MODIFIED 1965-70 SELECT AND ULTIMATE
BASIC TABLES—ACTUARIAL NOTE

O DAVID GREEN, III

ABSTRACI
This paper presents a technique that develops modified tables of
mortality from the 1965-70 Basic Tables. The modified tables provide
mortality rates for all ages and contain a more satisfactory grading of
select ates intc ultimate rates than do the Basic Tables Age-last-
birthday tables are also derived
Actuarial literature has been silent on such derivations It is hoped
that this note will provide actuaries with an idea of the variety of tech-
niques available for creating such tables.

INTRODUCIION

nuities published the 1965-70 Basic Tables in 'S4, 1973 Reports,
pages 199-223, These tables were intended to replace the 1955-60
Basic Tables for various analyses of mortality.

These tables also are used, not infrequently, in the development of
gross and GAAP premiums Because the select data do not grade smooth-
ly into the ultimate data, particularly at the advanced issue ages, and
because of the need for mortality rates by individual ages, modified
tables overcoming these deficiencies have been developed . These modified
tables retain the trends exhibited in the 1965-70 Basic Tables

THE Committee on Mortality under Ordinary Insurance and An-

BACKGROUND

While the 1965-70 Basic Tables contain a fifteen-year select period,
the ratios of 1965-70 Select Basic Table mortality zates to Ultimate
Basic Table mortality 1ates (Table 11) exhibit sevezal plateaus, with
nearly uniform ratios as the effect of selection wears off Further, the
1atios in policy year 15 do not always decrease with advancing issue-age
group, leading one to infer that the length of the select period might be
a function of the issue-age group itself

A second problem concerns the graduated mortality 1ates for issue-age
group 70 and over, both for male and female lives combined and for
male lives only. Logic dictates that this Issue-age group is composed chief-
ly of entrants aged 70, for two reasons First, many companies do not
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publish rates beyond age 70, and issues beyond this age generally arise
only from special requests. Second, the number of issues decreases sharply
with advancing age for issue ages over 70 In Table 11 of the 1965-70
Basic Tables, there is a reference that the “‘central” issue age has been
taken as 72 for issue-age group 70 and over, and the title of this last issue-
age group (“70 and over”) suggests that the central age is cther than 70.
Mortality rates through the fifth policy year for this group are less than
those that would be obtained by simple linear extrapolatlon of the rates
from issue-age groups 60-64 and 65-69. Without some adjustment in
either the central-age assumption or the select mor tality rates themselves,
the conclusion could be reached that the force of mortality is neaily con-
stant for several ages Thisis a phenomenon usually observed only around
puberty and heretofore not exhibited at this later stage of life. One argu-
ment that can be advanced for this result is that more extensive under-
writing at the very high issue ages pr oduces a group of insured lives that
is “superselect” as opposed to a more normal “select” group.

The question arose as to whether the grading of the select rates into
the ultimate tates should be improved by adjusting the ultimate rates
or the select rates Two reasons why the original tables do not grade
smoothly are (1) that the ultimate table is based upon both medically
and nonmedically examined lives, whereas the select table is based upon
medically examined lives only, and (2) that the lives underlying these
tables were underwritten at different times, Various tests seemed to indi-
cate that regraduating the select data wouid be more extensive, but that
the problems with the original data would not be solved if only the
ultimate rates were regraduated For the purposes for which these tables
are intended, a regraduation of both the select and ultimate rates would
destroy an additional element of fit between the 1965-70 Basic Tables
and the Modified 1965-70 Basic Tables. Consequently, the modified
tables use the ultimate rates without adjustment.

CONSIRUCIION OF IABIES
Age Nearest Birthday (T ables 1-3)

Of paramount importance in developing the modified tables was the
maintenance of the basic mortality pattern. For the central age of each
adult issue-age group except 70 and over, five durational ratios of 1965-70
Select Basic Table mortality rates to Ultimate Basic Table mortality
rates were chosen These were the ratios for years 1, 15, and 16, and for
two intervening durations in order to maximize fit with the original
graduated rates. The ratios for years other than 15 and 16 were taken
directly from Table 11. The ratios for year 16, naturally, were 1.0. Ratios
for the fifteenth year were set empirically; they reduce with increasing
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age, consistent with the idea that selection persists for a longer period at
the higher issue ages. Intervening durational ratios were then calculated
using a Lagrangian interpolation formula that fitted a fourth-degree
polynemizl to the known ratios.

~ Variations in the above were dictated by the original tables. The
ratios reached 1.0 by the fifteenth vear for several lower issue ages. Such
ratios were accepted as given, so that the basic mortality rates were
regraduated only for issue-age groups 25-29 and above for male lives,
35-39 and above for female lives, and 20-24 and above for combined lives.

