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Methodology of the National
and State Life Tables:
1989-91

by Robert J. Armstrong, M.S., Division of Vital Statistics

Abstract Medicare program. Between ages 85 and 94 years these
rates are blended into the rates derived from census popu-

‘This report describes the methodology employed in pre- |ations and deaths. Medicare rates are used exclusively
paring the 1989-91 decennial life tables for the United States, peginning at age 95.

the 50 individual States, and the District of Columbia. Prelimi- The two changes in the methodology of these life tables
nary adjustments that were made to the data before the lifefrom those of 1979-81 involve the technique used to smooth
tables were constructed are discussed. Also the differentihe deaths at the State level and the method of terminating the
methodologies used at very young ages and at very old ageife tables, which was developed by the Office of the Actuary.
are explained separately. ~ Because of the small numbers of deaths involved, the smooth-
There were two changes in the methodology of these life ing process used in the 197981 tables was changed. Instead
tables from those of the previous tables (1979-81). The of moving whole deaths from one age group to another, the
technique used to smooth the death rates in the State tablegeyw process allowed moving tenths of deaths.
was changed and the method of terminating both the national  peath rates among the extreme elderly produced in previous
and State life tables, which was developed by the Office of the gecennial life tables were thought to be too low. Accordingly,
Actuary, Social Security Administration, was also changed. geath rates for the extremely elderly used in the 1989-91 life
Because of the small numbers of deaths involved, the smooth+aples have been allowed to increase at a faster rate than in
ing process used in the 1979-81 tables was changed. Insteagrevious decennial life tables. Also the 1990 actuarial tables will
of moving whole deaths from one age group to another, the g produced by the Office of the Actuary, Social Security
new process allowed moving tenths of deaths. This producesagministration, as they were for 1970 and 1980.
death rates that are more consistent with the level of the
observed death rates but still allows the rates to be smoothed.
The method of terminating the life tables was changed becausepre"minary adjustment of the data
the previous method resulted in unrealistically low death rates
at ages over 95 years. The 1989-91 rates are appreciably  Some preliminary adjustments were made to the data
higher than those in the 1979-81 life tables. before the life tables were constructed. The census popula-
tions used in the denominators of the death rates are not the
; “official” census data (2), but are data adjusted by the U.S.
Introduction Bureau of the Census. In order to bring the definition of age
This report describes the methodology employed in pre- and race in the census base populations into conformity
paring the 1989-91 decennial life tables for the United States,with definitions used in vital statistics, race was modified
the 50 individual States, and the District of Columbia. The by the Census Bureau to conform to definitions of race
following tables were produced for the United States total specified by the Office of Management and Budget (OMB).
population, total males, total females, white, white males, For age, adjustments were made to correct biases that
white females, other than white, other than white males, otherresulted either from misstatement of age or year of birth, or
than white females, black, black males, and black females.displacement of age reporting from the census reference
The same tables were produced for the States provided thatlate. The modification procedures used in the 1980 and
they were based on at least 700 deaths. These tables are basd®90 censuses are fundamentally different. For the 1980
on the 1990 U.S. census populations and deaths occurringcensus, modification was carried out on distributions of the
during the 1989-91 period. The methodology involved in population classified by age, sex, race, Hispanic origin, and
developing the 1989-91 life tables for the United States by county of residence. For 1990, modification was carried out
causes of death, which is highly specialized, is described inthrough reassignment of age and race on individual records.
the report containing those tables (1). In addition, definitions While the modification procedure tried to ensure consis-
of the usual life table functions may be found in other reports tency between the two censuses, some discontinuities never-
of this series. theless emerged in the process (2).
Death rates at ages 85 years and over are based on the A further relatively minor adjustment relates to the very
experience of persons who were fully insured under the small number of deaths (a total of 1,700 out of nearly 6.5
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million deaths during the 3-year period) for which age was not differences between the two sets of population figures are very

reported. small at the national level, it was not considered necessary to
The assumption was made that these deaths were distribproduce new estimates for each of the States to reflect the

uted among the various age groups in the same proportions atapse of time between April 1 and July 1, 1990. The national

the deaths for which age was reported. To this end, anpopulation estimates as of July 1, 1990, are contained in a

adjustment factor was computed for each population categoryreport of the U.S. Bureau of the Census (2).

for which a life table was to be constructed. This factor was

obtained by dividing the total number of deaths reported for .

the given category for the 3-year period 1989-91 by the total Number of survivors at ages 2 years

number less the number for which age was not reported. Thegnd under

number of deaths reported in each age group for the given

category was then mu|t|p||ed by the adjustment factor. At ages under 2 years, the first life table quantities to be
In preparing these decennial life tables, no specific allow- calculated were the values qfl,, the number of deaths

ance was made for possible incompleteness in the enumeratioccurring between exact agesandx+t in the life table cohort

of the population or in the registration of births or deaths. In commencing withl, live births. This was calculated by the

calculating previous decennial life tables, the use of birth formula

statistics (rather than population data) in calculating the denomi- - D
. . e _'0t¥x

nators of the mortality rates at ages under 2 years was justified do=

largely on the basis that the census populations under age 2 tEx

years were believed to be underenumerated. In addition, there : .
: . where,D, denotes the number of deaths (adjusted as described

are other advantages of using the methodology based on birth_ , LN
) ) earlier for nonreporting of age) occurring in 1989-91 between

data, since it may be expected to produce a more accurate

. . . . + i i
estimate of the average population during the 3-year perio dexact ages andx+t, and, E, denotes the appropriate denominator

) . . as indicated intable A These denominators are based on the
than is provided by the population enumerated on the census

