Sankhya: Tho Indian Journal q[ Statistics
1985, Volume 47, Sorics B, Pt. I, pp. 118-127.

MODELLING OF INDIAN NUPTIALITY®

By C. R. MALAKER
Indian Siatistical Institute

SUAIMARY The l.hmn paramwter modr 1 oitrvo of Professor Goalo haa boon fitted to the

heditl 1 Iy for malea and fomalvs,  Stato lovel data havo beon taken from

llw Consus of Indin, 1971, It has boon noted thet Coalo's nwthod of fitting cannot ba applied

to Indiun nuptiality data. An altemative mothod basod on ecomputer soarch out hna hean
ovolvod nad found satisfactory fur most of the stator of Indin.

Bame proliminary annlyais has also boon made for oxploration of the hohavioral pattems
of Lictian nuptiality. Tho roanlta of the analywin indicato that thero ix substantial varintion in
the nuptinlity pattera bolwuon ths two soxes.  Tho age at untry into tho inariage markot {ag)
in enrrolated with SMAM nnd the proportions singlo in tho age group 20-25 for maloa and 16-20
for fomales,  The tempo parsmtor K is found to bo unearrclatml with various indices of nuptnlivy

for malma, Forh [, ) , the currolati hotwean K and SBMAM and K and € am batly
significant.

1. TXTRODUCTION

Nuptiality has been known to be one of the important components of
population growth in the developing as well 28 in the developed countries.
Mathematical demography has been enriched substantially by encompassing
nuptiality in its domain of study. Modelling of nuptiality hus gained momen-
tum in the field of analytical demography. Understanding of fertility process
of o population vis-a-vis its nuptinlity behaviour has been made comparatively

easy due to the brilliant work in the field of nuptiality by Coale (1971) and
Coale and McNeil (1972).

Though important contributions have been made by scholars in the
medelling of nuptiality in different regions not much work has been done in
this field with Indian nuptiality. Admitting date limitations in India, an
investigution in thig area seems to be rewarding. An attempt has, therofore,
been made in this paper to analyse the Indian nuptiality by applying the
model curve of Coale.

The marriage model devcloped by Coale (1971) relates observed dis-
tributions of first marringe frequencies to a standard schedule. The standard
is based on the recorded distribution of first marringe frequencies in Sweden

JAMS (1080) subjert cluraification ;  02POS,
Key wonls and phroacs : Swodish standard. Lhirca paramator curve, singulate moan BEY
at marringo (SMAM). ago at ontry into the marriage markot (as), tempo pammeter (K).

*Ravitwd vorsion of the papor presonted ny the Ninoth Annual Confuronce of IASP, Jaipur
42-20 Docombor, 1983,
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(1865-89). It has been shown that by adjusting the origin, the vertical scale
and the Lorizontal scale of an ohserved distribution, it can be made to conform
clogely to the Swedish standard. Subsequently Coale and McNeil (1972)
discovered that the standard schedule can be closely fitted by the convolution
of a normal distribution snd two or three exponential distributions. The
marriage model is represented by

a{z) = -1946 exp| —-174{x— 6-08)— exp| —-2881(x—-6-06)}]

gs(%) is the probability density function of age at first marriage (among those
who ever marry) in the standard population so that a proportion g,(z)dx of
thoso who eventually marry do so in the age interval (z, z+dx).

Let f(a) represent the frequency of first marriages at exact age a in the
given population, so that a proportion f(a)de of the cohort marries in the age
interval (2, a--da). Iet g(a) be the probability density function of age at
first marriage (among those who marry) in the given population.

fla) = Cg(a), where C is the proportion of the cohort ultimately murrying
Gylx) = fg,(:c)dx = standard proportion ever married at age z.

(/(a) = proportion ever married at uge e in the given population.
We heve tho following relations

a—ay )

gle) = ;—(0.( —

Gla) = 06, (5™ ), = = S0
where @ = age in the given population,

Z = nge in the standard soale,

ay == age at which a consequential number of marriages ocour,

K = rate at which first marriage occurs relative to the standard.
This discovery is of paramount importance firstly because the three para-

metors a,, K, C offer another moans of summarising the difforent nuptiality

schedules and secondly because each of the three parameters has a unique
substantive interpretation.

