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Abstract This paper considers the modelling of a life table model for Ghana when her population becomes stable in the
future. To do this, a Leslie matrix for Ghana is first determined. The Leslie model (which is an age-structured population
projection matrix) is used to find the asymptotic growth rate, stable population and the stable age distribution (which forms
the basis for actuarial computations). Life tables are computed from the stable age distribution and the survival curve
compared with survival curves of other life tables to see the disparities. A life table (or mortality) model is estimated by fitting
the survival curve of the generated life table to already existing mortality models. Ghana’s mortality model has been found to

follow the modified De Moivre distribution with an estimated survival function S(x) = ’1 - ;—0 ,0 < x <90. Ithasbeen

found that Ghana’s population would attain stability by the year 2030 with an estimated population of 43.8 million;
comprising 49.6 percent males and 50.4 percent females. Life expectancy has been estimated to be 58years for males and
60years for females. Annual growth rate has been estimated to be 1.21%.

Keywords Actuarial values, Dominant eigenvalue, Eigenvector, Growth rate, Leslie matrix, Life table, Modified De
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1. Introduction

1.1. Background

Life (mortality) tables are very useful demographic tools
(Burch, 2003; Shyrock and Siegel, 1973). They are usually
used to measure mortality experience and also to study the
labour force dynamics of various populations (Kpedekpo,
1969). Even though they are extremely necessary, their
estimation has always been very challenging, particularly in
Africa; and this could mainly be attributed to data
unavailability, inconsistency and inaccuracy.

Whilst most developed countries have collected data on
births and deaths for over one hundred years, many
developing countries do not. The few data that one could lay
hands on are only few decades old and do not represent a
stable population, thus they may not give reliable future
estimates (Murray, et al. 2000). Lack of these data implies
the lack of accurate mortality values or tables which are
needed by actuaries to compute correct premiums and good
sum assureds for insurance companies and the insured. The
currently available life tables for Ghana from the World
Health Organization and the Ghana Statistical Service are
‘valid’ for only a year. Thus, there is always a need to
develop new ones each year or within some few years, and
this situation would not augur well for long term actuarial
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computations. In an instance whereby an individual buys a
20year life insurance policy, the insurance company would
prefer a life table or mortality model that could span a period
of 20years or more to one that could be applied for only a
year. This necessitates the computation of life tables from
stable population and not just from the current unstable
population. The unavailability of data from accurately and
consistently recorded births and deaths also means
data-based approaches to life table estimation would not
always give good estimates. It would therefore be necessary
to use model-based approaches.

1.2. Life Tables and Actuarial Values for Ghana

There are a very limited number of available life tables for
Ghana. World Health Organization constructed life tables for
the years; 1960, 2000, 2010 and 2012, Kpedekpo in 1969
used the WHO’s 1960 life table to come up with working life
tables for males and females and Ghana Statistical Service
also constructed empirical life tables in the year 2010. All
these tables were computed from census data with many
adjustments, estimations and assumptions. Sometimes the
correct ages of individuals are unknown, birth and death
records are incomplete and not all individuals are even
enumerated on a census day (Murray, et al. 2000).

It is an ‘open secrete’ that actuaries usually adopt life
tables from other countries, particularly South Africa, adjust
them and use them to compute premiums, sum assureds,
annuities and other actuarial values for insurance companies
in Ghana. If researchers were to obtain reliable life tables for
Ghana (especially ones from stable populations), they could



122 Collins Abaitey et al.:

probably see whether or not actuaries are really doing the
right thing: perhaps insurance companies are charging more
premiums, or they are paying far less than the actual benefits.

1.3. Leslie Models

The English biologist P. H. Leslie in 1945 introduced a
model which uses the age-specific rates of fertility and
mortality of a population to determine its dynamics. The
model has been very successful in ecological study (Gonze,
2012), as it has been a useful tool for describing population
dynamics of plants (Usher, 1969) and animals (Yu, 1990).
However, it has not been used much when it comes to
humans, particularly in the area of life table estimations.