. 4 . . " a1 1ca assumption of uniform distribution over the year of the births of
date. Accordingly, its use was continued in the 1989-91 life 1087, 1988, 1989, 1990, and 1991. In each dgss taken as

tables. 100,000. The appearance of overlapping in the designations of
the age intervals occurs because exact ages are involved.
Data used for calculating life table The unrounded values ¢fl, were ther_1 used to cz_ilculate
| values ofl, up to age 2 years by successive application of the
values formula
The underlying data used in preparing each of the 1989-91 Lt = L0y

decennial life tables consisted of. a) deaths occurring in the

3-year period classified by age at death, b) population data by

age on the census date April 1, 1990, corrected as previouslyDeath rates at ages 2-94 years

described, and c) births for each of the years 1987 to 1991,

inclusive. These data were treated separately by sex and race. The life table death rate, is the fraction or proportion of
Populations and deaths were available by single years ofa group of persons at exact agevho are expected to die

age through age 5 years and by 5-year age groups from 5 to 9%efore attaining agex+1. If m, denotes the ratiod,/L,,

years with the final age group being 100 years and over. Acommonly called the central death rate, then it is well known,

slight overlap occurred because the population was needed agn the assumption of uniform distribution of deaths over the

age 5 separately and as part of the age group 5-9 years. Iryear at age, that

each case the age referred to is in completed years—that is,

the exact age on the individual's last birthday. In addition, Oy

deaths occurring at ages under 1 year were available for four

subdivisions of the first year of life: Under 1 day, 1-6 days,

7-27 days, and 28-364 days. Life-table values were calculate

for these subdivisions of the first year of life (but not

_2m
T2 m, [1]

dTabIe A. Denominators of ,E, used in calculating ,d, for ages
under 2 years

published in the case of the State life tables) and for single Age interval xto x+1 Denominator of d
years of age throughout the remainder of the life span. 1
. . O-lday ........... == (Biogs + 730B1gge + 730B g0 + 729B;901)

With regard to the census data, actuarial theory suggests 730
that the populations to be used in the calculations should bel-7days .......... 7—:1,,0 (8B19gs + 730B1ggg + 730B 1990 + 722B1901)
those of the central date of the 3-year period, that is, July 1,7 5gqays. ... ... ... 7_:1%0 (35B, 056 + 730B 00 + 730B 1000 + 695B,001)
1990. However, the enumerated populations as of April 1, 1
1990 (adjusted as previously described), were used as if they?® 20> 98 -~~~ 730 (393B10ss * 73081050 + 73081000 + 337B100:)
were July 1 populations. This was done for two reasons. First,1-2years . ......... % (B1og7 + 2B1ogs + 2B1ggo +B1gs0)

estimates of the latter are available for the Nation as a whole, ] , .
. L. NOTE: B, denotes the reported number of births occurring during the calendar year z for the
but not for the individual States. Second, because the percenbopmanm category ( by sex, race, and geographic area) involved.
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This approximation is sufficiently accurate when the life table polation has an operational advantage in that the interpolated
is by single years of age. Formula [1] was the basis of the deaths at a given age for any class is exactly the sum of those
calculation of death rates at ages 2-94 years. Completion offor the subclasses of which it is composed, and a similar
the calculations depends, therefore, on the ability to calculatestatement applies to populations. For example, at any age the
central death rates, at these ages. For this purpose different interpolated deaths for total white persons is the sum of those
methods were used at ages 2—4 years and at ages 5-94 yeairfar white males and white females, and the interpolated deaths
as will now be described. for the United States is exactly the sum of those for the 50
States and the District of Columbia.

Central death rat t 2_4 For the 1989-91 life tables, the interpolation of both
entral death rates al ages <-4 years deaths and populations was performed by means of the

If D, denotes the adjusted number of deaths in a popula-interpolation coefficients developed by H. S. Beemble B.
tion category at agex (in completed years) occurring in [N certain age intervals the headings of this table are not to be
1989-91, and®, denotes the population at agén the middle taken precisely as stated. In interpolating at ages 90-94 years,

of the period, then (3), the numbers (of deaths or populations) at ages 100 years and
over were used as if they applied to ages 100-104 years.
Dy Moreover, in interpolating at ages 5-14 years, the value used
= 3P 2] for the “quinquennial sum starting at age 0” was not the actual
X

number reported at ages 0—4 years but a fictitious value.
As previously noted, the populations actually used were thoseBecause of the mortality peak in infancy, the use of the actual
of April 1, 1990. numbers at ages 0—4 years probably would not yield plausible
However, because the deaths occurring in a single year ofyalues. There is no reason to expect that the interpolated
age during 1989-91 were drawn from three consecutive values for ages 5-9 years would join smoothly with the
annual cohorts of the population, it was considered that the numbers reported at ages 2—4 years if actual numbers for the
accuracy of thesen, values would be improved by replacing age group 0-4 years were used.
3P, in the denominator of formula [2] by the sum of the
populations at ages-1,x, andx+1. Thus the formula becomes

D
Px—l + Px + I:)><+1 [3]

As a result, a fictitious quinquennial sum was used for the
age interval 0-4 years. The numbers were chosen so that the
sum of the interpolated values at ages 2—4 years would be
equal to the number reported in this 3-year age interval
(adjusted for nonreporting of age in the case of deaths).

If W, denotes the quinquennial sum commencing with age
The combination of formulas [1] and [3] is equivalent to the x andV denotes the sum of the interpolated numbers for ages
single formula 2—4 years (which shall be required to be equal to the reported

D number), these coefficients give
X

O = 1 V = 0.4072\, + 0.2416N; + 0.0080N,, — 0.0898N, 5
Pea # Pt Paa +5 Dx +0.0328N,,

X

n']X:

Solving for W, the fictitious quinquennial sum, gives

W, = 2.4558( — 0.59332V; — 0.01965V,, + 0.22004,

which was used fok =2, 3, and 4.

Death rates at ages 5-94 years This formula was used to compute the fictitious value for the

age interval 0—4 years. The interpolated populations from the
census and deaths from the National Center for Health Statis-
Dy tics were used in formula [4] to calculate the death rates up to
age 94 years.