An attempt has been made to disaggregato the census based singulate
mean age at marringe (SMAM : Hujnal, 1953) into their ¢, and X components
and to oxamine the interstate variations in SMAM in the light of variations
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in the parameters ag, K. A preliminary exploration of the relationship
betwecn the differont perameters and two more indices of nuptiality havo alsg
been made in this paper,

2, DATA SOUBOB AND METHOD OF ANALYSIB

The marital status distributiops for different states of India by age and
sox have been tuken from the census of India (1971). The proporticn ssingle
and females have been conaidered for the
duta huve heen presented in Tuble 1.

by five yeur age groups for males
analysis of this paper.

The basic

TABLE 1: PROPORTIONS SINGLE BY STATES—INDIA, 1071
Mule
uiato — 280 group

1-16  15-20  20-25  26-30 H0-35 3540 405 45

Andhm Pradosh 9824 8038 5045 1300 L0100 .0207 0l&1 .au7
Arunuchal Pradesl L0810 .OU47  .4300 3627 1702 .000D  .00UO  .0500
Amom U083 0BT LTI43 3262 L1157 .0438 .02 L0190
Dibar L9314 LS00 2808 .0DSG  .0410 ,0270  .021u  .0IS3
Gujorut K26 8622 L4403 L1387  .UG2T  .0306 0251 .02
Huryaun L6604 7421 L3346 L1180 .0GB5 0406 U467 L0413
Himachal Prodesh L0864 .BG40 6503 .1827 L0744 0603 .0477  .OMIG
Jamu & Kashimir 0887  .8002 .6520 2335 L0078 .USTT  .044T  .0350
Kerala L0008 .0037 8363 3040 14656 .0578  .0374  .03560
Madbyn Pradesh 8008  .0M40 .2723  .0024 .0440 .0310 .0283 .02
Mabarawhtra 0800  .0146 .6840 .1926 .0878 .0323 .021s  .0I70
Manipur 8003 .9710 .7370 4004 .1038 .0570 .0220 .0137
Moghalaya 8078  .0MB6  .G833  .3168  .1203 .0U99 .0431 .03
Mysoro 0824 .0637 7179 .2815 .0818 .0330 .0269 .OI%
Nogaland .8006 0703 .7870 .4951 .1940 .09G0  .0326 03N

Orisen 9048 .0033 48R0  .1250 .0337 .0142 .0112  .0088

Punjab .0060 .0313  .6678 .2201 .I018 .0817 .07%0  .07%3
Rajsthan .8062  .008S  .2060 .1003 .0663 .0388 .0873  .0363

Bikkim 0028 .DI31  .5D50  .5038 .2238 .1174  .1080  .1087

Tumil Nadu 0001 L0882  .7038 .3I61  .0D50 .O4I4 .024¢ 0100

Teipura .B076  .0BSH  .00D3  .3088 .0871 .0273 0173 .0MM%

u.r. 8853 .017TD  .3040 .1207 .0740 .05B7 .0501  .0488

Wost Bongul 0808 .0I184 .0371 @744 .1018 .O0sop .u32¢ .03
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TABLE 1 (Continued}: PROPORTIONS SINGLE BY STATES— INDIA, 1671.

Femoles
ago group
atato -

10-18  15~20 20-25 25-30 30-35 3540 4045
Andhra Pradesh 8760 3166 .0448 .0107 0080 .0030  .0038
Arunncha) Prudrsh 9486 .0366  .2117 0810 .0485 .0283  .0%65
Assam 9050  .6600 .1451  .0360 .0152 .0083  .0077
Bihar 7857  .2307 .0356 .0104 .0047 .0040  .0028
Gujarat 8640  .0013  .1016 .0185 .0079  .0053  .0OMI
Haryana L8746 .3880  .0566 .0065 .0020  .00I1  .0010
Himachal Prodoesh L0460 .480:  .0855 0204 0084 .0054  .0054
Jammu & Knshmir 0528  .4008  .0803  .0I168  .007! .0048 0044
Korala 00456 .S087 L3274 0036 .0527 .0374  .0350
Madhya Pradosh L7463 2122 033z .u080  .00456  .0040  .0034
Moharashtra 0309  .4582  .0902 .0234 .0108 .0086  .00B1
Menipur 9885 7878 .4326  .2040 .0506 .0378  ,0238
Megholayn L0760 .6863  .2645 .0800 .0380 .0236 .Ul06
Myaoro 9326 .4865 1131 .0256  .0131  .00D2  .0078
Nagalaad 0884 8044  .5304 2287 1126 .0862  .0388
Orissa 0026 .4249 .0610 0174  .008D .0054  .004l
Punjab 0887 .7760 .2201 .0204 .0058 .0039  .0032
Rajnathan 7404 .2407 .0265 .0048  .0026 .0016 .0015
Bikkim L0010 7604 .4258 L1044 ,0833 .0622  .0286
Tawil Nedu .9944 7269 1696 .027F .0115 .0G6T .0061
Tripura 0634 .5326  .1300 .0208 .0089 ,0041 .0028
U.P. L7770 .2608  .0383  .0108  .0088 .0047 .0037
Woat Bongu! L0467 4866 .1293  .0624 .0191 .0134 .0073

