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The level and age pattern of mortality in Bandafassi (Eastern Senegal):
results from a small-scale and intensive multi-round survey

Abstract

The data collected by the Bandafassi demographic study in Eastern Senegal, a small-scale intensive and
experimental follow-up survey on a population of about 7,000 inhabitants in 1983, were analyzed to derive an
estimation of the life table. The use of the multi-round survey technique, combined with anthropological
methods to estimate the ages or collect genealogies, results in unusually reliable data. Taking into account the
uncertainty of the estimates related to the small size of the population, the measures of mortality show a high
mortality level, with life-expectancy at birth close to 31 years; a pattern of infant and child mortality close to
what has been observed in other rural areas of Senegal; a seasonal pattern in child mortality with two high risk
periods, the rainy season and the end of the dry season; an adult mortality pattern similar to what is described
in model life tables for developed countries; no significant differences according to sex or ethnic group. The
example of the Bandafassi population study and of a few similar studies, suggests that one possible way to
improve demographic estimates in countries where vital registration systems are defective would be to set up a
sample of population laboratories where intensive methods of data collection would continue for extended
periods.
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ABSTRACT

The data collected by the Bandafassi demographic study
in Eastern Senegal, a small-scale intensive and experimental
follow-up survey on a population of about 7,000 inhabitants
in 1983, were analyzed to derive an estimation of the life table.
The use of the multi-round survey tecnnique, combined with anthro-
pological methods to estimate the ages or collect genealogies,
results in unusually reliable data. Taking into account the -
uncertainty of the estimates related to the small size of the
population, the measures of mortality show a high mortality
level, with life-expectancy at birth close to 31 years; a pattern
of infant and child mortality close to what has been observed
in other rural areas of Senegal; a seasonal pattern in child
mortality with two high risk periods, the rainy season and the
end of the dry season; an adult mortality pattern similar to
what is described in model life tables for developed countries;
no significant differences according to sex or ethnic group.

The example of the Bandafassi population study and of a few.

similar studies, suggests that one possible way to improve demo-
graphic estimates in countries where vital registration systems
are defective would be to set up a sample of population laboratories
where intensive methods of data collection would continue for
extended periods.
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Introduction

Small-scale and intensive demographic surveys contribute
to the study of population in many ways. One of their potential
contributions is an improvement in measurement. The increase
in réliability may be especially valuable in the case of most
of the developing countries, where censuses and civil registration
systems cannot provide the data necessary to derive reliable
demographic measures, and estimates using indirect techniques
are rough approximations based on assumptions that may not be
true. The aim of this paper is to illustrate the potential
contribution of the small-scale and intensive approach for these
countries using as an example the estimation of a life table
for the populations of the area of Bandafassi in Eastern Senegal.
In this example, the estimates are derived from demographicg
data collected during the 1970-1983 period. Part 1 is a description
of the populations and of the methods of data collection. Part
2 presents the mortality estimates and compares then with available
African life tables and with model life tables.!

1. THE SURVEYS

The principal aim of this study was to investigate the
biological diversity of three populations 1living in the same
area of Eastern Senegal, but with different histories and cultural
patterns; and to check if some of the biological differences

could be linked with cultural ones. We attempt to describe

In a forthcoming paper, we compare these mortality measures
obtained using classical procedures with estimates obtained
using indirect techniques.



the demographic characteristics of each population and to compare
these characteristics between populations is a part of this
study. This task necessitated the collection of accurate demographic
data.

The area chosen for this study is located in the departement
of Kedougou in Eastern Senegal, near the triple border between
Senegal, Mali and Guinea. It includes approximately half the
total population of the arrondissement of Bandafassi (Figure
1). The climate is characterized by two main seasons, a rainy
season, from June to October, and a dry season, from November
to May, with average rainfall of 1300 mm per year. The population
of the area comprises three ethnic groups. In order of the

time of settlement in the area, these are:

-The Bedik, 1829 inhabitants in six villages on the 1st
of March, 1983. This small isolated group, probably more
extensive in the past, has its own language. All its members
are included in the population studied here. Culturally,
the Bedik are close to three other small ethnic groups
in Senegal and Guinea, forming with them the Tenda linguistic
group, itself related to the larger Mande group (Ferry,

1967).

-The Niokholonko, 1075 inhabitants in seven villages on
the 1st of March, 1983. They are part of the Mandekka
pepple widespread in Eastern Senegal, West Mali, Guinea

and West Ivory Coast, and are also related to the Mande
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linguistic group.

-The FﬁlalBande, 4002 inhabitants in 24 villages on the
1st of March, 1983. They are a part of the Fula people

widespread in West Africa. Culturally, they are very close

to the Fula subgroup of the Futa-Djalon area in NOrth Guinea .

(Dupire 1963). The Fula Bande are Moslems, while the other

two populations are mainly animists.

The methods of data collection have been described in detail
in a previous publication (Pison, 1982b). It is not necessary,
therefore, to review them at length; we will only give a brief

summary. Five kinds of surveys were conducted:

-A census, followed by a multi-roundsurvey. The interval

between two successive rounds was one year. The duration
of the multi-round survey ﬁaries from 3 years . in the case
of the Bedik to 13 years for the Niokholonko. During the
base-line census, information about marriages was collected
for each adult and about all live-births for each woman.
At each round, all the demographic events--births, deaths,
marriages and migratory moves--occurring since the previous
round, and all current pregnancies, were registered. The
months of events were determined using cultural and lunar
calendars. Thé respondent in this svaey was in most cases

the head of the compound.



