{HE PRECISION OF POPULATION PROJECTIONS
O " WITH REFERENCE TO LIBYAN DATA

By : A. H. Azzam and M. Y. El-Bassioun; *

1. Introduction

A population projection is a prediction of random vector
riable Xt which represents the population by age and sex in year t,

(For an illustration of the population projection for Libya, see
Venkatacharya (1972), see also Appendix I). The population is assu.
med to be closed and to grow according to fixed schedules of birth and
death probabilities.  This can be viewed as a muy

Iti-type branching
process (Schweder, 1971).

There are three main causes for the deviations in the projection
as pointed out by Schweder (1971), “ (a) The projection model is
inadequate in that the dynamics of the population development is not
correctly described by the given fixed schedules in all years 1, 2, ...,
T.  (b) Even if these schedules are constant throughout the projection
period we should expect a deviation simply because we use their
estimates. (c) Even if the model is adequate and the proper schedules
are used we should still expect a non-vanishing deviation because the

Population development is stochastic and not deterministic in its
nature, *

Sykes (1969) has shown by a specific example that the l)ranchin(g1
Process model does not account for any substantial part. of the observef
variability in the dynamics of actual populations, i.e., source o

\
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deviation (c) is not very important. Using Norwegiay po ~.

Schweder (1971) has come to the same conclusion as thy ot da
€s,

These conclusions of Schweder (1971) while true Fo g,
like Norway may not hold entirely for other .countries. \\ 7z ‘:;“"try
examine whether these conclusions are applicable to 4 deve sh.lo
country like Libya. We also wish to study the impact of cbangop‘“%

. . e |
the levels of mortality and fertility on the precision of the 1’1'0]'ef'ti0nnl
tio,

2. Methodology
The Model : '

The model used in this paper is essentially that of Schwede,

(1971). The initial female population is represented by the vector ,

; .y 0
and gives the number of females in various age groups j (j=0,],

., m). (The initial time is t=0. Here t is measured in year,)
Using the survival and fertility rates P and F, say, we have the followin
well-known recurrence relations :

m

eo’t+1 Fj ejvt
1=0
5 j=1, ... ,m, (1)

¢ TR I T A,
where Fi are zero for some initial values of j ( See Table (1) ) and

e, (= E Xt) is the usual projection vector.

In his paper, Schweder (1971) has obtained upper limits of th:
individual absolute deviations (component deviations) which have

: . he
preassigned probobility level f§, say. These limits are given by !
following formula

_ t 1
X]t eit ls (SC ]])2
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are the diagonal elements of the ———

C: Convariayce matrix
here ™5}

) the recurrence relation s
yith rank 7, 25 ( 8 for the matrix C° ape

. appendix I),and S is the § — percentage
.wa:uﬁon with r degrees of freedom. He lag als
jtrl

or limits for the total absolute deviation -
P

point in the xz
0 given the following

tl= "t | S,
=0 3)
m m ¢
Ahere \i — 2 z Ck
=0 k=0 )
Kchweder has proposed the relative total deviation
_ /" m
B = S
y Vt | = eit
1=0 (4)

2 a measure of the precision of the projection.

Applied to the Norwegian data, the individual upper limits, given

by equation (2), constitute higher percentages of the corresponding
projected numbers than the relative total deviation. So, we divided the

total absolute deviation to various single year age groups according to
the propoortions held among the individual upper limits, i.e.,

D __ TD X CD
i D.
] z] C]

(5)

where D | represents the divided component deviation in age group j,

(D, the component deviation in the same age group, and TD is the
]

upper limit of the total deviation obtained from equation (3).

is i i the
her. a cohort analysis is also made to examine how
.F .urt 'er’varying over time. For this we use 5- year age groups.
precision is
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The Inputs :

Libyan female population z.nloue is cm;b‘olgzrcg. " i
by 5. year age groups is obtained f;;OH'l y . lensuS (Minis( :r'
Economy and Trade, 1964). The aui 611{ 0 eIII(lz.l es ap v"’"'ml.ls iy
year age groups interpolated using Karup. ing muhlphem ,

. , (e
Venkatacharya 1972) is used as our initial Populatjop, Vectgy

i €
Three levels of survival rates are used jy the preseng Paper. .

