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T 
HE past decade has witnessed a steadily increasing interest in and 
growth of pension programs designed to meet, in part, the finan- 
cial problems besetting individuals as their working days grow to 

a close. This trend is not at all surprising as evidence mounts that the age 
group 65 and over will grow rapidly over the course of the next 50 years 
relative to the other age segments of the population. It is also worthy of 
comment that attention previously focused almost exclusively on life 
insurance as a means for meeting the needs of dependents left in a pre- 
carious financial position by the early decease of the breadwinner, has 
been broadened to include a growing realization of the value of monthly 
family income benefits as a supplementary tool for such purpose. 

Impetus was originally given to latter-day pension developments by 
the enactment of the 1935 Social Security Act and its modifying amend- 
ments of 1939. The benefits provided by such legislation served as a 
spark and springboard for the institution of many company plans during 
the war years. And today the fires have been kindled by large unions ever 
since pensions became a legitimate subject for collective bargaining. 

While much has been said, done, and written on the hows, whats, and 
whys of pensions, very little has appeared in print relating to the origin 
of the basic cost factors and to the actuarial formulas which underlie the 
calculation of benefit liabilities and the consequent estimates of amounts 
required to finance a particular plan. It is the purpose of this paper to fill 
in this gap in connection with the methods developed for analyzing the 
costs of one of the largest pension plans in the country (Railroad Retire- 
ment program). This plan provides for monthly employee annuities com- 
parable in size to those of a staff retirement plan, lump-sum and monthly 
survivor insurance benefits similar to those contained in the Social Secu- 
rity Act, and a residual lump sum which guarantees that total benefits 
with respect to a covered employee's earnings will always exceed his con- 

* The opinions expressed in this paper are those of the author and do not necessar- 
ily represent the ot~cial views of the Railroad Retirement Board. 
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2 ACTUARIAL ASPECTS OF THE RAILROAD RETIREMENT SYSTEM 

tributions. Indicative of the size of this program, it might be mentioned 
that during the year 1948, 2.3 million employees received $4.9 billion in 
compensation credits; $568 million was collected in taxes from employers 
and employees; and $254 million was disbursed in benefit payments. 

PROVISIONS OF T H E  RAILROAD R E T I R E M E N T  ACT 

Before going into the actuarial methods used for cost purposes, it is 
convenient to present a thumb-nail sketch of the benefit and tax pro- 
visions of the 1937 Act and the 1946 and 1948 amendments. 

Under the original 1937 Act, four different types of retirement annuity 
were recognized. These covered the following groups of employees: 
(1) Individuals 65 or over regardless of service (normal retirements), 
(2) Individuals between the ages of 60 and 65 who had completed 30 years of 

service (pre-normal retirements), 
(3) IndividuaLs between ages 60 and 65 who became totally and permanently 

disabled before completion of 30 years of service, and 
(4) Individuals without regard to age who were totally and permanently dis- 

abled and who had completed 30 years of service. 

For the second and third categories, the annuity was reduced by 1/180 
for each month the employee was under age 65 when the annuity began 
to accrue. The normal monthly annuity was computed by multiplying 
the individual's "years of service" by 2 percent of the first $50 of average 
monthly compensation, 1½ percent of the next $100, and I percent of the 
remainder. For individuals who were employees on August 29, 1935, years 
of service include all service subsequent to December 31, 1936 (up to age 
65) and service prior to 1937, but if the latter is included, the total credit- 
able service cannot exceed 30 years. In addition, there was a minimum 
annuity for employees at age 65 who had completed 20 years of service. 
Such annuity was equal to $40 per month payable when the average 
monthly compensation was $50 or over. 

in  addition to the monthly employee annuity, there was available a 
lump-sum benefit under the 1937 Act equal to 4 percent of the employee's 
taxable compensation (after 1936) less the amounts paid out in retirement 
annuities. 

The 1946 amendments to the 1937 Act introduced the following im- 
portant changes: 
(I) Reduced the service requirement from 30 to 10 years for total and perma- 

nent disability annuities under age 60. 
(2) Introduced an occupational disability provision for individuals having a 

current connection with the railroad industry. A service requirement is 
necessary for this type of benefit under age 60 (20 years). 
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(3) Substituted a new monthly minimum annuity provision equal to $3 per 
year of service up to $50. 