-A genealogical survey. Genealogies going up to known

ascendents and them down to living collateral relatives
were collected, starting with any chief of a compound,
and any of the resident adult females. The genealogies

collected in related compounds were matched afterwards.

-An age survey. The age of individuals was estimated uéing

an indirect method based on two kinds of data: the classi-
fication of the population of a village by birth-rank and
the calendar of the circumcision groups. The ordering
of the population of a village by birth-rank provides relative
ages; to obtain absolute ages, we turned to a second type
of chronological classification, concerning circumcision
groups. Circumecision, which is performed roughly around
15 years of age, with variations according to ethnic group
and period, is a very important occasion. It usually takes
place in February or March, every 3 or 4 years. Circumcision
groups, identified by members' names, were listed in chrono-
logical order for each village. The dates 6f the circumcision
festivals were estimated using both the chronological order
of the festiyals of all the villages of the area, and an
historical calendar. These data, coupled with various
assumptions concerning the meaﬁ age at circumcision, form
the basis of our computations of agés. OQur estimation
centers on the age at which each male was circumcised.

We thus compute the age of these males and then, by inter-



polation, the age of the non-circumcised populatinn. Details
regarding the method of age estimation can be found in
earlier publications (Langaney, Dallier and Pison, 1979;

Pison, 1980).

-A fertility survey. The data collected in the first census

on children ever born to women show a high rate of under-
reporting of dead.ohildren, as illustrated below. Interviews
with all liviﬁg women regarding their maternity histories
~were conducted with more care after the initial census
to register the children who were originally omitted.
Another aim of this new data collection was to compare
the efficiency.of two different methods for registering
births in the fbllow-up period: retrospective interviews

and multi-round surveys.

Table 1 shows the dates of the demographic surveys in the
three populations. The periods covered by the multi-round surveys
are of different length, because the study was initiated in
each population at different times, last for the Fula Bande.
Moreover, the study_of the Bedik, undertaken and followed by
J. Gomila before his death (in 1977), &as not conducted in the
same manner as those of the two other populations. A few rounds
were performed after the first census in 1964, but the data
of the 1970 round are the only available to us. After March
1980, a follow-up survey with one year intervals was started,

using the list of the population alive in January 1970. Dates



Table 1

The calendar of the Bandafassi desographic surveys

‘TVey Population
Bedik Hiokholonko Fula Bande

irst enuseration  date January 1964 Jan.-Narch 1970 Jan.~March 1975
ollov-up survey  period‘t! 1980-1983'%) 1970-1983 1975-1983

duration in years 3 ) 13 8

riymber of year-persons observed 17,948 14,000 30,418
enealogical survey date 1963 Feb.-Harch 1971 Feb.March 1976
i5e survey date Feb.-March 1981 Feb.-Narch 1974 Eeb.-Narch 1977
sertility survey date Feb.-March 1981 Feb.-March 1981

Size of the population on the lst of March 1983

1839

1075

{1) An interval of approximately one year separates two successive visits in the same village. As the visits take place during
March, it is easy to locate the recent events as earlier or later than the st of March, the reference date for the

tabulations. As a result, one year in these surveys goes from the 1st of Narch to the following 2Bth or 29th of February.
{2) The demographic survey for the Bedik was restarted in March 1980, with 2 list of the individuals alive in January 1970.
data concerning the events which occured between 1964 and 1970 are not yet available.

{3) This number results from the addition of 5,394 year-persons of all ages observed during the 1980-1983 follow-up permd and
12,554 year-persons of age 10 years old and over during the 1970~1980 period. We do not consider here the life-experience of

the children born during this period since the risks of omission are greater for thea.



of events which occured between January 1970 and March 1980
wepe'begistered retrospectively, and are inaccurate. MNote also
that no retrospective fertility survey has been conducted for
the Fula Bande.

Demographic data in Africa are affected by two kinds of
errors: an under-enumeration of people in censuses or an under-
registration of events in retrospective reports on thé one hand,
and a misreporting of ages on the other (for a recent review
of typical patterns of errors, see Ewbank, 1981). 1In the Bandafassi
surveys, a large amount of time and ingenuity has been spent
to reduce errors. For some of the classical errors, we have
evidence that the quality of the available data is much better

than that of conventional data.

Concerning the first kind of error, the multi-round survey
method, when applisd with enough carz in rmall intensive surveys,
greatly lowers the risk of omission of events which occur during
the period of observation. The risk remains for children who
die within a few days after birth. But the registration of
pregnancies at each round decreases the risk of cmission. Conec=rning
the risk of under-enumeration of people, the different surveys
which followed the first census of the Fula Bande in 1975 showed
that it missed at least 7% of the total population. Half of
the omissions were detected at the following rounds, and the
other half by the genealogical survey. The analysis of these
omissions, by socioceconomic characteristics, age, and status

- marital status for women, survival status of parents for child-
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regﬁ; p;ovides information.ﬁbout the indivi@ua;g wig?-high risk
ofuéﬁiséion and about fhe ﬁfobébly number of people sti;1‘$i§sing
(P;son, 1982a). Their frequenéy is. estimated as very loﬁ;_prpbably
less than 1%, and the omission problem, after all the éorregp}gns,
is negligible compared with other problems such as the uncertainy
of resident status. :

