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By J. M. SENX GUPTA
Indian Statistical Institute

SUMMARY. There Liss Lboon a good doal of controvorsy In Indis sbuut the choice of e samplo cut
from which it would be posdible to got an unbiased ostimsto of the yield rato of cereal crops. The objoct of
the preacnt wtudy is mainly (i) to give an acosunt of the attompts made to explain tho discrepancies
botweor? tho estimates of yickt obisined by tho Nstionul Samplo Survey (NSS) and thoss oblaisod by the
Statod and (ii) to suggent & rolisble yard stick sgainat which tho NS catimatos could bo toated. The
roanlts of various Lype studice enrriod out st prosont, show that circular cuts usod by NSS and rectangulur
cula usad by the S1atos aro more of loas on the same fuoling »o far as bise st the fickd Jovel is concerned,

Yickl ratos obtsined by harvesting of wholo flolde show alight dovistion from those basod on
sampls cuts. The ides of compluto harve ll(n( of fickds as & valid and practical basis for losting the sample
cut onls should, therefore, bo d. Thep dure is too costly and can hardly bo executed
oa any reasonablo scolo under aduquate control to provont tho incidenco of large non-sampling orrora.
An aliomativo mothod, which is freo fram oporationul biss and which does not omploy any configurationst
unit for swmpling, has boon suggosted hore.

1, HistomicAL B ND OF THE NT DEVELOPMENTS

Euarly years. Sinco tho last two decades, there has beon a good deal of controversy
in India rogarding tho choico of a samplo cut which would givo an unbiased estimate of yiold
rato for the corcal crops. A bias may creop in at any of the stages, right from the sclection
of tho samplo unitas, harvesting of the ultimato sampling unit and finally in tho estimation

proceduro jteolf. Al our attention howover has eo far ined confined to p ibing tho
ullnullo umphng unit, so as to minimiso the ascertainment error, whilo other upocla of
pling, lisation of tho pta and epocifications havo reccived very littlo thought.

As a scquol to the pioncoring work initiated by Hubback (1027) in the carly
twenties, followed by Dealimukhin 1023 and Townend in 1938, studics on crop-cutting oxperi.
nients omploying cuts of small sizo were being continuously carried out by the Indian Statis-
tical Instituto (ISI) sinco tho year 1039 on Juto and later, also on pmldy crops. The incidonco
of an overestimating bias in cuta of emall sizo was noticed in tho year 1930 itsclf (Mahalanobis,
1940), but tho sizo of samplo in this ycar was rathor amall. Tho oxperiments in 1940 woro
on a nioro oxtensivo scalo, whon the nature of this Lias was put forwand {(Mahalanobis, 1941)
in & published roport. A ion to this pl was drawn also in subscquent publica-
tions (Mahalanobis, 1944; 1046).

Tho Impcrinl Council of Agricultural Research (ICAR) now renamed as the Instituto
of Agricul h Statistics (IARS), also conductod similar oxperiments with cuts of
varying shiapes and sizes, Tho incidonco of overcetimating bias in small cuts was noticed
in tho ICAR oxperimonts also. ICAR howover got highly biased results in somo of its ex-
porinents with small cuts of difforont sizes and shapes (Sukhatmo, 1644-456; 1945-46; 1947),
but in the IST, magnitudo of this bias was not so high. Whilo ICAR totally rejocted tho uso
of small cuts and inaisted on taking lurge reotangular cuts of tho order of a tonth of an acro,
ISI imyp 1 jta crup-cutting inat and was watisficd that cuta of radius 6°.8' woro
practically freo from this over-cstimating biss (Mahalanobis and Sengupta, 1951).
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Since then, the ISI instrument has been very much improved and provided with auxil-

isry devices that aid in sharply dofining the boundaries of the samplo cut. Besides, a special

of erop atanding just on the perimeter uf the cut, has made a circular cut of 4’

radius entirely satisfactory (Sengupta, 1961), This war accordingly introduced into the

National 8ample Survey (N8S) for its crop-cutting oxperiments since 1957. A brief account

of the exiating NSS technique for the location and harvesting of a sample cut within the selected
ficld have been given in the Appondix.

The size of the sample cuts adopted by the ICAR has since becn considerably reduced
from onc-tenth of an acre to 1/80 and oven 1/100 of an acre in differcnt States. The difference
in cut size botweon the ICAR aud ISI has thas considerably narroweil down. The choice of
a small cut by the NSS which employs a mobile staff, is bound up with the type of its field
organisation. Besides, it was cconomic and being small the crop could be threshed and weighed
on the spot with groatest cars. And although the variance within fields is highor for smaller
cuts comparord to that obtained with larger cuts, the vontribution of this component towards
the over-all error of the sample becomes unimportant, as the numbor of sample fields increases.
The States, having pesmanoat staff stationad all over it, could easily afford to take up largor
cuts without any spocial diffiecnlty, and wore reluctant to brosk away from the traditional

practice of using large size vuts.

Years since the inceptivn of National Sumple Survey (NSS). Since its 13-th round
in the year 1957-58, the National Sample Surveys are bringing out estimates of produotion
for the important cereal crops for the whole of India. The acreage is obtained through a
direct observation of samplo plots, while the yiold rate is obtainod by crop-cutting oxperi-
ments with circles of 4 radius in randomly selected folds. The outturn thus estimated
was found to diffor appreciably (by about 339%, in 1957-58) from the offivial figures which aro
estimated on the basis of acreage mostly compiled from Patwari records, and yield rates usually
obtained with samplo cuts of a larger size in the shape of rectangles or triangles. In the
present days of acute fuod shortage this unceitainty about our own resources has naturally
caused a good deal of concern in all quartors. Instead however of checking up these produc-
tion figures against the consumption totals objectively determined, or by a critical review
of the official Agures thomselvea, doubts have heen raised regarding the validity of sampling
methods outright.

Object und scope of the presenl studies. The object of the present studies is to
(i) give an account of the attemupts so far made in explaining the discrepancies between NSS
estimates of outturn and officinl figures, (ii) enumurate possible sources of defects in the
official estimates that have yet to be exlpored, (iii) enumurate the clements of bias in the
existing N8S technique, if any, and finally (iv) to suggeat a relinble yard-stick against which
the NSS estimates could be tested on the basis of specially conducted experiments.

This paper will however deal only with problems of looating and demarcating a sample
cut, in 8o far as thoy affeot an unbiased eatimation of yield rate at the ficld level. Bias
introduced through the process of selecting the fields or of the higher stage units and in the
estimating procedure iteelf, will not be considered here. The discussion in the earlier para-
graphs is intonded morely as o general hackground of the ourrent problem and to give an idea
of the urgenoy and relative emphaais due to ita different aspects.
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2. REOENT ATTEMPTS FOR AN APPRAISAL OF THE NSS OROP-CUTTING TECHNIOUE

Joint studies on the performance of sample ouls employed by the NSS and by the States.
In the year 1960, a Tochnical Committee (TC) was set up by tho Central Statistical Organi-
sation (CSO) to investigato into the reasons for a large divergonce between tho NSS cstimates
and the official figures. Special type lies were lod by this i to ascer-
tain how far the samplo cuts used by” NSS and States woru responsible for this. On thesoe
rocommendations the CSO drew up a scheme of crop-cutting oxperiments to bo conducted under
the joint supervision of the NSS, State and ISI.  Accordingly Typo-I studies, in which both
the cuta were to bo harvested in common Relds under the closest supervision and control have
boen earried out at Bundi (Rajasthan, 1960) and Barh (Bihar, 1961).  These studies did not
however roveal any significant divergence botweon tho two types of cut. In 1062, the
Planning Commission set up anothor high power Technical Committoo for furthor investiga-
tiona. A second scries of studies celled Type-II exporiments were nccordingly conducted on
an oxtensivo Stato-wiso scale under more or loss normal working conditions, both the cuts
being however taken from a set of common fiolds. These achemes included also a programme
of having as many of the sample fields wholly harvested as possiblo, to as to provide with
nn ultimate chock on the sample cut estimates, In thoso oxporiments also. tho two types
of cuts did not show discrepancics which would explain tho divorgenco botween Official
figuros and NSB estimates.

A small divergence of tho whole field rates from sample cut estimates so far as the
circlo is concerned, is not an unexpootod featuro in the experionees of the ISI. In foct,
validity of the whole ficld ratos being accopted a8 an yard-stick for the verification of the sample

tioned and di 1 in subscquont paragraphs. A summary of

cut cstimatoes has boon q
resulta obtained from these Type-I and Type-IT oxperiments (Report on the Type studics
prepared by ISI)0.1.2 hag beon given in Tablos A.1 and A.2 in the Appondix.