are chosen as levels 12, 13, and 17 for females .taken from g}, SOuF}Z
Model Life Tables (United Nations, 1966) and will be labelleq P, b,
and Py respectively, These are given for 5.year _dge gr(.)ul.;s, Lhe,
natural logarithms are interpolated using Karup-ng multipliep,

) Th,
required rates for single year age groups are thep obtained by takin
their exponential,

Five levels of fertility rates are cousidered. The
as Ky, Fy, F, Fy, and F,, Fi,F,, F, and F5 are m
These are 85,.95, 1.05, and L15. The rateg at all
by the same number. I, obtained for >-ye
sample survey in 1949 (Mukherj, S., 1972).

rales are obtained by graphical smoothing v
age pattern of the fertility

These rates are then multiplieq
by the sex ratio at hirth, This sex ratj, is taken g 105 for Libys,
gives the initja] Populatiop the surviva] rates for

y will he labelly
ultipliers of F,.
ages are multiplieg
ar age groups {rom a
The required single yeq
hich retains the origin,]

- Results and Conclusions

Several rung of proj
errors have beey, mg Computey Program given in appendix
II for the followi inatj i ility t llr; F

ates ; "1
I)l F_”Pl F4,P] F5, P2 F3, 3 1, I)3 F‘, 3 'F“ and P]F-l
Starting with the fema, age distributjop, in 1964, the fem,-zl Tacic
18 projected for the next 920 years, A Sample of the e Ao
using the inputs of Table iven i

ibyq and related
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: pl 2) gives the relative total deviation (BI )» t=1, 2 .20
Table

combinations of survival and fertility rates mentioned ahoye
(e pine 1p = 95). Examination of Table (2) leads to the

ence leve
’ ) conclusions

ng
}HOWI . . . . »
The relative total deviation increases by time for all combinatjops,

for the same fertility rates, the relative total deviation decreases
" en the survival rates increase, that is as mortality
This is clear from equation (9) of appendix I,

declines,

For the same survival rates :

(2) In the first 10 years or so, the relative total deviation increaseg
when the fertility rates increase,

(b) Inthe last 10 years or so, the relative total deviation decreases
when the fertility rates increase, The magnitude of this change
in the second half of the 20 year period is small and this
could be due to changing age distribution.

4 Compared with the Norwegian data, the relative total deviation of
the projected Libyan female population is relatively high, How-
ever, the pure randomness of population dynamics scems to be
of minor importance and source of deviation in projection must
rest mainly on year-to-year variation in death probabilities and
birth distributions, and in the error made when estimating these
(quantities,

Table (3) presents percentage component deviations for five year
ae groups, Table (4) presents divided relative deviations by .ﬁve-year

e groups. A study of these tables reveals the following points :

L. The relative deviations and the divided relative deviations increase
for a cohort over time.

2. They decrease when the survival rates increase.

3. The relative deviations are not affected by the use of the different
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levels of fertility rates. This is due to fact thay F,, By b
F5 are multipliers of F which are cancelled oyt whey, Cﬂic.,{ iy
the relative deviations (see appendix I). In fact this is 4 _atf"g
tion of the individual upper limts proposed by SChWeder_ l

4. The proposed dvided relative deviations increase when, the fovg
rates increase. This is an important merit of using divig,
relative deviations instead of those suggested by Schweder. Huth
ever, the divided relative deviations are based on intuitiye grounz.

]i[\.

rather than any mathematical proofs,

5. The age pattern of the relative deviations is similar to tha; of i

mortality rates. The same holds true for the divided rofy;
deviations,

6. The component deviations, as obtained by us for Libya as wel] ,,
those obtained by Schweder, for Norway are very large for indjy;
dual ages : Some of the upper limits for component deviation,
are as high as 40% while total deviation is about 3%, and hence
the usefulness of such confidence limits are negligible.