An examination of the above table reveals that there is substantial varia-
tion in the ago specific proportions single by states for hoth sexes. To explore
the behavioral patterns and their variations for different populations underly-
ing the variations in nuptinlity it is proposed to fit the model curve of Coalo
to tho nuptiality data of India. The limitations of the investigations of such

B 1-16
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bohavioral model of first marriage in terms of tho three parameters q, K
and C ars however to bonoted.  In this connection wo may quoto Coale (1977) ;

Furthar rosoarch on the regularity of first marriage distributions and
on the basis of that regulurity has served to show that reulity is more
complex than the simple model Mc-Neil and 1 constructed. The
good fit in tho French survoy of the predicted distribution of the
intervals batween meeting and marrying was at least partly fortuitous
and may not be replicated in other surveys.

Theoretically Coale’s method is applicable to a cohort schedule of nuptia-
lity but we have considercd cross sectional data and assured that they will
repressnt approximately tho cohort nuptiulity experience of the population.
Coale has suggested a method of fitting the three parameter curve to observed
proportion singlo in five year age groups. To be brief, the method is based
on three scte of ratios R,, R,, R;[where R; = ratio of proportions ever married
in two successive five year age groups (i = 1, 2, 3)] and interpolating with
the observed ratios (R,, R,) or (R, R;) from the standard table to locate
(@ K). Though the mothod iz very elegant and operationally simplo to
apply, during the course of the investigation with Indian nuptiality by states
it has been noted that the method recommended by Coale cannot be applied
to as many as half of the states of India for both males and females.

It appears, tables of R,, R,, R, for various other combinations of (a,, K)
are necessary. FPorfect fit is rare and by trial and error an alternative methad
based on computer search out is evolved. It has been observed that thia
alternative method gives a reasonnbly good fit to the Indian nuptiality
schedules as judeed by some heuristic criterion. The methud has been des-
cribed in the following paragraph. To save space and time the results of the
analysis by Coale’s method have not been presented in this paper.

Wo estimato C from an inspection of the observed aschedule of percentage
single. As there is more or less universal marriago, particularly for Indian
females, and as no significant variation in the observed proportions ulti-
mately marrying in different atatcs is noted, it is expected that the valuo of
C thus obtained will bo sufficiently accurate.

For different combinations of (a5, K) (with n, at intervals of -1 year and
K at intervals of 01 year) the proportions single in 5-ycar age groups aro
estimnted (See Coals, 1871, p. 209). A computer programn:e for such estima-
tion is writton. A heuristio criterion is adopted for tho best possille choice
of (a;, K). By cumputer search out the cumbination (ay, K) for which
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=% |S(a)—§(a)|, the sum of absoluto deviations, becomes minimum is
-

taken as the best possible choice. Here S(a) and S’(a) are the observed and
the expscted proportions single in the 6-year sgo groups (g, a+5). It should
bo noted that even with this search out procedure there is no unique meihod
of cstimation of parameters of the modcl. One might argue that alternative

criteria, such as the sum of squared deviations X [S(a)—S(a)]? or the propor-
a

Z)[S(a)— S|
tionate error “—W, might be selected for minimisation. We how-
a

ever, believe that the estimates obtained by using different criteria will not
differ substantiully from those obtained here. ‘The program has been checked
tu the extent possible and has heen found to cope with all possible combina-
tions of parameters (@, K) introduced into it. The values of a,, K, C and
T nre shown in Table 2 below. The singulate mean ages at marriage as
calculated from the model carve (SMAM (C)) along with those obtained from
the observed schedules of proportions single (SMAM) are also shown in the
same tuble.