Concerning the other kiﬁd 6f error, the misreporting of
ages, the method we used to estimate the ages elimirates many
of the usual biases. Age heaping errors do not .exist here.
We have also strong evidence that.the classical effect of marital
status or parity of wdmen younger than 30 on the estimation
of fﬁeir aéé doe$ not exist in the Fula Bande_data (Pison, 1982b).
But the indirect method we used to estimate.ihé ages may introduce
new biases; in particular, it may cause a shift of all ages
if the mean aée ét circumecision is under- or oyer«estimated.
Comparisons between estimated ages and real ages using the few
reliable birth dates available, though we do not consider them
a real test, were quite encoupaging. We are confident that
the final estimates of age ﬁbtained with this indirect method
are far more reliable than any other estimates that would have

been obtained in these populations using conventional methods.

2. DIRECT ESTIMATION OF THE LIFE TABLES.

The demographic data we collected provide accurate information
on the age and sex distributions of the three populations, and
on the events which occurred during the observation periods.

Estimates of the age~specific mortality rates can be derived
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directly as if dealing with conventional data.

The death rates were calculated by population, sex and
age, as the ratio of the number of deaths registered in the
category during the follow-up period to the number of person-
years lived in the category during that period. The death rates
were then transformed into probabilities of dying between exact
ages. Here are some details:

-We worked with single years from birth to exact age 5,

‘and intervals of five years thereafter.

-For the first interval of the life table, from.birth to
the first birthday, the probability of dying estimated
corresponds to the experience of the generations born after
the first census. It was calculated directly, not derived
from death rates. This true cohort measure is preferable
because of the great variation in mortality during the
firat year of life, but it is not strietly analogouva o

the cross-sectional nmeasures for older ages.

-The last interval is the open-ended interval 85 years
and more. In the absence of reliable measures, we assumed
that the expectancy of life at age 85 was four years, a
reasonable value, not too far from that observed in populations
with similar levels for adult mortality, and from what
is proposed by the "general pattern" of the model tables

for developing countries (U.N., 1982a).
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-In the case of the Bedik, the data on évents that occurred
during the 1970a1980 period were collected in 1980, and
are not of the same quality as for the other two populations.
The risk of omission of evénts is not negligible here.
It concerns mainly "double" events, children who were born
and who died during this period. The experience of these
individuals_during this period was excluded from the data.
Concerning the deaths of people who were alive in 1970,
the risk of omission is considerably reduced because they
are in the 1ist of the poepulatien 1iving in. 1970, which
is assumed to be complete. The experience during the 1970-
1980 period of the individuals alive in 1970 was taken
into account in the death rate calculations, although the
dates of death are less reliable than for the other two

populations.

The standard deviations of the mortality measures were

estimated using the Chiang formulas (Chiang, 1968). Here we

focus

on two morality indexes. The first is pqg, the probability

of dying between exact age x and x+n for a person alive at age

X. We use the variance formula:

where

with

v(an) = nQ§ (1 - nqx) / D(x,x+n)

V(hax) in the variance of pqx and D(x,x+n) is the number

of deaths registered between age x and age x+n. This is an
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approximation to the true variance when“the life table is derived
from cross sectional data and the pqy are computed from mortality
rates, as is the case here.

The second index of mortality considered here is the life
expectancy at age x, ex. The approximate formula for its variance,
és proposed by Keyfitz (1977) from the results obtained by Wilson
(1938) and Chiang (1969), is:

' S = 2
Tl e o6 [gy(n—ay+ey+n)/lx V(nq;El
yi=X
where ly ié the proportion surviving to age x, n is the length
of the age interval and ay is the average -age of death of those

dying between y and y+n (usually estimates as n/2).

A. MORTALITY DURING THE FIRST FIVE YEARS OF LIFE

Tables 2, 3 and Y4 show the iife tables directly estimated
from the multi-round survey data for each population. The calcu-
lations were made separately for each sex and for both sexes
combined. Standard errors for the probabilities of death and
for the 1;fe expectancies were computed with the approximation
formulas id&icated above. Ve focus'first on the mortality estimates
from birth,t6 age 5. 3

Former studies of populations of3wést Africa living in
areas where the climate is similar to th; Bandafassi one, with
a dry season and a rainy season, have shown seasonal variations

of infant and child mortality. Mortality is higher during the

rainy season, because of a higher rate of malaria transmission
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Life-table. All populations.
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(Cantrelle and Leridon, 1971; Molineaux and Gramiccia, 1980;
Garenne, 1981a and 1982b). The peak in the mortality rates
is observed in general in the second part of the rainy season.
The distribution of deaths of young children registered
during the Niokholonko and the Fula Bande follow-up surveys,
by month of death, is shown in Table 6. We added in the same
Table the corresponding'distribution of births, since seasonality
of births may be in part responsible for seasonality of child
deaths. We made the distinction between early deéths, deaths
before 6 months, and deaths at 6 to 36 months, since we know
that the very young children, before 6 months, are protected
by maternal antibodies from several infectious agents, for example
measles. The peak of births or deaths in June (Table 6) is
in part related to a bias in the data: when there was no information
on the month of an event (in approximately 5% of all events),
it was coded systematically as June.  Though this bias introduces
a difficulty in the study of seasonality, it may be dealt with
simply by excluding the events in June. The resulting distributions
are shown in Table 6 and are illustrated in Figures 2 and 3. Part
of the variation from month to month are caused by preference
for some particular months and avoidance of others: March, May
and December seem to be preferred; January, April and November
seem to be avoided. Beside this preference pattern, Figure
2 shows a clear seasonality of births, with a peak during the
rainy season and a deficit at the end of the dry season. It
should be noted that the months with low conception rates, July

and August, correspond to the period of most intensive agricultural
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Table 6

