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Abstract. One way to estimate mortality in countries with incomplete data is
to utilize intercensal methods, which do not require model life tables and provide
accurate results even in the presence of age distortions and death underregistration.
In this article, I revisit three of these techniques (census based, death distribution,
and an iterative procedure) and introduce ilt, a command to calculate single-
decrement life tables and the net flow of migrants by age. The required inputs
are two age-specific population distributions and the average number of deaths
between them. The empirical example draws on data from Vietnam, but the
methods are extendable to any context and period.
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1 Introduction
Period life tables describe the mortality experience of individuals over their life cycle.
They provide death rates, survival probabilities, and life expectancies by age. Actuaries
and demographers often use them to project populations. Such tables may have single
or multiple sources of decrement. “A single decrement process is one in which individ-
uals have only one recognized mode of exit from a defined state. Mortality is one such
process” (Preston, Heuveline, and Guillot 2001). It differs from a multiple-decrement
process, in which individuals have more than one mode of exit, and from multistate
life tables, in which “increments and decrements from more than one state are allowed”
(Muniz 2020, 721). In this article, I implement and compare direct methods for con-
structing single-decrement life tables. Therefore, I assume that mortality is the only
source of attrition that affects the life experience of a cohort.

In the early 1980s, four articles demonstrated how to estimate mortality using succes-
sive age distributions and intercensal deaths (Bennett and Horiuchi 1981, 1984; Preston
and Bennett 1983; Preston and Coale 1982). In the 1990s, this procedure was improved
for accuracy and to facilitate its applicability (Merli 1998; Preston et al. 1996). In-
tercensal methods do not depend on model life tables (as indirect mortality methods
do), bypass the stability assumption, and are sufficiently accurate even when death
registration is incomplete. Developing countries with deficient death registration bene-
fit from intercensal techniques because they allow the estimation of life tables directly
from census age distributions and age-specific growth rates (Preston and Bennett 1983;
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Spoorenberg 2008). In addition, these rates can be used to adjust the reported number
of deaths and estimate life tables even in populations with fairly accurate age reporting
(Bennett and Horiuchi 1984; Merli 1998; Preston et al. 1996).

In this article, I demonstrate the use of ilt, a command for estimating single-
decrement life tables using three intercensal mortality estimation methods: census
based, death distribution, and an iterative procedure that reconciles the two previ-
ous techniques. The program also estimates net migration flows by comparing observed
and projected populations. The following section reviews these methods and illustrates
their application using data from Vietnam.

2 Required data for intercensal methods
Preston and Bennett (1983) introduced the census-based method of estimating single-
decrement life tables using two successive age distributions. A year later, Bennett and
Horiuchi (1984) developed the death-distribution procedure, which was improved by
Preston et al. (1996) to estimate mortality from a set of recorded deaths by age and age-
specific growth rates. And more recently, Merli (1998) proposed an iterative mechanism
between these two methods to overcome some of the limitations in both procedures and
to reconcile their results. To ensure analytical comparability, I replicate the results of
Merli (1998) using male data from the 1979 and 1989 Vietnamese censuses.1

These direct methods for estimating single-decrement life tables rely on several as-
sumptions. Therefore, before applying them, the user must ensure data consistency,
namely, that 1) populations are closed to migration or have few migration flows, 2) cen-
sus coverage and completeness of death reporting are the same for all ages, and 3) there
is no substantial misreporting of age and sex (Queiroz et al. 2020, 3). In particular,
residual migration is a source of error that potentially biases the estimates. For this
reason, as will become clear in subsection 2.3, the iterative method attempts to remove
the influence of residual migration by forward projecting the baseline population and
using this second projected or corrected distribution to compute the life table describing
the life experience of a cohort.