Why would one think of using the Leslie model to
generate life tables? Life tables normally involve birth and
death rates and stable population (especially in the case of
period life tables); and the Leslie model already contains
these values. Again, in an instance where the population is
not yet stable, the Leslie model could be easily used to
generate the future stable age distribution. Actually, the
Leslie model is capable of generating both the unstable and
stable part of any population. It could as well be used to
project the age distribution of a population into the future.
When all these have been said about the Leslie model, it
would be necessary to add that in the developing parts of the
world (e.g. Africa) where data is mostly inaccurate and
unavailable, it would not be advisable to use a method which
extensively involves or depends on data, since that may be
difficult and may not produce good estimates. The Leslie
model, however, only needs a few parameters and once they
are robustly determined, could be used to obtain good
estimates. The matrix basis also makes its usage quite
straightforward.

2. Method

2.1. Definition of Leslie Model

The Leslie model could be defined as a deterministic, age
structured, linear difference equation model. It is used to
determine the growth pattern and age structure of a
population. The model involves the use of matrices and it is
presented as a projection model as

nl(t + 1) F1 FZ F3 Fa)—l Fw nl(t)
ns (t + 1) 0 Pz 0 - 0 0 nj (t)

. =| . P o
n,(t+1) 0 00 Py_10 n, (t)

and mathematically as n(t + 1) = An(t); with n(t) being
a population vector having elements nq(t), n,(t) ...
representing the number of individuals in each age class at
time t and n(t+ 1) being a population vector in the
following year. A isthe w X w (female only) Leslie matrix
or ‘projection matrix’ having fertility rates F; on its first row
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and survival probabilities P; on its leading sub-diagonal and
all other elements being zeros. From the matrix and
mathematical models above, when one multiplies the Leslie
matrix by a population vector, one obtains the population
vector for the following year, and when the model is used
repeatedly for say p times then the model mathematically
becomes n(t + p) = APn(t). Thus, one can use an initial
population vector and a Leslie matrix to obtain the
population vector (age distribution) of the population at any
time in the future.

An extension of the basic Leslie matrix is the two-sex
model that allows one to capture the number of both males
and females in the population from age zero to the maximum

Nofr

possible age (Caswell 2001). Let the vector n, =

Niem
represent the number of females (n;z) and males (n;,) of

age i(i=1,..,k) inthe population at time t.
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Figure 1. Structure of a two-sex Leslie matrix

The projection matrix for the two-sex model can be
written as which is of the size 2(k + 1) X 2(k + 1) when
(k + 1) unique age classes are involved. This matrix has
been sub-divided into four (k + 1) X (k + 1) sub-matrices
(Millspaugh, et al. 2009). Where: 0 < Sip,S;y <1 and
Fir,Fpy = 0 and

S;r represents the age-specific survival rates for females
atage i,
represents the age-specific survival rates for males at
agel,

F;r represents the age-specific fertility rates for females
at age i (that is female producing female offspring)
and

represents the age-specific fertility rates for males at
age i (that is female producing male offspring).

SiM

Fiy

The Leslie matrix model can be generated by estimating
the vital rates which are obtained from the continuous
survival and fertility functions. The survival function [,
defines the possibility of a person surviving from birth to
age x . The fertility function m, defines the expected
number of female offspring produced by an individual of age
x at a unit time.
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2.2. Parameter Estimation

Human survival depends on the age of the individual
within usually a year, say from age x to x + 1, and where

the individual’s age is known P; = l‘li (Kot, 2001) and

when the age is unknown (Caswell, 2001), then [, can be
approximated by averaging over the interval i — 1 < x < i.

L+l
Thus, P; ~ -
li—1+;

alive in age group i to i+ 1 in the stationary age
distribution.

Human fertility is obtained from the distribution of births
and deaths in the age class, and it is given by F; = P,m; 4,
which is the number of children produced in the following
year multiplied by the survival probability. Note that F; was
taken as m; for the calculations in this work (see appendix).

, where [; is the number of individuals

2.3. Dominating Eigenvalue and Properties of the Stable
Vector

The Leslie matrix is an n X n matrix and so there are n
possible eigenvalues and eigenvectors which would satisfy
the equation Av = Av, where A is any eigenvalue and v is
an eigenvector corresponding to A. The eigenvalue which is
highest positive with its corresponding eigenvector indicates
the long term dynamics of the population — growth rate and
stable age distribution. This eigenvalue is called the
dominant eigenvalue. After obtaining the dominant
eigenvalue using the equations |A — AI| = 0, where I is the
identity matrix, one would have: when A=1, the
population is stationary, A > 1, population is increasing
and when A < 1, the population is decreasing. Thus A is
now and later anywhere in this article considered as the
dominant eigenvalue.