Distritution of births, deaths at ages 0 to J months
and deaths at ages 6 months to three years, by month of event.
Niokholonks 1970-1983 and Fula Bande 1975-1983.

onth Rirths lizaths Deaths
of at ages at ages
event 0~5 ponths 6-36 months
1 2 i 2 1 VR
January 153 83 18 09 i8 50
February 179 99 al Bl 18 50
March 196 108 28 96 32 144
April 131 73 12 45 43 133
Hay 154 35 2 2 a7 158
June 273 “ 44 - 2 -
July - 179 99 34 131 32 89
August 217 120 39 150 7 131
Septesber 243 134 AS 165 23 69
October 183 10l 3l 119 2 119
Hovember 152 34 14 o4 26 72
December 202 112 23 9% 30 83 -
Total 2262 1099 30 1099 468 1098

first coluan (1) = observea distribution.

second coluen {2) = computed distribution for 3 total of 1100 events in 11 months.
Events in June are disreqarced since when thare was no information on the month
of an event, it was cooifiee as in June.
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Figure 2 : Seasonality of births and of deaths at ages 0-5 months, in Bandafassi.
Data from the Nickholonko (1970-1983) and the Fula Bande (1975-1983)

multi-round surveys. Events in June are not considered here, since

some of them are misreported.
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work.

The seasonality of early deaths, from birth to age 6 months,
follows in part the seasonality of births. Such a result is
to be expected, since most early deaths occur in the first week
or the first month of life. But the number of deaths is propor-
tionallly higher during the rainy season and lower during the
dry season. This pattern may result from two phenomena: first,
an inérease in mortality risks during the rainy season and,
second, some biases in the data. The first phenomenon corresponds
to what has been observed in the former studies mentioned above,
and very probably does exist in Bandafassi. But the observed
seasonality in infant mortality may also result from a bias
in the data related to the timing of the visits in the Bandafassi
multi-round surveys. Asmehtionedabove,pregnancieswereregistered
at each visit, and the visits, one each year, occurred at the
beginning of March. All the pregnancies registered at one visit
result in 5irths which occur within a period of approximately
five mohths after the visit2 (see Figure 2); this period corres-
ponds to the end of the dry season and the first half of the
rainy season. _On the other hand, children whose mother's pregnancj
was not registered were born on average in the second half of
fhe rainy season and during the'pért of the dry season preceding
the visit. The risk of omission of a birth is almost zero when

the pregnancy was registered previously. It may not be zero

2The ratio between the number of registered pregnancies and the
number of registered deliveries (live births, still-births and
abortions) is close to 40% in the multi-round data. =
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Number of child deaths at age 6 months-5years in a 4-month period.

Figcure 4b., Fula Bande.

measles
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Figure 4. Variation of the number of child deaths by period.
b. Fula Bande.

In one year, three 4=-month periods are considered : from March to June, ;
from July to October and from November to February. The July-October period
correqunds to the rainy season and the other omes, to the dry season.
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in the other case, when no pregnancy was registered, in particular
when the birth was followed by an early death. The risk of
omission is probably different for the two groups ©of births.
However the difference may be slight, since the births for the
second group are recent; occurring less than 7 months before
the visit.

If the mortality was not affected by seasonal variation,
such a difference in the risk of omission of births would result
in an apparent seasonality, with a high level from about March
to the end of July, and a low level from August to February.
- Figure 2 shows that the observed Seasonality goes noft fit this
pattern. 1In particular, the observed numbers of deaths in March
and April are relatively small. We cannot infer from this that
there are no differences between the risks of omission from
one group of children to the other. We can only observe that
it is small, and that here we cannot separate its effect from
the effect of the seasonality of mortality.

The seasonal pattern of mortality for older children, from
6 to 36 months (Figure 3), seems different from that observed
for early deaths. There is also an increase in the number of
deaths during the rainy season, but a new peak appears from
March to May; it corresponds to measles outbreaks, which almost
always develop at the end of the dry season, and only in certain
years (see Figure U4). The absence of this peak in Figure 2
is an illustration of the passive immunity of young babies to

measles.
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F.igure 3 : Seasonality of deaths at ages 6~36 months in Bandafassi. Data from
the Niokholonko (1970~1983) and the Fula Bande (1975-~1983) multi-

round surveys. Events in June are not considered here since some of
them are misreported.
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The seasonality éf infant and child mortality revealed
by the distributions of deaths by month may result in different
age patterns of mortality according to the season of birth.
This has been well demonstrated in Ngayokheme and Keneba, two
other rural areas of Senegal and Gambia, also studied using
prospective methods. (Cantrelle and Leridon, 1971; Garenne,
1981a and 1982b; Billewicz and McGregor, 1981). Like Garenne
(1981a), we classified the children into two groups, those born
during the May-October period and those born during the november-
April period, and we estimated for each group the probabilities
of death during periods of six months, from birth to age 5 (Table
7). As expected from previous results, the probability of death
from birth to age 6 months is significantly higher for children
born during the first period, which corresponds approximately
to the rainy season, than for the children born during the dry
season. However the difference between the two groups is less
thén what is observed in Ngayokheme (Garenne, 1981a). For ages
over b6 months, we do not observe clear differences in the age
pattern of mortality between the groups. The alternation of
a high risk season (the rainy season) and a low risk season
(the dry season) observed for the years without measles outbreaks,
is completely disturbed when there is a measles outbreak.