In rotrospect, such a jeint atady for the resolution of the differences botween ICAR
und TSI was propnt wl by the Indian Statmtical Institute na carly as 1956. and a concretoscheme
of joint crop-cutting exporimonts in U.P. on wheat was drawn up jointly by tho ISI and
Dr. P. V. Sukhatmoof tho ICAR. The project however did not ultimately materinlise and this
important problem remained shelved for guite & long tinie.  In Foburary 1947, at the sugges-
tion of Dr. W. E. Deming of tho US Bureau of Consua then visiting India, ICAR was invited
to join in a round table conforence at Caleutta to discuss the existing differences.  No res-
ponse was however roceived from ICAR. Finally. in its meeting on 25 October 1948, ICAR
Statistical Committeo docided that a joint investigation was not any mero nocessary. In
February 1940, Professor P. C. Mahalanobis from the Indian Statistical Institute mado o
Inst offort and urged ICAR to conduct a joint study, but this also met with the samo fato,
Wo are now at exactly the uame spot as wo were some nineteon years back.

oA roport on the joint crop-cutting oxporiments on kharif Jowar in Bumili (Rajasthan)
in November-Decomber 1980 and on rabi whoat in Barh (Bibar) in Fobruary-April 1881 (mimocographod
1064).

180mo romilts of the Typa-LI studies on masixe in Bibar, August-Soptomber 1903 and paddy in
Andhria Prudosh, bor- D bor 1063 (mi D 1064).

2Report on Typo-II studies on whoat in Uttar Pradosh, Fobruary-Msy 1865 (mimeogrephod 1885),
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Special studics conducted by the Agricultural Statistics Division of the NS Direclorate.
Tho Agricultural Statistics Division (ASD) of tho NSS Diroctorate had also beon condueting
a parallo] sot of experiments sinco 1060 in theso Statos, whero the Stato oxporimonts employing
roclangulac or triangular cuts aro carriod out under its tochnicsl supervision. Tho ASD
supervisors woro asked to take ono circulor cut of 4" radius from every ficld inspocted by them
to match against tho State cut in tho shapo of a rectanglo or a trianglo. This incidentally
provides with an additional materinl for comparing the NSS circles with the Stato cuta.
Tablo A.3 in tho Appondix gives o summarised account of the results compiled from the Report
by tho NSS Diroctorato™ ¢ relating to tho yoars 1960-61, 1061.62 and 1062.63 which shows
o very satisfactory t tho NSS cuts and Stato cuta, It may be noted that
the circular cuts were hnr\ ested by tho suporvising stalf and not by tho primary staff normally
employod. Novertheless, tho goneral agrcomont in the results is romarkablo and at least
roveals thot thoro was no inkeront difforonco botwoon the two types of cuts.

Whole field rate as a reliable yard-stick for appraisal. In the above typo studies, it
has bieen takon for granted that the whole fiold rato obtained by dividing tho whole field produco
with its total crop arce would provido the most valid basis for an appraisal of the eamplo cut
estimates. Tho quantitative differonce in the scalo of oporations involved in the two cascs,
loading almost to a qualitative departure, should not howover bo lost sight of. While the
samplo cuts tho yield p ial as ding on tho ground per unit of acre, permitting
littlo loss in tho etages of harvesting, a wholo field harvesting is altogether of a different dimen-
sion with uncontrolled losses in all the atages of carrying, storing, threshing and weighing,
and reprosonts the ‘exploited total’ under the existing technigue of exploitation. An improve-
mont in this tochniquo, mechanization in harvesting for instanco, may altogothor chango this
tochnological ratio in largoe scalo exploitations.

Ordinorily, it should be onough to chock up the findings of ono samplo by another
independent samplo, porhaps with variationa in the sampling tochniquo (one such scheme for
catimating yiold rates has boen discussed later).  As for the residual sources of bias that may
romain undotocted, it would bo through e thorough chocking at evory stago of tho operations,
that the weaknossea will have ultimatoly to bo spotted.  Thero is no escapo from this ulti-
mato responsibilily, If for instance, eamplo ostimates continue to diffor from the go-called
population values for somo unknown reason cspocially in tho samo direetion, this task of apott-
ing out of tho dofocts by all sorts of tochnical as well a3 administrative, will havo
to bo undortakon any way, unlcas sompling as an estimating tochniquo is writton off.

In tho joint studies discussod earlior, wholo fiold harvests woro carried out on an ox-
tonsivo scalo with & maximum of supervision that tho circwmstances permitted. Total yickl
thus obtained is thorofore not oxactly what a cultivator would get ordinarily, nor what woukl
bo obtained through samplo cuts takon with tho uasual caro. DBesides, it is not always so
casy to get tho corroct moasuremonts of crop arca samplod, unlees dono by really skilled
Anins and porforably with’ indopondent replications. During tho investigations mado at
Giridih in 1983 (results given in tho Appondix), considurablo discropancios botwoen roplicated
mossuremonts relating to the samo sct of ficlds, havo somotimes been observed.

#Roport on circular cuts conductod by tho NS3 Suporvisory Staff in tha Ag 1 intical
Division 1000-01 and 1061.02 (mimoographod 1002).
$Roport on cireular cutw conductod by the NS$ Suporvisory Staff in tho Agricultural Statistical

Division 100203 (mimoographod 1043).
300



CHOICE OF SAMPLE CUTS FOR NATIONAL YIELD ESTIMATION SURVEYS

3. CERTAIN WEAKNESSES IN THE OPPICIAL METHODS OF ESTIMATION
TUAT HAVE YET TO BEZ REMOVED

From tho special studics discussod abovo, it appears that the large divergonee of
NSS astimates from tho official Ggurcs can hardly be oxplained by tho 'mis<lemonout’ of
tho samply cuts, roctangular or circular, i.0. by tho small discrepancics at tho ‘cut’ lovel,
To isvlate tho major factors cansing this divergonce, wo must have to look up elsowhero.
Officinl catiniates of crop acroago aro basod on Patwari returna (villago level official, among
tho multifarious dutics luaded into whom, preparation of the crop returns is merely ene)
for the tomporarily settlod provi whilo in the p Ty rettlod States liko West Bengal,
other Agencica (Sample Survoy in W.B.) furnixh tho estimates. Upto the year 1048.49,
no regulur agoney fur reporting crop statistics existod fur about ono-fifth of India, known
asthe * porting’ arcas. A sul ial portion of this area has sinco been Lrought under
the system of ‘conventional reporting’ (NSAIB Report),® tho oxact nature of which is not
vory clear. This leavos a atill non-reporting aroa of the order of 119 of the Indian Union.
From tho abovo Roport it also appoars that in a Jargs number of States, tho final area csti-
mates havo to bo drawn up without utilising tho actual acreago based on crop inspoction
(NSAIB Report, 16) and due to dolay in submission of crop-cutting returns, “a largo number
of theso returns cannot bo utilised for framing estimatos of yicld fur purposcs of tho various
forocasts” (NSAIB Roport, 23).

1

Estimates for theso * ' and ‘non-reporting’ regions aro presumably built
up on ad-hoc reports rocoived from indefinito sources. Tho non-roporting arvas (poasibly
the rolatively under-developod tracts) must bo doveloping fast and the ad-hoc system of
roporting fur theso arcas should be replaced forthwith by suitably regularised agencice.

1t is well known that no uniform proceduro is adopted for tho wholo of India on the
mothod of crop enwmeration which varics from Stato to Stato and ovon within the samo
State. Arca unler component crops sown in & mixturo aro moro or lcss arbitrarily arrived
al. ‘Tho basis of allocation also differs from Stato to Stato, somotimes carricd out at the plot
Jovel and sometimes at the district or State level. Somo of tho minor components in erop
mixturo are also arbitrarily kept out of the routino crop returns, which taken over the entiro
Stoto might acsumo considerablo proportions.. Al theso render the official culimates of crop
screage open 10 much donbts,

NSS, on tho other hand, does not attempt to allocato a so-called net area to tho com.
poncni crope when sown as 8 mixture. It crodits tho entiro geographical arca to cach of
tho components, earrics out crop-culling experimonts in all kimls of plots sown singly or in
mixturo and relates all yickls to the correapomling geograplics! or ‘gross” acreages. In
its 13.th round, NSS mado an artificial ellocation of tho P erupa ling to the
eye-cstimated proportions of arca occuplcd by each at tho fickd leve), and thus an estimato
of tho ‘effectivo’ or 'net arca’ was also worked out tentatively. Thia so-called ‘notarea’
wea moro o leas in nominal agreoment with tho official ‘net arcs’ figurvs, and sinco tho outturn
figures wore widoly divergont, the ontire divergonco was attributed to tho defect in the esti-
mation of tho yield rates.

