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ENRTOPY ANALYSIS OF CHANGING URBAN PATTERN IN NoRTH-EASTERN
INDIA : 1901-197r

BALESHWAR THAKUR, Delhi

AIISTRACT: An eff,,rt has beerr macle to apply entropy method, devilopetl from inlorma
tion theory aud introduccd by Irfedvedkov in settlement geography, te ana.lyse the rarure
and spatial pattern of nnban places in North'Erstern India. This methocl d;stributed urhan
places at a specific point in tirne. The greater the rondomness the greater ;s the entropy
leadir,g to greater disorder and a more disorganised system. The hypothesis tested in this
study is that unif:rmity of unban places tends to increase over iime, The enftopy parameters
obtaired for the eight points in tin^e from 1901 to 1971 indicare a trend from randomness
toward uniformity. The percentage of uniform component increases from 60 in lg0l to 84
in 1971. Thus, the distribution of urban places is tending toward a more Lrnform pattern
over time and the hyporhesis is corfirmed,

The investigation into distributioual as-
pects and spatial interrelationship of urban
places has been receiving increasing atten-
tion of location theorists. The central theme
in location theory is expressed in a question
posed by Christaller ( 1933 ): 'n Are thcrc
laws which detersrine the rumber, size and
distribution of towns ? " Given an isotropic
surfaee with uniform terrain and resource
localization, uniform distribution of popu-
Iation and purchasing power, and equal
transport facility in all directions, urban
places would be uniformly spaced in a

hexagonal pattern. Since the above isotropic
conditions are seldom met we cannot
expect to find perfect uniformity in urban
place patterns. rtrowever, we can expect a

tendency toward uniformity or organisation
in the system. Recognising the possibility
ol such change$ in urban place patterns,
researchers have called for studies into the
development of urban piace systems. Such
studles lead to a deeper understanding of
the evolution of urban place system and
,, ultirnately to the formulation of a much

needed dynamic central place theory "
( Marshall, 1969 ).

Studies encompassing evolution of spatial
patteros fall under tw(l categories; first,
studies concerned with ths organisational
features of urban places and second, the
disorganisarional features. System organ-
isation is taken to indicate systems in rvhich
uniformity tends to jncrease through time.
Skirner (1964) has treated the market as
rhe most important central place institut-
ion in rural China and has suggested that
the pattern of market location before
1949 revealed uniformity. The notion
of organisatioli is also implied in
Semple and Goiledge's (1970 ) study of
the E!isffibuticn of settlemenrs ln the Cana-
dian Prairies They attempted to measure
whether the urban places tended towards a
more uniform pattern between lgll and
1961. The significance of the analysis lier
in the tendency of the distribution to move
torvards an ideal pattern. With this increas-
ing uniformity, the system as a whole
appears to be more effieiently organised and
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more predictablc in late r peri rijs th;:ii in
earlier period"o.

Tire devrlopm*nt of ,;ib":l clurt':ritrg
leading to Cisorgani!&ti('n in 1:;'L,rn s\.,:.Irm

was also sern in ffian.y parts af the world"
Ilorrill (1962) iirdicated a dev,:Iop:r:.:;rl of
dis*rganizatior in the urtran sys{eiil of
Sweden which h*lped fo a.-',j6unt i,*r oh:erved
symmetry in centrll p!afe pa.tt(rr:: ai:cl for
the inconsistercy in the r>;irlir;g theor-y.
This corterition is al;o irnpiicit in tLre Wclsh
citv system, where inCustriai lub.s,vstr:in has
asted as a conetraini in the cril,lalsetional
goal of [he sy-sti-'m (Cartcr, 1969)Dzi':"r,r;ni:ki
1972,1973)indicate.q that one of xhc irnportart
trer,ds of the polish LIrLran systeEl is a ccnsta-
ntly increasing clusiering to di-r:orgariisatior,.
The developme nt of disorganlza.tion iir urban
system was not unique to Europe; sli;dies
concerning Africa, Asia anC Latin Arnerica
have suggested a simil.rr proc€5ri. In the
last hundred years l'{igerian ul ba:r .iystefl1
has been l':ading torvrtnds spfltial disorgan.
ization undcr the iiirpr.;.r.'d f :i!rsport tcehnc-
logy and econ rn ic c lia racten :: ti r:e (t"{ abcg unje,
1968 ). Similar!1; urbr:.r-:. s*il1::mf nts rr:
Malayasia dirJ not iiiol/i io rrrifcrn:ily l';*ryr
I 9 I i to I 957, instead thi: p* ttern v.,il s