The seasonality of infant and child mortality in Bandafassi
is the result of the combination of two effects: the increase
in mortality risks during the rainy season, which seems to affect
children of all age-groups, and outbreaks of measles, mostly

in the second part of the dry seasoh, which affect only children
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Table 7

The life table from birth to age 5 years by season of birth,
from data on children of all populations, born after the first_enuu!-ati_on.

Age interval in months Probability of dying within interval
Rext6 season of birth
rainy season dry season all
(May-October) (Novesber-April)
h {1 (N

- 6% 6 P
0-6 175 200 A28 149 JA31 349
6-12 _ A7 63 Q64 60 068 123
12-18 ; 057 43 D71 56 064 99
18-24 035 3B 083, . .36 05 71
24-30 . 048 27 076 43 062 70
30-36 : 052 28 023 . 11 037 3
36-42 ' 033 14 1<) R & 032 27
42-48 028 W 013 3 D20 15
48-54 ol L s 015 - <016 10
34-60 _ 022 6 007 2 014 8

(1) nusber of deaths.
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over a certain age.

We have already mentioned one source of error that may
affect the infant mortality estimates, the omission of live
births. Cantrelle (1969) has suggested a way of estimating
the rate of omission, so as to correct the bias. It consists
of calculating the probability of death in the first year for
two groups of children: the first group, composed of children
whose mothers' pregnancies were registered at the visit preceding
the visit when the births were registered; and the second group
consisting of the children whose mothers' pregnancies were not
registered before. The comparison of the two infant mortality
rate (IMR) estimates makes it possible to compute the rate of
omission of children in the second group, assuming that the
risk of death is the same for both groups. We know that this
assumption does not hold in the Bandafassi case, and, as explained
above, it is almost impocssible to separate the true effects
of seasonality in the observed seasonality of mortality from-—-- -
the effects of omission.

Two other sources of error may affect the infant mortality
estimates: (a) still-births are sometimes reported as live births;
(b) dates of birth or death are misreported. The confusion
between still-births and live births has been investigated on
the Niokholonko data (Lecomte-Enselme, 1983). The comparison
between the data from the retrospective interviews of women
and those from the multi-round survey shows that probably a

few still-births (between 1 and 2% of the total births) are
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wrongly reported as live births by the multi-round survey.
Curiously, this overcount of live births is approximately balanced
by the few omissions of live births. The reported birth and
death dates are subject to some uncertainty. Though the error
in most cases may not exceed 1 or 2 months, it is another source
of error in the IMR estimates. It prevents us from computing
a reliable detailed life table, month by month for example;
The imprecision is of course considerably reduced when considering
longer intervals, such as one year.

The high values of the infant mortality rate in Bandafassi
are not surprising considering the results of studies of other
rural populations from tropical regions with little medical
assistance. The high values of the probability of death from
age 1 to 5, and especially from age 1 to 3 are more unusual.
This pattern of infant and child mortality can be compared with
similar patterns observed by Cantrelle (1969) and McGregor (1979),
and reviewed by Garenne (1982b) for Ngayokheme (Senegal) and
Keneba (Gambia). The estimates of the probabilities of death
from birth to age 5 in these areas are presented in Table 8
and Figure 5, along with similar estimates for the three Bandafassi
populations and the corresponding values of a model life table: the
Brass African life table with 1qp = 0.200 and with the parameter
beta equal to 1. Only measures for both sexes are considered
here. Mortality measures for the Bedik are based at these ages
on a particularly small data set, and random variation is greater

for them than for the other populations.



Table 8

Mortality from birth to ase 5§ for boih sexes.
kesults from prospective studies in Senesqal and Gaabia.

e interval Probability of dying in intervai
avact aqes .
\f years) (
Fuls Bande  Niokholorko  Bedik Ngayokhese!}) Keneba'l!  Model life-table
1975-1983 1970-1983 - 1330-1983 1363-1971 1372-1981 1951-1975 Brass African
0-1 0.200 0.234 0.1%0 0.219 0.197 0.239 0.200
1=3 0.099 0,145 0.089 0.200 0.095 0.155 0.086
2-3 0.103 0.09% 0.081 0.100 0.09% 0.121 - 0.044
34 0.058 0.061 0.046 0.065 0,057 0.076 0.027
4-5 0.042 0.023 0.032 - 0.017 0.029 0.042 9.013
I=5 0,269 0.290 ¢.201 0.350 0,250 .34 G.161
0-3 0.415 0.456 0.353 0.500 0.368 0,499 0.329

1) zource : Gsrenne 1982.

2) with (g, = 0,200, 3 value in the middle of tne ramge of variation for these populations. and bBta = 1.