*Roport of the National Btate Agriculiural Intelligence Board, Aprd 1001, on Crop Statiatics in
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In mixad cultivation, tho yield rate of each individual componont ts proportionataly
much highor than tho ficlds cultivating thom singly (Mahalanobis, 1045, also NSS Roport
No. 38). In other words, with 8 rolative intonsity of say 60 : 50 in & wheat-barloy mixture,
the yivld rato of wheat is found to Lo much above ono half tho yicld rato obsorved
in ficlds whero wheat fs grown by itself.  Thus, if tho official yicld rotes of wheat refer meroly
to fickls cultivating wheat singly but wheat-barloy mixtures are left out of tho oxperimonta
(as in U.P.} or if tho svlection of wheat ficlds is otharwiso biased, then tho official estimates
of wheat outturn might bo approciably affucted in apite of tho nominal agreement botween
tho cstimates of a so-callod 'not acreago’ under wheat.  This calls for a caroful roview, In
fact, tho nood for an appropriato weighting of tho specifio yicld rates in puro and mixed
pluts, by their reapeotive screages havo been particularly strossod in tho NSAIB Report, p. 24.

Finally, tho estimation procoduro adopted by tho NSS and by tho States in arriving
at tho cutturn figurcy should also Lo carofully roviowed for an oxhaustive investigation into
tho sources of disagreomont.

4. ELEMENTS OF BIAS IN THE EXISTING NSS TEONNIQUE

It has already boon pointod out that in NSS cuts, a biss upto tho ficld level, if any,
docs not explain the Jarge discropancy Lotwoon samplo estimates of outturn and the cor.
responding officinl figures. It s quite possible of courso, thot the NSS techniquo for crop-
cutling oxporiments still suffors from somo clomonts of bias, which although small could be
furthor reduced.  The sources from which a samplo estimates for zelocted ficlds may got biased
may bo enumoratod as: (1) bias at tho out lovol i.0. in assossing the correct yiold duo to a demar-
cated cut; (2) bias at tho fiold lovol, i.e. in arriving at tho yiold rate of a solectod field.

Dias at the cul level. A bias at tho cut Jovel may bo induced either by instrumental
errors ot in tho idontification of the crop-planta falling within the cut onclosure. So far as
tho circlo s concernod, tho tondency of overfunder inclusion of plants, if any, is largely neu.
tralised by tho epecial procedure laid down for the troatmont of border plants sco Appendix).
Bosidos, with tho improvod apparatus now in use, the chances of over-stopping the circum-
ferenco or falling short of it is very much reduced.  For larger cuts in tho shapo of roctangles
or triongles, tho porimetor is proportionately very amall and thus a porimotor bias is unlikely
to affoct tho yicld rato seriously.

Bias at the field level. Thero will bo a bias if all units constituting tho total okl do
not got an cqual chance in sclection.  This may ariso from : (1) an operational dofcct in tho
act of location, leading to a discontinuity in solection; or an undor.rop ion of particular
atrips; (2) configurational restrictions imposed by tho sizo and shapo of tho samplo cut vis-a-
via that of the samplo ficld, leading to an under-sampling of tho ficld borders.

Existing method of location in integral steps, Tho location of random points within a
solected ficld at discroto Intervals of integral steps is a dofcet, porhaps a minor ono, sinco
it precludes tho chanco of locating a point in botweon two integral stops and thus leads to
an undor-sampling of alternato strips in a systematio pattorn, Bosides, it causcs total non.
sampling of a atrip noarly ono foot wido, all round tho Lorder, 8 minimum of two stcps
(2'— 67 each) boing needod fur the location of a full cut of four feot radius.

In ordor to study the offoct of varying units of moasuroment on tho location pattern,
& amall oxperimont was conducted ot Giridih in 1904 and tho results, although inconcluzive,
aro rocordud licro 0s an item of goneral intorost. Tho dotails of this oxperimont and its
findings have bocn furnished in tho Appondix.
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Under-sampling of the feld borders and rejection of partially included cuts. This is
a phonomenon which affucts tho largor cuts nioro eoricusly thnn cuts of a emaller izo, For
circular cuty, o strip 4° witlo, all around the ficld is under-sampled.  In tho absenco of any
difforential in yicld rate towards tho borlers compared ta the central parts, this may not
scriously sffuct tho rosults. It would bo desirallo however to invesligato this question moro
closcly, s0 as to climinate this source altogother.

In NSS crop-cutting oxperiments, cuts falling near tho fiold borders, of which only
o past falls insido tho fick! and henco collod ‘partial’ cute, are harvested and an oyo-cstimation
ia made of tho percontoge of cut arca actunlly included within the field. But another full
cut in substitution of such "partial’ cuts is also taken from tho same fickl. In the estimation
of yiold rates, tho *partinl’ cuts aro howover oxcluded. It will Lo intercsting to find out how
the cstimates aro affected if tho ‘partial’ culs woro accepted as such.  Wo may, for instanco,
work out tho yivld rates Lased on ‘partial' cuts and comparo them with the samo obtained
from their full-cut substitutos. For estinating theso yicld rates, total yicld oblained from
tho ‘partial’ cuts will havo to bo inflatod by the inverso of tho eyo-cstimated proportions of
cut arca included within the field.

Tho following tablo gives tho unweightod yield rates in tolas per circle® of 4° radius
basod on ‘partial’ cuts and thoir substitutos as in tho 13-th and 14-th rounds of tho NSS.

TABLE 1. UNWEIGHTED MEAN YIELD IN TOLAS PER CIRCLE OF 4’ RADIUS, AS

OBTAINED FROM ‘PARTIAL’ CUTS AND THEIR FULL-CUT SUBSTITUTES IN THE
13.TH AND M.TTH ROUNDS OF THE NATIONAL SAMPLE SURVEY

numbor of cuts _ totals por circle
prirt

_— radius .e. of flolds with
ccop slate NSS  all ‘partial'  basod on Liff atudonta b ol
rounds with ——————— cole. (5)-{6) ¢ ‘partinl’ *portial®
substi-  full  partial  withse. cute cule
tulen eut .  out under  toall
estima- kis
ting
[tH] 2 3) ) {G) {6) [©] 8 (9) (19)
orop : winter poddy
Uttar Pradesh " 108 12 67.8 62.7  4+3.130.9 0.73 60.0 8.1
Qriman " 184 s 4.8 47.0  =0.643.0 0.37 20.0 2.0
West Dengal 13 369 2 67.5 70.9 —3.410.8 0.53 2.9 5.7
£ 213 17 00.8 60.2  +3.3%6.1 0.54 47.1 8.0
Andhra Pradesh 1 263 13 #8.1  102,0 —3.9£6.7 0.58 40.2 8.0
Madras 1} 109 6 08.1 9.0 +1.210.2 0.!: 40.0 4.6
Dihar 13 334 19 51.8 487  $8.933.0 1.58 n.7 5.7
113 201 7 47.0 9.4 7.640.9 1.10 2.9 LN
crop : spring wheat
Rihar M 158 8 41.8 33.0 +48.840.6 0.93 50.0 5.1
Tttar Predosh 13 al 23 48.8 45.2  +3.318.0 0.80 88.8 5.3
erop ¢ winier fower
Vttar Pradosh 111 147 5 10.1 16,0 +0.143.8 0.03 0.0 3.4

® Tola = 11,7 grams {spproximato)
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Tho ‘partial’ cuts, i.o. rojoctod bordor cuts, porhapa show a slightly lowor yicld rate
compares to their substitutes, the differences being howover innignificant in all case and the
proportion of tho fickls in which ‘partial’ cuts have occurrcd is sgain vory small. Tho resul.
tant offuct on tho ovorall yivll rato oven by accopting tho ‘partial’ cuts would thus bo negli-
gible. Tho numbeor of cuts considorod hero aro of courso too small; planned oxporiments to
bring out this trond woull bo really interosting.