Fit obviously could not be maintained toward the end of the select
period, so the tests of fit employed weze discontinued two years beyvond
the third durational valie used from the ratios of select to ultimate
mortality (Table 11)

In reconstructing the mortality rates for issue-age group 70 and over,
the first problem was to obtain a higher rate for duration 1 After various
tests, the crude mortality 1ates were used, and new first-year ratios were
obtained In similar fashion, two other intervening ratios were selected.
Unlike the values for the other issue-age groups, where fit and smoothness
were measured against the graduated mortality rates and the ensuing
deaths {by constiucting a table with I,; = 1,000}, values for issue-age
group 70 and over were set by measuring fit and smoothness against
the graduated mortality rates and the crude mortality rates

Finally, the complete mortality table was developed. Mortality rates
for ages 0-14 do not vary by age at issue, being egual to the ultimate
rates. This follows the premise in the original report that there is no ma-
terial selection process at these ages. Values for the individual ages wete
obtained by CURVFII, an interpolation technique involving the passing
of a different cubic polynomial between each pair of points and then
fitting these curves together so as to produce one smooth continuous
curve

Ultimate mortality rates in the 1965-70 Basic Tables are truncated at
age 100. For consistency with valuation tables, it was decided to set gqy =
1.0. The rates at ages 96-98 were obtained by passing a cubic through ¢
at ages 93, 94; 95, and 99. Curves of higher or lower orders or utilizing
different ages did not produce values as aesthetically pleasing

Once the three basic tables weze developed, the following tests for rea-
sonableness were made:

1. Did the regraduated :ates for individual ages between central issue ages
grade smoothly into the ultimate 1ates?

2 Did the regraduated rates for individual ages between central issue ages in-
crease with advancing age, except where irregular patterns are implied in
the Basic Table?
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Birthday) Extensive theoretical development of 1,000, such as that
undertaken in 754, XIII, 609, did not have much appeal, particularly
in view of the purpose for which the modified tables are intended and the
limitations discussed below.

IIMIIAIIONS

"The 1965-70 Basic Tables are based upon medically examined business
during the select period. Therefore, the modified tables should be used
without adjustment only in connection with this type of business, and
then only if the business is reasonably similar to that in the original
study Some of the reasons why one may want to adjust the rates in
these tables include the following:

1 Nowmedically examined business: No adjustment is required for ages under
15, for 1easons mentioned earlier Adjustments at other ages must grade up-
ward from age 15 to reflect the ratio of nonmedical to medical mortality
and to reflect the percentage of nonmedical business in the group being
studied. The nonmedical 1ules and the nature of the underwriting must also
be considered. '

2. Features peculiar lo the group under study: Included might be such items as
geographical variations, unusually broad or restrictive definitions of under-
writing classes, and plan of insurance

No projections of future mortality are contained in these tables. As
new experience unfolds, these tables can be modified appropriately on
the basis of the data available from the Committee on Mortality under
Ordinary Insurance and Annuities. In due course, the 1965-70 Basic
Tables will be 1eplaced, at which time successor modified tables will be

" developed

Finally, it must be remembered that these are experience tables {ex-
cept in the later select years at the higher issue ages, where extensive
grading was introduced), and so they contain no margin for adverse con-
tingencies. This is another of the adjustments to be considered when work-
ing with these tables.

The reader is well aware that no single table is appropriate for all uses
or users It should be equally obvious that at least as many “modified”
tables could be created as there are authors It is hoped that this note
wili stimulate others to offer their works of art, together with their logic
for adjusting the data contained in the Basic Tables
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DISCUSSION OF PRECEDING PAPER

CLAUDE ¥. PAQUIN:

Mr. Green is to be complimented for offering his “work of art” to the
profession. Iis presentation is interesting, and I find that this paper is as
practical as its author, which I well appreciate and zespect.

The greatest virtue of Mr Gzeen’s tables is that they offer a focus of
reference or, in other words, are a quotable soutce. In a GAAP report,
the conscientious actuary now can spare himself having to attach a
lengthy exhibit or appendix simply by stating that he used (100 + )
pezcent of the tables shown on certain pages of a particular volume of the
Transactions. (The not-so-conscientious actuary can continue to state
that he used an “appropriate modification and extension” of the 1965-70
Basic Tables )

I shall not submit the tables I developed, which were derived without
the use of cUrRvFIZ and Lagrangian intérpolations, because the values are
very close to Mr Green’s. I thus am satisfied that Mr Green’s tables are
good ones, and that it still is possible to do reasonably competent actuarial
work without using the types of techniques employed by Mr. Green.