1. Population counts were “adjusted for the effects of intercensal emigration on an age- and sex-specific
basis” (Merli 1998, 348–349, app. 1). The results shown are slightly different from those in Merli
(1998, 351) because I have restricted the final age group to 80 and over instead of 85.
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The appropriate data structure to use before applying these methods is2

. use pop_vietnam

. list, noobs separator(17)

age_x N_t1 N_t2 D

0 3946224 4710423 48508
5 3928795 4430179 8029
10 3632555 3898298 3928
15 2954333 3427357 3783
20 2281171 2974282 3856
25 1742277 2832160 3469
30 1177320 2361692 3053
35 966580 1604918 3093
40 919291 1048246 3345
45 994602 877589 4836
50 825356 866821 6215
55 680996 918363 9138
60 540920 725079 12070
65 419164 533445 13645
70 284003 329167 14310
75 183222 215510 14357
80 103773 145637 14787

The first column must always define the lower bound of the age groups. The re-
maining columns are the number of individuals (Nx) and the average annual number
of deaths (Dx) between time t1 and t2 at age x. After entering a dataset with this
structure and these variables into Stata, we are ready to explore the full potential of
ilt.

2.1 Census-based method

This method, also known as the r-method, requires two successive age distributions
and a set of derived age-specific growth rates to measure mortality conditions. The
method does not use model life tables and does not assume population stability. It does
not depend on the distribution of deaths (Dx) but is sensitive to age distortions and
intercensal net migration. In this method, the amount of population exposed to the risk
of the event, or the number of person-years Lx, is3

Lx = N∗
x exp(Sx)

where
N∗

x =
√
Nx(t1)Nx(t2)

2. I used texdoc to import Stata outputs into LATEX (Jann 2016).
3. I present demographic equations in their discrete forms to reflect their common use for five-year

age intervals.
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is the geometric mean of the population at age x between times t1 and t2, and

Sx =
n

2
rx + n

x−5∑
a=0

ra

is the cumulation of age-specific growth rates to the midpoint of age interval of length
n, where

rx(t1, t2) =
ln
{

Nx(t2)
Nx(t1)

}
t2− t1

(1)

refers to age-specific growth rates between times t1 and t2. The remaining functions of
the life table are the number of individuals in the cohort surviving to age x (lx), the
number of person-years lived above age x (Tx), and the life expectancy of individuals
at age x (ex).4 These functions are

lx =
Lx + Lx−5

2n
∀x > 0

Tx =

∞∑
a≥x

La (2)

ex =
Tx

lx
∀x > 0 (3)

In Stata, the census-based life table for Vietnamese males is obtained by entering
the following command line:

. ilt, interval(10) census
Table 1. Census-based method
age x r S L T l e

0 .0177019 .0442546 4506510 5.41e+07 . .
5 .0120107 .1185361 4696993 4.96e+07 920350.3 53.89616
10 .0070604 .1662138 4443543 4.49e+07 914053.5 49.1288
15 .0148517 .2209939 3969043 4.05e+07 841258.6 48.09795
20 .0265314 .3244515 3603110 3.65e+07 757215.3 48.19471
25 .0485847 .5122416 3707500 3.29e+07 731061 44.99031
30 .0696138 .8077377 3739856 2.92e+07 744735.7 39.18593
35 .0507064 1.108538 3773786 2.54e+07 751364.3 33.86281
40 .0131271 1.268122 3488963 2.17e+07 726275 29.83652
45 -.0125164 1.269648 3325612 1.82e+07 681457.5 26.67893
50 .0049018 1.250612 2954059 1.49e+07 627967.1 23.65561
55 .0299036 1.337625 3013025 1.19e+07 596708.4 19.94422
60 .0293009 1.485637 2766706 8887860 577973.1 15.37764
65 .0241094 1.619162 2387427 6121154 515413.3 11.87621
70 .014758 1.716331 1701229 3733727 408865.6 9.13192
75 .0162309 1.793803 1194707 2032499 289593.5 7.018454
80 .0338911 1.919108 837791.9 837791.9 203249.9 4.12198

Because the input populations (N_t1 and N_t2) are 10 years apart, I must specify
interval(10). I omitted the age subscript x from the column names to avoid clut-
ter and stored the columns as Mata vectors of the same name (r, S, L, T, l, e). Life
4. ilt calculates Tx using flipud(), a function for flipping matrices (Baum 2006).
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expectancies at ages 5, 10, and 15 are 53.90, 49.13, and 48.10 years, respectively. Ac-
cording to Merli (1998, 350), these values are underestimated because of undercounting
in the young and mid-adult ages or distortions in the 1989 age structure due to resid-
ual emigration. The following method incorporates the age distribution of intercensal
deaths to improve these estimates.