5. AN YARD-STIOK FOR THE ATPRAISAL OF CONVENTIONAL CUTS
Non-confiyurational units for sampling.® As di  carlicr, comploto harvesting of
wholo fichls is neither a practical nor a suitablo Lasia for testing the nicrite of samplo cuts,
circular of rectangular, Obviously, a tochniquo unaffectod by the sizo or shape of tho ulti’
mato sampling unit, would servo us best as an yard.strick for appraising the conventional
cuts, which s wo suspect aro affected by their size and shape. The fullowing preroguisites
shoulil also bo fulfilled as nearly a8 possiblo :

(i) quantity, i.o. bulk of the crop in the units employed should bo com-
parablo with that obtained from the conventional cuts ;

(ii) thero should bo no ambiguity or bias cither in defining and ilentifying the unit
or in its sclection from tho total ficld;

(iii) tho oporational proceduro should Lo simplo, so that a few investigators coulid
guido a largo toam of Jabourors withuut unduo cenfusion,

All theso conditions, can vory woll bo satisfied, if 8 scloctod ficld is harvested in small
bundles of ncarly uniform size, numbeting thom sorially and thon sclocting s number of
samplo bumlles cither at random with repl or lcally with a random start,
‘Tho scloctexd units would then Lo threshed and weighed separately.  Obviously, lack of uni-
formity in tho sizo of bundles would not introduco any Lias in tho cstimatod yivld rato, apart
froru an increaso in variability. If tho variability in tho yickl rate por bundlo unit happens
to bo roasonably mmall, tho number of such units required to givo a dasired precision should
Lo & moro fraction of the total produco. Tho subscquent slages of threshing, drying and
woighing oporations would thus bo performod under conditionstomparablo to thoso in harvest-
ing tho convontional cuts.

In harvesting, & labourvr goes on gatharing plant after plant, until his hand f.o. fist,
ia full, which ho lays down somewhero on the ground, ao that,a headlond of adequato size
is built up. In somo arcas, the labourer ties up each handful with tho floxiblo stalk of ono of
tho planta constituting tho handful. Such handfula therefore rotain their identity and onli-
nary handling docs not undo thcso tics, It in ovident, that a handful measuro will vary from
porson to porson, tho fists of an adult boing bigger than that of a Loy’s, a man's from & woman.
Notwithstanding this, variability in tho weight of paddy in singlo handluls (1.£.) or per head-
lvad (h.1.) of & spocific #izo, has Leen foursl to Lo reasonably low in the try.unt experiments
conducted at Giridih in the ycars 1903 and 1004, aa will Lo scen from the reaulta given below,
Tho particulars of tho oxporimental procoduro aned detailel results havo been given in the
Apponclix.

#V. Nomchinov (USSR, 1032) has doscribel & method of sheal-sampling”™ or #heap-sampling™ in
hiv papor “Moasuromont of erop through sampling™ conceplually on the sae lines, although the operas
tional proceduro i difforoat.
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Basic resulls. Tablo 2 below gives tho mean yield rates of paddy in grammes per
unit, based on the different sizos of sampling unit along with their cocfBeienta of variation.
In 1963 single handfuls in Fiold 1 and 'DBL’ unite? in Ficld 3 were drawn in a second stago
from cach hoadluad of 32 and 16 handfuls respectively. In Field 2, tho wholo crop was
harvested in hoadluads of 18 handfuls only. In 1064, subsamplea in bundles of 8 handfuls
wore drawn both at randum and systematically fur the Fiekla 1 = and in handful units selectod
systamatically in Fiokl 5. But in this tablo, results basod only un the random samples have
been shown except for Fiokl 5 in 1964, which was aystomatic.

Although the sub-headload units (1 h.f. and 2 h.f)) in 1983 wore drawn from within
cach headload (into which the whole crop had in effect boen stratified), thoy are hero consi.
derd to have been drawn unistago and the coefficients of variation shown in col. {5} were
computed accordingly.

It will bo seon that excopt in Field | of 1864, which was a partly inundated plot with
oxtromo heterogeneity, the coeflicients of variation in bundles of 8 handfuls to 32 handfuls
rango from 17%, to 20%, while the samu botween single handfuls range botweon 256%-289%,.
Tho variability between hundlo units of differont sizey thus sconis to be of & similar order as
that obtained with convontionsal euts. Tho results in greator details have beon given in
Appendix Tables A8 and A9,

From these results. it appears that o sample of 25 bundlkes of say 8 handfuls per tield
could ostiate the fiokd total with an error of 4%, vr su, while romaining perfoctly unbinsed,
This method can thorefure be profitably utilised for an unbiased estimation of the fiold total
and honco furnishes a practical basis for testing the performances of other meothods.

TABLE 2. MEAN YIELD IN GRAMMES PER UNIT WITH THEIR COEFFICIENTS LY
VARIATION, GIRIDIH 1883 AND 1084

yiell in gma. of peddy

yoar/Geld number of per unit

wnits number units —_—
moean a.wv.
1) (2) 3 4) {8)
1. sumplo bondCuls (1 h.f) 6371 450 82.5 28.6
84/5 T4 78.0 25.8
2. 'DBL’ units (2 h.f.) $3/3 450 226.8 25.5
3. samplo bundles of 8 h.f. s4/1 a2 403.0 v
64/2 50 804.0 17.2
04/3 50 733.0 17.4
04)4 100 844.0 18.8
4. hoadloads of 18 h.f. (pop ) 43/2 411 1681.0 20.8
63/3 226 1838.0 18.4
5. headloads of 32 h.f. {populati a3t 225 2627.0 20.3

TBinary units first introdusced by Profossor D. B. Lulici of the Ladian Statistical Institute in 1952
for sampling and honoe namod as *DBL’ unit after him.
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It would be noted horo that tho labourcrs wore oxpected to harvest in bundles of
uniform volunie and the 1 if in tho grain per bundlo is incidental,
It will bo interesting to conduct fresh oxporiments in ‘which tho labourors will bo askod to
harvest in bundlve containing any enokg. of pakdy.  With tho oxperioncod eyos of a cultivator
this may be quite offoctive in bringing down tho coofficionts of variationa to a still lowor lovol,

Operational procedure for an unislage selection of small bundles, Tho mont efficient
arzangoment would bo to samplo unistage, omploying sampling units of a vory small sizo.
Ono way tosimplify tho soloction procedure woulil bo to harvest in medium.-sizo bundles of say
10 handfuls, but to mako an unistago seloction of smallor units of eay, single handfuls by

ging the handfuls in any ordor {or by o frosh splitting into ton parta by an
oye-ostimation) for only thoso bundles within which a scloctod handful chancos to fall. The
rango of tho ramlom numbors woull obviously be ten times the number of bundles harvestod,
and to onsuro an unbissed eolocti 5 of the handfuls within tho relovant bundles
must bo comploted befure the actual soloction is made. Thoe same procodure may bo adopted
for & systomatic scloction as woll.

Operational cosl.  As harvesting progresses, moro anid more of the harvesting hands
oan bo roloased and divorted for carrying tho hoadloada to the central yard for threshing,
olearing and winnowing. Sinco tho schomo aims at o pling of ficlds by throshing and
woighing of only s limited numbor of headloads or Lundles, although harvesting will have
ta bo dono for tho entire fiokd, the subsoquont oporations would bo roduced to a mero fraction.

6. SUMDIARY OF FINDINOS

From our past and rocont exporionces it appoara that both tho circloa and tho roct-
anglos bohave more or loss similarly,

Yiold ratea obtainod by harvosting of whole fiolds show a slight doviation although
insignificant from thoso basod on sample cuts. This may howovor bo ascribed to uncontrolled
Toascs in whole field harvosting loading to an undorestimation, uncertaintics in aroa measure.
meat and fiaally to tho sampling orrors in ssmple cuts apart from a small residual bias, if any.

The samplo cuts omployod by the NSS may be considered to bo froo from bias at the
cut Jovel, but othor sourcos of biss may still lingor to afcct tho estimatos at tho field lovol.
Although tho msgnitudo of any such residual bias appoars to bo very small, in fact
nogligiblo, certain atops to reduco thom aro suggosted for furthor investigations.

(i) Under-sampling of the field borders (which in case of smaller culs (s a very small
Jraction of the total field) due to the sejection of partially included cuts. Tho data collocted in
the 13-th and 14-th rounds of tho N§S, do not bring out any differontinl in yiold rato within
4’ of tho fiold borders, compared to tho rest of tho ficld. Nevertholess, it may bo advisablo
to take tho amallor cuts of 2’-3" ralius or to admit tho ‘partial’ cuts instead of substitutions.
Tho offoctive size of the partial cuts may bo road off with tho help of a suitably calibrated
scale,

() Non-continuoue location of random poinls at discrele intervals of integral aleps.
This can bo linp, d by ing the i in tonths of a stop, tho tons being counted
in full stops and tho tonths boing road off with a small scalo of 2°.6° divided into ton equal
parta,
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Tho idva of having ficlils harvestol wholosaly, as a valil and practical basis for
testing the samplo cut cati should bo inod, Tho procelure is too costly and
can handly Lo 1on any Lio scolo undur adeq control to | neid
of largo non-sampling crrors.

