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CHAPTER. -3
INTRODUCTION

The simplaos mothod of sampling 42 to select certaln numbor of
units say a ot of tha total mumbar ;;unita {a tho papulation vandomly
such that each unit in the populasion has an equal probability of being
sslected. This procedure of sampling called * Simple Random Sormpling’
is eaay to conduct and cotimation procedure xequiras little morg than
simple addition. But simplicity 1s not aften the griterion for sdopting o
particular mode of sampling. More often, procedures cther than gimple
random sambling axe edopted;in practice for oparaﬂonnl sotrvnnioncd, for
keeping costs minimum or for ingrensing o oversil procision of the
estimates for a given cost,

Besides tha dse of different campling designs, refinaments in the
method of astimation are alfo cammonly used in obtaining more efficient
estimatas compared to ¢stimates based upon the atmple mean. Mony.a
time, taformation on some ausiliary chavacter related to the ‘aha_xactar
under study to-availadls and the use of this information 4a one of the ways
of getting estimates of the population values with improved precisicn., B
may be veed &t tha etego of planning as {n the caso of etratification o af
the stage of solectien {selection with varying probability) or as the stage
of eatimation.

Ratio and rogzossion methods of estimation are well known cxamples
where the auxiliary information is used at tho ostimation stoge. Rotioe
estimates are {requantly amployed in samplo surveys when estimating tho
population mean?m of tha character undew stedy v ¢ with the help of known
population mean X of a variablo = that io positively correlated with y.
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Toro .ﬁ.mu of ratioecstimators aro in common 8ag to catimate tha

. b )
populatien moan, Ono iy ogual to ....w......%z mﬂaﬁaogu»mm_aduvw

=

¥o &y where ¥, #, oro the sompls means for y and 2 rospostivoly, T,
the mpanaf tho individunl ratlos 7; = y,/x, n the cample and My 1a tha
knowa populotion mean of the auxiiisry variable n. Both the cstimatoro

Vo =
are known to bo blased. Tho ratio-estimntor ...w.._..wz s known to bo

%

more efficiont than the simpla xm aa ostimator T,» provided p, tho corro-
lation coefficiens botwean » and y 18 positivo and {8 greater than .wm. aa\n_w
whoye Gy ¢ & 870 tho coefficionts of voristion of m and y respoctively. The
facs thot the ordinary naw»ném»gon ia s bDlsoed cotimstor and ¢he blas

may be substantiol {n cartaln cangs, diminishes its wolun aa o good ostimagor.
Morsover, it iz alao ncs known o advance, how large sample should bo, go
thet the bag in tho oatimate of the population mean hocomns nogligidle. 8o

in recent yonrs, many rogscarch workors bave invotitigated tha means of
developing ratio-typo catimatora that avo unbinsed,

Hastloy and Roao (1934) have heen the ploncors who triad to obtin
an unblased oatimotor of tho population maan, In tho cnse of siroplo random
sampling withous replocemont, they have given an slegant exprassion for
the bias in ¥, Xy and devalopad an unbdlased varaion of thia ratlowypo
estimator as egual to

- amer) |
T, Xy ¢ ww.bcn ui'_e.u.uama_. Tha sceond torm of thin

expression ia tha correction for tho bias of the fires torm as an ootimato
of the population mecan,
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Roboon (1987) has dorived the exact formuia for its varlance when
the finite population eorrection factor { §. e, fpc) {0 nos negiigible.  Ho slso
obtained the unbinced ostimate of the variance, When the fpc ia napligidle,

. the formnla for vaziance of the cotimeted mooan wao given by Goodman and
Hartloy (1958), who also gave an usblzsed comple estimate of variance of
tho unhizsed eotimate. They also discugeed the relative officioncies of tho
difforont gstimators and poisted oo that ender cortadn conditions, tho qne
Mased estimator Is move preciss to T, X, in Iorgo camples.

B.V. Sukhatme (1563) preseated several gatio type estimators of
ths population mean in tho caae of two phase sampling, Thoy exo given )

-7- e "’i)
by BT T, E set Ry ¢ ST (T, - R R, ) espoctivaly

where n' denctes the sample salected ot of I uzits in the populaticd to
observe the varisto 8 and'n 8 subesample selected ot of n' to obgerve
the variate y, the characier under otudy. Tho third estirmator io an
unblased estimatoy of the population mean and follows direct fvorm tho ono
given by Hartley and Ross (1954) for alagle phaso sampling, He ottained
the vaviance of each of those estimators for the same ordor of approximation
and gave condittons andag which the unbiased aotimatoer 18 move officlent
than the bisnod cotimetor. He indicatod when it {9 go, tho unblased
estimator i3 certainly to ba proferrad to ths baoed estimator becausa

its variance i3 smallor thon that of ¥, |, - Ho poliuted ous, howover,

1218 13 nt s, the ostimator ¥, ¥, 16 not tecessarily preforved to tho
unbinsed ostimator, eince it o blased and the bias will have to be token into
account except in the cade when -%3- l%yifx; s ?..%. He also gave &

sumorics] {lustration and diacussed tha officiency af two phove sampling
with respsct to single phaso sampling using a elmplo cont function, 'L‘he



o
cost function which he considored was €, = cyn + cant whero Co
donctes ths total coat , Cys the cost per unis of abaewrvation on the variabla
¥» Gz, the cost por unit of cbsarvation on the varistls x ond o and n'axe
tho spme as defined caslicw. Ho than, detormined theo optimnm valuos
of a and o' oo that for o fixed cost C,, tho variance of the estlmate wao
mintmum.

In tho presont invdstigation, eome ratic-ypo ootimntoro of tho
population moan in the caoe of twoestage sampling hove boan presented.
Two cages have boen ¢enaidared (1) when the meas of the ausiliary variablo
ia the population o known, (1) when it {6 not haown and thereby Yesorting
to double sempling, Ia coch cese, an uobinsed estimaute hng bean obtoined,
Also the techniquo of symmetric means dovelopad by Tukoy (1938) and
axtonded by Robaon (19587) has beon furthor extended in the prescnt work
for aso in two-stago Gaaigns. The new tocknigns daveloped will horeaftay
be raforrod to a8 the Extended Mothod of Symmotric Moans © to twoestogo
designs. This bac besn utiliced for congtructing undiaced ostimators and
oo will be aao:;ln chapter IR and IV, tho yooults obtained hore will reduco
to tho unblaced cotimators obtained by Hartloy and Roso (19%4) and
B.V. Sakhatmo (1902) when tho firstGtage units avd completely enumerated.