(4) Eliminated the lump-sum benefit of the 1937 Act (the excess of 4 percent of 
aggregate compensation after 1936 over the total employee annuity pay- 
ments). 

(5) Introduced a set of monthly survivor annuities and an insurance lump sum 
to dependents of deceased employees patterned after those of the 1939 social 
security amendments. Such benefits are based on combined railroad and 
social security coverage and average about 25 percent higher than under 
the latter Act. 

The latest amendments of June 23, 1948, are significant in two respects: 

(a) All retirement benefits---disability as well as nondisability--have been in- 
creased by 20 percent. 

(b) The lump-sum benefit of the 1937 Act has been restored in a modified form. 
A residual benefit is presently provided which is equal to 4 percent of the 
employee's railroad earnings in 1937--46 and 7 percent thereafter (less the 
total amount already paid out in retirement and survivor benefits). 

The reader is referred, for a more extensive treatment of the benefits 
provided under the 1937 Act and the 1946 amendments, to the writer's 
discussion of Mr. Immerwahr 's  paper "Problems in Federal Old-Age and 
Survivors Insurance." Such discussion appears beginning with page 90 in 
TASA XLVIL In that connection, note that  the original version of 
H.R. 1362 was followed practically in toto for the 1946 amendments. 

To fill out the picture, there is presented a table below which shows the 
tax rates which have applied since the railroad retirement system of bene- 
fits came into existence. These rates are applicable to railroad earnings up 
to $300 a month. 

CALE~A~ YEATS 

1 9 3 7 - 1 9 3 9  . . . . . . . . . . . . . . . . .  
1 9 4 0 - 1 9 4 2  . . . . . . . . . . . . . . . . .  
1943--1945 . . . . . . . . . . . . . . . . .  
1946 ...................... 
1947-1948 ................. 

1949-1951 ................. 

1952 a n d  s u b s e q u e n t  . . . . . . . .  

TAX IL~'~ o~ 

E m p l o y e ~  Employers 

21 21 
3 3 

51 51 
6 6 
61 61 

ACTIVE SERVICE TABLES 

Basic to the calculation of benefit liabilities under any employee retire- 
ment plan is the preparation of appropriate service tables. In view of the 
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different types of benefits and the various age and service requirements 
for eligibility, it has been considered necessary to build our own service 
tables by quinquennial ages at entry (18, 23, 28, etc.). Such tables are 
built on a multiple decrement basis which provides for (a) deaths in active 
service, (b) final withdrawals from service (other than by death or retire- 
ment), (c) immediate disability retirements, and (d) immediate age re- 
tirements. 

Mortality Rates 
To date, the information available to the Railroad Retirement Board 

on deaths of covered employees has been too incomplete and fragmentary 
to permit valid mortality investigations. Recourse has therefore been 
made to group life insurance experience for steam raikoad employees. In 
connection with our third valuation (as of December 31, 1944) the group 
life insurance experience for 1939-41 was utilized. The data for this 3- 
year period were derived from the reports of the Committee on Group 
Mortality Investigations for 1932--41 and for 1932-38. The graduated 
mortality rates and the various functions derived therefrom are shown in 
Table 1 of this paper entitled "1944 Railway Employees Mortality 
Table." For the purposes of the Board's most recent valuation as of 
December 31, 1947, it was not considered necessary to prepare a new 
table. Instead, the calculations allowed for recent improved mortality 
by applying a 1-year rate-back in age. 

Rates of Withdrawal 
The determination of withdrawal rates in an industry-wide system 

such as ours has posed peculiarly difficult problems relative to appropriate 
definitions. The following facts had to be kept in mind. First, there is 
considerable in, out, and in again movement of railroad employees within 
a railroad and among railroads. Such movements generally encompass 
the relatively unskilled employees and/or those with low seniority. 
Second, although the data available to the Board permit a study of the 
yearly employment pattern of any particular employee---via a year- 
check code--information is not available relative to the month of the year 
of entry or of the year of exit. Third, our withdrawal tables must take into 
consideration the fact that coverage under the retirement benefit pro- 
visions of the system is all-inclusive. Theoretically, benefits vest on the 
basis of even one day's service. Fourth, it was decided to make implicit 
provision for re-entries in the basic active service tables without unduly 
complicating them. Finally, the emphasis placed upon seniority rights in 
the railroad industry precluded the use of withdrawal rates by attained 
age independent of the duration since entry. 