Tndepondont roplicativn of feld arca measuremonts through trainod Amins has
rovealod sorivus discropancics in & rocent exporimont.  Whole ficld yivld rates obtained by
diviiding tho wholo fiold produco with tho ficld arca is thus liablo to appreciablo uncortaintics.

Instead of senrching for a ‘population valuo' to tost thoe morits of a samplo cut of any
particular size or shapo, an alternativo method froo from oporational bias and which does not
employ any configurationsl unit for pling, haa bocn suggested as follows :

A solocted fiokl may bo harvestod wholly in moro or loes uniform bundles and out of
those, a selvction of bundles, oithor at lom ot ey icolly may bo made, which would
givo an unbiased cstbuato of yiold per bundio and hienco total outturn for the field can bo
obtained. Tho scalv of oporations involved in dealing with those samplo bundles will be
similar to that cenployed in taking ional cuts, threshing and weighing boing comploted
on the samo day and thus will bo on a comparablo fouting in all respects.

Uniformity in tho sizo of bundles is devirablo, but not tial. A lack of uniformity
may increase tho variability but would nut introduce any Lisa. Tho uniformity in practico
bas howover Leen obsorved to be remarkablo in tho prosent exporiments. A unistago sclec-
tion in bundles or ovon of handfuls is feasiblo if tho harvested sheaves aro arranged on the
ground in suitablo groups. Thoe variability in tho yicld of singlo handfuls is found to bo of
tho onlur of 30%, which with Lundles of 8 h.f. comes to 209%. Thus with a samplo of 100
bundles it shoull be possiblo to estimato within 2% crror for an individual field,

It is nut howover suggostod hero that tho conventionsl samplo cuts bo replaced by
bundlo sampled in yivld eatimating surveys. It ia perhaps costlicr and connot bo Ieft to tho
solo caro of a primary Invostigator.  An adoption of this mothod of sampling in a sub-samplo
of fickl whero onlinary cuta have been takon should prove us with a very good check over tho
latter. Itncod hardly bosaid, that an unbiasod eamplo catimato, albeit with a amall sampling
orror, is much to bo preforrod to a so-callod *population’ figure independent of sampling orrors
but lisblo to uncortain non-sampling orrors. As a mattor of fact, wholo ficld enumoration in
future typo studics can casily Lo roplaced Ly & threehing anid weighing of only & samplo of
bundles or bagfuls although the harvesting may bo earriod out in full.
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Appendix

1. NSS TEOMNIQUE OF CROP-CUTTING WITIIIN A 8ELECTED FIELD

Definition of crop-arca. In xpeaking of tho crop ara constituling a erop flold to which tho yiold
mtes tofor, it must be mado cloar aa to how the ail arvas, i.0. the rised foot-patha or bunids demarcating
ila latics aro to bo nllacated. Tho ionnl practico with somo of tho Stotes and evon with the
NS3 in its earlier rounds, was to connidor a Rell oxtending up to tho mid-ail line, such that all fickls taken
togother would account for tho ontiro goographical area. Tho NSS haa sinco modified this practico and
dofines the fiolds a3 oxtonding up to tho insido oot of tho ails, tho il area boing reportod scparatoly. What.
evor b the pructice, in making comparisons botween two typea of ssmplo cuts among thomsolves or batween
& samplo cut and wholo fihd ostimates, tho definition of the crop nroa samplod must bo kept indontical in
both,

Lecation and demarcation of sample cuts.  Within a soloctod field, tho contro of the sample cut is
Joeated with tho help of & pair of randora numbors represonting tha two coonlinates which nro mutually
at right angles and mare or lews parallel to tho sides of the field. Tho full rangss nlong tho X-axis and
Y-axis aro first meamsrod out in torms of tho inveatigator's ownsteps, such that tha rectanglo formod by them
oncloacs Lho entire ficld. Tuking z-stepa along the X.nxis and y steps slong tho Y-axis tho investigator
ronchos & point z, y insido the fluld at which ho fixes the contral peg of tho crop-cutting instrument. Oneo
the cantro ia fixed, tho vertical scrow is drivon into the ground and tho moving horizontal arm is extended
toits full longih of 4 fuct and rotuted, progreasivoly harveating all the crop lying fully inaido the circlo,
Tho real of tho erop standing on tha ¢i fe L. i ptod by it, ia then sep ly harvested. The
woight of paddy obtained from the bordor plants is also acparatoly recorded, foran ullxn(i_an ot the
stago of statistical analysis, Although the contribution of the bordor plants is oxtromely small the proca.
duro is considored to oxercise an offectivo control on the porformanco of the inveatigator, whoso critical
attontion is arrestad by Lhis dolicato act of discrimination.

2. RESULTS OF THE REOEXT TYPB 8TUDIES ON NSS STATE coTs (1960-85)

TABLE A.l. MEAN YIELD IN KG. PER ACRE AS OBTAINED FROM NSS (CIRCLE) AND STATE
(RECTANGLE/TRIANGLE) CUT3 IN DIFFERENT STATES FOR DIFFERENT CROPS

moan (un-woightod) yield in kg.

study  etatofcontro and sizo of stato  number POF cro o8 por mean
typo crop cut of n i
fiolds circlo roctanglo]  [cola. {3)-{6))
trisngl E8o0.
¢ 2 [&] ) ) (9) N
I Bundi, jowsr (1960) 33 x16§" b8 68.4 67.7 0.7+ 6.2
11 Barh, wheat (1961} - [N 278.1 277.8 0.5% 8.4
Il Bihar, maize {1002) " 234 456.9 478.9 —22.0415.3
II Andhrs, padily (1963) 33'x13.2 103 863.3 832.7 32.8418.5
IT U.P, jowar (1085) 10 M. eq.4 e 180.0 478.8 1.2413.9

TADLE A.2. MEAN YIELD IN KG. PER ACRE AS OBTAINED FROM XS3 (CIRCLE) AND
STATE (RECTANGLE/TRIANGLE) CUTS COMPARED WITI{ THE CORRESPONDING
WIIOLE FIELD IIARVEST RATES IN BIILAR AND ANDHRA

‘moan (unwoightod) yiold in kg. por mean differenco 2 8.0,
6070 08 por
study  stato and crop  numbor of circlo minua  roctangle
typo fiolds circlo  roctangle/ wholo fiold  wholo feld minus wholo
trianglo fiold
m @) ) ) ) {6 m (8)
1 DBarh, whoat (1001) 1 2346 219.0 224.0 10.0 - 5.0
I Bibnr, maizo {1982) 200 418.0 459.0 412.3 30.3415.7  46.7111.0
II Andhra, paddy (1903) 112 031.1 881.4 §03.6 37.6420.1 —12,1+10.0
IT U.P., jownr {1003) 84 408.0 501.8 483.7 153.2312.6 23.1412.9
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TABLE A.3. COMPARISONS OF THE GROSS YIELD RATES BASED ON CIRCULAR CUTS
OF 4 RADIUS AND STATE CUTS, A8 OBTAINED IN THE SPECIAL STUDIES CON-
DUCTED BY THE AGRICULTURAL STATISTICS DIVISION OF THE N88

DIRECTORATE 1960-61 TO 1962.63

yield of dry grain in lbs.
por aore difforenco {.e. of
yoar arop n —_——  col.(4) col. (8) to
circular cuts  stato cut col. (5) col. (8)
of 4 radius
m 2) 3) 4) (8) ] (W}
1960-01 kharif paddy 20 1387 1399 - 12 - 0.9
Jowar 4«0 530 532 - 2 - 0.4
mairo 2 127 804 233 26.1
ragi 22 574 821 - a1 ~ 1.8
all 84 760 770 ~ 10 - 1.3
rabi whoat 80 880 813 67 8.2
gram 24 624 a51 - 27 - 4.1
jowor 80 483 438 45 10.3
all 184 874 829 45 7.2
1901.02 kharif paddy 18 1680 1943 —263 —13.5
jowar 135 320 318 2 0.8
bajra 86 228 231 - 3 - 1.3
maize 98 900 881 1] 2.2
ragi 64 858 645 13 2.0
all 399 553 657 —- 4 - 0.7
rabi wheat 70 808 [J}} 87 14.2
gram 31 318 308 10 3.2
barloy 25 482 512 -3 - 59
jowar 62 308 371 - 3 - 0.8
all 188 408 409 29 6.2
1062-63 kharif paddy 30 1850 1840 - 180 -10.3
jowar 132 a2 369 — 47 —-12.7
bajra 109 260 220 33 14.0
maize n3 815 827 —12 - 1.5
rogi 81 821 844 - 23 - 2.7
all 438 5684 800 — 25 — 4.1
rabi whoat 153 560 570 -1 ~ 0.2
gram as 287 279 8 2.9
barloy 57 673 857 18 2.9
jowar 61 301 293 8 2.7
ol 337 466 461 [ 1.1

