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1. INTRODUCTION

IN yleld surveys a, ﬁeld 1s sample-harvested by locatmg a plot of deﬁmte
dimensions in a random manner within the field. The method used:
for locating a plot randomly is to locate the corner of the plotiin the
field by selecting its co-ordinates from a table of random numbers and
then to mark the plot of given dimensions in the positive directions.
with the chosen point as its corner. This method of random selection of
a plot suffers from a serious drawback in that it does not-give an equal
chance of. selectlon to the different portions of the field, and a portion
nearer the borders-of the-field-has_less chance. of being; included in the
harvested plot than a :corresponding portion m the icentral part of
the field. This point was noted by Mahalanobls (1944 1946), who
referred to this ias”an ‘argument against the use of iarge size plots.
Thus the usual method of selection of plots glves a blased sample and
consequeatly the yield estimate may be blased if portlons nearer the
border have different y;eld per—unit-area-than- th¢ corresponding portion
in the ceatral region, /. je., if there is a border effect in the yield. The
b1as if any, would depend on the relative shapes and slzes of the field
and the plot and G the border effect 1 the yield. —

A procedure for makmg a stnctly random selectlon in this case
is to divide the whole field into the; plots of given dimensions and then
to draw one out ‘of thei randomly. -But this is net praet1ca11y feasiblé
because ‘it is: not usually ;possible to divide the field into- portions of
given size. ‘Mahalanobis (1946) has suggested. the use of small . plot
size to reduce the bias;: but to be effective the plot has to be. very small
which .would, however,. increase the: variagnce and/or cost of survey:
Choosing a numbe1 of very: smal] plots may be- con51dered as-.an
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alternative procedure, but here again we come across another kind of
bias noticed by Panse (1946) and Sukhatme (1946) for small size plots.

_ We shall-consider -here the probabilities of -the dlﬁ'erent portions
of the field to be included in the harvested plot and the averages of the
probabilities ovér specified regions of the field, i.e., the corners, sides
and the central part. For a suitable definition of these regions the
average probabilities have been shown to have definite proportions.
Also, a new' method of selection of .the plot is described which will
approximately equalise these average probabilities, so that bias is
likely to be small, even when there is a border effect in the yields.

2. PROBABILITIES OF INCLUSION-IN VARIOUS REGIONS OF ‘THE FIELD

Consider a rectangular. field of dimensions Np X Np (units
of length) from which a plot of dimensions P, X Pgisto be sample-
harvested randomly. We shall suppose N, >2P, and Np> 2Pg,
i.e., the field is relatively large compared to the plot. The field is now
divided. into.portions as indicated in the didgram. There are four
corner: ‘regions, .four side:regions and one central region represented
by .the: symbols. R, .§ and Q respectively. 'Q represénts the central
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_reg{dn of diinensions (Np —2P;) X (Ng — 2Pg), . R represents the
.corner reglons of diménsions 'P, X Py and S represents the side
_"reg1ons of (NL— 2P) X P,B and (NB— 2Pp) X PL d1mens1ons

-Since the corner reglons have the same dimensions as those of
', the plot accordlng to the usual method of locating. the. plot by
Betwéen 0-and - (NL — P;).and 0 and- (NB —Pg) in the rectangle
with’ corners (4, H). . Thus it is approximately the same as consider-
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ing the co- ordrnates (x, ) of the .corner of the. plot to be chosen
with an uniform distribution in the rectangle (4, H). If (& n) is any
point in the corner region (4, E), theft-it is included in the plot if
only 0 < x < £ 0<y<n so that the probabrhty that’ the pornt
(f, 1;) is 1ncluded in the plot is: . 4 S

» . f N n - - - .- . -

N - P L N B P B .:

It may be seen that it is the same for other corners also when mstead
of ¢ and 'y we consider- distincés from the nearést edges of the field.

" If the. pomt (¢, 17) is in the central portlon zﬁ then it.is 1nc1uded
1n the plot if . ° _ , . L :
£ — PL<\' §, cand - g —Pr<y <
Thus the probability that a pornt in the. central regron Q. is mcluded
1n ‘a plot is . . :
PL B :
Ny — P,_‘ NB — PB !