2.4. Stable Age Distribution

A population growing based on the Leslie matrix will have
an age composition which is entirely determined by its Leslie
matrix and does not depend on its initial composition after a
period of time. Then from some future year, the following

year’s population will be a multiple of the year in question i.e.

n(t + 1) = An(t) (Li, 1994). This age composition is called
stable age distribution. The multiple A is the dominant
eigenvalue of the Leslie Matrix and if e the associated
eigenvector, then a stable age distribution can be obtained
U1
V2

from e. Let e = and v =v; + v, + -+ v, , then

UX
the vector S is called the stable age distribution of the
v
v
17_2

population, where S is givenby S = (Cullen, 1985).

ee

Ux

v
With this, a period life table could be computed by first using
this age distribution as [, values by taking [y = 100,000
(radix). Other columns of the life table could be obtained
from the [, values (see section 2.5).

2.5. Description of a Life-Table
A typical life table look like Table 1 (where n = 1).

Table 1. Tllustrative life table
Age lx an Tx €x nPx nqx ndx nMy
0 100,000
1
2
100 0

[, = number of people left alive at age x. It isobtained

from the stable age distribution vector S
nLy =person-years lived between ages x and x + n.

5
an = E(lx + lx+n).
T, = person-years lived above age x. T, = Xyon nly-

X

. . T,

expectation of life at age x. e, = T
X

nPx = probability of surviving from age x to x + n.

= lxin

e, =

nPx = Ly
nqx = probability of dying between ages x and x + n.
ndx = 1- nPx-

n2d, = number of people dying between ages x and
x+n de =1 —1l,.

2m, = age-specific death rate between ages x and x + n.

ndx

nMy = ——

an.

3. Results

3.1. Data Description

Data was obtained from the World Health Organization
(WHO) and Ghana Statistical Service (GSS). Parameters of
the two-sex Leslie matrix (see Figure 1 and Appendix; Table
A1) were obtained (or calculated) from existing life tables
(WHO 2012 life tables for Ghana) and population census
data reports, with some adjustments (see Appendix; Tables
A2, A3 and A4). 2010 age distribution (Table A4), being the
base year (initial population vector n,), MATLAB code was
used to generate the growth rate, stable age distribution and a
projected population. Life tables for males, females and both
sexes were also computed from the stable age distribution
(by using formulas in section 2.5). A 4 of 1.0121 which is
approximately 1.01 (2 decimal places) was obtained as the
growth rate. A radix of 100,000 and an omega of 90 years
were used for the life tables (see Tables 2, 3 and 4).Thus,
Ghana’s population is expected to experience an annual
percentage growth rate of 1.21.

Using n(t+1) =A*xn(t), A* is always equal to
A from 2030 and beyond (approximating to 2 decimal
places). Thus, according tothe generated Leslie model and
projected population, Ghana’s population will converge to
stability by year 2030 with an estimated growth rate of 1.01.
Table 6 shows the age distribution in the year 2030.
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Table 2. Estimated life tables (Males)

Age lX TLLX TX eX npx n qX ndx nmx
0-4 100,000 487,100 5,848,284 58.48 0.9484 0.0516 5,160 0.0106
5-9 94,840 467,445 5,361,184 56.53 0.9715 0.0285 2,702 0.0058

10-14 92,138 455,775 4,893,739 53.11 0.9787 0.0213 1,966 0.0043
15-19 90,172 445,333 4,437,964 49.22 0.9755 0.0245 2,211 0.005
20-24 87,961 433,048 3,992,631 45.39 0.9693 0.0307 2,703 0.0062
25-29 85,258 419,533 3,559,583 41.75 0.9683 0.0317 2,703 0.0064
30-34 82,555 405,405 3,140,050 38.04 0.9643 0.0357 2,948 0.0073
35-39 79,607 390,663 2,734,645 34.35 0.963 0.037 2,949 0.0075
40-44 76,658 374,693 2,343,982 30.58 0.9551 0.0449 3,439 0.0092
45-49 73,219 356,880 1,969,289 26.9 0.9497 0.0503 3,686 0.0103
50-54 69,533 335,995 1,612,409 23.19 0.9329 0.0671 4,668 0.0139
55-59 64,865 311,425 1,276,414 19.68 0.9205 0.0795 5,160 0.0166