associateri with ir:creasi;rg sr"ctoral con{i.nt-
artion ( Wang, l'r70 ), Recentli,, I-iaynes anrl
Enders ( I975 ) found that thry sr:.t!li:iirri:,t
pattern has rot exhibitecl a tr*ilil towards
uniformity in central Argrnrina bctwcen
1914 and 1960.

The above studie s, in Iarg*" dtnr*n-";triite
a tendency towards disorg,l*iz,::i*ir irlr:,ilqi-
stent with Cirristailr'r's h11*1.hi:i;is. In oiher
words, the relative loca'iicn of lirl;air pllies
ivas not equidistart frorn eech ntirrr. Yrt
there remains a cofttmon ixlirf that urban
systems move toward lrn orqaniz*d state in
which the distributic'n of urbarr nlaces is
relatively' uniform. In this study the
hypothesis to be confirmed is ti:i:t uniformity
tends to increase over t!in.'.
The Study Area.

The area selected for ernpiiic;rJ anaiysis
ineludes five states {z\ssam, Meglral*ya,
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Tiipura, fr,{:rnipr:r;rnd Nagaland; and two
union tririfoiir's (l.,,Xizorarn and /-runachal
Fr*de, i.i] in Nort!tr::istern In.Jia. {t has a
tota.1 geogri;piric*l are;i ef a lit.tle civrr 2.5
iakh squ:rre k*rr, i;rh:r!iit*.J by abr:ut 20
mil!ion p,lr$ons" Thus the rcgion accounts
fr:r 80,{ Erf thr: ci;urtry's t*tal geograpliical
arrj'a and r.nly 3,51}t rii:ti:r totai population.
The region is parily markcd b-v homo-
g:ili:ou5 f*rtile p!i.rin and partly by diverse
cc:npl:x ti-lilcgu{ipl'r}i. Tire flertile plain of
Assam faiiing rli t-hij .Ilirtlirtp:,tra villry is

arj exlcli,.,ion r.rf {iir trrcio-(iaiig*tic troi;gh;
whik: the region is ni*o c{ir./flted by
r;lngr:j *f Bxtra-P*nit.qular mouEta;fi! along
Assam"Burrna borrier and with an outlier of.
tire Fcninsuia in thc Shiilong plateau" The
r*gi*r: h::; * hu:"ri<i lnrnsorrnill climate with
extensi'rc fore.ct c.r'ier on the uplands, while
the valley paris are ccnrposed of fertile
allur,i:rl stiiis" Culaurel ffa.rures and p,-rpula-

tilx den:it-v si5s r:ar) grr:aily. The mount,-
;rincus and foresied tracks are inhebited by
a inrge uurn'i:tr *f trib;s Lrut the plzins
have a rnrred c,.,-;r:li:r*siti*n" North-Eastern
fndi* is r:.n indr-:stri*ily baekward arda.
lto;rd 1n,,1 rsil t-y,it!j:l-]s, a;:e relativety incom-
plete and ttrr,ivsrriy iJ!strihuted, At:rout 9"4
pef cent ol the tatal !-.opiltratioit lives in 101

r:rbran Centres. fi*uhati {146026) is the
largest L:itl, end c*mrnerci;l c;ipital of the
rtgic,n. Tjte *rhan piac-e s1.,i;rein is centred at
{iauh;rti.
Ilata Sources

