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Mathematlcal Models for Fertlhty
L 'qand S
it’s Applrcatxon to the Egyption Data
| ‘ By . |
S Nadia Kamel Khalifa' and Marwa.KltaliI,HassattZ_

This. paper mvesttgates fc)ur mathemattcal models of fertthty The aim of tlus paper is .
to examine the suitability of these models to Egypt’s data to deduce the su:table mathemattcal_ .
model ‘of fertthty in Egypt. Models are. tested a) The Gompertz model b) the Hadwnger‘ |
model, c)the truncated pearson type III curve (the mcomplete gamma ﬁmctton) ‘and d) the _
~ pearsonian type I curve (the beta functlon) The data used to test the models are Egypt .

‘Demos?;raplnc and Health Survey(EDHS) 1992 1995 and 2000. The results indicate that the

o the truncated pearson type III curve is. useful in descnbmg fertthty patterns in Egypt but the -

other modeIs are not useful in descnblng fertthty patterns in Egypt

1- Intmdm:tmn

A study of fertlhty patterns has revealed the possxbrhty of usmg man} mathemat:cal |
funcnons as ‘a graduation of fertlltty distributions, such as the mcomplete Gamma ﬁmct:on_
| (Luther 1982; Nurul-Islam and Malhck, 1987) the Hadmger function (Hoem et al, 1981;" 'l _
" Chandola, Coleman, and Hiorns, 1999 Gage, 2000), the Gompertz function (Murphy and

- Nagnur 1972: Faned 1973 Pollard and Volkowcs 1992), and the. Beta functton (Mitra,
1967, Romanuik, 1973) This paper is mterested in studymg the all pervtous models and it's
apphcatton to Egypt’s data ' ‘ '

In the second sectton the Gompertz functton , the Hadwrger functlon the truncated '

pearson type ITI curve (the incomplete gamma functton) and the pea.rsoman type I curve (the

beta functlon) briefly presented, In the. thrrd section, the methods. will be used for estrmatmg' |

the parameters of each mode] are presented. In the fourth sectlon presents the results « f the

application of models on Egypt s data (EDHS ]992 1995, and 2000) Sectlon ﬁve

introduces the conctusxon and reconunendation
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2-  The Models:

(i) The Hadwiger function is an adaptation of the inverse 'Gaussiart or Wald deﬁsity. Itis .

» b, b, 17 of —=by [ x—b;
= - b )
H(A) C b2 ',_“JT [X—b:} ‘ Nx= b b2 . )

For X > by,

where:
C is the Total fertlhty rate (TFR) (ie. The sum of ASFRby ﬁve year age groups)
X tstheageofmothers(te x*lS 16, . . 49), |

by, by, and by are the parameters of the model but have no pamcular demographnc

mterpretatlon and
H(x) is the age-spemﬁc femhty rate at any age X (ASFR)

(n) The Gompertz function is
Y (XX )
Y (X) =K4% 7"
where: the origin is at Xo
Y(x) isthe cumulative fertility rate, |
X is the age of mothers (i.e. t =15, 16, ..., 49),
K, A, B are the parameters of the model.
Murphy and Nagnur (1972) provxded a demographjc mterpretatton of the three

~ parameters of Gompertz function as

K: total femhty rate, o | o
A the proportion of total fertility completed at the erigin Xo - |
B: an mdlcatlon of the vanance of the dlstnbutlon (the spread ) of fertthty over

‘the age span

When the Gompertz functton is mterpreted as the cumulatlve fertility rate, the first denvatlve

' w1th Tespect to age represents the age - specific ferttltty rate (ASFR)

- dy (.X.') pir-x0) (x=x0)
ASFR = dr = KA | LIZ(AB )[,n(B)

-
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(iii) - The truncated pearson type III curve

N

JK(x=s)lermm s

f(x) =

x S u
0 o | Otherwise

' whe_re: _‘ | |
K isthe level of fertility (proportional to the TFR),
] is the initial age of fertility, . :
: m isthe distance between the mmal and peak ages of fertlllty, and
_ _. u - isthe fma] age of fertthry (The pomt of truncatlon)

(w) The | pearsoman type 1 curve
y=y,(i+x/ a,)”"(l—‘x/ a)y”

where: the origin is at mode; —a, <x<a,

¥, is the modal ordinate or is the modal fertility rate, which in human population falls

~ between 20 and 30 years of age;
a,, and a, jointly determine the reproductive interval; and

m, and m, determine the shape of the fertility curve

In this section, an attempt is made to introduce the methods used for estimating the
parameters of Gompertz function, Hadwrger function, ' the pearson type II curve, and.

pearsonian type I curve, There are several methods used for estlmatmg the parameters of the

-Gompertz function. The methods are a) the method of selected _pomts (Murphy and Nagnur,

1972), b) the method of moments (Pollard and Valkovics (1992}, and ¢) the iteretive'
procedure (Murphy and Nagnur, 1972). Although the selected points method may'provide '

good fit to the data, there always remains an element of uncertainty in such. procedure (Mttra |

1967). Pollard and Valkovtcs (1992) stated that the moment method results in a poor ﬁt

because the Gompertz curve is simply the wrong shape, so used the tteratnve procedure. -

- (Murphy and Nagnur, 1972) for estimating the parameters of Gompertz ﬁmctlon. We fixed K
at the total fertility rate and iterate only on the other two .constants (A, B). The parameters of

._3- ’
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Hadwiger function are estimated by solving the three equations which represent the mean, the

variance, and the mode of Hadwiger density function

mean=by+b;
- . | . 1 - -
variance = 5 b; /b;

a +§b,")}5 -1

fbf
3

- mode=by+b;.

