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A Method of Classifying

Regions from

Multivariate Data

In regional studies, it is customary to use a composite
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index to

measure development. In this

note an attempt is made to define a composite index for measuring the spatial differentials in the

level of development.

An illustration is provided for the construction and use of such indices, taking the available dis-
trict-wise data from the states of Andhra Pradesh and Karnataka.

I
ing Di: among

A NUMBER of studies® have been
carried out to identify = backward re-
-gions using various criteria of deve-
lopment. Bennet [2], for example, con-

Andhra Pradesh.

In this paper, we emphasise the
spatial aspects of development by pro-
posing a simple method! for measur-
ing the level or stage of district deve-
lopment. The methodology is described
in Section II. A practical application of

structed a- non-monetary index of this method is considered in Section
development to . focus attention on III by using a  selected ' number of
international disparities in d indi for , Andhra
tion levels. Adelman et al [1] refined Pradesh and  Karnataka. It will be
Bennet's analysis by incorporating seen that this method is a  simpler

additional variables. In India, Rao [15]
used multiple factor analysis approach
for measuring economic distance bet-
ween the states, Das Gupta [3] con-
sidered some 24 indicators used earlier
by Mitra [7] for classifying the various
districts of India on a ranking basis,

and probably a better alternative to
the conventional approaches, such as
the principal component analysis,
which are based on rather restrictive
assumptions.*

1
Methodology
Let X;, represent the size or value
of the i-th development indicator in
the d- th district of a state (i=1,2,...,
m: d ., say.) Let us write

a - Md"" Xia

4 = Max X;-MinX,, - @D
d d

where Min X4 and Max X;q are,
4 d

respectively, the minimum and maxi-
mum of (XiXiz,....Xin).

_lf. however, X; is negatively asso-
ciated with development, as, for ex-

TABLE 1: VARIABLE INDICATORS AND THEIR WEIGHTAGE

and used the discriminant analysis.
Rao [14], taking 15 indicators and Indicator Weight
using the method of principal com-
ponents, identified the backward states.  Education
. N X Lit
In all these studies, generally, a Tac- ”("(mh fteracy rate .0426
tor analysis approach was adopted. Nan- X Numb. i
jappa [12] used an approach involving™ x? D::(‘O:; onrhloinl”a} beds lper lakh of population .0515
a simple aggregation of the rankings’ AL:n'culturz perlakh ol noputation -0540
of districts in Karnataka state, based P
on some 15 development indicators. X\  wingnasyofarea irrigated to the area sown .0448
.
The Pande Committee [13] adopted a X, Percentage arca under commercial crops to the area sown %44%.(,)
similar ranking _approach at the al- X Number of pumpsets ‘045
India level. Mukherjee and Roy [10,11] s umber of tractors .0429
have recently proposed a more sophis- Industry
ticated approach analogous to factor- §- }{aluc -added Iby manufacturing L0525
analysis. In a somewhat unconven- e actory employment 10469
tional approach. Hellwig [4] had con- ~[nfrastructure
structed_an index of development in {11 "Kﬁf’f‘r"cl:cz&g: ;'rllzscrs cnnnccgd by a(l){)-weall‘(rmz:dﬂ .0430
s oF 3 i G 12 surfaceu roa 1000 ki .043.
the form of a weighted averas:. where  X'1 Motorcars and jeeps s per square kilometre area .(()15434
the weights are assumed to be inverse- Motor cycles and scooters 10540
ly proportional to the coeflicients of R“gf‘SYehw'cs on road L0482
variation.  This index was used lor Té‘lc:,on:;c-::s 0447
. ies. " L0538
":S;;ﬁg]“"'.' of R Jyenear Number of post offices per lakh of popu'ation L0484
. 1 E Other inf
similar index for measuring develop-  x P
il . ' ercentage of villages and towns electrified 0446
ment of districts in Karnataka, Sudar-  X1o  Por capita consumption of eleetricity [0451
shan [16] has proposed yet another X, Bank offices (scheduled) per lakh of population 0502

method for classifying districts in
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TabLE 2: LeviL OF DEVELOPMENT IN
ANDHRA PRADESH DisTRicTs (1978-79)

