
Thc N€pdi M8th. Sc. Reort

Vol. 28. No. I & 2. 2008(Dec.)

i

I

It

I

i l

'l

r
F
I

It

, l

I
t,
I

s

t
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Abatract: This paper has attempted to etudy the pattern of age at marriage by usrrg a

mathematicol model. Model proposed by Mlshra [t] has been applied and modified under some

rpecified aseumptiona. The data are taken frorq a 'sample survey of Palpa and Rupa,ndehi

Diatricta. Other eources of data have also been utilized for testing the auitability of the model.

Tbe propoeed model lvas fdund to be an aplropriate model for describing the distribution of

fcmalea accprdugg to ate at marriage in the developing countriea like Nepal and neighboring

country India.

l. Introduction

Female age at marriage ie an important demographic variable due to its influence

ou fertility especially in the developing countries with a low rate of contraceptive use.

Marriage usually puts the foundation of family formation and, a.s such, is an

important determinant of fertility associated with the duration of exposure for the risk

of childbearins [2, 3]. Ma,rriage in Nepal is universal and an early age at mariinge is

oberved for both the males and females.

Several authore havd used a number of probability models such as iognormal

distribution[4], convolution of a normal and exponential distribution [b], linear

fuaction of the logarithm of a standard gamma distribution [6], two parameter log-

togistic model, Gompertz curve, simple polynomials and logistic curve [2, 8, g]

convolution of two exponential dietributions [10] type I extreme value distribution

[ll, 1.2, 13] to fit and graduate the distribution of females according to their agie at
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nnrr iage.However, thegemodeleareconceptual lydi f f rcul t tounderstenda^nd

computationofpara,metersaswellthes€modelsprovidealargediscrepancybetween

obgervedandocpectedvalues.Likewiseanumberofmodelswereusedinorderto

degcribe the distdbution demographic para,rneters [14, 15,16, 1?' 181' However e very

simple mathematical model was proposed by Mishra [1] to describe the data on the

ageetf i rstmarr lage.Thieeimplemodel isappl iedherewithsomemodif icat ionto

s tudy thed ie t r ibu t ionof femalesaccord ing to the i rageatmar r lage. Inbr ie f , i t i s

giv€n il the following eection'

2' Tbs data 

L---r
This study i8 based on the data taken from a sarr

uDemogrophic survey on Fertility and Mobility in Rural Nepal (DSFM): A study of

PalpaandRupandehiDistr icte,conductedbetweenJanuaryandJune2000[1].A

to ta lo fS l lhoueeho ldsweresurveyed 'Thedatao fNFHSlgg6hasbeenut i l i zed .

Moreover , thedeta f romlnd ia ,up [ lB ]andAseam[12]havea lsobeenut i l i zed for

t€sting the euitability of the model'

t. ltodel

L e t r b e a v a r i a b l e w h i c h t a k e e t h e v a l u e 0 , i f t h e f e m a l e i s m a r r i e d b e f o r e

attr in inS12yearsofage, l , i fsheisma'rr iedbetween12-15years'2 ' i fbetween15-18

yea'ro, 3, if 18-21 yearo, and sci on' The variable r can also be regarded as a number of

failurcprecedingthelirstSuccesE.R,esearchershavenotassumedconstantprobability

of euccess and independence of trials by discussing the distribution of marriage and

first birth [19, 20]. The probability p. of getting & success in the (i tl;tu ,'.o' when it

igknownthat fus td t r ia ls resu l ted in fa i lu re , inc reasesas i ( i :0 ,1 ,2 ,3 , . . ' k )moves

f romzero toacer ta inva luesanddecreaseemonoton ica l l yas imovesf romstoa

valuet(>s)andthereafterremaineconstant.Thatis,theprobabilitythatthefemale

ie married in dtb age group (i'-e' t:i' for i : o'l'2'3' ' ' ' k) then'

(1) P(x:i):P(r>-i) * P(n:i I r2i)

Iu other words, the probability can be orpressed as the product of the

probabi l i t ieetbstthees,medidnotmarryintheprecedingiagegroupsi.e. fai lure

(1-p;) and the sa'me marries in the ith egegroup given that she did not marry in the

precedins i6 age'groupg i'e' euccess (pi)'i'"'

l
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(2)  P(x: i /x l i ) -p,  and P(a: i ) :L-p; : j i

