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Abstract

It is difficult to enumerate the people in India whe are engaged in various small-scale
industries in the unorganized sector because they are concentrated in small regional pockets.
In estimating separately the total numbers of workers earning principally through ten respective
single-industries in the unorganized small-scale sector in a specific district in rural India, through
numerical illustrations we have two observations to report: (1) A traditional stratified two-stage
sampling scheme is ineffective for some of the industries because of failures to capture the
earners concentrated in priorly unknown locations. (2) An adaptive sampling scheme extending
the initial sample by appropriate ‘network’ formations based on well-defined *neighbourhoods’
brings about dramatic improvements exploiting clustering tendencies of earners by different
industries.
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1. Introduction

The problem of estimating the total numbers of ecarners through specific small-scale
industries m the Indian villages in the unorganized sector in varous distriets 15 consid-
ered to be a hard task. There are many reasons for this. These numbers do not remain
stable across regions and over time industry-wise. The people m this sector change
their occupations too frequently. The birth and death rates of such small units are too
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high. They are often concentrated in small regional pockets and only i a few establish-
ments. Moreover, they frequently change occupations and locations. However, even if
the ecamers’ mdividual eamings be meagre, their collective contribution to the nation’s
gross domestic product (GDP) s believed to be substantial and hence s of national
mterest. Standard sampling designs using readily available frames are felt inadequate
to capture them to throw up good estimates. To facilitate preparation of suitable frames
for effective application of sampling schemes, a few naton-wide Economic Censuses
have been held in India. In spite of that, a follow-up survey may still fail to capture
the sparsely scattered mdustry-wise rural camers i the unorganized sector,

It s shown in this paper that good results can be obtained for this problem by
using an appropriate adaptive sampling design based on suitably constructed “networks”,
which 1s mitiated by a traditional stratified two-stage scheme with varying probabilities
in the first stage. The principle 1s llustrated by a numerical study using data from the
nation-wide Economic Census held in India in 1990-1991 and the importance of the
choice of ‘networks’ is highlighted. The key idea s that for estimating the “domain
total” for a highly-localized industry, i.c., the total numbers of people engaged in it in a
spectfic place, mstead of constructing networks based on this same industry, it is more
appropriate to define networks on the basis of one or more less-localized industries
which ‘coexist” and thus are “well associated” with it. The same technigue may be
applied for other similar surveys where the objective s to estimate highly localized
population segments.

A striking revelation through our llustration here 1s that by appropriate formation of
networks, hopelessly inadequate initial estimates of several localized domain totals can
be dramatically improved while retaining the satisfactory levels of quality for all the
other domains of interest. Such improvements are not possible with some other network
formations. Though we use the Economic Census, 1990-1991 in our illustration here,
its use could be avoided in specifying the inital design and estimators—its real use s
in the network formation.

An adaptive samphng procedure employed by us leaves the final sample-size as a
random variable. An interesting possible modification suggested to us by a referee that
requires further exploration is to suitably define neighbourhoods to keep addinonal sam-
ple sze within specified limits. We exclude it here as this would demand a significant
shift from our aim m this iovestigation. Our focus 15 on the application in the present
context of a wadiional Adaptive Sampling technique which is popularly employed in
wildlife surveys and exploration of mmeral deposits,

In recommending fruitful network formations we have relied here upon the empirical
observations presented by the Economic Census. However, there 1s another allemative
attractive possibility pointed to us by a referee. As suggested by him, Besag's (1974)
CAR model may be quite relevant,

Another altemative course that might perform well in the present mvestigation could
be the wse of a ‘modelcum-design’ based gencralized regression (greg) estimator,
and the wse of a purely model-based empirical Bayes (EB) estimator as a convex
combination of the “greg’ estmator and an estimator mvolving that of the regression
coefficient, postulating a regression model with a zero-intercept and a single regressor
variable melevant to the main variable of interest, namely, the number of indusirial
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Table 1
Showing the distribution of camers in Birbhum

Indusiry Mumber of Mumber aof Mumber of Ranges of carners industry-wise

Mumber and camers by villages with blocks with in blocks

Code industry CATTITS CAMIETS

Minimum Max imum

1 {H} 4582 1949 21 f 1701
2(B) 3715 114 21 18 s49
3 (HLUY 2352 e 21 [11] 210
4 (P} 2012 146 21 | 27
51(5) 1542 149 [ [ 1177
6 (58) 1886 36 6 | 1)
T (BM) 15349 154 21 | 309
8 {15) 1523 474 21 EL 149
9C) 1381 3172 21 15 123
10 (PC) 11349 15 15 2 151

Total 1672 1286 21

camers. Both might be tried based on the traditional and the adaptive sampling schemes.
We do not pursue with this in order to avoid a shift from our basic motivation.

