Estimation Hazard Function of the Survivor Function in Life Table for Kurdistan region by MICS4 Survey 
    Abstract:
In this paper we are estimating  the survivor function and Hazard function of  from the constructing   life table of Kurdistan region by using the method empirical survivor function (ESF) and using the  estimate Empirical Cumulative Hazard Function from analyses the data of Survey MICS4-Iraq (2012) and mortality statistics with population estimates based on the 1977 decennial census of Iraq, on data prior to 1977 are abridged life table constructed by reference to standard table  and for results from this Survey and found  the overall expectancy of  life for both sex (70.6) in ages (1-4) of Kurdistan region, the high probability of surviving equal (0.99339) in ages (15-19), the variance in survivor  function  is less than from variance of hazard function in all ages, especial less variance in ages (15-19) and age(10-14) and note the variance of hazard function increasing at ages (less than one and +50)with mean of life time of hazard function λ(t) is high in ages (less than 5 and  +50) exactly after the ages (+70) the mean (λ (t )) is very high.

this research is analyses by using SPSS Package v22. and Excel Software.
Keywords:
Life expectancy • survival • death rates• abridged life table• Hazard Function •product-limit(PL).
1. Introduction:

There are two types of life tables: the cohort (or generation) life table and the period (or current) life table. The cohort life table presents the mortality experience of a particular birth cohort—all persons born in the year 1900, from the moment of birth through consecutive ages in successive calendar years. Based on age-specific death rates observed through consecutive calendar years, the cohort life table reflects the mortality experience of an actual cohort from birth until no lives remain in the group. To prepare just a single, complete cohort life table requires data over many years.

It is usually not feasible to construct cohort life tables entirely on the basis of observed data for real cohorts due to data unavailability or incompleteness .The period life table may thus be characterized as rendering a  snapshot of current mortality experience and shows the long-range  implications of a set of age-specific death rates that prevailed in a given year. In this report, the term “life table” refers only to the period life table and not to the cohort life table. Life tables can be classified in two ways, according to the length of the age interval in which data are presented. A complete life table contains data for every single year of age. An abridged life table typically contains data by 5- or 10-year age intervals. A complete life table can easily be aggregated into 5- or 10-year age groups.

The aim of the paper is using application to construction  abridged life table and estimation Hazard Function of the Survivor Function from the life table and find the variance  and mean of Exponential distribution.

 2: Methodology:
2.1: The abridged life table

Let us use the notation 
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 for deaths in a life table between the age of x and  x+n. Then 
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The number of years that the life table population lives between the ages of x and x+n is equal to the years lived by those that survive to the end of the interval 
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 plus the years lived by those that die in the interval 
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 is the proportion of the interval lived by those who die in it.
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For all ages over 5, we can assume that the deaths are distributed evenly over the interval, so that (3) simplifies to
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For ages at the beginning of the life table, it is not a realistic assumption that deaths are spread out evenly over the interval; they are concentrated at the beginning of the interval. For age 0 we frequently use 
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The exact values of 
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for each individual age between 0 and 4, or for the interval from 1 to age 5,varies by sex and by pattern of mortality. For countries where the statistics are reliable these values have been calculated and are applied in a standard fashion. The same applies for 
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person years lived after the open age group, say person-years lived above the age of 85.
The mortality rate between x and x+n, is equal to:
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All person-years lived after the age of x is equal to 


[image: image26.wmf]x

x

n

x

L

T

å

=

v



… (5)

and the expectation of life after the age of x is:
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2.2 The life table in single years

Imagine that we would have a birth cohort in single year of size 100,000, and that we would follow them through life. The number of survivors at birth, or age 0, is 
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 EMBED Equation.3  [image: image32.wmf]0

1

D

. Similarly 
[image: image33.wmf]1

1

1

2

D

l

l

-

=

 or in general terms


[image: image34.wmf]x

x

x

D

l

l

1

1

-

=

+

                                           … (7) 

This is the so called survivorship function of the life table.

The probability that somebody of this hypothetical cohort dies between the age of o and the age of 1 is 
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.This is the infant mortality rate. The probability that a person in this cohort dies between the age of 1 and 2 is 
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Let us assume that on average a person lives half a year after the birthday in his year of death. For example people who reach the age of 65 but die before their 66th birthday are assumed to live on average until age 65 ½. That implies that their deaths are distributed more or less evenly over the age interval. For most ages this is a fairly realistic assumption. Let us also assume that all people die before the age of 100.