Also the parameters of pearso_n_type ITl curve(i.e. u, s, m, and k) are estimated as follow

" 43 . if r>2.515
= - ‘
, 46 . f n <2515

where —f(3§ 39)/f(40-44) and f(35—39) and f{40—44) are the observed ASFRs at the age'

group 35 39 and 40-44 respectlvelv

(u) The lmtlal age of femhtv S can be determme by lseveral methods:
I The ‘method using MA (mean age of mother) and ratio of ASFR
2, The method usmg MA and ratio of mean parity.
3. The method usmg two mean pantles

(ii)To detenmne m, the equatlon

(# =) +1.5(0 - 5)%m + 1.5(n - .S)J;ﬁ P 075 mt - 075 m e

AM =S+ - r [}
(4 = 5}Y + (v~ s5)m +0.5m? -05m’ Hu-rifm

~ can be solved by iterative method if MA i is known u and s are determmed 1o solve the .

pemous equation can be use max {MA- 0.852- 5. 75, 0.6667 (MA s)} as startm.q »alue ofm

(w) Aﬁer determmat:on of u, s and 'm, the pai_'ameter_ k which measunng the mtenmty of -

fertility can be detenmne by

4TFR

m{m —2(u s) +0. Sm )EXP( 2(u s)/m)}
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(more detrals about the estrmated parameters of truncated pearson type III curve see:

Luther 1982) Fmally the parameters of pearsoman type 1 curve (ie. a, ,az , m,, and m,) can |
be estrmated as follow Mitra and Romamuk (1973} stated that In Elderton ( 193 0) procedure

: the constants a,.a,, m,, aod m, are calculated from the first four moments of the frequency
distribution, that is, t'rom the mear, vanance skewness, and kurtosis, Mltra (1967)

developed a prooedure that reduces the requrred number of moments to the first two, but this
procedure assumes a fixed age mterval of fertlhty, later, Mitra and Romaniuis (1973)

_' secceded in denvmg the constants from only the mean and modal age of fertlllty In this paper
- the method which used for estrmatmg the parameters of pearsoman type 1 curve is the last '

method.

_ In the appendix of this paper we introduce the FORTRAN programs use 10 esttmate "
- the parameters of each model and calculate the estimated cumulative fertility rate in the case, ‘
of Gompertz functron or the estlmated ASFR in the case of Hadwiger functron ,pearson type

I curve , and pearsonian type I curve.

By using the FORTRAN program (1) in the appendrx , we obtamed the estlmated |
parameters of Gompertz function after ten 1terat10ns (Murph} and Nagnur, 1972) and the .

estlmated cumulative fertllrty rate.

Table () shows the estrrnated parameters of Gompertz function for EDHS (1992
1995 and 2000) and Table (2) shows the estrmated and observed cumulatrve ferhhry rate for
EDHS (1992, 1995, and 2000). ' |

- Table (1) shows that the values of the estrmated parameters fall in the sultable range
Also we calculated the net error, usmg the followmg formula

Net error= 100*):_(r,--r.-)ku):rt ki

where rjand 7, are the actual and estimated cumulative fertility rates by age respectively, and
ki is the standard populatioh by age (we use the standard population suggested by Coale,
1967). | | S |

- The net error for EDHS 1992 is 5.1%, for EDHS, 1995 is 4.8%," also for EDHS, 2000
is 6.3%. ' g -

_5. :
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Figure (1) shows the estlmated ASFR using the Gompertz function for EDHS. (199
1995, and 2000). ' '

From figure (1) we observe that the curves of age-speciﬁc fertility aivs increase:
monotohically t0 a maximum and decrease monotomcally a.ﬁer that (the ﬁrst property -of

Gompertz ﬁmction) So we can say that the Gompertz model is su1table for Egypt s data but i 1s_

not a good fit at the tails. Many authors consldered the second property of Gompertz ﬁmct:on o

(at the age of maximum fertility, exactly e , about. 37 percent of the total fertility will have‘_
. been compieted no matter what the vaIues of K, A, B and to) is the reason for not gettmg
good fit at the tails. (The properties’ o_f the Gompertz function discussed by Titus see Murphy
and Nagnur, 1972)7. | o S R

Table (1)
The Estlmated Parameters of Gompertz Functlon _
TheEstimated Ki A | B
parameter B :
|EDHS, 1992 {3.9300 03471 |0.8442
EDHS, 1995 3.6300 | 03614 |0.8377
EDHS,2000 {35250 03459 |0.8429
_ Table {2) ‘ ‘ .
The Observed and the Estimated Cumulatlve Fert:htv Rate
Using Gompertz Function ' |
The Observed Cumulative The Estimated Cumulative
Agé - Fertility Rates .~ Fertility Rates
groups | EDHS, | EDHS, | EpHs, | “DES | EDUS, | EDHS.
| 1992 | 1995 2000 - j N
15-19 | 0315 0305 | 0255 [ 0164 | 0.146 | 0.140.
20-24 | 1355 - 1305 [ 1235 .| 1005 | 0963 | 089
2529 | 2465 | 2355 2.275 219 | 21 | 1.966
30-34 | 3240 | 3055 | 301 | 3060 | 29 . | 275
35.39 | 3.685 3.460 3385 | 3529 | 3307 | 3172
40-44 | 3900 | 3.595 3.505 | 3.753 3493 | - 337
4549 | 3930 1 3.630 3.525 3853 | 3573 | 3458 |