In Table 1, using data from Economic Census 1990-1991 for a paricular district
called Birbhum m the state of West Bengal, we show how the eamers by 10 spe-
cific rural unregstered mdustries are vardously concentrated in the 21 blocks of the
district composed together of 1286 wvillages. The 10 mndustries in Birbhum district
which we shall consider are the following, numbered and coded: 1. Handloom (H),
2. Bamboo (B), 3. Husking (HU), 4. Pottery (P}, 5. Silk (8), 6. Stone-breaking (5B ),
7. Bidi-manufacturing (BM), 8 lronsmithy (18), 9. Carpentry (C) and 10, Paddy-
crushing (PC).

Table 1 shows the high degree of disparity in the distribution of the eamers through
different mdustries m Birbhum, While 1523 wonsmiths (8) are spread over 474 villages
covering all the 21 blocks, the 1543 workers in the silk industry (5) are concentrated
in only 19 willages and 6 blocks; 3715 bamboo industry (2) carners are found in 314
villages and all 21 blocks while the 3886 stone-breakers (6) are localized over only
36 villages covering only 6 of the 21 blocks; paddy-crushers (10) are found in only 75
villages in 15 blocks. So, it is not easy to recommend a standard sampling design to
catch these carners in sufficient numbers to throw up useful estmates of the 10 domain
sizes, namely, the segments of the total numbers of these 23,672 camers by these 10
separate industrics,

To effectively sample the villages, we use a traditional stratfied two-stage sampling
scheme with blocks as the first-stage units (fsu) and villages as the second-stage units
{ssu). As the block ‘sizes’ are different we apply the RaoHartley—Cochran (RHC,
1962) scheme in the first stage for the sake of higher efficiency as well as simplicity
and SREWOR is wsed in the second stage. The details of the sampling scheme are
descnbed o Section 2. Some interesting features of association are found i the EC
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Table 2
Showing an association of industries in ther locations in Birbhum villages

[{HY  2(B)  3(HUY 4(P)  5(% 6(SB) T(BM) B(I%) 9(C) 10 (B

L(H) 199 54 121 kTl 8 2 33 90 74 13
(003 (17200 (I867T) (2055) (42.11) (556)  (2143) (1899 (19.89) (1733

2By s 314 L 48 8 9 57 123 13 n
(27147 (100) (2562 (ITIE) (42.11) (25.00) (3T.001)  (2595) (30.38) (H00)

3 (HLY 121 L6 648 76 12 18 58 27 26 k%!
(B0.B0) (32ET) (LODY  (S205) (63.16) (S0.00) (37.14) (570) (55.38) (400

4 (P kL] 48 TH 146 3 4 21 [iE] 549 13
(I5.08) (15299 (1L73) (1000 (15,79 (1LID) (13.64)  (13.29) (1586) (1733

5% & 8 12 3 19 I 5 9 7 4
(4023 (255)  (LAS) (2050 (W00)  (278) (325 (1H0)  (LEE) (533)

6 {se) 2 9 18 4 1 36 7 0 14 1
(LOL)  (2ET)  (2.78)  (274)  (S26)  (100) (435 (422 (376)  (L3Y)

7 (BM) 33 57 88 21 5 7 154 71 72 7
(16,587 (18157 (13.58) (1438) (26.32) (1944) (100)  (1498) (19.35) (3067

5 (I5) a0 123 27 63 q 20 71 474 170 2
(45.23) (3907) (41.98) (4315) (47.37) (55560 (46100 (1007 (45.70) (6T

a(C) ™ 13 206 59 7 14 72 L70 72 2
(37097 (3590) (31790 (40410 (36.84) (3EED) (46.75)  (3586) (100)  (MeT)

0Py 13 1 13 13 4 1 23 26 2% 75
(6.53)  (I0S1) (5.09)  (B90)  (21.05) (278)  (1494) (549)  (699)  (100.00)

1990-1991 data of Birbhum and this motivates us in using “adaptive sampling’ to
tackle the present issue. Since the villages are the ‘lowest stape units” for us, we
propose to use adaptive sampling to capture more villages with no restiction within
the selected blocks on exploitng their associations with the mndustries of our interest.,
In Table 2, this association pattern 15 shown. Labeling the rows and columns of Table 2
as i and j respectively, £j=1,..., 10 being the codes of the 10 indusiries, the entries
in cell (i, j) of Table 2 are as follows:

An entry 1o cell (i,1) 15 the number of villages where there are camers by industry
i, = fu say. An entry in cell (£ ), § % j is the number of villages where there are
camers by both industries 7 and j, =7, say. The parentheses show 100 x £/ 1
ij=1.....10.

Table 2 shows, for example, that if a number out of the 199 villages which abound
with handloom experts (1) are chosen, then huskers (3), ironsmiths (8) and carpenters
{9} should also be found there. Again, if any of the 19 villages with silk workers
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(5) are selected, then huskers (3), ironsmiths (8), handloom weavers (1) and bam-
boo artisans (7) are hkely to be present there too. These possibilities encourage us
to explore the possibilities of adapuive sampling as an improvement upon the origi-
nal stratified two-stage scheme we start with. Thompson (1992) and Thompson and
Seber (19967 give a good account of ‘network” and “adaptive sampling” technigues.
Chavdhun (2000} extended their results by showing how unbiased estimators of totals
and vanance estimator can be constructed for stratified mulb-stage sampling with vary-
ing selection-probabilities. In the rest of the paper, we emphasize the applicatons of
these ideas.