3. RESULTS AND DISCUSSION

From a study of Table 2 the following ubservativns can be recorded :

(1) The age at entry into the marringe market (a,) varies substantially
over the states for both males and females. The range of variation for males
is however larger than the range of variation for femmles. For males, U.P.
has as low o figure as 9-8 agninst 18:6 for Tamil Nadn. TFor females, Rajasthan
exhibits the lowest figure of 88 as against 14-6 for Nagaland.

{2) The tempo of marriage (K) varies substantially over different states
for both males and females. Whereas the range of variation is from -66
(Orissa) to 1-00 (Sikkim) for males it is from -40 (Gujarat) to -80 (Sikkim)
for females.

(8} As marriage is more or less universal, the variation of C is not sub-
stantial for any sex over the states.

(4) 1t appears there is no clear relationship between the age at entry
into the marriage marcket (a,) and the tompo of marriage (K). This is con-
trary to the experience of other regions (Smith, 1978) and might be partly
due to more or less universal marriage, low age at entry into the marriage
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TABLE 2; INDICATORS OF NUPTIALITY BY BTATES: INDIA, 1871

Mals
indicators
state T '
g K o BMAM(C) SBMAM
Andhra Pradesh 10.58 .68 .089 23.1 22.7 .0867 0542
Arunachal Pradssh  14.0 1.00 .0568 26.4 25.3 .0878 .0423
Assam 16.7 .80 .983 25.8 25.6 .0478 L0228
Bihar 11.1 .70 .082 20.1 19.8 L0719 0356
Gujarat 14.1 .1 .980 22.2 22.2 .0879 L0452
Harynno 2.0 .1 .95 20.7 20.5 .0682 L0307
Himachnl Prudosh 1.8 .58 ,960 23.4 23.1 L0094 0584
Jammu & Koihmir  14.7 .80 .96d 23.8 23.0 .0837 L0350
Kornla 18.4 .14 073 26.8 26.8 .0209 0089
Madhya Pradosh 10.2 .84 871 19.7 19.2 .1010 L0527
Maharashtrs 16.8 .64 .983 23.9 23.0 .0857 L0490
Manipur 16.8 .83 .988 26.2 26.2 L1141 0815
Moghalaya 16.1 .83 .069 25.8 25.3 .0483 .0233
Mysoro 17.7 .87 .982 25.3 25.1 .0705 .0348
Nagnland 16.8 .02 970 27.2 27.8 .6060 L0304
Orissa 16.5 86 ,901 22.9 22.8 L0674 L0436
Punjab 15.9 .87 928 23.5 23.3 .0806 .0276
Rajasthan 11.3 .18 .904 19.9 19.5 .1182 .0588
8ikkim 13.3 1.00 .805 24.7 25.1 .2400 0748
Tamil Nadu 18.8 .83 .983 26.0 26.0 .0222 .0101
Tripura 17.0 74 .989 25.4 25.2 0718 .0353
u.p. 0.8 .87 .952 19.7 19.3 .0860 .0430
Wast Bongal 16.5 .82 .970 24.7 24.4 .0748 0389

market and low mean age at maiage for the Indian population. It is
interesting to note that whereas the predominantly Hindi speaking states of
Indin—Rajasthun, Bihar, UP and MP—exhibiting very early marriage also
exhibit vory low age at entry into the marriage market, the states showing
relatively Inte marriage—Kerala, Tamil Nadu and the hilly states of Enstern
India—ulsv exhibit very high age at entry into the marringe market. Sucha
pettern is not, however, discernible with the tumpo parameter K.
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TABLE 2 (Continued):
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INDICATORSB OF NUPTIALITY BY S8TATES: INDIA, 1971