Snmlarly the probablhty that a pomt in, the sides is mcluded in
the plotls S B R

ERES

.and

: f " Py ' '
2 t
N - P, Np— pB L }t is along he ‘breadth of the ﬁeId

The probab111ty of mclusron for a. pomt in the central regron 1s
thus constant wh11e the probablllty decreases .as- the. edge is, approached
A. comparlson of these probabrhtres may be made1 by »aVeragmg the
probabilities over the various: regions; 7.e., COrners, s1des and.the central
parts. These averages, of course, are not probablhtres but only used
for- the purpose of . companson The average probabrhty for the
corner regions is .given by. .

. P LI S
P, X P; dédy -
PLXPBJ-f Ny Py NB——-PB dn

o 0 A
PL PB

=i P M
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Similar_ly' the 'av:erege >probability‘ of the side regions is
' P, Py o '
2 (N = P) " (Np— Pg)’

Thus when the regions are deﬁned as before by considering the plot
size, the average probabilities of the central, side and corner regions
are in the definite proportion of 1:%:%. B

3 PROBABILITIES wrm DBFINED BORDER REGIONS

- We thus find that the probability of a point in the border bemg
mcluded in a plot is less than the corresponding probability of the
central region. If there is no definite pattern in the yield per unit
area in different parts of the field, i.e., the field can be. regarded as a
random one, then such varying- probab1ht1es of selection would not
give rise to a biased estimate of yield. It is likely, however, that near
the border the yield per unit area may be different from the central
part of the field, because the border regions are more exposed to wind
and other factors of weather than the central regions; while in irrigated
fields -the border regions: may be more effectively irrigated. The
competition from neighbouring plants.may also be less for the ‘border
regions. Thus yield per unit area in the border region may be signi-
ficantly different fiom the central region. A proper definition of the
border region can therefore be made according to the distance from
the borders upto which such factors operate. Suppose the above
operatroneil definition of the border region gives strips:of breadth b
along the length of the field and strips of.breadth 4 along the breadth
of the field then we cousider corner regions of dimensions a X b
instead of P X PB and -central region of: dimensions (N = 2a)
X (N — 2b). The average probabilities in all regions for the points
beingincluded in the plot-are calculated below. The.estimate of the
yield from the-field may be adjusted, if possible, for such.unequal
probablhty of* selection of different pomts in dlﬁ‘erent regions.

Assume N,_ — 2a > PL and NB —2b> PB Then the follow-
ing are the probabilities that any point (£, 9) in the field 1s included
in the randomly chosen plot ,

—NL%PL.NB"—:PE if ¢ PL, ﬂ.§Pe¢-‘

. Py 0/ I S . I .
S No— P Ny P LeT PSP
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P & .Ps ..
N = P Na— Pa

__ P P
- NL — PL NB — PB

lff PL~ 77>PB

ifé>Py, n>Pyo_ "

1. Average probability for points in corner region'.being included -in plot

. ab |
T AN, = PO (N5 — Pp) ifa< PL, b < PB e
- bP;? : bP,_(a—P,_\

“ (N, — P (Na—Pp ' 2a (W= POV, — F),
1fa>PL, b < Pp.

P.2Ps¢ P, (a— P\P2+P 2P, (b—P,)
[Pl Rule P Bs £RFs 2 4 Py Po) Pa (b—Ps) |

ab (NL — P (Ng — Pg)

: ifa'>PL, b> Pg.
Average probability in srde region (along the length)

N [(P,_ —ab "B (N, — 2P b] L
Nz‘_—Z(.I 2 2 ) J(NL_PL)(NB—‘PB\
L o ' Vlf'a P,_, b < Py
L P. (N, —2a) b :
=TT v, S P 7(N3—m] ita>Po b<Py
=" 4 | [PL(NL_Z(” .l '»j',PBz. +PL(NL—2(T)
- (Np=2a)bL (N,—Py) '2“(NB"—},),B). (N. — Pp)
C Pa(b—Py) sy p :
Xy e P b1
Average probability in the Slde reglon (along the breadth)
o 1 [ @ - Pg¥—=b% g2
o) o 2(NB—PB»+2<NL-,—_RL)
"~ Ps(Ns —2P5)7 . - Lo '
- 1 [ ‘.Pz.-2 ) PB2_b2'_+ P (a—Pp) Pﬁz’lbg
“(NB_Zh)', N, — P, rSZV(JYB_““_PB') . NL“PL NB—PB
+PL(a—PL)_PB(NB—2PB)+ P2 PBlNB_ZPB)
Ny — P, Ny — Py ) 2_ (N — PL) (Ns — Pg) ]

