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Sonma ets Of -Succesasive S ng In fultistage Designse

INTRODUGTION

Usually the results of a sample survey age useful for
the occasion when the supvey is condusted. A population which
does not change with time presents no serious bﬁ&blamﬁ But
for a dynamic population, that is, the one, which 1s sudbject
to change from time to time, such as the extent of ares under
improved seedsy the extent of fertiliser use, or the number
of unemployed persons in a country, any such survey is of
~11m1tedAuse unless it has been repeated frequently at regulap
intervals of time. The duration of such a survey 1f it is
undertaken, and the interval to be tsken between two enquiries
in such a survey will, of course, depend upon the type of the
surveyed material, the information that is to be collected from
1t-and the expenditure that has been ssnctioned in eondueting
such a surveys this last aspeot 1s a restrictive one as such
the already dwindling resources of a country may not warrant g
costlier survey to be undertaken. The 1mportance of repeated
survefzgigf*the*same population may be emphasized on other
considerations also« Sinee dynamle changes are being bhrought
about in the economy of our -country, 1t would be instructive
to take stock of the changes brought ghout at the end of each
plan periocd, before we step into the next ons.

Thus for a dynamic population, a sampler may be asked
to present statistical estimates for the changes tsking place
in it from time to time, in respect of 1ts various characters.
He may be asked to glve estimates for the average value of a
character for the particulsr perlicad under consideration. If,
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for instance, the populatlon~is subject to monthly varlation,
he may be required to give estimates for the population
character for the current month and to eompgre it vith the
corresponding value in the preceeding month. Similarly if the
population 1s sﬁbject to geasonal variations-estimates may be
required of the chasnges brought ghout by the seasonal effects.

" Having made sure the objective of s survey the sampler
would embark upon to adopt =z suitable frame or design for the
surveye_ Naturally his cholce would be one among the various
designs avallables After the first round of enquiry 1s over,
he may not like to choose the same sampling units for the second
round es well, unless the units are extremely varisble with time.
If the sampling units are not so variable, a resurvey of the
sgme units may fail to give any additional informatiaon of
particular interest, rather much of time end resources may be

lost in zn endeavour to have such a survey. Noreover as

~Ya.tes (1249) puts 1t a repeated resurvey of the same units may

rasult in’ mnngicaxion of these units relative to the rest of
the population, He asgerts the point by glving an example that
in a survey of agricultursl practicey visits to farms may result
in the farmers concerned, improving theilr practice through the
advice from the investigators; sn edvice which when asked for
ean scarcely be refused.

To select a fresh ssmple independently on each occasion,
one will be confronted with a mumber of difficulties related to
field operation. One is that 1f the enumerator is new to the
place of enquiry, he will not get full cowoporation of the local
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population in executing his work afficiently and secondly the
whole procedure of preparing the baslic¢ frame, tabulating and
listing of sampling units shall have to be repegggd again
vhich will mean consumption of more tinme and more”tréyel to
be underteken and hence more cost per unit included in the
samples

Retailning some of the units from the previous enquiry
and supplementing them with a sample selected a fresh from the
population at each time seems to be an effective pollcy to be
adopted for the field operation. There are some zdministrative
advantages elso in introdueing the new units occasionglly in
fractions. Thus, for instaznce, in a survey involving tehsils
and villeges within tehsils as our sampling units, 1f we wuasnt
to take s fresh sample of tshsils in the second enquiry, 1t may
teke at least a day more for every new tehsll included in the
sample, for.preparing the basle frame for selection of the sample
from it and about three or four days more for enumerating the
houséhoxaakgithin each selected village from this new tehsil.
Therefore, i1t™1s desirable to have only some of the new units
come into the sample at any time sQ as to spread the over=work
over a number of enquiries.

In a survey involving a single stege random sample design
partisl replacement of sampling units presents no serious prodlem.
But for a multiestage sampling design the things are not so
simples Thus-for a two=stage design, what fraction of primary
sampling units should be selected afresh and what fraction to

be retained on the second occasiony and if we have decided to
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retain 211 the péu‘atwhather all the second stage units within
them should be replaced or they should be partielly replaced
and partially retained - these are the various problems with

which a sampler is confronted. >,

While a good smount of work involving gipgle=stage
sanpling desgign has been done by s number of workers, such as
by Jessen, Yates, Patterson and Tikkiwal, practically no gtudy
has been made of the problem requiring more complex designs
and to correlate the results with some actual survey. Secondly
they have left off o more important aspect viz. the cost
involved in a survey. Only Jessen's investigatlons are complete

in this respect.

It would be opportune to outline seome of the flelds
where the study made in the following pages ean have a possible
application. Schemes have been condueted by the Indien Couneil
og.Agricultugal Research to dssess and put forth reliable
estimates for the milkeyleld of cows and buffaloeg, their
breeduise distribution, feeding and other msnogement practices
in the PunjJab, UaP., Bombay and Andhra Pradesh States. The
survey conductéd In-Punjsb has been dealt with in greater
detail later ony the object here is to study in uhat form can
tho device of partial replacement of units be applied to the
subsequent surveys. Since the successive sampling unita are
tehsils and villages, it may be possible to retain unly some
of tehsils for the second round of enquiry and complete the
sample by taking some of the tehsils afreshs In that way a
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larger number of tehsils can be included in the surveys Since
in the Punjab survey all the tehsils have been retained aznd
villages within each tehsil taken gfrash on sach season it
would be worthuhile ‘to stndy vhether we can reﬁiaﬁe a sultable
fraction of tehsils and retain only some of the villages within
each tehsil that has been retalned and select scmn ‘of them
afresh so that the objective can be best achieved without any
undue increase in the costs If such a scheme is fesaidble, the
objective is to f£ind the nuxber of tehsils and the number of
villages within each tehsil that should be included in the
samplé on each occasion so that the estimate for the character
under study can be bullt up with a precision that the given

resources would permit.

A similar sampling plan may be adopted for the surveys
vhich are repeated gnnually for estimsting the yleld of agri=-
cultural erops in the country. Iention may be made of a pilot
sample survey for estimating the production and ares under the
cultivation of coconut and arecsnut erops in Assamy Hadrps,
Hysorey Andhra Prasdesh, Bombay and Kerala States. Another
scheme to agssess the prgdnc}ion of orange is being conducted
in the Bombay State. The point of interest in the Coconut and
Arscamut crop surveys 1s that for the second year of enquiry
only a fraction of 20 to 25 percent of the villages sampled in
the first year 1s to be retained this being supplemented by a
fresh sample of villages. Thus as large as 75 to 80 percent
replacement has been envisgggéd for the second snd subsequent
yesrs of enquirys As for the villages which have been retained
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1t has been decided that the s;ﬁe set of palms should be tgken
for harvesting which were taken in the previous enquiry. The
fresh semple of villages 18 to be taken from the entire popula-
tion of villages ineluding those also which have heen retaineds
and 1f any of these retained villages nappené"%é"be selected
agaln, it 1s not to be reléected but a double sanple of gardens
or trees is to be drawn from it for colleecting informstion.
Sinllar sampling plan for the second year has been adopted for
the survey of .Oorsnges alsos By adopting the scheme as given
above, for the second year, improved estimates of production

for these crops can be obtained.

To extend the field further mention may be made of the
survey conducted in 1953 by the National Sample Survey to assess
the employment snd unemployment situation in the country. The
best way to make a study of the Improvements brought ghbout by
the introduction of fivewyear plans 1s to have an appraissl of
the gmployment sltuation in the country at the end of each planw
period. Any design adopted £6r such a survey would ¢ssentiially
consist of towns znd villages etce. to be taken as the gampling
unitse A siftable fraction of these may be replaced for
subsequent sSurveyss:

Parhaps the most realistic application of the replacement
policy to a survey has been illnstrated by Jessen in his
#Statistical Investigations of a Sample Survey for Cbtazining
Farm Facts®" in the Iowa State, UsSetAes In this study he shows
that 'matched® samples were 25 to over 20 times as efficient
as independent samples.on each of the two occasions depending
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upon the type of the {tem for which information was required.
His investigations alsc Included a cost function appropriate
for the survey and he has obtained optimum slze qt the szmpling
units for the given cost sltuations,.

-,

In passing mention may also be made of o gample survey
being conducted in the U.,S.A for the last ten years to estimate
the annual dollar volume of sales of retail sgtores in that
country, Estimates are also given for the percentsge change
in the volume of sales from month to month in the same year
-as 2180 for the same month a year later. Replacement policy
may effectively be adopted in such a survey,



REVIEW OF LITERATURE

Sampling on successive occasions with partial replace=
ment of units was first studled by Jessen (1942) for unistage
units only. Jessen's work was é&nfined to ﬁﬁe onccasions only
wherein the information obtalned from the first occasion was
utilised to bulld sn estimate for the ayerage on the second
occasion. He considered two independent estimates for the
current occasion; one sample consisted of units which were
common to both the cccasions, the information collected from
these units on the preceeding occasion served as supplementary
information for the estimate on the current occasion. Aanother
estimate was the sample mean based on the units selected afresh
on the current occasion. Both served as independent estimates
of the population mean on the current occasion. The two were
combined together with weights which minimised the varianece of
this now estimate and these weights were proportional to the
repiprqgals of their variances. An optimum value for the
proportion of units which were common to the two occasions was
algo_determined.

-~ —t

Yatos (1949), however, has taken a liberal view of the
sltuation. He contends that for estimating the value of the
population mean on two successive occasions, it is more suitasble
to treat each occasion separately, folloving whatever method
of estimstion 1s gppropriate to the sample obtalned on that
occasion, regardless of the vglues obtained on the other
occasions For two occasions, he has considered a subsample of
the original sample as also a sample with some of the units

retained from the previous occasion snd some taken afresh on



the second occasion., When a subsample of the originsl sample
i1s tgken, a=n estimate of chsnge will be obtained from units
included in the subsample only. An estimate of the population
mean on the second occasion may be obtasined either by adding
this estimated change to the overall estimate agﬁlhe first
occasion, or e regression estimate may be built smith these
units by using the sample values on the'first ocecasion ags
supplementary information. Yates has also extended his results
to h occasions { h > 2 ) and has bullt an estimate for the
population mean on the hth occesion by taking into aceount the
results upto and including the (h - 1)th occasion. Subject

to certain limitations, the estimsles Y, and ¥, ; for h and
(h=-1)th occasions are related by

Y = (- ) {Sr‘,;* FENE WY R

vhere single dashes denote units common to occasions h and
{h=1), the mean on the earlier occasion is indicated by the
squre brackets and QSPble daﬁhes\units occuring on ocoasion
h only.