60-64 59,705 281,328 964,989 16.16 0.8848 0.1152 6,879 0.0245

65-69 52,826 243,245 683,661 12.94 0.8419 0.1581 8,354 0.0343

70-74 44,472 195,333 440,416 9.9 0.7569 0.2431 10,811 0.0553

75-79 33,661 138,820 245,083 7.28 0.6496 0.3504 11,794 0.085

80-84 21,867 80,465 106,263 4.86 0.4719 0.5281 11,548 0.1435

85-89 10,319 25,798 25,798 2.5 0 1 10,319 0.4
90+ 0

Table 3. Estimated life tables (Females)

Age lX TLLX TX eX npx n qX ndx nmx
0-4 100,000 488,778 6,030,550 60.31 0.9551 0.0449 4,489 0.0092
5-9 95,511 470,698 5,541,772 58.02 0.9713 0.0287 2,743 0.0058

10-14 92,768 458,853 5,071,074 54.66 0.9785 0.0215 1,995 0.0043
15-19 90,773 448,255 4,612,221 50.81 0.9753 0.0247 2,244 0.005
20-24 88,529 437,033 4,163,966 47.04 0.9746 0.0254 2,245 0.0051
25-29 86,284 425,188 3,726,933 43.19 0.9711 0.0289 2,493 0.0059
30-34 83,791 412,720 3,301,745 394 0.9702 0.0298 2,494 0.006
35-39 81,297 399,003 2,889,025 35.54 0.9632 0.0368 2,993 0.0075
40-44 78,304 383,415 2,490,022 31.8 0.9586 0.0414 3,242 0.0085
45-49 75,062 366,583 2,106,607 28.06 0.9535 0.0465 3,491 0.0095
50-54 71,571 347,880 1,740,024 24.31 0.9443 0.0557 3,990 0.0115
55-59 67,581 326,060 1,392,144 20.6 0.9299 0.0701 4,738 0.0145

60-64 62,843 299,253 1,066,084 16.96 0.9048 0.0952 5,985 0.02
65-69 56,858 263,715 766,831 13.49 0.8553 0.1447 8,230 0.0312
70-74 48,628 216,958 503,116 10.35 0.7846 0.2154 10,473 0.0483
75-79 38,155 158,978 286,158 7.5 0.6666 0.3334 12,719 0.08
80-84 25,436 95,385 127,180 5 0.5 0.5 12,718 0.1333
85-89 12,718 31,795 31,795 2.5 0 1 12,718 0.4

90+ 0
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Table 4. Estimated life tables (Total Population)

