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ABSTRACT
Life expectancy is an important demographic indicator that is used for comparison
between different population groups. A life table is designed mainly to measure a life
expectation. Incompleteness of death registration is causing a problem to estimate the life
expectancy.
In this paper, we estimated the life expectancy for Gaza strip using population and
mortality data from the Ministry of Health. Estimation of the corrected life expectancy in
Gaza strip was conducted by correcting the incompleteness of death registration by Brass
growth balance method. By using Brass growth balance method the uncertainty interval
was much smaller than that computed without correcting underreporting. The estimate of
life expectancy at birth for the total population of Gaza strip in 2006 is about 1.41 year
higher than the estimation when correcting underreporting with Brass growth balance
method. It is about 2.2 year higher for males and only 0.35 year for females. It is found that
this difference is statistically significant for males and both sexes only.
Keywords:
Life expectancy - abridged life table - Brass growth balance method – crude
mortality rate - incompleteness of death registration.

ﺗﻘدﯾر ﻣﺗوﺳط اﻟﻌﻣر اﻟﻣﺗوﻗﻊ ﻓﻲ ﻗطﺎع ﻏزة ﺑﺎﺳﺗﺧدام طرﯾﻘﺔ ﻣﯾزان ﻧﻣو ﺑراس
اﻟﺪﻛﺘﻮر ﻋﺒﺪاﷲ ﻣﺤﻤﺪ اﻟﻬﺒﻴﻞ
ﻗﺴﻢ اﻹﺣﺼﺎء اﻟﺘﻄﺒﻴﻘﻲ
ﺟﺎﻣﻌﺔ ﻏﺰة ﻓﻠﺴﻄﲔ

اﻟﻣﺳﺗﺧﻠص
ﯾﻌﺗﺑ ر ﻣﻘﯾ ﺎس ﻣﺗوﺳ ط اﻟﻌﻣ ر اﻟﻣﺗوﻗ ﻊ ﻣؤﺷ ر دﯾﻣ وﻏراﻓﻲ ﻣﮭ م ﯾ ﺳﺗﺧدم ﻟﻠﻣﻘﺎرﻧ ﺔ ﺑ ﯾن
 وﻗ د ﺻ ﻣﻣت ﺟ داول اﻟﺣﯾ ﺎة ﺑﺎﻻﺳ ﺎس ﻟﺗﻘ دﯾر ﻣﺗوﺳ ط اﻟﻌﻣ ر،اﻟﻣﺟﻣوﻋ ﺎت اﻟ ﺳﻛﺎﻧﯾﺔ اﻟﻣﺧﺗﻠﻔ ﺔ
. ﻓﻲ ﺣﯾن أن ﻋدم اﻛﺗﻣﺎل ﺗﺳﺟﯾل اﻟوﻓﯾﺎت ﯾﺗﺳﺑب ﻓﻲ ﻋدم دﻗﺔ ﺗﻘدﯾر ھذا اﻟﻣﻘﯾﺎس،اﻟﻣﺗوﻗﻊ
٢٠٠٦ ﺗ م ﺗﻘ دﯾر ﻓ ﻲ ھ ذه اﻟورﻗ ﺔ اﻟﺑﺣﺛﯾ ﺔ ﻣﺗوﺳ ط اﻟﻌﻣ ر اﻟﻣﺗوﻗ ﻊ ﻓ ﻲ ﻗط ﺎع ﻏ زة ﻟﻠﻌ ﺎم
 ﺛ م ﺑﻌ د ذﻟ ك ﺗ م ﺗ ﺻﺣﯾﺢ ﻋ دم،ﺑﺎﺳﺗﺧدام ﺑﯾﺎﻧﺎت اﻟﺳﻛﺎن واﻟوﻓﯾﺎت ﻣ ن وزارة اﻟ ﺻﺣﺔ ﻓ ﻲ ﻓﻠ ﺳطﯾن
٢٠١١/١٠/٤ ﺗﺄرﻳﺦ ﻗﺒﻮل اﻟﻨﺸﺮ

٢٠١١/٦/٢ ﺗﺄرﻳﺦ اﺳﺘﻼم اﻟﺒﺤﺚ

Estimation life expectancy in Gaza Strip …

[10]