The limitstions thathave been imposed are that a given
fraction of units is replaced on each occas%?n; tge varﬁfgglity
on aifferent occagsions is constant l,8. 6 = 6 ,= & for
all h; the correlstion { between the units en the successive
occasions 18 constanty and that correlation between the units
ocoasions two apart is " that between the units occasions
three spert-1s I ete. The value of ¢, varles from occasion
to occasion end it depends upon the values of f and the fraction
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" replaced on each odcasion. It acts as a weight eombining
a regression estimate and an another unblased estimatee.
Expression has also been obtained ;br the change Xh - thl

between the estimates on the hth and (hwl)th o¥casions. For
different values of f end for " = 3/2 and " = 1/8 tables
have been preparsd for the efficlency of the eéiimaxea of mean
and chznge relative to the overall mean and the dlfference of
the overall means for (a) two'and (b) h occasions. Relative

efficiency of a subsample has also been discusseds

Patterson's (1950) approach to the problem {s slightly
more generals H? first builds an estimate as a suitsble lingar
function of a set of variates and then develops s set of
conditions for this estimate to be the most efficient. He then
makes use of these conditlons to get sn effieient estimate of
the mean on the hth occasion, which comes out to ba the sgme as
glven by Yates. With this set of conditions he alsp establishes
a recurrence relation between the welghts ¢, and ¢, and a
Umiting value to <P, = ¢ vuhen h is very large is given by

—(L—F)+~/fv ﬁ)b;—P%r~4AFﬂ
P =~ T

[

vhere A XV =1.

When this limiting welght is used there 1s g slight
increasse in the varisnce of ¥+ 4 solution suggested by hin
i3 that ths exact weights should be used for the flrst two
occaslions and thereafter, the limiting welghts may be used in
place of <P, , P .--.~-- etes When the sample on the hth
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occasion has been taken, the information provided by it may be
utilised to improve the estimate for the ( h « k)th occasion
for k > L. If Y, 4 be this refined estimate for the

(he=1)th ocecasion then its expression is given by
ha N

S
Wl = Iy = = WD
Patterson shows that the chenge Yh - hzhnl 12 more effiolent
than the one given by Yatea., Howevers for h = 2 this new

estinave of change has been considered by Yates alsos

Tikkiwal's (1963) work follows the same lines, as set
by Yates and Pattersons only difference 1s that the pattern of
correlation set by him is slightly more general than the one
followed by his predecessors. While the correlation between
units taken on different ocecaslons has been allowed to vary,
that botygen units two or more than two occaslions apart has
been tgken to be equal to the product of correlations between
units on a1} pairs of consecutive occasions formed by theses
In case the sgsmple size and the correletions are constant on
all the occasions, he sghows that with the limiting ‘4;, the
xgglggg§2§t to be nffected on different occesions is B0 percent.
Thils liéitzgéivalue 1s gttained from above, meaning thereby that
under the conditions impased the replacement fraction 1s glways

> VY2 . an oz

When the correlation and regression eoefficients are
not known in advance but are estimated from the sample valmes
the weights <. will again be changed and the variabllity of

the correlation and regression cogfficients as conmputed from
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the semples shgll have to be taken into account. This is

particularly lmportant when the number of units common to the
both occasions 1s very small and the correlation coefficient
is calculated from these units. The case hgg been discussed

for two occasions by Jessen and for h occasions by Narain (1953),
In gnother psper (1956) Tikkiwal has shown that when
the correlation and regression coefficlents are estimated from
the common unite between two cénsacutive occasions, ¥, is still
a consistent estimator of the population mean G“D‘ on the hth
occasion and its bias tends to zero with increasing sample siges
on h oceasions. Its variance will in géneral be greater than
the varlance of the estimator where the correlations are known
in advaence and the weights ( <% ) themselves become functions

of parsmeters to be estimated from the sample.

A study of partial replacement with multistage units
has been made by D Singh (1959).6nly two stage units on two
oceasions have baen takene A fraoction of psu's has been tgken
to be common on both the occaaslons. EBxpression has been
obtained for the egtimate of the mean and its varisnce. Uhen
a survey has been repeated on different intervals of time over
a given period, an estimate has been obtained fopr the mean for
the entire perfod or for eny perticular intervale It has been
observed that for a survey repeated at three equal intervals
over a given period, the procsdure with independent samples at

each interval will be moro efficient than the one vhen sumeof
the units sampled on the first intervsl are repeated again on
the subsequent intervals. Partlal replacement of units can only

RS Y S o ¥
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be effective if the correlstion coefficlents between the
valuses of units on the different occasions 1s negative.



SCHEME FOR THE STUDY OF HILK YIELDS,
BRETDS AND FREDING AND HANAGEMENT PRACTICES
OF CATTLE AND BUFFALOES IN PUNJAB (1956-57)

SREDRRH
>a,

A pillot scheme to obtain reliable estimaxes of the
milk yleld and collect information on feeds and otherfmanage-
ment practices of cattle and buffaloes was conducted in the
Punjab State in 1956=57. The entire area excluding some
hilly tracts was brought under the survey. The fleld work of
the survey was spread over all the three seasons of the year,
Harch to June, July to September and October to February

congtituting the summer, rainy snd winter seasons respectively.

The sampling plan adopted for the survey was one of
stratified multistage random sampling. The entire area vas
divided into three composite geographlieal zones, the Rorthern,
Central and the Southern and these constituted the three
stratas Tehsils and villages within tehsils constituted the
psu's and ssu's respectively. The sample consisted of 15
tehsils, 5 from each stratum. In the summer season g random
sample of 4 villages was selected from each of the first two
selected tehsils in a zone. From each of the remaining three
tehsilsy a sample of two villagges and one town with two wards
from each town were seleoted, the quantum of work in s ward
belng equal to that in a villages An enumerator was asppointed
for sach tehsil who nade one complete round of all the seleoted
villages and towns in g month, spending about a week in each
village or town. Since the summer seassoa conslists of four
monthsy the fleld work consisted of 4 rounds of each selected
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village or ward«. The plan of work adopted in the ralny and
vinter seasomswas slightly different from that sdopted in the
summer season. Two random cilusters of three villagas each or
one cluster and two towns with ono ward from eanh toun, was
the plan adopted for these two sezsons corresponding to 4
villezes or 2 villages and one towm with two wards from it -
as in the summer season. The time to be sgpent in villages in
each cluster or in the town was determined beforehand.

The sallent feaxﬁres of this survey were the collecticn
of detalled data on milk yleld and different feeds given to the
animals, thelr breed-wise distribution, age, sex and order
and stage of lactation of animals in milk, Information was
also collected on the veterinary facilities avallable in the
towns and villages to set them on praper footings

The staff for the field work consisted of, besides the
fifteen enumerators, three supervisoryscumesrelieving enumerators,
three ingpectors and cne. field officer. The statistical staff
econsisted of one Asgistant Statisticlan, one Statistical Asstta,

gnd four senior computorsy

P “ -
- ~ =
03

The total cost of the scheme was of the order of B.}.03
lakhs, of which the expenditurc estimated on the fileld staff
vas Bs 63,000/~ and that on the statlstical staff wes Re40,000/~,

Estimates for the components of varisnee for the varlous
stages of sampling units have been obtalned and these are used
in the present investigations The objective is to deternmine
the various components of cost involved in the f1eld work of
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the survey and to build a suitable cost function for the scheme.
Only two stages of units viz. the tehsils and villgges within
tehsils have been taken and therefore the cost funatlon invoelves
components of cost for these two stages onlyy 4Although in

the actual survey same tehsils have been taken in. a1l the

three seasons snd only the villages within easch tehsll are

token afresh in each seasson, the object of ths'ﬁ;eéénﬂ investi~
gation 1s to obtain the optimum number of psu's and ssu's

within each psu which should constitute the sample for a given
cost function. Thus gssuming that a fixed proportion of
tehslla is replaced iIn each season, optimum values for the
number of tehsils and villages within each tehsil have been
obtained which would best estimate the average mtlk yleld of
animals in the second season of enquiry subject to the cost
function built up for the'survey. Any change in the values of
the components of cost which are involved in the cost function
or any change in the eatimates for the varlance componenta
(which will necessarily be. different for different surveys)
would alter th9_9ptimnm value for the sige of the sample. Tables
have thus been prepared for obtaining the optimum vaiues for

the number of psu's end the ssu’s to he taken in the sample for
different velues of the variance components and under different
cost patternss



Sampling on two_occasions, a fraction p of the firstwstage

units being retainedsw Let us first conglder the cage uwhen

ganpling 1s done on two occasions only with a two~gtage sampling
design. For simplicity we shall assume sa;pgyng vith replace-
ment both for the psuta and ssu's. Let N ané H be the number
of psu's and ssuls In the population and suprose that a sinple
random sample of n psuts is drawn for the first occasion and
th=t out of the 1th psu selected, we select mny ssu's, so that
the sanple on the first occasion consists of E?' ng = mg
sampling units. Suppose further that we retaln a simple random
sample of np psu's for the sample on the second occasion,

=and supplement it by gn independently selected psuts, vhere
p+*q= 1, so that %mizmol units are common to the two
oceasions and Yif’mi = my, units are selected afresh on
the second occasion, the total sample size for the second
occasion oeing meintained the same as that for the first
oncasion. Practical considerations in an actual field survey
necessitate the size of the sampling units to be the same on
all orcasions. For, any chnange in the szuple slze on a subses
quent occasion may require a change in the field staff also,
end the fleld worr may also be disturbed.

Now lets _ np
x}{ = mean on the first occaslon, baged on the %:_ my

units which are also com..on to the second occasion.

