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Probability distributions to describe the
pattern of child loss from a family

TIKA RAM ARYAL

Abstract: This paper attempts to investigate tne distribution of child loss from a family through
probability models. The suitability of the models has been tested with the real sets of sample survey data
from Nepal, Libya and Brazil. Poisson, geometric and displaced geometric distributions have been fitted
to describe the distribution of families according to the number of child deaths, The parameters have
been estimated by maximum likelihood method. It was found that the proposed geometric and displaced
geometric distributions more or less provided a suitable description of child loss pattern at micro level
(family level). These distributions fitted satisfactorily well to all the sets of sample data, which may be
utilised to predict the risk of child loss in a family in any society, Findings may help planners and policy
makers for designing proper policies and programs in a country.

1. Introduction

The force of mortality is still high at the younger ages particularly during the infancy [1]
Level and trend of early childhood mortality indicate the standard of development of a country.
A high rate of child mortality in a society indicates the reproductive wastages of physical,
economical and psychological potential of a woman, and consequently shows a low level of
success of a country’s health program [2]. The child mortality has been of interest to
researchers because of its apparent relationship with fertility and indirect relationship with the
acceptance of modem contraceptive means [3]. The distribution of deaths with respect to age
during the infancy is usually not governed by any single universal law because there exist a
number of distinct patterns, which might be changed over time. It has been increasingly
realised for several reasons that child loss from a family needs to be examined besides infan:
deaths [4]. The reported data of deaths during infancy and childhood suffer from substantial
degree of errors where vital registration system of such information is not available [5).
Usually errors occur due to recall lapse, which result in omission of events, misplacement of
dates and the distortion of reports on the duration of vital events [2, 5]. To overcome such
limitations, models served the purpose and are needed to be developed to remove such
variations due to these biases from one age to another. In fact, a model may smooth the data
and provides a reasonable distribution of deaths according to age.

A number of attempts have been made to study the age patterni of mortality by using
models {2, 6, 7, 8, 9, 10, 11]. Initially, Keyfitz [{2] used a hyperbolic function to study the
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infant and child mortality. Choe [13] used Weiball fnction and Hartman [14] applied a
logarithmic function for the same purpose. Krishnan and Jin [15] utilised Pareto distribution to
describe the distribution of infant desths mnd found a reasonable fitting. Chauhan [16]
suggested finite range model to study the deaths under #gc one by months. Finite range model
was proposed by Mukherjee and Islam [17] in reliability anatysis. Krishnamoorthy and Rajna
[18] checked the suitability and modified it for graduating the survivorship function. Bhuyan
and Deogratias[l9]usedamodiﬁedPoly|A¢plimo&leydnpmunofchﬂd loss in

the pattern of mortality.
Anadequatemearchwortonmepnanofc&ldhsﬁomafmnilyhasnotbeendone
yet in Nepal, which may be due to lack of interest among researchers or lack of reliable data.
Child loss from a family has an important indicator for the well-being of the country, in
general, and, in particular, well-being of the women health. Thus, this paper attempts to study
the distributional pattern of families according to the number of child loss (under 5 years)
through some probability models. Various sets of data from Nepal and other countries have

alsobeenusedwdiscusmeapplicﬁi&yofmemoedmpmposeohthispapa.

2. Models

As mentioned earlier, some probability distributions have been discussed this section to
study the distribution of families according to the number of child deaths (deaths within the
first five years of life). The assumption of using probability distributions is that only those
families have been considered in which at least one birth prior to the survey date (study point)
has haa occurred.

2.1. Poisson Distribution

Let X denote the number of child deaths in a family at the survey point which follow a
Poisson distribution. The probability mass function of X is
e Ak
k!

) plr=k= forz =0,1,2,...

when A is the risk of death of a child in a family. The n.aximum likelihood equation of (1) is
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2.2. Geometric Distribution

Let X denote the number of child deaths in a family at the survey point which follows a
geometric distribution. The probability mass function of X is
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It involves a single parameter p to be estimated from the observed distribution of families
according to the number of child deaths. The likelihood function can be expressed as

n n
(6) L=1[p(z=01=T1[pe*]
k=0 k=0
mk
() L= p"qE"
Taking logarithms of (7) and differentiating with respect to p and equating it to zero, we get
®) SlogL _n _ nk _
op p 1-p

(9) ﬁ=——

2.3. A Mixture of Two Displaced Geometric Distribution

Let X denote the number of child deaths in a family at the survey point. The distribution
of X is derived under some assumptions as (i) only those families are considered in which at
lesst one birth prior to the survey has had occurred, (ii) at the survey point, a family either has
experienced a child loss or not and let # and (1-2) be the respective proportions, (iii) out of 2
proportion of families, let £ be the proportion of families in which only one child death has
occurred, and (iv) remaining (1-£)/ proportion of families, experiencing multiple child
deaths, which follows a displaced geometric distribution with parameter p according to the
number cf child deaths.