6
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FIGURE 1 . - o

THE ESTIMATED ASFR USING THE |
- GOMPERTZ FUNCTION(EDHS, 1992, 1995, AND 2000)

| EDHS.1902
. EDHS 1095

. " EDHS,2000

R L _'AG;(15-49.)
‘ By using the FORTRAN program (2) in the appenduc we obtalned the estlmated
'parameters of Hadwiger model and the estimated ASFR

Table (3) shows the esnmated parametere of Hndwnget model functxon for EDHS,
1992, 1995, and 2000, and Table(4) shows the observed and- the estlmated ASFRs using
- Hadw:ger funct:on forEDHS 1992, 1995, and 2000 S

qures (2-4) compare between the observed and the estlmated ASFRs for EDHS '
1992 1995, and 2000 respecnvely ' '

| From figures (2-4) we observe that the Hed“ﬁger model is not su_itable for Egypt’s_.
“data, because there are the observed difference betWeen the observed and estimated ASFR.
Also the Hadwnger ﬁmctlon fitted by least squares gives a poor representatlon of Egypt s
- fertility curves i, €. the loss of ﬁt is more than 0.01.
| ;  Table (3) |
The Esnmated Parameters of Hadwxger Model

i TheEstimated ‘bl | b2 -. | B;
'gyxmmeterr | | - '
EDHS, 1992 [366 [3211 = |.393
EDHS, 1995 378 21 |43
| EDHS2000 |36 - |30.1 |.208




The Ob#erved and Estimated Age specific Feﬁility Rates

‘Table (4)
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- Using Hadwiger Function -

The Observed ASFRs

The Estimated ASFRs

Age | EDHS, | EDHS, | EDHS, | EDHS, | EDHS, | EDHS, |
groups | 1992 1995 2000 | 1992 | 1995 | 2000
TFR=.78 | TFR=.72 { TFR=.7 ; - L 1.
15-19 0.063 0.051 0051 10056 | 0055 ; 0.045 | =
20-24 | 0.208 0.200 0.196 | 0197 | 0192 | 0.83
2529 | 0222 | 0210 | 0208 0251 | 023 | 0236 |
30-34 0.155 |  0.140 0.147 0.168 | 0149 | 0151
35-39 | 0.089 0.081 0.075 0.074 | 0.061 : 0.061-
40-44 . | 0,043 0.027 | 0024 | 0024 | .0.018 ! 0.018
45-49 | 0006 | 0.007.| 0004 | 0006 | 0005 | 0.004
FIGURE 2

Observed AS FR foryear 1992 and

Estimated by using the simple Hadwiger model

- ASFR {EDCHS,1992)

.3

[N

2

oo

AGE GROUPS

FIGURE 3

TR 2024 2628 3034 3630 4044 4

™ THE OBSERVED ASFRs

—in

® THE ESTIMATED ASTRs’
o409

" Observed ASFR for year 1995 and

Estimated by using the simple Hédwiger modéf‘ '

1510 2024 2529 3034 3520 4044 4540

‘ASFRs (EDHS.1995)

3

AGE GROUPS

-8- .
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® THE ESTIMATED ASER: -
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FIGURE 4 '

Chserved ASFR for year 2000 and

Estimated by u'sii'i-g the simple Hadwiger model

TR "rﬁs OBSERVED ASFRs

—_—

| : gy, 9 .THE ESTIMATED ASFRs
15-19 2024 2528 30-3¢ 3539 4044 45-49 C

ASFRs (EDHS, 1995)

ot
f

AGE GROUPS  ~ Hwirutl

4.3 Agghcatlon of the Pearson Tvpe]]lCurves .
By usmg FORTRAN program (3) in the appendm we obl'uned the estimated

p.mmeters of Pearson type I1I curves and the estxmated ASFR.
Tables (5-7) show the esnmated parameters of the truncated Pearson type III curve for

IEDHS, 1992 1995, and- 2000 , and Tables (8-10) show the ‘observed and the est1rnated

" ASFRs using the truncated Pearson type: III curve for EDHS, 1992 1995 and 2000.