Tho onact expressions foy the vagiancos of tho diffdvens sstimatoro
obtzainod, have doen worked out and prasented fn tho oymmstrica monn
nctaticn. Aftorwazdo aosuming N and M to b lorgo, the variances of
cach of theso estimators {or the some ordor of approximation havo boon
obtainod and prevented i tho standard ndatlons. Tho conditions undor
which tho unbiased ostimators will bo moro officiont than tho biasod
ostimators have alco been obtained for the two oituntions considored 4o
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chapter 11X and IV via,., (1) when gingle phase sampling in twe stages 15
adopted, (i) whan two phase sumpling in two stages {2 adopted. The
sstimates of variance as well as uabiased estimator of variance of the
estimate for the (ii) eifuation have also been worked ount foy the cage
whaen the numbey of primary units and aumber of seccndary units {n the
population ave large,

The optimuin values of the aumber of fzst-atage units and secead-
stage units to be c;nyuﬂ for attaining & given precision, the total cost
being fixsd , have been worksd out using a cost function « both when aingle
phase and two phase sampling schemses in $wo stages are adopted,



CHAPTER It

CONCEPT OF SYMMETRIC MEAN, MULTI-VARIATE SYMMET
MEAN AND THE EXTENDED METHOD OF SYMMETRIC MEAN TO
TWO-STAGE DESIGNS

3.1, Symmetric Mean
Let y, denotsy the valus of y, the charagtdy veder study {oy the

tthunit (4 o1,2,....,) 10 the population and 1ot a simple randam
saraple of sise n be drawn {rom this population,

A symmesric moan is then dafined to o o polynomial of the type
--- ,.......x » Whare tha subscripts are aummed
tf‘jf‘....fm.

from 1ton {for samplos) or from 1 to ¥ (for population), the exponents
are pasitive istegera and M is tha number of terms {n the gummation,
Whea it 18 for the dample M e (m)m z a{tis]} 400 ev o (D=m41), when it {s for
the population M o (mm aN{Net)soss o (Hem+i), When the sample or
population sige is given, tho aymmstrie mean 16 specified by the exponents
and 3o is adbreviated by mitmgth@ expodents within brackets,as in

a
» 3 2
(abe) ERITEEY l#jﬁ“‘ = n’  over the sample aad

’ B

oS- oy £ e o e st
Frera these general axprossions , symmetric means of degreo ona, and
twe over the sample 39 woll a3 over the popolation ¢an be easily writton,

I is to bo scted that aymmetric means ave inhorited on the avarage.

An expression is exzid to be inherited on the averags if for a given a‘ampla
size and populstion size, E(aymmatric sample mean) iz equal to the population
mean whoere E denctes ths operation of taking the axpectation. Tﬁhy(l?%)
has davaloped thio concopt for the unl-variute estimation problems, Sometimes
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multi-vaziste estimatica prodlems do arise in the field of survey sampling
whera each sample clzment ia measured for & varioty of ckaracteristics.
For guch problems, Rebzon (1957) pr:g@led the concept of mnlti-variate
symmstric means, a brief account of which, togother with a multiplication
formula for the product of two symmetric msona, is given below.

2.2. Multi.variate Symmetric Moans
The polynomial |

. Bnn Gh,&
-—s- jl#, ?' #’ I’ulﬁa’Io-olms;) -«(‘u‘n P amn’ see (a-”

«a tho mn variatee I‘j' i wi...-.m} j al'l...pn. {s cullsd a iymmnhic
maan and {s dencted by

(B> =<0y ) agTeee (2D

where (‘T)hmma' (nu..u...-u.&m). cm’mtwa
symmsiric means

{6,)) =) 6§} - (68 ))and

{B,)) =<pp Y b3)... (2)7-
Lot

p‘Y (G'ﬂ’) ﬂz-(a“ L ] bjl ,;‘u’o . .(ﬂiv + ij ,. ‘B‘? ‘ 1 Lo iee Q(ﬂi'}’

(O pglieeensldy,) 7
Y
be cbtained by paring and adding yelements of (o ) with yelements
of (B,). mmdeamby Ry(o.8,) [p (a 0 )]thomofan
poseible vi( ¥ ) )poa-ﬂ;}e ogtse Py (a'aa). 'rhentheprodwm

rid
:t'OlYm means <(ﬂ’ ’)m <(& )> is givan by the formula -
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r
Lo )> (B> = (:3::;5:- ﬁo("" vouy ?‘Y Lo fe S r o .(2.2)
I can ho secn thas if these mna varintop represont o simple
vandom sample of o chgorvations from an m-dimensionsl finito population
of slus N, tho expecied valuo yof tho atath"atlca((a'» taken ovor ( E )
peanible samples 18 the corrvepoading symmetric mean of the population.
Ccavozaly, if a population otatistic in writtan 28 o Upcar combinotion
of symmotric means, thon an unMased estizmate of the population symmetric
maan {8 simply gos by replaciag ecch syrometzic maosa by the cozresponding
sarnpls moan.
2.3, Extendod Mothod of Syrnmetric Moan to Twoentage Dasigns
13 the population be camposed of N firotestago units of M eccond-
stage unito each and aoceumo that o simplo random sample of n firgt-atago
units be drawn from N giid fmm cach selocted firstestago unit, a samplo
of m socond-stoge units ba drawn by the method of simple rondom sampling,
et Yy denctos tha value of the § th cecondeataga unit in tho § th fizst.
stage unit whon y i the charscter undor gtudy. Then symmetric msang
of ordeor one and two for tho samplas will be
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and for the population will bo

N M N / 7
E:.ﬁ.znmaé-z <l>‘ a(l)
1 J |

(3;1 e <3>”

N M
—L j zu-!—
tmff?!} N

AT P T vy - 5wy e(ny

NM(M-1) i § 4y N {

An angle brocket with o single prime { ):.dem%eem symmotric monn of

the sub-population consisting of ‘M’ units of tho § &b firot-otoge unit while
{ )/’wisha d\oublo primo deactes & symmetrio population moan, (),,

withous tho prime donotas o sampls symmodric msan consisting of 'm*

units of tho { th seclected first-stage tnit,

B {0 to bo notod thas siaco tho samplo 15 selected in two-stagas ,
the expocted valuo can be appropristely worked out in two stages, first ovor
oll tho secondstago unite in the & th first-stage unit ond then over al} the
first-stage onitd, by using the cxtonded method. This {6 the casom
wa hava ono variablo at cur dlsposal. Maay a timo, we can bhave ancthor
variable 3 which s highly correlated with y, tho character uador otudy.
When lnformasion on x o available , tha ratio-typo ostimatezs will undor
certain conditions, provido more cfflcient cstimntes than the simpls moon
aotimator. Thus if evory individual in the population lo considercd to bo
tri-variate taking values Vago Ry and 'i.i whore Yij is tho valua of the § th
second-otago unit in tho { ¢th firgt-stogo unis for tho character undor atudy,

authat of the auxiliary charactor m and *q °7ij/‘ij' thes tho no an
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n
Ao E
nm;

-HB

n
v,y <oa be dancted {n symmetric maoan notation by "‘,’}""'z(d”l
i

./
and its expected value will be (olo) + Similariytorms _} ;(ool)i
L |

b+ )
end L » (mo)l will dencte 7,  ond ¥ respoctively. Tho extonded

-~

method of symmstric moane can advontagoously be adojted for deriving

classical results abont variances and thelr unblased estimates eto, In
\

chaptor I and IV, this oxtendod method of symmetric mecns will be used
for deriving the variocus results prescnted thore.