A T L ifdS P, <P,
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I LR N RS
a(NB—Zb) 2(NL—PL) NB—PB (N —*Pp)
Pa(Ng —2b) .. .-
X—_——(NB—PB) lfa>PL, b>PB

PR,

_ 1 - [ P ¥—q?. Ppt— bz‘_ . P (NL_T_ 2P;)
(N —2a)(Ng —2b) L(N, — P} (Nz — PB) : (NL — Pr)

Pg?—b¥ ' P2g® . Py(Np=—2Pp)

X ;
XM R WP WamPa)
’ EMM4m%—mq. <P
ifa<<P, b< Py-
PR 7 T ey St IR

. 1. P, (N, ~2a)" Pg?— b?
: (N —7ﬂ)(N5—2b)[ (N, — Pp) " (Ng — Pp)

PPy (N;i — 20) (Ns — 2Pg),
(N:. — Pp). (Na — Pg)

. 1 [PJB(Ni—Zw(Né—Zm]
~KMﬂMM4m (N — Pr) (N5 — Ps)

+ ] 1fa>PL, b<"Pg‘

1

“if a> Py, b>Pp

4, MBTHOD FOR EQUALIZ]NG PROBAB]I.IT]ES :

‘We shall now con51der a néw’ method of selectlon of the plot
which will considerably reduce the difference between the- _probabilities
of inclusion of different points into the plot. This method also will

make average probabilities for the points of the inclusion in a:plot.

nearly equal in different regions, where the border régions are defined
by a = Py; b = Pg. _In this method we consider different probabilities
of choosing the point (x, y) which is the left-hand upper corner of the
plot depending on where the pomt (x, y) is located in the. ﬁeld as glven
below. T ;

N,,>4PL ;’fgnd : NB> 4Pa. . -

151;{"1 LT ¥
, Prob (0 x<P;,)-o.P,_ d,

|
|
|
|
|
4
‘
i

e e e
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where a and d are constants to be :determined.
Prob. (P, < % <Ny — 2P;) = (N, — 3P d

Prob. (N, —2P, < ¥ <Ny— P =a-Py.d.

We now impose the condition that |

Prob. 0 <x <N, — Py =1,

i.e.,
2aPp.d+ Ny —3P)d=1;
ie., ..
de 1
. Nt Pr(2e—3)7 )
Similarly '

Prob. (0 <y < Pp) =BPs- d,
where B and d’ are constants to be’ determmed
Prob. (P < ¥ < Np — 2Pg) = (Na — 3Pp) d'
Prob. (Ng: —-2PB <y < Ng— Pp) =B« Ppd’
-From the conc!1t101; . .
Prob. (0 <y < Np — Py) = 1
we get -
28Pg - d' + (Np —-3PB) d =1,
ie., ‘ " ' '
1 -
Np+Ps(28—3)°

Thus the probability for any pomt (§, ) in’ the corner regxon to
be included in the plot is

aé By
NL+PL(2'1‘—3) NB+PB(2B‘—3) . R
0K E< Py, 0\' PB\ ‘

dl

Average probablhty that a pomt in: the corner. reglon is 1ncluded
in the plot is .

