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The Relational Gompertz Model in
Detecting the Recent Changes of
Fertility in Egypt

By: Mohamed Naguib Abdel Fattah
Fertility is an important component of population growth in
Egypt, especially as mortality has declined in a short span of
time. Egyptian fertility trends during the last two decades have
Puzzled demographers and. other (Bucht and Elbadry 1986). This
surprising trends has occurred because of the steadily decline in
" fertility between 1966 and 1976 where total fertility rate (TFR)
decreases from 6.33 to 5.6 births per woman, but this decline was
followed by an increase, as the census of 1986 reveals a high TFR
estimated to be 5.8 births per woman, while in the beginning of

1980’s this rate was 5.27 births per woman.

A Sharp decline in fertility was observed in 1988,DHS
estimated TFR to be 4.69 births per woman. The PAP/CHILD survey
(1991) estimated TFR to be 4.6 births per woman, nearly the same as
in DHS (1988), and DHS (1992) confirmed this decline in TFR to
become 3.9 births per woman (Osheba, and Ahmed 1992). The
contraceptives use who 47.8% DHS (1992), while it was about 37.8
DHS (1990). |

| This trend raise a question ?
does this change real or not? or does "really fertility was
declining in the last two decades?

-It was .found from the 1literature that applying indirect
techniques are very important tool for countries having detectives
or uncompleted data. But these indirect techniques have certain
assumptions when-applying them, for example the P/F ratios which
were developed by Brass (Braés 1968) Qas based on the main
assumption that fertility has been constant in the past. So, this
method seem inappropriate if there has been recent changes in
fertility as in Egypt. Consequently, it seems necessary to seek

same other techniques. One of this techniques is Gompertz
relational model.
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ThlS model was de51gned for measurlng the force of mortallty
in 1825 by Benjamln Gompertz, and was applled by Brass in 1974 to
fert;llty data.

2—- The Objective of the Research:

- ) . , % e
The main objective of this research is to detect the recent
changes in fertility in Egypt using GompertZ’s.relatidnalimodel. ’

3- Data Source:

"The PAP/CHILD survey (1991), and DHS (1992) have provided
information on the fertility behavior of the women and related
aspects. i The analysis of this chapter is based on the data
COllecﬁediin'the*materhity history section of thé PAP/child (1991)
and DHS 1992 individual questionnaire for ever married women aged
15-49 years. The number of women sampled was 9073 and 9978

- respectively.

4~ The Methodology:

Two methodologies will be considered in this research; firSt}
an orthodox ‘analysis of fertility; second: Gompertz relational
model for aetecting-the recent changes in fertility.

For an orthodox analysis, a comparison of data for current
fertility as total fertility rates, etc....., are used in the next

part for the recent surveys starting from the eighties.

As regards the Gompertz‘ modei, it was found from the
literature that applying indirect techniques are very important
tool for countries having defective or incomplete data. For
example P/F ratios which were developed by Brass (Brass,'I968), was
based on the main assumption that fertility has been constant in
the past. So, this method seems‘inappropriate‘inﬁcase there have
been recent changes in marital fertility or those in age at

first marrlage In fact, this aséumption is not appropriate for
Egypt because the mean. age at first marriage (SMAM) had increased
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from 21.3 years in 1980 in to 22.36 years in 1991.

Consequently, it seems necessary to seek some other techniques
to cope with the previous problem. One of these techniques is

Gompertz relational model.

Gompértz's model was designed measuring the force of mortality
in 1825 by Benjamin Gompertz, and was applied by Brass in 1974 to
fertility data.

For fitting this model to fertility, the required data are the
mean children ever born and age specific fertility rates. This
technlque relaxes the assumptions that fertility has been constant
in the recent past or that the quallty of reporting births does not
very wlth mother’s age, whlch were required for the P/F ratios
technique. In brief, the Gompertz relational model .links two
schedules of,fertility through only two parameters which were
developed by Zaba (1981). The equation for fitting the Gompertz
relational model to current fertility is given by:

Z(X) - e(X) = a«+ .48 (B-1)2 + ‘g(X)..V.....V' ..... ..(1)
Where,

Z (X)
F (X)

~In (F(X)/F(X+5))
is the cumulated age specific rate up to age x,

(representing the total fertility rate, up to age
X)

« and 43 are constant corresponding to a particular set of
fertility rates which measure the location and
dispersion of the distribution respeétively

The function e(x) and g(x) are tabulated as standard values.
For ‘mean parltles P(l) and Z(i) In [-In (P(i)/P(i+1))], the above
equatlon becomes'

Z(i) - e(i) = «+ .48 (B-1)2 + G(i)eeeooonnnnnnnn (2)
.Where

P(i) is the mean parity for the age group i.
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. ThJ.s model 1s applled to blrths in the flve year period |
precedlng the survey Strlctly speaklng, the resultlng measures“
are the average rates as the women grow on age to move from the age
groups 10-14, 15- -19, 20-24 etc. The cumulated rates are then the
mean parltles for conventional’ age _groups of the synthetlc tlmew

perlod cohort.