=

T
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3

i it t
B 24 2

Coaxial Andhra
East Godavari 3542 6
Guntur 37.51 4
Krishna 41.59 3
Nellore 30,10 8
Prakasham 21.22 13
Srikakulam 14.7% 19
Vishak.patnam 3301 7
West Godavari 44.08 2
Rayulaseema
Anantapur 26.51 10
Chirtur 3749 5
Cuddapah 26.29 11
Kurnool 27,78
Telangana
Adilabad 1083 21
Hyderahad 68.38 1
Karimnagar 20.2% 15
Khammam 17.68 17
Mahboobnagar 14.17 20
Medak 14.86 18
Nalgonda 2093 14
Nizamubad 21,39 12
Warangal 19.99 16

Taste 3: CLASSIFICATION OF ANDHRA
PaapeEn DisTricTS (1978-79)

Stage of
Development District
Hyderalad
West Godavar
Krishna
Guntur
Chittur

East Godavari
Vishakapatnam
Neliore
Kurnool
Ananlapur
Cuddapah
Nizamabad
Prakasham
Nulponda
Karimnagar
Warangal
Khammam
Medak
Srikakulam
Mahboobnagar
Adilabad

P;;ghly Developed

Developed

Developing

Backward

Very Backward

ample, the infant mortality rate or the

unemployment rate which should de-
cline as the district develops, then
12,1) can be written as:
Max Xy — Xy
d
Yu = 2.2)

Max Xy — Min Xy
a ¢
Obviously, the scaled values, Yiee

vary from zero to ons®, From the

matrix of scaled values. Y = ((¥id))
we may construct a measure for the
level or stage of developmeng for
different districts as follows:,

Yo SWiYiet WYy t e

e F WY 2.3

where the w's (0 <<w, < land w, +
Wy b oW = ) are arbitrary
weights reflecting the relative import.
ance of the individual indicators, A
special case ol this is when the weights
are assumed cqual.

Howcver, a more rational view would
be to assume that the weights vary
imerse'y a the variation in the re-
speetive  indleators of  development.
More specifically, we shall assume:

k
v Var (y;)
m 1 -1
where k =| S ————
L5 )
2.5}

w, =

(2.9

The overall district index, Yo abo
from zero 1o one. Also, if

Yi» Yo ees Y 20¢ independent, then

varies

m
Var (yg) = % w Var (y)

(2.6)
which is constant, equals to mk? for
all the districts.

The choice of the weights in this
manner ensurcs thal large variation in
any one of the indicators  will not
unduly dominate the contribulion of
the rest of the indicators and  distort
interdistrict comparisons, It is well-
known that. in staisrical compari-
sons. it is more efficient to compare
two or more means dffer equalising
their variances.

For classificatory purposes, a simple
ranking of the district indices (—y'd)
would do. Howcver. a more meaning-
ful characterisation of the “different
slages of development  would be in
terms of suitable fractile classificalion
fram an assumed disiribution of  y,
Tt appeurs approprinte lo  assume that
y has 2 Beia  distribution in  the
range (0.1). The Beta distribution is
generally skewed, and perhaps,  rele-
vant (o characterise  poshive-valued
random variables,

A random variable, Z, has 2 Beta
distribulion in the interval (0,1) if its
probability density [unction, f(2). can
be wrilten as:

_ ! a~l b-1
M) “B(a,b)z (l-z)
0Lz landa b>0 ... (27
where Ii (a.b) is the integral

1

]
B(a h)=j A e
7]

(2.8

Let (02} 12,2). 12,20 (c,.2) and
fz,. 13 be linar intesval, such  that
cach internal has the same probability
weight of 20 per cent,  These fractile
groups can be used to characterise the
various stages al development. Suppose
we adopt the (ollowing definitions of
development, excluding the extreme
vasts of 2z = 0 L

E Very backward if
O<y, < 7,

D Backward it
<y =2,

C  Developing il
2,<yy £ L,

B Developed il
<y, =2

A Highly developed il
Z<y <)