TABLE 1 

1944 RAILWAY EMPLOYEES IV~ORTALITY TABLE INCLUDING 
MONETARY FUNCTIONS AT 3~o INTEREST 

Age lz qz d. Dz N2 
3 

18 . . . . . .  100,000 .00156 
19 . . . . . .  99,844 .00162 
20 . . . . . .  99,682 .0016~ 
21 . . . . . .  99,517 .00172 
22 . . . . . .  99,346 .0017~ 

23 . . . . . .  99,169 .00185 
24 . . . . . .  98,986 .00194 
25 . . . . . .  98,794 .00204 
26 . . . . . .  98,592 .00214 
27 . . . . . .  98,381 .00226 

28 . . . . . .  98,159 .00237 
29 . . . . . .  97,926 .0024~ 
30 . . . . . .  97,682 .00261 
31 . . . . . .  97,427 .00274 
32 . . . . . .  97,160 .00287 

33 . . . . . .  96,881 .00302 
34 . . . . . .  96,588 .00318 
3 5  . . . . .  

36 . . . . .  
37 . . . . .  

3 8  . . . . .  

39 . . . . .  
4 0  . . . .  

41 . . . .  
42 . . . .  

43 . . . . .  
44 . . . . .  

9,6,281 .00336 
95,957 .00357 
95,614 . 003801 

i 
95,251 .00405! 
94,865 .00432 
94,455 .00464 
94,017 .00498 
93,549 .00538 

93,046 .00581 
92,505 .00630 

45 . . . . . . .  91,922 .00683 
46 . . . . . .  : 91,294 .00742 
47 . . . . . .  90,617 .00804 

48 . . . . . .  89,888 
49 . . . . . .  89,103 
50 . . . . .  88,258 
51 . . . . . .  87,351 
52 . . . . . .  86,374 

53 . . . . . .  85,325 
54 . . . . . .  84,199 
55 . . . . . .  82,991 
56 . . . . . .  81,696 
57 . . . . . .  80,310 

M.,x a~  15) 

156 58,739.5ff 1,518,487.11 14,512.04 25.3095 
162 56,939.63 1,459,747.61 14,423.02 25.0951 
165 55,191.53 1,402,807.98 14,333.34 24.8754 
171 53,495.26 1,347,616.45 14,244.58 24.6496 
177 51,847.98 1,294,121.19 14,155.41 24.4182 

183 50,248.14 1,242,273.21 14,065.69 24.1811 
192 48,694.58 1,192,025.07 13,975.66 23.9379 
202 47,184.61 1,143,330.49 13,883.97 23.6893 
211 45,716.62 1,096,145.88 13,790.28 23.4353 
222 44,290.04 1,050,429.26 13,695.24 23.1754 

233 42,903.04 1,006,139.22 13,598.23 22.9098 
244 41,554.51 963,236.18 13,499.29 22.6384 
255 40,243.71 921,681.67 13,398.81 22.3608 
267 38,969.53 881,437.96 13,296.77 22.0769 
279 37,730.82 842,468.43 13,193.08 21.7867 

293 36,526.66 
307 35,355.55 
324 34,216.63 
343 33,108.24 
363 32,029.06 

386 30,978.10 
410 29,954.00 
438 28,955.84 
468 27,982.09 
503 27,031.83 

804,737.61 13,087.87 21.4898 
768,210.95 12,980.64 21.1865 
732,855.40 12,871.48 20.8764 
698,638.77 12,759.69 20.5600 
665,530.53 12,644.82 20.2373 

541 26,103.40 
583 25,195.77 
628 24,307.76 
677 23,438.55 
729 22,587.10 

633,501.47 12,526.74 19.9083 
602,523.37 12,404.9~ 19.5733 
572,569.37 12,279.18 19.2322 
543,613.53 12,148.8C 18.8855 
515,631.44 12,013.55 18.5333 

488,599.61 11,872.45 18.1762 
462,496.21 11,725.11 ~ 17.8144 
437,300.44 
412,992.68 
389,554.13 