At ages 85-94 years, the death rates obtained here were
blended with those derived (as explained in the next section)
which was used for ages 5-94 years, with valueBpodndP, from experience of the Medicare program. Thus, the rates
obtained by interpolation from data by 5-year age intervals. actually used in the construction of the life tables were
The procedure of interpolating populations and deaths sepa-obtained by the formula
rately has a long history. It was first used by Dr. John Tatham 1
in preparing English Life Table No. 5 covering the period qxzﬁ[(95—x) oS + (x-84) o]

1881-90 and published in 1895 (4). The Tatham method was
also used in the construction of the U.S. life tables based on
the censuses of 1900-30, inclusive. When life tables areWwhereq,
mass-produced, as in the United States, the 50 States, and the dy
District of Columbia, the Tatham method of osculatory inter- ™

The combination of formulas [1] and [2] is equivalent to

%= T
3PX+§DX [4]

life table death rate at age
death rate calculated with formula [4]
corresponding rate based on Medicare experience.
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Table B. Beers’ interpolation coefficients for subdividing quinquennial sums to obtain estimated numbers by single years of age
(minimized fifth-difference formula with smoothed end)

Quinquennial sum beginning at age

Age 0 years 5 years 10 years 15 years 20 years

Coefficients for 2—-4 years

2years ... 0.1924 0.0064 0.0184 —0.0256 0.0084
3years ... 0.1329 0.0844 0.0054 —0.0356 0.0129
dyears . ... ... 0.0819 0.1508 -0.0158 -0.0284 0.0115

Coefficients for 5-9 years

S5years .................. 0.0404 0.2000 -0.0344 -0.0128 0.0068
Gyears . ................. 0.0093 0.2268 —0.0402 0.0028 0.0013
7years ... -0.0108 0.2272 —-0.0248 0.0112 —-0.0028
8years . ................. —0.0198 0.1992 0.0172 0.0072 —0.0038
gyears . ........ .. -0.0191 0.1468 0.0822 —-0.0084 —0.0015

Quinquennial sum beginning at age

Age 5m — 10 years 5m — 5 years 5m years 5m + 5 years 5m + 10 years

Coefficients for 10-94 years

Smyears ................. -0.0117 0.0804 0.1570 —-0.0284 0.0027
Sm+lyears................ —0.0020 0.0160 0.2200 —0.0400 0.0060
Sm+2years . ............... 0.0050 —0.0280 0.2460 —-0.0280 0.0050
5Sm+3years................ 0.0060 —0.0400 0.2200 0.0160 —0.0020
Smt+dyears . ............... 0.0027 —-0.0284 0.1570 0.0804 -0.0117

SOURCE: H.S. Beers: Reply to the discussion of his paper six-term formulas for routine actuarial interpolation. Rec. Amer. Inst. Act. 34:60, 1945.

Death rates at ages 95 years and purpose were limited to the “Hl-insured” group (that is,
over insured for Hospital Insurance). In general terms, this excludes

persons who were “blanketed into” the Medicare program even

As in the 1979-81 life tables, death rates at ages 95 yearshough they had no covered employment or only a minimal
and over were based solely on experience of the Medicareamount of such employment under the Social Security program
program and were provided by the Office of the Actuary, or the Railroad Retirement program (5). It is believed that ages
Social Security Administration. Medicare data were used at have been more accurately determined for the HI-insured group.
ages 95 years and over because they were considered morgable Dshows by age and sex the percent of Medicare beneficia-
accurate than conventional death rates, which have problemgies who were Hl-insured as of January 1, 1990. Also excluded
in the accuracy of the reporting of age among the extremely from the calculations were persons of unknown race, estimated to
elderly. As mentioned in the preceding section, death rates athave been roughly 3 percent.
ages 85-94 years based on Medicare data were blended with  Crude death rates for the remaining five categories of
those based on census populations and registered deathghe population (total male, total female, total white, total
Therefore, death rates based on Medicare experience wer@ther than white, and the total population) were obtained as
required at all ages 85 years and over. weighted averages of the four previously determined cat-

These death rates were differentiated by sex and raceegories, using as weights the proportions of the enrolled
but not by geographic area. The Office of the Actuary population in the specified category on January 1, 1990. In
provided, for the first time, death rates among the elderly calculating these proportions, the entire population enrolled
black population. Previously it had been necessary to applyfor Medicare (not merely the Hl-insured) was used, except
the rates for the other than white population to the black that, of course, persons of unknown race had to be excluded
population. Since no distinction is made by geographic areain obtaining proportions involving race. A comparison
at ages 95 years and over, the life table death rates for thebetween the Medicare proportions and the available age
United States and for the States are identical and thegrouping proportions in the 1990 census showed little
influence of geographic area on the rates diminishes with difference.
increasing age at ages 85-94 years. The crude rates for each of the nine population categories

Death rates based on Medicare experience used in thefor ages 66—105 years, inclusive, were then graduated (that is,
construction of the life tables are shown table C The smoothed) by a Whittaker-Henderson Type B formula (6).
procedure by which these were obtained consists of a series ofSuch a formula involves minimizing the quantity
steps. First, “crude” death rates for ages 66-105 years,
inclusive, for white males, white females, males other than B B-z
white, and females other than white were computed directly AV z,\2
from the data on deaths and enrollments. The data used for this g (@m0 kz &)

x=0
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Table C. Graduated mortality rates from Medicare experience by sex, race, and age at last birthday: United States, 1989-91