CARI J. SIRUNK:

Mr. Green has recognized and dealt adequately with the problems
associated with using the 1965-70 Basic Tables. However, his solution
leaves several unanswered questions. For example: Which two intervening
durations were chosen besides 1, 15, and 16? What interpolation formula
was used? What is corvrir? -

Our company was faced with the same problem of deriving mortality
tates for every age, and we took a more direct approach, as follows:

1 Ultimate rates were retained, with g4, = 1.000.

2. At issue age 0, all select rates were retained. :

3 Rates for policy year 1 at issue ages 0, 2, and every fifth age thereafter up
to 67 were retained.

4 In order to obtain additional smoothness, the rates for policy year 6 for the
same issue ages as in item 2 above were derived by averaging the rates for
policy vears 5-7.

5 Similarly, the rates for policy yeat 11 were obtained by averaging the rates
for years 10-12.

6 All intervening durations at the quinguennial ages selected ahove were
obtained by interpolation, using the four-point central interpolation for-
mula of Karup-King for policy years 7-10 and Newton’s advancing dif-
ference formulas for policy vears 2-5 and 12-15.
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7 Select mortality rates for intervening issue ages from 3 to 66 were then

determined by utilizing the same interpolation formulas as in step 6.

For ages below 16, rates were made constant by attained age.

9 TRates were extended to issue age 70 by multiplying the ultimate rates at
ages 70 and over by the 1atio of select to ultimate mortality for issue age 67.

10. The ultimate rates were terminated by a cubic equation fitted to ages 92,
93, 94, and 99 (g = 1.00)

The resuits are shown in Tables 1-3 of this discussion An APL program
that produces such a complete table is available. The advantage of the
approach just described is that if one does not have a computer with
APL the procedure can be done even with a desk calculator.

Our company is not on an age-last-birthday basis, so we did not develop
such 1ates. If one desires those rates, the procedure followed by Mr.
Green can be used. However, a cursory examination indicates that age-
last-birthday rates could be obtained as the mean of age-nearest-birthday
rates Such results would be as accurate as the data warrant; however,
the accuracy would not equal the pseudoaccuracy of the age-last-birthday
rates in the Basic Values of the Monetary Tables published by the Society
of Actuaries :

oo

IEOMAS R. HUBER:

As vice-chairman of the Society of Actuaries’ Committee on Mortality
under Oxdinary Insurance and Annuities, I was in charge of constructing
the 1965-70 Basic Tables In the course of that work, it occurred to me
that the contributing companies could almost as easily have submitted
their data by individual issue age instead of by issue-age group. The main
drawback in submitting data by individual issue age would have been
the greatly expanded number of IBM cards that would have had to be
submitted However, the time probably has come for switching from
cards to magnetic tape, which would alleviate this problem. Thus, in
modifying the Intercompany 1965-70 Select Basic Tables to show mot-
tality rates at individual issue ages, Mr. Green has gone part of the way
toward doing something the Mortality Committee might consider in the
future. '

In connection with Mr. Green’s paper, I would like to make the follow-
ing points:

1. The 1965-70 Basic Tables were constructed to facilitate the analysis
by the Mortality Committee of future mortality trends and to provide
companies with an up-to-date basis for mortality comparison The tables
were not intended for the development of gross or GAAP premiums.

2. 1 tend to agree with Mz, Green’s statement that the length of the
select period might be a function of the issue-age group I believe that a
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bifteen-year select period is too short for the higher issue ages. When and
if the Mortality Committee switches from IBM cards to tape, I think it
should request such contributions on a twenty-year select and ultimate
basis

3. T do not agree that the 70 and over issue-age group is comprised
chiefly of age 70 entrants, since many of the contributing companies
publish premium rates to age 75 and generally will allow policies o be
issued by special request at even higher ages. Also, since 1975 the Mor-
tality Committee’s instructions to the contributing companies have re-
quested that select data be furnished separately for issue-age groups 70-74
and 75 and over.