3. MISORLLANROUS RXPERIMENTS CONDUCTED ¥ 1965

8.1. Special cxperimonts ai GiridiM in 1985 on tha location of sample points by employing varying unils
of . Tho expori; istod of aotual locations of o large numbor of points in torms of full
stops and half stops as two difforont units of monsure with a batch of oight different inveatigntors in two
toams of four sach. Four paddy flolds woro chosen, in two of which mid-ad was trestod as tho fiold boun-

dary, and in two othora, the inside foot of aff was treatod aa tho flold boundary. In all, a total of 576 points,
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72 by oach of 8 investigator, wero located using full step unita.  Tn ordor Lo wimplify the operations, twelve
different points, six of them in ficls with mitl-ail border nnd six othern in fickds whera fool of tho ail repro-
scnted the bordor, wero located in ndvanco. Sinco thoe investigntors woro now required to localo all the
poi along the y-axis only, tho operation waa rednced to a simplo ono-way loration, Tho points located
with 4 of the bordor at cither end of Lhewo strips, wors marked with pega and the aumber of such points
located by onch tenm of 4 workors waa countod up scpamtely. The total lngth of ench atrip wna thon

measured in foot and inchen with thoe help of messuring topes,  For a given sot of rundom numbera it is
pousible thoorutically to work out the number of points that would have fallon within 4 feot of the border,
if tho *stoppings’ wore cormectly oxceuted, true to thoir original measure in torma of which the full range
was detormined.

Tabloe A.4 givos thoe ‘actunl and comect' number of pointe duo, to this bordor region totatled
over the mix ntrips in ench bonlur typo employing oither the full step or tho half step unita for location.
Curioudly enough, thero haa been 8 considorublo oxeors of "actunl® locations over the *corract’ number in
Belds with mid-ail bonlers mpeciully whon using full stop units, It may bo notod that ails or bunds are
samotimes raimd conaiderably with an abrupt drop on oithor sie.  Whoa mid-ail is troatod as the field
bonler, the fint step takon from such borders munt tend to bo h b 1, the effuctive hori; 1
sweep being nutomatically shortor. It was also noticed that when the coordinato vuluo exceoded hall
the runge, the inveatigatae wwally want over to tho other end of Lhe strip and mossurad the difference in
stopa from that ond. A shortor traverse from the immediste border may hovo also affucted tho meosure
of his stops. But tho poaition remarknbly improvos 61 soon s wo chango ovor 1o half step unita, The
agroemont is parfoct, whoa half stop unite aro appliod in fickle with tho foot of ail as their bordors.

‘Thero ia thus a cloar indication that the location improves oa tho unit of moamuro ia mado finor,
Porhaps, the noed for a finer judgemant slorts tho invoatigntor to much greater sttention than for a cruder
one. While it will bo impracticol 10 resort 1o tho use of mossuring Lopes in the lacation of pointa on an ox-
tonsivo acalo, somo improvement in this direction should be thought out.

TABLE A4. NUMBER OF POINTS LOCATED WITHIN 4 OF EITHER
BORDER OUT OF A TOTAL OF 98 LOCATIONS IN EACI{ EXPERDIENT
USING FULL STEP AND HALF STEDP UNITS FOR MEASUREMENT;
WITII DIFFERENT CONVENTIONS FOR FIELD BORDERS

full-step units half-step units

field

border tonmon of 4 actual corroct oetual correct

m 2 3) ) {5) (0)
mid-ail 1 40 20 31 33
2 45 30 39 33
total 88 65 0 60
foot of ail 1 ) 28 32 30
2 21 20 20 k]
total [ (23 L1} 61

3.2. Ecperimental investigation into the accuracy of arca meamrements, Qiridih, 1005, An investiga-
tion inta the sccurany of crop aron measurements through qualificd Amina waa taken up st Giridih in 1983,
The services of threa registeroil Amins {two of them holding tho ** Amannt Diploma™ whilo ono with twelve
yonrs of morvicos behind him) wore made avadablo through tho courleay of the Divitionnl Forest Office at
Giriilih, whoro they are omployod. Nino paildy fields including these on which crop-cutting experiments
wore carviod out in tho yoars 1963 and 1004 were salocted for this purpese. Threo independent mensure-
monta wors taken by thess threa surveyers on Lthroo difforent dutes fur ouch of theso fichle.  Rulevant worl
ing shoots nnd all skotches wors taken away from cach an socon aa hiv work was completed.  None of them
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woro told that tho samo fclds messured on the day will bo meenured again for vetifications.
Tablo A.3 gives tho nren of each fluld in acros ax roturncd by Iho throo Amina indepensiently, Tt will
bo seen that the mutual dicrepancics woro ofien considderablo, Jialf of tho range over which tho threo
aacxamonts sro dipareod for an individual plot, bavo beon oxpremrd 8 n p.c. 10 their avoraga and given in
col. (8. Amin-3 seems to bo unmually off from tho othor two in hia caleulutiona.

TADLE A8, CONSISTENCY IN THE REPLICATED MEASUREMENTS OF TUFE SBAME
SET OF FIELDS INDEPENDENTLY BY THREE DIFFERENT
AMINS, GIRIDIN 1005

foldno,  ownor aronin acrs rango of ":l'J;‘t'?“
Amind  Amin2  Amin3  avorago  dispordon  averogo
(U] ) @) (U] {8 (U] (U] (8)
1 1SI 0.730 0.740 0.580 683 .080 1K
H w 413 308 200 .67 002 16.9
s " 385 203 .230 203 018 2.0
¢ " 333 .200 240 218 048 17.3
] " 820 480 380 400 070 15.2
6 ChettuGops .59 600 820 672 040 0.7
7 " 675 520 480 858 008 17.6
8 " Kt 660 810 862 052 9.3
] Gairb Mish 630 630 640 633 005 0.8

This roveals the dangor of pomibls ineccurncion In aron mossuroment oven with tmined Aming,
of an ordor comparublo with ths discropancive obsorved botwoon samplo eut eutimates anil whole fivld rates.
Tho murmbor of field must bo made roasonably large to round up this clements of pormonal inaceuracy, with
indopondont ruplications if bias alo is muepoctod.

33, Try-oul experi Jor an extimation of yidd i o ional outs. A orics of
exporimonta for trying out this mothod of sompling for estimating the Lotal yicld of individual fickia
wore carried out al Giridih in tho years 1963 and 1964 on & numbor of flolds with winlor paddy.

In 1983 throo flolds wore complotely harvested in stanilard hendloads of & epocificd nuraber of hand.
fuls. Frora oach hosdload in field 1 two hamiful unita wore seloctod ot rumlom, while from fcld 3 two
“DBL’ units woro likowiso mlactod in & second stage. In ficld 2 howover, no such soloction waa mado.
The swlaction of* DL’ unita consiated in splitting each hoadload into approximate halves by eye-cetimation
and thon aclocting ono of tho halvos ot rndom. Tho samo procedury was repeated threo times in succomsion
by wplitting tho soloctod half ovor again and selucting ono of the halves, Procaution was taken 1o ensure
that the random numbor used for seloction woro consultod only sftor the aplitting waa done. The ulti.
wato unit thus reproscntod ono-eighth of tho original headload, oquivalent roughly te two hamifuls. In
wlocling tho sscond *DBL’ unit, splittings alroady made wore mado uso of, the scloction with replacoment
boing howover made afreah.