(2)
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The comparison between populations appears difficult since
the measures correspond to different periods, and changes in
infant and child mortality may have occurred over the last 30
years. The large differences in Ngayokheme between the estimates
for the two periods 1963-1971 and 1972-1981 are evidence of
an important decline in mortality, but in part this may be a
consequence of several dry years with a low incidence of malaria
in the second period (Garenne, 1981a and 1982b). The long-term
decrease, if it exists, may be smaller than it appears at first.

The comparison of the overall level of infant and child
mortality, as measured by the probability of death from birth
to age 5 shows a high level in Keneba (1951-1975) and Ngayokheme
for 1963-1971, and a lower level in Ngayokheme for 1972-1981
and the Bedik (1980-1983). The Fula Bande in 1975-1983 and
the Niokholonko in 1670-1683 are at an intermediate level.
The differences between the age patterns of mortality of the
observed life table is small in comparison; the general pattern
for them differ greatly from the Brass model 1life table pattern.
Cne exception 1s the Bedik, for which the measures are more
uncertain than for the other ovopulations, but also whose child
mortality may have changed in the recent years as an effect
of the internsive health care and education by missionaries.

When making such comparisons, one has to remember that
these measures are based on data collected during relatively
short periods of time and which are therefore very dependent
upon particular events. Some factors of infant and child mortality

show important variations from one year to the next. We have
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mentioned the relation between the rainfall in a given year
and the risk of mortality, which has been well demonstrated
by Garenne (1982b), for the children aged between 6 and 17
months in the Ngayokheme area. The relation is interpreted
in this area as the result of an increase of the number of malaria
cases in the years with an excess of rainfall. Measles is another
example of a factor affecting infant and child mortality that
may present great variations from year to year, especially in
low density or isolated populations. In the villages of the
Bandafassi area, measles is typically absent for several years,
and then develops in all households during a short period of
time. This is partly illustrated by Figure 4. The major epidemics
observed in the area in 1973, 1977 and 1982 resulted in the
death of approximately 25% of the children aged under 5 years -
Within less than a month in the affected villages. The dynamics
of measles epidemics in Bandafassi will be examined in detail
in a forthcoming publication. Note that all the villages of
the area were not affected at the same time. The 1977 outbreak
hardly touched the Niokholonko villages, which are in the north
part of the studied area (Figure 1), and affected severely only
one group of Fula Bande villages, those around the village of
Lande Baitil. These examples suggest that the estimates of
infant and child mortality in follow-up studies may vary according
to factors such as the number of dry or rainy years or the number
of measles outbreaks in the reference period.

If we take into account the influence of the temporal

events affecting mortality measures, the pattern of mortality
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from birth to age 5 in Bandafassi is not very different from
those observed in Ngayokheme and in Keneba. We should note
that the risk of mortality between 1 and 5 years, relative to
the IMR, is lower in the Bandafassi area. The Ngayokheme and
Keneba areas are around 500 km from the Bandafassi area, and
have a much drier climate. Under these conditions, the observation
of a similar age pattern of infant and child mortality reinforces
the suggestion that the pattern described in nearly all the
model life tables developed until now, may not be the right
pattern for a large number of West African rural populations
with a high level of mortality. The collection of accurate
demographic data in different regions could help to define the
geographical and ecological distribution of this pattern, and
to describe its determinants.

B. THE ADULT MORTALITY PATTERN

The directly estimated life-tables for each population
for sexes combined above 10 years of age are presented in Figure
6. In the figure, we adopt a length of ten years for the intervals
so as to reduce the random variations of the estimates.

We do not present the age pattern of mortality for each population
and each sex separately for two reasons: first, the random variations
of the estimates, greater than for both sexes together, would
make the figures more difficult to read; and second, the mortality
measures for each sex are similar. The life expectancy at age
10 in all cases is in the range U5-U48 years, with no significant

differences between populations and sexes.
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The comparison of the age patterns of adult mortality for
both sexes, presented in Figure 6 on a logarithmic scale, suggests
that the risk of mortality may be slightly lower for the Niokholonko
than for the Fula Bande, before age 45, and slightly higher
thereafter. The strange Bedik pattern between ages 10 and 39
may be due to systematic errors in the determination of birth
dates for young individuals, in particular males, who died between
1970 and 1980. We have already mentioned the inaccuracy of
the Bedik data for the events during this period. The result
would be a shift of deaths in the 20-29 age group from the neigh-
boring age groups 10-19 and 30-39.

The absence of great differences in the adult mortality
patterns between the populations, taking into account the precision
of the estimates, makes it possible to group the data together
and to estimate a single life-table for the whole area, without
distinection by ethnic group. The results are presented in Table
5, for each sex and for both sexes, and are illustrated in Figure
7 where the intervals are of ten years, as for Figure 6. No
clear difference appears here by sex. 104920 is significantly
higher for males than for females. This surprising pattern
is in part a consequence of the strange Bedik pattern, and may
be a result of biases in the Bedik data, as suggested above.
But the absence of sex differences at these ages, or even a
higher mortality for males, may correspond to the reality -in
Bandafassi: q109qpp after exclusion of the Bedik data is higher
for males than for females, thcugh the difference by sex is

no longer significant.
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Before concluding, let us recall some possible biases that
may affect mortality estimates at older ages according to sex.
Two main biases have been identified in African data collected
with classical methods: the first, which may result in apparent
sex differentials in adult mortality measures, is the tendency
to overestimate the age of older persons, and is apparently
more pronounced for men than for women (Gibril, 1975). Such
a bias wculd result, for a given age, in a relative under-estimation
of the risk of mortality for the males compared to the females.
The second bias is a different pattern of under-registration
by sex, and especially a specifiz under-registration of the
older women. This bias has been described fcr the Fula Bande
in the data from the first census (Pison, 1982a). 1In theory,
these two biases do not affect the Bandafassi data, because
of the methods we used for collecting and correcting them.
If so, the absence of sex differences in the estimates, especially
at .the onlder ages, must be real.