The total number of years lived by this cohort from birth, is equal to the number that survived to the age of 1, plus the number that survived to age 2, plus the number that survived to age 3.. all the way up until the number that survived to the age of 98, 99, and finally by the time we have reached the age of 100 all have died. We can then estimate the total number of person-years lived after the age of  0 (less than one year), 
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 and in general terms we can say by approximation that 
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is the last age lived by the oldest person in the cohort. The life expectancy of a person that survives to age x, is equal to the person years lived after x, divided by the number of those that survive to age x. This number of person years is equal to those of the survivors to each consecutive age x which is 
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 plus the person years lived by those who die in each interval, for which we have to add ½ a year according to the assumption that we made.
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The life expectancy at age 0 (less than one year) (
[image: image50.wmf]0

e

)for a given calendar year, is the average age a person can expect to reach if exposed to the mortality conditions in that year. Similarly 
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is the number of years a person that reaches the age of 1 can expect to live after that age, 
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is the number of years lived after the 2nd birthday, and in general terms 
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is the average number of years a person can expect to live after reaching his x-th birthday. Life expectancies at age x are calculated by diving person-years lived after age x, by the number of persons in the hypothetical cohort that reach this age.

We have now explained the meaning of four life table functions: the survivor function, deaths in the life table, probabilities of dying and the life expectancy. Next session we will continue with the subject of the life table, including the mortality rate
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, giving the expressions used in the abridged life table that is in conventional five year age groups.

3.2: Hazard function, h(t), through statistical lenses

      Let F(t) denotes cumulative distribution function (c.d.f.) , 

0 ≤ F(t) ≤ 1

In our case, t is time and F(t) is cumulative probability of an event up to time t.  The longer the follow up time, the greater is the probability that the event will happen.  In other words, c.d.f. is simply the "cumulative incidence" (for incident events) or a proportion.

Let S(t) = 1 – F(t).  Evidently, 
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is the survival probability: 

the probability that the event will not happen until time t.

If we take the first derivative of a cumulative distribution function, we get the probability density function (p.d.f.). Let’s call it f(t).  

F'(t) = dF/dt = 
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which is 1/time (or time-1). the hazard is not a probability, It is counts per time(which is rate).Some people call it "probability rate".

all of this was generic.  We have nothing specific until we make an assumption about 
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One possible function is exponential.(known from draw the graphs.)
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λ is a constant, but we don’t know yet what it means.  The function behaves reasonably, however: When t tends to 0, 
[image: image61.wmf])

(

t

F

 tends to 0, as it should: the cumulative probability of the event is small.  When t tends to infinity, F(t) tends to 1: the event will happen, “eventually

Now, derive 
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So, we discovered that λ in 
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, as defined above, is what we called the hazard. but he starts from the hazard and moves to the other functions. that the c.d.f. is the best starting point, pedagogically. From c.d.f. we get to p.d.f. and then to hazard.

There are other hazard functions that are not constant: 

Exponential: 
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Gompertz:
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Weibull:
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If we allow for predictors, and define log 
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Exponential:  log 
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 log 
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4.2: The Empirical Cumulative Hazard Function


The cumulative hazard function is defined as :
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Where 
[image: image79.wmf])

(

ˆ

t

S

 is properties of the product- limit estimate (PL) to estimate of the survivor function for possesses several desirable large-sample properties, this also provides a nonparametric estimate of survivor or distribution function for the life distribution under study and the first discussed properties of product-limit  by (Kaplan-Meier estimate,1958). An alternate estimate of H(t) is:
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Which is sometimes called the empirical(cumulative) hazard function. This estimate by several researches Crowley(1974),Nelson(1972),and Efron (1977) in the continuous case, and dj/nj as a contribution to the hazard function 
[image: image81.wmf])

(

t

h

at tj for possibility of there being more than one death at tj is allowed, and we let dj represent the number of deaths at tj .In addition to the lifetimes t1,…,tk,the are also censoring time Li for individuals whose lifetimes are not observed. The product- limit estimate of S(t) is defined as:
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Where nj is the number of individuals at risk at tj
In the large samples the variance of 
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And to find sampling variation in 
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The basic idea to make plots that should be roughly linear if the proposed family of models is appropriate, since departures from linearity can be readily appreciated by eye. the possibility of an underlying exponential distribution  satisfies :
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This is obtained by fitting a straight line to the plot and estimating 
[image: image89.wmf]l

 as the slope of the line. 