The parameters 'a.b) in the assum-
4 Bela distribution can be estimated
by solving the following simultancous
equations

(Il—ya-yb 0

(y—mja-mb-my-y ...2.9)
where y iy the overall mean of  the
district indices and m, is given by

2 2

m=S iyt (2.10)

where S; is the  variance of the
district indices. The cut-off points z,
to z, can be obfained Irom tables of
incomplete  Heta  lunction, or from
table of the F-distribution with de-
grees of freedom (23, 2b), which are
readily available,

i Fn, L ngip 15 tBe value of the
F-Statistic with n, and n, degrees of

2049



December 18, 1982

ECONOMIC AND POLifICAL WEEKLY

TABLE 4: [INDICATORS AND THEIR WEICHTAGE

Sudarshan  [16), whith involves 2]

individual indicators

Indicator Weight
Education and culture
Literacy rate 0.04462
Cinema bouses/lakh of population 004674
Health
Hospital beds/lakh of population 0.05571
Agriculture
Percentage of gross area irrigated/gross aea sown 0.05325
Percentage of area under commercial crops to the gross area sown 0.05472
Number of waler pumps 0.04706
Number of tractors N . 0.05700
Percentage of area undér high yielding varieties 0.04635
Industry
Factory employment 0.06276
Infrastructure
Length of surfaced roads/1000 sq k m area 0.06736
Motor cycles & scooters 0.06191
Number ol cars & jeops 0.06227
Goods vehicles * 0.05911
Radiosets 0.06131
Telephones . 0.06219
Posi officesflakh of population . 0.05929
Percentage of towns & villages electrified 0.04885
Bank offices/lakh of population 0,04949

frecdom corresponding to  probability

P ie,

Pr(F=F }=p

0, Ny p
(2.11)
then

F"l-“zip_ ooz

where z, is the p»  fractile of the
corresponding Beta distribution.

Hesce in our case, z_ is given by

!

F
4 mung;p
(2.19)

since n, = 2a, n, = 2b. Extensive
tables are available for computing the
feactile poiRts on the F-distribution
for se'ecied values of (n,.n,) and p.
For values of F not readily available
in the 1ables a tweo-way interpolation
is needed. A straightlorward pracedure
would be as follows:

For values of p less than 05, let

be the tabulated value of

F
Dy Mk
the F-ratio with degrees ol

Ny, Ny} for a given
point on the F-distribution,

freedom
fracticle
Taking

2050

k = land k = 2. we wish to compute,
say. F for values of (p, n )
n,,n *
whore 0y < M, <Ny and oy < my
< By W is casy to show that
n =0y
!

F =F
0 myp e fy

(F

-F
M Ny LT

Mo =My

mn=ny

. _F
M= MMy My lyy
(=) (m-ny)

(np=ny) (niy=ny)

F +F
[ LIRS Ny My

~-F -F ]
Mo By Moy Ay

However, for p 2 0.5 the following
result holds:

F =F
n, 0y, p ANy, I~p
i
TNustration : Andhra Pradesh

To illustrate the method described
above, we have used the district-wise
data for Andhra Pradesh, 1aken from

-Kamataka Bureau of

disteicts and 21
of ! The basic data relate
1o 1978-79, and were obtained from
published and unpublished sources ol
official statistics readily available. The
estimaled weights of the scaled  vari.
ables ate shown in Tabe 1

The indices of development are pre-
sented in Table 2 for a!l the districts
considered. along with their  relative
rankings,

These indices are further graduated
using the Befa distribution with the
cstimated parameters, a = 2.9087 and
b = 7,5094. The 20 per cent cut-olf
poinls are estimited to be:  0.1600,
0.2303, 0.3009, 0.3913, Nascd on these
ca'culalions, the  Andhra  Pradesh
districts are classified into five clusters
according 1o their siage of  develop-
ment, as shown in Table 3.