.00873 785 21,752.81 366,967.03 

.00948 845 20,934.75 345,214.22 

.01028 907 20,132.27 324,279.47 

.01118 977 19,345.01 304,147.20 

.01214 1,049 18,571.53 284,802.19 

.01320 1,126 17,811.59 

.01435 1,208 17,064.61 

.01560 1,295 16,329.89 

.01696 1,386 15,606.88 

.01842 1,479 14,895.26 

58 . . . . . .  78,831 .01998 1,575 14,195.10 
59 . . . . . .  77,256 .02168 1,675 13,506.28 
60 . . . . . .  75,581 .02352 1,778 12,828.59 
61 . . . . . .  73,803 .02554 1,885 12,161.92 
62 . . . . . .  71,918 .02774 1,995 11,506.16 

266,230.66 
248,419.07 
231,354.46 
215,024.57 
199,417.69 

184,522.43 
170,327.33 
156,821.05 
143,992.46 
131,830.54 

11,570.95 17.4485 
11,409.73 17.0785 
11,240.95 16.7051 

11,064.53 16.3282 
10,880.04 15.9483 
10,687.31 15.5657 
10,486.42 15.1806 
10,276.38 14.7937 

10,057.36 14.4053 
9,829.16 14.015~ 
9,591.46 13.625~ 
9,344.07 13.235~ 
9,087.02 12.8463 

8,820.70 12.457~ 
8,545.33 12.069~ 
8,261.02 11.682C 
7,968.00 11.297~ 
7,666.46 10.9157 



TABLE 1---Contlnued 

A g e  
x 

6 3  . . . . .  

6 4  . . . . .  

65 . . . . .  
6 6  . . . . .  

67 . . . . .  

6 8  . . . . .  

6 9  . . . . .  

70 . . . . .  
71 . . . . .  
72 . . . . .  

73 . . . . .  
74 . . . . .  
75 . . . . .  
76 . . . . .  
77 . . . . .  

78 . . . . .  
79 . . . . .  
8 0  . . . . .  

81 . . . . .  
82 . . . . .  

8 3  . . . . .  

8 4  . . . . .  

85 . . . . .  
8 6  . . . . .  

87 . . . . .  

8 8  . . . . .  

8 9  . . . . .  

9 0  . . . . .  

91 . . . . .  
92 . . . . .  

9 3  . . . . .  

94 . . . . .  
95 . . . . .  
96 . . . . .  
97 . . . . .  

98 . . . . .  
9 9  . . . . .  

100 . . . . .  
101 . . . . .  
102 . . . . .  

103 . . . . .  
104 . . . . .  

l z  

69,923 
67,815 
65,591 
63,253 
60,805 

58,254 
55,610 
52,883 
50,083 
47,220 

44,304 
41,346 
38,359 
35,360 
32,367 

29,403 
26,493 
23,660 
20,928 
18,320 

15,859 
13,564 
11,451 
9,532 
7,814 

6,301 
4,992 
3,880 
2,954 
2,199 

1,599 
1,133 

782 
525 
343 

218 
135 
82 
48 
26 

13 
6 

q¢ 

.03015 

.0327~ 
• 03564 
03870i 

• 041961 

.04539: 