Total White Other than white Black
Both Both Both Both

Age sexes Male Female sexes Male Female sexes Male Female sexes Male Female
85years......... 0.09713  0.12622 0.0836  0.09688 0.12637  0.08337 0.09929  0.1253  0.08552 0.10079  0.12956  0.08699
86years......... 0.10588 0.13623 0.09245 0.10583 0.13659 0.09246 0.10664 0.1337 0.09269 0.10759 0.13729 0.09391
87years......... 011559  0.14704 0.10233  0.11575 0.1476  0.10258 0.11461  0.14281 0.10038  0.11503  0.14566  0.10139
88years......... 0.12625 0.1587 0.11317 0.12656 0.15942 0.1136 0.12328 0.15263 0.10871 0.12318 0.1547 0.10949
goyears......... 0.13777  0.17113  0.12491 0.13823 0.17204 0.12553 0.13242  0.163 0.11763  0.13187 0.16428  0.11817
90vyears......... 0.15005 0.18424 0.13756 0.15074 0.18541 0.13843 0.14183 0.17375 0.12702 0.14097 0.17429 0.12734
olyears......... 0.16316 0.19808 0.15115 0.16423 0.19961 0.15237 0.15149 0.18475 0.13689  0.15047 0.1846  0.13703
92years......... 0.17726 0.21274 0.16576 0.17878 0.2147 0.16738 0.16156 0.19588 0.14736 0.16045 0.19504 0.14733
93years......... 0.19244 022819 0.18139  0.19437 0.2306  0.18338 0.17231  0.20705 0.15859  0.17102 0.20549  0.15833
94vyears......... 0.20853 0.24412 0.19788 0.21081 0.24695 0.2002 0.18379 0.21812 0.17061 0.18219 0.2158 0.17003
95years . ........ 0.22502  0.26004 0.21475 0.2276  0.26329  0.21737 0.19586 0.22903 0.18338  0.19386  0.22659  0.18244
9% vyears . ........ 0.24126 0.27536 0.23143 0.24414 0.27914 0.23434 0.2083 0.24048 0.19682 0.2059 0.23792 0.19556
97vyears......... 0.25689  0.28943  0.24775  0.26009  0.29399  0.25091  0.22089  0.2525  0.21089  0.21821  0.24982  0.20946
98vyears......... 0.27175 0.3039 0.26375 0.27538 0.30869 0.26715 0.2337 0.26513 0.22557 0.23087 0.26231 0.22414
99vyears......... 0.28751 03191  0.27957 0.29135 0.32413  0.28318 0.24726 0.27838  0.23911  0.24426  0.27542  0.23758
100years . ....... 0.30418 0.33505 0.29635 0.30824 0.34033 0.30017 0.2616 0.2923 0.25346 0.25843 0.2892 0.25184
10lyears .. ...... 0.32182 035181 0.31413 032612 0.35735 031818 0.27677 0.30692 0.26866 0.27342  0.30365  0.26695
102 years . ... .... 0.34049 0.3694 0.33298 0.34504 0.37522 0.33727 0.29282 0.32226 0.28478 0.28927 0.31884 0.28297
103years .. ...... 0.36024  0.38787 0.35296 0.36505 0.39398 0.3575  0.30981 0.33837  0.30187 0.30605 0.33478  0.29994
104 years . . ... ... 0.38113 0.40726 0.37413 0.38622 0.41368 0.37895 0.32778 0.35529 0.31998 0.3238 0.35152 0.31794
105years .. ... ... 040324  0.42762 0.39658 0.40862 0.43436 0.40169 0.34679 0.37306 0.33918 0.34258  0.36909  0.33702
106 years . ... .... 0.42663 0.449 0.42038 0.43232 0.45608 0.42579 0.3669 0.39171 0.35953 0.36245 0.38755 0.35724
107years ... ..... 045137  0.47145 04456  0.4574 047888 0.45134 0.38818 0.4113 03811  0.38348 040693  0.37867
108 years . ... .... 0.47755 0.49503 0.47233 0.48393 0.50282 0.47842 0.4107 0.43186 0.40397 0.40572 0.42727 0.40139
109years .. ... ... 0.50525  0.51978  0.50068  0.512 0.52797 050712 043452 0.45345 042821 0.42925 044864 0.42548
wherex = index for single years of age This difficulty may be overcome by using the crude rate as an

0 = minimum age approximation of the smoothed rate in the computation of

B = maximum age weights so that the approximate formula becomes

W, = designated positive weight E

gy = crude rate W= ———

0. = smoothed rate o (1 -

A?= zth finite differencez being commonly chosen as ,

2 or 3. In graduating the death rates at ages 66—105 years based

on Medicare experience, the finite differerceas taken as 3
The first summation is a measure of the departure of the and the smoothing constaktas 5,000, so that the expression
smoothed rates from the crude rates, and the second summao be minimized becomes
tion measures the roughness of the smoothed rates (that is, the

smaller this quantity, the smoother these rates). The smoothing 105 102
constank indicates the degree of importance the user attaches 2 W, (g.-9,)° + 5,0002 (A3 ¢,)?
to smoothness in relation to closeness of fit to the observed x=66 2=66

data.

Minimization of formula [5] leads to a system of linear A comparison was done between lettikgequal 140,000, as
equations to be solved for the smoothed death rgtek has was done in the 1979-81 life tables, and letting it equal 5,000,
been suggested (8,9) that on theoretical grounds the weights
W. should be taken as the reciprocals of the (binomial) Table D. Percent of Hl-insured Medicare beneficiaries by age and

X, . sex: United States, January 1, 1990
variances of the smoothed death raggsthat is,

Percent
W, =
= — Age Male Female
O (1 - qx)

B5-69years .. ... ... 98.4 97.7

where E, denotes the “exposed to risk.” In fact, it may be ;‘;—;g YOArS . ... ggi g;-g
. . . . . . —TOYEAIS . . . e . .
pointed .out that with this choice of weights the first term .of. 8084 years ... ... 977 96.4
expression [5] becomes the value of the chi-square statistiCes—sgyears ..................... ... ... 96.2 94.4
that is used in the chi-squared goodness-of-fit test. However,90-94years . ............. ... .. ... ..... 91.9 90.9
the use of such weights would lead to a system of nonlinear9-99Years ... 83.0 83.4
100yearsand OVer . . ... ... ... 44.8 35.8

equations in the variableg, that could not easily be solved.
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the value used by the Office of the Actuary, Social Security I
Administration. The difference between the two expressions =1
was minimal and 5,000 was chosen fobecause a smaller

smoothing coefficient leaves the graduated numbers closer toSuch values ofq, were not published for the States.

the original values calculated from the data. Values of®,,,, the expectation of life at age 110 years, for