Hence with these assumptions, the probability distribution of X is written as
plx=h=1-8 for k=0

(10) =£p for k=1
=(1-£)Bpgt?  fork=2,3,...

Model (10) involves three parameters & £ and p to be estimated from the observed
distribution of families according to the number of child deaths. Let ), z,,..., zydenote a

random sample of size N from the population (10). Further, suppose that 7; (k=0,1,2,...,
m

m) be the number of observations corresponding to the value of ¥ and F ng =N. The
=0

likelihood function for the given sample can be expressed as
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Taking logarithm of (11) and differentiating with respect to #,£ and p respectively and
equating it to zero, we get
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n
(12) = 1—p+1-r;=°
L = ==
(13) §L§§5—=1‘§1—" o M=o
m
op p 1-p
From (12), (13) and (14), the estimates of §,& and p can easily be estimated as
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way we can write E(n)=n4p, E(ng)=n( -&)ppgk2 for k=2,3,..., m,
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estimators becomes zero. Hence asymptotic variances of the estimators can be obtained as,
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=mwbeum is large.

3. Applications

The proposed distributions have been applied to the real sets of sample survey data of
Demographic Survey of Fertility and Mobility in Rural Nepal (DSFM): A Study of Palpa and
Rupandehi Districts, which was carried out in 2000 [2]. Besides, one set of data has been taken
from a household sample survey of Brazil in 1996 [19]. Another set of data from Northeast
Libya conducted under a sample survey in 1987 [20].

The parameters of the proposed models have been estimated by the method of maximum
likelihood. The observed and expected number of families (along with the estimates of the
parameters) according to the number of child deaths is presented in Tables 1 to 3. It is seen that
the Poisson distribution does not give a good fit to the data sets whereas the geometric
distribution and displaced geometric distribution provided a good fit to all the data sets. The
estimated value of 4 that shows the proportion of families experienced a child loss, was found
slightly higher for Libya (0.36) as compared to Brazil (0.27) and Nepal (0.21). However, the
proportion of families having a single child death was found higher for Nepal as compared to
the data of other countries.

a~a A A l
The average number of child deaths per family [§8+ (1 -f)ﬂ(l«v—;)] for Libya, Brazil and

Nepal were found to be 0.53, 0.41 and 0.30 respectively. One of the applications of analyzing
such data through model is to estimate the number of child deaths if family size is known. For
example, if on an average total fertility rate (TFR) in Nepal is 4.1 (according Nepal
Demographic Health Survey, 2001), then expected child mortality would be around 73 per
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1000 live births (against the reported mortality rate 65 per 1000 live births) during the
preceding (0.4) years from the survey date of NDHS. This is a close estimate of IMR (73) to
observed IMR (65). The lower observed value of IMR of NDHS data may be due to under
reporting in infant deaths in the survey or two different sources of data, which are not
comparable [2]. Thus through such models if the size (TRR) of the family be known, child
mortality may be predicted for a given society.

4, Conclusions

It was found that the proposed geometric distribution and displaced geometric distribution
provided a suitable description of child deaths at micro level (family level). The distribution
fitted satisfactorily well to several sets of sample data of Nepal, Libya and Brazil. So these
distributions may be utilized to predict the risk of child deaths from a family in any society of
the country. The findings may help planners and policy makers for designing policies and
programs of a country.
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Table 1 Observed And Expected Number Of Families According To The Number Of
Child Deaths In Nepal (2000)

FTW [ Observed No, Bxpecied No. of familles ]
children of families [ Ceometric |  Displaced |
distribution
0 569 T 023.76 | 0649.55 |
1 137 195.24 | 154.87 137.06
2 32 36.92 28.34
3 6 1045
- 2 34.00 11.55
2 % ' : }5.14
y 2 0
Total B31 851.00 B51.00 B5L.00
5 - ﬂiﬂ 4.3772 !3l§|
A=02973 | p=0.7816- | :
£=0.7527
9-0.6338
V( e)-o.mo
v(£)=0.00102
v ( p)=0.00327
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Table 2 Table 1 Observed And Expected Nnmber Of Families According To The Number
Of Child Deaths In North East Libya (1996) 2