Thin woloction in bwo stngoa for fleld 1 and spacially for *DBL* units in fiekd 3 involved t00 much
bandling rewulting in somo shodding of gmina (Tablo A.0). Bexides, an annysls of tho staga varinncos
{Teblo A7) inuicated that o two-stago sampling has no approciablo odvantage ovor a uniutage ono. On
the othor hand, an incrosso in tho bundlo sizo brings about o amall reduction in the covfllcivnt of variation
(Tablo A8).
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Inthe yoar 1004, five ficlils were choson, four of which woro complotaly harvosted in smallor bundlea
of 8 handfuls. A soloction wna Lhon mado out of thoso bundles in & numbor of subsamples, random as woll
sseystomatie, Tho romaining bundlos, altheugh hnrvostad, wore roturnad o the cultivators befors throsh.
ing. In tho GRh fiold, ton aystomatio subsamples of xinglo handfula waro deawn out of all handfuls nrmnged
in groups of ton on tho grount aftor harvesting. For two of theso submmples, separato woighta woro 0.
conlod for oach individual handful unit constituting tho sub.samplos. Dut for othors, all handfula In a
subsamplo wore pooled up, throshod and woighod as a wholo. The resultain 1084 woro moro or leas con.

sistont with thoso in 1003 [Tablo A.9).

TABLE A.6. LOSS OF GRAINS IN THE SELECTION OF
*DBL' ONITS BY SPLITTING FULL IIEADLOADS IN
THREE 8UCCESSIVE STAGES AND THE STEADI.
NESS ACIUEVED IN SPLITTING, GIRIDI 1063

ratio of headload woights
tosm numbor of  p.o. weight Lo the woight of 'DDL’ unite
no, dosd of grains

shod mean o,
N @ (3) ) (8)
1 39 0.47 8.50 20.3
2 24 .62 7.05 10.8
3 20 W15 1.07 16.8
4 3 50 8.00 4.2
8 30 -8 8.18 17.8
L] 35 .88 7.90 16.3
7 38 <00 8.00 20.3
all 225 0.50 8.11 19.¢

TABLE A.7. ANALYSIS OF THE STAGE VARIANCES OF YIELD IN GRAMMES
PER SAMPLING UNTT, GIRIDIH, 1003

varianco coofficients
stago df. _ e oftrue
obaorved true variation
[¢}] @) @) (U] (6}

{a) Bold 11 2 handfuls out of ench hendload of 32 handfuls (mran=82.6)

1. botwoon hoadlvads 224 18,70 1857.00 15.2

2. within'h.1." botwoon ‘h.£’ 225 401.08 1.8 20.3

3. unistage botwoon handful unita e 558.60 28.0
(b) Aokl-3 12 DDL’ unite of 1 in (2)® out of cach hondload of 10 handfuls {mean=220.0)

1. botwoon hoadloada 24 4205 1852.36 174

2. within'h.1." botwoon ‘' DBL' unils 22 1700 1700.14 18.7

3. unistage botwoon *DBL’ unite 440 3342.50 2.8




CHOICE OF SAMPLE CUTS FOR NATIONAL YIELD ESTIMATION SURVEYS

YIELD RATES {gne) TER'STANDARD HEADLOAD OF 32
3y AXD THE COEFFICIEXTR OF VARIATION WITINN
INBIVIDUAL FIELDS, AR OWTAINED WITIH DIFFERENT 8AMPLING
UNITS, GIRIDIH, 1163

yielt rate® cxprossed in geam

n of ey
perstandanl’ leadlond

iell nrea innervs tal snnher
n. of hewwlnada biosesd s Bf, Dl on full hemilonla®®
unna L 2 per PDHBL unne
e w2 por
) heastiond (h.1.)
m @) ™ 31) 5) (L]
mean yiehl
I 653 201y —
2 Ris0} —
3 HATY —
° 1. L33 —_
a, R —
3. WOt 23.3

egrcon prbdy in fiekds 1 and 2, but dry iy in field 3.
*40f 32 hodfuls in feld Land 16 in Gella 2 ond 3.

FAN YIELD PER RUNDLE WITH THE COEFFICIENTS OF VARINTION
JOM AND SYSTEMATIC SAMPLES USING XINGLE IIANDFUL AND
BUNDLES OF EIGIIT AS SAMPLING UNITR, GIRIDI, j964

runlog sub 1 y ic submaimpl
Gl womply wnit basample auminer of
no. number aonple nnita meanin eoeficient
Fus per of vanston
burnstly of
B h.l.
m @ @) (L] ) (O] ) (U]
1 bundlo of 8 Lundfuls 1 13 409 42.1 g 7.4
2 v 397 .7 3y 32.7
total 32 403 30.9 431 35.0
2 bundle of 8 handfuls 635 10,2 638 "0
633 15.3 [ 19.8
GG 17.2 634 18.3
3 bundlo of 8 huwtuls 734 13.3 838 5.9
3l 19.7 692 19.0
7.4 600 17.3
4 bunllo of 8 handfuls 19.0 —_ -
1.0 —_ —
0.6 _ —_
10.8 —_ -
0 5.8 — -
6 mb-samples of 37 handfuld —_ - clo 4.0
singlo Jumiifuls - - a1

total - -

Nete: Weight of dry pikly in fledd 1, green paddy in flelda 2.3,

3
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ON OPTIMUM PAIRING OF UNITS

By V. X. SETHI
Agra University, India

SUMMARY. The papor givos the bsst mothod of eplocting two unils fror & population for
eatimating the population total {or moan) undor the restriction of givan oxpoctod Rursbor of oceurences
of difforoat unita in tho sample. This Invalves only tho arrangement of unita in Increasing ordor of the
value of tho varisblo divided by tho givon expocted numbor of oocurronces. Somo modifications of the
molbod end some extonsion for largoer clustors aro also suggostod.

1. IntroDUOTION

Cluster sampling is ono of tho woll-known and widoly used tochniques of sampling.
The population is divided into a number of clustors of units and ono or moro of thess clustors
aro dravn at random. Gonerally by clustor wo understand a sot of units such that for any
proper sub-sot. there is at Ieast ono moro unit in tho sot which is adjacont to it in location.:
In this paper, howover, the word ‘cluster® will bo usod for any set of unita whothor it eatisfios
tho above mentioned proporty or not. Tho problem considerod horo is to form clustors so
that, given tho method of eatimation and the loss function, the risk is minimized. An oxact
solution ia obtained for clustera of two units. This solution finds an immodiate spplication
for soloction of & pair of units with varying probebilitics.

Tho method suggests a differont approach to tho problom of stratification whon &
pair of units aro 1o be drawn from each stratum in an optimum manner, This consista in
dividing tho population into sy ric sub. fati

Repeatod uso of tho method for differont characters, or its combination with strati.
fied eampling with probabilities proportional to sizos may provide a satisfactory solution
for tho problom of multi-character survoys.

No simple eolution oxista for optimum formation of clustors of moro than two units.
Somo methods are, howover, suggested which are noarly optimum.
2. OPTIMUM PAIRING FOR A POPULATION OF FOUB UKITS

Wo atart by considering & population with only four units (U)), i =1,2,3,4. By
X, wa denote tho valus of tho charactor x for Uy, The subscripts aro 8o assinged that

LK< LK, - (20)
and lot
$ X, =X. Y
t=1

Thero aro only threo difforent ways of dividing this populativn into two pairs of units
(1) (Uy, Uy) and (U,, Uy : poiring Py
2) (D, U,) and (Uy, Uy) s pairing Py
(3) (U Uy) and (Uy, Uy ¢ pairing Py.
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If, after cluster formation, ono of the pairs ia to ho selected with equal probabilitices
and the population total X estimated by the usual unbiasod estimater, then the absolute
error of estimalo for tho pairing Py ia given by
o =|X0-X]|
whero X is an cstimato of X bascd on the i-th pairing, Clearly

€ = Xy X)X X))
s = (N X) (5,4 X))
e =X+ X054 X)) - 23

2

Tt may bo mentioned that theso absolule crrors aro independent of the pacticular
pair selected. It can be casily verifierd that
e e {24)
Lot Lie) denoto the loss correaponding to on sbsolute error ¢, Ifitise monotonically
increasing function of ¢ then obviously

Liey) € Lies) € L{ey)- . (25)

If wo denote tho expected loss over the pairs of Py by R(P), then for a population
of four units

R(PY) = Lie) e (28)
and tho risk iy the ninimum for pairing Py.  In particular if tho risk function is proportional

1o the varianco of the cstimator of X, Lie) ae? is o strictly increasing function of e.  Thus P,
leads to the minimum variance.