2.2 Death-distribution method

Bennett and Horiuchi (1984) developed a technique for estimating mortality when there
is undercounting in the number of deaths and inaccuracy in age reporting. The method
calculates the number of deaths in the life table (dx) from the average number of annual
deaths recorded in the population (Dx) between t1 and t2. The method converts the
distribution of reported deaths in the population to the corresponding distribution of
deaths in the life table using intercensal age-specific growth rates. It assumes that
underregistration is constant by age.

Preston et al. (1996) used the death-distribution method to estimate mortality rates
for African Americans over the age of 64. Merli (1998) used it to determine mortality
conditions in Vietnam, and Hill (2001) and Castanheira and Monteiro da Silva (2022)
used it to assess the relative completeness of death counts relative to censuses. According
to Preston et al. (1996), in the discrete case, the number of deaths between ages x and
x + n in the life table for five-year age groups is a function of the number of recorded
deaths and the cumulation of age-specific growth rates:

dx = Dx exp

{
n

2

(
x∑

a=0

ra +

x−5∑
a=5

ra

)}
(4)

Equation (4) assumes that d0 = D0 and d5 = D5 exp{(n/2)(r0+r5)}. This gives the
same results as the equation described in Preston, Heuveline, and Guillot (2001, 188):

dx = dx−5
Dx

Dx−5
exp

{n
2
(rx−5 + rx)

}
(5)

However, (5) highlights that the death-distribution method assumes that all recorded
deaths are deficient in the same proportion, leaving the ratio Dx\Dx−5 undisturbed
(Preston, Heuveline, and Guillot 2001, 179). Violating this assumption will bias life ex-
pectancy estimates: “Completeness of death registration declining with age distorts the
Dx\Dx−5 ratio [. . .] and introduces a downward bias in the estimates of life expectancy
at all ages below the ages at which deaths are omitted” (Merli 1998, 352). Moreover, the
method is not immune to differential completeness of census coverage and intercensal
migration, because it uses age-specific growth rates between two population distribu-
tions. However, the death-distribution method is less sensitive to these problems than
the census-based method and has the advantage of providing an estimate of the life
expectancy at birth.5

5. Bennett and Horiuchi (1984, 222) show that life expectancy at age 5 is 10 times more sensitive to
errors in the growth rate in the census-based method than in the death-distribution method.
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To continue the life table, I estimate the number of person-years lived by the cohort
between ages x and x+ n (Lx) as6

Lx = nlx+n +
n

2
dx ∀x > 0 and x ≤ 75

The probability of dying between age x and x+n (qx) is equal to the ratio of deaths
to survivors:

qx =
dx
lx

=
lx − lx+n

lx

I calculate Tx and ex as in (2) and (3). The mortality estimates, based on the
death-distribution method, are accessed in Stata with the following command:

. ilt, interval(10) death
Table 2. Death-distribution method
age x r d Ld Td ld qd

0 .0177019 48508 2526667 3.31e+07 546274.2 .0887979
5 .0120107 8648.115 2467211 3.06e+07 497766.2 .0173739
10 .0070604 4437.493 2434497 2.81e+07 489118.1 .0090724
15 .0148517 4514.329 2412117 2.56e+07 484680.6 .009314
20 .0265314 5102.993 2388074 2.32e+07 480166.2 .0106276
25 .0485847 5539.218 2361468 2.08e+07 475063.2 .01166
30 .0696138 6550.935 2331243 1.85e+07 469524 .0139523
35 .0507064 8965.868 2292451 1.62e+07 462973.1 .0193659
40 .0131271 11374.04 2241601 1.39e+07 454007.2 .0250526
45 -.0125164 16469.03 2171993 1.16e+07 442633.2 .037207
50 .0049018 20766.12 2078905 9450546 426164.1 .048728
55 .0299036 33308.49 1943719 7371641 405398 .0821624
60 .0293009 51014.25 1732912 5427922 372089.5 .1371021
65 .0241094 65909.39 1440603 3695010 321075.3 .2052771
70 .014758 76175.12 1085392 2254407 255165.9 .2985317
75 .0162309 82581.54 688500.1 1169015 178990.8 .4613732
80 .0338911 96409.24 480515.1 480515.1 96409.24 1