We shall explain and show below that in order to apply adaptive sampling one needs
to suitably (a) define certam “neighbowhoods™ and (b) construct “networks” thereby for
every population unit. If one starts with any sample, a corresponding adaptive sample
Just adds to it the units o the networks of all the sampled units. Comesponding o an
estimator for a population total based on the imitial sample using any sample “weights’,
the adaptive sample employs the same estimator only replacing cach sample observation
by the simple average of all the observations in its network.

It 15 casy to check that adaptive sampling gives a better estimator than the sample
mean for the population mean based on simple mandom sampling without replacement.
But such general results are not ecasy to claim for arbitrary sampling and estimation
methods with arbitrary network formations. By a numerical exereise we illustrate below
that an effective way, o achieve higher efficacy in esnmating simultancously the totals
of several variables, is o fonm the networks “suitably” on taking account of their mutual
associations, This 1s done by defining networks in terms of one or more industries which
are well distributed over Birbhum and which are well associated with the localized
industries. As explained afier Table 2, this makes it much more likely that the workers
in the associated localized industries will be captured by the adaptive sample based
on such networks, This method will be generally applicable whenever one can identify
networks which are swtable in this sense. For this, one needs an associaton table
similar to Table 2, which need not however be very accurate sinee the exact numbers
of this table are not used directly in the computations, We utilize data from the EC to
design owr mitial sample appropriately and for adaptive sampling. With our illustrations
we may claim that accurate occasional follow-up surveys adopting owr proposed method
may justify delaying the expensive Economic Censuses over mntervals of not less than
10 years.

In Section 2 we describe the sampling schemes and the estimation procedures. In
Section 3 we give the pedormmance eriteria used for companson and in Section 4 we
show some of the perdfommances of the estimators by numerical illustrations based on
data from EC 1990-1991.

2. Sampling schemes and estimation methods
The orginal sampling scheme 15 chosen carefully so that the villages may be ef-

fectively sampled. To stat with we treat the blocks as the first stage units (fsu) and
split them mto 3 strata of 7 blocks cach. Using data from EC (1990-1991), the total
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Table 3
Showing the distribution of camers by blocks and strata

Stratum The total camers in 7 blocks of respective stmata Total

1 2910 1412 1211 B2l BE3 R0 284 ThSh
2 2879 240 1189 BRY 559 w7 270 B223
3 2250 2178 1132 1077 510 462 175 T3
Total 21672

numbers of carners by all the above 10 mdustries together in the respective blocks are
used to mnk the blocks 1,2, ..., 21 in decreasing order of these numbers. The blocks
ranked 1,6.7.12,13,18 and 19 form the first stratum, those ranked 2,5.8,11.14,17
and 20 form the second stratum and the rest form the third. The numbers of carners
through all these 10 mdustries in cach block of the 3 strata are shown in Table 3.

In the first stage, using the entries in Table 3 as the “size-measures”, from each stra-
tum we choose samples of 3 blocks independently, applying the Rao-Hartley—Cochran
{RHC, 1962) sampling scheme which is described below. In the second stage, from
cach of the chosen blocks we independently select 20%, 12% and 10% (rounded
upwards to the next mteger) simple mandom samples (SRS) of villages without re-
placement (WOR), Using the samples so selected, we use appropnate estimators for
the “total numbers of ecarners’ by the 10 respective industries and also a couple of
‘combinations’ of them and all of the 10 industnes taken together.

2.1, Rao—Hartley—Cochiran method of sampling and estimation

Suppose U =(1,....i....N) 15 a finite survey population with y; as the value of
a real variable of mterest . Let ¥ =% v be the population total to be estimated,
writing Z as sum over i in U Let g, (0 < p; < 1, Z i = 1), be known numbers,
called the normed size-measures of ¢ m U, To choose a sample of # units from U
by the RHC method, one needs to first choose s posiive mtegers Ny, N, with
their sum % Ny = N then, an SRSWOR of Ny units of U7 are chosen w0 form the
first group, and then successively SREWOR s of sizes N, ... N, are chosen from the
remaining units of U0 cach tme (2,....0), thus forming » disjoint mndom groups.
Suppose pri...o. Pie.s oy, be the gy values for the units mothe ith group and let
=pa+...+ p.i=1,....n Then, one unit 15 chosen from the ith group with
probability gy /(% for the ijth unit and this 15 independently repeated for cach group.

For simplicity, writing y and p; as the y- and p; value of the unit drawn from the
ith group, for this RHC scheme of sampling, RHC's unbiased estmator for ¥ ois:

O

frie = By = (2.1)
1
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and the unbiased estimator of Vifgye) 1s:

3
Vo |©

E'-'[-rl'{|'li.":| mm EPEJIEJIQ Q [_ = _J] {2_7}
where C ={l"_‘.,.,f'-.-’l-'!I — N ]_.-'{NE - E,.;"".-'J-EII: ._.",,.'_:,, denotes sum over distinet pairs of the
groups with no duplication and no ovedap, i =1,.... 5, (# ).