3: Practical aspect:

By using the data of Survey MICS4(Multiple Indicators Cluster)-Iraq (2012)for the No. of observation (8024) women and mortality statistics with population estimates based on the 1977 decennial census of Iraq, and comparison with Iraq Census from life table based on data prior to 1977 and to find abridged life table constructed  by reference to standard table In the analysis of census and survey data, however, one often only obtains mortality estimates for part of the age range.

For used mortality estimates made from birth history data and sibling history data provide no information on the mortality of older children or on adult mortality at age 50 and more. With estimates of this sort, model life tables can be used both to smooth the estimated death rates and to complete the life table by making plausible assumptions about the death rates that prevail at ages at which mortality has not been measured directly. and for results from this Survey and found the overall expectancy of life for both sex (70.6) in ages(1-4),Female(71) and Male(70.2) in Appendix  and by using  programs SPSS v.23  and Excel Software  for analyses this data of MICS4  we find the fertility and mortality from file birth history and household and finding life table by sex both sex and in table (1),and Male and Female tables(3),(4) in Appendix .  
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Table (4) Abridged Life Table for Kurdistan 2012  by Sex: Male
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Graph (2) log(nqx) for both sex by Age for  Kurdistan 2012 MICS4

Age Group

Urban

Rural

Total

 

Male

Female

Total

Male

Female

Total

Male

Female

Total

0-4

9703

9440

19143

5117

4670

9787

14820

14110

28930

5_9

9240

8873

18113

4390

4087

8477

13630

12960

26590

10-14

8503

8170

16673

3847

3590

7437

12350

11760

24110

15-19

7592

7256

14848

3218

3004

6222

10810

10260

21070

20-24

6504

6201

12705

2366

2349

4715

8870

8550

17420

25-29

5053

4978

10031

1527

1762

3289

6580

6740

13320

30-34

3683

3870

7553

1177

1450

2627

4860

5320

10180

35-39

2958

3129

6087

1022

1251

2273

3980

4380

8360

40-44

2492

2528

5020

828

972

1800

3320

3500

6820

45-49

2012

1950

3962

648

700

1348

2660

2650

5310

50-54

1575

1521

3096

545

559

1104

2120

2080

4200

55-59

1243

1272

2515

487

508

995

1730

1780

3510

60-64

966

1087

2053

444

473

917

1410

1560

2970

65-69

700

853

1553

370

397

767

1070

1250

2320

70-74

496

602

1098

274

278

552

770

880

1650

75+

669

838

1507

371

392

763

1040

1230

2270

Total

63389

62568

125957

26631

26442

53073

90020

89010

179030

Table (A) Estimates Of Iraqi Population By Age Group, Urban/Rural and Sex in 1991

	
	
	
	
	
	
	
	


Source: Iraqi Statistical Institute
Table (B) Distribution Of Population By Sex ,Age Groups (5-Year ) and Urban /Rural -Total population 1977
	Total population 1977

	Age Group
	Urban
	Rural
	Total

	
	Male
	Female
	Total
	Male
	Female
	Total
	Male
	Female
	Total

	0
	159702
	151078
	310780
	102042
	88950
	190992
	261744
	240028
	501772

	1_4
	551919
	524566
	1076485
	360395
	344076
	704471
	912314
	868642
	1780956

	5_9
	635915
	600350
	1236265
	427657
	381037
	808694
	1063572
	981387
	2044959

	10_14
	524839
	474242
	999081
	289365
	251513
	540878
	814204
	725755
	1539959

	15-19
	368338
	353270
	721608
	119968
	168685
	288653
	488306
	521955
	1010261

	20-24
	410593
	333182
	743775
	191769
	180832
	372601
	602362
	514014
	1116376

	25-29
	287556
	246457
	534013
	135237
	141689
	276926
	422793
	388146
	810939

	30-34
	227273
	185879
	413152
	90770
	100162
	190932
	318043
	286041
	604084

	35-39
	183828
	156176
	340004
	73879
	81267
	155146
	257707
	237443
	495150

	40-44
	126787
	119050
	245837
	59660
	73540
	133200
	186447
	192590
	379037

	45-49
	132554
	126758
	259312
	81510
	77403
	158913
	214064
	204161
	418225

	50-54
	91714
	100528
	192242
	61689
	67192
	128881
	153403
	167720
	321123

	55-59
	69813
	72222
	142035
	51789
	50554
	102343
	121602
	122776
	244378

	60-64
	64801
	65199
	130000
	48252
	43175
	91427
	113053
	108374
	221427

	65-69
	49487
	47190
	96677
	31517
	27107
	58624
	81004
	74297
	155301

	70-74
	35537
	40742
	76279
	24070
	24294
	48364
	59607
	65036
	124643

	75-79
	23860
	29902
	53762
	19662
	23045
	42707
	43522
	52947
	96469

	80-84
	11102
	13803
	24905
	8927
	8665
	17592
	20029
	22468
	42497

	85+
	12589
	17594
	30183
	14096
	13866
	27962
	26685
	31460
	58145

	Unknown.
	11342
	8317
	19659
	11095
	4042
	15137
	22437
	12359
	34796

	Total
	3979549
	3666505
	7646054
	2203349
	2151094
	4354443
	6182898
	5817599
	12000497