6. For the first age group, L0 = nl5+0.78d0 (see Preston, Heuveline, and Guillot [2001, 188]). However,
life expectancies are not sensitive to the proportion of deaths at age x (the separation factor at age
x). In the last age group, the number of person-years is ∞L80 = l80 log10(l80) (see Ortega [1982,
25] and United Nations [1956, 23]). Using these equations instead of those based on the West model
life table (Merli 1998, 352) is inconsequential for the Vietnamese mortality standards and has the
added virtue of generalizing the program to a broader class of countries and contexts. As usual,
there may be differences between estimates because of differences in data sources, methods, and
assumptions.
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age x ed

0 60.55177
5 61.37661
10 57.41761
15 52.92041
20 48.39444
25 43.88742
30 39.37569
35 34.89747
40 30.53727
45 26.25772
50 22.17584
55 18.18371
60 14.58768
65 11.50823
70 8.835063
75 6.531147
80 4.984119

The life expectancies shown in column ed are less sensitive to the age-specific growth
rates derived from the Vietnamese age structure. Life expectancies at ages 5, 10, and 15
are now higher than in the census-based method and are 61.38, 57.42, and 52.92 years,
respectively. In addition to the number of deaths in the cohort (dx), ilt calculates the
probability of dying (qx). For example, the probability of dying (column qd) between
the ages of 40 and 45 is 0.025 or 2.5%. Except for the first two age groups, the values
in the qd column increase with age, as they should.

2.3 The iterative procedure

To avoid the bias implicit in the growth rates associated with age distortions, differential
coverage, and residual intercensal migration, Giovanna Merli (1998) developed a two-
step iterative procedure to reconcile the census-based and death-distribution methods.

In the first step, I project the population forward using life table survival proba-
bilities computed using the Bennett and Horiuchi (1984) death-distribution method.
Survivorship ratios (px) between ages x and x + n represent the proportion surviving
the intercensal period. In the case of 5 years, they are

px =
Lx+5

Lx
∀x < 75 (6)

And for the next-to-last open age group, at age 75, the survivorship ratio is

p75 =
L80

L75 + L80
(7)
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Multiplying these ratios by the 1979 base population projects the Vietnamese male
population forward to 1984. Multiplying the 1984 projected population again by its
age-specific survivorship ratio gives the projected population for 1989, in t2. Thus,

Nx+10(t2)
proj = Nx(t1)pxpx+5

for x ≥ 10 and x ≤ 75
(8)

Equation (8) results on the number of people at age x+10 years later. For the first
age group, the projected population in 1984 uses the third equation in Merli (1998, 356,
footnote 6). For example,

N0(1984)
proj = N0(1979)p0 exp

{
−n

2
(r0 + r5)

L0

L5

}

And for the last age group,

N80(1984)
proj = N75(1979)p75 +N80(1979)p75

The resulting survivorship ratios (px), described in (6) and (7), and the population
projected to time t2—using px derived from the death-distribution method—are stored
in Mata and can be retrieved by typing

. mata p, N_proj
1 2

1 .9764683966 3231641.888
2 .9867404828 3487070.06
3 .9908073168 3802269.289
4 .9900322807 3841063.79
5 .9888590008 3563286.635
6 .9872005971 2892298.896
7 .983359945 2226884.14
8 .9778185954 1691356.385
9 .9689473349 1132049.268
10 .9571417282 915790.7852
11 .9349722635 852568.7918
12 .8915445847 890070.2926
13 .8313191387 687991.5538
14 .7534287568 504725.6853
15 .634333255 338799.695
16 .4110426554 200328.9194
17 0 122539.9272

Column 1 shows the proportion of people surviving the intercensal period (px) be-
tween ages x and x+n. For example, 97.65% of those persons at age 0 (in row 1) could
expect to be alive five years later in a stationary population subject to the mortality
conditions of the above-stated life table. Multiplying these survivorship ratios by the
male Vietnamese population in 1979 gives the vector shown in column 2, which is the
projected population in 1989, Nx+10(t2)

proj. In 1979, there were 3,946,224 individuals
alive at age 0. Ten years later, in 1989, we should expect to have 3,802,269 individuals
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alive at age 10 (in row 3), assuming the mortality conditions of the life table based on
the death-distribution method.