.04904 

.05294 

.05716 
•06176 

i 
.066771 
• 07224 
•07818 
.08463 
.09156 

• 09898 
• 10694 
.11546 
• 12460 
• 1343,t 

• 14472 
• 15581 
• 1676( 
• 18021! 
• 19358 

• 207761 
• 22280 i 
• 23866 
• 25542 
• 27298 

.29134 

.31020 
• 32896 
•34718 
• 36408 

• 37962 
• 39616 
.41840 
.45182 
• 49902 

i 

.56004 
1.00000 

d. D, 

2,108 
2,224 
2,338 
2,448 
2,551 

2,644 
2,727 
2,800 
2,863 
2,916 

2,958 
2,987 
2,999 
2,993 
2,964 

2,910 
2,833 
2,732 
2,608 
2,461 

2,295 
2,113 
1,919 
1,718 
1,513 

1,309 
1,112 

926 
755 
600 

466 
351 
257 
182 
125 

83 
53 
34 
22 
13 

7 
6 

10,861• 14 
10,226.91 
9,603.38 
8,991.35 
8,391.64 

7,805.40 
7,234.08 
6,678.96 
6,141.13 
5,621.40 

5,120.66 
4,639.60 
4,179.02 
3,740.10 
3,323.80 

2,931.48 
2,564.42 
2,223.50 
1,909.47 
1,622.82 

1,363.91 
1,132.55 

928.28 
750.21 
597.08 

467.45 
359.55 
271.32 
200.55 
144.94 

102.33 
70.39 
47.17 
30.75 
19.50 

12.03 
7.24 
4.27 
2.42 
1.28 

• 62 
.28 

N~ 

120,324.38 
109,463.24 
99,236.33 
89,632.95 
80,641.60 

72,249.96 
64,444.56 
57,210.48 
50,531.52 
44,390.39 

38,768•99 
33,648.33 
29,008.73 
24,829.71 
21,089.61 

17,765.81 
14,834.33 
12,269.91 
10,046.41 
8,136.94 

6,514.12 
5,150.21 
4,017.66 
3,089.38 
2,339.17 

1,742.09 
1,274.64 

915.09 
643.77 
443.22 

298.28 
195.95 
125.56 

78.39 
47.64 

28.14 
16.11 
8.87 
4.60 
2.18 

.90 

.28 

M z  

7,356.57 
7,038.68 
6,713.02 
6,380.70 
6,042.87 

5,701.05 
5,357.07 
5,012.65 
4,669.35 
4,328.49 

3,991.47 
3,659.56 
3,334.11 
3,016.91 
2,7O9.54 

2,414.03 
2,132.36 
1,866.13 
1,616.86 
1,385.82 

1,174.18 
982.54 
811.26 
660.23 
528.95 

416.71 
322.42 
244.67 
181.80 
132.03 

93.64 
64.68 
43.51 
28.47 
18.11 

11.21 
6.77 
4.01 
2.29 
1.22 

• 5~ 

10.536 
10.161 
9. 791 
9.427 
9.068 

8 .  714 
8.366 
8.024 
7.686 
7. 355 

7.029 
6. 710 
6.399 
6.097 
5.803 

5.518 
5.243 
4.976 
4.719 
4.472 

4. 234 
4.005 
3. 786 
3. 576 
3.376 

3 .  185 
3.003 
2.831 
2.668 
2.516 

2.373 
2.242 
2. 120 
2.007 
1 . 9 0 1  

1. 797 
1.683 
1. 535 
1.359 
1.161 

.909 
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The above considerations led us to conduct the necessary withdrawal 
investigations on a calendar-year basis, by year of entry, and by quin- 
quennial ages at entry (central ages 18, 23, etc.). The actual withdrawals 
of a calendar year have been defined as individuals who worked in the 
year and who were "final" separations in that they performed no compen- 
sated employment in any subsequent year prior to the valuation date. 
Such withdrawals are exclusive of deaths and retirements in the year of 
last employment (the latter are identifiable in our punch-card records). 
The corresponding exposures by duration since entry (year of experience 
plus 1 minus year of entry) include in each instance all individuals who 
last worked in the particular calendar year or in any subsequent year. 

In accordance with the definitions adopted, first-year withdrawals in- 
clude one-half year of experience since entry; the second-year exits refer 
to a full year's withdrawals in the interval } to 13 years after entry, and 
so on. It is also pertinent to re-emphasize that the corresponding ex- 
posures to withdrawal in a particular calendar year include individuals 
who worked in the year and those who re-entered in a subsequent year 
prior to the valuation date. 

For the third valuation, the withdrawal investigations covered the 
calendar years 1938-43 inclusive. The actual to "expected" withdrawal 
ratios were then obtained on a calendar-year basis (the expected with- 
drawals refer to separation rates previously used in our first and second 
valuations). Using such ratios as a guide, a broad over-all modification 
was made, according to service-year duration since entry, in our previous- 
ly used withdrawal rates. The resulting figures entitled "Rates of with- 
drawal for causes other than death, disability, or retirement" are repro- 
duced in Table 2. In connection with the recent fourth valuation, much 
higher withdrawal rates have shown up on the basis of actual 1944-46 
experience. Nevertheless, the third valuation withdrawal table was re- 
tained, in view of the obviously atypical experience represented by the 
years 1944-46. The retention of the third valuation rates was, of course, 
conservative in terms of effect on costs. 