 وﻣن ﺛم ﻗدرﻧﺎ ﻣﺗوﺳط اﻟﻌﻣر اﻟﻣﺗوﻗﻊ،اﻛﺗﻣﺎل ﺗﺳﺟﯾل اﻟوﻓﯾﺎت ﺑﺎﺳﺗﺧدام طرﯾﻘﺔ ﺑراس ﻟﺗوازن اﻟﻧﻣو
 ﺣﯾث وﺟدﻧﺎ أن ﻓﺗرات اﻟﺛﻘﺔ ﻟﻣﺗوﺳط اﻟﻌﻣر اﻟﻣﺗوﻗﻊ أﺻﻐر ﺑﺷﻛل ﻣﻠﺣوظ ﺑﻌد اﻟﺗﻌ دﯾل ﻋﻧﮭ ﺎ،اﻟﻣﻌدل
٢٠٠٦  وﻛذﻟك اﺗﺿﺢ ﻟﻧﺎ أن ﺗﻘدﯾر ﻣﺗوﺳط اﻟﻌﻣر اﻟﻣﺗوﻗﻊ ﻟﺳﻛﺎن ﻗطﺎع ﻏ زة ﻓ ﻲ اﻟﻌ ﺎم،ﻗﺑل اﻟﺗﻌدﯾل
٠.٣٥  ﺳﻧﺔ ﻓﻲ ﺣﺎﻟﺔ اﻟ ذﻛور و٢.٢  ﺣﯾث أﻧﮫ ﯾزﯾد، ﺳﻧﺔ ﻗﺑل اﻟﺗﻌدﯾل ﻋﻧﮫ ﺑﻌد اﻟﺗﻌدﯾل١.٤١ ﯾزﯾد
 واﺗ ﺿﺢ ﻣ ن ﺧ ﻼل اﻻﺧﺗﺑ ﺎر اﻹﺣ ﺻﺎﺋﻲ أن ھ ذا اﻻﺧ ﺗﻼف ﺑ ﯾن اﻟﺗﻘ دﯾرﯾن ھ و.ﺳﻧﺔ ﻓﻲ ﺣﺎﻟﺔ اﻹﻧﺎث
.اﺧﺗﻼﻓﺎ ﻣﻌﻧوﯾﺎ ﻓﻲ ﺣﺎﻟﺔ اﻟذﻛور وﻛﻼ اﻟﺟﻧﺳﯾن ﻓﻘط
:اﻟﻛﻠﻣﺎت اﻟﻣﻔﺗﺎﺣﯾﺔ
. ﺟداول اﻟﺣﯾﺎة-  طرﯾﻘﺔ ﻣﯾزان ﻧﻣو ﺑراس- ﻣﺗوﺳط اﻟﻌﻣر اﻟﻣﺗوﻗﻊ
Estimation life expectancy in Gaza Strip using
Brass growth balance method
1. Introduction
Life expectancy is an important demographic indicator that is used
for comparison between different population groups. It is defined as the
average of years a cohort of people might expect to live according to the
current age-specific mortality rates. By using World Health Organization
(WHO) definition (2003), “life expectancy is average number of years that a
newborn is expected to live if current mortality rates continue to apply".
Life expectancy is one of three indicators adopted by United Nations
Development Programme (UNDP) 1990 to determine the status of human
development in the particular country.
Countries are often interested in calculating life expectancy, as to the
significance of this demographic indicator in the formulation of health
policy in the country, the life tables is one of the most important tool of
calculating the life expectancy. Many researchers have focused on life
expectancy; Pourmalek and others (2009) estimated the life expectancy for
2003 for 23 provinces in Iran, using population and mortality data from the
Ministry of Health and Medical Education. The underreporting of deaths
above 4 years was corrected using the Brass Growth Balance method; they
estimated life expectancy at birth to be 71.56 years for the total population.
Their estimates were higher than the model-based estimates of the Statistical
Centre of Iran, United Nations agencies and the World Bank. Abdalla and
Shaheen (2007) proposed a study paper on completeness of adult death
registration in Sudan in 2002. They used Brass Growth Balance method.
Partial birth and death rates were calculated from registered deaths in 2002
and total mid-year population projections. Linear regression of partial birth
rates and partial death rates was used to calculate the completeness of death
registration. The analysis showed that only 4.4% of deaths were registered
and registration completeness was more for male deaths (6.5%) than for
female deaths (2.8%). Beaie (2008) done a working paper about mortality in
Guyana, it was produced by Bureau of Statistics, he calculates the age
specific death rates, and construct a life table for Guyana. He concludes that
a new born baby boy and girl in Guyana are expected to life up to 63.36 and
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68.96 respectively. Habib Ullah and Zafar (2003) did a study about
estimation of infant and child mortality. Abridged life table for both sexes,
separate for males and females have been constructed to study the mortality
pattern at different ages, they found that the level of infant and child
mortality are still very high in Pakistan, life expectancy at birth still low
compared to many developing countries. Milanović and others (2006)
examined the differences in life expectancy and mortality between the
populations on Croatian islands and the mainland and among the islands
themselves, they used life table and standardized mortality rates to analyze
data on population size and mortality collected in Croatia in 2001. The
analysis shows that life expectancy at birth of the population on Croatian
islands was 76.4 year, which was significantly higher than life expectancy at
birth of general Croatian population which was 73.8 year, or mainland
Croatian population which was 73.7 year. Traditionally, demographic
estimation has been based on data collected by censuses and by a vital
registration system. A continuous registration system usually has the task of
recording vital events (deaths), Assuming that, both the registration of vital
events and the census counts were perfect, demographic parameters
specially life expectancy could be estimated directly from the data reported.
Some of the possible deficiencies of a vital registration system, where it
exists at all, may be outlined. The main deficiency is its failure to record all
data of deaths. Incompleteness of death registration is causing a problem of
estimating the life expectancy, therefore we will find away to estimate the
life expectancy for people in Gaza strip using Ministry of Health (MOH)
death registration by using abridged life table after making correction
for the incompleteness of deaths by brass growth balance method.
Therefore, the research problem is:
By using real data, how can we apply a statistical method for estimating
the corrected life expectancy?
The paper is organized as follows: Section 2 recalls definitions, Section
3 data analysis. Section 4 concludes.
2. Definitions
Here, we will give an overview of some definitions are related to