Flgures (5 7) compare between the observed zmd the- estlmat‘.,d ASFRs for EDHS,

1992, 1995, and 2000 respectively. _ # " _
From figures (5-7) we observe that the Pearson type ] I]I curve is suitable for Egypt’s

. data, because there are not the observed differences between the observed and estimated

ASI"Rs‘ Also the Pearsen type Il curve fitted by d (the index of differential composition or
the index of dissimilarity). Where: | '

DD =100(2x 24y
2 Tm

where:

d is the sum of the absolute values of the deviations - of' the estimated from the

-observed ASFR, the good data which yneldmg ‘the smallest DD. I‘1gures (5-7) show a good "

representation of Pearson type III curve for Egypt’s fertility curves i.e.DD has small value,
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 Table (5)

- j 'l'be liﬂiuated l'lrallleler: of the Truncated Pearson Type lI[J B " R

@S
[Mekedy Joms | 46 [1s201 2860 |

o Menedd . [02491 | 46 15785 (28686 |

[ Metheay l_ii,-79'53f 46 |1s07|3026 |

: Table(ﬁ) - R
' Ttel:uilatedhunelen of lhe 'l'runcated Pearson TypeIlI o
o (EDHS, 1995) o _  e

| Methed (1) L fiooms |43 L1som 28347 |

Mooy l'o-#??s 1 43 15380 | 28347 | -

_ 'I‘able (7) - L SR
| 'l‘he Emmated Parame(eu or the Truneated Pearson Type I]]
' (Enns,zoon) |

. “TlleEntlmated ] m u g MA
?pumueter_' ST R R o

Method (1) 9.6256 | 43 1547928318

{Method 2) . " 887781 | .43 |16250]28.318

C{Memoa  |11soos | 43 [15.306] 29529

-10-
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Curve (EDHS 1992)

The Observed ASFR, and the Istimated ASFR by the Truncated Pearson Type IX |

Curve (EDHS, 1995)

e | Omorves | Dimaed | Esimct | Eofme
Group ASFR - T :
- TFR = 3.9 | .
15215 | 0063 | 0.09 0078 0.047
20— 24 ‘._0.208 0.203 0.208 0.161
353 | 022 | 0212 | 0221 | 019%
5034 | 0155 | 0152 0155 0167
3539 | 0.089 0057 | 008 | 0119
Z0-a4 | 0085 | 0049 0.046 0.079
[T25-% | o.006 6006 | 0005 | 001
' Tabie ) '

The Observed ASI’R and the Estimated ASFR by the Tr uncated Pearson Type m

S ‘ob'i:ried Estimated- | Estimated E.ﬁtimated
Age Group ASFR ASFR ASFR ASFR
| TFR=3.6 | . | N

15-19 | 0.061 ~0.062 0.068 7 0.057
20 - 24 0200 |  0.188 5192 0.176
2529 0210 | 0199 0,305 0.200
3034 0140 | 0.147 0.148 0.155
35-39 0.081 "0.090 0.088 0.100
d0-44 0027 | 0034 | 0032 0.039

T45-49 | 0.007 - i N

-11-
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| | Table (10) |
* The Observed ASFR, and the Estimated ASFR by the Truncéted Pcm_'soﬁ Type T
: o CulWe_(EDI-IS, 2000) ' ‘
R Ob:‘:ri ed Estirnatsd' | Estima_ted | Estimated
Age Group ASFR ASFR |  ASFR | ASFR -
- TFR = 3.5 | ‘ |
15-19 0.051 0.063 0.078 0.047
T 20-24 0,196 0187 | 0210 0.154
3529 0208 | 0.199 0200 |  0.188
30-34 | 0147 | 0143 0130 | 0158
35-39 | 0075 | 0085 o171 | 0115
30~ 44 0.024 0.031 0017 | 0046
4549 0.004 - - -
Figurs (5)

OBSERV.ED ASFR ANDESTIMATED
ﬁY TRUNGATED PEARSON TYPE Il CURVE

3

N 1992 * DBSERVED ASFR

ASFR (EDHS,1892)

@ ESTIMATED ASFR
. Db=2.11

o ESTIMATED ASFR
DO=1.28 (GOCO FITy

o ESTIMATED ASFR
DO=10.18

© 1519 20994 2529 3034 3538 4044 45.40

AGE GROUPS

FIGURE (6).
'OBSERVED ASFR AND ESTIMATED
BY TRUNCDTED PEARSON TYPE lil CURVE ‘

3

-

1995 [~

CASERVED ASFR

e

ASFR (EDHS,1995)
\h

0.0

ESTIMATED ASFR
DO=2.3

o ESTIMATED ASFR
D0=2.8 (GDCDFM

ESTIMATED ASFR
DO=5.89

1518 20-24 25-26 3034 3539 4044 45.40

AGE GROUPS

-12-
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OBSERVED ASFR AND ESTIMATED BY

TRUNCATED F’EARSON TYPE It CURVE
3

- 2000 _—‘ TOBSERVEDASFR

+ ESTIMATED ASFR
DD=3.66 (GOOD FM

, ESTIMATED ASFR
DO=5.53 . ‘

o ESTIMATED ASFR
DO 402

ASFR (EDHS,2000)

.‘ 1519 2024 2529 " 30-34 35-39 40-44 45-49

~ AGE GROUPS

4.4 MMM
. By usmg PORTRAN program (4) in the anpendxx we obtmned the estlmated parameters
of Pearsonian type 1 curve and the estimated ASFR. ' '

Tables (11-12) show the results of the apphcatlon of Pearsoman type I curve and
comparison between the observed and the estlmated ASFRS using Pearsonian. Type 1 curve

for EDHS, 1995, and 2000 becauqe this model we cant appb this. model for EDHS 1992 :
(see : Mitra ,1967). ‘

Figures (8-9) compare between the observed and the estimated ASFRs for EDHS,
1995 and 2000 respecttvely : ,

From figures (8-9) we observe that the Pearsonian Type 1 curve is not surtabie for
Egypt’s data because there are the- obeerved d:ﬁ‘erences between the obqerved and esttmated
ASFRs. Also the Pearsoman Type 1 curve fitted by A Thxs in pereentaae terms measures the |
discrepancy between the observed dlstnbutton and that obtained by summmg up the
differences of the identical s;gns between the observed and model dlstnbutlons by age groups . |

Lwe observe,thet Ais large

13-
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Table (11)

The Results of the Apphcatmn of the Type ICurve with EDHS (1995) And
- Comparison between Observed and Estimated ASFR.