MNote that (2.1 ) and (2.2} are applicable only if the ;s are ascertainable for a sample.
But, suppose y;= Zf;’l ¥ii. 18 the sum of M; second stage units (ssu) contained in the
fsu i of U and is not ascertainable. Then, one may draw an SRESWOR of size m; from
these MG ssu's and use

.
¥»=—yy {(23)
"
as an unbiased estimator of y, writing £' as the sum over the sampled ssu’s. An
unbiased estimator for V{7;) 1s given by

iy 1 i
NG 7o b R G G, (' . 74
. : ( M; ) mm; — 1) g = R kest)

where 7 = 2y /m;. Now, following arguments as in Chaudhuri et al. (2000), an
unbiased estimator of the variance of the unbiased estimator
e

ERHC = Eal_rj' T {2.5]

1

for ¥ in this two-stage sampling ‘RHC-SRS” s

tlernc) = CE,E, 00 [ - ‘—] + 5, % b (2:6)
where ¥; and u; are as in (2.3) and (2.4).

As a better course one may employ the RHC-RHC scheme where at the second stage
an RHC sample of m; ssu's are selected from the M ssu’s in i, utihzing some known
normed size-measures gy (0= gy < L Z:il pip = 1), say, by forming m; groups of
My ssu's in the jth group (f = L....m;), and with 2 as the sum of the My values
of p;’s falling in the jth group. Then, with analogous notations,

QJ.'

_'!- Eur.- ¥ij {'2-?'!
pg
15 unbiased for w and an unbiased estimator for the variance of ¥} is
2
o = G5 T 00 (2L - _) 28)
i = ity Sty S ST Pij i’ ’ -

where C;=(E,, M’ — M; ‘J..-"{,‘Irfj.-’ — B, M +). Then, an unbiased estimator for ¥ is
B—

ehuc = Lay; —
]
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and an unbiased estimator of Viej,.) is

* FS _’
® td Wl 1 ~‘“J .kl'j.' 1 i ™
tlepne) = CEE, GOy [— = —] LW,
i P

where " and v are as in (2.7) and (2.8). In our present application, as the population
is divided into 3 strata, we calculate these estimators for the 3 respective strata and
then add the estimators and the variance estimators across the strata to get estimators
for the overall population total, (i.e. the total for Birbhum district), along with variance
cstimators.

2.2 Adaptive sampling

In adaptive sampling, from a given survey population U =(1,....& ... . N) for which
atotal ¥ =3 v is to be estimated, initially a sample s of units is suitably drawn
and further units are added w it s0 a5 to improve upon an estimator based on the
mnitial sample by capturing more units of relevance i course of the survey utilizing
the observations on the sampled units. For this, a ‘neighbourhood of every umt® is
defined consisting of a unit and further units hnked through a well-defined reciprocal
relationship. In adaptive sampling, given a unit 7 in a sample, every unit in its ‘neigh-
bourhood” 15 also to be observed i respect of the value(s) of one (or more) variable(s)
to be specified. 1f these values satisfy certain conditions then units in the neighbour-
hoods of every such umt are also to be observed and checked for the conditions on
their values, continuing this process until a unit of a neighbourhood ceases to satisfy
the specified condiions. The set of all such units to be checked starting with a unit
i 15 a cluster C(i) around i. All the units in C(f) for which the specified conditions
are satisfied, twgether constitute a subset of C(f) called a “Network™ N(i) of i. The
remaining units of C(f) for which the conditions are not satisfied are called edge units
E(i) of C(i). Every edge unit 15 regarded as a “singleton network” consisting of a
single unit for which the specified conditions are not sansfied. All networks defined
corresponding to any § i U0 are mutually exclusive and the set of all the networks
together with the singleton networks exhaust the entire population U7, The entire set
of units m the clusters of all the units of the onginal sample constitute an “adaptive
sample’.

In the present context, we stat with a given hist of all the 1286 villages in Birbhum
distriet and mmagine them to be armanged in a circular way. Given any village, two
villages ahead of ot and two villages following it in the hist together with this mitial
village are supposed o constitute a neighbourhood of five villages. Given a village in
an mnitial sample having say, at least one carner through carpentry (C), a cluster around
it 1s formed by associating with this village all other villages with at least one carpenter
found m the successively neighbounng villages, All the villages in such a cluster having
at least one carpenter form a network. All such networks, plus the singleton networks
of villages with no carpenter at all, exhauost all the villages m Birbhum,
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Let A(i) be a network containing a unit { and f; be its cardinality. Then, for f; =
(10 me ¥;, wi have

I=y =Y h=,

iel!