life expectancy.
Life expectancy
Life expectancy is defined as the average of years a cohort of people
might expect to live according to the current age-specific mortality rates.
Life expectancy is using for comparison between countries, and socioeconomic levels. It represents the average life span of a newborn and is an
indicator of the overall health of a country (UNDP, 1990). Life expectancy
reflects the overall mortality level. Life expectancy is declining due the
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events that occur on the country like famine, war, disease and poor health
(Habib, 2007). Life expectancy is the main outcome measure of life table
analysis.
Life table
Life tables models are widely using in demographic studies, mainly in
the measurement of mortality. Where is the main entry to life tables are the
variable of deaths and the variable of age. Life table is illustrating several
statistical issues. It is principally designed particularly to measure the level
of mortality of the population involved and life expectation (Siegel and
Swanson, 2004). It is a fictitious pattern reflecting the mortality experience
of a real population during the interval of age. It is an effective means of
summarizing mortality and survival experience of a population and is a
sound of basis for making statistical inference about the specific population
under the study (UN, 1980). It is based on probabilities of dying, the
probability that an individual alive at age x dies before reaching his or her
next birthday (age x + 1). Keyfitz and Caswell (2004) state that the
probability of surviving from birth to age x is designated as l(x) for a
continuous function of x and as lx for discrete x, it most commonly starting
with fixing number 10,000 or 100,000 which is called a radix. There are two
kinds of life tables exist, called cohort and current life tables: The cohort life
table which describes the actual survival experience of a group or cohort of
individuals born at about the same time. It is generated from cumulative
data of survival times from the birth of the first member of a population
until the death of the last member. And the current life table which is
derived from current mortality data of specific population, it is an excellent
description of mortality in a year (complete life table) or a short period
(abridged life table). An abridged life table is based on a sequence of age
intervals of any chosen length, 5 or 10 years of age for most of the age
range. Demographers usually prepare the simpler abridged life table rather
than the more elaborate complete life table.
Incompleteness of death registration
In many development countries mortality measures and the analysis of
the death statistics depend on the availability of appropriate population data
from a census, or population estimates. The registration of deaths may be
incomplete because of failure to cover the entire geographic area of the
country or all groups in the population and failure to register all of the vital
events in the established registration area. Demographers suggested methods
to solve this problem. One of these methods is Brass growth balance
method.
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Brass growth balance method
The simplest way of calculating mortality rates is by using the data on
deaths and age from vital registration system, but the reported death is
usually underestimate of the real death rate. With underreporting of death
we fall in a problem with a bias estimate of life of expectancy because the
survival function lx will fall slowly as age increase (UN, 1983).
Brass (1975) proposed the Growth Balance method, this method is based on
the stable population equations.
N(x)
D* (x+)
(2.1)
=r+
N(x+)
N(x+)
Where N(x) is the number of persons of exact age x; N(x+) is the total
number of persons aged x and over, D*(x+) is the total number of deaths at
age x and over, and r is the growth rate. N(x)/N(x+) can be interpreted as a
"birth rate" for the population aged x and over, and D*(x+)/N(x+) is the
"death rate" corresponding to the same population, r(x+) denotes to the
growth rate for population aged x and over.
Brass estimates the completeness of death recording and provides an
actual adjustment factor for the deaths relating between the N(x)/N(x+) and
D*(x+)/N(x+) (Hill, 2001).
If deaths are reported with completeness C(x) of registration at age x
and over, assumed constant by age at least over age 5, so D*(x+) =
D(x+)/C(x), here D(x+) is the reported deaths at ages x and over. If we
replace constant c with C(x), let K = 1/c, then, K here refers to correction
coefficient for deaths registered, so the equation (2.1) will be
N(x)
D(x+)
= r+K
(2.2)
N(x+)
N(x+)
Where N(x) is the population at an age x during the course of year under
consideration, when the total of population is the classified by n years of
ages, so N(x) can be estimated as
N + N
N(x) = n x-n n x
2* n
N(x+) is the total number of persons aged x and over, and D(x+) is the
total number of deaths after an exact age, so if the data is classified by n
years of age groups, then
A-5