CHAPTER Il

RATIO.-TYPE ESTIMATORE WHEN THE POPULATION MEAN OF
THE AUXILIARY VARIABLE 15 KNOWN

In this chaptor, the problem of oMaining unblased ratlo-typo
estimatorn for the two-stage design when tho information oa the ouxilicry
variable 18 completely known, while {n the naxs chapter, the case when
this {8 not known and double sampling ia resorted to, will be discussed.

Let o finite populction conoiat of ‘N fivst-stage units of M’ second-
stage units each. lat /Y denotes tha value of the j th second=stago unit
in the § th first-stage uait for the charncter undor study y ené =, thas of
ths suxilinry variable = which is highly and positively correlated to y.
Further let wy ° y“/x“. We shall consider the problem of estimating the
population mean Ypmpe o For this purpose , assums that o eimple random
sample of sise n i3 drawn frem the N firete-otage units and 'm* bo the
aumber of second-atage unite to be drawn from each gelected firstegtage
uait by the mathod of simpls random sampling,

Let

)

& "

{010y = 101

= the mean per element of y ia the population
/

1oy

the mean per eloment of & in tho populaticn

NM

3
B

z"
2
RS

the maan par element of the watio of vtouiathe'populauon
. (o:o)"

= the mean per eloment of y in tho {1 th primary unit in the population
<1°°>,l

= the mean per clemant of = in tho 4 $h primary unis in the population

o4
(]

5
a
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/
Ty = Ko0)y
= the mean per elernent of the yatip of y to x in the i th primary unit
in the population
n

— s -l_ .
~ T (010} ,

= the mean per element of y in the sample

n i ! \
= the mean per ¢lement of x in the sample
n
- I |
Tnom = 7 zi (001>i

= the mean per élement of the ratio of y to x in the sample.

Vim = <0100,
the rﬁean per elgfnent of y in thé i th primary uslt in the sample

5, = {100) i
=the mean per elerhert of x in the i th prinary unit in the sample

Ty = (QGI) the ratio of
i
= the mean per qlameﬂfo!/y to X in the i th primary ynit in the gample.

Then the ratio type estimator of ?NM is defined as ;

T, =¥ X ' .. {3.1)
Since the sample 1s selected in {wo gtages, the expected valué¢ is

also worked out in two stages gs shown below.

ET)) = E; [ E, (Fom SEMM‘)_’] = Fng Kone ¥ Tam --- (3:2)

where E, denotes the operation of taking expected value over all possible
samples of ‘'m' from each of ‘n' first-stage units and E, over all possible

sampies of n. /

It 15 seen from (3.2) that Ty is a blased estimator of the population

mean. Let us consider the amount of biawgin Ty
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Bmam-rlam(vm‘iﬁm ) - Ty ( by definition)

~

= L -!;

g

C u.gwooh) 7- Loy’

B |
= (+ z!(m)m i 1'-;<1100>t ) - (a0

N U / N / / &
o %é a ‘z {oor), {100), + 1 ;:”(oox)‘ Q00 ,, 7 -<o10)

Multiplying the aymmetric means with the holp of maltiplication formula
(2.2), wo get

“

:4 :: (u:.n),1 + .M:L s ((mo::')(«:un))f J
I
v Lo Ry ﬁ” (tox) w? .M... z: ((xoo)(ool)) w J-<010)

Btuln'r L -%L —

s Lo (om)+ M.:L(noo)(om))
NM NM

- " ” M
» Bl /“eor0), , ¢+ (M) L(oo)oon)),,, T -{ow0)
Hancothounﬁ%ed*esﬁmator of this blan is

MM

o Qoo (oo} 7~ &= om),

a M- 2
_i- ;'; <°10>‘ y M-1 ;:.- = <(l°oxe°u>l
1

n n-l) lfi'
m m

Vo * Mk 1 .
o 1) f"— L y Sy 7

. uzn-lﬁz L 2 E 15"y ’:;pf;ju“ a‘ ' j * Vaum

1 B e = -
8 e T 4 e ( I o M)
( . "t ! NM(m-l)vm
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z -
* StmE Lo nmxm’mf o Fim Vo

1 M"l M"‘ m E
iz (' ma v L NM a{mal) Nn(n«-l -7

-‘1 e -y
+ {B—bn';llﬂ rmfm Vm

— - “ﬂ - - -ﬂ; i— -~
® *Vam * Tar Fim Knﬁu—[}i “iom Fim ~ *m "o -/

M - n m

a
ey - i 1
‘L‘Ym "m’lm"(-!""‘é:’ﬁbr,-‘(%--!- )‘ﬁ '-;1: _7..(3.3)
whero gl
‘ B ") S
Suex ° ;[E (Fim *Fom ) (Rypn =% )
SRR By SR NI W

n
g +(?m P T P = Flm -t oma, 7
Ty
which shows thet

o
Ty 3Ty 4+ ( T F Hi"é"“‘*ﬂ’ﬂa‘f&’ 1 tzﬂ‘m va(5:9)

{9 on anbinsed ocstimator of the population m?mm. This can aloo bo
written oo



B ¢ P

T2 ® Tom X * %[Ym'tm‘mj
- - - ( #! Y‘a
ek~ A et 7+ S e ()

It {a (3.5), woe suppoae that the selected first-stage unite have bean complotaly
saumerated {.0. If m o M, thn‘ra reduces to

n
T, %, % *ﬁ%ﬁ"w ¥ ) | ves (3.8)
which is the same estimate as obtainsd by Hartley and Rous (1954) ia the

case of simple random sampling withont replacement for o single phase

design. We ahall consider these two estimatovs TI and T

znm!ﬂnﬂm

coadition under which ‘I‘a is move efficient than '1'3.

3:1. Vasiance of the Estlatoy T,
Ter X, @ L %/é:@ol)‘ J L (xoa)//J

Thaa - B _
v(T,) =E(T, )-L E(T)) _/ - vee(8.T)

Now T} =/ -i-x (oor), .f L <100>.7
, ‘ y .2
L= oo, (oot v z oo, ooy T Gacy T

Usiag maltiplication tormula {2, 2), and taking expectation, wo gets

n -3

o
z 8, {(oon)oon)),
i

n 2
» BBy (oot dooty T [w0} T
singe sampling from i th and 4'th first~-stage unit {3 cavried out indspeadently,
" . p
' L?oox)‘ (oo}, / = &, (oo, E,{c01} , ={o01);{c0L),,
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o B}y <L Cooz)'s &J-@omoon)

_a=t

* e ¢ <°°3>u. ’ (M-a) z<toon(om>>w)_7&ooj

converting theso symmetzic means to etandard notations , woe havo

This on farther sirnplication gives

z M iaﬁ
1 ..-!-- 1 - 8
E‘Tx’“‘g‘m’mfﬁf" LA i

1 1,1 _
*(n N)m

- 9%

LAVILL A )‘7‘M * 5 NM o 9
2
Awo [E(T) 7 =33, ¥ : o {3,9)
1 NM Fnm )

Substitating (3. 8) and (3.9) in (3. 7), wé get

oy Yo 5 PE2
N
2y 1 ' 2
R B R F ¥ ) By
3

N
(L. Ly 1 ) 7 % .
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3.3. Yariance of $he Gobloned Estimntoy Ty

