b) Optimum allocation

1(& S L S
Vopt(yst)z_(z \N|S|j __Z\Nisi .
N\ N =

Consider

N-n)g 2 1< ? 1 2
v s 3 S o]

Afgi-(ge]]

= iZW sz——s2
e o

==> W (S, ~S)*
N

k
where S =>"w,

i=1

=Var,,, (Vy) —Var,,(V4) 20 or Var,,(y,)<Var,,(Vq)-

Combining the results in (a) and (b), we have Var,, (V) <Var, (V) < Vargs ()

S, and the larger gain in efficiency is achieved when S, differs from S more.
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Estimate of variance and confidence intervals

Under SRSWOR, an unbiased estimate of S* for the it stratum (i = 1,2,...,K) is

1 < _
Si2 = Z(yij - yi)z'
n — j=l

In stratified sampling,

k N. —n.
Var(y.)=> w?——182
(yst) ; I N~n- i

So, an unbiased estimate of Var(y,) is

k N. —n.
Var(y.)=) w?——tg?
(ySI) ; 1 Nn 1

Kowds? K wes?
— i i i
yME g

i1 N i1 I\
K \12a2 K

Z\Ni i %Zwisiz

i1 I i-L

The second term in this expression represents the reduction due to finite population correction.

The confidence limits of Y can be obtained as

Yo * tyVar(yy)

assuming Y, is normally distributed and (Var(y,) is well determined so that t can be read from

normal distribution tables. If only few degrees of freedom are provided by each stratum, then t values

are obtained from the table of student’s t-distribution.

The distribution of Jgar(yst) is generally complex. An approximate method of assigning an effective

$s]

i=1

number of degrees of freedom (n,) to «/Qar(yst) is Ne =—— gs*

2

iz -1

N (Ni _ni)

k
where g, = — andMin(n, 1) <n, < Z(ni —1) assuming y; are normally distributed.

ni i=1
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Modification of optimal allocation

Sometimes in the optimal allocation, the size of subsample exceeds the stratum size. In such a case,
replace n; by N,

and recompute the rest of n,'s by the revised allocation.

For example, if n, > N,, then take the revised n;'s as

n =N,
and
q= NS o3k
WS

i=2

provided i, <N, forall i=2.3,....k.

23

Suppose in revised allocation, we find that fi, > N, then the revised allocation would be

1

=7}

Nl
2 N2
g = NN NJWS G54k
2 WS
i=3

provided i, <N, forall i=34,... k.

We continue this process until every i, <N..

In such cases, the formula for the minimum variance of Y, need to be modified as

- "W.S.)? "W.S?
Min Var(yst):(Z W' ) ) I:INI '

where Z denotes the summation over the strata in which i, < N, and n* is the revised total sample
size in the strata.
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Stratified sampling for proportions

If the characteristic under study is qualitative in nature, then its values will fall into one of the two

mutually exclusive complimentary classes C and C’. Ideally, only two strata are needed in which all

the units can be divided depending on whether they belong to C or its complement C’. Thus is difficult

to achieve in practice. So the strata are constructed such that the proportion in C varies as much as

possible among strata.
Let

o A

:Proportion of units in C in the i stratum

a, . . .
P, = n—' :Proportion of units in C in the sample from the it" stratum
i
An estimate of population proportion based on the stratified sampling is
i=1

which is based on the indicator variable

{1 when " unit belongs tothei” stratum is in C
" 10  otherwise

and Y, = py.
N.

Here S2=——PQ

"N -1 Q

where Q =1—
I N1,
Also Var ' .
(ySI ; N n I I
k
So Var(p,) = Z N ( Pr?i .
=1 - i

If the finite population correction can be ignored, then

k
Var(pst) = ZW|2 %
i=1

If the proportional allocation is used for n; , then the variance of pg is

( ) N_ni < Nizl:)iQi
Wirop L P N Nn<' N -1
ok
= N-n W,RQ,
Nn =
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and its estimate is

The best choice of n, such that it minimizes the variance for fixed total sample size is

ni ocC Ni w
N; -1

= Ni P|Q|

N./PQ.