To use thls model a computer program has been de51gned by the
researcher under the name (Gompl) . It can be used (ISSR) and partf
of the output is enclosed 1n the appendlx (1). '

:5—. The Anal 51sAv 7
5. 1 An Orthodox Ana1151s
‘ The measures used 1n this sectlon make use of two 1mportant

of any 1nd1v1dua1 woman s fchlldbearlng capablllty, viz  the:
Quantlty or level Wthh expresses how many chlldren the’ woman ‘has’
had and the tempo, whlch expresses how qulckly she has had them.
-The central problem 'of fertlllty analy51s is that these two'
dlmen51ons can not be fully separated :

 To analyses the fertlllty component, conventlonal (orthodox)»
demographlc methods have been’ applled only at the National level.
The results are- presented in the first National report of the PAP
CHILD survey (CAMPAS, 1992) and DHS 1992 (NPC, .1993) . Some of these
results w111 be summarlzed and dlscussed. ool TS Ry ' 5 :'A
;a)f Comparlson of Some Measures of Llfe Tlme FertllltY N
The ‘data on ‘current parltles from EFS 1980, DHS 1988,
PAP/CHILD 1991 and DHS 1992 surveys are cross- sectlonal and do not
- refer to the reproductlve behav1ar of a cohort of women w1th

grow1ng age

Therefore, current parlty for younger women“: w111 reflect
their fertlllty durlng a llmlted perlod only, while for older women'

this measure comes closer to thelr llfe tlme fertlllty
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'Thé comparisons of the mean parities by age group for these
surveys are shdwn in table (1). As expected, the parities increase
rapidly with age since fertility levels have been high in the past
in Egypt. On the average, the fertility increases by about one
child for each five-year age group.

The parities fdr EFS show an increase compared to those for
thé DHS 1988, and PAP CHILD ‘1991 survey, starting for women aged
25. In fact this difference is not real because of the difference
in time and different cohorts. On other hand, DHS 1988 survey has
- recorded - comparatiVely lower ©parities (3.2) and = this is,
theoretically not acceptable.

) - In fact, this comparison would be misleading because of the
mean parities index is not very sensitive to changes (Juarez,
1983).

Another measure related to cumulative fertility is the mean
children ever born to women aged 45-40, which can be taken as an
indicator of the level of completed fertility.

:As shown from table (1) there is a decrease in the measure of

completed family size from 6.9, 6.3, and 6.0 for the year 1988,
- 1991, and 1992 respectively.
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- Table (1)
Table (1) Mean Number of Chlldren Ever Born
" per Ever Married Women By Current Age
1980 EFS, DHS 1988, and 1991 Egyptian. PAP CHILD,and DHS 1992

‘current | EFS 1980 'DHS 1988 - |PAP CHILD |DHS 1992
~Bge- - S e ] 1991 By 8 g
<20 | 0.63 | 0.5 | 0.75 094
i 20-24 L 1.81 | 1.7 1 1.65 .|  .928"
25-29 . |. 3.07 | 2.9 . |- 2.88, 2.406
“30-34 | 4.1 | 4.0 | 3.95 ['3.725
35-39 .| 5.79 ‘ 5.3 . | . : 4.88 | 4.712
40-44 4.46 5.9 . 5.48 5.485 -
o as5-49 | o 6.87 =il 6.3 ) + .5.96 | 6.005
CRLL | o 0L3 0 Loos]n G 3a2nn et U301 E 2, 7268
AGE ' R : : o | RS
Source (1) = CAPMAS, Egyptian Fertility Survey.1980 Vol.l.
| 1983. | |
. Source. (2) . NPC, Demographic and Health Survey 1988, Cairo.
E "~ 1989. | ' | -

Source (3) CAPMAS. PAP CHILD Survey, Cairo. 1992.