N(x+) = ∑ n N j + N(A+)
j=x

A-5

D(x+) = ∑ n D j + D(A+)
j=x

Where N (A+) is the number of persons in the last open ended age
group, and D (A+) is the deaths in the open ended age interval A and over.
From equation (2.2) the relationship between the entry rate or birth rate and
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reported death rate is linearity. To display the relation graphically by
plotting D(x+)/N(x+) and N(x)/N(x+), there are many methods to fit a line
defined by points [N(x)/N(x+), D(x+)/N(x+)] such as least square method
(LS) (UN, 1983).
3. Data analysis
We will start with the data requirements to generate the life table, and its
functions and then estimates the completeness of death registration using the
Brass growth balance method.
The main data sources in the generation of the life tables are the deaths
and the population data.
To construct an abridged life table, the data used was estimated
population data in 2006 based on 1997 census conducted by Palestinian
Central Bureau of Statistics (PCBS), and registered deaths available in the
Ministry of Health (MOH) through the vital registration system by age and
sex. The source of these data is from the electronic version of the Statistical
Health Reports (Annul Report 2006) [http://www.pcbs.gov.ps]. The data are
derived from sets of tables: population by age and sex, and deaths by sex
and age. The live population data are available by 5-year age group with the
exception of age 80 and above. The death data were divided into five-year
age categories running from 0-4, 5-9, and so on, up to the age category of 80
and more. Stats direct statistical Software was used to perform and generate
life tables functions.
Table 1
Distribution of population and Deaths by gender and age group in Gaza
strip (2006)

Number of deaths is based on information from all death certificates
which was reported in Gaza Governorates. Table (1) shows the distribution
of the deaths by gender and age group (each group contains of five-year age
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groups except 80+, start from 0-4 group and end with up to 80), 4806
persons died in Gaza strip (2659 males, 2147 females), out of them 21
people died and misreporting their age (14 male, 7 female).
The population of the 5 provinces of Gaza strip in 2006 was 1,443,814
persons, the crude mortality rate was 3.33 per 1000, Mortality rates for
children under 5 years 4.51 and 3.40 per 1000 for male and female
respectively, the death rate of a particular age group is referred as an age
specific death rate. It is derived by dividing the total deaths in each age
group by the corresponding total population in the same age group.
Abridged life tables for both sexes, separate for males and females have
been constructed to study the mortality pattern at different ages according to
registered death and adjusted death. The key step of life table construction is
the derivation of nqx, the probability of dying, which shows the proportion
of a cohort alive at the beginning of an indicated age interval, who will die
before reaching the end of that age interval.

Table 2
Abridged Life Table Based on Registered Deaths and Population
Distribution for Gaza Strip, males: 2006
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Table 3
Abridged Life Table Based on Registered Deaths and Population
Distribution for Gaza Strip, females: 2006