T2 * um Hrne ¥ Enm'”m?nm”‘i_ N 1%nt (= M’?im
which can also b written as '

ofd -1)
- M-m 79 . : ¥ E
a7 9( + . Y, ¥
¥3* Tam ¥ym ' NM{m«3 ) B0 N{p -y ) O am

1 ~M-m N-a

ot M(m-l)“ TIJ : i S

Now V(T,) =u(z] ) - [Btx,) ] | cer (3.10)
2

- - z -
ami'ﬁmeMJQi;_L?:_%_/ B(¥om ¥
. 0 -2 2
LR e’ i R B

2/ 1 ¢ el ’Ez ®
B szmymxm)'u(a-um o o

o = N e Vs LA
#1+ HMm-&)‘]%‘J 2 (Y m ®om *om

m N-n .24 n
AL M;I,Jmf-‘-m T BOE i Vo )
zm-x) M - Ne-n B - 2
- B v, B _¥F ¥ -~ ¥
u(u-u M{m-1) a-1 7 = f Fim Bim om %o !~ Vv
whors e (3.12)
{
0 5T (- i) ooz (22 %&}E:‘L‘:)“’Q"ﬂ(“”?f
_ ((a :;N (odry’ {ooy S7L (mo) _7

() BT 2 ’“['i“m W,ﬂmﬁz {md) %;
((oh:)(ofo))
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b —vr [UWJ

(N-Yh
. o = - _.._'_.- - odn
o £ B R TTon )= [ = e 140"
- ™M
(n-1N (_m-t)("r-l}N J[{Olb"7 {m-)n- ')' Z.l‘(loo)‘(ow)l(olo)
+ £ om(N-1) m (N-1 (=Y mu—t)(ﬁ-) !

bm-—ll Ln-l)(‘“\-“)
+ [  MN-) ] (U°°)(ml)>+<ﬂm) (°°l)>.7

- ) (M-1
o BN 5oy o)
m® M)
- (o) (m-2) _ _(m-l)(a-1) (M-2)
e/ > mmm Y 7 {aoo) (o10) (om))
(tv) s(vmi'm o) * L .7 (or0)"
1 m-1){r: e}
vy fo 4) E(NL_M._E/_I xM-:)J L <ow4ow>f<°n)(wo>*<uﬂ>©m>.7

{
, el M [ {100} (oox)'l(omﬁ z:(we): (om}i(m’}*‘g(ﬂ'°>i'(°°'>.’,'("°>j
ey b . '

az i ml _Bi(m-liﬁa-l) _ {oel)M-1) )7/ ((Olﬁ ani)Kaooxou))
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These values can be substituted {n (3.12) to obtain the exact variance of Tj.

Ia the following sections, the expressions for varlance of Ty and T have been

given for the case when N and M are large.
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Substituting these values-in (3.14) and amliivxn,g » Wo get

V) = [Vor (T, 0472 Vor(F,,)- -2y Cou(y,,. m)J‘

xL{cW(wm,Ehm)jat‘ruh )Var(ﬂ y 7
ceee (3.19)
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1f 4o {3.18), wo supposo that the selocted fipst-stage unita, havo
beon complotely ennmarated vie., U m = M, thanv(‘l'a) reduces to

v(T,) =-£-['s:+?3s %8 _/+ n‘n oy £ 2s2482 7 (0.1)

whero the symbeols have thoir usunl msaning. This expression wan obiained
by Goodman and Hagtlay (1$58).

5.8 W&WM
Using the exprossiona {3.18) ond (3,13) , wo gat

Very - V(T) « Var () E&-vm.-w )0 Ty, VorlEp2e Covy, R )

+

- B L oo )_:7 - B Vorl® ) Var(@, )
asen (3.49)
From this comparison of ths varviance of ('r‘) aod ('ra) given waa.
it can be sean that tho unbiased estimator T, will be mozo efilcions thon Ty
If the following condition 10 sasisfied.

varl 7, ) B2 e 2w Cov. G ) > Varl§g) %M\mtzm)

2y Lconty R ,_7.._...., VorlR__)Var(7, '
...{3.18)
I (3,18) is antisfied, then T, {o to bo preferred to '1“ since it is undinged
asd has got less variarco. Howovar, U V('rl) e loas than V('ra). T‘ io nog
ascessarily breforzed to Ty sinco #81s Maced and tho axtent of biaa will havo
to be token into accoynt {for chocsing betwaon tha two astimators.

3.6, Comparison of $ho ratiodype Estimatox Ty with gimple mean estimatoy

Whea no information {s available concerning the duxiliary variabls,

the appropriate estimator for the population maanie ¥, axﬂ {to variance
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whian both !ﬁ.and M azc lnrgo, 16 given by

]

vwm) eisaby-r f—m-:-': i:afy .. {3.19)

also we have cbiaiped tho variaaco of T, as (up to the order of firct appron. )

i /71 sy L5 G2 7
mL E:;:ny MM Ty i:a!a ”.tm '%ffsllv

?[Bhy’?uam si-z?msm]

U S o M, 4N
l'uw['mms ashw} oo £ Frons "z!i 1o N%s""’"; <o
cees (3.20)
If we define )
p. @ E..h&._- and
oy _ -
r %Bm o Wy ooy
w = 8 B \
V1 .ge % Twy
N “{Blll%’ialzy
Thea V(T,) 16 2esa than V(T ) U
L S o 8 - |
~>z Bb7 rﬂ&! ﬂ.ﬂd Fw > ‘LE ém&‘- rm L (30&)

Thes (3. 21) gives tho condition for the ratlo-gypo cotimator ¥, to bo
mere efficient than tho simple mean gstimator ’Ty‘m .
)
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3.7, Optimum Allocation of the Sample Betwoon Two Stuges
Tho exproasions for the variancs of Ty and T, in a twosstago

aamynns danign nbow that the pmlamn 6f a two-stage somple, apart

from $ho values of te.h9 s" ;i:sfr -é-zsw. ete., dopends on

tho distributicn of tho aample betwoon the two gtagos viz., ocnnand m
individunily. The coss of surveying & t\!vo-el:taga sample will thoreforo
depsndd on the valacs of o and m. H‘emiﬁvm‘ phall considey the problom
of determining n &nd m oo hat the .v‘_mi'aa::a of Ty .o¢ woll ag that of Ty
ls minimiscd ﬁubjet:'a to tho m::::.ictlm that the'total ¢ost of the survey is
givenasid o fixed. Let tho/fost € be ropresontod by a function

c o o° + e nm whera the flyst component of ¢ost 1s preportional

to the mmbey of primory units in the sample and sgcond componont Lo
proporticnal to the total numbor of se¢ond-stage unlts in the enmple. ux and
¢, aro positive constants. First we shall detorming the sptimum values. of

aatd m for the estimator 1'1 ard aftorwarde wo sholl conoider tbqnaama
{or ths estimutor Tae