For this and other reasons mentioned in the paper, we suggesl

the use of divided component deviations for the measurement of preci.
sion in the population projections.
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10
11
12
13
14
15
16
17
18
19
20
21

TABLE 1
INPUTS

THE LIBYAN ECONOMIC AND BUSINES§ REVig,,

S

(number of females in hundreds)

Py

0.951876
0.958171
0.964027
0.969437
0.974392
0.977911
0.983398
0.987441
0.990021
0.991127
0.993042
0.995953
0.997651
0.998132
0.997393
0.996772
0.996699
0.996627
0.996555
0.996483
0.996123
0.995880

3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.003800
0.032700
0.054600
0.080000
0.117100
0.156100
0.182000

~



ar pPRECISION OF POPULATION PRQ
T

TECTIONS
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TABLE 1 (Cont,)

. [JC R . (] (W] [ [V Do S | o] o | S | 1 = 9 ©vo \-':I
,‘;..;,;:.phnbr&-wé’g X AR o~ DS S P S =B
e~ o = o O -~
> U’]EBUJ
co =1 &

126.
123.
120.
116.
113.
110.
107.
104,
102.
100.
07.
04,
91,
87.
83.
30.
1.
- T5.
TR,
69.
© 66.
64,
62.

59.
57.
54.
52.

P

2

0.995673
0.995503
0.995368
0.995204,
0.995015
0.994872
0.994773
0.994719
0.994666
0.994583
0.994499
0.994414
0.994327
0.994255
0.994184
0.994091
10.993975
0.993835
0.993715
0.993610
0.993477
0.993316
0.993127
0.993024
0.992939
0.992726
4.992384

Fs

0.191700
0.188300
0.183400
0.177600
0.171700
0.165400
0.159500
0.152769
0.146300
0.139500
0.131100
0.127500
0.121600
0.114100
0.106300
¢.097100
0.086800
0.073700
0.062000
0.052200
0.013100
0.03.4600
0.027800
0.021500
0.016100
0.010700
0.006300
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TABLE 2
Relative total deviations
(Confidence level f§ = 95)
Time Pl Fl P1 F2 Pl F4 P1 F5 P2 F3 Ps F1
100229 00236 00243 0.0248 0.0236 0.0214
2 0.0312  0.0320 0.0328 0.033¢ 00320 00291
3 00368 0.0377 0.038¢ 00391 0.0376 00344
100411 00419 00426 0.0432 00417 00384
5 00445 00453 0.0459 00464 0.0450 0.0416
6 00474 00481 00486 00490 00477 0.0443
¢ 00488 00504 00508 00510 00499 0.0446
0.0519  0.0523 0.0526 0.0528 0.0517 0.0483
0.0537  0.0540 0.0542 0.0542 0.0533 0.0499
10 0.0553  0.0555 0.0555 0.0554 0.0547  0.0513
11 00567 0.0567 0.0567 0.0564 0.0558  0.0525
1200579 00579 0.0577 o0.0573 0.0568  0.0535
1300591 00589 0.0585 0.058; 0.0577  0.0544
14 0.0602 00598 0.0503 0.0588 0.0584  0.0552
15 0.0611  0.0606 0.0600 0.0594 0.0592  0.055¢
16 0.0620 0.0614 0.0607 0.0599 0.0598  0.0565
17 0.0629 0.0622 00613 0.0605 0.0604  0.0570
18 00638 0.0629 0.0620 0.0610 0.0610  0.0575
19 00647  0.0636 0.0626 0.061¢ 00617 0.0581
20 0.0656 0.0645 0.083¢ 0.0622 00624 0.0587

———

P F
3 2

0.0221
0.0300
0.0354
0.0394
0.0425
0.0450
0.0471
0.0488
0.0503
0.0515
0.0526
0.0534
0.0542
0.0548
0.0554
0.0558
0.0562
0.0567

0.0571
0.0576

s

P
3 4

0.022g
0.0308
0.0262
0.0401
0.0432
0.0458
0.0475
0.0491
0.0505
0.0516
0.0525
0.0532
0.0538
0.0544
0.0548
0.0551
0.0554
0.0556
0.0580
0.0564

0.0403
0.043;
0.045
0.0473
0.0493
0.0505
0.0515
0.0523
0.0529
0.0534
0.0538
0.0541
0.0543
0.0345
0.0547
0.0550
0.0553
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TABLE 3

e component deviations 1, .
Percentag I y five year age groups

at five year intervals

— -
Year 2
\ge Groups 1964 1969 1974 1979 1984
T
P,F, 0.0
P,F, 0.0
P,F, 0.0
P,F; 0.0
0-4 P,F; 0.0

P3F, 0.0
P;F, 0.0
2 0.0
P;F5 0.0
P,F, 00 .1983
P1F2 0.0 »
P,F, 0.0 »