Source (4) NPC, Demographic Health Survey 1992, Cairo.
- 1993. ' ‘

‘fb) Comparlson ‘of Some Measures of Current Fertlllty

In this section. two measures' of current fertlllty are
'con51dered.vThese measures are the age spe01flc fertllity rates,f
and the total fertility rate(TFR) The procedure will be used for
estlmatlng ASFR's is relatlvely 51mple by cla551fy1ng the number of
blrths in the last five years by age of mother d1v1ded by the
_number of women-years lived in the same age group. These rates
‘were»multlplled by the proportion of ever married women ﬁrom the
household to adjust women who are not married at the time of the

survey.
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For the EFS (1980), DHS (1988), and PAP CHILD (1991), and DHS
1992 surveys, the results for the estimation of ASFR’s are shown in

table (2).

The pattern of age specific fertility rates begins with a
relative minimum age around 15 years , then sweeps upward forming
a broad. For the three surveys (1980-1991) the pattern is almost
‘similar. The peak of the pattern also occurs for the age group 25-
29, and this peak is usually reflected in a moderate change of
fertility. .

The level of current fertility is measured by the total
fertility rates. The results from these surveys have shown a steady
drop from 5.27, 4.66, 4.55 through to 3.90 respectively for the
 years of these surveys held in 1980, 1988, and 1992.

Table (2)
Age-Specific Fertility Rates for the
Five-Year Period to EFS 1980, DHS 1988,
1991 EgZPtian PAP CHILD and the survey of DHS 1992

Age at EFS 1980 DHS 1988 PAP CHILD |DHS 1992
Maternity - 91

15-19 099.30 083.00 076.0 063.0

20-24 255.50 237.00 223.0 . 208.0

25-29 285.20 ~ 215.00 251.0 222.0

30-34 217.40 198.00 188.0 155.0

35-39 1130.50 120.00 112.0 89.0

40-44 048.20 044.00 044.0 43.0

| :45_49 | o0is5.50 ‘|- 005.00 015.0 . 6.0

— 5.27  4.66 4.55 | 3.9

- Source: (1), (2), and (3), and (4) Ibd., .
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In short, ‘the analy51s of ASFR's is good enough to provide an.
idea of the levels and trends of fertlllty However, it 1s limited
in its capacity to reveal.the smaller changes which may have.
occurred. - | '

Onjthe~other hand, cumulated fertility of women by period and .
' cohorts have similar disadvantages. Results can be difficult to

interpret du€ to biases in the data.

5. 2' Relational Gompertz Model Application
Figure (1) show the observed F points: (current fertlllty) and,
P points (llfe time fertlllty) plotted agalnst standard values i.e

7 (i)-e(i) ‘and g(i).. The group average method'was used for fitting
the F points which was inr3'points (EFS 1980) 4 points,for,(DHs
11988), and 3 points for (PAP/child 1991) and DHS 1992. Points lies
almost on a straight line. is particularly from. the‘middle to the
last reproductlve age groups. The plot of P p01nts 1nd1cate a sharp
trend thls for age range. Tt might be the result of a comblnatlon

of age errors, sampllng errors{(espec1ally for and om1551on_of'

children ever born).

" The estlmates of parameters o and-B have been dlsplayed in
table (3). The estlmates of the parameter « for reflects an early'
startiof chlldbearlng all surveysr. The estlmatedfﬁ values show
that‘fertility is constant for Egypt as aEWhole;lin‘EFS 1980, and
a sharp decline was found in DHs_198é; PAP/CHILD 1991, and DHS 1992

surveys.

'Adjusted fdgures for the first age group forrASFk’S'have been
obtalned,on multlpllcatlon by a factor 0 75 the second- age,group
because 1t has been observed that many marrlages Stlll occur 1n “two
stages with 1n1t1al engagement followed later. by beglnnlng of
cohabitation. Women regard themselves as married between these
stage and reported themselves as such in surveYS (Hill,'and Shorter
1984).
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'In short, the andlysis of ASFR’s is good enough to provide an.
idea of the levels and trends of fertility. However, it is limited
in its capa01ty to reveal the smaller changes which may "have

'occurred.

)

on the other hand, cumulated fertility of women by period and .
' cohorts have similar disadvantages. Results can be difficult to

interpret due to biases in the data.

5.2 Relational Gomperti Model Application

Figure (1) show the observed F points (current fertility)'and B

P points (life time fertility) plotted agalnst standard values i.e
'z (1)-e(1)vand g(i).. The group average ‘method*was used for flttlng |
the F points which was in 3 points (EFS 1980) 4 points for (DHS:
1988) , and 3 points for (PAP/child 1991) and DHS 1992. Points lies -
almost on a stralght line. is partlcularly from the middle to the
last reproductive age groups "The" plot of P p01nts 1nd1cate a sharp
"trend this for age range. It mlght ‘be the result of a comblnatlon _
of age errors,'sampllng errors (espe01ally for and om1551on of

children ever born).