Table 4
Abridged Life Table Based on Registered Deaths and Population
Distribution for Gaza Strip, both sexes: 2006
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Calculating nqx
The symbol nqx represents the conditional probability that a member of
the life table cohort who is alive at age x dies before age x+n. In symbols,
P (death before age x + n | alive at age x) = nqx = ndx / lx
ndx is the number out of the artificial cohort die within the indicated age
interval (x to x + n)
lx is the number out of the artificial cohort alive at age x
The relationship between nqx and nmx can be determined by the
following equation
(WHO, 1980)
mx
n
q =
(3.1)
n x
1
+ 0.5 * n m x
n
d
D
m x = n x = n x =n M x
n
Lx
P
n
n x
Where n is the length of the interval, nmx is the age-specific death rate in
the life table population, nMx is the death rate in the interval, nLx The total
number of years lived during the indicated age interval, nDx is the observed
number of deaths in age interval (x to x+ n), nPx is the For example,
according to registered death nq4 is the proportion of male dying between
exact age 0 and 4, by using equation (3.1), an estimate of child mortality for
males is
0.0045
= 0.0223
n q4 =
1
+ 0.5 * 0.0045
5
This means that, out of every 10,000 males born, 223 will die before
reaching their 4th birthday. And so on the nq29 the probability of male dying
between exact age 25 and 29 is
0.0025
q =
= 0.01246
n 29
1
+ 0.5 * 0.0025
5
Similarly, an estimate of child mortality for female is
0.0034
q =
= 0.0168
n 4
1
+ 0.5 * 0.0034
5
This means that, out of every 10,000 females born, 168 will die before
reaching the 4th birthday, (see columns 3 in tables (3.2) to (3.4)).
The graphical features of these probabilities are illustrated in figure (3.1),
and are seem to depict a concave pattern.
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Figure 1
Plot of probabilities of death, Gaza Strip, 2006
probabilities of dying can be applied to census or survey population age
distributions to derive an estimated mortality. For instance, in table (1), the
male population in age group, 20-24 years is 64,243 persons, but the
corresponding probability of dying shown in table (2) is 0.01659. Applying
this rate to the population means that, out of those who are alive and passing
through 20-24 years, about 1066 will die before reaching their 25th birthday,
while 63,177 will survive to celebrate the 25th birthday.
Calculating the variance of nqx
To calculate a variance of the probability of dying we will use the
equation which obtained according to Chiang's method (1968).
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q 2x *(1 − n q x )
Var( n q x ) =
= Var( n p x )
(3.2)
Dx
n
By using equation (3.2), the variance of the probability of male dying
between exact age 0 and 4 is
q 2 *(1 −5 q 4 ) 0.02232 *(1 − 0.0223)
Var( n q 4 ) = 5 4
=
= 7.683E − 007
D4
633
5
And so on the variance of the probability of male dying between exact
age 15 and 19 is
q 2 *(1 −5 q19 ) 0.01182 *(1 − 0.0118)
Var( n q19 ) = 5 19
=
= 7.0202E-007
D19
196
5
Similarly, the variance of the probability of female dying between exact
age 0 and 4 is
q 2 *(1 −5 q 4 ) 0.01682 *(1 − 0.0168)
5 4
=
= 6.0937E − 007
Var( n q 4 ) =
D4
457
5
And at the same age interval for both sexes the variance of the
probability of dying is
q 2 *(1 −5 q 4 ) 0.01962 *(1 − 0.0196)
=
= 3.4553E − 007
Var( n q 4 ) = 5 4
D4
1090
5
Estimation of life expectancy ex
The expectation of life at age x, (ex-value) summarizes life table survival
in terms of mean additional years of remaining lifetime from age x. This
mean value is calculated just like any mean value. It is
n

total person-years lived beyond age x Tx
=
(3.3)
number of persons of age x
lx
Where Tx is a total time lived beyond age x by all individuals who are
age at x. The value Tx is the sum of the total person-years-at-risk lived in
each age interval starting at age x.
In symbols,
Tx = L x + L x +1 + L x + 2 + ….. L w
(3.4)
w denote to the lower boundary of the upper age group.
L x = 5 * ( l x + n d x ) + 0.5*5* n d x
(3.5)
The accumulated time lived, Tx, is primarily a computational step in the
life table construction.
To calculate a life expectancy we need at first find to Tx and Lx, by
using equation (3.4) and equation (3.5) we will get values of Tx and Lx in
the abridged life tables (see columns 8,9 in tables (3.2) to (3.4)).
So the estimation of life expectancy for males at birth is
ex =
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T0
7371190
=
= 73.71
l0
100000
The estimation of life expectancy for females at birth is
T
7530540
e0 = 0 =
= 75.31
l0
100000
And the estimation of life expectancy for both sexes is
T
7391252
= 73.91
e0 = 0 =
l0
100000
The value of life expectancy is rounded to one or two decimals
according to the size of the population and the accuracy of the original data.
e0 =