4. I fail to understand why it was considered necessary to regrade the
ratios of the select to ultimate mortality rates. By smoothing out these
ratios, significant increases have been made in the select moriality rates
at the longer durations, especially for the higher issue ages. The original
1965-70 Select Tables produced good tests of fit at each of the fifteén
durations. For example, the ratio of actual to tabular claims at duration
fifteen for all age groups combined was 99 6 percent fot males and females
combined, 984 percent for males, and 97.6 percent for females By
increasing artificially the graduated mortality 1ates at the longer duza-
tions, the ratios of actual to tabular such as those shown above are reduced
significantly, that is, the ratios are moved farther away from 100 percent.
A good graduation requires some compromise between fit and smooth-
ness, but if Thad to make the choice I generally would prefer a table that
fits the experience well

5 The mortality rates on the age-last-birthday basis were calculated
using an approach similar to that followed in the construction of the 1958
CS0 Table (Age Last Birthday) Tt would have been more consistent to
use the same method as was used for the age-nearest-birthday basis, that
is, taking the Mortality Committee’s 196570 Age Last Birthday Basic
Tables as the starting point. (The 1965-70 Age Last Birthday Basic
Tables were published in T'SA4, 1974 Reports, pp. 57-62.)

RONAID R. WEGNER:

In his actuarial note Mr Gteen has certainly provided us with an
adequate method of developing Modified 1965-70 Select and Ultimate
Basic Tables. One important area, I believe, requires additional discus-
sion: the mortality rates for ages 0-14 :

For these ages, the author has used the same premise as was assumed
by the Society’s Committee on Mortality in developing the 1965-70
Basic Tables, that is, that “there is no material selection process at these
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ages.” As a result, the aut

committee without modification.

Towever, the compaiison shown in
the rates in the 1965-70 Basic T able an
Table (754, 1963 Reports) raises some ques

IssoE
AGE

-

0
1...
5.
10
14

-

ment of the juve

such large differences in the 1ates?
on Mottality has noted, is that exposure a
fluctuations are likely, Another poss
lie in the way the committee developed the j
mittee noted in developing the 1959-
Basic Tables, most of the exposure at these
issued on a nonmedical basis Because
available data, the juvenile rates were
medical and nonmedical issues. However, in
for juvenile ages, only medi

In his study note Juvenile [nsurance
for the most part issue
dical examinations do not provide enough sig

juvenile insurance is
 that for juveniles me
information t

SEIRCI AND ULIIMAIE BASIC TABIES
hor has adopted the 1ates developed by the
the accompanying table between

d the 195962 Juvenile Extension
tions concerning the develop-

Mortalire RaI1es pER 1,000—
Mare— Act NEAREST BIRTHDAY

1965-7¢
Basic Table
(1)

.

580
133
0 48
031
0.52

1959-62
TJuvenile Table

@

1.85
0 86
049
027
0 64

()2
(3)

313 5%
154 7
98.0
114 8
8t 3

o wartant the extra cost. Thus,
there is a strong likelihood

would be ordered only where suspicion exists,

that an insured child who was given a medica
standard 1isk even though the policy was issu
study note also states that “presumably a fai
examinations requited on the juvenile is
used to check out the possible significance
cleared up by an attending physician’s sta

sues were
of a history that could not be
tement, rather than routine

nile mortality rates for this age group Why are there

One reason, as the Society’s Committee

t the juvenile ages is small and

‘ble source for the differences could

uvenile rates As the com-

62 Juvenile Extension of the 1955-60

juvenile ages was originally
of this and the limited amount of
developed by combining both
detiving the 1965-70 1ates
cal issues were used.

Julius Vogel points out that
d nonmedically He explains

nificant
since medicals generally

| might have been a sub-
ed standard. Mr Vogel’s
r number of the medical
“udgment’ medicals
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medicals called for automatically by the company’s age and amount
rules ¥ If this is the practice, it is not unreasonable to conclude that
medically issued juvenile policies will have higher mortality than non-
medical policies. A

One of the major purposes oi & Modified 196570 Mortality Table is for
use in pricing life insurance products, where accurate mortality experi-
ence is a necessity For this reason, and in light of the questions raised
above, I believe that both medical and nonmedical experience should be
used in developing juvenile mortality zates,

A 196570 Modified Juvenile Extension can he developed by combining
on an attained-age basis the medical and nonmedical experience from the
T84 Reports and applying a Whittaker-Henderson Type B formula to
the actual and expected deaths. The following is a compazison, for selected
ages, of the resulting rates: '

Mor1arizy Ratzs pER 1,000—
Matg—AGeE NEAREST BIRTEDAY
Iff‘m 195570
oF Modified 1659-62 .
Juvenile Juvenile Table ’
Fxtension*
(1) (2} (3
0 184 1 85 99 59,
1 .. 074 0 86 86 0
5. . 0 43 0 49 87 8
10 029 027 107 4
14 . 061 ¢ 64 95 3