Age The Expected Values of Age- Observed | - A
| Group ~ specific Fertility Rate ~ ASFRX X
| Relative y, f,=(TFR) | = 1000 100
S », x1000 | | |
15-19 | 1.046429X107 5 61 -14
20-24 | 1.915202X107 | 138 200 | +62
25.29 | 2.139591X10° 154 210 | 456
30-34 | 1.998363X107 | 144 140 - 4
3539 | 1.504526X107 | 115 81-: 34
4044 | 1oo2046xioT | . 72 | 27 45
4549 | 3.169684%10" 23 7 ST
TToml | L0000 | 72 T2 '
The tota] of A with posmve signs _ | ‘ L 118
The total of A with minus signs o - _ . .113
Table (12)

The Results of thc Application of the Type ¥ Curve with EDHS (2000) And
Comparnson between Observed and Estimated ASFR

Age The Expected Values of Age- | Observed A
Gronp specific Fertility Rate ASFR X x
Relative  f,=(TFR) 1000 R 100
) Yo o y, x1000
15-19 | 1.040466X10" 73 51 22
2024 | 1.989871X107 140 196 +56
2529 | 2.226444X107 |7 157 . 508 | +51
30-34 3.037509%107 144 147 3
3539 | 1.559552X107 110 3 -35
40-44 | 9.102171X107 | o4 | 24 -40
4545 [ 5asisesxior | 18 4| 14
| Total 1.0000 706 706
The total of A with positive signs : 110
The total of,A‘with minus sigos o _ 11 1.

-14-
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FIGURE (8)
| ‘COMPARISON BETWEEN OBSERVED |

AND ESTIMATED ASFR BY (TYPE | CURVE)
‘.3 : - .

1995
o :
[22]
.-}
-
48]
I
o
o L L
4 ® OBSERVED ASFR
7R :
. ESTIMATED ASFR BY
(TYPEICURVE) -

1519 20-24 25-29 30:34 5—39 40-4-4 4548

" AGE GROUPS

FIGURE (9)
COMPARISON BETWEEN OBSERVED |
AND ESTIMATED ASFR (TYPE | CURVE)

-
- 2000
8-
o
o
w2
L.
o
14 . L
it OBSERVED ASFR
< T '
' EsnM'AT'ED ASFR BY
_ (TYPEICUR.VE) 7

1518 2024 25-29 30-34 3539 4044 4549

AGE GROUPS |

-15-
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5 ] —. C ! . .
In this paper the Gompertz model, the Hadwxger model 3 the Pearson type III curve ,

and Pearsoman type I curve were apphed to the Egypt’s data (EDHS 1992 1995 and 2000)
It 15 observed that, the Gompertz model s su1tab1e for Egypt’s data but not at the talls Many

- authers attnbuted this result to the sécond property of Gompertz function.,, the Had\mger‘ :

functlon is not suitable for Egypt s data because the loss of fit is more than 0. 01, ‘the Pearson

type IIl curves is more su1table for Egypt’s data than other models because DD has small .

values ‘but the Pearsonian type I curve is. not suitable for Egypi s data because A has large
value, Hence, the Pearson type III curves is the suitable fertility model in Egypt C

- 5.2 Recommendations: |
From fhe above ahalysis the following can be recommended :

(1) Researches have to be made for searching for a new mathematlcal ﬁmctlon for

graduating the age — specxﬁc femhty rate

2) Researches have to made for using the mixture function as a matberhatica_l models of

fertility in Egypt.

- (3) Researches have to be made for usmg a new methods for estlmatmg the parameters of -

the mathemancal models which applied in this demographlc study to get ‘more

accurate estimated values of the parameters

(4) Efforts have to be made for i 1mprovmg the quality of data collection and compllatlon _

processes so that estimates of demograph:c indicators could be more accurate

(5) Efforts have to be made for providing the EDHS data with age — specific fertlilty rate

by single year age of mothers to apply the mathematical models more 5.-1,ccu]"atej

-16-
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APPENDIX

-------------------

 _PROGRAM(1)
THE GOMPERTZ FUNCTION

- Cuwne=N. L -THE DIMENTIONS OF MATRICES

Ce----20,b0=THE INITIAL VALUES OF. GOMPERTZ'S PARAIVLETERS

 C----PK=TOTAL FERTILITY RATE ‘ ‘

- C-~eet0=THE NEW ORIGIN : '

Corem-mm=THE N'_U'MBER OF ITERATION WHICH EQUAL lO(MURPHY- :

- NAGNUR,1972} o
dimension a(2.2).b(2,2), ¢(2,1), h(2 1),p(7),y(7)

- open(S.file='data32’) : .