Disability Retirement Rates 
In the last analysis, the disability rates which are utilized in a service 

table necessarily reflect the types of disability recognized under the par- 
ticular plan, the service and age requirements for benefit eligibility, the 
adjudicative and administrative practices which are followed, and the 
manner in which relevant statistics have been gathered. Before the 1946 
amendments to the Railroad Retirement Act, a monthly annuity benefit 
was provided for an employee only if he became totally and permanently 



T A B L E  2 

R A T E S  OF W I T H D R A W A L  FOR C A U S E S  O T H E R  T H A N  D E A T H ,  

D I S A B I L I T Y ,  O R  R E T I R E M E N T  

CZNTI~tL AG~ AT F ~ T I Y  

TZON 

0 . . . . .  
1 . . . . .  
2 . . . . .  

3 . . . .  
4 . . . .  

5 . . . .  
6 . . . .  
7 . . . .  
8 . . . .  
9 . . . .  

1 0  . . . .  
11 . . . .  
1 2 . .  
1 3 . .  
1 4 . .  

1 5 . .  

1 6 • .  
1 7 . .  

1 8 • • •  
1 9 . • •  

2 0  . . . .  
2 1  . . . .  
2 2  . . . .  

2 3  . . . .  
2 4  . . . .  

2 5  . . . .  

2 6  . . . .  
2 7 .  
2 8  . . . .  
2 9 .  

3 0  . . . . .  
3 1  . . . . .  
3 2  . . . . .  
3 3 .  
3 4 .  

35 ..... 

3 6 .  
3 7  . . . . .  
3 8  . . . . .  
3 9  . . . . .  

4 0  . . . . .  

4 1  ..... 

4 2  ..... 

44 ..... 

4 5  . . . . .  
4 6  . . . .  

13 18 23 28  

• 4 9 8 5 6 . 5 0 8 6 4 , 5 1 2 0 0 . 5 0 8 6 4  
• 2 0 8 2 4 .  2 1 0 5 ¢ ~ .  2 0 9 5 8 . 2 0 8 6 7  
• 1 5 6 2 9 .  1 5 7 6 ( 3 . 1 5 6 3 2 .  1 5 5 7 4  

• 1 2 3 6 2 .  1 2 4 4 9 . 1 2 3 2 } ' .  1 2 2 8 6  
• 0 9 8 4 6 . 0 9 9 0 8 . 0 9 8 0 0 . 0 9 7 7 0  

• 0 8 1 8 0 . 0 8 2 2 8 . 0 8 1 3 3 . 0 8 1 0 9  
• 0 6 9 9 7 . 0 7 0 3 5 . 0 6 9 5 1 . 0 6 9 3 1  
• 0 6 1 1 3 . 0 6 1 4 4 . 0 6 0 6 9 . 0 6 0 5 2  
• 0 5 4 2 8 . 0 5 4 5 4 . 0 5 3 8 6 , 0 5 3 7 0  
. 0 4 8 8 1 . 0 4 9 0 3 . 0 4 8 4 0 , 0 4 8 2 6  

• 0 4 4 3 4 . 0 4 4 5 2 . 0 4 3 9 4 . 0 4 3 8 3  
• 0 4 0 6 1 . 0 4 0 7 8 . 0 4 0 2 6 . 0 4 0 1 4  
• 0 3 7 4 7  • 0 3 7 6 2 . 0 3 7 1 3 . 0 3 7 0 3  
• 0 3 4 7 6 . 0 3 4 9 2 . 0 3 4 4 6 . 0 3 4 3 6  
• 0 3 2 4 4 . 0 3 2 5 7 . 0 3 2 1 3 . 0 3 2 0 4  

• 0 3 0 4 0 •  0 3 0 5 2 . 0 3 0 1 1 . 0 3 0 0 4  
• 0 2 8 6 1 . 0 2 8 7 1 . 0 2 8 3 2 . 0 2 8 2 5  
. 0 2 7 0 1  . 0 2 7 1 2 •  0 2 6 7 4 . 0 2 6 6 7 1  

• 0 2 5 5 8 . 0 2 5 6 7 . 0 2 5 3 3  i , 0 2 5 2 6  
• 0 2 4 2 9 •  0 2 4 4 0 . 0 2 4 0 6 . 0 2 3 9 9  