S0, estimating ¥ 15 equivalent o estimating T

Moreover, if 7 s a population of N fsu's i, M; be the number of ssu’s in the
ith fsu, the jth ssu in the ith fsu containing Ly third stage units (tsu), then if ¥V =
Z;‘I E:d| Z;‘:f__l vig 15 to be estimated, then starting with three-stage sampling one
may adopt adaptive sampling and proceed equivalently to estimate

=1 j=1 k=l J-'* ared| ik )

which equals ¥, w bemg any tsu, writing A(ifk) as the network formed with an mitial
tsu iff and Ji as the cardinality of A({jk). In forming the networks one need not be
barred from crossing the limits of the units within the respective stages. Similarly, the
stratified sampling case may also be covered with no bamiers by strata-formation in
defining the networks,

In such cases, since the estimators of ¥ =T are specified, vanance estimation is also
a simple matter; in all the formulae one has to replace y; by & = (1/E) 3,5 ¥ Vi
by g = (105 ) 3o qipy ¥u and so on.

In Section 3 we discuss some crtena for evaluation of altemative estimators for ¥
based on various sampling procedures taking v as the number of earners by separate
mndustries and also by certain groups of industries meluding the totality of all 10, In
constructing the networks, we choose possible alternative industries instead of carpentry
{C) alone.

3. Criteria for comparison

Given an estimator ¢ for ¥ with v as an estimator of V{¢), we treat d = (¢ — ¥)//v
as 4 standard normal deviate and (£ — 1.96,/v,f +1.96,/7) as a 95% confidence interval
{CI) for ¥ calculated from a given sample. Since we are dealing with census findings,
we may replicate the sampling and estimation by the same procedure £ = 1000 times,
say.

The percentage of such replicates for which the above Cl covers ¥ ois called the
Actual Coverage Percentage (ACP). The closer the value of ACP is to 95, the better
It 5.

The average, over these replicates, of the values of co=10047/t is called the Average
Coefficient of Vanation (ACV). The smaller the value of ACY, the better 1s f as a
point estimator and also the smaller is the width of the CL

Morecover, for indwvidual samples, the values of co are compared i respect of various
{fv)s. In the next section we present some numerical findings in quest of appropriate
construction of networks to end up with apposite recommendation for policymakers.
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Table 4
ACPE, ACVY-values based on estimated numbers of carners industry-wise from stratified RHC-5SRS samples
of 2%, 12% and 10% villages per selected block

Industry no. & Code ACP (20%, 12%, 10% sampling) ACY (20%, 12%, 1P sampling)
1 {H) (516, 474, 447, (524, 59.3, 620)
2 (B} (85,9, §4.9, 8301, (366, 44.1, 48.1)
3 (HLY (90,0, B84, 850, {219, 267, 286}
4 (P (86,1, TR 754), (472, 589, 64.7)
5 (8] {408 29.6, 258, (79.5, 608, 655
& (58] (70.2, 64.3, 613), (687, 73.1, 7T32)
7 (BM) (790, 717, T1.4), (464, 731, 732)
& (15 (92,0, §9.5, §79), (241,292, 1.7)
9(C] (856, £5.1, £28), (208 362, 3195)
10 (PC (B4.8, TR0, 7623, (242,293, 31.7)
3809 (BE.1, BR.2 E79), (254, 296, 320)

Table 5

Froper combinations of villages to form nebaorks

Industry code  Metwork by Industry code Metwork by Industry code Metwork by

HLU 3 C, B 58 HU, IS5, C C HU, IS5, H
P HL, IS, C BM HU, IS, C, B PrC B, HL, 15, C, BM
5 HU, B IS, C 15 HU, C, B

4. Numerical illusirations by simulation from economic census 1990-1991

Remark 1. Consistently with their spread across the villages and blocks, Table 4 shows
that with the original stratified RHC-SRS sample, only the huskers (3), ironsmiths
{ 8) and carpenters (9) are mther well estimated, with the bamboo-workers (2) shightly
lagging behind. All other estimates, partticulady the silk-camers (3), handloom-weavers
{1}, stone-breakers (6) and bidi-makers (7) are too poor to be useful and this is also
expected as mdustries 5, 1, 6 and 7 are quite strongly localized.

Remark 2. We may take the cue from Table 2 to conjecture that for a night applica-
tion of adaptive sampling, networks should be so formed that to estimate the number
of handloom-weavers (1), the villages with huskers (3), ironsmiths (8) and carpen-
ters (9) in the neighbowhood of any sampled village should be treated as the net-
work for that village with a handloom-weaver. Similardy, while estimating the number
of bamboo-artisans (2), villages with huskers (3), wonsmiths (8) and carpenters (9)
should be taken to form networks. Similarly, one would expect good results as per the
combinatons in Table 5.
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Table &

ACP, ACY hased on 1000 replicates in estimating industry-wise e@amers by adaptive sampling with
industry-speci fic networks. a,b are the original and adaptive sample village numbers in a single replicate
industry-wise; cd are the same over-all village numbers

Industry Number Metwork-industry spect fication

and Code
I (H) {ACP, ACV, ab),  2{B]{ACP, ACV, ab), 3 (HU} (ACP, ACV, ah)