- open(6.file=output32’)
read(5,*n.1a0,b0,pk, tO mm
do 556 1=1.7 :

556 read(5. *)p(l) _

444 do 555 i=1.mm
1=17.5
w1=0.0
w22=0.0

Cwa=0.0"
w6=0.0
w8=0.0 -
do 222 j=1.7
y()=pk*a0=*(b0**(1-10)) -
WI=wI+H(kp()*y()*(b0**(1-10)) .-

W22=wW22H(v(§)-p(D)*y () *(1-t0Y* (bO**(1-t0)))
wa=wapk* (Y()** 20 (b0 (-10) *2H((y()-p()
IF((b0** (=10 **2)*y(3))-((y()-p())* () * (bO**(1- t0)))

- WOEWOHPKF ((Y()* (t-10)* (bO**(t- -t0))*alog(a0)y**2)
IH((yQ)-pGN*y()*((t*(b0**(1-t0)) *alog(a0))**2))
THGpAN*yE)*((1-10)**2)*(b0**(1-t0))Y*alog(al))

- 1-YG)-PUN* () *(1-10)*(b0* *(1-t0))*alog(al))
WE=WEH((V(j)-p())*y()*(t-10)*(b0**(1-t0)))
IH(YG)-pGI*((bO**(t-10))**2)*(t- -t0)*alog(a0)

P+ 1)**2)*(1 tO)*a]og(aO))
1=t+5
222 continue
w2=(2*pk*w]}a0
- w3=(2*pk*w ””*alog(aO))/bO
- WHS(2¥pk¥w4)/(a0%+2)

- WT=S(2*w6* pk)/(b0**2)
WO=(2*¥pk*w 8)/(a0*b0)
a(l,l)=ws
a(l.2)=w9
a(2,1)=w9
a{2.2)=w7
h(1,1y=w2
h(2.1)=w3

~17-



call inv (a.n,Lb,ifail)
if{ifail.eq.1.0) go to 55
do 100 ir=1.n
s=0.0 -
do 300 k=1,]
s=s+b(ii, k)‘h(k 1)
300 continue
c(ii, 1)=-s
100 continue
a0=al+c(1.1) -
bO-—bO+c(.. D)

. GYPTIAN POPULATION AND

FAMILY PLANNING REVIEW.

write(6,*)'the estimated values of the consta.nts a0, bO'

write(6,*)i.a0.b0
355 continue
t=17.5
855 yy*pk*(aO**(bO“(t-tO)))

write(6,*)'the age of mother' ‘the estlmaled value of CFR'

_write(6,* )t,vv
t=t+5 -
if{t.1t.50) go to 855
stop
35 write(6, *)no nv'
stop
end
subroutine mv (an,], b 1fall)
mmensmn a(n.l), b(n,l)
~doli=ln
do 2 ji=1,1
if(jj.eq.i) then
b(ijj)=1.0
© else
b(i,jj)=0.0
end if
2 continue
1 continue
do 3 k=I.n
ifltk.eq.n) go to 4
call find (a.n.k.L,j)
if(j.eq.k) go to 4
_ call change (a.n,k,Lj) -
call change (b,n.k,Lj)
- 4 iRa(k,k).eq.0, 0) go to 5
t=a(k.k)
do 6 i=],]
a(k,i)=a(k.i)1
-6 bk.)=b(k.iyt
do 7i=l.n
ifli.eq.k) go 10 7
d=-a(i.k)

-18-
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call row (a.nk,Li.d)
call row (b,n,k,Li,d)

7 continue

3 continue
return

5 ifail=1.

© return
end , '

_ subroutins find (a.n,k, 1,_])
dimension a(n,}l)
amax*‘abs(a(k k))
=k
do 11 1—k+1.,n
if{abs(a(i,k)).le.amax) go to 11
amax = abs(a(i.k))
= :

11 continue
return
end _ _
subroutine change (a,n.k.Lj) -
dimension a(n,]) '
do 31 i=k.l
aa=a(k,i)
a(k.i)=a(j.i)
a(j.i)=aa

31 continue

return

end :

subroutine row (a,n.k.lj,d)

dimension a(n;1)

do 41 i=1,1 -
41 a(j.i)=a(.iyt+ack, 1)*d

return

end

-19-
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PROGRAM(2
THE I-IADWIGER MODEL