For a variety of reasons, including misreporting of age, each of the 12 race-sex categories were furnished by the Office
tabulated death rates at very high ages tend to be understatedf the Actuary, Social Security Administration. These were
In order to correct for this understatement the graduated ratescalculated by extrapolating,_ 5 values by the method pre-
at certain of the oldest ages were rejected and replaced byiously described, to age 132 years, and obtaining valuegs of
rates obtained by a method of extrapolation that is used in theup to age 130 years by interpolation using formula [6]. Values
Annual Social Security Trustees Reports. For each sex, aof |, for x=111 to 130 years, inclusive, were calculated by
minimum percent change from,_; to g, was required. The  formula [7]. Values ofL,, the number of person-years lived
minimum percent changes used were, 5.8 percent for the totabetween age andx+1, for age 110-130 years, inclusive, were
population, 5.0 percent for males, and 6.0 percent for females.obtained from the general formula
These values are consistent with those used in the 1994
Trustees Report. The level of for females was not allowed Ly=0.5 (+ o)
to rise to a level higher than that for males of the same age and )
race. The age at which the minimum percent change was firstTx: the number of person-years lived after agevas com-
imposed varied from age 94 to 99 years. Through this puted sequentially from age 130 years back to age 110 years
procedureq, reached a level of 1.000 at a terminal age that by
varied from 121 to 126 years.

As the underlying data were available in such a form that
the death rate referred to gswas in realityq,_q 5 interpola-
tion was performed to produce rates for integral ages from 85
to 109 years, inclusive, using the approximate formula

1 9 9 1
O U~ 15 %15% g h-05+ Tgdeos " Tg%e1s  [6]

Tx = Tx+1 + I-x

with T, 3, taken equal to zero. The final step was to compute

G = Tio
110~ T~
110

These values are shown fable E

This formula would be exact if the four consecutive rates in  With the values ofey;o available T, for the ages included
the right member were exactly fitted by a third-degree N the life tables was computed by the formulas
polynomial.

T110=l110 Oe110

Calculation of the remaining life and
table values
Death ratesg, were now available for all ages 2-109 _
years, inclusive. From these, using double precision, numbersproceeding from age 109 years back to age 0. For the

of survivorsl, were calculated for ages 3-110 years, inclusive, subdivisions of the first year of life, the corresponding formula
by the formula Is

|x+1: Ix_lx Ox [7]

Tx = Tx+l +0.5 qx + Ix+1)

t
Tx = Tx+t + 2 (Ix + Ix+t)
wherex ranges from 2 to 109 years. Values lgfwere now
available for all integral ages from 0 to 110, inclusive, as well wheret is the appropriate fraction of a year corresponding to
as for certain ages between 0 and 1 year (1 day, 7 days, and 28e interval involved. The values ¢fused are as follows:
days).

Values ofq, were available for ages 2 years and over but Age t
not for ages under 2 years. Accordingly and g, were O 1/365
calculated by the formulas lday ... 6/365
7days. ..o 21/365
_ . h 28 GAYS .« et 337/365
Q=1 T
| The average remaining lifetime (or “expectation of life”)
=1 -|—2 %, was calculated at all ages from 0 to 109 years, including
1 ages between 0 and 1 year, by the formula
Moreover, for the United States, death ratgs for subdivi- °ex—1X

sions of the first year of life were calculated by the formula I

X
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The values ofq,, I, T,, and Oex were then rounded to the Table E. Values of ‘110 extrapolated from Medicare experience by
number of decimal places shown in the published life tables, "€ and sex: United States, 1989-91

In other words|, and T, were rounded to the nearest integer, Race and sex %110

g, to five decimal places, anf, to two decimal places.
Becausd, andq, were independently rounded, calculation of

q, from the published (rounded) values Igfby 3‘;2 SEXBS 123
Female . ... ... .. . . ... ... 1.30
lxe1
a=1 —T—+ White
X Bothsexes ... ..... ... ... .. . . ... .. 1.27
. . i . Male . . ... . 1.24
may not always agree with the published value in the fifth ey = 128
decimal place. Finallyd, andL, were obtained by differencing
the rounded values df andT,, respectively: All other
Bothsexes ... ..... ... ... .. ... ... ... 1.34
d=1-1 Male . . ... . . e 1.50
X7 xo Ix+l Female . . ... 1.30
and Black
Bothsexes ... ..... ... ... .. ... ... .. 1.58
Ly=Ty=Tin MBI o oo 152
Female . .... ... .. . .. ... .. 1.59

Calculation of standard errors of the
life table functions 109

2 + 2 +

The 1989-91 U.S. decennial life tables are the second 0SB0 Z Iy(%yﬂ 0.57 §(qy)
set of decennial life tables to show standard errors for 52(%&): X 5
certain life table functions. Specifically, the standard errors 1% [9]
for the probabilities of dying and for the life expectancies
are shown. It is important to consider that these standard . . .
errors reflect only stochastic variation and are based on anspecIal adJUStmentS in the U.S. and
assumption that the age-specific deaths follow a binomial State life tables

distribution. Stochastic variation is not the only source of o )
error for life table functions; measurement error, such as For each of the 50 States and the District of Columbia,

age misstatements on death certificates or on census reportd/fe tables were calculated for each of the 12 race-sex groups

also affects the accuracy of the life table functions. While Shown in the U.S. report. However, in some States not all of
the extent of measurement error on life table functions has e 12 tables were published, because it was considered that

not been quantified, it is generally thought that measure- the amount of data for one race was too small to produce
ment errors could be larger than stochastic errors. Becausd€liable results. If for any racial group fewer than 700 male or
the life tables for the United States and for the published 700 female deaths at all ages were registered in the given State

States are based on relatively large numbers of deaths, thdor the 3-year period 1989-91, the tables for that race group
standard errors presented are rather small. were not published. The number 700 was chosen after experi-

For ages less than 85 years, a binomial distribution m_er_1ting with data from the 1969-71 period to determine the
assumption yields the following estimate for the variance of Minimum number of deaths that could be smoothed into a
0 reliable life table. As a result of applying this criterion, life

tables for persons other than white were not published for 11

q2 1-q) States: Idaho, lowa, Maine, Montana, New Hampshire, North

F(q) = ———2 Dakota, Rhode Island, South Dakota, Utah, Vermont, and

Dy [8] Wyoming. Life tables were not published for the black popu-
lation for these same States plus the seven States of Alaska,