?2‘ = mean on the gecond occasion assoclated with such
unitse.

'x'l“ = mean on the first occasion based on g’ my
unitg which are not common with the second occasions
and '3?'2“ = mean on the second occasion based on 3?’ my

units vhich are selected afresgh.
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The gbove estimates are defined as

mp ™M

?2‘ = vmol 2 yij

L=y 5=

1) 4 - . .
4 = l/mol é_ g yi(mi) i
- nYy m; )
¥5 = Vaoz T ) Yy
1 4= .i‘?r»

nq -
= Vg2 L% Yin,)

Siailarly for the estimates E:;. s X" on the first

occasion also.

'iy'é ’ "y‘g" provide unbigsed estimates for the mean .fg on the
gecond occasion and so also Ej’_ 5 q for the population mean

-fl on the first occasione

Egtimate of meani~ We wish to estimate ?{‘2 by a linear
function of the form

Yo = axi* b xi‘#cyz' + dyg“ .
Obviously it is given by

¥, =al x{ -E:fi‘) + 074 + (e} F§  eeen (1)
vhere a and ¢ are obtained by minimising V (¥5) with respeot
to these quantitlies.
How V(Fgp) = a2 [ VE) + V& } + o2 V(¥3) +(120)2 VEH
+2 ae Cov{yd 4 X1 )

the remaining product terms do not come intc picture under the
type of replacement asdopteds
Following Sukhatme (1953) ve write

np
T,
v R1) = Vol ST+ % 52
o
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= V(?Q) = A (say) * & e % @ (2}
s 2 "9 m >
VGEDS e * "‘""‘E“"“‘S; 1 Spo
To2 Boz
= V Yg) = - B (38}’) aswsanas (3)

Assumptions made for this are that the varfiability
within each psu 1s constant whether on thé ¥irst or the second

ocensione N
1.0 5,2 552 anas® 252 for all 1 and for all x
let ix L7 iy w
and y and
2 2 g 2
%x = Sby = sb
Similarly we shall have
2 »» 2
Cov X1 ¢ Yo ) = e -+ ‘:_32‘ Sb = C(say)e.(4)
o1 mo1
vhere again it is assumed that
AND Fbxy = fj1
fy and f’z are defined as
2@1"‘?) (xi"X)
F = F - A= I3 2 2 3 4 (5)
' Ohxy,
- / N -2 N 2
PG L G 1)

1o = AT\

My

nt Oyn oy Amim Tngd T V1) By B )

N M) . - 2
é:gyiMX ~y1‘) :ég;‘(xiw
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Again it is gasumed that sampling is done with replascement,
both gmong psu's and ssu's. We wish ts“ehaosa the values for a
and ¢ vhich minimise V (¥yls

This gives
e,
UCERCORES s |
[vc‘fé) +vc3r‘§)}( V(zy) + VGE] )] ﬁ’[‘é&i}‘g, b3 f
and
i a VG ) cov (55 , F1 )

[v(?g) +‘J(‘§"§)} [ V(E)) +V(T] )] - [GOVG'% E1 3] ?

Substituting the values of the varisnces in terms of A, B and

C we have
(A+ B)B
¢ = P YT Y (7)
2 2] )
[ (A *B) - G
BC ﬂ
and 8= sarasa (8}

(ca+rm %ec?
(A+B) ~¢C
This, thepefore, gives the required estinate as

- (A+B)B c {%’ -k ) z
-4 A -
Yo T3] EAR T Al
{(A@B) - C

(& ta+3)wc?
[a + 8% . c?)
‘which may be seen tc he-the weighted aversge of the two

‘i’; Cmas (9)

estingtes

e .
[7e —S_ & ~Ef e T
q (A + B)

the wolghts being glven by



(A+ B) B = 1. Tg
[(om)” = ¢°)
[ ?)
and A (4 B)w," e =~ \fg (8&3’) QOGQ{J.O)
[aem = ¢ )

Variance of the estimate 1s given by

2
B [A (A+B) «C
V@z) = n ey,

[(A + B)z - Gz } ‘
Since 4, B and ¢ are functions of my's, 1t would be of interest
to find the size of each psuy for which V (¥p) will be minimum.
But it will not give any idea sbout the oplimum number of
psu's which should be replaced on the sacond occasion. For
thisy we shall assume that my = m for all i. This then gives

2
e My e % (eap
np m np
Simi1 =
erly B = .
n*g o
and 2 &
=k ( 4 Y
c = (fs, + -2 - )--——?r-—--p (say)
Therefore
-? = P ~ ?é *-_:2 (fflu 31 ) L "1 5 yg un(}-l)
2 v* 2 (1= Y q2)
and —-T tl/]
V' G". ) = " 1»&3&0&&(}3)
2
" w )
angd
oL — T
ng"" Qe [ - :1/] eeanase(13)
[~ ¥ ‘[,’)

It is now possible to get the optimum value of the replacement
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fraction q, for which V(¥,) 4s minfmum, This 1s given by

%q' VG;Q) = 0 ) L
A— oL (2 ¥ s

Ther = . seus (14)
herefore qopt = “ss

B Ty @) = gl L+ T2T ) T e 28)

(12) shows that for q = 0 and for q = 1 i.e., for no replace~
ment or for complete replacement of the units, the variasnce of
the estimate has the ssme value ‘;‘ - '

Further, since YK« , 1t follows from (14) that the replacew
ment fraction ¢ should at least be as large a5 1/2, 1.e. not
pmore than §0% of the units should be retained from the first
occasion to the second and thelr percentsge decreases steadily

as Y 1ncreases.

We assume that f and f, are botn positive, for, 1f o
steady lmprovement 1s taking place in the character under
consideration, this will be reflected by the poslitive correlaw
tions between the psu's token on the two occasions gs well as
between *t.haﬁ.ais\g_fq s within themy 2

S
Yo write ¥ = L
b (16)
Therefore / 0 4’/ {
Y = t ‘f‘ 2 m

Table 1. glves for a series of values of f, P ,¢ and my the
optimum percentage of psuts which should be replaced and the
relative geln in procision =s compared to complete replacee
ment., Values of f, heve been taken from 450 to 1.0. For
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P,< +50 tho gains are very modest. f, varies from .10 to
«90. P ranges from +10 to 10.Q as different surveys may yleld
different values for this ratioj m has been glyen three values
3, 6 and 7 in order to see hov far an increase in the size of
the subsample brings about a chsnge in the replacement of the
psu's. Upper values in each bracket in the table denote tho
percent replacement of psu’s hetween two orvcasions, while the
lover values denote the percent gain in precision as compared

to conplete replacement.

From the table it con be seen thati=-

1) as the correladions P and f, betwsen the psu's end
the ssu's increase, the replacement percentage also increases;
1.0. a larger proportion of nev units should be added to the
sample on the second occasion., Consequently the galn in
precision of the estimate on the second ocecasion slso increascss
0f course it may be prohibitive from cost considerations to asdd
larger nunber of new units to the sample.

11) the replacement percentpnge and the gain in precision
of the estimate, increase more rapidly vhen F increases than
when /, increases. This means that the correlation between the
psu's is more important in bringing about a larger galn in
precision than that bétween the corresponding second stage
units within them. Thias 1s evident otherwise also « when the
psu?s in tho sample tend to be alike in respect of eny particular
characgter under consideration, only a few of then need be
retained for the subgequent occasion gnd more of nsvw psu's
should be brought into the saﬁple‘

111) for a fixed f so long as f, 1s less than oy



Teble 1 Velues for the Optimm replacement percentsge and the percentage of gain in precision of tho
estinate relative to complete replaccment for a series of valuss of f P, ¢ and m, Opt.q and

Opt. V(yp) being given by (14) end (15).
@_*'5 «10 (40 ,'50 680 .80 .90 ,10 .40 .50 .60 .80 .80 10 JA40 B0 .80 .80 .90
0 i n o= § 5 7

;30 (B8) (55) (58) (53) (54) (54 B3y (68)(53) (54) (54 58y (58)(53y (83) (54) (84
Ao (58) (55) (5B) (B5) (B4) (B4) (53) (3B) (53)(58) (58) (B) (5B ()EH) (5%) (5% (B)

«50 B3y .58y 58y 64y (54 53 58 §8y (5 54
50 5 ) ) %) 5y 3By 58y () B (5 (T ) FHED N (B

L0 B G E S S BEGRHE G ) A By ¢h
i )
“ B GEHEME HSHEE B D Gy G

0n0) 789y B2y (5, (88) (B3) (8B) (30 Ry (xS (38 (@) (L) (B HE (&

05 G (59 G2 G G G &3 @I G G G GG (33 G (523
503y 5T Gy (5 (3) (1) (51§D Go5) o) 2 Gm G (o) o) (32
To L0 (56y(56) (57) (58) (80) (60) (58, (56 (57)(5By (89) (8By (BT (58y(58) (8§ (59) (89
0 HE D E BEH M T @ idhEd &

100 O B G G G H Tt @ B S i &

Contd.. .. 0n next PEZO s e o
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the replacement percentage, and the gain in preciston decrense |
as ¥ inereases and they start ineressing as soon ams f. sssumes |
value greater than that of [ . This means that when the
correlation between the gsu's is smaller thau that botween
the corresponding psu’s in the sample, then 1t 1s only when
the varialion between the ssu's 1s smaller-than that between
the psu's, shall we expect the precision of the estimate to
increase rolative to complete replacement; and if the correew
lation between tho ssu's is larger than that between the psuts
then we should expect the verfation between the psu’s to ba
larger thgn that between the corresponding ssu's within them.

1v) vhen f, is large as compared to f, the gain in
precision iIs more when m = 3 than when m = 8 or 7. Thus for
larger correlation between the ssu's in the sample, only a
few of them need be taken in the sample on the subgequent
o casion.