----- MEAN OF AGE (AM)
=----VARIANCE OF AGE (V) .
-----MODE OF AGE (CMO)
-=-=-INITIAL VALUE OF B3
----- TOTAL FERTILITY RATE (TFR)
----- RELATIVE AGE-SPECIFIC FERTILITY RATE (RASFR)
----- AGE-SPECIFIC I"ERTILITY RATE (ASFR) ‘
open(5,file="datal | )
open(6,Hle="output11
read(5,*}d0.am.v.cmo.tft
call seq(b0.am,v.cmo.bl,b2)
x=15 S
10 y1=fl{x.b0.b1.b2)
y2=fl{x+1.25.60.b1,b2)
- ¥Y3=fl{(x+2.5.60.b1.,b2)
y4=Ml(x+3.75.b0,b1,b2)
Y5=f{x+5.60.b1.b2) - ‘
rasfr=417*(v 1+4*y2+2*y3+4*v4+y5)
asfr=tfr*rasfr
write(6, *)rastr, asfr
X=x+5- _
if(x.le.45) go to 10
stop
end
subroutine seq(bO am,v.cmo,bl. b’J)
do 1 i=1.10
b2=am-b0
bI=(am-b0)/((2%v)**, 5 -
‘b3=cmo- b"*(((l+(16/9)*(b1**4) **5)- l)/((4/3)*(b1**2)) ,
b0=b3 -
write(6,*)b0
-1 continue
write(6.%)b1,b2-
return ‘
end. ‘
function ﬂ{\ b0.b1,b2)
fE=(b1/(1. T7*62))*((b2/(x-h0))** 1. 5)*exp( (b}**2)
T¥((b2/(x-bON+((x-b0)/b2)- ”)) '
~ return
end -

.20~ -
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program(B}
The Truncated Pearson type III Curve
Incomplete Gamma DlS lbutlon)
THE FINAL AGE OF FERTILITY {THE POINT OF TRUNCATION)
5=THE BEGINNING AGE OF FERTIuITY
T=TOTAL FERTILITY RATE '
N=THE LENGTH O THE AGE INTVRVAL(N 5).
(K,L)=1{15,45) '
AM=THE MEAN (MA! ‘ -
ITERATION

NN=THE NUMBER OF
open (5, file='datalll")
open(6, file='outputlll')

read!(5,*)u,s,t,n,k,1,nn,am

call mkh{u, s.nn,am,y) ' '

r=4a%*{

fr={y**2)- 2*e\0f—2*(u s)/y‘*(((u s)**2)*y*(u"“
s)+.5*(v**2)) .
pk=xr/(y*fr)
es=0,0 '
w=kK
ifi{x.ge.s)
go to 10
else
x=s5
end if
d=x-+n
if(u.ge.
go to 20
else.
d=1u

u=d

end if
z=({pk*y) /(2*%n 1~
es=es+z

write (6,*) 'the astlmated ASER'.
rite{o,*)z

e(6,*)xX,C,5,u

int (x)

thez

d) ther-

It

h{d S:¥))

(f(x s, ¥y)

T

7

=,

=

P

W
X

b

STF!

value of k', 'the value of m'
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end

suproutine mkh(u, s, nn,am,y)

“yl=am-.85%s-5,75 |

y2=:.6667)* (am-s)

gmi=amaxl (y1l,y2)

do £ J=1,nn

y=omC (E£(gm0,u,s,am) /gg (gmC, u, s, am) )
eq ng) then

conTinue

reTurn

enc

funcztion ff(x u, 5, am) ‘
a= (s—amj* (((u=8)**2}+(u~s) *x+,5% (x**2) -
BT uEF2) kexp (2% (u- s)/x)) '
b={{iu=5)**3)+1,.5%( (u Sy **¥Z) mu4l, 5*( -
S)7iN*¥*F2) +, 75*(x**3)— 75% ‘

‘ 1(&**3‘*exp(2*(u sy /%)

i

th
!
n

funczzion gg(x,u,s,am) = :
c={s-am)* ((u-8)+x-x*exp (2* (u~ s)/x)+(u s)*exp(2* (u-=

d=I.2* ({Uu=8) **2)+3* (u=8) *X+2,25% (X**2) =2, 25% (x**2
1*exg (2* (u- s)/x)+1 5% (u~s) *x~exp(2* (u-s) /%)
gg=c-a. ‘

return

end

fulctlon fix,s,vy)

f=""rxn- s)**2)+y*(y s)+ 5% ¢ '**2))*exp(—2*(x s)/y!
return -

end

funczion hiyy,s,y) |
= IYYTS) *F2) Ay ¥ (yy=5) + B (yR*2) ) texp (-2* (yy=s} /3

e

et pt

y/x))
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o ' : _ PROGRAM(4)
THE PEARSONIN TYPE I CURVE (BETA DISTRIBUTION)
.C—-“H THE NUMBER OF WOMEN ARE STILL MARRIED IN AGE GROUP 20- 24
5 C*-—E“THE NUMBER OF MOMEN ARE STILL MARRIED IN AuE GROUP 25*29
- ‘C%v;é— -THE "TOTAL NUMBER OF WOMEh ARE STILL MARRIED Lol
}jc444-—GTF=THE GROSS TOTAL FERTILITY RATE 3“,'7
o f(%,n,r,3, v)=({(1+x/n)**r}*((1-x/(35-n))**2‘)/? o
~open(5,file='data’ ,statusr'old')‘ ST S R w—
‘ ,open(6 flle-'outputl ) S T R
”ﬂ_read(S,*)H E,T;GTF i
:_uCALL MODAL{H B T R,Z FN vl RM N)
"ew'_lf(p gt '8.0) go to 10 N o Lo
©if((v1.1t.28.1) AND (vl au.30 O)) go to 10 R
i calk per(n,r,z v) B AT
: fﬁ;regthO 0
.. G=0.0 \ =~iv;;f¢n-
odo 1. k-—n,30-n,5 e
-ja=f(k+1 25,n,r,2,v)
7b=f(k+2*1 2%,n,R, 2, )
c=f (k+3*1.25, n,r,2,v). ' ‘ . S
s=f(k,n,xr,2, v)+‘(k+5 n,r,z v)+4*(a+c)+2*b S
C o d=(1.25*s)/3 . BRI e e
. regtf= regtf+d .
35EASFRﬁGTF*D
. 'G=G+EASFR. . Rl A T e e e T
L owrite{6,*)" expected value of REASFR' , '"ESTIMATED ASFR'
.- writel(6,*)d, EASFR o . R U I RO
1 ‘continue . PR ;‘3;"“1-
© . write(6,*)' sum REGTF' 'st'BAsraftg.!.r
write (6, *)REGTF e ij‘:{;";“,- ::_ N S A SRR
. 6O TO30 o el L T D
10 wrlte(G,*) thls model not suitable' L T
.30 stop : S S e
o end S
. subroutine perfn t,Z, v) e
. u(x)n(((1+x/n)**r)*((1 x/ 35 n))**z))
L v=0,0.
. do 2 jﬂ—n,35 n
_3'v=v+u{j) ’
2  continue o
~ “write(s, *)'sun