WhereD; is the age-specific number of deaths, smoothed by Hawaii, Minnesota, Nebraska, Nevada, New Mexico, and
interpolation and adjusted for the number of deaths with age Oregon. In three of the above 18 States (Minnesota, Nevada,
not stated. and South Dakota) the number of deaths of black persons or of

For ages 85-109 years, Medicare data were used topersons other than white was fewer than 700 for one sex
estimate the probabilities of dying; equation [8] cannot be (females in all cases) and not for the other. Life tables for

used. An empirical investigation led to estimatesSif,) for white persons were published for every State.

these ages as well as 8 (®,,). For the variances of the life In most of the State life tables, special adjustments were
expectancies at ages 0—109 years, an equation from Chiang (9)nade at certain ages to correct or mitigate anomalous behavior
with a slight modification, was used, namely: of the life table values that may be attributed to the small
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numbers involved. After each life table to be subjected to such total persons, total males, and total females. These adjustments
adjustment had been calculated and printed outgthealues were most frequently made at ages 1-4 years.

for individual years of age were examined and certain tests of For each pair of published life tables for males and
consistency applied. The other life table functions are com- females of a given race in a given State it was considered that
pletely determined by thg, values, so no tests needed to be the g, values for females at each age should be less than the
applied to them. corresponding value for males. When life tables for the

Because of the small numbers of deaths involved, the population other than white were published, thevalues for
smoothing process used in the 1979-81 tables was changedwhite persons at each age should be less than the correspond-
Instead of moving whole deaths from one age group to ing value for persons other than white of the same sex up to
another, the new process allowed moving tenths of deaths. Forabout age 70 years. This requirement was relaxed between the
example, under the 1979-81 methodology if in a given State early teens and the early twenties. At these ages the rates for
the number of deaths to white females at ages 1-4 years was 4vhites were permitted, but not required, to be higher than
and smoothing at these ages was needed, it was necessary those for persons other than white. When the values for
arbitrarily add at least 6 deaths to obtain a new total of 10. persons other than white do become lower at about age 70
This was the minimum number that would allow the death years or over, they should remain lower. In other words,
rates to decline from age 1 to age 4. The 10 deaths werecorresponding mortality curves for white persons and others
distributed 4 to age 1, 3 to age 2, 2 to age 3, and 1 to age 4.should not be permitted to cross and recross a number of
Thus, the smoothing process raised the level of the observedimes. This criterion was not applied, however, to the States of
death rates by 150 percent, and although death rates for whiteHawaii and California, where the population other than white
males were required to be higher at every age than for whiteis composed primarily of ethnic groups having death rates
females, the rates for white males were distorted even more.closely comparable to those of the white population. Similarly,
The new process often allowed the smoothing to be donewhen life tables for the black population were published, the
without increasing the number of deaths in the age interval g, value for persons other than white at each age should be
and allowed the rates to be smoothed without radically less than the corresponding value for black persons of the
changing their level. same seX. This should be true at all ages.

It was considered that in each life table, the values In every instance in which an adjustment was considered
should decrease from age 0 to about age 10 or 11 years andecessary, it was effected by redistributing by age the numbers
then increase to the early twenties. They should increase agairof deaths in two or more usually adjacent age groups, so that
from about age 30 years to the end of the table. Strict increasethe total number of deaths at all ages remained unchanged. In
in death rates with increasing age was not required between 2Qusing this type of adjustment, the intention was to change the
and 30 years, because a slight decrease in the mortality curvdocal shape of the mortality curve while preserving the overall
in this age range (due to declining numbers of deaths from mortality level. In some cases, the numbers of deaths in the
violent and accidental causes) is a feature of many of the life age groups involved were redistributed by age in proportion to
tables. Abrupt age-to-age changesginvalues (indicated by  the corresponding numbers for the same sex and race for the
relatively large second differences) were also examined. United States. This procedure was used most frequently at

Such adjustments were made directly only to the life ages 1-4 years. When this process failed to remove the
tables for white males, white females, males other than white, observed anomalies, deaths were redistributed by age in a
females other than white, black males, and black females. (Nomore arbitrary manner.
adjustments were made directly to the the total population or Sometimes several trial runs had to be made for a given
the various subpopulations.) After the data underlying these State before satisfactorg, values were obtained. For each
six tables had been adjusted to remove anomalies, the adjustettial run small changes were made in the numbers of deaths;
data were combined in various ways to produce the remainingtheng, values were recalculated. When redistributions by age
six tables. It was assumed that if the six basic componentsof the numbers of deaths resulted in approprétealues, the
were free from anomalies, this would also be true of the process of computation of the various life table functions, as
various subpopulations. For some States the data for populapreviously described, was carried out with tipevalues based
tion groups for which life tables were not published (for on the redistributed numbers of deaths.
example, males and females other than white in 11 States and  The redistributed deaths for the six basic demographic
black males and females in an additional 7 States) were notcategories (white males, white females, males other than
adjusted. It was assumed that if the life tables for white white, females other than white, black males, and black
persons were free from anomalies and the deaths of persongemales) were then combined to produce the redistributed
other than white were too few to warrant publication of the life deaths by age for the six remaining categories (total popula-
tables, there would be no anomalies in the life tables for total tion, total males, total females, total white, total other than
males and total females. For 7 of the 18 States (Montana,white, and total black), and computation of the life tables for
North Dakota, Rhode Island, South Dakota, Utah, Vermont, the latter categories was completed. If these life tables con-
and Wyoming) this assumption was not justified, and adjust- tained anomalies, some additional redistribution of deaths was
ments were found to be necessary in the data for persons othedone in the individual race-sex groups. The life tables for the
than white or black, even though the corresponding life tables United States were not corrected to reflect redistributions by
were not published, to avoid anomalies in the life tables for age of deaths in the States.
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Table F. Number of published State and District of Columbia life tables with special adjustments by race, sex, and selected age intervals:

United States, 1989-91

White White All other All other Black Black

Age interval between exact ages male female male female male female
0-2years . ... ... ... 49 49 39 39 33 32
5-29years . ... ... 46 51 36 39 28 32
30-49vyears . ... 21 31 20 28 13 22
S50yearsand Over . . .. ... ... 5 6 34 31 28 27

The U.S. life tables required some minor smoothing, as References

did the 1979-81 tables. The unsmoothed national data for both
the other than white and black populations showed higher1
death rates for females than for males at ages 10 and 11. This”
was corrected by moving a few deaths out of the age group
10-14 years into adjacent age groups for females other than,
white and black females. This necessitated some minor shift in
the number of deaths for white females at ages 15-24 years.
The number of deaths for males other than white and black
males were raised slightly in the age group 10-14 years and3.
lowered in adjacent age groups. These changes did not neces-
sitate changes in the deaths of white males. 4.

Table F gives some idea of the number of special
adjustments made in the State life tables. Further details are
given in the appendix, which shows, for each sex and race
group in each State, the ages at which these adjustments”
were made.

By far, more adjustments were required in the age interval
1-44 years than in any other. First, at ages 1-4 years, deathsg,
by single years of age were used, and these numbers are small
and subject to severe statistical fluctuations. Second, the U.S8.
life tables were themselves smoothed at ages 5-14 years for
males other than white and black females; at ages 5-19 year$-
for females other than white; at ages 10-19 years for black
males; and at ages 1524 years for white females. This was an
indication that most State life tables would have to be
smoothed at these same ages. Of all the published life tables,
only the one for white males in Ohio did not require special
adjustments at any age.

National Center for Health Statistics. U.S. decennial life tables
for 1989-91, vol 1, no 4, United States life tables eliminating
certain causes of death. Hyattsville, Maryland. To be published.
U.S. Bureau of the Census. U.S. population estimates, by age,
sex, race, and Hispanic origin: 1980 to 1991, current population
reports. Series P-25, no 1095. Washington. U.S. Government
Printing Office, 1993.

Spiegelman M. Introduction to demography, revised edition.
Cambridge, Mass. Harvard University press, p. 121. 1968.
Tatham J. Supplement to the fifty-fifth annual report of the
registrar-general of births, deaths and marriages in England and
Wales, 1881-90. Part I. London. Her Majesty’s Stationery
Office. 1895.

Cohen WJ, Ball RM, Myers RJ. Social security payments to
noninsured persons. Soc Sec Bull 29(9):3-9. Sept. 1966.

Miller MD. Elements of graduation. Chicago. Society of Actu-
aries, ch 5. 1946.

Peterson RM. Group annuity mortality. Trans Soc Act 4:246—
307 (especially p. 288). 1952.

Camp K. The Whittaker-Henderson graduation process. New
York, p. 15. 1950.

Chiang CL. Introduction to stochastic processes in biostatistics.
New York, John Wiley and Sons. 1968.
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Appendix

Ages at which special adjustments were made in the 1989-91 State life tables by sex and race

Male Female
State White All other Black White All other Black
Alabama . . ....... 1-9, 15-34 1-14, 20-29, 65-84  1-29 4-39 1, 3-29, 60-79 1, 3-9, 20-44, 70-79
Alaska . . ........ 0-9, 15-24, 35-44, 1-3, 15-49, 80-99 0-34, 75-94 0-54, 75-94
80-89
Arizona . ........ 1, 3, 4, 10-19 1-44, 50-99 1-3, 599 1, 4, 10-44, 85-89 2-14, 20-24, 30-94 0-29, 35-54, 60-84
Arkansas . ....... 1-34 1-9, 15-19, 25-29, 1-9, 20-29, 70-89 1-3, 10-44 3-29, 35-39 1, 3-29, 35-39
70-89
California . . ...... 5-14 2-19 1-24 5-24 4-24 1-24
Colorado . ....... 2-34, 40-49 1-49 1-14, 20-24, 30-54, 1, 4, 10-39 1, 3, 4, 10-24, 30-49, 1-14, 20-49, 65-79
65-89 65-74
Connecticut . . . . . .. 0-3, 5-29 1-9, 20-29, 70-89 1-4, 10-14, 20-24, 4-29, 35-39 0-49, 75-84 0-9, 15-49, 75-84
45-54, 65-89
Delaware . ....... 1, 2, 4-24, 30-39 1-44 1-24, 30-49 1,2, 4-44 1-44, 65-84 1-44, 65-84
District of 1-24, 35-59 1-24, 35-84 1-29, 35-74 1-69 1-44 1-44
Columbia . ......
Florida . . ........ 1-14 10-19 3, 4, 10-19 1,3-24 3-14 2-14, 75-84
Georgia .. ....... 1-4, 10-24 0-4, 70-89 0-4, 70-89 1-29 1-4, 15-24 1-4, 15-24
Hawaii . ......... 1-14, 30-34, 70-89 1-3, 25-34 1-64 1-44
Idaho . . ... ...... 1-14, 25-44 1-3, 5-29, 35-44
lllinois . . ........ 1-4 1-4, 10-19 1,2, 4,10-19 1-4, 15-24 1-14 1-14
Indiana . ........ 1-29 1-3, 5-24, 65-74, 1-3, 5-24, 65-74, 1-3, 15-29 1-29, 65-74 1-29, 65-74
80-89 80-89
lowa ........... 1-4 1-3, 10-24, 30-34
Kansas ......... 1-4, 15-19, 30-44 1-29, 35-44, 60-69, 1-29, 35-44, 60-69 1-34 2-19, 25-29, 35-44, 1-14, 25-34, 50-69, 80-89
80-89 50-69, 80-89
Kentucky ........ 1-29 1-44, 65-84, 90-94 1-44, 65-84, 90-94 1-3, 5-29 1-24, 35-39, 50-59, 1-19, 50-59, 65-94
65-79
Louisiana . .. ... .. 0-29 1-3, 10-19, 35-44, 1-3, 10-19, 55-74 2-19, 25-29 1-19, 65-84 2, 3, 5-14, 25-34, 65-84
55-74
Maine .......... 1-39 1-34
Maryland . ....... 1-14, 30-39 1, 2, 5-19, 65-84 1-19, 65-84 1,2, 4-24 1-24, 65-84 1-24, 65-84
Massachusetts . . . . . 1,2,5-19 1-24, 30-34, 55-89  1-89 1-24 1-19, 35-49, 60-79  1-19, 35-49, 60-79
Michigan . ....... 1-3, 10-19 1-29, 80-89 1-29, 55-59, 70-89  1-29 1-34 1-34, 65-84
Minnesota . . . . . ... 2-29 1-9, 35-79, 85-94 1-34 1-24, 30-94
Mississippi . . .. ... 0-29, 70-79 1-39, 70-84, 90-94  1-3, 5-39, 60-84, 1-34 1-34, 40-49, 55-59,  1-24, 30-39, 55-59, 65-94
90-94 70-84, 95-99
Missouri . . .. ... .. 1-4, 15-29 1-4, 50-89 1-4, 55-89 1-4, 15-34 1-39, 55-84 1-39, 55-84
Montana . . .. ... .. 1-39 1-34
Nebraska . ....... 1-9, 25-29 1-54, 65-74 1-34 1-24, 30-74, 80-94
Nevada ......... 1-4, 15-24, 65-79 0-44, 65-99 1-24, 55-69, 75-89  0-14, 20-29, 35-69,