Thus when the psu's in a sample tend to be aglike each
other with respeat to the charaecter under study,only a few of
them should be retained on the second occasion and a larger
subsample may be taken from each selected psue Simdlarly vhen
the ssu's vithin each psu are alike each other, then a smaller
subsauple from esch pau should be taken and a larger number of
psu's may be included In the sample. The optimum size of the
sample has been dealt with later on when the cost of the survey
is also taken into considerstion.
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Estimate of changes The estimate of change may be of
particular interest in order to apprise oneself of the effective-

ness of any development schoma..
A simple estimate of change is

Da'fg-‘flzp @;"gi)*q@é"ii’) _\3300(17}

2 odm YD ) ,
and 6; = 2 ¢ P Ch
n

A second estimate of change may be obtained by utilising the
information provided by the unite selected on both cccasionse -
This nevw estimate would be gimilar to (17) but with dilfferent
weighlise

This may easily be obtained as

(-7 )
D z__p_é.ry;—?i)t% )@g- §§) ..,-.(19)

W
(t=vq) (““Yq'

and its variance is given by

o 2oL (LY )
= 'l“(zg)
n (ol = vq)

Therefore o
(1= Y + v, pq)
% = s cees(21)
2 (1= Y
6Dy

2
This indicates that 6,3@} may be mede considerably emsll as

2
conpared to €p depending upon the value which the quantity

2
Y
Pl Y/u® tekes, and this quentity will be large when
(1= V)

P and f. ere large, in which case the second estimate
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may be made more effiecient than the previous ones
Table 2, gives for a series of values of ¢, {, ’<f> g I
and ¢, the percentage efficlency of the estimate D, as compared
to D. This effilciency is given by the tha&:ﬂy
o .
g B

2

- 1 § z m L un&m‘w(gx")

A similar set of deductlions can be made from this table also
as were drawn from the previcus one. For particular values of
Py b, and & which a survey would yield, a larger subsample
1s required to estimate the chenge when f, > than when A <F
whatever the proportion of replacement we nmight have decided
to have. Secondly, the efficiency of the waighted estimate D,
of change rvelative to the estimate D inoreases more rapldly
when f Sncreases than when f, increasesy so that a higher value
of correlation between the psu®s than that betwveen tho corresw
ponding ssu's within them is needed for the efficiency of the
estimate Dy of chénge. Similarly when f 7/ the aﬁfé cleney of
the egst:lmata would be large for smallar value of S ,y ©S compered
to 8, and wvhen f <f a larger velue of Sg 1s needed ga
conpared to SE:. )

It- would be interesting to compare the flgures obtained
in tables 1 and 2. At g = 1/2 for any values of f,f, and ¢
the change 1s better estimated than the mean on the second
occasion. This reveals two thingsi firstly the optimum velue
of q to estimate the change between two occoasions is difforent
from the optimum q to estimate the mean on the second ocgcasion,
snd secondly the opt;mum value of g to estimate the change
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would be smaller then the corrasponding value to estimate the
mean. As a motter of fact 6!';" at.t.aina its mintmum valne

when q = O whence 1ts value 1s then equal to %‘i?"*‘*/a) .
It would be scen from (20) that for any pos.‘ltiv'e:'éa'iué of ¥

%w decreases as Y Iincreases and also q decreasags
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2able £ ¢ Values for the parcent orrieiene{ of the estimate D, of chsnge relative
to the estimate D given by (21

m=3 win* o [ mn? s:-} I m=3 iai t) }ma'? quﬁ'
N.10 "0 ,50 060 .80 .90 .10 .40 550 .60 ’Bo .901.10 .40 Qse 060 80 QQO! 10“0050 bé&.g 52‘&

«10 12 13 313 13 14 13 12 13 13 13 1% I3 10 11 11 11 12 12 10111111 1118
.80 -5? 84 18 13 13 16 17 10 12 13 13 14 15 7 10 11 12 14 16 9101112 1313
1. 00 ? 1 13 15 20 2% 9 12 13 13 18 ¥ 6 9 1 14 17 20 71011128 12315
10,60 1 B8 1% 20 4 8 2 9 13 18 36 53 1 %7 11 W7 44 75 2 81116 3146

W SO TR o W s W AR S W am s WD D S W G TR AD T W W W U SRk Ap WP g M WD g o aE e TR U Gk WR SR ER e g ap A W YR AR M W

+10 36 38 40 41 42 43 33 40 40 41 41 41 32 34 34 36 36 33 33 35 36 36 36 36
30 24 33 %5 33 43 49 32 36 37 3B 43 43 20 28 31 S8 83 44 20 81 33 36 38 38
1.0 17 29 32 36 490 86 27 32 35 38 43 46 16 R4 37 93 44 50 2429 31 38 38 43
10, 2 10 18 25 60120 3 14 21 28 60 93 2 8 15 21 61 110 4 13 18 25 54 81

W W W e M W W AR Up wh wn An AD MR AR R TE UM M dn WM W AR A TR s Ak WE S UD X W o YR W O R P A B W W B e e W W R o e

+10 69 74 W5 % 80 82 W4 W6 ? V9 80 80 60 63 66 87 VI 71 66 67 60 70 V1 7}
«80 41 953 B3 64 BO 88 58 G4 68 Y2 80 84 33 47 B4 59 YL 7r 809886266 "L I
1.0 27 41 48 36 80101 43 36 62 68 80 8 24 36 44 50 93. 87 88 60 54 62 91 80
10,0 8 12 21 30 80181 6 18 29 36 80 130 2 0 18 27 ?t 139 ;' S 16 22 31 91le

»ﬂ»d-bo-uqnq-q--maq-n--mq-nmu--onqc.m«.quna—u.-«-onbuuuuﬁnobnnnya

<10 145 181 170 180 198 202 170 180 190 200 202 202 130 139 153 180 174 180 156 162165190 180 150
.50 77 101 116 131 180 202 118 140 180 161 X80 202 65 87 101 128 162 180 105 127138 148 150 180
«90 1,0 4% 69 83 101 161 202 80 110 121 133 170 202 88 61 7L B7 130 180 71 9217120146 180

10,0 3 14 24 B4 03202 ¥ 24 34 44110202 3 12 18 31 U5 180 7 21 29 42 99 180

«B0

*W&DQ‘%*OwQOﬁQ-Q.‘Q*-Qﬂhﬂ‘&-“‘.ﬁﬁﬂ‘l:q‘-m&ﬁ"ﬁ*“ﬁﬁ"ﬂ‘nﬂﬁ..ﬂ‘ﬁi
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Hodification when there arg unegual psu’s or ssuls.
A sit.uation is very likely to arise when the sanmple

size on the second occasion is different from that adopted on
the preceading cne. This masy arise due to -:kimmher 0f cznses
asyfoy instance, the enquiry conducted on the first occasion

may suggest a better estimate for the second occasion if a
larger sample be taoken on that oceasion or extremely unusal
wveather conditions may necessitate some of the areas to be
excluded from the second round of enquirys such a change in bk
the number of sampling units may bring about some disturbance

in the scheme of the surveys. It may, therofore, be of interesti,
study the changes brought about by any such changes

Suppose that ont of the ny psu's selected on the firgt
occasion, n] of them are aslso retained for the geecond acocasion,
while the remaining ni =Ry qni units are not common with the
units on the sacond occasion, Supposs that we select afresh

n® psu's (n'g’ = n, = Nj 40y = ni ) on the second oceasions

2
=nt

I1f the sample estimetes om the two occasions be denoted by

'fi ,'i"l and §§ ,?g s keeping under view the units on which

these gstinates are based, then

VE) = VE) a-.‘.’..‘.:..
-

I aeee(22)
V&.;) = "E':l" i V(?g ) = w
nl na

The estimate of the populatlion mean on the second oceasion 1s
then given by
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n'/n, i ¥3 . X X (Xp =%} )j
2t i B );g y, A2
e Zl“:la.";.“) b B2 nxa“) Tp e (23)
2

no (}_Yi o ng
Tmy Rg
and n? (1!" yl.lngg /nl)
v (Ea) Bz el j nl x
S R e T
o

V(To ) eeese(20)

2
By Ba
In this case 2
nﬂ
\//gﬁ (1" /‘:( i ln ) w&tt&%*(%‘)
2 n n
) Y 1 2
np (= 5 =2—)
M g
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Sampling on h oceasions 3~ The results developed in the

precesding pages may be extended to any number of occasions.
Some assumptions are, howevery necessary which we shgll
mention first. The correlations éetmekm psu's end f,
between the ssu's within easch psu are assumed to be constantsa
for the units on any two eonsecutive oceasivns, The variance
components between psnts and those betuween ssuts within each
psu are assumed to be the same from one occasion to the other.
The sampling units are gssumed 10 be drawn with replacement
on each occasion, A f£ized proportion of units, is replaced
on each consecutive occasion so that the size of the simple

renalng unaltered on each occasion,

Let §§ ;?gﬂ be the estimates per ssu for the hth
occasion based on npm and ngm units respectivelyy gnd'ii_l,
Eg‘l being those for the (h~l)th occasion based on the same
number of units, the npm units sre common to both h gnd (h-1)th
oceasions. An efficient estimate for tho population mean on
the hth oceasion 1s given by

- -y “‘* ’y—u
B=eay Imel* Py ®-1* % n I n
whare 8y bne ), and 6hqf?e subject to certain restrictions
to be determined and 35,14 provides =n efficient estimate
for the mean on the (hel)th occasion.

The condition of unbiasednass glives

ah'f‘bh’-"-g 5 Ch * 4y =1

Therefore -
Bp=ay (Y o= Fpy )+ (- ) Ty 48y Tf eeee(25)



-3 34 S

The restrictions imposed on gy and 4, are simllar to
those imposed by Patterson (19250) for single stage units. These

may be written as
Cov %1, Eh )} = Cov (‘fb‘}‘,'ﬂb\\) ﬁ&‘ﬁ(%’

Cov (?1; ,% ) = Cov ( ﬂ » E;h ) see0e(27)

and cov (3! En-l = Y cov @, 311—1) vee(28)

conditions (26) and (27) follow from the efficiency conditions
estsblished by Patterson. Conditions (28) follows from the
eorrelation system. This holds for single stage units. That
this holds for twoestage units also may be verified by taking
a case of two or three oceasions.