‘write(6,*)v L--” je7 fl':'.f' i o
Creturn o0 o R '
~end.

' SUBROUTINE MODA»(H E, T R, z W, p.vl,AM u;
~ RI=H/T - | AR
R2=E/T |
. P=100* {R2- Rl)/ 5*31)
AM=P¥22 .
FN=AMN- 15



100

7-
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REEN
mz\w 2.5 _ _ .
T M 15 (35— 0‘*(\71'4»'15)))-/ 35% (V1-AM) )
"='s.'_wFN) )/E‘N ' S

sormas {l),:ElO 6,;10 6 1x, FlO 6 F10.6,1x, flO 6,231C.6, I6)
RETURIN
END

‘ _ - References
Chandala T., Coleman, D. A., and Hmms, R. W 1999 Recent European Fertility

Patterns: Fitting Curves to “distorted"” Dlstrxbutlons Popu[atron

.Sz‘ud.'es Vol 53, PP: 317 - 329, .
Coale, A. J. 1967.Estimating of Various Demogréphic Measures through the Quasi-
~ stable Age Distibution .Proceeding of'llhe Annual Conférrencje,qf' the

lebanA Memorial ]”una’ PP:175- 193

Elderron. H. P. 1930. Frequency Curve and Correlauon Cambrldge : C&mbridger

Universirn Press. - : 3 7
El- Zrman F. 2001, Egvpt Demographid and Heath Survey 2000. Egypt National
| Population C ounul and Macro fnrernanonal '

El- Zanaty, F., Hussein, E. M., Shawkv J. A and Hfa}, A A, 1993, Egypt

Demographic and Health Surve\ 1992, Egypt Nanona! Populanon-

- Council and Macro Inrer ‘national. -
Li- Zanaty, F., Hussein, E. M., Shawky, J. A. and .l-Va.}.', A A. 1996, Egypt
| Demographic and Health Survey 1995, Egypt National Popuiqﬁon
Council and Macro International. |
Farid, 8. 1973, On the Pattem of Cohort Fertility. Populanon Stud.rev Vol 27(1). PP:
- 159~ 168.

Gage, B. 2000. The Age -- spccu"c ]*ecund;tv of Mammahan Populatlons A Test of

Three Mathematical Models. © University  ar - Albamv-Sumv and:

Soutfnvesi Fomra’anon for Biomedical Research. PP: 1 -23.
Hoem A, Madsen, D Nielsen, J L., Oiilsen, E. M., Hansen H. 0., and

Rermermaim, B. 1981. Experiments in Modellmg Recent Damsh

Fertility Curves. Demography. Vol. 18(2). PP; 23] — 244,



~ISSR, Cairo Univ. Vol. 36, No. 1, 2003,

10- Luther, N. 1982 Flttmg Age-specxﬁc Fertility with a Truncated Pcarson type III Curve:
Asian and Paczf ic Censu.s Forum, Vol. 8(4) PP:5-12.

11-  Mitra, S. 1967. The Pattem of Age-specrﬁc Fertlllty Rates Demograpig Vol. 4,
PP: 894 - 906..

12-  Mitra, S. and Ramamul A 1973. Pearsoman Type I Curve and Its Fertlhtv
prmectmn potentlal Demography VoI 10 (3) . PP: 351-365.

13 ﬂfurph;, E. M. and ]\'agnur, D N 197" A Gompertz Fit that Fits: Apphcatlons to
~Candian Femllty Patterns. Demograpiw Vol. 9. PP: 35 - };0

-‘ ]_4- Nerul — IsIam, M. and Mallzck S. A. 1987. On the Use of a Trlmcated Pearsoman .
Type 111 Curvc in chlm Estlmatlon, Dhaka Umversm' Studzes Parr |

B Science, Vol. 35(1). PP 23 - 32,

15~ Poliard, H, and Volkovics, E. J. 1992. The Gompertz Dlstnbutlon and its

. Apphcatlons Genus, Vol 48(3-4), PP: 15 61.
16- Ramamul. A. 1973. A Three — Parameter Model for Bn‘th Pr03ect10ns Populanon
Studies .Yol. 27 PP: 46 7-478. ‘ '