Calculating the variance of ex
According to Chiang's (1984) the variance of life expectancy is
w −n

Var(e x ) =

2
∑ la [ ea + n + 2.5]

2

a=x

Var(n p a )
(3.6)
l2 x
where w denotes the final age interval.
By using equation (3.6) the variance of the life expectancy at 65 for males is
2
∑ la [ ea+5 + 2.5]
75

2

Var(e65 ) = a=65
Var(5 pa ) = 1*(2.5 +15.93)2 *(0.000102) +
(75188.604)2

(

65328.02 2
51875.978 2
) *(2.5 +14.41)2 *(0.000153) + (
) *(2.5 +15.25)2 *(0.000324) = 1.11615
75188.604
75188.604

And similarly, we can calculate the variance of ex at any interval of age.
(See columns 11 in tables (2) to (4)).
Estimation of uncertainty limits
One important use of the standard error of a life expectancy is to
determine boundaries of the uncertainty intervals (UI), UI provides explicit
characterizations of the precision around estimates derived from limited
information sources. By using Chiang's variance estimate the 95% UI can be
calculated by using the equation:
e x ± Z α *SE e
(3.7)
2

Where as Z is normal deviate, and α is the probability of normal deviate
being greater than |Z|. It is customary to select α = 0.05, hence Z = 1.96.
So 95% UI for life expectancy at birth for both sexes to first class is
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73.91 ± 1.96 * Var(e x ) = 73.91 ± (1.96 * 0.0370) = (73.54, 74.29)
Table (3.5) shows an estimate of child mortality for Gaza strip is 20
deaths for every 1000 children under 5 years. The estimate of child
mortality for male and female were 22.3 per 1000 and 16.8 per 1000
respectively. Life expectancy was 73.9 years, while it was 73.7 for males
and 75.3 for females.
Table 5
Estimate of child mortality per 1000 and life expectancy at birth for
Gaza strip, 2006
Child mortality (0-4) years
Life expectancy
95 % C.I

Total
19.6
73.9
73.54 - 74.29

Male
22.3
73.7
73.04 – 74.39

Female
16.8
75.3
74.84 - 75.77

Correction for the under-reporting of deaths
The simplest way of calculating mortality rates is by using the
information on deaths by age produced by a vital registration system,
However registration of deaths in many developing countries is often
incomplete, and even when reporting is adequate, information regarding age
is immediately inaccurate and the death rate implied by the reported deaths
is usually an underestimate of the true death rate. If deaths are
underreported, the survival function, lx, will fall too slowly as age increases
and estimates of life expectancy will be biased upward. Some methods of
adjustment are required to transform the reported death rate into a better
estimate of true mortality conditions. One of these methods is Brass growth
balance method.
Calculating partial birth rate
The calculation of the partial birth rate, N(x)/N(x+), where N(x) is the
population at an age x during the course of year under consideration, when
the total of population is the classified by 5 years of ages, and N(x+) is the
total number of persons aged x and over so
N(x) =

5

N x-5 +5 N x
10

(3.8)

And
75

N(x+) = ∑ 5 N j + N(80+)

(3.9)

j=x

Where as 5Nx is a population at exact age.
By using equations (3.8) and (3.9), N(20) and N(20+) for males can be
calculated as the following:
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5

N(20) =

[22]

N15 +5 N 20 82510 + 64243
=
=14675
10
10
75

N(20+) = ∑ 5 N j + N(80+ )
j=20

= 64243 + 51040 + 40706 + ......... +2287 = 289642
N(40) for female will be
N + N
31546 + 26863
N(40) = 5 35 5 40 =
= 5841
10
10
75

N(40+) = ∑ 5 N j + N(80+ )
j=40

= 26863 + 20030 + 15061 + ......... +3049 = 104180
And similarly by using the same equation, we can obtain all values for
males, females, and both sexes of age x up to 80.
By using the values obtained the partial birth rates N(x) / N(x+) will be
calculated. (See columns 4, 5, 8 in tables 3.6 to 3.8).
Calculating partial death rate
Partial death rate calculated as the ratio of deaths ages x and over to the
population of the same ages. To calculate, D(x+) / N(x+), we need to
calculate D(x+) is a total number of deaths after an exact age.
75

D(x+) = ∑ 5 D j + D(80+)