8Dd P(c:0) :po;  as P(o)0) :1,

P(a: l )= qoP,

P(r :2) :qoPrP,

P (a :3 ) :qo \Q2Ps

. : :

P(r :k) :  Qsq82 .  .  .  .  .  .  Q*_rp*

P ( x > k ) =  Q s h Q 2  . '  .  .  .  .  q * t Q n

The different probabilities ps, pL, p2, . . . are lefined in the following ways,

Po :a

P 1 :  a  i b

Pz:a*rb and'

( 3 )  P r : a * ( r l c ) d  f o r  a l l  i :  3 ,  4 , 5 , . ,  .  k .

rvhere o,6,c and r are the four parameters of the model.

However, in some societies the probability p.(l:3,4,5, .. . &)is found not

constant due to the occurrence of some marriages at the late ages and it decreases att

i increases. For this purpose a number of decreasing factors have been tried for getting

the decreasing probability p; after i:4,5, . . . , k and it was found that an

appropriate decreasing factor may be clQ -3). Thus replacing cby clQ -S) in

equation (3) we get

(4 )  P i : a * { r * c lQ - \ ) }b ,

i.e. start decreasing from'd:5,where i:4,5, . . ., k and i * 3 and the respective

different probabilities are:

(a")  pn=o*(r*c)b

(4b )  pa :o * ( r * c /2 )b

(4")  Pa:o*(r*c l3)b

(4d) P7:or(r*c I 4)b, end so on'

It is observed that the model ( ) has four parametero and the expected

frequencies would be exactly equal to the observai frequencies for s = 0,1,2, The

difference between the observed and expected frequencies would staxt from r:3
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onwa,rd8. Thus, for a gmall value of ft, the model (a) *ty not be appropriate. Model

(4) is now modified as

(6) Pi:o*(r+D)'  for al l  i :  3,4,5, '  '  '  &'

This model has only three para,meters, and these have been estimated by using

iteration or the ma)dmum likelihood method. For this, Mishra [1] has given a

likelihcod function u,

(6) L=ah (l-c;il-l 'g (o+bf (1-c-6)r-lo-t 1o+r1f' (L-a-rb)N-t"-tr-tt

{a +(r +c)b}r{ 1t-o-1"+")o}r

where lorfrrlr, . .. fk-r,[, a,retherespectivefrequencies fori:0,1,2, . . , k-t,ki

N=  to+ I+ fz+  .  .  .  + . f s  and  T :  i +316

Taking logarithms in (3) and aolving, we get the following estimating equations:

(6e)

(6b)

(6c)

(6d)

f" lo-(N - 7;lQ'-a)=o

f, / (o + u) - (N - lo - il I $-a -D) = s

f, I @ + rt) -(JV - /, - f, - f,) / (t - a - rb) : o

Ef, I la + (r + c)bl-r /$- o-(r + cP1 : s

Solving above equatione one can eetimste the parameters (o, D, c and r) of the modele

(3) and (4). Similar procedure has also been used to estimate the parameters (o, b and

r) of the model (5).

4. Applications

The proposed model hen been frtted to the data on ege at marriage for femalee

reeidrng in Hitts, Torai, and rural Nepal (Tables 1 and 2). Data of NFHS 1996 as well

as the data from UP,India [13] and Aesa,tn, India [12] have also been tested (Tables 2

and S). The chi-squa,re vahree suggest that the models (3), (4) a,nd (5) fit well to all

the data set on age st nsrrfolge. Chi-equare values euggested that the proposed nodel

was mote powerfrrl to deecribe the digtribution of females according to the age at

na3liag3 in Nepal and India Mean age at ma,rriage was found 17.0 and 16'5 yea'rs for

fab6 r€Eiding in Itit& sd Toroireepectively whereas it was 16.7 yeara for females

Fsiding in rural N€pal. The mn age et marriage was 16.4 years for the NFHS 1996

data
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Tabh I Obrcvod and etileCed dlstrlbdbn of fomdo age at narrlage.