3.7a) Optimum Allouation of ths Gample Conaldering the Estimator ¥y -
Tho cost function which wo have conoidored iz
C, "¢ ndcom eees  (3.22)

acyn, +cyny oy eoes  (3.23)
vhuonl anandna T [T

- N, -
vty £ o ke {7 5,

be
It can be put in tho form as
Vl Va .
VT = — ¥ — ... (3200
™ Ba

whare
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v, s % E;M ceee  (3.28)

2 L
v 21'28“_ RNM ae e (3.36 ’
Vo wazt to dcterming o, and n, such shat (3. 24) {5 minirnised subjoct to

the restriction tkat tho tctal cost of tho ourvey is fixed. To cehieve this,

weconaidorai‘nncﬁnﬂ
v
¢Hq-—- & m—é-*&(eﬁ"'eﬂ e ’ s e (308?}
% 2y

whoero Aio a constant,

Difforenticting ¢ with respoct to n, and n, bad eguating bath the
squntiona so obtained egual to zero, wo have '

24 V1

3nl 2 - —;lr— 4 lc‘ s © s (3-38)

g v

SRR SRR e (3.29)

From (9. 23) ang (3.29), wa gt

v v ¥, ,/31?' i,/cav

-]

a /% whichis forthor equal to

Jo oy oy ty ¢

from this wo have ;
C :;[ Vl
By =
Vo {feVy +/ayVye/
and o) 3 s f'-*""-*civ
CBV nl

O

but o = n and o, = mu, %m&mwﬁ hawe the opticanm valucs of

2 and m 28 '
7AW

Joy [ENVy /g0y

n =




ﬂﬁ - ma seh e ‘3.3’)

vhore V) and V, are given by (3. 23) end (3. 28) rospectivoly.  Subotisuting

thess values {n (3. 24), the optismm varionce of 'r‘ is obtained as
- 2
VeV, v, 17
v(r,) = eees  (3.82)
W# c.g

3'?0)' gﬁm‘m ALLGOHLR

N N
1 i 1 3, 04 2 -8 | . | 3 .2
(T3) Y+ ny N izsiy al%wm By Nfsix?xqm
B %
- T . AL T4 .
nlsﬁzy NM B, Nl‘isixy Hm (ml..t)
B N | R A

whare ninn + D, = Om.
This can bo writton ao

&

4

2 1 Vv N { 't MM tary
-1 24 B zxad....*.ﬂy
FATE. ) £ 0n e 'na"ﬁ'fﬁmhf“;;shr 8, T Obr
2. 118 5
(3.83)

Siace /-.-/ { 1, the onpansion is vald and noglecting teyme of ordoy
om
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..1.3.,..3.3.. , =i ond higher , we get
h %2 by

1 2 B =
v(T,) = “5; Bt Tt By = 27 ans Bomy v )
A~ B 2 N2 N

(3. 34) can be pus in the form ab

- v v
V{Tz’ o ""L L ] “"g' Iy (3@ 35,
R %3
whore X
2 2
v, 932 +'§'. 8 -2Y v 3:35
T T PV I W (3. 36)
and N
I o2 o982 1 LN 3 1 N

Procecding in the samoe mannoer as wo did for the estimator 'I'l to detorming

optirours valoss of o and m, we can show thas the optisquin varlanco of 'I‘g
Is given by

— 2
(.feivi .&(c?‘vﬁq )

C
0

V(’E’a)m. = vy - (30 33)

whare ?‘ und Va aze given by (3. 34) and (3. 37) rospectivoly.



CHAPTER XV

RATIO-TYPE ESTIMATORS WHEN THE POPULATION MEAN OF THE
AUXILIARY VARIABLE IS NOX KNOWN.

In the previons chaptar, i wos asoumed thog she populagion mean
of tho cuxillary varioblo Is known., Sometimeos {8 eo happons that this
informmngion is not available. In such a eftuation, the mothod of dounblo
sampling {0 waed. - This tochnique congists in dyawing & lazgo proliminary
samplo of oine ot from the population and obaorvidg tho valuo of tho charactes
x. From this somplo, on estimato of By, 1o cbtainod. Then a socondary
samplo of eleo n s drawn out of the proliminary samplo and ths charnctor
under study y, 1o chaerved. Inthis chapter, two ratlo«type aotimstors in
the caso of two«stage , two phase sempling aro propoced,

Lat o bofore, tho fisite populetion consiot: of N firot-stage unito
of *M' gocondwstage units each. Lot us denote byyu. tho valac of the § th
second-stage unis in the 1 th Airst-ctage unit for tho chornctdr y undor study
and &, that of tho suxiliary voriablo 2. Lot vy Vo

Lot & otmpl o random somple of sino nt Bo drawn from N first-stngo
units and fyorn cach soloctod fizet-stago unit , m? sccond-gtage units bo
drawn foy chserving B. Agnin a cud-sampla of sisc o bo drawn from o' and
from onch first-ctago unit thus nclected, m units bo drewn to obeet;“c' yby
the method of simplo random campling. Horo wo sholl considor the problom
of estimating tho population mmon ?NM'

Let

Vg © o0
a tho moan por element of y in the population

R = <100 -

= tho moan par elemant of = in the population
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a (ool #
% ahammselqmmdmo rotio of y to x io fhe population

=lo
méunparelm of v in tho § th primary unis in the
populauon

e<m>
méanwralmmdamthenhprhmrywuntha

pepulaﬁm

= (oav
s themnnperalmntoﬂhe vatio of ytoxninthoith
grimary anit in the population

2 "i’;% (o107,

e thy moan par elemant of y in the sempla
o L%

= the moon por clomant of x in tho firss cample
> .!.g(m@
a gy i
o themmmrelege;to!a,tniheeecmdaampla
a .
= - z {oay),
s the mean per clemens of the ratlo of y to & in the samplo

s {10,
cthamnperolmﬂnivhthalmm:ymmm campleo.

100) |

wtéaménparelmnto! n latbﬂitbpﬁmarynnnmm
firot sample,

= (300}

o the maan por aloman of & in the { th primary unig in ¢he
aocand aampla,.

Then the ratlo-typs estimator ol?mm in tho case of double samypling in two «
atagea , is definod as

'rs n?m En’m‘ deey ‘40!,

It can be soen that ' ; |
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= Covl ?am"an'm‘ )+ T QNM'

— 11 N
c?xm'l- Yo - (o~ 'ﬁf’%m"";;.f' ﬁ)ﬁ'ﬁfslm

) T Ky 7 0 (@2)

N -
vrm © Nt (T T, M(OE SR

8 » ry

iu\ M"',('u.'m)(‘uggt')
from (4.2) , ltleuowathat‘rs io a blaged cstimator of the population moon
VNM’ thoe amount of bas being cqual to
= 1 _ 1 1 1 N =
Y o f .- w i - -
4.1. Unhlasad Estimator of tho Popalotion Madn

Tho unblased estimator 4 this coso enn bo casily obtained by replabe
ing N and M by o' and m* {n (3.4) of chapter 11, B is thus given by

e ® o Tt * Ty T T * (L = L Dy

nm om
- ¥ 0n -
| q..;‘:n..( %; - "é;:’ ?3‘" e 14.9)
This can aiso be written aa
1, - -
T,e7 & alwtl) ~5 T

4 om a'm' M a{n-1) Yam ™ a'nm Emn J

1. (at~n) {m-3) 1n
’[ ( m m‘) ¢ o'min-1 ) ] n? T

*re (4-4)
If in {4.4)., wo supposa thas the aelocted first-stage units are complotely

anumorated via., ifm em® oM, thoan ’1‘4 roducos to
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which is identical to the astimate obtained by Sukhatmme (1502). Wo ohiall

censidor theso two catimators ‘1‘3 and 7 4 and find the condition undey

which ‘r4£smeetﬁesmihan TS'

4.3. ¥Yariance of 4y estimator ‘1'3

TS ° ’mn xn'm'

) 2
VT e B LB () /0 7-LB B, (Ty/n) ] oo (4.6)
Let us worh omt each {actor soparataly.