Source: Census 17/1/1977   

	Table (C) Life Table Values, by Sex and Urban/Rural Residence Country or area/ Iraq Year/ 1973 – 1974
	

	Sex: Male
	
	
	
	
	
	

	Age(x to x+n)      qnx          dnx         mn x           Inx           Lnx                 enx   

	  0- 1
	96.43
	9,643
	103.41
	100,000
	93,250
	60

	  1- 5
	36.87
	3,331
	9.39
	90,357
	354,766
	65.28

	  5-10
	11.68
	1,016
	2.35
	87,026
	432,590
	63.7

	 10-15
	7.32
	630
	1.47
	86,010
	428,475
	59.42

	 15-20
	5.14
	439
	1.03
	85,380
	425,802
	54.88

	 20-25
	9.01
	765
	1.81
	84,941
	422,792
	50.11

	 25-30
	11.58
	975
	2.33
	84,176
	418,442
	45.55

	 30-35
	15.18
	1,263
	3.06
	83,201
	412,847
	41.05

	 35-40
	20.19
	1,654
	4.08
	81,938
	405,555
	36.64

	 40-45
	27.27
	2,189
	5.53
	80,284
	395,947
	32.35

	 45-50
	37.48
	2,927
	7.64
	78,095
	383,157
	28.19

	 50-55
	52.29
	3,930
	10.74
	75,168
	366,015
	24.19

	 55-60
	74.19
	5,285
	15.41
	71,238
	342,977
	20.38

	 60-65
	106.87
	7,048
	22.58
	65,953
	312,145
	16.81

	 65-70
	155.92
	9,184
	33.82
	58,905
	271,565
	13.53

	 70-75
	229.62
	11,417
	51.88
	49,721
	220,062
	10.56

	 75-80
	338.87
	12,980
	81.6
	38,304
	159,070
	7.97

	 80+
	1,000.00
	25,324
	171.09
	25,324
	148,017
	5.84

	Sex: Female

	Age(x to x+n)    qnx           dnx            mnx           Inx          Lnx                 enx   

	  0- 1
	87.11
	8711
	92.77
	100000
	93902
	59.85

	  1- 5
	32.23
	3663
	10.24
	91289
	357830
	64.54

	  5-10
	10.2
	894
	2.05
	87626
	435895
	63.15

	 10-15
	6.28
	545
	1.26
	86732
	432297
	58.78

	 15-20
	5.34
	460
	107
	86187
	429785
	53.13

	 20-25
	14.2
	1217
	2.86
	85727
	425592
	49.41

	 25-30
	16.22
	1371
	3.27
	84510
	419122
	45.08

	 30-35
	18.92
	1573
	3.82
	83139
	411762
	40.79

	 35-40
	22.64
	1847
	4.58
	81566
	403212
	36.52

	 40-45
	27.85
	2221
	5.65
	79719
	393042
	32.31

	 45-50
	35.46
	2748
	7.22
	77498
	380620
	28.17

	 50-55
	46.97
	3511
	9.62
	74750
	364972
	24.11

	 55-60
	65.01
	4631
	13.44
	71239
	344617
	20.18

	 60-65
	94.56
	6298
	19.85
	66608
	317295
	16.41

	 65-70
	144.97
	8743
	31.26
	60310
	279692
	12.86

	 70-75
	234.38
	12086
	53.1
	51567
	227620
	9.61

	 75-80
	395.18
	15602
	9.85
	39481
	158400
	6.79

	 80+
	1000
	23879
	NA
	23879
	109760
	4.6


Source: U.S. Census Bureau, International Data Base.
� � EMBED Equation.3  ���� EMBED Equation.3  ��� + � EMBED Equation.3  ���    =� EMBED Equation.3  ���


� or � EMBED Equation.3  ���


� The precise expression is  � EMBED Equation.3  ���+  where � EMBED Equation.3  ��� is the proportion of the year lived in each interval by those who die at age x.
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