For h = 2 we have

Cov (?; ,-fl)ﬂ’(:ov (’i%,p”’ +q X, )

o

=

Ri=

ol Y. .
— Cov (x |
- 7 105

For h=3 i
cov @ 1% ) = cou} 7 4 vy @3 < Yoo, Beop T |

= Y/,

= Y/o( (t“‘ Qg) °<

_ [ | ;
Now Cov % ’Ya ) = Cov %?ég ag (i;d‘i;. )“" 02?%1'(1-32) ?5 {

(lweg)

E 4
- nq

This proves the relation in (28).



Also we lmow that V(¥ hed = Cov (E£~1, Yh»l §
sessn(29)
=2 Cov (§§, Yﬁ;l) i

“Therefore (26) glves

>,
Gav[ h»l?ah, h»]f hnl) + (1~ a )7 Yh *dh Y )

=Cov | T jeay (G ;% o) + (- 4 ) Ty +qy yh}
i.2. ah = /o( (1= dh ) Sersssevsens (3{))
Therefore (25) gives

Y, = (18, ) [ T+ L Ty X ) ¢4, F° ees(31)
h h? (¥ o Pl “Fpay h Tn eseses

as the required estimate for the population mean on the hth
occcasion.

(27) gives on simplification

2

, Y.
) [ £ - Tor L v @y e S e
5 L 2
Also V(L ) =Cov (T o Y, ) = a4 1 oeeene{33)
- G .3 .
end V (Yh_i-aﬁ,}g__gv ybth-k ) = dh"’l nqg shEban (34)
Therefore €32) gives
P
(l"&h) = ‘ idi’#!(as)

- YZ %
(1 ':Zaq * '3:(2 p db-l)
as the required recurrence relationship between &, and dy.y,

a relation similar to one obtained hy Patterson.

The results obtalned earlier for two occasions esn be obtained
from this by putting h = 2 and noting that dl = Qe
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Suppose now that sempling and consequently replacement also,
has been carried over a sufficlent number of occasions, then
writing &), = 4.1 = 4 vhen h 1s gufficiently large, (35)
‘may be written as
2 2
Grp+a(L£-T)agq (ol =7 )20  ceveel(36]
.
Solving this for 4 we have
i 4 2 :“"""H--
== Yade fO- e {1- Y.0- 4pa)}

4= 00(37)

3
2p !}’o(z.
as the posgibdle solution for 4.
In order to obtain the optimum number of psu's which should

be replaced on each occaslon we have. simply to solve the equation
d
2 V(¥, )= 0 where 4, =d 1n ¥, 1s given by (37) above.
This gilves us on simplification

3 & Y" Ya )
( X~ 2q )[‘Ek; Z‘a(l- ,Y/dz)-»‘ld " (1+d- /o(‘)} =0

which gives q = /2, This shows that after sampling has been
carried over sufficiently large number of occasions, then on
any occasion 50% of thepsu's may be retained from the preceeding
occasion and 504 selectod afresh. At what stage of saupling
this replacement-is to be adopted, depends npon practical
consideration. Possibly after 3 or 4 occasions, q = 1/2 nmay
serve as a good approximstion to decide about the replacement
pollcy.

Difference of two estimatesi- The estimate ¥) can usually

be obtained et each stage and the estimate of change bétween
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two successlive occasions can he obtained by the difference
"fh - ‘fh-l « The variance of this difference is, therefore,
of interest. For this we need to get Cov (Y, , ?Yh-l ) e
Therefore _

Gov (B yIney ) = Cov [ Ty, (1o ) { s

-~ Y WL ¥
& gy y) } * & %)
=z (le dh) dh—-l Y/nq-

Therefore Vﬁh 'Ehrl )= V&h )+ V(?h__ll - 2 Cov .&‘h Eb-»l)

ol o ' y
e Pl S bl S

gza [ 1-Q-a )] £ @)
ngq
Table 3¢ gives the efficiency of the esiinmate ‘fh - ?h-}. of
change relative to the difference of the overall means on the
two occasionse This is given by the quantity

2
{ --wfé—.—.-.w -«1l)=x100,
(Y, ~Yh.3) .

Only one value of q = 1/2 has been considered. The efficiency
vhen q = 1/3 will definitely be less than when q = 1}/2; this
difference inereases as f, or f; inerease. This result which
is evident from table 2 » 1is also true for teble 3. A
comparison with values in table 8 will show that the efficlency
of the estimate qf change .fh ""?h»l relative to the difference
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of the overall mesns is less than the corresponding value

when only two occasions are taken, This reduction may possibly
be due to the use of limiting value of the weight 4§ = Q.

It 15 needless t0 say that if this efficlency had been computed
relative to difference of the meens, had independent samples
been taken on the h and (he1l)th occasions, then its value

yould have been larger than the values obtained above,

In obtaining the estimate of change and its variance
we couldy,as wellghave utilised the information provided by the
sample on the hth ocegsion and obtained a modified estimate of
the mean on the (h=1)th occasion. Naturally the efficiency of

~ an astimate of chenge so obtained would be fncreased. The case
has already been deglt with for two occasions only and it csn
be extended to h occasions also. We denote this modified
estimate for the mean on the (h=l)th occasion by !:Yh—l .
Following Patterson, sn efficient estimate for the mean on the
(h=1)th occasion is given by

. e

L

Boq "Ter-v¥y *VF

w being the welght to be determined.

d .
E;; ' (Eh-},) = 0 gives w= dh—l Y eves (39)

Therefore h-fh-l = ?h.la h.1 7/0{ i‘* dp.1 2{ ?g .« (40)

Therefore w = - Y - —r
Yy *nipey™ Yn (14 % Gpey ) = Yoy =dp1%Th oo (41)

— ol o ; - —g)
Cov (¥ » wip3) = Covl Ty 5T = dpoy ¥y +dyy %7 )



{

= Cov (§h ’§!h1 )

; . u!-m SRPERDY
= {1 Q) db_l e _ (42)

ViTner? = Cov B g 153Gy Y T * Gy TR )
» g Qed)
of . Y , .
. = dhvl"';; ’ % Gy = we (43)

~—

- Tharefore N dbf (Ia-ﬂh
Y ¥ 2 I 1 '
" Fney) = o ng *{dbnl ng = o nq

"ag*:’
5l
..,

2
-~ . Y Y 2 ol _
%2 a4 (100 )= % ard) S aeiian)
Comparing (44) with (38) , V(?h - thl )} 1s greater than
V(‘fh - th—l) the difference 4in them being equal to
o9 ol =~ 1
&rza {ed) el shoving that the estimate (¥, = y¥.q) 4s

. more efficlent than ('fh - -fh.a) “



Tablet 3 /
ms3 q=¥¥8 ¢ n=9 q =2
\“)' CP Pa ‘19 JQ‘:ID » 5O '60 080 - 490 L «10 240 » 50 969 / ‘89 tQO R
W10 11 12 312 12 13 13 1 12 12 12 32 13
" s 8 11 12 13 16 17 & 11 1 18  ab 17
w0 6 0 12 1 17 20 8 1 12 13 17 18
10,0 7 12 16 40 75 2 97 13 17 .04 40
W e W e W G g o e W B B W W e W e W W W W N e e S e W W W B e W W R e e e e W W W
» 10 27 30 3 32 33 36 8L 32 82 32 '32 32
W50 20 25 20 31 36 29 27 31 82 32 35 36
+70
L.LO 17 20 25 29 36 42 °3 &7 31 32 36 42
10,6 2 9 15 21 54 81 5 1% 18 22 49 70
L0 5. 85 86 5 60 61 " B5- 8 B8 60 60 61
«50 31 40 46 81 60 66 88 46 54 58 60 66
80 40 23 31 37 42 60 72 3 28 49 &84 60 68
10,0 2 ® 17 26 60 100 6 1B 20 g7 60 %0
W o e o W M W W oms W S A g W e R R e W W R W AR Y R B W W e W e W e ﬂgwmrnuu:a*--““
v10 101 119 122 130 180 182 122 130 132 1% 182 183
60 55 72 80 B0 130 182 82 96 08 119 130 182
+90 1.0 31 54 60 72 119 182 60 80 82 B0 130 182
10,0 38 16 20 20 70 182 8 20 27 36 80 182
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Sampling on two dcossions with replacement smong ssu's only, +

Suppose that zll the psuls are retained on the second
occasion but in each psu only some of the secondstsge units
are retained on the second oceasion while the rest asre teken
afresh from each selected psu, Let p be the proportion of

‘ssuts retalned and ¢ = 1 = p, the proportion replaged, a

unifora replacement being adopted for each psu. Then denoting

i
the sample mgans based on nmp and nmg units on the first snd
B
the second ogcasions by T +F ad § » ¥ respeativelyy
ve shall have, following the assumptions mada earliey,
| .
52 52
VE) = D
I n nmp

:gvc‘y-')

-7

2 2
. - pSs P S
Cov (5?7?' ) b * pr ¥
n nmp
Since the same psu’s are tsken on both the occasions, we shall
: 2
have v - f
Cov { ¥, 7" ) = %

Cov (-x-l’ "xf'ﬂ) = Sg

n
’acovﬁ'v'?“)
and Gov (F% 5 ) =  hSB
: 3 n

= Cov ( X%, TV)

The estimate of the population mean on the gecond oecaslon
is glven by
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Bpma (@ =-X') #0074+ (1wc) ¥

vhere s and ¢ are obtained by minimising the variance of Epj

thig gives us

g = Paf, i o P
( L= Pfqg) (1~ £ a2 )
N Ihepefore _ :
By l":’r”* b (‘i‘-’f*)]+ e - *’a‘ql -
(1= o2 (1 = P: ) -,
M. B, 30 £
2 n (1~ (’;’qz) ng

The estimate =and its varlance are thus seen to be independent
of the correlation f, between the psu's.