1 {H) (701, 498, 1627) (4746, 495 16,23), (649, 46, 16, 52)
2 (B} (853, 355, 28 32 (B9.1, 33.3, 28 72), (90.1, 2, 28, 88)
3 (HL) (90.5, 200, 60, 68) (209, 2.4, 60, B7), (928 167, 60, 244)
4 (P (7.3, 438, 13, 15) (B5.1, 42.5, 13, 18), (BE.7, 350, 13, 35)
5 (%) (46,6, 796, 0,17 (443, BL.S, 0,0, (66,1, 777, 0, 13

& (5B (70.3, 684, 0, 0 (700, 69.5, 0,1, (756, 629, 0, 1)

7 (BM) (778, 437, 14, 19) (B3, 42.0, 14, 23), (B39, 128, 14, 44)
& (18] (924, 225 31, 39) (9140, 22.9 31, 49), (928 198, 31, 108)
9 (C) (K82, 287, 28 33 {905, 27.3, 28, 40, (9.3, 231, 28, §7)
0 (PCY (RR.5, 520, 11, 13) (820, 52.3, 11, 16), (B6.E 419, 11, 24)
All 10 (931, 206, --) (37, 2.3, -0, (903, 169, -~
All but & &, 7 (701, 498, --1 (891, 333--4, (925 167, --)
(e, d) (107, 118) (107, 151, (107, 2913

Remark 3. It is remarkable that to estimate the number of carners by a particular
industry, the proper network need not be formed by looking for neighbounng villages
with camers by that same industry. Instead, a network formed by some other industries
‘associated” with it, the ‘association” bemg empirically revealed by a table similar to
Table 2, should fare better. We have no explanation for a particular industry to be
associated 1 a desimable manner with some other industry but we feel that we should
be guided by empirical evidences alone as in Table 2.

We now illustrate some numerical evidence.

Remark 4. The number of villages to be covered m adaptive sampling may far exceed
the size of the original sample depending on the choiee of industry in definng the
networks., But this need not be prohibitive because (1) the neighbouring villages are
geographically so and (2) in rural areas, ascertaiming the presence/absence of earners by
specific mdustries locally 1s not laborious or expensive. In a single replicate, a village
with 7 or more industry-type camers is rare and so the blanks appear in the tables. With
networks as in Table 6 the estimation about handloom (1), silk (3), stone-breaking (6)
and to some extent bidi-makmg (7) too, continue to be poor.

Remark 5. When the industries pottery (4), silk (5) and stone-breaking (6) are used
for forming the networks, Table 7 shows that the quality of estimation rather declines
and adaptive sampling hardly covers any additional villages over the onginal sample.
S0, these 3 industries should not be used in defining networks. This is consistent with
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Table 7

ACPE, ACY based on 1000 replicates in estimating industry-wise carners by adaptive sampling with
industry-speci fic networks. a,b are the original and adaptive sample village numbers in a single replicate
industry-wise; cd are the same over-all village numbers

Industry Number Metwork-industry specification

and Code
4 (P) {ACP, ACV, ah), 5 (%) {ACP, ACV, a,b), 6 (SB) (ACP, ACV, ah)

(n n (£} 4

I {H) (51.2, 52.1, 16, 16) (51.3, 523, 16 16), (5146, 524, 16, 16)
2 (B) (R6.7, 362, 28, 29) (858, 366, 28 28), (859, 36.6, 28 28)
3 (HLI) (90.0, 21.7, 60, &) (90.3, 212, 64, 60, (B95, 219 60, 60)
4 (P} (BEO, #4213 15 (862, 472,13, 13, (Bo4, 471, 13, 1)
51(5) (408 75,0, 0) (40.7, 72, 0, 0, {408, T9.5 0, )

6 (58] (697, 6.1, 0, 0 {70.2, 68.7, 0, 0), (780, 63.7, 0, 0)

7 (BM) (811, 447, 14, 14) (785, 460, 14, 14), (805, 462, 14, 14)
B (I5) (916 235 311, 31 (91.7, 40, 31, 31, (921, 239, 31,31
9{C) (RE.1, 200, 28, 28) (B85, 20.7, 28 28), (891, 20.5 28 28)
10 (P ) (807, 322 11, 11) (802, 572, 11, 11}, (78RS, SRR 1L, 11)
ie, d) (107, 109) (107, 107} {107, 107}

Table 5 which does not recognize these three industries to suit any of the industries
in network building,

Remark 6. Particulady for the industres silk (5), handloom (1) and stone-breaking
{6), a phenomenal improvement is achieved when networks as in Table 8 are used.
But the resultant sample village size may mcrease by a large amount and this may
sometimes be impractical.

Remark 7. Except for the silk (35) carners, the three networks as in Table 9 achieve
commendable improvements over the original sampling and the enhanced sample-sizes
too remain sensibly low.