, P,F; 0.0 »

| 50  P,F; 00  .1868
P,;F, 0.0 .1429
P,F, 0.0 »
P3F4 0.0 »
P3F5 0.0 »
pP.F, 00 1283 2326
Png 0.0 » »
P1F4 0.0 » »
P1F5 0.0 » »

'Y 00 1187 2176
e II)’%,EI:‘: 0.0 .0808  .1609
P;,Fz 0.0 » »
P3F4 0.0 » »
PsF;5 0.0 » »
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TABLE 3 (Cont.)
i \\\\;
Year
Age Groups 1964 1969 1974 1979 194
hﬂ\\‘\——\
P,F, 0.0 0811 0.1493 2436
P,F, 0.0 » » »
P,F, 0.0 » » »
P,F; 0.0 » » ?
15-19 P,F, 0.0 075 0.1381 22175
PyF, 0.0 0517 0.0940 1669
PsFy 0.0 » » »
P,F, 0.0 » » »
P;;Fs 0.0 » » »
_ —— -_—
P,F, 0.0 .0984 0.1209 A717 2567
P,F, 0.0 » » » »
P,Fy 0.0 » » » »
P,F, 0.0 » » » »
20-24 P,F. 0.0  .0918 ¢.1125 1589 2394
P,F, 0.0 0656  0.0788 1091 1746
P,F, 0.0 » » » »
Pl 0.0 » » » »
P,F, 0.0 » » » »
P,F, 0.0 1197 0.1499 1588 1970
P,F, 0.0 » » » »
Pl F4 0.0 » » » »
25'29 P] I' 5 0.0 » » » »
P,Fy 00 1119 1400 1479 g9
P,sF, 0.0  .0810 0.1005 1047 1263
P,F, 0.0 » » » N
P,F, 0.0 » » $ %
P,F, 0.0 » »

»

»
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//
Year G
Age Groups - 1964 . 1969 1974 1979 1984
P,F4 0.0 1366 1761 1933 .1938
| % 1 F2 0.0 » » » »
PFy 0.0 » » » »
P'l F5 0.0 » » » >
30-3¢  Puby 0.0 1281 1647 1805 1807
PsF,4 0.0 .0939 J197 1302 .1288
P3F, 0.0 » » » »
P3F4 0.0 » » » »
P;F, 0.0 » » » »
P,F, 0.0 1507 1981 BL20 2320
P,F, 0.0 » » » »
P,F, 0.0 » » » »
P,F; 0.0 » » » »
35-39 P,F, 0.0 1417 1858 2081 2168
PsFy 0.0 1054 1369 1519 1571
PsF, 0.0 » » » »
| 2 O 0.0 » » » »
PyF5 0.0 » » » »
P.F, 0.0 1719 2192 .2495 2645
P,F, 0.0 » » » »
p,I, 0.0 » » » »
P,F, 0.0 » » > »
40-44 P.F, 0.0 1622 .2063 .25f1~2 2478
p,F, 00 1233 1547 1738 1821
P3F 5 0.0 » » » »
P‘;F; 0.0 » » » »
P;;Fr, 0.0 » » » »




THE LIBYAN ECONOMIC AND BUSINESS REWEW

1o |
TABLE 3 (Cont.)
Year
Age Groups 1964 1969 1974 1979 l9g,
P00 1T 12 o
P,F, 0.0 » » » N
P,Fy 0.0 » » » "
P,F, 0.0 » » » 9
4549 P,y 0.0  .1879 2377 2615 979
Pyfy 00 1478 1834 1988 9y,
P;,F, 0.0 » » » »
P,;Fy 0.0 » » »

»

P,I; 0.0 » » »

>
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TABLE 4
" ded relative deviations by five-year age groups at five year intervals
i I als
i Year .
\ee GrOUPS 1964 1969 1974 1979 1984
PF, 00 -
P.F, 0.0
PF, 00
P,F; 0.0
0-4 P,k 0.0
P;F, 0.0
P,F, 0.0
Pk, 0.0
PyFy 0.0
P.,F, 00 00441

F

P.F, 00 00449
P,F, 00  0.0457
P,F; 00  0.0463

50  P,Fy; 00  0.0436
P,F, 00 00362
pP,F, 0.0  0.0368
P,;F, 0.0 0.0374
P,F, 00  0.0379

o0 00285  0.0468
ll’)ng g.o 00201  0.0476

bl 00 00205 00482

p'F. 00 00300 0.0488

1014 P,Fs 00 0.0277  0.0455
- 203 o 00204 00354
Pafi g0 00208 00359

Psls g0 00211  0.0363

Pali oo o024 00367
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TABLE 4 (Cont.)