(3.10)

j= x

So D(20+) for male can be calculated by applying equation (3.10)
75

D(20+) = ∑ 5 D j + D(80+) = 215 + 128 + ..... + 224 + 150 = 1710
j=20

D (40+) for female will be
75

D(40+) = ∑ 5 D j + D(80+) = 36 + 43 + 59 + .... + 244 + 436 = 1462
j=20

And similarly by using the same equation, we can obtain all values
for males, females, and both sexes of age x up to 80.
By using the values obtained the partial death rates D(x+) / N(x+)
will be calculated. (See columns 5, 6, 7 in tables (6) to (8)).
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Table 6
Correction for the under-reporting of deaths of above 4 years age
group, males in Gaza strip (2006)

Table 7
Correction for the under-reporting of deaths of above 4 years age
group, females in Gaza strip (2006)
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Table 8
Correction for the under-reporting of deaths of above 4 years age
group, both sexes in Gaza strip (2006)

Adjustment of death rate
This technique estimates the completeness of reporting of deaths over
age 5 years in relation to information on population (Brass, 1975). It
compares the distribution of deaths in relation to the distribution of
population, both by age.
Fitting a line by using least square (LS) method provides a best fit if the
data only affected by random error. But real populations often diverge from
the ideal conditions for applying this technique. Populations usually are not
precisely stable, there is often age misreporting of the population and of
deaths, and there is often differential completeness in the registration of
population and of deaths by age, therefore demographers suggested another
technique, separating the points into two groups, computing the average
birth rate and death rate in each, and then fitting a straight line to the pairs of
a points. The slope of the adjusted line would thus represent an average
adjustment factor for registered deaths.
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0.20
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Figure 2
Plot of partial birth rates against partial death rates, both sexes
Adjustment of both sexes death rate
For total population, examination of the points shown in figure (2)
suggests that there is diverge from linearity, therefore the points are divided
into two equally sized groups, one comprising points for ages ranging from
10 to 34, the other from 35 to 59. The average partial death rate for the 5 age
groups between 10 and 34 years (X1) is 0.00586 and the average partial
birth rate for the 5 age groups between 10 and 34 years (Y1) is 0.0493. The
average partial death rate for the 5 age groups between 35 and 59 years (X2)
is 0.0188 and average partial birth rate for these groups (Y2) is 0.0638,
therefore the slope of the fitted line is calculated according to the equation:
K =

(Y 2 −Y1 )
(0.0638 − 0.0493)
=
= 1.11
(X 2 − X 1) (0.0188 − 0.00586)

This adjusted number of deaths should be used to calculate the agespecific mortality rates. by multiplying the number of deaths by the
estimated adjustment factor for deaths. See column 9 in table (8)
The value of C implies that the completeness of death registration is
1
C =
= %90
K
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partial birth rate
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Adjustment of males' death rate
For males, examination of the points shown in figure (3) suggests that
there is diverge from linearity, therefore the points are divided into two
equally sized groups, one comprising points for ages ranging from 15 to 39,
the other from 45 to 69. The average partial death rate for the 5 age groups
between 15 and 39 years (X1) is 0.00701 and the average partial birth rate
for the 5 age groups between 15 and 39 years (Y1) is 0.0517. The average
partial death rate for the 5 age groups between 45 and 69 years (X2) is
0.0310 and average partial birth rate for these groups (Y2) is 0.0787,
therefore the slope of the fitted line is calculated according to the equation
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partial death rate

Figure 3
Plot of partial birth rates against partial death rates, males
(Y 2 −Y1 )
(0.0787 − 0.0517)
=
= 1.127
(X 2 − X 1) (0.0310 − 0.00701)
This adjusted number of deaths should be used to calculate the agespecific mortality rates, by multiplying the number of deaths by the
estimated adjustment factor for deaths. See column 9 in table (6)
The value of C implies that the completeness of death registration is
1
C =
= %88.7
K
K =

Adjustment of females' death rate
For females, examination of the points shown in figure (4) suggests that
there is diverge from linearity, therefore the points are divided into two
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equally sized groups, one comprising points for ages ranging from 5 to 44,
the other from 45 to 80 and up. The average partial death rate for the 8 age
groups between 5 and 44 years (X1) is 0.00710 and the average partial birth
rate for the 8 age groups between 5 and 44 years (Y1) is 0.0494. The
average partial death rate for the 8 age groups between 45 and 80+ years
(X2) is 0.0585 and average partial birth rate for these groups (Y2) is 0.1024,
therefore the slope of the fitted line is calculated according to the equation
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Figure 4
Plot of partial birth rates against partial death rates, females