Vo o ' 2
a('r ¥n Ezfuzéoov Ca-—-n (oox)_//_ J—- §<we>';]

° aL z:@an‘(om)i » -5 23 <om>, o, 7 =
n

3 L z (mo) (oo),” + -:a ;"ﬁf‘m) looy, 7

wing multiplication formuls (2, 2) and taking expoctation , we get

- n! n!
503 10t = LA L5 oon] + 22l L5 (oonoon)

. ¢ 7
’ m'!n.,n ix;:‘p(m:}, looy),, /=

i af o & i o @
L 3 ::(mo% (00) | + =<n 1}2* (100),Gooyy, 7
Again multiplying , we g3

2 af
£,(T, )/z* ——j;—-— £ e e =2) {100) (100) (002))

¢ (mt-1) {((naa) {wo))@“_& 2{o0)(on)) 34» 020,
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+ (m*-2) { 4 {100) (010) (0OW); e((ooxxooxxaoo»‘ 3
+ 2 {(ot0)o10) s © + 2oon) oYy, 7

‘ m';m. W?' L2007, {oan)(oon3, +me-1){1o0)100)); {(Dr1oo
2(n-1) ot

-] O
' i tim® g £ tt-t)en-2) {(100)(t00)0ON), {001},

Hmr-1) § {(oo1)(z00); {oo1)y, +2 {(too)ot0))s oor,]
* (om)r, (lnof 7

nl
‘ nel

an*¥(at )t é;u- yie

(OOI)Q <0017|. (300>p

ot © o
W 1)“;:;. " Looi{ {oor’ ((!OO)(IOO)),

2 — B¢ o a'
mnmﬁmu L‘;i'<on> : QOO) 4 *(m"“i ;: l'<m>: ((I.OO)(QO&)>’ -7

+

nt

+ m:n.s ‘ ;:‘ ” '<m\o>‘ 4ood,, <ooz>:.

¢ Hmd) & [ (ma*-2)X (100)001)(003) >} <xoo>

ama*"m* i1
+ 2 {(oon) 10> <mo> J

R ©
’n;u_;"?- uﬂ? f 5‘00) " (00, {ioonoon)

+ (n "‘)
nn'3(nt-) ur I

<oox> oy, Goody (oo,
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+4 a?a éﬁfb‘ (oo, {od>? (100D,

m'w#g(eo;)i @b, G0o)g, ooy, T

Taking expoctation agoin, wo gots

- - — . 7
By E,(T: Vel = m L (' A)mt-2) {poo)oo)co2))

' "
+ (o’ ,.x)i({oozxwo))'ca (ueo)(au))%(owg]
n'-l N ! /
E{200), ©02)  +(m'-1) 2002) (ico)ico
s el isf(' A God o e oD ioolioob 7

- I
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" ] /B
+{m?.3) {onmxmu)"o«omxom) (mo;)3+ 2{{o10) (010)) +2{oonuo))/ |
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) ,

! |
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b | /
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2n-1) . ’ '
;m'am‘:m T gj’,. [(on;,éoo e * (1) 100),, {1o0)002)), 7

(a'eY n*.2) N / /
lco), ({1o0),, {p03),,
m‘gm -1)N-2) tﬁ?ﬂz-{'o > Q °>‘ € 3>‘
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sma'"m'N(N-1) {fir ! /
+ a‘ ;.”((oon (om))’(loo> i J

N / ! '
(m-1fot-1)a'-2) .
) et oo Lo,

N / ! / /
ad) 010),{010),, + 2(m'-1){(001 (o010,
’nmzm! (N-1) ¥ l!;h[< )1< >‘ * 2m ,<( ’m» i z

/ /
+ -1)” {(oon) oo}, 100) (con),, 7

4(n-1)(n'-2 ) =N ' / /
e NN - I{N-2) hfﬂ, ﬂ<,°°1>1- {100} 4 {t01),

N / / 7
* fmt-h) z 001, 00),, {aooyooty 7

(a2)n'-2) (2'-3) , P ,
+- x  {oop, {oo)) (100),, {100 .
nn'a'N(N-l)(N.B){N.s)iﬂcﬂnjtn >‘ { >l{ 2 i { ) i

s (47)
Also ] &y y -
LE®B, (T/o') ] = ;ti— {o10) {0109
(m-1)3 7 ¥ 2{m’-1) " I
¢~z (0o} oo 1) {(100) (00N —5—- (o10)(to0NCOM)

' - 2 2t~ N /
NEIE) L S oo1) mo)’ JHED ey B¢
ad NN | ,“,( h Qoo 7 n.Bm.N(NS?] >t§‘$°°‘)14°°> g

2{a'~1)Ym*-1) "N t /
: ico) (001)) = {oo01), /100Y,, . eer {4.8)
n'am'H(N-l) ( >t#l' i 4 ) :

Substituting (4. 7)and (4. 8) tn (4.6), we can get the exact varianco Ty
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4.3, Varisnco of the Unblased Estimatoy T 4

T T T * Vo = T B )u-l- -l;;e

1, 1 | S
‘a0 T ) T %em

This con aloo be written as

T. 07 B, . +(1+ 2om )V, LMty
4 am nimt amg(m ‘) n‘(n- 1) B‘m Bm

5
m’ (m‘ m-‘ B-l , %: ?imﬁtm I XXE (609,

Now V(T,) =E(r¢) -LE(1y) _7 erse $4.10)

V(T,) = E [u ] By 2o "33(? g )|
(T <E@F T om:(m i) n‘a( ml;ﬁ oo om’

m' - m - a' - n 3
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' I we zotain the torms of the order of e -!._: in (6.12)

arm ahm
and noglacs othors, we get cRor aimplitying *

V(T s Var( T, IR S ¢ Ver (0, T9 5 ¢ 250 R Col T B, )
eres {4.33)

4.8, Varfanco of T, When both N and M are large |
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Tho root torms have alroady boen worked out. Substituting: theaa valaeo

in (4.11) and tqtflnhg tormo of tho ordey of —-::; or E%:Q' and simplifying,
we gat ‘ -
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Thus tho variante of Tg and T4 arc mpacﬁvo!? glvén dy (4.13) ang {4.14).