Since the totzl number of unlts is the same In this gs well aes
the previous case, 1t 1s possidble to make a comparsiive study
of the two cases. Thus the estimate B, will be more, OF equal

or less efficient than the estimate Ya according as

v (&) § V(Y )

1.2 mecording &=
o

2 2
S + q{l= £ q) Sw § (n+ B) Sg . (s £ )ganﬁ urf, )2
B (e £q%omg an (m+ §Png? (0 ms 0 )2

f1.2+ asecording as

. G 8%

i (Pos £, 9 )3
o P a2) & [{)zné‘ —
" lmre R S AL

f

( mfﬂ)g

Since the left hend side 1s always pogitivey Eg will be more
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efficlent than ¥, 12 £ F

A study dof this ecase 1s of particular interest vhen the costs
involved in a survey are also taken into consideration; and
especially when a heavy work 1s expected at the psv levels

say, the introduction of a new tehsil in theé “ésmple may require
at least a week to be spent in preparing the basie frame. In
that case by repeating the enquiry on the same set of psufs

we sane a lot in terms of money and time which would not have
heen possible had different psu's been taken on each oceasion.

Egtimate of changese An estimate of chenge may be seen to
be the weighted estimate of the quantities (F=~ X' ) and

(7" ~X" ), the welights being p gna & Q-6 )
(1~ pq) (1~ 2 q )
e chenge = P gy e E) gl )
and 1ts variance is given by ’
2 2
S 2 (12 )
V(change) = 2 (Le £ ) B + . b
n (I~ pgddam

Thus for this oatimate of change to be efficienty, £ should be
large and ¢ should be very smalls

Sinilar results for estimating the mean and the change
betveen any two occasions can easily be obtalned, when any
number of occasions sre taken into -considerations.

=



A COST FUHCTION FOR THE SCHENE FOR THE STUDY
OF THE UILX YIELD OF BOVINES IN THE PUNJAB
STATE (1856=57)

———

/YD

The field work =nd thé layout of the schenme

has been given earlier. Although é.threavstagémkampling plan
vas adopted for the scheme, with tehsils, villégas end housew
holds within villeges constituting the three-stages, hovever,
to set up a cost function for the scheme, only two stages

have been considered vig, the tsehsils and the villagesas Astually
thase are the two stages involving bulk of the expenditures.

The cost function for the summer sesson of the survey

may then be written as

vhere

Ct =

¥

{35 n + ﬁi n “"ﬂé nnm+ (‘3'1'1 n !if#&ii—#(és)

Cty o) » ci\, cé and cg are defined as folloysi-

¢ =

total cost of the survaey in the particular season
ninusg the overhead expenditvre in thst sesson on
stationery, coniingencles and maintensnce of
statisticsl staff not directly relatad to the
flald worka. |

cost of travelling from one tehsil to the other for
enumerstion or supervision purposese

cost of stay at the tehsil for preparing the basice
frame for the selection of the sample etca

- coat of travelling from one village to the other

within the same tehsil or from the tehsil to the
selected village and back assuming that the same
amount of travelling would be invelved in travelling
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between twvo villages within the ssme tehsil or
from tehsil to the seleoted villagg_:__

cé =cost of preparing the list of honsehélds and
selecting a sample thereof for collecting the

requisite information.

Ag menticned earlier let us assome that only a fraction p of

the tehglls selected in the summer season has been retsined for
re=enumeration in the rainy season and a fraoction q = lsp of
them has been selecgted afresh in the rainy scasones In that
ease there 1s no need to stay in tho tehsll wvhich haw been
retained, because the frame and llst of villages has slready
been prepared; only thing 1s that a fresh sample of villages

or towns shall have to be drawn. But for the mhsils which
have been gelected afresh the same process of praparing the
requisits frema shall have to be repaated and t.hus in (48) above
e} n will be changed to e;
remaln unsltered. The cost function for the ralny sesson wonld
then be

n g3 other componenits of cost will

3
Cl=oinseingeognm +cynm es (46)

Where CY, c.; etc. may or may not be different from the
corregponding values in (48)..

Assaming that totdl cost incurred qn the survey 1s equally
spread out in the three seasons, we sghell urite C = C ¥ = C%
6, ® 0} = off etoe and the cost functlion for the two seasons
combined together is glven by

¢= cog +3 ey (rqln ¢ agrxg-r SN M eeess (46)
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We shall now compute the values for the coat coefflcients for
the particular scheme under study. For this we must take into
consideration the travelling and the dally allowances, which
the fleld worKers are entitled to draw when on Bhty which are
needed to compute the expenditure per mile of travel or per
unit of time. 2, B

v The total expenditure on the scheme was sbout £3.1.03
lzkhs, out of vhich the overhead expenditure was about 13.40000/w.
Therefors the total expenditure minus the overhead expenditure
for the entire scheme comes to about e 63,000/~ or roughly
B. 91,000/~ per sesson. To compute the other components of
cost we must chalk out the probabls tour itinerary of the field
personnel. Travel from one tehail to another is expected to
take about half g day =nd =n equal time will be taken in going
" from one village to another within tho ssme tehsil, for the
m@n that while metalled roads are genserally awvailable for
going from one tehsil to snother, one can, at best, get = horse
or a illock ¢art for travel from one viliage to anothers A
£isld officer has to go-to £ll the sslected tehallgs In the
first round of the tehsils ho will spend about a &ay in each
tehail to give instructions %o the junior fileld staff and to
inspect the frame for the detalled field work in each tshsil.
He may also visit at leamst a village in each tehsll to see for
himself whether his instructions are being fully carried out.
Thus one day's stay in each selected tehsil and a day's stay
in each village ho chooses to visit, will take him ahout 2k
months, sinee his month conslists of about 20 days of field work,
end he has to travel f£rom tehsil to tehsil and from tehsil to
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village and backe In a gubsequent rommd he can visit a second
village in esch tehsil (uwithout staying in the itchsil tihdg time)

and stay {n the village for a day or soj.the remaining 1% months
D,

will be taken in this processs

There being three inspectors, an inspector has only
5 tehsils under his supervision. Ho is expected to tour more
extensively and visit each seleoted village in a tehsil gt least
twlce in a season, In the first round he will glso atey in
each tehsil for a day to get instrmuctions from the £ield officer.
In the subsequent round there is no need to stay there. Thus
he may travel eight to ten times to each tehsil 4o vialt every
selected villare therein and at each visit to stay there for
a day Or SO

A supervisorts job is to help and render assistance
to the enumerator in his worke Since he has to assist gll the
five enumerators in his field of enquiry, he will spend shout
3} wecks in each tehsil either visiting all the villsges therein
and spending a dsy or two in each villegze or vislit only some of

the villages and spend a longer time there,

An enumergtor has one tehsil asssigned to him for his
udrks In each round consisting of a month he will visit 211
the four villages sponding sbout a weck there. In each month
of the season he will visit each village oncee.

The contributions to ¢, and eg by each member of the
fleld staff would be obtalned by ecalculating thelr respective
rates of expenditure per mile of travel separately for travel
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between the tehsils and for travel within each tehsil, Similarly
thelr contributions to oy and ¢y vould be obtained by keeping
in view the haltage of each member of the field staff in a
tehsil or in o village and the daily allowsnce to whig: he is
entitled. In any case vhether s field worker 1s travelling or
working i{n the ficld he would be getting his usual pay a3 vhen
he is travelling, he 1s still serving to some end. Combining
their respective contributions the values of o Cy » Gp and
¢q work out to be roughly as . 700, 35,25, 243.25 and 169,20
reaspectivelys. Contributions to ey would be emall since the
stay in zny tehsil would be of one day only in the firat round,
there being no stay in the subsequent roundss

Hxpression (46) may then be written as

21,000 = 700?1 + 1/2 . 35,25 (1vq)n + 243,25 n zzx%
+ 162,20 n
or 595 = 20 né-c-» /2 (1#ag) n ¢+ 6,9 n m% + 4.8 N 1D wes{a7)
Henceforth we shall tgke (47) as the cost funotion to correspond
to the general oxpressicn given by (46), vhers nov ¢y = 1.
This is roughly the cost function for the surveye The aotual
field vork might have been different from the one delinegted
gbove but stdll it will give a g00d approxinatlion to the actual
cost functiona
The variance expression for the estimato on the second oceasion
ig givem by (12) viz.
vE) = Ll =)
B ( J*= Y q®
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o2 @r®  [@ep?- Gnvepd®) e

m (@« 2% - (hm 20852
The objective 1g to find the optimum values for ny ¢ and m
which, satisfying the cost function (47) would minimise the
variance given by (48). '

et e pok meiem s Mg e

Consider now a function F of the varlance and the cost function,
given by

Fg V('fg) - )\[Gu n% + 1/2 0;(1rq) n ¢ con m%# c,nm=- c]

where now Cy G,y ©q ¢ 82 and Oy are glven by (47), o; being
equal to 1.

Derivatives of F wersts ny m and q when equated to zero give .

@) (@ 2®- Cmtp®a) 55 ko it
) m n? [(m*ﬂ)gﬁ(ﬁmpﬂlg 2} |
3 a»l(l*q)*cg m ey m }
3 g (m*ﬁ)g w( "m*ﬂﬂ) Q} {[(m*-ﬁ) n("mfﬁ)a g*ﬁa g -
m

K -4
() = (Pme+?,
{mﬁ it ‘mq } (148 ) x [2(+B)e2 € (0 v 0 2) q]}

n

- ) | @ (e £0% | | 22t Pk ur 2 0] }
‘ sAn (§ ¢y ;n,é +a3) saens {50)

and 2 2 2 g
Tt (o () [ r20) @)+ Lue £0) q}“%n o

m | d % o 077 ) 2

% ¥
¢, n ‘Qﬁﬁ'}'(l"’q)n‘* G m +gynm = C  asea(52)

To solve these equations for the unknown quantities is not very
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gasy job, the final equatfon in m after eliminating n and q

becomes of very high order.

A posslble solution, then Is to fix the value of g and s0lve

equations (49), (50) and (63) for m and n that 1{s to obtain

the sample size for a fixed velue of the replacement fractien.

The effact of replacement on the semple aize to be t.;m in the

rainy seasen may be seen by taklng a set of values £UF ge

The vyglue for n will be obtalned by solving (62) as a quadratia

in n. |

Bquations (49) and (50) then give

2%’_«5 &) 2 2 2

¢ gon+h e (Irqg) romson g { {(m-rﬂ) w(fmel @) q( x
g 9 PR i

H(mﬂ) »q( 0 o 0, §) H (-:;- )} * BCmfﬂ)z (meg)= f g ‘?)m*!’zﬂ)})-

2t | @ (hmr£8)° qf | (Wl~ﬁq2(ﬂm+@ﬂ)}§ .