Remark 8. From our arguments and fllustrations it 15 evident that adaptive sampling
may be made fruitful by dint of approprnate network formations based on empirical
verifications of “associations” among the various combmations of industries in a given
region, namely Birbhum district in our illustration. Adaptive sampling leads to increased
sample-size in course of addinonal capture of relevant units throwing additional data
for the improvement i estimation. However, with mere enhancement of sampling rates,
without exploitation of the *associations” among the industries of interest, one cannot
expect or claim proportionate betterment in estimation, 1.e., ‘the unitary method” does
not apply. So, in practice, tables similar to Tables 2 and 5 should be wtilized in setting
up gudelines m network formmation. Proper networking also depends on the specific
industry and industry groups which are considered important for accurate estimation.
In the present case if silk (3), stone-breaking (6) and handloom (1) totals are the most
important ones to estimate, relatively more costly and penctrative networking will be

needed as illustrated.
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Tahle &

ACP, ACY hased on 1000 replicates in estimating industry-wise e@amers by adaptive sampling with
industry-speci fic networks. a,b are the original and adaptive sample village numbers in a single replicate

industry-wise; cd are the same over-all village numbers

Industry Number Metwork-industry specification
and Code
£ (18) (ACP, ACY, ah), 3 (HU) and & (IS) 3 (HUY and 9 {C)
(ACP, ACY, a ), (ACP, ACY, ah)
(L) (2) (2 4
I {H) (74.3, 47.4, 16,24}, (817, 33.2 16, 61), (787, 37.3, 16, T0)
2(B) (86.7, 32.6, 28, 43) (903, 26.5, 28, 105), (9140, 28.1, 28, 114)
3 (HU) (928, 18.7, 60, 82) (936, 15.2, 60, 285), (920, 15.4, 60, 292
4 (P (854, 41.2, 13, 20) (846, 30,6, 13, 46), (89.1, 33.0, 13, 52)
505 (5.7, 79.0, 0, 1), (2%, S6.4, 0, 2), (736, 720, 0, 2)
6 (58 (79.0, 60.4, 0, 1), (807, 49.9, 0, 59, (748, 571, 0, 3
7 (BM) (825, 38.6, 14, 23), (840, 27 3, 14, 57), (B25, 22 14, 62)
8 (18] (929, 22.0, 31, 71), (934, 183 31, 184), (93.1, 18.4, 31, 154)
94C) (D04, 249 28 46), (905, 20.7, 28 121}, (925 198 28 169)
10 {PC) (6.9, 50.3, 11, 16), (77, MK 11, 26), (BR2, 3.4, 11, 313
All 10 (926, 17.9, - -, (915, 11.9, -, (921, 138 --)
{e, d) {107, 147, (107, 485}, (107, 4803
Table 9

ACP, ACV based on 1000 replicates in estimating industry-wise earners by adaptive sampling with
industry-specific networks. a,b are the original and adaptive sample village numbers in a single replicate

industry-wise; cd are the same over-all village numbers

Industry Number
and Code

Metwork-by

1 {H)L 2(B) 4 (P
{ACP, ACV, ah),

9 ()
{ACP, ACV, ab),

& (15) and 9 (C)
{ACP, ACY, ab)

1 {H)
2(B)
3 (HUY
4 (P
5(5)

6 {SH)
7 {BM)
B (15)
94(C)

10 {PC)

All 10

(c, d)

(83.0, 41.5, 16, 47),
(EE.5, 28.0, 28, 90,

(905, 18.0, 60, 113),

(916, 300, 13, 29,
(56.8, 764, 0, 2),
(70.0, 69.0, 0, 1),
(80,6, 37.7, 14, 29},
(910, 21.4, 31, 65),
(894, 24.4, 28, 55),
(895 410, 11, 19,
(934, 164, --),
(107, 216)

(786, 47.1, 16, 27),
(B79, 343 28 47,
(907, 20.3, 60, §9),
(869, 42.8 13, 21),
(482, £1.6, 0, 0),
(680, 66.4, 0, 1),
(764, 40.6, 14, 31),
(933, 21.6, 31, 52),
(904, 25.4, 28, 78),
(833,499 11, 14),
(894, 202 -,
(107, 157),

(822, 39.6, 16, 43)
(B85, 30.0, 28, 77)
(928, 17.5, 60, 148)
(846, 383, 13, 37)
(625, 77.8 0, 3)
(832, 51.5, 0, 6)
(2340, 32.6, 14, 46)
(932, 19.2, 31, 139)
(90,1, 210, 23, 132)
(877, 41.1, 11, 21)
(932, 14.6, - )
(107, 319

Mext, for a partcular single sample, the original and the corresponding adaptive one
obtained by various industry-specific network formations, the estimated total industry-
wise numbers along with estumated cocfficients of varation are shown m Table 10,
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Table 10
Estimated earner-numbers ¢ by industry along with coefficients of variation co{f ) single sample-wise

Indusiry Tme Estimated number (1) by single-sample, ov (%)
Mumber  mumber
& Code (1) Original Adaptive samples
sample
Metwork by Metwork by MNetwork by
1 {H) 2 (B} 3 (HUY
1 {H) 4582 671, B4 7503, 54 6256, 96 TIB7, 56
2(B) 715 4823, 43 44340, 40 4482, 28 5255, 26
3 (HL) 2352 32, 14 3118 14 IEIE 13 2982 17
4P 2012 1958, 18 1848, 39 2191, 33 2483, 28
54(5) 1543 00 11,107 0,0 3, 94
6 (58) 386 00 0 31, 126 7, 140
T (BM) 1539 634, 35 722,33 1027, 24 1001, 20
B (I5) 1523 1254, 16 113, 14 lall, 16 1671, 13
9{C) 1381 1673, 35 lala, 34 1959, 19 1465 21
10 (PC) 11349 2581, 48 2798, 45 1886, 43 234, 36
All 10 2672 23155, 27 177, 20 1259 23 24836, 16