Accurding o anr exscrone. the entiee
‘Telangana region of Andhra Pradesh

is backward — except the capital
dis rict o Hydecabad and Nigwmbad.
I the cowtal  Andbr region,  Sris

kakulam and Prakasham districts are
*weey backward” and  'backward’, re-
spectively, Twa districts of Andhea
region are  highly developed. und the
rest are developed. In the Rayalaseema
region. it turns out that  Chittur is
the most developed and the remaining
three districts are developing.

v
Ilustration : Karnataka

As a second illustration. we examine
the spatial diflerentials in Karnataka's
development. Karnatuka consists of 19
districts. We have considered 18 broad
indicators of development. The choice
ol indicators was dictated by the ready
availability of secondary datz at the
Economics and
Statistics. These data relate to 1980-81.
The indicatars used and their respec.
tive weights are shown in Table 4,

In Table 5 we give the stage of
development index for each of the 19
ditricts of - Karnatuk the
sume methadulogy was med in
rase of Andhra Pradesb,

These indices were further graduated.
using a ¢ontinuous Bera distribution of
the first type. with estimated para-
meters of a = 3.250156 and b =
8.33645. The 20 per cent cut-off poinly

folknviun

were  lound 10 be 0.1673,  0.2344,
0.3019, and 03874, Bascd on these
calculations, the Karnaraka  dis-

tricts were  finally  classifiel o five
clusters according to their stage of deve-
lopment, as shown in Tuhle 6,



FCONOMIC AND POLITICAI, WREKLY

Tamx 5: Leven oF Deviiorakst N
Kannaraka Dismacr (1080 51)

Tore, of which the last two are ‘highly
developed’, Bangalore district has the

T~

2

g L

3§

<8

g °a

. -

a 28
Rangalore 69.98 1
Dakshina Kannada 42,20 2
vodagu 33.99 3
Shimoga 3238 4
Dharwad 32.25 5
Belgaum 3).00 6
Rellary 2806 7
Mandya 27.84 8
Chickmaglur 26.93 9
Mysore 26.25 10
Chitradurga 26.17 11
Uttary  Kannada 26.08 12
Kolar 26.05 13
Hassan 21.36 14
Tumkur 20,89 ts
Rijapur 2040 16
Raichur 16.50 17
Bidar 1279 18
Gu'harga Q.84 19

ion of ‘being the besi develop-
ed district. while Gulbarga remains at
the lowest position in the xcale of
development.

v
Concluding Remarks

In the list of indicators used in our
itlustrations some very important and
highly re'event indicators, such as the
per capita caloric intake. per capita
consumption ol prolcins per day, per
capita consumption of cloth, fife ex-

peclancy. infant moriality  rates, etc.-

are not included. This is mainly be-
causz ol non-avuilubility of data at
the ditsrict level,  Alw, in our list,
onc finds the dominance of the infra-
siryctural indicators, [t may be point-
ed out thar this choice was deliberate.
since it is well recognised thar infro-
structural development is a1 necessary
precondition for rapid  development

TasLe 6: CLASSIFICATION OF
*KARNATAKS DISTRICTS (1980-81)

Stage of District

Development

Highly developed  Bangalore

Dakshna Kannada
Kodagu

Shimoga

Dharwad

Brlgaum

Be'lary

Mandya
Chickmagular
Mysore
Chilradurga
Uttara Kannada
Kolar

Hassan
Tumkur
Bijapur
Raichur

Bidar
Gulbarga

Developed

Developing

Backward

Very backward

Qur exercise indicates that the entire
Hyderabad-Karnataka region, viz,
Raichur, Ridar and Gulbarga, arc:
still ‘very backward’. while Bijapur Is
s'ightly above these three disiricts.
Hasan is very close to the ‘develop.
ing' stage, while Tumkur, surprisiagly,
is still ‘backward’. In the developing
category, there are as many as  seven
districts exhibiting a good measure of
homogencity, The developed districts
are, Kodagu. Shimoga, Dharwad, Bel-
gaum, Dakshina Konnada, and Banga-

and pomotion of social justic:. The
k changex thal have 1aken
place in recent years in  Taiwan and

Korea serve as good examples of this.