As a result of this exercise, we obtain two age distributions. The first represents
the 1979 population of Vietnam, and the second represents the population projected
10 years later, which is less affected by coverage errors and intercensal migration than
the original 1989 census population. From these two distributions (observed population
in t1 and projected population in t2), we compute a new set of age-specific growth
rates and a new life table using the Preston and Bennett (1983) census-based model.
The difference is that while we use the projected population to estimate age-specific
growth rates, we simultaneously correct for the sensitivity of the census-based method
to differential completeness of census enumeration and residual migration.7 Moreover,
estimates obtained by applying forward (or backward) projections are proven more
reliable than other intercensal techniques based on growth rates and age distributions
of deaths (Palloni and Kominski 1984, 492).

In the second stage of the iterative process, to correct the initial growth rates esti-
mated in the death-distribution procedure, I conduct a new round of forward projections
but this time using the new intercensal growth rates estimated in the first stage of the
process using the census-based method. Figure 1 diagrams the iterative cycle in four
steps.

7. Racial reclassification could also account for migration in populations disaggregated by race, or
it could account for social mobility in a population segmented by income, wealth, education, or
occupation.
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Stage 1. Death-distribution
method originates a life table

Stage 4. These new growth rates are
then employed to recalculate a new life

table using the death-distribution method

Stage 3. A new set of age-specific
growth rates, between population in t1
and the projected population in t2, is

obtained using the census-based method

Stage 2. Survivorship ratios from
this life table project the base-

line population 10 years forward

Figure 1. Iterative procedure between census-based and death-distribution methods

The iteration process between the census-based and the death-distribution methods
continues as long as the difference—see [M-5] reldif( )—between the growth rates in the
previous and the next iteration cycle is greater than 1e−10. In the case of Vietnamese
males, the program reaches convergence after 68 iterations. To obtain life tables based
on the iterative procedure, one must type
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. ilt, interval(10) iterative
Table 3. Death-distribution method with corrected growth rates (iterative
method)
age x ri di Li Ti li qi

0 -.0021469 48508 2432033 3.15e+07 527347.4 .0919849
5 -.0030298 7925.761 2374383 2.91e+07 478839.4 .016552
10 .0046311 3893.046 2344836 2.67e+07 470913.7 .008267
15 .0264031 4051.812 2324974 2.44e+07 467020.6 .0086759
20 .0447032 4933.472 2302510 2.20e+07 462968.8 .0106562
25 .0506832 5633.579 2276093 1.97e+07 458035.3 .0122994
30 .0636382 6598.265 2245513 1.75e+07 452401.8 .014585
35 .0558127 9011.042 2206490 1.52e+07 445803.5 .020213
40 .0206004 11796.57 2154471 1.30e+07 436792.4 .0270073
45 -.0087106 17569.33 2081056 1.08e+07 424995.9 .04134
50 .002413 22226.57 1981566 8763920 407426.6 .0545536
55 .0254806 35040.28 1838399 6782353 385200 .0909665
60 .0221368 52134.31 1620463 4943954 350159.7 .1488872
65 .0160103 64834.7 1328040 3323491 298025.4 .2175476
70 .0143962 73364.7 982541.7 1995451 233190.7 .3146125
75 .004346 77136.57 606288.5 1012910 159826 .4826285
80 .0116553 82689.42 406621.1 406621.1 82689.42 1

age x ei

0 59.74482
5 60.71815
10 56.698
15 52.14979
20 47.58431
25 43.06991
30 38.57511
35 34.10906
40 29.76115
45 25.51784
50 21.51043
55 17.60736
60 14.11914
65 11.15171
70 8.557165
75 6.337577
80 4.91745
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Table 4. Census-based method with corrected growth rates (iterative method)
age x ri Sc Lc Tc lc ec