Estimated earner-mumber (1) and ov (%) using network by industry

B (15) I(HU) & B(15) E(I5)&9(C) 3 (HU) & 9(C) 2(B), & (I8) &9 (C)
L(H) 6741, 55 7488, 47 4934, 64 G448, 53 3895, 41
2(B) 5651, 34 5661, 24 S160, 28 4519, 24 S16%, 17
I(HU) 3205 14 3045, 14 3177, 13 2758, 16 2968, 14
4 (P} 2349, 34 3298 2% 4R, 23 3234, 25 3151, 23
505 9, 107 15, 58 5, W7 s, KK g &6
6 (58) M2, B 338, B0 13, 76 29, 43 31, 74
TIBM) 794,30 1241, 16 757, 26 1007, 18 932, 16
B(IS) 1525 14 1RO 12 L0, 14 1754, 12 1784, 11
900 B3, 20 1696, 14 I 738, 16 1934, 17 2095, 16
0 {PC) 2552 43 1300, M 2189, 46 2101, 37 1893, 38
All 10 448 16 26970, 11 13214, 14 ZITEG, 15 2105, B

Remark 9. 11 one’s mnterest 1s chiefly to estimate the number of earners by silk industry
{3), which actually in Birbhum is known to be 1543 in 1990-1991, then a sample
originally desipned by us may not capture any one of them and so result in a “zew’
estimate. Even by adaptive technique, this estimate may be raised to at most 15 and
that is also borne by a heavy bulk of a 38% cv. So, a somewhat drastically different
sampling scheme needs to be tried. For the case of stone-breakers (6), the situation
15 moughly similar. For the huskers (3) and the ronsmiths (8), our onginal sampling
scheme is good enough.

However, it is remarkable that for all the 10 types of eamers combined, we can
achieve an appreciable reduction in cv by using adaptive scheme with the right net-
works, as compared to the onginal one. For other categones too, similar observations
can be made from our exercise above.
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S0 the message s that w cover most of the industries, adaptive sampling should be
useful. For ndustries which are evenly spread out over the region, the original sample
can be aptly designed o give good estimates; but for the very highly localized industries
more special efforts are needed and for this futher research s a must. It can be casily
seen following Thompson and Seber (1996 that in the case where the nitial sample 1s
a simple random sample, the efficiency of adaptive sampling based on it will be large
if the varianon within the networks 1s high. The dea of network construction on the
basis of associations, as proposed in this paper, is likely to lead to networks which
will have high within-network varability. Moreover, adaptive sampling is operational
if (1) the *added units™ are easy o survey and (2) the common association ensures
geographical contiguity thereby keeping down the additional costs.

To mmprove upon these estimates we could consider an RHC-RHC scheme where
the villages are also selected using the RHC technigue with a sutable size measure.
This may lead to a better orginal sample than the RHS-SRSWOR sample illustrated
here.

Finally, we are inclined to draw a reader’s attention to Table 4 and column 3 of
Table 8 to notice how, for 1 (H), 5 (8) and 6 (8B) the respective ACP's have dra-
matically moved, through the network fommations by 3 (HU) and 8 (I8), from mere
44.7, 258 and 61.3 based on the onginal sample to respectively 81,7, 82.8 and 80.7
along with reductions also in the ACV's. More importantly, (a) for the same network
better results are also denved for the other vanables and (b)) for other networks these
advantages are not quite apparent.

Acknowledgemenis

We are thankful to two referees and an editorial board member for ther recom-
mendations leading to improvement upon an earlier draft of the paper. We also thank
Mr. Rajiv Parckh for his computational assistance at all stages of this work.

References

Besag, 1., 1974, Spatial interaction and the statistical analysis of lattice systems. 1. Roy. Statist. Soc. Ser. B
36, 192234,

Chaudhuri, A., 2000. Network and adaptive sampling with unegual probabilities. Cal. Statist. Assoc. Bull,
50, 237253,

Chavudhuri, A., Adhikary, AK., Dihidar, 5., 2000. Mean square error estimation in multistage sampling.
Metrika 52, 115-131.

Rao, LMK, Hartley, H.O, Cochran, W.G., 1962, On a simple procedure of unequal probability sampling
without replacement. 1. Roy. Statist. Soc. B 24, 482-49].

Thompson, S K., 192 Sampling. Wiley, Mew York.

Thompson, 5 K., Scher, GAF., 1996, Adaptive Sampling. Wiley, New York.



	1.jpg
	2.jpg
	3.jpg
	4.jpg
	5.jpg
	6.jpg
	7.jpg
	8.jpg
	9.jpg
	10.jpg
	11.jpg
	12.jpg
	13.jpg
	14.jpg
	15.jpg