0231 02322.0229 .022  
• 0 2 2 0 8 ' .  0 2 2  ! 7 . 0 2 1 8 ( ' .  0 2 1 7 ~  
• 0 2 1 1 1  . 0 2 1 2 0 . 0 2 0 9 1  . 0 2 0 8 4  

• 0 2 0 2 2  . 0 2 0 3 0 ' •  0 2 0 0 2  . 0 1 9 9 ~  
~. 0 1 9 4 1 .  0 1 9 4 8 . 0 1 9 2 2  . 0 1 9 1  

• 0 1 8 6 7  . 0 1 8 4 ~  1 . 0 1 8 4 3  

. 0 1 7 9 ~  . 0 1 7 7 ~ 1 . 0 1 7 7 5  
• 0 1 7 3 2  . 0 1 7 1 ~  .017113 
. 0 1 6 7 3 :  0 1 6 8 (  . 0 1 6 5 (  • 0 1 6 5 2  
• 0 1 6 1 ' ~ .  0 1 6 2 4  . 0 1 6 0 C  ,. 0 1 5 9 ~  

• 0 1 5 6 ~ .  0 1 5 7 1 . 0 1 5 4 ~ .  O 1 5 4 5  
• 0 1 5 1 (  I. 0 1 5 2 ~ .  0 1 4 9 ~ .  0 1 4 9 ~  
• 0 1 4 7 1 3 . 0 1 4 7 ~  . O 1 4 M  . 0 1 4 5 1  
. 0 1 4 2 ~  . 0 1 4 3 1  • 0 1 4 1 1  . . . . . .  
• 0138¢~ !. 0 1 3 9 1  . 0 1 3 7 0  

I 
• 0 1 3 4 £  . 0 1 3 5 2 ] .  0 1 3 3 3  . . . . . .  
• 0 1 3 1 1 . 0 1 3 1 ~  • 0 1 2 9 7  . . . . . .  
• 0 1 2 7 7 . 0 1 2 ~  . . . . . . . . . . . .  
. 0 1 2 4 3 . 0 1 2 4 ~  . . . . . . . . . . . .  
. 0 1 2 1 2 . 0 1 2 1 ~  . . . . . . . . . . . .  

. 0 1 1 8 3 . 0 1 1 8 7  . . . . . . . . . . . .  

. 0 1 1 5 4 , 0 1 1 5 8  . . . . . . . . . . . .  
• 0 1 1 2 7  . . . . . . . . . . . . . . . . . .  

• 0 1 1 0 2  . . . . . . . . . . . . . . . . . .  

• 0 1 0 7 8  . . . . . . . . . . . . . . . . . .  

• 0 1 0 5 4  . . . . . . . . . . . . . . . . . .  
. 0 1 0 3 2  

33 38  43  48  53 58  63  

• 4 9 8 5 6 .  4 8 1 7 f i .  4 5 8 2 4 .  4 2 8 0 ~  . 3 9 1 0 4 .  3 4 7 3 6 .  2 9 7 1 2  
• 2 0 6 6 4 . 2 0 2 2 6  . 1 9 3 6 9  • 1 8 7 0 4  . 1 7 8 5 1  . 1 6 5 1 9  . 1 4 6 7 8  
• 1 5 4 7 2 .  1 5 2 0 6  • 1 4 5 9 2 . 1 4 2 4 6 .  1 3 8 0 2 .  1 2 9 6 2  . . . . . .  
• 1 2 2 2 5 .  1 2 0 3 8 . 1 1 5 6 3 . 1 1 3 4 9 .  1 1 0 7 9 .  1 0 4 8 4  . . . . . .  
• 0 9 7 2 9 .  0 9 5 9 1  • 0 9 2 2 1  . 0 9 0 8 0 .  0 8 9 0 3 .  0 8 4 6 4  . . . . . .  

i 

• 08080.07973.07667.07565.07441] .  07098 . . . . . .  
• 0 6 9 0 9 . 0 6 8 2 0 •  0 6 5 6 0 . 0 6 4 8 4 .  063921•  0 6 1 1 0  . . . . . .  
• 06035. 05960.  05734.05673• 05602! . . . . . . . . . . . .  
• 05357. 05292.  050921. 05042. 0498~ . . . . . .  i . . . . . .  
• 04816. 04758.  04580• 04539. 0449] . . . . . . . . . . . .  