0 -.0021469 -.0053671 3883193 5.02e+07 . .
5 -.0030298 -.0183088 3799521 4.63e+07 768271.4 60.3191
10 .0046311 -.0143057 3664844 4.25e+07 746436.5 56.99335
15 .0264031 .0632797 3591493 3.89e+07 725633.8 53.57671
20 .0447032 .2410455 3630064 3.53e+07 722155.8 48.86145
25 .0506832 .4795114 3625964 3.17e+07 725602.8 43.6265
30 .0636382 .7653149 3479006 2.80e+07 710497 39.45062
35 .0558127 1.063942 3702522 2.46e+07 718152.9 34.18568
40 .0206004 1.254975 3574497 2.08e+07 727701.9 28.64912
45 -.0087106 1.284699 3440903 1.73e+07 701540 24.62229
50 .002413 1.268956 2971540 1.38e+07 641244.2 21.57153
55 .0254806 1.33869 2950261 1.09e+07 592180.1 18.34084
60 .0221368 1.457733 2595899 7910819 554616 14.2636
65 .0160103 1.553101 2146115 5314920 474201.4 11.20815
70 .0143962 1.629117 1556326 3168805 370244.1 8.55869
75 .004346 1.675973 1000646 1612479 255697.2 6.306204
80 .0116553 1.715976 611832.5 611832.5 161247.9 3.79436

Note: Convergence achieved after 68 iterations.

The iterative algorithm approximates the life expectancies provided by the census-
based and death-distribution methods. At the end of the iterative process, we have
two new life tables. The first matrix (Table_3) uses the death-distribution method, but
this time with corrected age-specific growth rates from the iterative process. The second
matrix (Table_4) shows improved results for the census-based procedure, accounting
for differential completeness of census enumeration and residual emigration.

Last, the difference between observed and projected populations at t2 (1989)—using
survivorship ratios derived from the death-distribution method with corrected growth
rates—accounts for residual migration (United Nations 1970). Including the residual
option on the ilt command line shows the observed and projected populations at t2,
the difference, and the ratio between them.
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. ilt, interval(10) residual
Table 5. Difference and ratio btw. observed and projected populations
age x N(t2) N(t2)proj N(t2)-N(t2)proj N(t2)/N(t2)proj

0 4710423.000 3862407.078 848015.922 1.220
5 4430179.000 3811545.282 618633.718 1.162
10 3898298.000 3804736.839 93561.161 1.025
15 3427357.000 3847039.659 -419682.659 0.891
20 2974282.000 3566985.724 -592703.724 0.834
25 2832160.000 2892220.350 -60060.350 0.979
30 2361692.000 2224702.007 136989.993 1.062
35 1604918.000 1688998.198 -84080.198 0.950
40 1048246.000 1129586.626 -81340.626 0.928
45 877589.000 911632.196 -34043.196 0.963
50 866821.000 845514.400 21306.600 1.025
55 918363.000 878628.667 39734.333 1.045
60 725079.000 674950.224 50128.776 1.074
65 533445.000 491944.333 41500.667 1.084
70 329167.000 327978.204 1188.796 1.004
75 215510.000 191360.413 24149.587 1.126
80 145637.000 116601.138 29035.862 1.249

Note: N(t2)proj uses survivorship ratios derived from Table 3.

Because of emigration, the observed population between the ages of 15 and 25 at
time t2 is about one million people less than the projected population. Matrix Table_5
also shows that the youngest and oldest age groups had the largest inflows of migrants,
because the ratios between observed and projected populations {Nx(t2)/Nx(t2)

proj}
are the largest in these age groups. To generate comparative graphs of life expectancies
(figure 2), projected populations (figure 3), and ratios between observed and estimated
projected populations by age (figure 4), one must enter options life, proj, and ratio,
respectively.