TL* deta userJ f*r the purpose of hypo'
tl:.:sis tr ting is hesically loeatiLrnal and

irciud.jr thr: nr-rr::hci of urban places for
th: p:ricil 1901, i')t l, 1921. 1931, 1q4l'
1;i.ii. i9i5j arid 197]. I{eiwever, Census

id:ntifiearlon +f i;rbarr places bas been the

sili.!ror of eorsiierntrl'; cr:i-rfusion beeause

n(] defir*te eritel ia x,e:e fixed by the

arrlhoriti*+. Thi: rn.rtter was entirely left
with th* C*nsus Sttp::rinlerndent to apply his

discretiou in reporling the number of urban
piac*s, For ,:xampi.". in 1901 and 19ll
adrninistr:;.iive functioll wns a primarv

consideratiorr while size of gri;pulation ilas
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a secondary unc, [rr l1i2 | , i931 aii.l l94i
apari ft(iiti a.rii:iinisirr.iiir fu*,;Iii,rr, the
CenSus Sui'l ': ;:i;t,,-:":':i: itrlf3 g;";h j(r!1i,:

discrctiLuar!' D()li1crs. Tl;rse rvrire ci)ticrine u

with thL' clrs.iiciii oi ,,he popLll*tiori, tiii
relative il::lslty oi' ill; e!ivellil:glre thc inipor-
tance of !i.lr piai;r' .i;; e c('tiiis r1f iIi:i1d a:rtl
its histcric ar.soci;rti,iicr. trn i 951 e cit;l;asi;
was gir'<:, ic; i:,ifiar! ijeitrri,i uii-rii:i r'J,trlicir":-

ristic s br,i:. I l,i' t 
",-',"';,,. 

iri; ;p;'c iIL il iis i i.,i' ll i i:3, r:

characte ristics wjtit the Cen;,it:, Supetint"n'
dents. Therefore, an eltm*nt <;f arbiirtiiirre ss

pre varicd iu the dtlli;iti,:n rif ut i:*r: pi:ier:s gul

ded by tht cirerti,-ra ci'the Cl:r:t*s:!ii'ihc'riIi;35
A siairairld i!iti r;g()ri)'.:s riliinititr, l'i i;i1;ait
placc ii,as i:ltimatc:y ir:itl icwn iB thi Cei!:;us

of 1961 ard i971 wi;tn it wis ifliici{iid tliat
an urbiin piace mnst lta';e. 50C0 iahe'r;iialits,
a derrsity of not ltss than tr0U0 pei' sqlrar.
mile, ovir ?5 p';r ctr:i ol ito rv*rkin; popul-
aticn uiust b: eugag;d i:r u olk .'til.r theu
agricu;iure ar:si it l*.Lliii posses$ a few

pronouriced urbrn cherlcturistics and

amenities. Tlir:s it serms that tiiti* ir.,:s be<n

scme d;ff*renci liL]t:r otlr Ce nrus to *n*lher
but such difii:rente is *:ilitnal paiiiculi:riy
betwee n i9t t aud i97 i t'iri:e perioci"

Therctbre, the Cerisus class:t'ieati*n r;f uririrn

plac:s is accepted brrcnut'; of itr; a'"iiatrility
On a consi;tenl bLisis in the Ct:!iitts recorris,

With this basic ini'crrn:a:it-rn, Cot maps

shorviiig ihe ]cc;rtir'ir oi *rbal pi;ccs rvtrr:

prepared alrd enirapir melhod applitC to
measure tiie changing urban pattern,

Entropy &fcthod
Shaunor i i 9-idJ d;:r';i':p*d tl:'' e.'xtcpi { t

enrrirpy in iiis cit:stc p;iF(i' iiLd propas*d a

discipiine oi c,J:rrnlintcaticrr tlt'."rly which

fsqus.ied Llr i:;r l.i'iiiy of infcrrnu.ii':n theory

and entroi'ry. Tlirs th:r:ry mates use of a

basic rnathematic,al noticn reiati:i 1o ih*r-
modynamics. llte stcond law i:;f iilrrmc-
namics states tliat the ruir;iiynamic d':graiia'

tion i.c *nalterable *v*r tit:iir, c. g'. rl burl:1.