NM

i i

W LT kg W

TE e

S



L I

.5‘.
Q.b. CmﬁMm of the nago-‘{m Ea timators TS T4
From (4.13) and {4.4), wo get
V(Tg) - V(Tg) = Var Fug B2, + Vor G ) Ty
% c ) -V -V 2
ruufum w(r .m, nt(? ) nr(i )'? f‘

¢ Vor(® ){gmtﬁ"" cov(ym g )2i, Cory .a,m.

m NE AR T DT

o [Var (7 )&NBM 2 Var (0, ) Fne
$27, Bog Cov (T8 F2f, Covd T 17 |
oL Ver G ) ¢ Var (B n‘ sai Covly, B, 07
~ eoee (4.38)
g‘mmcmmmdlhavarhncedrsauﬁTQgimam.!ténnba «
eecn that the undisgsed wmwrw‘winbemaamcbm‘rswmm
Ver( & Ry ¢ B Var (s W¢ 2%, Covel T o0, )

* TPy OOV (o, 0 ) > Var (?' ) ¢ Vee(® FNM

__/

= *%M ccv ﬂ'm' "o WM)

$¢ (4.15) o mstefind then T4 1o to bopreferved to Ty eincaitis
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untinsed apd boe ged dene vostoace. Pat 1f howaver, this is not the caso,
T3 io not iaecoaaariiv_p:derm to T4 sinco it 19 binsed and the blog wifl
' hova to bo taben {ato secount wxceps in the case when Ty = Tang / Faag «
4.7, Estimotes g
Fram {4.13)

V(T ) = Vor (7, m)ﬁguq-\mzﬁg,m, ﬁ:«?ﬁ: *2F W Cov. (7 _o% )

I ptmt
Cazototans estimato of this varviance can be obtalnod Yy replacing tho

pcpula}!nn valuze by the gorresponding azmpld values, Tharefore
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Thuo the estimates of variance of T4 and 'r‘au raspectively given by

(4.17) and (4.18).

6,8, Optimum Allocation of the Ssmple

In this aectlén. we shall cansidey the optimnun ellocation of the
samplo size, whan double sampling is adopted in a ﬁo-staga design, Let
codenaeathamlcwtanﬂmpwa thas it is fixed., This Cocanbo
expresacd as

Cs ® op ¢ e um ¢ ns‘n' *aQ ‘n'm‘
whero tha first companant of codt is proportional to the aumbes of primary
units in the second sample, second componont is proportional to the total
aumber of second-stage uuks in the second sampla, third component {a
propostional to the number of primary  units in the firet sample and fourth
component ia proportional to the tat:i oumber of second -stage unite in the
first samplo, ¢},04,Cy tud 4 are positive constants. Firet we ohall
determins tho opﬁmnn} values of n,m,n' and m’ {or the estimator 's:s nmi
ofterwarde wo shall consider the same for the estimator Ty,
4.8(a}) Optimum Allocation of the Sample Considering the Eetimator T

The cost function which we have conaideved s

C, 2ep +cam ¢ esn' ¢ eén'm' _ (4.19)

] c‘lnl + gzna + esns + c‘n‘

= B e (4.20)

i
. where n,mj oy “am§ agw’ | n, sa'm',

From (4.13) , we hove
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It can be put in the farm as
Y v v v
V(T3) = ‘__.l.—_*. ___2__. + .——1—_’_ 4 e .
n n n . n
1 2 3 4
:2_}_ coe. (4.21)
i n
i
where
v =5 %2 (4.22)
1 brTnNM Tt
V,>— 12X S .. (4.23
2 N ; WM ir ( )
v. =52 2 425, T X .. (4.24)
3 bx NM brx NM_NM
N N i
1 yg? 74 2 X 425
V4 =“"?81er +N1 irx NI}/IXN’M ( )

We want to determine n,m,n’ and m' such that (4. 21) i§ minimised

gubject to the restriction that the total cost of the. survey is fixed. To

achieve this, we consider a function

1

4
G= T —-—1—-;+x(2cn,-co) ce. (4.26)
i "

where X is a constant,

Differentiating ﬁf’ with respect to n,, n,,n, and n 4 and equating all the

equations thus obtained equal to zero, we have
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o T - ‘ﬂ L O sve ‘caq
e (¢.29)
W Yy

g {Z ‘z k-] RN ]
b% nﬁ * e, © {4.30)

From (‘o ?.7). (‘- 38}. (“- 39, and ‘!o 30" we got
I S LY Y% &
ﬁl“l J oy B, ﬁans J c"'na
which is further equal to
v Y V‘ ‘b\/czva q&sva 'y s ‘V N

o

from this , wo have the optimum valuas of a,m,n' and m* ae

L] ,/J‘/

e — o (6.93)
Vo L VoV, bV, ¢V, %‘v‘ 7
oA

(4. 32)
Y - a\/vsh )
' a - ) - LET N (‘- 33,
Vo3 LT, oy kit ooy
\’ Gsv‘
Vv c‘vs
Substituting these valees in (4.21), the optimum varlance of Ty is obtoinsd as

_ .2
vﬁsj)op. , Loy Veavzc sfogVy ¢/ e 7 €. 39)

whore ¥y , Vg « Vg and. ¥ are respectively givéa by (4.22),(¢.28),
(" 8") m (‘- 35)0

¢y &

m' (4.34)
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Va ° W PO W T e T P i B By 0 (499)
| - 2 >
Vs 22 ruMB’ '%‘rm‘ sew (4.39)
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Ve =% Tum T Sy © W % Tou (4.4

Procooding in tho samo maano? &3 we did fox the estimator Ty to
detormino optimum valves of n,m,nf and m', we can show that the
optitnum variance of 'r¢ is glmby

whaso v‘x.vz.vs and V4 8z sespactively given by (8. 37){4. 38),(4. 39)

and (4. 4D),
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¢.9. Nomerical filustrntion

m‘ rosuito which weo have obtoined will now be {llustrated with
raforence to tho data an whoat ¢rep, collocted in Patna district of Bihar
Stote duzing Robi season 1986457 undor the scheme opesntod by Instituse
of Agricultural Reasarch Statistics for evolving sultable sampling procedure.
for ohtatining ra!iablc astimatos of yleld ratos of principnl ceroal crope
ot Commmunity Devalopment Bloek Lavel. Tho dasign of tho suzvey was
ano of two-phass, twos-stage random sanpling in which the flzst-stage units
wors villages and gocendestago units wore fields, In ths firet-phase of
sampling about SO villages were selacted at random in each of the
Commauntty Development Blogks in the district and {n ecch selected villagoes,
4 ficlds wore golected ot yandom for obtaining prosharvest catimates of yield
through eye-oatimation of the yleld of fields. Inthe second-phaso of sampling,
s gubesample of about 25 villages were salectod from the firat.phase
samplo and in cach of those 25 villages, a random pubesamplo of 2 flelds
was golected from tho fivatephose sample of 4 fislda. For the fielda salected
in the sscond-phage, the yield of the orap wag cotimated by crop-cuiting
oRporiments.