0
20

40
60

Li
fe

 e
xp

ec
ta

nc
y

0 20 40 60 80
age_x

Census-based Death-distribution
Corrected death-distribution Corrected census-based

Figure 2. Life expectancies by age, 1984 Vietnam
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Figure 4. Ratio of observed to projected populations by age, 1989 Vietnam

2.3.1 When to use the iterative method of mortality estimation?

The results show the sensitivity of life tables to three direct mortality estimation meth-
ods. In particular, this article advances knowledge of mortality estimation and projec-
tion methods by demonstrating how the future growth and distribution of populations
may differ under different assumptions derived from the same population inputs.
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Compared with the iterative procedure (and in the case of Vietnam), the original
census-based method underestimates life expectancy in infancy but also overestimates
it after age 45, partly because of its sensitivity to the age structure recorded between
the two periods. The iterative variation of the census-based method helps to reduce the
influence of the age structure of the population on life expectancy estimates.

When migration and differential census coverage affect the second age distribution,
one should use the iterative method to correct growth rates and project the population
forward in t2. Analysis of the Vietnamese data shows that the use of the iterative proce-
dure results in greater accuracy in life expectancy and projected population, regardless
of the completeness of death registration in destabilized populations. For these reasons,
ilt should be used with the iterative option (the default) whenever there is reason
to suspect that the input data are deficient or inaccurate, which is often the rule rather
than the exception.

3 The ilt command
3.1 Syntax

ilt, interval(numlist)
[
census death iterative residual life proj ratio

]
3.2 Description

The most important quantities in life tables are life expectancies, which summarize
the average number of years that a cohort lx will live beyond age x if the mortality
conditions observed in a given period remain stable throughout life. ilt calculates
the functions (lx, Lx, Tx, dx, qx, ex) of single-decrement life tables following the methods
and procedures described in Preston and Bennett (1983), Bennett and Horiuchi (1984),
and Merli (1998). The residual option calculates the residual number of age-specific
migrants. The inputs for ilt are

1. the populations aged x to x+ n at times t1 and t2; and

2. the average annual number of deaths between t1 and t2.

An appropriate dataset must have the same structure and ordering of variables as
described in section 2 before they are entered into Stata.

3.3 Options

interval(numlist) lists the length of the interval (in years) between two population
distributions. For example, in a situation with 2 censuses 10 years apart, specify
interval(10). interval() is required.
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census computes life tables using the census-based method. If this option is specified,
ilt uses the two population distributions entered and estimates life expectancies
starting at the second age group.

death uses the death-distribution method to estimate single-decrement life tables.

iterative uses the iterative procedure suggested by Merli (1998) to compute the func-
tions of the census-based and death-distribution methods with corrected growth
rates. It ensures the convergence between these two complementary estimation
techniques. iterative is the default method of mortality estimation when none
is specified.

residual calculates the difference and the ratio between observed and projected—using
the corrected death-distribution method—populations at time t2. It accounts for the
residual number of migrants by age.

life produces a comparative graph of life expectancies by age according to the three
methods. It must be called with the options census, death, and iterative at the
same time. Example: ilt, interval(10) census death iterative life.

proj produces a comparative graph of projected populations by age according to the
three methods. It must be called simultaneously with the options census, death,
and iterative. Example: ilt, interval(10) census death iterative proj.

ratio produces a comparative graph of the ratios between observed and projected
populations by age according to the three methods. It must be called simultaneously
with the options census, death, and iterative. Example: ilt, interval(10)
census death iterative ratio.

3.4 Output

As a minimum, ilt displays age-specific growth rates (rx) and the most fundamental
functions of single-decrement life tables: person-years (Lx), survivors in the cohort (lx),
and life expectancies (ex) according to intercensal methods.