iog cannct bi unburlt an'i iuktwar'ft lva{tr

cailn(rt be separattd clisiinctiy irtio l r-it

watei s.lLd,:rld water. Origiliaiiy, the fiot
waicr and cr,rlcl itat;r lv[r€ sepe.:iite rvhi:'h

sho,,.;e d orrler anci dise:"lmiuation but after
r','ixing, t[.ii:, *i.:ri,,ni of older was lost, These
chang*s co.rstiiulf e lias:iing of the system
frrrii.l orilt'li:.-l lt.rargr.luent into more
ctraotic *!' rardom rl rstri rrul ion, The disorcier
<iisorgrrijzati*n,;rr rardotnness of organlza"
ti,:rr; r,.l a s,v*SIeIB is knoiryn as its entropy
Miiir:r, l9ti!,). So,,;airo;;y is a nreasure ot
dit*rr-ltr iind r.irgr,rrtirip!, cf inf,rrmrrtion is
& I'itfl..iJjo ;rt oliiri r',I ir systr.rn, Stace the
syrreit: cira*gt.,:; to a l*::s organised $tate from
a lrighiy orgatlzeci slstc arrd to mor!. probable
st:rtcs froir iess p;obaL,l; states, entropy is
maxinrized a::i tirr-'luagnilude of entropy is
c!e:cribed L,:,, ;; set ct pri:babilities.

T):ir t.h.;i;,'y has ilirn txteu,.Jrd rnrl appli-
el la c i,ari':ty of p:riiiiical piLrblerns in
d, 

jll.-.ri: n t ii,:ld s ir i: ! url in g physical, biological
aird scriitl sci; nrr:_c ( f,,ar,t. i970; Wyatt, 1967
ffir:ri::r:,itz, i9irj; Kuiiba,k, i959, euastler,
195.1 anc 19i5. tsurkle.v. 1968, Theil, 1967
ati t)72, Chapuau, 1977 Mcdver1k,lv, l96T
ani Ilrakur, i97l ariC lgi9 ,. Conirmporary
s.:ir r:.,: has ric;preil it as one of ths found-
aticn stones tti" ernpiii,:iil rr.grarr:h. Thus
incr,:.asingl!, thrre is i, grorvirrg interest
ainoilg tlir s,;cial scie*iists about the unde-
*ranii:rg" srgriiie:ricc and ihe application-
cf i h* co;',r:e prt rti :otrr:;oi,,

A; an ;,ltgrua'i.ivc ao c{,n,Jeiltion4i nearest
neighi:arr; ite hrr;qus i'{tiJv;dkcv ( 1965 )
;13; 1.j13{,:iJ t.i.;is rt,.itiiln to tht prcrblern of
sertlrrylcrt pxiieril analy.is. He has suggeted
that afi:/ r,.:ttiennr-'nt patt!'rn has a uniform
comporrrili Lnd a rrinlJom JLrmponent. These
compoiieiltb **n be aneasure{i by the method
tu'ri- :ui cir:ir;irng signais iri tle prese nce Of
fl,i!':.: i.o inf,;'iir;iiii+u thCt\iy. Signai iS ana-
lr-.gc,ris to {l}f Lur;iorix Ccrlipoflent ancl niise
t, ,.: ir:r1i!fi11 cotitpo!)rr1t. Erltropiy nas
i:r,ca userl aJ a liiiasurc of'ncisc in inform-
ation thcoiy an'.i as a m?.:surc of disorder
in rpaii ri cit:lribtl{iuils. Mcdvedkov
suggi:1,15 ii:ei a sritleffini pattern is a
r:ciniliisiti iii' i,vr; r,uii.ll' .imp$seil sui:-patt-
eri!'j, cllle r*u,jo:ir antl i!-.* other unilorm.
Each oi t::r:su ;i;i:-paiic:as will have its
ov,,rr r]tean nJcnsil-v o{' I'oints, and the two
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densities added together will be equal to
the mean density of the composite pa.ttern.