We can compare this conelusion to the quite different one
obtained in the case of the Ngayokheme study {Garenne, 1982).
The age pattern of adult mortality estimated for the period
1063~19871 in this area is shown in Figure 8. There are no apparent
sex differences belcw age 40. On the contrary, %the results
above this age show a higher risk of mortality for men than
for women.

The apparent absence of important sex differences in Bandafassi
allow us to group the data and retain only the estimates for

bcth sexes together. Random variations in gqyx remain high,
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even when the two sexes and the populations are combined. If
we consider only life expectancy, the approximate 95% confidence
intervals are 30.1-32.7 for life expectancy at birth, and U45.U4-
48.0 for life expectancy at age 10, using the approximate standard
deviations of nearly 0.65 years in each case.

There are only a few other adult life tables available
for rural Senegal. Figure 9 illustrates three of these, derived
from data with a degree of accuracy close to those collected
in Bandafassi. When compared with Bandafassi, these life tables
seem to show a lower risk of mortality at all ages. The Ngayokheme
life table is the only one for which the standard deviations
of the estimates are available (Garenne, 1982b). Considering
each five-year interval, in most cases the differences in the
probability of death are not significant. If we consider the
expectancy of life at age 10, the values, U46.7 years (G = 0.7)
for Bandafassi and 52.1 (7 = 0.7) for Ngayokheme, are significantly
different3.

The comparison with model life tables will be limited here
to a graphic examination of differences between our adult mortality
estimates and two model life tables. Figure 10 shows a surprisingly

good fit with the West pattern of the Coale and Demeny life

3The difference between two expectancies of life el and e2 can
be tested by computing the ratio:

(e1 ~®p)/ 2.~ B
7 20y

which is assumed to be distributed as a normal probability function.
In the case of the comparison of the life expectancy at age
10 between Bandafassi and Ngayokheme, this ratio equals 5.9.
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table with a life expectancy at age 10 for both sexes equal
to 46.7 years (level 10), identical to that observed in Bandafassi.
A good fit exists also with the brass standard life table

(e10 = U47.4), without any prior adjustment.

We shall not discuss differences for young ages, before
age 10, since the inadequacy of nearly all the model life tables
when considering West African Mortality, has already been demon-
strated in detail. It is well illustrated here by the fact
that the observed adult mortality corresponds approximately
to the model life tables whose life expectancy at birth are
equal to 41.1 (Coale and Demeny) and 43.6 (Brass African standard),
although the estimated life expectancy at birth is 31.4 years.
The balance between child mortality and adult mortality in Band-
afassi, and in a few other areas, is quite different form that

proposed by models until now.

CONCLUSIONS

Our knowledge of the age pattern of mortality in most areas
of sub-Saharan Africa is very poor. Most effort has been concen-
trated on measuring mortality at the early ages, and mainly
in the first year of life. For many populations, even at these
ages the estimates remain uncertain. For most populations,
the age pattern of adult mortality is a "terra incognita", and
we must depend upon models to derive it. Under these conditions
of scant information,any new measure is extremely valuable.
The main characteristic of the life table we have estimated

for the populations of the Bandafassi area in Eastern Senegal
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is that it is based on high quality data, compared to African
standards, but in limited quantity. A question that arises
about this empirical life table is: is it representative of
other populations? Expressed in other terms, the question is: Can
this life table be considered a model?

Some reasons seem to us to recommend prudence when applying
this life table to other populations. The first reason lies
in the highest level of mortality observed. Due both to the
relative isolation of the area from other parts of the country,
and also to the environment which favours many diseases, this
high level of mortality may be specific to the Southern part
of Eastern Senegal. Secondly, the risks of mortality are affected
by temporal variations due to epidemics and famines. These
factors have a particularly strong influence at the early ages.
Measures obtained from a short period of observation may therefore
reflect temporary risks rather than a long term average level
of mortality.

Though our estimates of mortality for the Bandafassi area
must not be extended without caution, they provide answers to

several questions about West African mortality patterns.

(a) The very high level of child mortality between ages
6 months and 3 years, already described for a few West

African rural areas, has once again bean identified.

(b) The seasonality of child mortality is characterized

by two periods of higher risk: the rainy season, and the
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second part of the dry season. The first period is associated
with a high level of malaria transmission, and the second,

with periods of measles outbreaks.

(¢) The age pattern of adult mortality does not differ
from the age pattern described by the model life tables,
which relies mainly on the experience of traditional European

populations of the past.

(d) There are no perceptible sex differences at any age.

Some methodological conclusions about the small-scale and
intensive approach can also be drawn from the Bandafassi example, The
objectives of the Bandafassi population study were wider than
that of a demographic survey in a country with a defective vital
registration system. Anthropological data, such as genealagies,
were collected, which demographers are not usually interested
fn. The data were collected with special care; for example
the ages have been estimated using an original method, so as
to prevent some classical biases. These methods probably result
in a better quality of demographic measures compared to usual
methods. Of course we have no absolute proof of this, because
we do not know the true values.