‘The data collacted in the survay have beaon utilised to estimats the
viold of whent erop in Kilogyvam per hectare for eagh block in the district,
Tho sesulto oltainod are prosonted 4. Tables Jand If. Tho estimatos
odtained aro presentod along with thoir catimstad varlance and percentage
otandord orrors and buve besn compored with simplo astimatos basod upon
crop-cutting enporiments aleno.




o1

Three type of catimaters havo been considercd?
(1) Simple estimato based upon crop-oulting exporiment.
(1) Blased ratio typo estimatos (Tg)

(i) Unblased ratiostype catimator (‘!'4)

From tablog L and II, 18 1a to bo sean that tho ostimate Ty i
mawmemr‘mmmawwmm&mmm. This
oxplaing that Tg 4s pooitivoly blased and biao 15 gubstantial in somo dlocka.
Alnothavarimoo!’raluamuorthanvarhmoof'rstnmwblockonha

district excopt Asthaswan. Honce for hio type of dota , ‘r‘locemlnly
tohopmterredto'rs.

If ao uso {5 mndo of supplemantary information, the estimate of tho
population mean iz simply given by ¥__. This is tabulated in Column (4)

om
of tadles I and II roapectivoly. From tho comparison of the estimatod
vasiances of Tq and ¥ .+ 18 15 to be seen thot variance of T4 is 1400 then
nmuvmmmmhﬁmaammmmm
Bokhtiarpur. Thatthomrmmedf‘mmmthnnvarmmed?mm
thaso two blocks , may ba due to tho fact that tho covrelation Botwoen the
crope-cutting voluss and aye estimated value batwosn primary units and
within primary units were low for these blocks.




State ! Bihar, District: Pataa, Crop - Wheat, Year and Season 1966-67 (Rabd)

Tadle §

Block wise estimate of average dry yield of wheat {(kg/dectare)

i A tpvre

&

m‘\.

_ ' Meanofthe |Meanof | Maan ofeye-| Estimated| Variance o/
Block om ' oye estimated |cryop-cutt-| estimated yield of the E. (zg)
| yield for fields | ing yisld | yields for (biased) | estimated
_ aslscted for Vo al} fields T, yield
| lergpeutting = - v(T3)
| ®am
\\ : *‘.
(1) 12) {3). _ () {5) —@ {7) 3 19
1.Girlak .28 729.26 gu.m 795.07 1022.50 m6sz.22 1.01 17 28 62,3
2.Asthawan 0.99 662.69 33.88 672.05 666.61 1530.86  5.86 23 84 3997.2
3.Rahul 1.0 612.59 £78.58 554. 86 L1998 L 3872.51 10.52 22 . 30 2233.8
5, Magaurhl 1.09 ms 93 ¢22.96 937.04 1022.81 9584.8Y  9.8%7 19 37 4137.9
6.Chandi ©.83 B846.48 704,59 T50.86 657.7M 880363 14.26 19 22 4089.3
7.Patiganf LO4 644.00 621,23 640,29 666.2¢ 10974.05 185.72 13 26 7805.5
8.Papdarak 1O} 540.47 483.7 446.68 434.850 2914. 57 1.87 28 40 1392.6
% Bakhtlar O.81 698.39 508,67 727.15 594.94¢ 11943, 03. 18.39 20 33 10121. 9

%
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Tablo X

State: Bihar, District ¢ Patna, Crop - Wheat, Yeor and Senoon 596667 (Radd)
Block wise estinte of avorage dry yield of wheas (Ry/boctara )

—

| | Meaoftho of "Mcan of oye- | Eotimnted | Varlanco of [of, | No.of No.of | V()

Block | Tam | OFC cetimated rop-cutt~ astimated yield tho eatimnted| 8.E, | villagoes|villages -

l yicld for fields| ing ylold | ylelds for | (anbinged) | yield (Tg) | {psu)  pelected
; aclected for ) — o}l ficlds T4 viz 4) in the
\ crop~catting En'm" inthe | fivet
'm } aacond | phase
{ . phage a2
N F [ . —r ,

J43) {2) {3) (¢) {5) () ) {8) {9) (10) {11)
LGislok 128 720.26 8€6.08  ¥95.07  929.45 b2e0.5  9.79 17 28 . ma.y
2.Acthawan0.99  §62.69 635.58 672,08 644. 34 2495.24 7.7 28 54~ 3997.2
LRodui  3.06  612.59 578.55  554.86 516. 4 1619. 78 T & 30  2283.8
4.Dhanarva 104 738,44 nv.s1  689.1 667.34 1498, 90 5.80 22 36  2s3.9 |
8.Mosaorhi L.O9  1005.93 922.96  937.04 843.90 5326. 20 8.64 19 87  4T37I9°
6.Chondl 0.83  846.48 70489 790.88 655, 46 3001.33 8.32 19 22 4089.8
7.Pafigan) - 1,06  644.00 621.23  640.29 616. 32 1040. 82 8.23 13 26 7585.8
8.Pandarck 1.01  540.47 €38.71  4456.68 392,64 1750.8 0.7 25 40  1792.6
9. Bahhsiar O.83  693.39 805.67 T27.15 $27. 80 11209.43  20.08 20 33 1.3

pur
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’ CHAPTER V

SBUMMARY
Ia the case of simple zanderm sarpling withous replacement,
unbinsed ratic-typs estimator wase ﬂ:; dovaloped by Hartley and Roas(1934).
They assumed thas the informstion on the suniliary chavacter in ths population
was comaplately cvailabie. Bus sometimes, it happens that this information s
lacking., Under this sitoation, the probism was considered by Sukhatme(l962)
who resorted to the technique of single stags , doudle sampling aad presented
saveral matio-type estimators out of which cue was an asbissed gatizmats of
ths populstion maan, N
In the present investigation , unbased ratisetype estimators for

two-stage sampling dealign have heon presonted whon tha populiticn mean

of the awdliary varichle is known or unknoen., Fer obialning unhizsed
ratio-typs sstimatora, a f6cknique callod *The cxtendod method of
symmetric means® to two-stage denigns hoe been devaloped which ds an
axtension to tho technigne developed by Tuksy (1956) and genuralizod for

the mhi-vu:i?to case by Robson (1987). By vaing this extanded method.
variances of the several astimators congiderved, for the same ordar of
appreximation, have baen worked owg. While siquplifying the expressicns
for variances, wa have asgurned that the number of primary unite and
socondary unite in the populatica are lizge. The conditions cader vhich
unbiased rstio-type esgirmoetors were more efficient than the corresponding
‘bissed estimators for the two situntions vis. whes single phase ssmpling

ia two stages in adopted and when two-phase sampling in twoe-stages ia
adopted, have boan obtained, The estimates of variance in doudle sampling
{or two-stage designa have huuworlw.‘. out. Using a cost function, the
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optimum vadlances for a fixed cost have also been obtained. Ths resuits
obtained in chaptsr IV when double sampling is rasorted to in two stages,
bave besn b (llsstrated with the help of data on wheas rop » collected in
Patan district of Bihag State dauring Rabl seasan 1966 .67 under the lo;ma
operated by L A.R. S, for evolviag suitable sampling procsdurs for odtain-
ing reliable estimates cf yiold rates of principal carenl crops at

Community Developmant Block Leval.
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