One mighe also argue that some of
the indicators employed in this study
are superfluous, but this argument
does nol hold water when one re
cognises. for example, that the per-
centage’ of villages elecirified  reflects
the rural development aspeci, whereas
the per capita consumption of elvetri-
cily reflects some other aspects of
development.  Development  being a
complex  multi-dimensional pheno-
menon, one cannot altogether avoid
using  differont indicators,  shoultae-
ously. which may appear redundant
at first sight and which may in fact be
not quile so — as the above-mention-
ed example shows,

Any index of development based on
multivariate data has its own  limita-
tions. A major limitation arises from
the assumptions made about the indi-
cators themselves and their weightage
in the aggregate indext We  believe
that any inter-dixtrict comparison of
levels of dovelopment would be more
efficient when the variability in the
composite index is stabilised. In the
special case, when there are only two
districts to be compared. the indica-
tors wili assume only two values, 0
and 1; and each indicator will hence
have the same varlance of one-half.
This result, however, does not apply to
cases Involving more than t(wo dis-
tricts, Taking the example of three

December 18, 1952

districts, we find that the weightages
nre equal only if  onc of the three
districts fies exactly hall way between
the other two districts.

However, in the two illustrations we
have considered. the distribution of
welghts among various  indicators ap-
peary more of Jess uniform. It is also
found that the clustering ol the dis-
tricts ix not unduly affected by assign-
ing equal weighlage. One possible ex-
p'anation for 1his can be thal the oni-
ginal variables (X) arc already weight-
ed once. by using the respective ranges
as a measure ol variability in arriving
at the sealed variabbes (V). Ths, it-
appeass that, for all practical pur-
poses, it does not matter whether one
uses a1 weighted average or a  simple
average of the scaled values for con-
siructing the composite index,

Another  methadological  question
could be regarding our adoption ol the
Bela distribution for vradualing the
district indices. Here again, we were
guided by pragmatic  considerations,
Graduation using a normal  distribu-
tion could have bren resorted to, but
the Beta distribution was preferred
brcause of its <kewoess and its finite
range. And these are precisely the
properties o look for in  smalistical
mexle’s suitable lor anahsing economic
size distributions.  The Chi-square test
of goodness of fit, in both the illustra-
tions. also confirms thut the Beta
distribution is more appropriate. Th~
critical values of the Chi-square siati-
lic at 5 per cent and | per cent level
of significance for two degrees of free
dom are. respectively, 5.99 and 9.21,
which far exceed the computed values
of the Chi-square statistic.

It should be pointed out that, in
our analysis. we do not regard any
district as fixed for purposes ol com-
parison, The dctermination of such
standard dislrict or norm  would be
statistically and  conceptually  very
difficult. Aba, certain indrwators in
our exercise may not be  spatially
comparable since the district sz
are unequal,

limitations  dis-
ana'ysis  brings
lerms  cer

wpite of the

cussed  above. our

out in  quantitative
120 interesling  aspects  of  deve-
lopment in the  states of Andhra
Pradesh and Karnataka. Indian plan-
ners may find our methodology parti-
cularly attractive and useful in their
regional analyses for arriving ar r-
tlona) decisions on  allocation of re
sources to develop the backward areas.

2051



December 18, 1982

Notes

The authors are grateful to H N
agaraja for his comments on sn earlier
draft of lhn paper. 'K‘h?! are also grate-
fu) 10 hammppn or his excellent
typing ol the paper.]

1 This method is analogous to the
one proposed by Morris and Liser
{8). and used by Mukherjee (9]
for inter-state comparison.

2 The principal component analysis
assumes that tbe variable indi-
cators are linearly related, When
non-linearity is present, the com-
ponent analysis is rot appropriate.
Further, one cannot assign any
specific economic meaning to the
transformed variables. They are
artificial orthogonal variables not
dircetly identifiable with a yparti-
cular economic magnitude. See, for
example Koutsoyiannis (6, p 436).

3 This transformation may appear
similar (o the practice of measur-
ing the deviations from the mean
in units of srandard deviation,
often resorted to in agplied ‘staris-
tica] work in areas like psycho-
logy. But the latter practice has
certain disadvantages as far as the
interpretation is coacerned. On
the other hand. the transforma-
tion employed here has a natural
meaning in the context of measure-
ment of development, which is
always a relative concept.
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