Such methods cannot be applied to large-scale studies,
because of the prohibitive costs, and of the necessity, with
these methods, to adapt to the cultural diversity of the population.

However we may mention a way of improving demographic measurements
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on a large scale using a method, which would consist of setting
up several population laboratories distributed so as to cover,
as much as possible, the whole country. Two kinds of results
could be derived: first correction of some of the errors attached
to large surveys, either directly by comparing the measures
from different sources, or indirectly by proposing models if
one uses indirect estimation techniques; second, the continuity
in the observation methods over a long period is necessary for
the description of demographic trends. The drawback of such
a network would be its non-representativeness. One can partly
remedy this weakness by intelligent choice of the areas observed,
to represent as much as possible the range of geographic, econpmic

and cultural variations in the country.



47

REFERENCES

Billewicz, W.Z. and I.A. McGregor. 1981. The demography of
West African (Gambian) villages, 1951-75. Journal of Bio-
sociological Sciences 13:219-240.

Cantrelle, P. 1969. Etude démographique dans 1la région du
Sine-Saloum (Sénegal. Etat civil et observation demographique.
ORSTOM, Travaux et Documents, 1, Paris, 121 p. i o '

Cantrelle, B: and H.-Leridon. 1977. Breastfeeding, mbrtéiity
-in childhood and fertility in a rural zone of Senegal.
Population Studies 25(3):505-533.

Chiang, C.L. 1968. Introduction to Stochastic Processes in
Biostatistics. New York, John Wiley and Sons.

Dupire, M. 1963. Matériaux pour 1'étude de 1l'endogamie des
Peul du Cercle de Kedougou (Senegal Oriental). Bull. Soc.
Anthrop. de Paris, tome 5, 118Mm€ gérie, pp. 223-295.

Ewbank,. D.C. 1981. Age Misreporting and Age-Selective Under-
enumeration : Sources, Patterns, and Consequences for Demo-
graphic Analysis. Committee on Population and Demography,
Report nY 4, National Academy Press, 112 p.

Ferry, M.P. 1967. Pour une histoire des Bedik (Senegal Oriental).
Cahiers du CRA nO U4, National Academy Press, 112 p.

Garenne, M. 1981. The Age Pattern of Infant and Child Mortality
in Ngayokheme (Rural West Africa). African Demography
Working Paper no. 9, Population Studies Center, University
of Pennsylvania.

Garenne, M. 1982. Variations in the Age Pattern of Infant and
Child Mortalify with Special Reference to a Case Study
in Ngayokheme (rural Senegal). Ph.D. dissertation, University
of Pennsylvania, p. 247.

Gibril, M.A. 1975. Some Reporting Errors in the 1973 Gambian
Census. Dissertation submitted in partial fulfilment of
the requirements for the degree of M.Sec. of the University
of London, 69 p.

Gomila, J. 1971. Les Bedik, barrieres culturelles et hetéropgeéneéite
biologique. Presses de L'Universite de Montreal, 273 p.

Keyfitz, N. 1977. Introduction to the Mathematics of Population.
Reading, Mass.: Addison-Wesley.

Langaney, A. 1974. Structures geénétiques des Bedik (Senégal
oriental). Cah. d'Anthrop. et d'2col. humaine, 11, 1,
pp. 11-12)'!.




48

Langaney, A., S. Dallier and G. Pison. 1979. Démographie
sans etat civil: structure par &ge des Mandenka du Niokholo.
Population, 7, pp. 909-915.

Lecomte-Enselme, D. 1983. Etude de la fécondite chez les Mandenka
du Niokholo (Senegal Oriental) These de 3éme cycle, Universite
de Paris 7.

MéGregor, I.A. ahd *K. Mil%iams. 1979. Mortality in a Rural
West African Village (Keneba) with Special REference to
Deaths Occuring in the First Five Years of Life, England,
MRC.

Molineaux, L. and G. Gramiccia. 1980. The Garki Project: Research
on the Epidemiology and Control of Malaria in the Sudan
Savanna of West Africa. Geneva, WHO.

Pison,® gL 1980. Calculer 1'§ge sans le demander. Méthode
d'estimation de 1‘ﬁge et structure par Age des Peul Bande
(Senegal oriental). Population, 4-5, pp. 861-892.

Pison; ' 'G. 1982a. Sous-enregistrement, sexe et ﬁge: exemple
d'une mesure directe dans une enquéte africaine. Population,
3, pp. 648-654. :

Pison, G. 1982b. %gnamique d'une population traditionnelle: les
Peul Bande (S&négal oriental). Paris, PUF, 278 p., (INED,
Travaux et Documents, Cahier nV 99).

United Nations. 1982. Model Life Tables for Developing Countries.
Population Studies 77.

Wilson, E.B. 1938. Standard Deviation of Sampling for Life
Expectancy. Journal of the American Statistical Association.







	University of Pennsylvania
	ScholarlyCommons
	June 1984

	The level and age pattern of mortality in Bandafassi (Eastern Senegal): results from a small-scale and intensive multi-round survey
	Gilles Pison
	Andre Langaney
	The level and age pattern of mortality in Bandafassi (Eastern Senegal): results from a small-scale and intensive multi-round survey
	Abstract
	Keywords
	Comments


	tmp.1195593610.pdf.iUbOC