The estimates of parameters « and-B have been dlsplayed in
table - (3) The estlmates of the parameter « for reflects an early
start of chlldbearlng all surveys . The estlmated.& values show
that fertlllty is constant for. Egypt as a whole, in EFS 1980, and
a sharp decllne was found in DHS 1988 PAP/CHILD 1991, and DHS 1992 -

surveys.: -

'Adju%ted figures for the first age group-: for ASFh’s have been
obtalned/on multlpllcatlon by a factor 0 .75 the second- age_group
because 1t has been observed that many marrlages Stlll occur in- two
stages with 1n1t1a1 engagement followed later. by beglnnlng of
cohabitation. Women regard themselves as married between these
stage and reported themselves as such in surveys (Hlll, and Shorter.
1984).
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Using the estlmates of the parameter a;and.B'to data from mean
annual births Lo the last flve years to the standard mean parlty
values Y(i), we obtain the total fertility rates. The estimates of
total fertlllty show a steady fall with increasing age group of
women, which could imply that the fertlllty pattern indicated by
the reported P (i) is different from that of the current rates.
Another alternatlve explanation is that fertility has' risen
steadlly or that blrths has been under-reported by women even 1n

the younger age groups.

On the ~other hand the estlmates ofd\and P-to the standarxd_
»value of cumulatlve fertllltles yY(x)’s to obtain proportlonal
cumulatlve fertlllty F(x), ‘decumulated and d1v1d1ng by 5 yield the
model age specific fertlllty rate f(x). The reported.‘ASFR'
presented in table (4), shows that the peak of fertlllty is in- the.
age group 20- 24 for all ‘areas. The age pattern of fertlllty is
broadly slmllar in all surveys. | K -

As shown at the bottom of table the ~estimated total fertility
_rates for all surveys are less than those from the observed total

fertlllty rates calculated from ‘birth- hlstory.

Two important”points have emerged by an application of this
technique. The first 1s that there is an under—reported blrths for
pall age groups, while the second ‘is that there is a very sllght
decline: ln”tfertlllty level in overall Egypt during in the
beglnnlng of 1980’s and a sharp decrease in 1988, as well as, in
1991, and DHS 1992.
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' Table (3)
Estlmates of the Parameters of Gompertz Model
( «and B ) for Various Regions in Egypt

EFS, 1980
Parameter
Survey « = (location) _fB = (spread)
EFS 1980 .096 .923
DHS 1988 .080 .913
PAP 1991 .142 ’ .945
DHS 1992 -.004 1.096
Table (4)

Estimated Age Specific Fertility Rates
‘ by Using Relational Gompertz for
EFS 1980, DHS 1988, PAP 1991, and DHS 1992.

Age Group EFS 1980 DHS 1988 PAP 1991 | DHS
1992
15-19 220.00 194.20 213.6 099.0
20-24 303.40 268.50 287.8 222.72
25-29 273.00 243.90 252.1 215.3
30-34 | 223.70 202.10 201.2 165.3
35-39 168.90 154.60 147.4 107.4
40-44 | 086.60 | 080.80 072.8 042.6
45-49 | 013.80 013.30 011.0. |004.4
T F R (est.) 006.51 005.16 05.04 4.28
T FR (obs.) | 005.27 004.66 04.55 3.90

Obs. = observed.
est. = estimated.
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Fig(3) Estimated and Reported ASFR’S
Gompterz Model. EFS 1980
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Fig(%) Estimated and Reported ASFR’S
‘Gompterz Model. DHS 1988
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Fig(s ) Estimated and Reported ASFR’S
-Gompterz Model. PAP 1991

)
-0.3

0.25}F
02f
0.15F

o1 r

0.05

d ' S ' 'z L L 1 1 3 'bl
8- 20- . 25- 30~ 35- 4D~ 45- )

age group

-~ Estimated . —— Reported

Figl ) Estimated and Reported Parity
Gompterz Model. PAP 1991

: 0 T g ' 3 1 ' : ! 1
15- 20- - 25- - 30- 35- 40-. 45- - . 49
. - age group : :

~—— Estimated —— Reported

-95-



155R,Cairo Univ., Vol.,27,No,2,1993.

Fq(8): Estimatedand 'Reporteal ASF R’S.
- . Gompterz Model. DHS 1992
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Fig (10) Comparison Estimated ASFR'’S
for EFS80,DHS88,PAPS1,and DHS92.
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6— Summary and Conclusions

It turns out that fertility is still high in Egypt although
there is an indication that it has declined from the 1level
prevailing in the recent past. The TFR consistently declined from
5.3 in 1980 through 1988 to 4.5 in 1991. This decline is
inconéistent between the later surveys because their has been a
Sharp increase in the rate of contraceptive use, the from 37.8% to
47.8 % ..