. "'BPLPB o
4N, + Pp2a — 3] [Nz + Ps (2/3 T
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Probability in side region (along the length) for a pdint (f, m"to
be included in the pIot e el

_ La(2Py — rf)ffn—i-(f PL)B N
[N. +'PL(2a —3)] [Ng + P5 (28— 3)]~ S
: wheh P, E<2P, O0<Krj< Py

P8y o :
[NL+PL(2°'—3][NB_I_PB(ZB—Q)] BN

Average probability for side region (along the length)

P.P; N+ P (a— D] -

=B N ¥ PG = 3) [N, + P5(28 —3)] [N, —3F4"

Similarly average probability for side region (along the breadth)

P, Py ' [Ny + Pg(8— 3]
2 [NL+PL(2a— 31 [NB+PB(2B— 3)] [NB—2PB]

Probability of inclusion of a point & » in central regwn;'
_aPP—OBQAPL—+a (2P —§) (n— P +H({—P)) B(2Ps—m)+(£—P;) ) (n—Pg)
[Ny + P, (20 —3)[Ng + Pp(28:— 3)]
if P, < ¢&<2P;, Pp < <2Pg

P2 (2P5 — 1) + P (y — Pg'= . L
[NL+PL(2a—3)] [NB+PB(2B—3)] Cif 2PCS ES N 2P,

PB.<."] <2PB

« (2P, — &) Pg+ (£ — P;) Py

“ W+ B @a— I Nat Pa0B -] PL E<2p,

2Py << Ns—2Ps

PPy . '
[NL + PL (Za - 3)] [NB + PB (?3 = 3)]

lf‘QPL f<\NL :’,QPL’

2PB 7] NB — 2PB, CtC
Average probablllty for the central reglon is thus - '

P Py [Ny + Pp(a—3)] [MB‘.JL:PB(.B'—:&)]
[Ny + P, (2a — 3)] [N+ Pg@B— 3] (NL—2Pp) (Ng;— 2Pp)’
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When. P oo el
Gb_2(NL—3PL) ,B‘_Z( 5 — 3P»)
~ N_—4P, T NB—4PB

the average probabllmes of the side and corner regions are found to
be equal. With these ‘values-of o' and B, the average probability in
central region also comes out to be equal to that in corner or border
regions,

If Ny, and Ny are large in comparison with PL and PB respect-
ively, then.a & 2 and 8.~ 2 approximately. -

Thus to give the approximately same average probability for
different regions for inclusion in the plot, the above calculations show
that probability for points from 0 to Py and from Ny — 2P, to N, — P,
should be twice as the probability for points from: P, to N, — 2P;, to. be
chosen for x-co-ordinates of the corner:point of the plot. Similarly
probability -for points from 0 to Pg and from Np — 2Pz to.Ng — Py
should:be twice as the probability for points from Pz to Ny — 2Py
to be chosen for y-co-ordinates of the corner point of the plot

5. PRACTICAL MEeTHOD OF SEIECTION '

The practical method for choosing'the'different points with different
probabilities as given above is as follows. Suppose Ny = 100 Py, =10.
The x-co-ordinates of the corner pomt of the plot will take any value
from O to 90. Then the numbers between 0 to 9 and 81 to 90 (both
inclusive) should have double probability than the numbers between
10 and 80, From all numbers (0 to 110) if we get the number 0 or 1
randomly it will ixx=0 of the corner of plot. If randoth number
comes out to be 2 or 3, it will fix x =1-and so on up to x-—=9-when
random number is 18 or 19. -After that the random numbers from
20 to 90 will fix x =10 to 80 respectwely Again random number
91 or 92 will fix x =81; 93 or 94 will fix x = 82 and so on up to
x = 90 -when" random number is 109 -or 110, i.e., Mt .

Random numbers (x=)
0,1) oo, 0
2,3) ool 1
() 2
(18,19) ............ 9
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- Random numbers (=x) =
[0 ) W 1 i
(90) ....... e 80
(91,92) rivrnirin. 81
(93,94)" o\ v 82 -
(109,110) .......... - 90

Similarly y-co-ordlnate of the corner. -point of the plot can be
determined. A

‘ :‘6 "SUMMARY“; ’

The problem of ‘over and under- samphng of. various reglons of
the field as a result of thé process of random locatlon of the plot followed
in yield surveys of crops is dealt in this paper. The average proba-
bilities for points in: dlﬁ‘erent regions bcmg included in the plot have been
calculated. Comparlson of these average probab111t1es shows the over-

sampling of central region. "To remove -this bias in samphng a new
method of choice. of l:andom plo_t 1n a ﬁPld 1s,suggested.
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