Age L nlx T ex nPx nfx ndx nMy
0-4 100,000 487,933 5,938,745 59.39 0.9517 0.0483 4,827 0.0099
5-9 95,173 469,058 5,450,812 57.27 0.9714 0.0286 2,723 0.0058
10-14 92,450 457,300 4,981,754 53.89 0.9786 0.0214 1,980 0.0043
15-19 90,470 446,783 4,524,454 50.01 0.9754 0.0246 2,227 0.005
20-24 88,243 435,025 4,077,671 46.21 0.9719 0.0281 2,476 0.0057
25-29 85,767 422,338 3,642,646 42.47 0.9697 0.0303 2,599 0.0062
30-34 83,168 409,035 3,220,308 38.72 0.9673 0.0327 2,722 0.0067
35-39 80,446 394,803 2,811,273 34.95 0.9631 0.0369 2,971 0.0075
40-44 77,475 379,023 2,416,470 31.19 0.9569 0.0431 3,341 0.0088
45-49 74,134 361,698 2,037,447 27.48 0.9516 0.0484 3,589 0.0099
50-54 70,545 341,895 1,675,749 23.75 0.9386 0.0614 4,332 0.0127
55-59 66,213 318,688 1,333,854 20.14 0.9252 0.0748 4,951 0.0155
60-64 61,262 290,223 1,015,166 16.57 0.895 0.105 6,435 0.0222
65-69 54,827 253,405 724,943 13.22 0.8488 0.1512 8,292 0.0327
70-74 46,535 206,065 471,538 10.13 0.7713 0.2287 10,644 0.0517
75-79 35,891 148,825 265,473 7.4 0.6586 0.3414 12,252 0.0823
80-84 23,639 87,873 116,648 4.93 0.4869 0.5131 12,129 0.138
85-89 11,510 28,775 28,775 2.5 0 1 11,510 0.4
90+ 0
Table 5. Projected Population and ‘Growth Rate’
Year Estimate A" Year Estimate A Year Estimate A
2010 24,658,823 2024 40,836,300 1.01 2038 48,172,511 1.01
2011 25,796,037 1.05 2025 41,212,269 1.01 2039 48,750,401 1.01
2012 27,255,428 1.06 2026 41,585,750 1.01 2040 49,325,537 1.01
2013 28,933,752 1.06 2027 42,028,537 1.01 2041 49,908,275 1.01
2014 30,741,139 1.06 2028 42,572,916 1.01 2042 50,508,615 1.01
2015 32,613,363 1.06 2029 43,229,066 1.02 2043 51,127,112 1.01
2016 34,323,856 1.05 2030 43,804,101 1.01 2044 51,758,006 1.01
2017 35,773,741 1.04 2031 44,321,459 1.01 2045 52,394,566 1.01
2018 36,901,798 1.03 2032 44,809,964 1.01 2046 53,032,592 1.01
2019 37,830,882 1.03 2033 45,302,082 1.01 2047 53,672,574 1.01
2020 38,593,616 1.02 2034 45,828,037 1.01 2048 54,318,001 1.01
2021 39,273,045 1.02 2035 46,393,422 1.01 2049 54,972,984 1.01
2022 39,870,785 1.02 2036 46,985,885 1.01 2050 55,639,582 1.01
2023 40,395,131 1.01 2037 47,582,932 1.01
Table 6. Estimated Age Distribution for the year 2030
Age group Males Females Total Age group Males Females Total
0-4 1,786,454 1,763,542 3,549,996 50-54 1,191,761 1,209,377 2,401,138
5-9 1,684,474 1,671,482 3,355,956 55-59 1,110,907 1,141,677 2,252,584
10-14 1,623,148 1,611,148 3,234,296 60-64 1,038,950 1,081,742 2,120,692
15-19 1,581,622 1,570,774 3,152,396 65-69 970,236 1,027,884 1,998,120
20-24 1,550,742 1,542,368 3,093,110 70-74 846,134 914,087 1,760,221
25-29 1,522,352 1,521,820 3,044,172 75-79 647,021 716,264 1,363,285
30-34 1,495,496 1,498,618 2,994,114 80-84 396,561 454,407 850,968
35-39 1,451,938 1,456,439 2,908,377 85-89 172,710 208,950 381,660
40-44 1,374,841 1,380,470 2,755,311 90+ 0 0 0
45-49 1,289,667 1,298,038 2,587,705 TOTAL 21,735,014 22,069,087 43,804,101

125
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3.2. Comparing Survival Curves and MAPE

The various survival curves in Figures 1 and 2 were
plotted from empirical data computed from GSS 2010
empirical life tables for Ghana, WHO 2012 life tables for
countries in the world and from the estimated life table (Total

Population; Table 4) by using S(x) = i_’; .

Table 7. MAPE

GSS (2010)
11.25%

WHO(2012)
11.7%

MAPE

The Mean Absolute Percentage Error (MAPE) is
computed to find the error between the survival curves by

100 Y,—F,
N %| The lower the
t

using the formula MAPE = —=X 2./,
measure, the better the prediction (Fomby, 2008).

Table 8. MAPE

Estimated Life Tables and Mortality Model for Ghana

The survival curve of the estimated life table (Total
Population) is close to GSS 2010 curve for Ghana, and WHO
2012 curve for South Africa since they have comparatively
low MAPE values.

From Figures 1 and 2, one could observe that GSS and
WHO use omegas above 90 even though their curves show
high child mortality rates. This may contributeto higher life
expectancies from their life tables. Their omegas and life
expectancies are hardly realistic, particularly in developing
African countries where infant mortality happens to be high.
It would therefore be better if their omegas are reduced.