Re-scale Hill, DSFM,2(no Ta,rai, DSFM,2000

aglt Obg Erp. Obs. Ba.
(3) (4) (5) (3) (4) (5)

0

1

2

3

4

D

6

7

t0

82

t97

10:l

50

19

6l
gJ

10.00

82.00

197.00

114.58

42.66

15.81

6.87

2.18

10.00

82.00

197.00

116.11

42.76

14.53

5.99

2.61

10.00

82.00

205.86

106.45

41.19

15.94'

6.17

2.39

26

104

206

166

35

s 1
2 l
z )

26.00

r04.00

206.00

166.88

36.20

7.85

1.70

0.37

26.00

104.m

206.00

167.31

36.28

6.41

2.L5

0.85

26.00

104.00

205.60

163.92

38.09

8.85

2.06

0.48

Total 4m 470.00 470.00 470.00 549 549,00 549.00 549.00

72.

d.f.

3.22

2

3.87

2

2.29

3

0.484

I

0.765

I

0.131

2

Pa.ranreter

o

b

r

c

o.v2L277

0.166984

3.184320

0.683660

0.02L277

0.156984

3.293200

0.047359

0,151494

2.93271L

1.923783

0.047359

0.151494

2.925300

sell

2

all

i
I
I

,l
l l
i l

i l
I

i ,
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RBecale Rural Nepal, DStrM, 2(n0 NEPAL, NFHS,1W6

E:cp
8ge Ob6. bcP.

(s) (4) (6) Obs. (3) (4) ( i )

0

I

2

3

4

5

b

I

8

36

186

403

259

dD

27

8

5

s6ilo
186.00

403.00

277,U

82.36

24.4L

7.24.

2.15

36,m

186.00

,103.00

279.05

82.7:2

2L.O7

7.88

3.28

86.00

186.00

422.90

24L.78

86.,[4

. 30.89

11.04

3.96

309

2189

3741

1549

450

139

39

6

7

300.00

2189.00

3741.00

1568.09

445.89

126.80

:16.05

10.25

2.92

309.00

2189.00,
' ;

3741.00

1568.00

446.15

119.34

38.18

12.88

4.&

309.00

er€eQo
370L7s

1.508.01

453.12

12S44

36.43

10.33

2.93

Total 1019 1019,0 1019.0 1019.00 8425 8429.00 84i196.00 8429.00

72.

d.f .

4.52

3

2.98

3

5.63

4

9.22

4

8.87

4

9.89

o

Parameter

o

b

r

c

0,035329

0.153888

3.056233

1.286165

0.036329

0.153888

3.209100

0.036666

0.232922

2.650610

0.36,150

0.03666

0,23292

2,5'2L65
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Table 8: Obsorv€d and erpected distribution of female age at marriage '

R€scale INDIA, UP (Sinha,1998) India, Assam (Nath & Talukdar, 1992J

Age B<p. Exp.

Obs. (3) (4) (5) Obs. (3) (4) (5)

0

1

2

3

4

D

6

I

247

564

962

776

182

56

Itl

2 l

247.00

564.00

962.00

772.93

195.07

47.43

12.09

3.48

wr.00
564.00

962,00

772.95

194.02

44.79

14.23

5.01

u7.00

564.00

960.86

768.85

196.74

50.37

12.88

3.30

22r
694

240

105

2l

; )

22t.00

694.00

240.00

102.57

25.50

6.34

1.58

22r.00

694.00

240.00

102.81

25.56

5.88

1.75

22t.00

694.00

235.28

111.03

19.83

7.17

2.69

Total 2804 2804.002804.00 2804.00 1291 1291.0 1291.00 1291.00

72

d.f.

2.93

2

3.19

2

1.84

3

L.54

1

1.49

1

0,69

2

Parameter

.L

b

r

c

0.088090

0.132483

2.978513

1.991741

0.088090

0.132483

2.97420

0.171185

0.4774t3

0.978425

0.236867

0.17118

o.4i74r

0.94455

5. Conchuions

The model.proposed for describing the distribution of femalee according to age at

marriqge in Nepal was found an appropriate distribution. The proposed model ie also

fit well to the data of India. Hence the proposed model Tay Ue used to describe the

digtribution of femalee according to age at maniage in the developing countries like

Nepal, India, Bangladesh,.etc. The model also provided the average age at marriage of

about 18 and 17 years for femalee residing n HiUs and Tarai respectively and 17 years

for females residing in rural Nepal, which. was found very close with the median age at

marriige while computed using all femalee (married as well as unmarried females) [2].
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