K
Similarly, the best choice of n; such that the variance is minimum for fixed cost C =C, JrZCini is
i=1

nN, RQ,
Ci
1 = Kk
Z Ni @
= C

Estimation of the gain in precision due to stratification

An obvious question crops up that what is the advantage of stratifying a population in the sense that
instead of using SRS, the population is divided into various strata? This is answered by estimating the
variance of estimators of population mean under SRS (without stratification) and stratified sampling by

evaluating

Varsgs (Y) —Var(y,)
Var(yy)

This gives an idea about the gain in efficiency due to stratification.

. N—-n . . .
Since Varg, (y) = N—SZ, so there is a need to express S? in terms of S?. How to estimate S? based
n

on a stratified sample?
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Consider

(N-1)52 =" (v, V)’

i=1 j=1
2

[(Y -¥) + (Y -Y) ]

z 1=
L

N; (Y, -Y)?

Mx

(Y| j
i=1

i
4N

i

(N, 1)SZ+ZN (Y. -Y)?

M~ M= 1M~ 1M

(N, -1)S?+N {Zw\?f —\72}

I
U

In order to estimate S?, we need to estimates of S?, Y,> and Y *. We consider their estimation one by

one.

(1) For an estimate of S?, we have

E (Siz) = Si2

(11) For estimate of Y,?, we know

Var(y,) = E(7°) -[E(7)F
=E(7")-Y?
or Y = E(y,") - Var (7).

An unbiased estimate of Y.? is

A

VE =2 -Var(y)

= y? _[ N’ll_ N jsf.
in;

(111) For the estimation of Y?, we know

Var(yst) = E(ysf) _[E(ySt)]z
= E(ysf)_Y_z
2 = E(ysf)—Var(Vst)
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So, an estimate of Y2 is

Y_Z = ysf _Var(yst)

o [ N-n
=y52t_2( NN }Nizsiz'
i=1 il

Substituting these estimates in the expression (n—1)S? as follows, the estimate of S? is obtained as

(N-1)S? = Z(N -1)S? +N{ZWY_2—Y_2}

21 gz NOIS 2_\
as S%= _1§(Ni 1)Si+N 1{21:\/\,' Y}
;(Ni—1)Si2}+%{£i_lw{yi2_(Nllli_nini}Sizjj_[yszt_g%wizsiz]}
Sf}+

:m{i(N'_l) L|:Ik Wl(yl Vst)2 _Z::Wi(l_wi)ysiz}-

'<|>

N-1
Thus

Varss (y) = N=n S?

Nn

2 |, N(N-n)
N(N On {Z( i} NN - 1){2 (Vi - V)’ —Zw(l w) N }

and
k -_ .
i

Var(yst) = Z I I WZ ’
i=1 NI i
Substituting these expressions in

Varsgs (y) -Var(yy)
Var(yy)

the gain in efficiency due to stratification can be obtained.

If any other particular allocation is used, then substituting the appropriate n, under that allocation,

such gain can be estimated.
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Interpenetrating subsampling
Suppose a sample consists of two or more subsamples which are drawn according to the same
sampling scheme. The samples are such that each subsample yields an estimate of the parameter. Such

subsamples are called interpenetrating subsamples.

The subsamples need not necessarily be independent. The assumption of independent subsamples
helps in obtaining an unbiased estimate of the variance of the composite estimator. This is even helpful
if the sample design is complicated and the expression for variance of the composite estimator is

complex.

Let there be g independent interpenetrating subsamples and t,t,,...,t; be g unbiased estimators of

parameter & where t;(j=1,2,...,9) is based on j" interpenetrating subsample.

Then an unbiased estimator of @ is given by

A1 _
O==>t =1, say
0=
Then
E@)=E{)=0
and

Var () =Var(f) = ! i(ti ~-1)2.

991
Note that
E [Var(t‘)} = g(gl_l) ELZQ_;(H -0)" - g(f—ﬁ)z}
_ g(gl_l) LZZVar(tj)— gVar(t_)}
= g3y (O - OVarD=var()

If the distribution of each estimator tj is symmetric about &, then the confidence interval of & can be

obtained by

. 1\
P[Min(t, t,,....t,) <0 < Max(t,,t,,...,t )]:1—(5] .
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Implementation of interpenetrating subsamples in stratified sampling

Consider the set up of stratified sampling. Suppose that each stratum provides an independent
interpenetrating subsample. So based on each stratum, there are L independent interpenetrating

subsamples drawn according to the same sampling scheme.