3.3. Distribution Fitting

The survival curves for the various probability
distributions were plotted from empirical values by defining
their parameters such that the ages range from 0 to 90. For
the De Moivre, w =90 (i.e. a uniform distribution with
a=0and b =90 ). For the exponential distribution,

Nigeria S.A. Morocco  U.S.A. UK. Japan 1 = 0.067. For the normal distribution, g =45and o =
MAPE 1837% 11.89% 22.01% 2933% 30.78% 31.73%  13.Forthe Weibull function, a =4 and g = 50.
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Table 9. MAPE

a0

a =045 a = 0.50 a = 0.55 a = 0.57 a=0.60 a=0.62 a=1
MAPE 7.33% 7.11% 7.97% 8.38% 9.54% 10.35% 49.70%
Survival probability, S(x) = li’ is the probability that ~could use the life tables (e.g. Table 4) to compute actuarial

lo
an individual survives from birth to exact age x.
De Moivre model: S(x) = w;x, for 0<x<w
Exponential model: S(x) = e ™ ,x = 0, where u > 0.
Normal distribution: S(x) =1— @& (%),
—oo < x<oanda>0.
Weibull distribution: S(x) = exp( (ﬁ) ),
a>0andf > 0.
Generalized (or Modified) De Moivre model:

_N\a
S(x)=(w x) ,0<x<wanda>0.

[0

The Modified De Moivre appears to fit better to the
estimate than all the other distributions, and when a = 0.5
the least error is observed.

Now, with an annual effective interest rate of 6%, one

values. (See Table 10)
Ay =TS vEYS, 5q, where x =k =0,5,..,w =5
and w = 90.

_ S(x+k)=S(x+k+5)
ks =7 5oy
v=>1+i)"1 and i = 6%.
"=1_dAx ’ djl_dz
PA)=P="=1

A, represents actuarial present value for a discrete whole
life insurance policy, d@ is the actuarial present value for a
discrete whole life annuity policy and P is the whole life
benefit insurance premium; for life age x.i is the annual

effective interest rate, d the annual effective discount rate
and v the discounting factor. ,q, defines the probability
5

, Where
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that a life aged x is expected to survive the next 5 years
and then dies within the following k years. Note that
annual benefits are taken as GHS$1 (that is b, =1 for

Estimated Life Tables and Mortality Model for Ghana

Appendix

Table Al. Parameters of Leslie matrix (see Figure 1)

A, = Z;‘f;é‘_s by vk+s k/59x ) and the selection of 6% annual Age group i Sim F; Sir Fir
effectwe rate of interest is arbitrary, though common in 0-4 0 0.961 0 0.966 0
literature.
5-9 1 0.983 0 0.983 0
Table 10. Actuarial Values 10-14 P 0.990 0.001 0.990 0.001
Age S(x) A, i P 15-19 3 0.987 0.026 0.988 0.027
0 1 0.097669 15.94118 0.006127 20-24 4 0.981 0.147 0.986 0.143
5 0.9517 0.086614 16.13649 0.005368 25-29 5 0.980 0234 0.983 0.225
10 09245 0.089869 1607898 0.005589 30-34 6 0.978 0.28 0.980 | 0273
15 09047 0101012 1588213 0.006360 35-39 ! 0973 | 0222 | 0975 | 0219
20 0.8824 0.113351 15.66414 0.007236 40-44 8 0969 0.18 0971 0.182
45-49 9 0.960 0.097 0.966 0.101
25 0.8577 0.127199 15.41949 0.008249
50-54 10 0.945 0.057 0.955 0.059
30 0.8317 0.144290 15.11754 0.009545
55-59 11 0.930 0 0.942 0
35 0.8045 0.165790 14.73771 0.011249
60-64 12 0.898 0 0.915 0
40 0.7748 0.192025 14.27423 0.013453 65-69 13 0.849 0 0.868 0
45 0.7413 0.223486 13.71841 0.016291 70-74 14 0.770 0 0.790 0
50 0.7055 0.263415 13.01300  0.020242 7579 15 0.654 0 0.677 0
55 0.6621 0.310147 12.18741 0.025448 80-84 16 0.477 0 0.504 0
60 0.6126 0.367772 11.16936 0.032927 . .
The age-specific survival rates (S and S;r values) were
65 0.5483 0432558 10.02481 0.043149 computed from the 2012 WHO life table for Ghana and the
70 0.4654 0.503818 8.76589 0.057475 age-specific fertility rates (Fy and Fjz ) were computed
7 03589 0577607 7 462274 0.077404 from 2010 GSS PHC report. The computations are shown in
’ ’ : ’ Tables A2 and A3, where n = 5.
80 0.2364 0.655299 6.089714 0.107608
Table A2. Matrix parameters (,p, values)
85 0.1151 0.747258 4.465106 0.167355
Female
Age(x) Male () aPx = Sim @) nPx = 9iF
. 0 100,000 0.961%* 100,000 0.966*
4. Conclusions
5 92,264 0.983 93,350 0.9831
The Leshej model has been used to generate life tables in 0 90.693 0.99 91.769 0.9896
an instance (i.e. the case of Ghana) where data that represent
stable population is not available. It has been found that 15 89,784 0.9865 90,818 0.9884
Ghana’s population will attain stability by the year 2030; 20 88,573 0.9809 89,765 0.9856
with an estlmated annual growth rate of 1.21percent. Life 5 86,878 0.9798 88476 0.9826
expectancy will be 59 years; 58 years for males and 60 years
for females. Thus in the long run females in Ghana will live . 85,121 0.978 86,940 0.98
longer than their male counterparts. The life table is close to 35 83,245 0.9729 85,202 0.9749
that of some African countries, particularly South Africa, but 40 20.988 0.9686 33.060 0.9715
far from the developed non-Africa countries. Per the
generated life tables, Ghana’s mortality follows the Modified 4 78,446 0.9603 80,690 0.9662
De Moivre distribution with & = 0.5 and w = 90 years. 50 75,331 0.945 77,966 0.9551
Thus, S(x) — ’1 _9"_0 , 0 <x<90. 55 71,187 0.9301 74,469 0.9423
. . . 60 66,211 0.8978 70,172 0.9147
The Leslie model could be used to generate life tables in
regions or countries where data on births and deaths are 65 39,441 0.8486 64,184 0.8677
mostly inaccurate or unavailable. Actuaries, insurance 70 50,442 0.7704 55,691 0.7899
companies and academic institutions can use the Modified 75 38.859 0.6539 43.993 0.6773
De Moivr model for computing mortalities and thus all
¢ Moivre as a odel for computing mortalities and thus a <0 25410 04767 20.795 0.5038
actuarial values for Ghana.
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l, values were obtained from WHO 2012 life tables for
Ghana. Age 0 figures are adjusted. The rest follow the
x+n 120 88,573
nPx === . Example: spy5 =70=t0 =
0.9865, for males. Note that values have been rounded to 3
decimal places in Table Al.