Female
indicators
stato I
a, K (4] SMAM(C) BMAM

Andhra Pradesh 10.8 .81 997 16.3 18.2 .0323 .0258
Arunachal Pradosh 12.2 .03 070 19.4 0.5 .0012 L0528
Assam 12.4 .54 894 18.6 18.7 .0105 .0075
Bihar 9.6 .50 .007 15.3 15.3 .0138 .0130
Gunjarnt 14.0 .40 .807 18.5 18.4 L0452 .0260
Haryana 9.9 .6t .00 18.8 10.8 .0820 .0023
Himachal Prad. sh 12.8 44 .005 17.8 17.8 L0430 L0279
Jammu & Kashmir 12.8 .44 008 17.8 17.8 .0395 0263
Kernla 13.9 .63 070 21.1 21.0 0254 L0114
Mndbya Pradosh 9.2 .51 .008 15.0 15.0 .0102 .0163
Mnharashtre 11.6 .53 .000 17.8 17.5 .0360 .0238
Mauipur 13.4 .80 .087 22.5 23.4 .1320 L0546
Moghalayn 2.3 .68 .983 20.0 20.0 .0158 0079
Mysoro 12.1 .51 .003 17.9 17.8 .0488 .0298
Nagaland 14.0 .80 .87 23.7 23.7 .0708 .0300
Orirsa 12.8 .44 .808 17.3 17.3 .0191 0131
Purjab 14.5 .50 008 20.8 20.1 .0279 .0139
Rajosthan 8.8 .67 .900 15.3 15.1 L0414 L0408
Sikldm 12.2 .80 980 2.3 21.5 .1013 .0707
Tamil Nadu 4.6 .48 9908 19.8 10.8 .0167 .0087
Tripurn 11.0 .87 .998 18.4 18.3 L0170 .0102
u.p. 2.0 .68 .807 15.6 15.4 0300 .0338
Wost Bengnl 1.2 .58 .04 17.8 17.4 .0228 L0148

(5) Tho S8MAM values ohtained from tho obhserved schedules of propor-

tions single closely
model curve for all

agreo with the corresponding values obtained from the

Lthe states for both males and femmales. Tho close agree-

mont hetween the fwo scts of SMAM may indireotly validate the suitability
of the model to some extent,

(8) As judged by the heuristic criterion the fit is eatisfactory for mejority
of the states for both males and females assuming & out off point to be -10
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or 10% for tho measura T. It may however, appear that a cut off point
of 10 for T is rather large ard such a lerge valuo may actually indicate g

pour fit. To probe further, an alternative statistic 7 =T |S(a)—§(q)”
Z S(a) bas alsu been presented in Table 2. If we now sct a threshold range
a

for T" as -05 to -08 (proportionate error between § to 6 percent) indicating a
reasonably good fit, we arrive at more or less the same over all conclusion,
namely Coale’s model gives a satisfactory rcpresentation of Indian nuptiality,

To understand the nuptiality variations in terms of the purameters of
the model curve we havo made some preliminary annlysis by calculating tho
correlation matrix of tho parameters of the model curve. Two niore indices
namaly SMAM and the proportions single at ages 15-20 for females and
20-25 for males are also considered in this correlation analysis. Ouly such
correlations assumed to be meaningful in theoreticul sense have been consi-

2red for this analysis. The results aro presenied in Table 3 below.

TABLE 3: CORRELATION MATRIX OF THE INDICATORS OF NUTTIALITY

Muale
p-¢. singla BMAM a K 4
in 20-24
p-o. zinglo in 20-24 .000* .896°® 041 224
SMAM .871¢ 100 .228
LY —.303 318
K —.2%
B,
Femals R
p-c. kinglo SMAM Go K 4
in 16-30 o
p-o. #inglo in 16-20 .D73° .802e 405 —.702
BMAM .820° 034e T8
aq 070 — 488
K .- .093°

® siguificant ot 19 loval,
Wo can briefly summarige the results of the preliminary analysis presented
in Table 3 as follows :
(1} For both males and fumales SMAM is highly correlated with a, the
corrolation coefticiont being significant at 19/ level :
(2) The tempo parameter A is not correlated with any of the nuptiality

indicos for males. For fomales, however, K is correlated significantly with
SMAM and C,



MODELLING OF INDIAN NUPTLALITY 127

(3) Proportions single in the early nges namely 16-20 {or females and
20-25 for wnales aro highly correlated with SMAXM and ag.

(4) For mules the parameter ¢ shows ao significant correlation with
tho other indices of nuptinlity. For females, however, the coirelations with
p.c. single in 15-20, SMAM and K are found to be statistically significant.
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