Let \fij(m) be an unbiased estimator of the total of j™ stratum based on the i*" subsample ,

i=12,..Lj=12..k

An unbiased estimator of the j™ stratum total is given by

J(tot) ZYIJ (tot)

and an unbiased estimator of the variance of \fj(mt) IS given by

7 2
Var(Yj(tot)) L(L 1)2( ij(tot) — J(tot)) '

Thus an unbiased estimator of population total Y, is

k k

tot Z (tot) ZZ ij (tot)

j=1 i=1 j=1

And an unbiased estimator of its variance is given by

k
Var (Ytot) = Zvar(Yj(tot) )
j=1

Lk
2
L(L :I_)Zz (Y'J('fOt) j(tOt)) .

i=l j=1
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Post Stratifications

Sometimes the stratum to which a unit belongs may be known after the field survey only. For example,
the age of persons, their educational qualifications etc. can not be known in advance. In such cases, we

adopt the post-stratification procedure to increase the precision of the estimates.

Note: This topic is to be read after the next module on ratio method of estimation. Since it is related to

the stratification, so it is given here.

In post-stratification,
e draw a sample by simple random sampling from the population and carry out the survey.
e After the completion of the survey, stratify the sampling units to increase the precision of the
estimates.

Assume that the stratum size N, is fairly accurately known. Let

m. : number of sampling units from i"stratum, i = 1,2,... k.

Note that m; is a random variable (and that is why we are not using the symbol n; as earlier).

Assume n is large enough or the stratification is such that the probability that some m, =0 is negligibly

small. In case, m =0 for some strata, two or more strata can be combined to make the sample size

non-zero before evaluating the final estimates.

A post stratified estimator of the population mean Y is

_ 1&,, -
ypost :NZNiyi :

i=1

Now

E(ypost): E[Z NiE(7i|m1’m2""’mk)}

K
= L E{ NiY_i:|
i1

N
=Y

Z|+
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Var (Vo) = E[Var (Vo My, m, .. M) | + Var [ E(Vpoq My, m,,..omy) |

S R 2
:E{ZWi (H_W)Si }+Var(Y)

= iw§ {E [mi]—[NiHsf (Since Var(Y)=0).

To find E(ij—i, proceed as follows:
mi Ni

Consider the estimate of ratio based on ratio method of estimation as

N

2 ~ Y,
X X <<,
2% X,
=1 i=
We know that
— 2 —
E(Ffé)_Rz N n.RSX_ZSXY .
Nn X

Let x — 1 if j™ unit belongs to i stratum
|0 otherwise

and
y; =1forallj=1,2,..N.

Then R,R and S? reduces to

DY
s S n
D% A
=
N
Y.
N
N
N
2%

1 (< VA 1 N;N
S, =—— XY, =NXY |= N, ——= |=0.
Xy N_1|:z 1] :| N_1|: I N2 :|

=t
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Using these values in E(R)— R, we have

E('Q)—R:E ﬂ _E:N(N—n)(N—Ni)
)N mNEN-D

Thus
1 N N(N-n)(N-N) 1

El = -5 = + FINE
N. nN, n°N; (N -1) N;

_(N-mN ([ N 1
" n(N-D)N, Nn n)

Replacing m; in place of n,, we obtain

)il
m ) N. n(N-IN, N.n n

Now substitute this in the expression of Var(y,) as

1 1

Var (V) = ;\Ni {ELFJ—W} Si

K a2l N=n N N 1
:ZV\/I SI |:(N _1)nﬁl[1+n_Nl_H]:|

i=1

:n?N_—nl)gw‘z '2 ﬂl ﬁ_niﬂ
:nZI?N i11)2““‘ '2 ”_“WJ
:nz’z'N‘fl)lzk;(nw +1-w,)S?

SR AR T M

Assuming N -1~ N.

_ N-ngg N
V(Y oost) =W2Wisi2 +

prop(yst)+ Z(l W)SZ

The second term is the contribution to the variance of Y, due to m;'s not being proportionately

distributed.
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If S? ~SZ2, say forall i, then the last term in the expression is

k

Z (1-w)S, =

i=1 i=1

S
n Nn
- Zvar(y,)

: . . oy . . _n :
The increase in the variance over Var, (V) is small if the average sample size i =— per stratum is
2

reasonably large.

Thus a post-stratification with a large sample produces an estimator which is almost as precise as an

estimator in the stratified sampling with proportional allocation.
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