INESS
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Year
Age Groups 1964 1969 1974 1979
R —_— l')&;
pF, 00 00180 00301 00465
p,F, 00 0.0184 0.0305 0.0471
p,F, 0.0 00187  0.0309  0.0477
p,F, 00 0018  0.0313  0.0483
1519 P,f; 00 00176 00289  0.0447
P,F, 00 00131 00207  0.0337
p,F, 00 00133  0.0210  0.034]
Pk, 00 00135 00212  0.0344
P,F; 00 00137 00215  0.0347
P,F;, 00 00219 0.0243  0.0327 0.4
T
P,F; 0.0 00230 0. ot o
2021 PyF; 00 00214 0‘35?‘3 e
Py 00 002 s 0.0312  0.0460
L 0.0174 0.0220  0.0336
P,F, 00  0.0172 ChTE G e
bels 00 001 0178 0.0225  0.0343
sF5 0174 0.0180  0.0227  0.0347
P,F
P'F. 33 333% ggggg 0.0303  0.0369
PE. 00 oose o0 0.0307  0.0374
PIF. 00 o0ng o0 0.0311  0.0379
2599 Py 00 00361 oo 1500315 0.0381
P.F, 00 00505 0'032“ 0.0291  0.0350
PsFy 0.0 0.0209 0'0;;(1 Ol 0036
P;Fy 00 00212 00297 0.0214  0.0246
PsF, 0.0 00215 0-0037 0.0216  0.0249
0229 0.0218  0.0251
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TABLE 4 (Cont.)

—

_— T
eal
Ag:wups 1964 1969 1974 1979 1og
p,F, 00 00304 00354 00369 00363
p,F, 0.0 0.0309 0.0360  0.0374  0.0368
P.F, 00 00315 00365 00379 00373
P,F; 00 00319 00370 0038 00378
2034 PoFj 0.0 0.0299 0.0344  0.0355  0.0347
PsFy 0.0 0.0238 0.0264  0.0263  0.0248
PsF, 0.0 0.0242 0.0267 0.0266  0.0251
P;Fy, 0.0 00246 00270  0.0269  0.0253
P;F; 0.0 00249  0.0273  0.0271  0.0256
P,F; 0.0 00335  0.0399  0.0424  0.0435
P,F, 0.0 0.0341 00405 0.0430  0.0441
P,F, 00 00347 00411 00435  0.0447
P,Fs 00 00352 00416 0.0440  0.0452
3539 P,F; 0.0 00331 00388 0.0409  0.0416
P,F, 00 0027 00301 00307 0.0303
P,F, 00 00271 00306 00310  0.0306
P,F, 00 00276 00309 00313  0.0309
P.F, 00 00279 00312 00316 00312
0382 0.0441  0.0476  0.0496
1;,1]{;1 3‘3 3.8389 0.0448  0.0483  0.0503
P'F. 00 00396 00454 00489 0.0509
104 g0 00402 00460 00494  0.0516
PiFs 00 00379 00431  0.0460  0.0476
1044 Polly 0 00312 00341 00351  0.0351
Psl's 00 00318 00345 00355  0.0355
PsFe 0 00322 00349  0.0358  0.0358
?%; 00 00327 00353 00362  0.0362
3
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TABLE 4 (Cont.)
B S
Year

Age Groups 1964 1969 1974 1979
P,F, 00 00440  0.0506 0.0529

P, 00 0048 00514 0055

PiFy 00 00456 00521 0,053

PiF; 00 00462 00527 0,054

1549 P,y 00 00439 00497 00513
PsFy 00 00374 00404 0,040

P;F, 0.0 0.0381 0.0409 0.0406

PFs 00 00387 00414 0.0450

P.Fs 00 00392 0049 00414
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APPENDIX |

Equations in the Model

et the population at time t bLe characterized by the n X
umbers X

) It
-+ > M) at time t whicl,

L .
et ejt be the expectation of X it

ri

| each of the m+1 disjoint age groups (1=0,1, .