New Hampshire . . . .
New Jersey . . .. ...

New Mexico

1-14, 35-59, 70-84
1-14, 20-24, 30-79
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1-34
2-24
1-34

75-89

1-14, 35-59, 70-79
1-19, 25-74

1-19, 35-59, 70-84



Ages at which special adjustments were made in the 1989-91 State life tables by sex and race—Con.

Male Female
State White All other Black White All other Black
New York . ....... 1-4 2-19, 35-49 2-19, 35-49 2,4-14, 20-24 1-19, 35-44 1, 3-24, 35-44
North Carolina . . . . . 1, 3-29 2-4, 10-14, 20-29, 1-4, 10-29, 70-84 1, 3-39 2-24, 30-39, 70-84 1, 3-24, 30-39, 50-59,
70-84 70-84
North Dakota . . . . . . 1-39 1-24, 30-44
Ohio ........... 1-14, 65-79 1-14, 65-79 1, 4,10-34 1-34, 65-84 1-34, 65-84
Oklahoma . . . ... .. 1-34 1-24, 65-74, 80-94  1-24, 60-84 2-39 1-54, 60-84, 90-94 1, 2, 4-29, 45-54, 65-94
Oregon . ........ 1-4, 10-14, 20-39 3-64 1-29, 45-74 1-19, 25-94
Pennsylvania . . . . . . 1,2,4 1, 2, 4, 65-89 1-4, 65-89 1-4, 10-14, 20-29 5-19, 65-89 5-19, 65-89
Rhode Island . . . . .. 1-14, 25-44 1-29
South Carolina . . . . . 1-29 1-24, 55-64, 75-84 1-24, 55-64, 75-84 1-3, 5-39 1-29, 70-94 1-29, 70-84
South Dakota . . ... 1-39 1-34, 45-54
Tennessee . ...... 1-19, 25-29 2-4, 55-64 2-4, 55-64 1-34 2-4, 55-64 2-4, 55-64
Texas . ......... 2-4,10-19 1-4, 10-29, 65-84 1-24, 65-84 1-29 1-4, 10-24, 75-84 1-24, 75-84
Utah ........... 1-29 1-3, 5-39
Vermont . .. ...... 1-39 1-14, 20-34
Virginia .. ....... 1-29 1-24, 70-84 1-24, 65-94 5-29 3-39, 75-84 1-39, 75-84
Washington . . . .. .. 1-14, 25-29 1-49, 60-84 1-9, 15-34, 40-54, 1-3, 5-9, 15-29 1-49, 55-94 1-94
60-99
West Virginia . . . ... 1-4, 10-14, 20-24, 1-3, 5-9, 15-24, 1-3, 59, 15-19, 1-29 1-14, 20-59, 65-74 1-14, 20-39, 50-59, 65-89
30-39 30-44, 65-74 25-54, 65-74
Wisconsin . . ... ... 1-24 1-29, 60-94 1-24, 60-69 1-29 1-4, 10-14, 25-29, 1-9, 15-19, 25-29, 45-54,
45-54, 60-99 60-99
Wyoming . ....... 1-44 1-3, 5-44

Vol. I, No. 2 0 Methodology 0 Page 11



U.S. Decennial Life Tables, 1989-91

These 55 reports are published once each 10-year period by the National Center for Health Statistics.

Number 1

Number 2

Number 3

Number 4

VOLUME |

United States Life Tables. This first report
contains life tables by single years of age
from birth to age 110 for the United States.
Tables are included for the total population,
the white population, the population other
than white, and the black population. Within
these large populations are tables showing
the race-sex categories of male, female,
and both sexes combined. Standard error
tables for the probability of dying and of the
average remaining lifetime are included.

Methodology of the National and State Life
Tables. This report describes in detail the
methods of construction of the national
and State life tables.

Some Trends and Comparisons of United
States Life Table Data: 1900-1991. This
report deals with trends and interpretations
related to life expectancy and survivorship.

United States Life Tables Eliminating Cer-
tain Causes of Death. This report provides
life tables analyzed by major groups of
causes of death.

Numbers

VOLUME I

1 through 51 Alabama through Wyoming, State Life

Tables. Each of these 51 reports contains
life tables for a particular State and a table
that ranks each State in the order of life
expectancy. All States have tables for the
total population and the white population
by sex. In addition, 40 States have tables
for the other than white population and 33
have tables for the black population. Stan-
dard error tables for the probability of
dying and of the average remaining life-
time are included.
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