K wtfl
(ﬁ‘ca W +Cy ) ¢ -

)| @m0’ ¢ | @ v

2 0 +.(53)
If we fix the value of g at %4, then we shall have on
simplification

¥ . ¥ | poe (B 2 path g
(dog n *s?ﬁ%camocam)[{l-é( - ) }{ 1=k ( m*ﬁ)‘?}

L
(- g ) 4 ‘ J
n + % { il 2 )2 - '& ( fP' ™ gi +(§62m%*c3m).

-mfﬂ n +
Rt N PRV L )3] [:.-«u- pmil ] =0 vunton
n me+ g m+ g

Similarly for q = § we shall have
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i ¥ 9 m g o
: [0 075 00, oo || [ - (e Y
wt f, @ pmrf B ,
(-g——)*%{ " e g0t e 3} *(éfé‘“gﬁm*cgm}‘
m*fa ., o B 2] o ,P,m*i’gﬁ ..2.

n
and a similar expression for q =} also.

While with the algebralc method 1t may be Aifficult to get &
solution in m for the above equations fox known vzlues of F
e A ond cost constants, the method of trial and error shall
have to be resorted to. 7Thus only an epproximate value for m
is possible vhich may satlsfy the glven equations.

Similarly 1t is glso posagible to find the optimum
values for m and n wvhich would best egtimate the change in mnl;
yield of snimals from one season to the othery for the same
replacement fractions vize q =%, 2 and 3 and satisfying the above
cogt fupotion. Agaln the method of triasl and error mhall be
used to arrive at a solution,

The equation to be solved for m after minimising (20) w.rete m
end n is given by

(hay s o, m) [hLP'.:**Lz_ Y fffﬁ Ya) )
f m+f. B

ne g
z] 20 s (56)

- [‘%ﬁo ;é* k (rqdr o, m%* og B Iﬁm(lmq) +q nt ) ¢
f. Lavld ) f el
Sad AR gm 2082 ) ac 2

n+ g

nepg } m e

ﬁglﬂai
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where n 1 agein obtained by solving (47) as a quadratic inn

for different wvalues of g.

Three equations would be obtalned for q = &, € and 1 each of
which s to be solved independently for me

For the scheme conducted in Punjeb the analysis of the data
collected on the milk yleld of cows ylelds the following estinates
for the population varlances and correlation coefficientgie

Estimates of true ysrisnce Sumner Rainy Winter

Between Tehsils Este S, 19463 30.06  4.52
Betwaeen villages
within Tehsils, Eausi 68.85 58,37 66417

and correlation coefficlents between the three scasons arefw

Surmererainy Rainy~winter vinter-summer
0.6072 ' 047298 =0+0787

Considering the values for the summer arid raeiny seasons only
we shall have the pooled mean square for the two seasons asis

Esty ﬁ = 244845 Esta3, = 634610

Thearefore £ = 286« and f = 060725 [ will not occur
in the variance formla since in each of the three seasons
different villages have been taken for enumeration purposge
from each tehsile Thus to estimate the milk yleld of cows in
the rainy season, we need to have for different values of the
replacement fraction q4 the folloving optimum sizes for m and
n vhich should bs token for the somples
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For g = 0 m= 1.5 n = 20,80
For q = % m= 1.6 n = 28,10
For q = & m = 1.7 n = 27,30
For q = % m= 1.8 n = 27,20

Similarly for estimeting the chenge in the milk eld of cous

from one season to the otherythe corresponding values for m

i

and n arei=

For q =0 m = 2.0 n = 24,80
For q = % m= 2,2 n = 23,50
For q= % m= 2,3 n = 23,30
For q = % | m = 2.4 n = 21,580

While the above are strietly the optimum values for m and n
for estimating the mean end the change for the milk yield of
cows alones different sots of values for m and n would be
obtalned for astimating the average yleld and the chgnge from
one season to the other in case of buffaloes or for estimating
the values for some other statiatic for the same daitg; das the
enguiry conduected in Punj,‘?.b was broed ip its scope/as much as,
besides estimating the milk vield of bovines, information wes
also coil;et:ad on varions practices relating to rearing and
feeding of animals, The optimum value for the sample size i1s
therefore, likely to differ for estimating the values for
dif€ferent characters. To decide what sample size should be taken
is reslly a question of ascertaining what the reliabllity of
different sanmple estimates will be snd seeing in which character
of the survey a loss can be tolerated.

Table Noe.4 gives the velues for the sampls size to



Table 4 Values of opts m and opts n for g = 4 for a set
of values of f 5 [, and P =S satisfying
the cost function gilven by equation ?47) and the
?xpge's'sien for the varisznce is given by equation
k 48 X L 2 = X ¥

——

-~
i 0,90

R i
. 1 0.00 § 0s50__ 1 0,70
('..L gin niu n%m nim‘*\n

- g T G Y O T R T g e 5D g e W g e e N g O g G g
2 144 30,90 1,3 326 1.3 326 1.2+ 344

3 L8 26,4 17 273 1.7 27.3 L6 28,4

4 2.2 23,3 2.1 24.0 2.1 24.0 1.9 25,6

B 206 2042 2.4 210 2,4 219 2.3 22.8
IO 4u0 1543  Ba® 156 3.8 15.0 3.7 1643
15 546  12.0 5,3 12,8 5,2 13,0 5.0 13.0

T T T2 TS (29,7 1.4 30,9 1.3 32,6 1.2 34,4
12 28.6 148 26a4 147 2723 1.7 27.3
2.3 22,8 2,2 23.3 2.1 24.0 2.0 24.7
2,7 200 2.5 21,3 2,5 213 2.4 21.9
10 4.2 14.7 4.0 15.3 3.9 15.6 3.8 15.0

16 5.8 117 848 12.1 5.3 12.8 5.1 13.2

e
1.6 28,4 1.5 29,7 1.4 30,8 1.3 32.6
2.0 24,7 1.9 25.6 1.8 26.4 1.8 26.4
2.5 28143 2,4 21.D 2,3 22.8 2.1 24.0
2.8 1922 2.7 200 2.6 20.9 2.5 213
10 4ad 145 442 14.7 4.0 15.3 3.9 15.6
18 6a0  1le4 5«7 118 5.4 12,8 5,2 13.0

« 50

«70
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Iable~ S5i-  Values of Opt, m and Opt. n which would best
estimate the change from one occasion $o the
other, subjlect to the cost funetion given by
(47), £ne expression for the varifnce of change
being given by (20).

I ] | | SR
§ P, I 0.00 050 0.70 } .90
i gm:{ n m T n : m T a§ ] n

A

2 1.6 28,4 .4 30,9 l.2 34,4 «9 38.5

3 2,2 23.3 1.8 26,4 1.3 29,7 1,0 37.9

4 2,7 20.0 2,2 23,3 1.9 25.6 1.2 34.4

5 3.0 17,2 2.3 21,3 2.1 24,0 1.3 32,6

10 5.0 13,0 4.0 15,3 3,3 17.4 1..8 26,4
15 7.3 9.6 6,0 11.4 4,5 14,2 2,3 23,3

2.0 24,7 L5 29,7 1.3 32.6 1,1 36.2
2,6 20,9 2,0 24,7 1.8 26,4 1.5 29,7
3.3 17,4 2,6 20,9 2.4 21,9 1.8 26.4
3.9 15,6 3.1 17.0 2.8 19.2 2,0 24,7
10 6,0 1l.4 5,0 13,0 4,3 14,6 3,0 17.2
15 8,6 &6 7.0 10,6 8,3 1,0 4,1 13,1

"wun‘-*-‘np"m*n-m”ﬁ’wnﬂﬂu-O"-

,3.4» 3,1,9 2.4 31,9 2,2 23.3 1.2 34.4
3.7 1;: 3 3.6 16.7 3.4 17.2 1.9 25.6
4.8 13,4 4.6 13.9 4.2 14.7 3.0 17.2
5.3 12,8 5.1 13,2 4,8 13,4 3.8 15,9
10 8.2 9,0 7.9 9.2 7.4 9$.7 5,4 12,3

13 11.0 7.0 106 7.3 10,0 7.7 6.0 1L 4

o o B B

70

« 80
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be tsken on the second occasion for a set of values of f 4 [, 4
end # which would minimise the variance of the estimate for
*the second occasion,s the cost funotion being given by {47),

In a simllar way a set of values for m and n maybe obtained

for different valuas of f , f and § which would best estimate
the change from one occasion to another and saﬁf;fying the
given eost function. Table No,5 gives some such valuese.

A comparison of the figures in tables 4 and § would
reveal that lesser number of psu’s are needed to estimate the
change from one occasion to the other than to estimate the mean
on the second occaslon, 1f P > f and vice versa 1f £ <(
Consequently the size of the subsample would be larger, for
estingting the change, than for estimating the mean 1f (O, F,
and smaller, 1f f, <f « This justifies the observation made
enrlier that the optimum ¢ to estimate the change ig different
from the eorresponding optimum to estimate the mesn on the

_gecond occesion. Thus £ and f. happen to play a more
significant part in determining the sampleo size required to
astimate the change. It may further be observed that g 4 the
replacement fragtion,is not so important in changing the sample
sizeg that 1g, 1f we increase the value of qethere is not going
t0 be any significant change in the vglues of n and m unless

f,and f are sufficlently large. This fs a0 becanse the
coefficlent ¢y = 1 of ¢ is very small ss compared to the
aoaefflcients of other terms. This may be seen from other
conslderations also. Since the actual field work is done in
the villages snd the stay In the tehsils 1s of very short
duratiocn, there is not going to be any substzntial reduction
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in the fleld work vhether tha same tehsils are taken on all
occasions or some of them are replaced In the second seasone.
Areduction in the field vwork can be expected only when some
of the villages are also retained.

',—":q*._»
Remark 1s The optimum ssmple size by using a slightly

simpler cost function than the one-wsed above.