K =

(Y 2 −Y1 )
(0.1024 − 0.0494)
=
= 1.032
(X 2 − X 1) (0.0585 − 0.00710)

This adjusted number of deaths should be used to calculate the agespecific mortality rates, by multiplying the number of deaths by the
estimated adjustment factor for deaths. See column 9 in table (7). The
value of C implies that the completeness of death registration is
1
C =
= %96.9
K
Estimation of life expectancy by corrected deaths
Applying abridged life table technique on the corrected deaths by using
brass growth balance method, Tables 3.10, 3.11 and 3.12 show abridged life
table based on corrected deaths and population distribution for Gaza Strip,
for males, females and both sexes respectively.
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Table (9) shows the point estimates and 95% uncertainty intervals (UI)
of life expectancy at birth for the Gaza Strip in 2006 by sex. Life expectancy
at birth was 72.5 years for the total population (95% UI: 72.14 to 72.87),
71.55 years for males (95% UI: 70.93 – 72.17), and 74.95 years for females
(95% UI: 74.49 – 75.42).
Table 9
Estimate life expectancy at birth for Gaza strip 2006
SEX
Male
Female
Overall

Life expectancy
71.55
74.95
72.50

95 % C.I
70.93 – 72.17
74.49 -75.42
72.14 - 72.87

The statistical test for differences
Statistical test for differences in life expectancy at age x between two
populations i and j is
e xi − e xj
(3.11)
z=
 (Var (e xi ) +Var (e xj )) 


The hypotheses are:
H0: There is no difference, H1: There is a significant difference
We can obtain the statistical for the difference between two methods in
estimate a life expectancy at birth by using equation (3.11).
The statistical test for the difference between two methods (before and
after the correction of deaths registration) in life expectancy at birth for
males is:
H0: There is no difference, H1: There is a significant difference
z =

73.71 − 71.55

[ 0.1187 + 0.10094]

= 4.61

The value of the test statistic exceeds the critical value of 1.96, so we
can conclude that this difference is statistically significant between the two
methods.
The statistical test for the difference between two methods in life
expectancy at birth for females is:
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H0: There is no difference, H1: There is a significant difference
z =

75.31 − 74.95

[ 0.0565 + 0.05561]

= 1.08

The value of the test statistic does not exceed the critical value of 1.96,
and then we can't conclude that the difference is statistically significant
between the two methods.

The statistical test for the difference between two methods in life
expectancy at birth for both sexes is:
H0: There is no difference, H1: There is a significant difference

z =

73.91 − 72.50

[ 0.0370 + 0.0343]

= 5.28

The value of the test statistic exceeds the critical value of 1.96, so we
can conclude that there is a statistical significant difference between the two
methods in life expectancy at birth for both sexes.
This was an evident and consistent finding of our study.
Table 10
Abridged Life Table Based on Corrected Deaths and Population
Distribution for Gaza Strip, male: 2006
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Table 11
Abridged Life Table Based on Corrected Deaths and Population
Distribution for Gaza Strip, female: 2006

Table 12
Abridged Life Table Based on Corrected Deaths and Population
Distribution for Gaza Strip, both sexes: 2006

[30]
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4. Conclusion
In this paper, we estimated the life expectancy of the population of Gaza
strip according to registered deaths in MOH. In life tables analysis based on
registered deaths the estimation of life expectancy for males at birth is 73.71
years with uncertainty limits (73.04 – 74.39), the estimation of life
expectancy for females at birth is 75.31 with uncertainty limits (74.84 75.77), the estimation of life expectancy for both sexes at birth is 73.91 with
uncertainty limits (73.54 - 74.29). The completeness of death registration for
males is (88.7%), the completeness of death registration for females is
(96.9%), and the completeness of death registration for both sexes is (90%).
The underreporting of deaths above four years was corrected using the Brass
growth balance method. According to corrected number of deaths, the life
expectancy at birth for males is 71.55 years with (UI 95% :70.93–72.17),
the life expectancy at birth for females is 74.95 years with uncertainty limits
(UI 95% 74.49 – 75.42), and the life expectancy at birth for the total
population is 72.50 years with (UI 95%:72.14-72.87). By using Brass
growth balance method the uncertainty interval was much smaller than that
computed without correcting underreporting. The estimate of life
expectancy at birth for the total population of Gaza strip in 2006 is about
1.41 (73.91 minus 72.5) year higher than the estimation when correcting
underreporting with Brass growth balance method. It is about 2.2 year
higher for males and only 0.35 year for females. It is found that this
difference is statistically significant for males and both sexes only.
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