[ No.ofdead |
children
0 B0 —
1 306
2 93
3 36
4 7
5 2
7 ;
| Totl 12352 132.00 123200 | 125200 |
=g o R 5
' TDITE T 0 [ pe03570"
£=0,6846
6682
v( £)=0,00018
V(& y=0.00048
v ( §)=0.00106

Table 3 Table 1 Observed And Expected Number Of Families According To The Number
Of Child Deaths In North East Brazil (1987)

ool desd | Observed No. W

children of familics “Polason w—mc_]'_mm
distributina tric
(] 789 812 | g —%—
1 185 285.60 21655 | 185.07
2 60 5842 62.87 63.61
3 2: 1797 18.26 21.88
AL o FNT
- - ] &8s ] }1 1.05
7 0 ol
| Toml — 1051 1051.00 | 1031.00 T031.00
5'; 4 e
4 1
2=0.4091 P=0. 7096 p=0.2683 |
£=0.6560
p=0.6554
v( 8)=0.00019
v( )=0.00033
v (p)=0.00158
REFERENCES

[1] Aryal, T.R. Some techniques to estimate child mortality in Nepal, Journal of Instituie of

Science and Téchnology, vol. 13: 48-61, 2004,
[2] Aryal, T. R. Some demographic models and their applications with reference to Nepal,

Unpublished Ph. D, thesis Department of Statistics, BHU, India, 2003.



(8] TIKA RAM ARYAL

[3] Karib, M., Amin, R, and Chowdhury, J., Determinants of infant and child mortality in
Bangladesh, Journal of Statistical Studies, vol. 13: 54-64, 1993.

[4] U.N., Mortality of children under age 5; World estimates projections, 1950-2025,
Population Studies vol. 105, United Nations, New York, U.S.A. 1988.

[5] Aryal, T.R. Some indirect techniques to estimate maternal mortality in Nepal, Journal of
Population and Social Studies, vol. 13(1): 61-76, 2004.

[6] Gavrilov, L.A., and Gavrilov, N. S. The biology of lifespan: A quantitative approach,
Chur, Switzerland: Harwood Academic Publishers, 1991.

[7] Gompertz., B., On the nature of the function expressive of the law of human mortality,
and-on a new mode of determining the value of fife contingencies, Philosophical
Transactions R.S., vol. 115(27): 513-585, 1825.

[8] Heligman, L., and Pollard, J ‘H., Age pattern of mortality, Journal of Institute of
Actuaries, vol. 107: 49-80, 1980.

[9] Mitra, S., and Denny, C., On the application of a model of mortality, Canadian Studies in
Population, vol. 21(2): 117-132, 1994.

[10] Perks, W., On some experiments in the graduation of mortality statistics, Journal of
Institute of Actuaries, vol. 63:12, 1932.

[11] Theile,P.N.,Ona mathematical formula to express the rate of mortality throughout the
whole life, Journal of the Institute of Actuaries, vol. 16 : 313, 1972.

[12] Keyfitz, N., Applied Mathematical Demography, New York, John Wiley and Sons, 1977.

[13] Choe, M. K., Fitting the age patterns of infant and child mortality with the Weibull
survival function: Asian and Pacific Census Forum, vol. 7(4): 10-13, 1981.

[14] Hartman, M., Infant and child mortality, Dept. of Statistics, University of Lund. Sweden,
1982.

[15] Krishnan, P., and Jin, Y., A statistical model for infant mortality, paper presented at the
USSP Meetings, Montreal, Canada, August 25-Sept. 1, 1993.

[16] Chauhan, R. K., Graduation of infant deaths by age, Demography India, vol.
26(2):261-274, 1997.

[17] Mukherjee, S. P., and Islam, A., A finite range distribution of failure time, Naval
Research Logistic Quarterly, vol. 30: 487-491, 1983.

[18] Krishnarmoorthy, S., and Rajna, P.N., Graduating childhood deaths and survivorship
function with the model by Mukherjee and Islam, Demography India, vol. 28(1):13-19,
1999.

[19] Bhuyan, K. C., and Deogratias, R., On a probability model for child mortality pattern in
North Eastern Libya, The Turkish Journal of Population Studies, vol. 21:33-37, 1999.

[20) Sastry, N., A nested frailty model for survival data, with an application to the study of
child survival in Northeast Brazil, Journal of the American Statistical Association, vol.

92(438), 1997.

TIKA RAM ARYAL Ph.D.

Postdoctoral Research Fellow,

Institute of Economic Research,

Hitotsubashi University, Tokyo, Japan.

and

Central Department of Statistics,

Tribhuvan University, Kirtipur, Nepal.

Email: traryal@rediffmail.com & traryal@ier.hit-u.ac.jp

<

CC

" B b S -

[ W

Fe

- B