Conventional measures, it is still difficult to show
convincingly that a quantum fall in fertility has occurred. Results
can be difficult to interpret due to particular biases in the data.

Also, indirect technique such as P/F ratios are not
appropriate to use either, because the assumptions underlying them
are justified. So, other techniques such as involving relational is
needed to detect recent changes in fertility.

The Gompertz model has shown a real decline in fertility
especially starting from 1988. The estimates for DHS 1988 are
" «.913 and B =. 080, represent the slope and the intercept
respectiveiy. This is supported also by PAP/Child survey. 1991, and
DHS 1992. '
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Appendix
EFS ( 1980 )
——————————————————————————————————————————————————————————————— o ————————
Table 1
Group Age-~specific Age X : Cumulated Z(x) e{x) Z(xk—é(x) g(x)
fert. rates fertility * ’ '
£(x) F(x) 7

15-19 0.1913 19.5 0.9565

0.1646 1.3364 ~1.1718 -1.45¢C
20-24 X550 24.5 2.234%) B

0.7059 1.4184 . -0.7125 -0.743
25-21 0.2852 29." 3.60600

1.3469 1.2978 - 0.0491 -0.038
30-34 0.2174 34.5 4,7470 .

J ) : 2.0495 0.9670 1.0825 0.83F

35-39 D.1305 39.5 5.399%

3.1312 0.4509 2.6803 2.164
40-44 0.04:2 44 .5 5.6405 ’

4.2943 0.0462 4.2481 4. 456
45-49 0.0155 49.5 5.7180
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Tabie 2
Age X% i Mean Parities Z(1) 2{i) Z{i)~-e{i} g(i)
B{i) «
1s 1 0.6300
-0.053¢9 1.2897 -1.3436 -1.743¢
20 2 1.8100
. 0.6380 1.4252 - .-=0.7872 -1.0157
Z2c 3 2. 30
0.9000 1.3725 -0.4725 -0,338:Z
30 4 4,.6190
1.4788 1.1421 0.3387 0.’439.
3% 3 5.7900
2.211¢9 0.7061 1.5058 1.5107
<0 ) 0.4600
‘ 2.7882 7 0.2763 2.511¢9 3.210°¢
45 7 ©.8700
Ul = -lal -ln {P{i)/P(i+l1)] i
* ~:i22rs of the regression are alpha = 0.09647 beta = . 9239
" e arrows to scroll, Home for sc: a 1., End for screen 5, Esc tc _tint
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Table 3
i Mean'Parltles Zs(i) /hat(l) Phat(i) Fhat(i)
P 1) k&
__________ —l—-'l - .————-.;--—————---—-—_.__.-'.—-— .- @ e - o =t e G o o = S o o
1 : +0..6300 -1.0787 -0.9002 0.0854 © 7.3740
-2 " 1.8100 -0.3109 =-0.190: 0.2981 - 6.0709
3 3.0700 0.3538 0.4234 0.5195 - 5.9093
4 4.6100 $.03%569 1.0730 0 t 6.4897
g 5.7900 1.9534 " 1.9013 0.8612 6.7229
6 - 6.4600 3.4130 . 3.2498 0.9620 6.7154
7. - 6.8700 6.0557 5.6915 0.9966 6.8932

~ Zhat(i) = a + b * Zs(i)
** Phat{i) = exp(~exp(-Zhat(i)))
% Fhat(i) = P(i) / Phat(i)

;e arrows to sc¢roll, Home ~ . reen 1, End for screen 5; E "9 QUit
Table 4

Ay ‘Age X S cslx) - Lhd'(x) _ 'Model Fhat(x). Mocul Age_spec.~
Toup C ' o o g ferc. rates
-14 15 ~1.75210 ' -1.5223 0.0666  0.0133

-19 20 -0.6% ) -0.5422 " 1.1665 0.2200

=24 25 0.03564 - - 0.1202 2.6834 0.3034

-29 30 '0.70000 0.7432 - 4,0482 0.2739)

-34 35 1.47872 1.4827 " 5.1667 - 0.2237

-39 ) 2.62602 2.5227 ol + 0.1689

-44 45 4.80970 . 4.5403. 6.4442 0.08606

~-49 50 RNk VR o 6.5134 1 3

= a+b * Zs(x
hat{xz) = .F * exp(- etp(-_hat(:):

Jse arrows to scroll, Home for screen 1, End for screen 5, Isc to quit
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