. assumed to be random variables,
1

=0, 1,... m), Yi be the number of children that female numbe

. } gives birth to i L .

in age group 3 2 0 1n year t, and Xi be 0 if female number

i in age group j dies during year t and 1 if she survives. We have

p = E (X;)

F o= E (Y))

_ 1
v = Cov (Xi’Y ) == 3 F (1—P ) See Schweder (1971).

1 = Var (x‘i) = Pi A—P.)  and

¢ = Var (Yll) = F. (1—F.) since very few women give birth to
] 1
more than one girl during a year.

The following recurrence relations for the expectation e and the
covariance matrix C are well-known :

m
= F.e.
1) eo, t+1 iS__: ] el’t »
(2) ei t+1 = Pi.——l ei———l,t .,i = 1,...,m,
2 At
t+1 = , P’ C.. . )
3) Ciir+1 T 50 Ui T »§ = 0,...,ml,



e

t+1 — P . Ct . 9 l\ N .
(4) Cj+1, k1 Dk ]k ‘f b

11 m m m

t

0,0
and

m
t+1 — » ot
(6) (:0’jJrl f.e. +P, 5 F C ;

. . o
where e is the present population and ¢~ =
0

If the matrix C has rank r and § is the 3

distribution with ¢ degrees of freedom,
inequalities :

- percentage point jy, yj,, Y
then we have the foHowing

—_
@ | X—e. |<0

it IS sc‘jj ,i=0, ..., m,
and
- m <V, 15
@) =S |[X.—e [= "t'!s
=0 it 1

here v 9 m ,
where =
t § E_ 2 k,j
1=0 k=
s ¥ /'S can be taken a4

the projection g confidence leve] B.
Projection may correspondingly

4 measure of the total deviation of

The relative total deviation of the

be measureq by the (uantity ;
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APPENDIX 11

A Computer Program for Populatioy, Projection

Basic FORTRAN

anguig *
The subroutine definition ig

gructure *

SUBROUTINE BPP (M,D,P.F,G,T.S.E.CD.PTTD B)

Formal Parameters :

y integer scalar input last age group
output : wunchanged,

D real scalar input the B-percentage point in x2 distribution

output : wunchanged,

P real array input survival rates,

output : wunchanged,
F'real array input

fertility rates,
output : unchanged.
G real array input : covariances of X' and Y'

] .
output : unchanged.

. . i
T real array input : variances of Xi
output : unchanged.
. i
, S real array input : variances of Yi
output : unchanged.
E  real array input projected population vector at time ..
- output : projected population vector at time t+1.
C  real array jnput : variance - covariance matrix at time t.
output : variance - covariance matrix at time t+1.

r— output : the vector of component deviations.
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~

PT real scalar  output : projected total Population,

ID real scalar  output : total deviation,
B real scalar  output : relative total deviation,
Restrictions :

The variables M,D,P.,F,G,T,S,E, and mugy
changed from one call of BPP 1o the next, since items storeq in
are required for the next call, It is the responsibility of "
program to insure that thege arrays remain intact betweer calls
of sufficient length, They may, of course, be us

 sequence of calls of BPP begins
15 complete,

Ot b,
them
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" IHE FORTRAN GENERATOR

ROUTINE BPP (M.D2.F,G.T.SE.C.CD,PT, 1D B
D‘i JENSION P(50), F(50), 6(50),

1

19
\

T(50), $(50), E(SO), C(SO,SO),
CD(50)

Ml = M+ 1

SUM=SUM--S(K) *E(K)+-F (K)*F(K) *C (K,K)
KI=K+1

D020 J = K1, M1

SUM = SUM. + 2,04F (K) *R(J)

SUM = SUM + S(M1) *E(M1) -+
D050 ) = 2, M1
N=J3-—-1

CJ, 1) = 6(33) *E(JY)
SUM 1 = 0.0

D030K=1,]J

SUM1 =SuM 1 + F(K) *C(K,JJ)
DO4OK =j M1

*C(K,T)
F(M1) *F(M1) *C(M1,M1)

SUM1 = SUM 1 + F(K) *C(JIK)