% Constants used were & = S0 and 2 = 4, using the Greville notation
found in the Society’s current study note on gra uation
The 1965-70 Modified Juvenile Extension mortality rates shown above
appeax reasonable and are derived f1om the most relevant experience base
for this age group The complete tables ate given in Table 1 of this dis-
cussion
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TABLE 1
1965-70 MODIFIED JUVENLE EXIENSION TABLES
1,000g.
Ace NEsREST BIRTHDAY Ace LasT BiRIgDAY
ALTAINED |
Ace .
Male Female Combined Male Female Combined
0., 1.84 1.33 1 65 1 47% 1 03* 1 31%*
1.. 074 G 43 0 63 0 67 042 0.58
2 0 59 0 41 053 ¢ 55 039 051
3. 0 50 0.37 0.48 0.48 0 36 0 46
4 0 45 0 34 0 44 04 0 33 0.43
5. 043 03 042 0 42 0 30 0 40
6 . .41 028 038 039 0.27 0 36
7 0 37 0 26 0 33 0 35 0.25 0 31
8. 0 32 024 028 031 024 0.27
9. 029 0.23 025 029 023 G 25
10. 0.29 023 024 0 34 026 029
11 0 38 0 28 0.33 0 42 0 29 037
12 0 46 .30 0 40 050 031 0 44
3. 034 0 32 047 0.58 0 33 0 50
14 0061 0 34 0 52 064 035 0 55

# Computed as 340 + iq (to allow for skew distribution of issues)

(AUTHOR’S REVIEW OF DISCUSSION)
0. DAVID GREEN III:

Tt is appropriate to begin these remarks with thanks to the discussants,
for they, through the variety of their remarks, have shown the type of
concetn that must be felt by anyone using these tables.

Mr. Paguin has noted properly that the tables are now a “quotable
source,”’ which was one of the reasons why the paper was offered. I am
grateful that Mr. Pagquin spared me the task of comparing his tables with
mine—and gratified that the results were close

Having prepated his own tables, Mr. Strunk rajses several questions
about the mechanics used to develop the tables presented in the paper
First, the two intervening durations between 1 and 15 vary with the
central age; the choice was based on the degree of smoothness and fit that
emerged when the intervening values were obtained by interpolation.
Second, the interpolation formula was one of the Lagrangian family (five-
point)

The steps employed by M. Strunk are quite acceptable, although 1
would question the averaging of certain durational values for additional
smoothness (steps 4 and 5) without {1) testing for smoothness and (2)
selecting the durations to be averaged based on some tests of smoothness

and fit
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Mr. Huber’s discussion deals with the fundamental reason this project
was undertaken. It is well accepted that the 1965-70 Basic Tables were
not intended for the development of gross or GAAP premiums. The
caveats at the conclusion of this paper caution the user to introduce an
appropriate contingency matgin based on the int ended usage But without
the 1965-70 Basic Tables ox these Modified 1965-70 Select and Ultimate
Basic Tables, where would the smaller companies turn for cutrent ex-
perience tables? Because of the inherent statistical gyrations, any tables
they might develop based on their own data might be less representative
than these industry tables.

Our wotk requires a blend of technical accuracy with practical sim-
plicity. Considex the problems of explaining ar asset share study to an
individual not wholly familiar with our work If we use mortality rates
that do not grade rather smoothly, the results will be questioned. As
actuaries, we realize the implications of the imperfect results based on a
smoothed mortality scale Even if the first results are more palatable be-
cause the mortality pattein is a closer representation of the underiying
experience, we know very well that the actual results will not be in full
agreement with our mathematical model in any event We strive for a
close approximation, ot at least this should be our aim. Incidentally, we
might point out that the merging of the select and ultimate scales does
introduce a contingency margin in the later select durations at the higher
issue ages.

Since actuaries tend to move quickly in those areas of importance to
themselves, I suggest that the Committee on Mortality under Ordinary
Tnsurance and Annuities intioduce age-nearest-birthday and age-last-
birthday tables at the same time.

Mr. Wegner’s arguments about the juvenile mortality rates are well
founded. The choice of a proper g is important. The value presented in
Table 1 (Male-Age Nearest Birthday) is 0 00580; the value suggested by
Mz, Wegner is 0 00184. This difference of 0 00396 would be most signifi-
cant in the pricing of a product to a male child aged 0 The differences at
the other juvenile ages are not as significant Even so, Mr Wegner’s
theory should be considered when gross premiums for juveniles are de-
veloped.

The Society in its Reguirements for Admission cautions that ‘‘the discus-
sions of papers ate an essential part of the reading ” Claude Paquin, Carl
Strunk, Thomas [uber, and Ronald Wegner are due the collective thanks
of all Society members for their theoretical and practical contributions.
T have the personal privitege of being able to thank them directly.