Likewise each sub-pattern has its crwn ent-
ropy value, and these surnmed will be

equal to the entropy vaiue of the composite
pattern. However, the entropy vaiue oi a
uniform pattern is zero, therefore, the

entropy value of thc rardom component
will be equal to that of the total pattern.
lf the pattern is not perfcctly unitbrm tirc
entropy function is density depenrient and
there rs no uppe r lirnit to the value of the
entropy. Entropies for diflerert patterils can
be compared precisely oniy when the cell
count dal& is obtaiued using the ffipgr grid
in the same position on the rnap. Tlrerefore,
for comparative studies in time or space, the
size antJ form of rhE griil must not be

aitered.
In this kiud of €ntropy analysis there

arises the problem oi quadrat size. For
the present investigatror, several siuciics co-
ncerning this matter rvere colsuhed
(Getis, 1964, Harvey, 1966). While theory
demancls that certain rquirements be met
it does uot reveal the exact size to be used.

Trials were carried out with grid squares

of i80, 200 and 220 lrilometresl and a
judgement was rirade that squares ot' 200
kilometres on a side were most useful.
Grid ovcrlay was placed on a map and the
numbcr of points in each grrd was counted.

The cell counts were rccorded for each

map and useci in ths calculations described

below.
The sequence of calculations is as follows:

I The map of urban places is reduced to a
field of points and partitioned into Q equal
quadrats. 'Ihe sirie of each quadrat should
be greater thirn the mean spacing of the

poiuts.
2 By counting the number of points in cach
quadrat, nlevehot Di (i:1,2....n) ar$

obtained.
3 The fiequency ol each density level is
noted and rs destgnated as Mi" By means

of the formula Mi :P1 rhe fieqeucies Pi
Mi
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can be calculated.* *-- (l)
4 The entropy Hs t-rr the uncertainty for rlie
system follows Shannon's formula:

Hs: - 2 pi lcg2 pi (2)
Where pi is the frequency of occurrence of
evcnts. This introduces eniropy Hs or the
information concept of uncertainty into the
analysis. The value of pi in forn:ula (1)
is u.;cd to calculai.e errtropy. In practice
ready"made tables giving the values of pi
Iog2 pi are used for thrs purpose. In order
to evaluate a particuiar Hs it is use lui to
calculate the uuceltailry contaiued in
specified lattices.

(a) Regular Iatrice (R).. Thls Iartice is
the one postuiatcci by Christaller acci Losch
for ideal settlemeni patter;ts. trn this pattern
it is ciear IIR-0, sincc n: l, Di:K ( a
corstant) and Mi : q. The anaount of
uncertointy generare ri by the p::ttern is zero.

(b) The oppositc cf the regular lattice is
thu, r'andorn lattice (P) or rhe poissou
generated field of pcrints. The Hp be appro-
ximated as:

Hp :1.952+ 1.461 log a + 0.l931tog a)2
__ (3)

The next step involves the breakdown of
the acEr,al pattero luto a eompletely random
and a compietely rcgular compoileut (p and
R1. If the map of existing partern rs rreated
as the superimosition of two maps corrsisting
of regular and random cortponents respect-
ively, its entropy can be expressed as:

H:riR + Hp --*- --- (4)
but HR:O, hence [I== HP. Similarly, the
mean density of the existing pattern as also
equals the sum mean eiensity of the two
respective orignal maps, i. e,,
aS'= aR + aP --- ----* (5)
By using equation (3) rhr mean density of
poinis per quadrat for the random system
car be obtaiued, Sltce aF is known, aR is
found substituting ln equation (5)" Then aR
is compared to aP anci the ratio of uniformit
to randomly spaceci urban places is obti,iricd
From this ratio the actuai number of
uniformly and randomly spacrd uibrn
places can be calculated. This cioes not,



i:NTF.OPY ANAI-YSIS OF' CIIAN(;ING Ul;i.l1AN PATlijRli IN NOR.In BASIE;IN INDIA lig

however, mran that the particular p{rinrs
bclonging to tliu \;rii()i:-r ci,n pL,ricDt-; cilD
be idcntified.
6 This pio::edurc is repc'attd ibr cuch cf
the time pcriocls chosen. Thus the iirrpor-
tance of ti:is rechniqu* lies ;tot ifi the deri-
varion of sprcilic pe rcrrntagt or ttr.l-nbcr foi
,;rch of thi.: c$mi"iollftlts. i]!.rt in its abilii'r
to iCentif-v irtnd: in the overali lriitir:rn h-v

a ccruparit,-r;: of ii}f c,Jiilponrrlls oYit ;iI]i8.
Hntropy r\nalvsis Results

Table I pre.q::lts r*siiits of ertir:py
a.nalysi',i oblrrinrr<i i"oi the li;;ht poirri: ir t,ti:,-,

fronr lliUi ta 1911. It is s,;*n ti:.at rhe

per ccntagl rlt' Litii;:rrIl}'i u(ri:;pOnCDt ildrid:':S
fror:r 60 in i9{ti io 84 in I9'i1 but indic:.'Lis

intermeitiatt ciicline io 40 irr 1921 anti i931
rod 44li; i94i. {n 1901 or}y 9 cf iir', i6
urbal piuces, iri 191i, il cil'the i8, irr i9i2,
l0 the 16, ir 1.:31, l0 of ti:c 26, ir' 1941, i6
oi tiie 28, in 1951, 2.4 of the 3{i, in 1961, 54

at thc i* anrJ ir 19i 1. 85 cr the i0! url:ran

plac.;s lo,'err' ull!i*riniy :rpar"'cd. ily comparirg
the chai:ges in thr: r:uru:ber a:rd perccfilage

of uri:an piaets uuli*rnaly aird raldomly
ditsributec.

a pattern sigi;ificalrtiy lram ratrdom with
.r tttrdenc,v l,.:wairj urriformily clr Lre dtti'ct-
ed. -l'hus, tl:e dielributii:n cl'tlrban places

is tendlr:g icw:'rdt' a tnore uilifilrrtr pallern
over lime. The results tend tt,' couilirrn the

hypothesis tb:rt uniibrnritS terils to tncruase

over trme anri aiso app(i;i e oircsporlci ti) ii19

hypotheses devtiopcd try Chriitiiiitr and

Losch.
In another study the aiithor 119i91 bas

idcntified .; centie-peripheiy dichci*rey iu
evolutian of urban paitern in Har,1.r"'ru India.
The rtutiy consillccl of livu naitlrei regions:

Bihar plain, Chr-rlsnsgpur plat,rau Lt.iwcr

Gauga ptain, Orissa higliland regicn a*C

Utkiil goastai plaiii, fr.ir wttich Lo''+er

Ganga pia:n was uonsidered o$ Ih* Central
rr:gion ardthc others as psriphe:li regions,

In the- ce ntral rrgiiiti the rirfran places have

shown a lrcnd towald tandonincss while
in the peripfoerai regions they have grown

tou,iiriis a more unifurm paltern over time.