€U, 1) = ¢@,1) + Py *sUM 1
I‘1=M1-—-L

P *C(L1, L1)
C(L2, L2) = T(L1)*E(L1) + P(L1)*P(L1)*C(L1, L
MM =M—1

DO 70 J1 = 1, MM

J=M1—J1

N=3—1

J2=3+1

A DO 0K = J2, Ml
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SUM = F(M 1)*E(M 1)
D08 J=1M
J=J+1

c@, JI) =CJJ, 1)
J1=M1—]

J2 =J+1

E(J 2) = P(J 1)*E(J 1)
SUM = SUM + F(J 1)*E(J 1)

E(1) = SUM
PT = 0.0
V2=00
DOYJ=1,M

X = D*C(J, J)
CD(J) = SQRT(X)
PT = PT + E(J)
V2=V2+4¢QJ,1J)
N=J+1

V2=V2+20%(q,K)
X =D*C(M1,M1)

CD(M 1) = SQRT(X)
PT=PT + EM 1)
V2=V2+cmimy
TD = SQRT(X)

B = TD/pT

RETURN

END

ECONOMIC AND BUSINESS REVIEy
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APPENDIX 111
A sample of print out for the years 1974 4,9 1934
YEAR 1974
NUMBER OF FEMALES IN HUNDRps

Divided
Component
Age Projected Vector Component Deviation Deviation
i 468. 165. 35.
. 433, 159, 33,
9 403. 154. 32.
3 371. 150. 31.
4 356. 146. 30.
5 331. 142, 30.
6 321, 139. 29.
1 308. 136. : 28.
8 2917, 133. : 28.
9 2817. 131. 21.
10 236. 60. 13.
11 233. . 55. ' }g
12 230. 50. | 0
13 227. i, %
14 222. 40, g
15 217. 3;;3 6.
16 208. 27' 6.
17 201. Vou. 5.
18 195. -y 5.
19 190. 20. .
20 186. 19, 4.
21 178. 19. 4.
22 171. 19. A
24 158. 19. 4.
ko :
26 137. 19
21
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APPENDIX I (Cont.)
Divideq
e Omp“nem

Age  Projected Vector Compounent Deviation  Dey;,, lioy
28 132. 19. n

29 130. 20. 4

30 127, 20. 4

31 124. 20. 4

32 120. 20. 1

33 117, 20. )

34 114, 20. 1

35 110, 20, 4

36 107. 19, 4

37 104. 19, 4

38 101, 10, q

e 98. 19. 4

40 96. 19, 4

e 94, 19, 1

12 91, 19. A,

o %, 19. 4

4 86. 10, .

5 82, 18, h

46 78, 18 s

41 75. 18 :

18 72, 18, .

49 70. 18. 4

Projected Total = 9251.
Total Deviation = 505.
Relative Totai Deviation = 0.0546035
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YEAR 1984
NUMBER OF FEMALES IN HUNDREDS

Divided
Component
" Projected Vector Component Deviatioy Dc\gation
| 621, 193. 37.
! 579, 185, L
; 538. 179. 34,
3 504. 173, s
4 475, 169. 32,
: 450. 164. 32.
6 421. 160. a1,
. 408. s i
3 391. 154, a4
9 376. 151. a3,
10 362. 145, -
1 349, 145. <5
19 338. 143, 4
2 ey 141, L
14 318. 139. T
15 309. 137. -y
ki o 135. 26.
1o ey 133. 25
1 8% 131, 25.
18 4y 129. ig
e 228. L 1L
53 226. 53, 19.
99 226. 49. o
93 219. 14, o
94 214. Al s
5e 209. 37. o
o 200. 35. h
- 192. 33. 6.
58 187. 32. >
2 182. 30 6.
2 177. ' 5
30 170. 30. )
31
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YEAR 1984 (Cont.)

Divided
Component

Age  Projected Vector Component Deviation  Deviation
32 162. 29, 6,
33 156. 29, 6.
34 150. 29, 6.
35 142, 29, 6.
36 130. 929 5.

o 130. 28, "
38 125, 2. "
39 123, 28, .
40 120. %8 .
41 117, - 5.
42 113 - - |
43 110. o 5.
44 10 a3 :
45 103, 28, y
oo il o 27. 5
Y %8, 27. .
8 9, 27. .
49 92, ey

.U‘l

Projected Total = 12539,
Total Deviation = 782.
Relative Total Deviation = 0.0623595
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