The program also calculates the number of net migrants (residual option) using
the strategy of the United Nations (1970) and generates a set of comparative graphs
of life expectancies (life), projected populations (proj), and ratios between observed
and projected populations (ratio) according to the three methods (census, death,
iterative).
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3.5 Stored results

Life table functions are stored as Mata colvectors and as Stata matrices under the
following names:

Stata matrices
Table_1 life table functions derived from the census-based method
Table_2 life table functions derived from the death-distribution method
Table_3 life table functions derived from the death-distribution method with

corrected growth rates
Table_4 life table functions derived from the census-based method with cor-

rected growth rates
Table_5 observed and projected populations—using the corrected death-

distribution method—at time t2 and by age x and the difference
and ratio between them; the difference represents the net number
of migrants

Mata vectors
r, ri age-specific growth rates derived in (1) in the census-based method

(r) and according to the iterative procedure (ri)
l, ld, li, lc individuals in the cohort who are at age x according to the census-

based method (l), the death-distribution method (ld), the death-
distribution method with corrected growth rates (li), and the
census-based method with corrected growth rates (lc)

L, Ld, Li, Lc person-years lived between age x and x + n according to the census-
based method (L), the death-distribution method (Ld), the death-
distribution method with corrected growth rates (Li), and the
census-based method with corrected growth rates (Lc)

T, Td, Ti, Tc person-years lived above age x according to the census-based method
(T), the death-distribution method (Td), the death-distribution
method with corrected growth rates (Ti), and the census-based
method with corrected growth rates (Tc)

d, di individuals dying between ages x and x + n according to the death-
distribution method (d) and the death-distribution method with
corrected growth rates (di)

qd, qi probability of dying between ages x and x+n according to the death-
distribution method (qd) and the death-distribution method with
corrected growth rates (qi)

e, ed, ei, ec life expectancy at age x according to the census-based method (e), the
death-distribution method (ed), the death-distribution method
with corrected growth rates (ei), and the census-based method
with corrected growth rates (ec)

pce, pcc, p, pc survivorship ratios at age x according to the census-based method
(pce), the corrected census-based method (pcc), the death-
distribution method (p), and the death-distribution method with
corrected growth rates (pc)

N_projce, N_proj,
N_projcc, N_projc

projected populations at t2 and age x according to the census-based
method (N_projce), the death-distribution method (N_proj),
the corrected census-based method (N_projcc), and the death-
distribution method with corrected growth rates (N_projc)

Mata scalars
n age interval length; usually equals five years
it_number number of iterations required to achieve convergence in growth rates

between the census-based and death-distribution methods
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4 Conclusions
Table 1 summarizes the methods, data requirements, assumptions, results, and proce-
dures required to compute single-decrement life tables. It overviews each procedure and
its purpose and highlights which bibliographic sources provide the formulas used in the
manuscript and the conditions under which the program produces valid mortality and
migration estimates.
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The measurement of mortality performed here uses observed data corrected for vari-
ous sources of error. The ilt command produces single decrement life tables describing
the mortality conditions of a given population based on only two age distributions
(census-based method). This calculation is further extended when the average number
of deaths between these distributions is also provided (death-distribution method).

The census-based method is sensitive to errors in the data; while the death-distribu-
tion method provides consistent mortality estimates even in the presence of differential
census coverage, intercensal migration, and incomplete death registration. ilt has the
virtue of correcting the sensitivity of the census-based method to differential complete-
ness of census enumeration and residual emigration and of providing corrected growth
rates for the death-distribution method (iterative procedure). After iterations, the es-
timated life expectancies by age converge to similar values in the census-based and
death-distribution methods.

However, these methods are not immune to situations in which the completeness
of death registration is not constant across ages, nor are they immune to violations of
their other assumptions. For example, the iterative procedure assumes that the baseline
population is correctly enumerated prior to its forward projection. It also assumes that
the age distribution of deaths is centered within the intercensal period. All methods
assume that there are no errors in the age reporting of the living and the dead. If this
is not the case, the method may produce biased results.

Future developments should investigate the effect of deviations from these assump-
tions on the sensitivity of mortality estimates. Such studies would need to simulate
different sources of error and compare the results with those observed under ideal con-
ditions, similar to what Hill, You, and Choi (2009) and Murray et al. (2010) did. Future
enhancements to ilt could include, for example, solutions for dealing with differential
completeness of deaths by age and the possible inclusion of confidence intervals to cap-
ture uncertainties in sampling and measurement.
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6 Programs and supplemental materials
To install a snapshot of the corresponding software files as they existed at the time of
publication of this article, type

. net sj 23-3

. net install st0729 (to install program files, if available)

. net get st0729 (to install ancillary files, if available)
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