formular

Table A3. Children ever born (CEB) and m, values

Males Females
Age (x) CEB mx * mx CEB mx * mx

0 0 0 0 0 0 0

5 0 0 0 0 0 0

10 * 0.001* | 0.0005 * 0.001* | 0.0005
15 0.052 | 0.052 0.026 | 0.053 0.053 0.0265
20 0.346 | 0.294 0.147 | 0.339 0.286 0.143
25 0.813 | 0.467 | 0.2335 | 0.789 0.45 0.225
30 1.372 | 0.559 | 0.2795 | 1.334 0.545 0.2725
35 1.816 | 0.444 0222 | 1.771 0.437 0.2185
40 2.175 | 0.359 | 0.1795 | 2.135 0.364 0.182
45 2369 | 0.194 0.097 | 2.336 0.201 0.1005
50 * 0.114* | 0.057 * 0.118* 0.059

Entries of Ages 0, 5, 55 — 80 are all zeros. Children ever
born (CEB) values were obtained from GSS 2010 phc
analytical report (page 176). m,” values are computed
from the CEB values by subtracting preceeding CEB values
from succeeding values (thus CEB values are seen to be
cumulative values). Example: my,* = 0.346 — 0.052 =

0.294, for males. m, (Which is F;; or F;z) values are
adjusted (m,, = % m,"). Note that ages 10 and 50 values are
estimates.
Table A4. 2010 Age Distribution (Ghana)
Age Male Female Age Male Female
0 1,731,787 1,673,619 45 452,975 485,123
5 1,589,632 1,539,320 50 394,600 438,498
10 1,477,525 | 1,438,515 55 258,582 | 265,113
15 1,311,112 | 1,298,877 60 | 227,050 | 248,799
20 1,100,727 | 1,222,764 65 136,244 | 157,627
25 943,213 1,106,898 70 149,512 201,818
30 790,301 888,508 75 89,149 116,804
35 676,768 744,635 80 73,829 115,998
40 572,620 613,730 85+ 49,219 77,332

Source: Ghana Statistical Service (GSS), 2010 Population and Housing Census
(with adjustments at age 85+).
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