3. OPTINUM PAIRTSO FOR POPULATIONS WITIL AN EVEN NUMBER OF UNITS

Let us consider a population of 2V units. This is to bo divided into N clusters of
2 units each, cno of the clusters sclected at ramlon with equal probabilities and the population
total X cstimated by

X = Mty - 31
whero x, and z, ara tho values of the character z for tho two units of tho selected cluster,
Tho problen is Lo find tho optimum pairing in tho sense of minimizing the risk cor 1i

P 4
to a monotonically increasing convex downward or linear loss function of the absulute error.

Lot us denoto by X tho valuo of tho eharactor z for the i-th unit U, v = 1,2, ..., 2V,
The subscripts sro given in such & way that

NEKCK S € Xy B2

Let us consider n pairing P whero two of the pairs are (U, U) and (U, U,y). Cors

responding Lo P we con find a pairing P which has pairs (U}, U, (Ui U)) andd tho rest of

the pairs tho samo ag in P. Then fur comparing tho risks for P and ¥, wo havo to consider

tho losses corresponding to the pair formeld by U, Uy, Uy and Uyy alone. As wo nro not
exlimating tho total of these fuus units wo cannet apply the result of Seetion 2 direetly.
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Lot e denote tho absolute error of the estimate based on the pair (U, Uy). Then
ey = | NX,+X,)—-X|
= {(N2)X A X+ X+ Xop)— X} (N2{( X+ Xy ) — (X + X )}

=|Ad—e| -~ (33)
whero A4 = (N2UX\+ X+ X+ X,y) - X
and ey = (N2){(X;+ Xap)—(X,+ X))
Similarly,
ey = | A+e;| o (3.4)
ey =|Ad—e| .o (3.5)
ey =|d+e] e 38)
whoro ey = (N/2){(X,+ Xyy) — (X + X}

It follows from Section 2 that |e,| & |e,|. Thus if the losa function L be such that
for all values and for |z| < |27

L A+’ N+ L A==']) > L(| A+z))+L{|A~z]) - (37

then clearly tho risk corresponding to P’ is not greater than the risk corresponding to P.
Thus for such a loss function we can stipulato that the optimum pairing should have (U, U,y)
as ono of tho paira. By following tho same arguments repeatedly it is casy to sce that it is
not possible to reduce the risk to less than the risk corresponding to tho pairing

Py (U, Ugyyg)y £=1,2,..., N. ... (38)

P, can thus be termed as tho optimum pairing for all losa functions satisfying (3.7).
It can bo verified that (3.7) is satisficd for all non-decreasing convex downward loss functions,
In particular L{e) = ke? is such a loss function and tho risk corresponding to it is proportional
to tho variance of the estimator of population total. Thus of all the pairings P, leads to
minimwn variance.

The optimum method of forming pairs can be described as follows :

Arrango the units in increasing order of magnitude of the character under study.
Form pairs of unita which are equi-distant from the two ends in this arrangement.

In practice one would only approximate the optimum by arranging the unitsin increas-
ing order of some character for which valuea of all tho unita in the population are known.
This is not a drawback for this problem in partioular but arises in all problems of optimization
like optimum allocation and optimum stratification. The closer the relationship between the
variable used for pair formation and the variablo under study the botter is the approxima-
tion to tho optimum. It is not y for this relationship to be linear regression. It
would be enough if tho regression of the variable under study on the pair-formation variable
is & monotonic funotion of the latter.

It should be remarked that if the population wore symmetrical the risk would reduce
to zero. If one has docided to use optimum pairing for selection of unite within strata it
would help to form strata by dividing the population into nearly symmetrical populations.
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4. SELECTION OF A PAIR OF UNITS WITH VARYINO IROBARILITIES

Let thero bo N units in the population (U7}, § = 1,2,..., N. Ono has to soloct & pair
of units with tho restriction that tho oxpocted numbor of times tho i-th unit occurs in tho
samplo is tho prescribed valuo wy, §=1,2,...,N. Thero is no restriction that the unit
should not bo repeated. The problom is to find tho optimum sct of values to;; where wy
representa tho probability of sclocting the pair (U, U,).

Clearly,

Ewgtog=w =12, 8. e (4)

Wo shall consider that sct 1wy a8 optimum which lcads to tho minimum risk for an

estimator of tho typo

X, . X
3—7:+;Il-. . (42)

It will bo assumod that tw;'s aro all rational numbers. This restriction is necessary
bocauso no known mothod can sssure somo givon irrational prodabilitios of eclection. Lot

w‘=§%, i=12,..¥N . (43

bo tho given sct of w's, and L bo a numbor divisible by all d'a. Lot us associate Lro; sub-

unita with Uy for all 4. If X bo tho valuo of tho character z for U;, impute & valuo X/l

to each of tho sub-units correaponding to U;. Thus tho total of the imputed values is also

x ==£:. X, The total numbor of sub-unita is 2Z. The total X can thus bo estimatod from
1

o pair of sub-units soloctod with cqual probabilitics. The cstimate would bo of the typo
(4.2), and expocted number of sub-units corrosponding to Uy in s pair sclocted at random 1s w;.
If tho loss function bo d ing d 13, tho best method is to
arrango tho sub-units in incroasing or decreasing order of their nssigned valucs and tako the
optimum pairing as describod in tho provious scction. Tho whole method can bo summarisod
as below ;
(1) order tho units in increasing magnitudo of Xifuw; ;

¢
(2) find tho cumulative totals S; w= I,I}.‘.l wy, where Lag; is an integor for all valuos

ofi; put§,=0;

(3) sclect a pumber r at random from 1 to L with equal probabilities ;

{) 8, <r <8, oolect Uy;

(8) if 8y_; < 2L+1—r & 8, scloct Uj.

Tho probabilitics resulting from this procodure will form an optimum sot. The
romarks at tho cnd of Scetion 3 apply to this mothod also. In practice we can only approxi-
mats tho optimum sct of probabilitics.

In considering the problom in this soction we have allowed tho possibility of having
cither ono or two units in a clustor.  With this rolaxation of conditions, it may bo possible to
imp upon tho opti 1 ing derived in Soction 3. This improvement consists in
making tho population of sub-units more sy rio by (i) addition of dummy sub-units,
(i) arbitrary incroment in tho valuo of somo of the units, or {iii) unequal assignniont of valucs
to tho sub-units,
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8. Usz OF OPTINUM PAIRING IN MCLTIPURFONR SURVEYS

No completcly satisfactory ssmpling design exists for multipurposs surveys. The
drsign must suitabls for one charactes may not bo very good for snother,  Soveral methods
fug controlling errurs exist and they may be usod in an optimum manner for differont varisbles,
One may uss the bret method of stratification fur one varisble, the most suitablo aizo for
dechling the probabilitics of seloctivn fur & sccomd character and optimum pairing for the
thind,

Tn deep ification, the strata homag: with respoct 1o one character are
further subliviled to make the sub-strata homogensous with rewpoct to another character.
Asimilar technlque may beadupted in pair fo i Initially opti pairs may be formoed

with rvepoct to ono variable; then optinum pairs of theso pairs sy be formed for another
variable, and s0 on.

6. FORMATION OF LAROER CLUSTERS

From the following examplo it would sppear that the knowlodge of order ls not suffi.
clent for oplimum furmstivn of clusters of size more than two,

Two populations each of six units are to bo divided into two clwrl of thros unite
each and one of the clusters selocled with equal probabilitics for eeti g the populati
total. The unite are arranged in increasing order of values of both the cbnncterl under
study.

Xy, X X, Xy X, X,

population [ 1 4 8 18 %
population 1T 1 1 3 4 5 8
The opti lustering for population 1 is (Uy, U, Uy and (Uy, Uy, U). This

clustering is nut tho optimum fur population II.  Thus considerations other than order must
enter optimum formation of cluaters of size larger than two,

Supposo there are Na unita in the population which is divided into N clusters of u
units each. Let two of the clusters havo the following valucs of tho character x.

Cluster € Xa € Xy oo € Xia o)
g CumerCo X < X2 & o & Xy R
Xy<Xp §ml,2.0n . (82)

then by exchange of any one Uy with Up.s In the two clustors would obriously lead to a re-
duction in risk, A clustoring which docs not satisfy (6.2) fur any pair of clustors will Lo called
a nearly optimum clusiering,

A simplo method of gotting a nearly optimum clustering is the fullowing.

(1) Arrango the units In incrossing ordor of magnitude of the varisble under study.

{2) Divido them Into s homogencous sirata of N units cach. Thua the firt ¥
units in tho arrangemont form the first stratum, next N units the sccond stratum and 30 on.
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