Thr preseut study ,;rea is also a peripheral
region of lai'ge ai:d compil.-x Calcutta urban
sy6t(.in wlrich covers the wh<;le o[ Eastern
trirCia. The r'suits obtaiired for this area are
quit: similal irr otlier p*ripheral regions of
fiastlrin lnsiia, Thereforr, tlie results of this
s;.udy havc fuither corri,borated the postu-
iates of centre-periphery tiiehotomy in the
evclutiou of urbair paltr'rir as rvell as in
the developurent r:rf regior:al urban system
and :i slreping gereralisation may be
prcclaimed aberut tho br,haycour of Indian
urban systern,
Conclusion

I hi: srLrdy has aimetl tc exarnine the
spattal paitet'fie of Llrban systems with tbe
specif ic p,jrpose ol deriving notions coneeru-
irg thc spacing or urban places. The
hypcihtsrs ihat unilbrmity of urban places
tencjs to increase over tiare, has been tested
uriing Nrrrthrattcrlt Inclia as a case study.
Trre sturiy uret dorE not iipproxioiate the
Chrirrallelian isotropic conditions, still, it
has sl r;riil advant*ges lbr the present study.
Thc ti,:a u,lyers a rigorcus test because it
ti*i:iri ts ;'adically frosr uiost of the ideal
spatial characreristics of Christaller
unifor;:.:it1, asrrumptioils. Urban places
adoptrd tbr each time period ranging from
i90l to i971 have been uiapped as points
on n:ap and entr.opy urotj:iod has been used
mallllrc a,: quiinlitative measure r:f uniform
and ranijcm componcflts of point patterns.
Tbis method seems tc bc effective in
separating ttrre randoin and urifornn compo.
rr(.Biti of urbiin p.iitern and as such is
a ns*iul i*vice for corrparing the respectlve
compoiirltts of differ-gnt patterns, The
entropy paramgters obtained duriag the
prriod i901 to i97i have exhibited a trend
LcF,,ardb grifil;,:r iluiiormity consistent with
iiir poituiates cf Cliristaller and Losch and
rhe hypothesis bas bcen confir'med. With this
increasing uniformity, the urban s),stem as
a whole appears to b* more organized and
prcdictabie. Lt may tre concluded that
organization tendercies revealed by urban
plaues on a non-unifi:rm geographical settilg-
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identify a system moving tolv'ard dynamic
equilibrium or steady state.

The only drawback at present s€ems to
bc the problem of qr:adrat size, but this
problen: is aiso present in orany of the

Entorpy
Parameter*';

TRANSACTIONS OI 'TH}i II{STiI'UTE OT INDIAN GI]OGRAPI{E}i5

alterniiti'zc techniques avaliable' e.g.,
quec!ral sa rn ol ing and self-organi zin g,systeni
analysis. I.lowever, ontropy method is a

wnrkable tcchirique tbr the sc ttlcn:ent
patt*!"n pr*bLm.

T*ble - I
Entropy fbanges in Urban Pincc Evoluticn In

|dortheastern tnelia : tr9{.}l - l97i

i901 19t 1 192i 1931 l91l i95l 1961 1971

B

a
IIs
As

at-'

3u

7;R
%u
R.

U

l6
6

2.2s16
2.6666
i.049
1.6176

40

60

7

9

l8
6

2.2515
3.0000

1.049

1.9510
1{

65

7

ll

26

6

2.5848
4.3333
2.58 r

1 .7 5:3
60
40
16

10

26
6

2.5?,48

2.58 r

t.7523
60
40
I t)

t0

28

6

2.5848
4.66i6
2.581
2.0856

56
AAat

16

12

30
6

2.? 516
5.0u00
1.U49

3.95 I 0
:t
'79

l6
.,^

70 10r
66

2.58,18 2. 5848

l 1.6665 r6.8333
1.53 1 2.58I
9.0826 14.2)23

23 t6
't7 84
16 16

54 15

B : Total number of urban Places,

Q : Quadrars,
ltrs: EntroPY of the Pattern,
ss : Average ceii densitY

ap: Average ccll density for random component,

au: Avcrage ceil deusiiy for unilorm componert'

"/," li : Percentage oi' urban places in riiEd{)m cofiiponent'

%lJ = Percentage of urban pl*ces in uniform componcnr,

R - Nurcber of urban piaces in urniform randcm compoltent,

U : Number ol uibar placrs in uniforrn coriporcnt.
Source I CalculaterJ bY the author
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