We have seen that the effeat of travel between the
ssu'ts within psu's 13 reflected premarily by the term G, B 1«
Suppose now that the field work 1s so arranged that the travel
betueen the ssuts 1s reduced to a negligible quantity, so that
this term is amall in its effect znd can be neglected. Then
our cost function becomes

595%@::&-&%(1* gl ne 48nm vesea(57)
The optimum values for m and n for q = § mey then be obtained
which would best estimate the mean yleld of the charascter on
the second ocecasion as elso the change fron one occasion to
the others Teble No.6 gives the values for m and n sepgrately
obtained for estimating the mean and the change, for a get of
values of [ 4 P and P «

It may be seen that ommission of the term cg of cost
has resulted in a considershle reduction of the size of the
subsample both for estimating the mean on the second Gccasion
as also for estimating the change from first occasion to the
second; consequently there has been an incresse in the number
of psuts to be selectedes
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Remark 23 Optimum sample size when there is sn
increage in the ¢y component of cost,

It i3 sometlimes possible that the preparation of
basie frame and 1isting snd selection of ssu's from each
tehsil may roquire = longer stay at the tehsn:\ Such a
possibility may occur when we have embarked upon an explorziory
survey of a material for which no bhasic frame is avallable,
Suppose that thls compeonent of cost takes five times the valne

glready taken for lte The cost funetion 1s then given by
¥ ¥
595 = 20n + 5/2 (l#g) n + 6,9 nn + 4.8 n m ..(53)

The values of optimum m and n for this cost functlion asre
given in table Ho., 7«
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Tghle 61 Values of Optem and Opt.n vhich would dest estimate (a) the mean on/ the second
ocenslen, and (b) the change in the yield of the charactor from £iyst ocoasion
to the second, subjest to the cost functien 20m*¢ $(1leg)n » 4,8 mm= 893, q
being oqual to 3, X vesson /

Maan . X , Chenge D
Eﬁ 0,00 0,50 0,70 r 0,90 0,00 0.50 0,70 0,80
Py i} ng n ngm nNgm BHFD Wy AF B Dg @ n

140 37,8 1,0 3722 0.9 38,5 0,9 38,58 1,2 34,4 1,0 37,90,2 38,8 0,8 38,8
148 34,4 1,8 34,4 1,1 38,2 1,0 87,9 1.4 30,9 1,2 34.4 1,0 37,0 .9 38,8
1,8 29,7 1,4 30,9 1.8 32,6 1,8 32,8 1,8 28,4 1.4 30,0 1,1 36,2 1,0 87,9
1,7 87.83 1,6 28,4 1,9 20,7 1,5 20,9 1.8 26,4 1.5 29,7 1,2 344 1,1 86,2
10 2.3 22,8 2,2 23,3 2,1 24,0 2,0 24,7 2,6 20,9 2.1 24,0 1,8 4#248,4 1,8 28,¢
18 3.1 17.6 2,9 13.2 2,8 19,2 2,7 20,0 3,4 178 2.8 19,8 3,4 21,9 2,1 24,0

A e W W an N W g AR g e R W A Gl N W Wy S W NS W W W AP ap W W i gE W b e W B e W oo e

2 1,1 35,2 1,0 37,9 ,0 38,8 .8 32,5 1,4 30,9 1,8 34,4 1,1 36.2 .9 38,6
3 1,3 33,6 1,28 34,4 1,1 36,2 1.0 37,0 1.6 28,4 1,4 30,9 1,3 32,6 1,0 37,0

¢ @ 16 28,4 1.5 29.7 1,4 30.9 1,4 30,9 1.8 26,4 1.6 28,4 1.8 20,7 1,5 32,6
70 8 1.8 26,4 1.7 27.3 1.6 2844 1.6 23,4 2,1 24,8 1,8 26,4 1,7 27,3 1.6 20,7

10 2,8 21,3 2,3 28,8 242 23,9 82,1 24,0 3,0 17,8 2.7 20,0 2.8 21,8 2,0 24,7
18 8.4 17,2 348 175 5,0 17,8 2,9 i13.2 4,0 15,3 3,6 16,7 3.8 17.4 2,8 19,8

- oda w gy W o W W N A T AR A G W W W e A A W A A A AP Y R SR W W N AP Y A e W AR G N S e

8 1,1 %6,2 1.0 37,9 1.0 39,9 1,0 37,9 1,5 23,7 1.4 30,9 LB 34,4 1,1 35,2
5 L4 30,9 1,8 32.8 1,2 54,4 1.0 37.9 1,8 26,4 1,6 28,4 1.4 30,9 1,2 34,4
,00 & L7 27,3 1.6 28,4 1.5 29,7 1,4 30,9 2,1 24,0 1,9 25,6 Y46 28,4 1,5 29,7
8 2,0 24,7 1,8 264 1,7 27.3 1.6 28,4 2,4 21,0 2,1 24,0 1.8 26,4 1.6 £8.4
10 2,7 26,0 2,8 21,3 2,4 21,9 £,0 23,3 3,4 17.2 3,0 17,8 2,7 20,0 2,5 21,8

18 3,7 16,8 3.4 1%.2 3,8 17.5 3,0 17,2 4,3 150 3,9 15,6 3,6 16,7 3,8 17.4

A oy A N A B U A W W WD W W W W T A R AP D AP M Gy e e Y e W W U EE S ms W Wb G 2 W A B W W g

@ & s D

»80

i
L



2ablg 74 Values of Optimum m and n vhich would Pest estimate (a) the mean Ln the second
occasion and (b) the change in the yield of the character from first occasion
to the second subject to the cost funetion 20 n +5/3 (leq)n + 6,9 nm « 4,8 pm =395,
q baing equal to 3.

- A doiprtn . . . . X i ~

P P, o.oavv{ 0450 0,70 ﬂg 0490 To.ao § ' 0,80 ! dﬁﬂ 0,90

i ~ol = ALAM.‘__W al oon ptp ml o g
2

8 231 1,6 24,6 1,8 25:5 1,4 26.4 2,1 21,1 1.8 23,1 1,5 25,8 1,2 28,6

8 2,2 20,6 2,0 2.7 4,9 22,4 1,8 231 2.6 18,8 2,5 20,0 1,9 22,4 1,5 85,

+80 4 g,y 13,3 2,5 19,1 2,4 19,5 2.3 20,0 3,2 18,4 2,9 17,4 2,3 20,0 1,8 28,°
. 8 %8 18,4 3,0 17.0 28 17,4 2.8 7.7 - 3,8 17,6 3,4 15,7 2,8 17,7 2,1 21,
10 4,9 12,7 4,5 1341 4,4 13,3 4,2 13,7 5.3 111.'? 4.8 12,8 3;7 14,9 2,5 19,

- =18 ~ 6,2 10,85 5.9 1,8 5,8 11,0 5,5 11,4 2,0 9.5 6.5 10,1 4,8 12,8 $.0 17,

e M U WS g oy e WK N G SR NP WP W A A W W WP W W NS ap M MR M W W ok W W W W A U e T W A B W T M W S s W G W W W

2 1.8 23,1 1.7 25,8 1,8 24,6 1,8 23,8 8,6 8.8 2,4 18,5 2,0 21,7 1,8 25,
5 2% 20,0 21 21,1 2,0 21,7 1.0 22,4 3,2 18,4 2,8 17,7 2,3 20,0 .6 24,
B8 53 16,0 3l 18,7 3,0 17,0 28 174 4,6 12,9 &Y 15,9 3,2 16,4 2,0 81,
1B 6,5 10,0 6,3 10,4 6.2 10,5 6,0 10,7 0,4 77 N8 8,8 6,3 10,4 3,6 15,
.qquo‘nl-‘w—a-nctnpdpl-Qﬂpnn—-ta-nnhn""”owﬂnh’du—nn'ﬂbh.p'QmQQﬂOQ
B 2,0 2'1,:7 19 28,4 1.8 23,1 1,6 24,6 5,4 13,7 3,8 16,4 3,0 17,0 2.3 80.;»01
8 9,8 389 2,4 10,8 2,3 20,0 2.8 20,6 44 13,5 4,2 18,7 4,0 14.1 2,9 17,4
4
g

3.0 17,0 2,9 17,4 2,8 17,7 26 18,6 8,8 11,0 5,6 11,2 5,3 11,7 5,7 14.5
10 5,2 11,8 8,1 12,0 4,9 12,3 4,7 12,7 8,6 7.5 8,8 8,1 8,2 8,8 5,4 11,5

1.

15 6.8 0,8 66 100 6,4 10,2 6,2 10,6 120 S.4 10,0 Td 5.8 8.1 6,5 10,1

o W W G W W G uE e A W W WE W oap e TR WS W W AR B B W S R G T A o e M W Wb ek W, T e A W e W o e o wm Ga N W Ny @ W W



Application of successive sampling with a twoestage
samp%}ng design to some of the problems where the survey is
repesled at regular intervsls has been indicated. Partial
replacement of units is asdvantageocus in field operatidi,
Estimate of the population measn and its variaznce has been
obtained (a) for two occastions end (b) for h accasioﬁé; the
sampling scheme being that s fixed proportion of the psutg

taken on the preceding occasion has been replaced on the
current occasion,; the ssuls within each sclected psu's belng

completely retaineds Alse an estimate for the change between
any tuo consecutive occasions and its variance has been obtalned
under the same sampling scheme. Similar expressions for the
astimate and the change and their varisnces have been obtained
under a different sampling pattern, viz. that the same psufs

are taken on both oceagions, but a fraction p of the ssu’s within
each selected psu is retained on the second oceasien, and a
fraction ¢ selected afresh. A comparative study of the two
gampling patterns has elso been mades Data collected from the
scheme conducted in Punjab (1956=57) to study the milk-yield of
bovines there has been taken and a cost function for the scheme
has been obtaineds Optimum size of the sazmple to be tshken in
the second seaszon to estimate the milkeyléld of cows has been
obtained, It has been obgerved that the size of the sgmple is
not affected 1f some tehsils are replaced on the second seasone
Optimum values for n and m to be takten on the second occasion to
estimate the mean and the change have been tabulated for a set
of values of the correlations f and f, and @ = 53/55 .
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