• 04374. 04323.  04162'. 04126. 04087 
. 0 4 0 0 7 . 0 3 9 5 9  • 0 3 8 1 1 . 0 3 7 8 2 '  . 0 3 7 4 ~  " . . . . . . . . . . .  
• 0 3 6 9 6 . 0 3 6 5 3 . 0 3 5 1 " 1  . 0 3 4 9 ~  . . . . . . . . . . . . . . . . . .  
. 0 3 4 3 1  . 0 3 3 9 Z .  0 3 2 6 ~  . 0 3 2 4 1  . . . . . . . . . . . . . . . . . .  
. 0 3 1 9  c) . 0 3 1 6 4 . 0 3 0 4 ~  . 0 3 0 2 (  

• 0 2 9 9 ~ .  0 2 9 6 ~ .  0 2 8 5 ~  . 0 2 8 3 {  . . .  

. 0 2 8 2 (  . 0 2 7 9 (  . 0 2 6 8 ( i . 0 2 6 6 ~ [ i  . . . .  i . . . .  i i  I. i i i i i  
• 0 2 ~ .  026J.,  .0253~ . . . . . . . . . . . . . . . . . . . . . . . .  

. 0 2 5 2 - ~  . 0 2 4 9 ~  , 0 2 4 0 2  . . . . . . . . . . . . . . . . . . . . . . . .  

. 0 2 3 9 ~  • 0 2 3 7 (  . 0 2 2 8 ~  

• 0 2 2 8 1 . 0 2 2 5 ~  . 0 2 1 7 3  . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 2 1 7 ~  . 0 2 1 5 4  • 0 2 0 7 4  
• 0 2 0 8 2 . 0 2 0 6 1 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I. 0 1 9 9 4  . 0 1 9 7 ' t  
I, 0 1 9 1 ' 1  , 0 1 8 9 ' 1  

: . 0 1 8 4 1  • 0 1 8 2 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 0 1 7 7 3 . 0 1 7 5 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• 0 1 7 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 0 1 6 4 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• 0 1 5 9 5  

• 0 1 5 4 , 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 0 1 4 9 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

iIiiiiii iiiiii[i 
. . . . . . . . . . . . .  I .  
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disabled for regular employment for hir~ ~ubject to a service require- 
ment of 30 years before age 60 (no service requirement is needed there- 
after). 

Under the aforementioned amendments, the service requirement for 
the total and permanent disability annuity benefit under age 60 was re- 
duced to 10 years effective January 1, 1947. In addition, a new type of 
disability benefit became payable after that date to individuals who had 
a recent attachment to the industry--subject to a service requirement of 
20 years under age 60--if their permanent physical or mental condition 
was such as to make them disabled for work at their regular occupation. 
Further, the benefit formulas are alike under both types of disability. In 
effect, the result has been to establish an overlapping area within which 
it is immaterial whether the applicant is disabled for all gainful employ- 
ment or only for his regnlar occupation (subject to the established 
recency of his attachment to the railroad industry). The similar areas 
apply to individuals with at least 20 years of service regardless of age, 
and to employees at ages 60 to 65 practically regardless of service. In view 
of the fact that certifications can be made more rapidly under the regular 
occupational provisions, the Board has followed the practice of adjudicat- 
ing cases under this more liberal definition of disability wherever ex- 
pedient. In consequence, the statistical data available on disability re- 
tirements in the common area permit of no clear differentiation be- 
tween the truly totally and permanently disabled annuitants, on the one 
hand, and those only disabled for their regular occupation, on the other. 

Taking the foregoing considerations into account, the latest valuation 
utilized composite tabular disability retirement rates at those points 
where an employee could be eligible for either type of disability annuity. 
One set of disability retirement rates was developed for individuals with 
20 years of service regardless of age; a second set was used at ages 60-64 
for individuals with less than 20 years of service. Finally, a third group of 
rates was established for cases in which an annuity could be obtained only 
on the basis of total and permanent disability. In each instance, the tabu- 
lar disability rates followed the results of the 1947 disability investigation 
rather closely. The resulting rates are reproduced in Table 3. 

I t  would appear that the rates as developed contain a substantial mar- 
gin of conservatism in that the 1947 retirements included individuals who 
undoubtedly had become disabled in previous years but who could only 
retire on a disability annuity for the first time in that year. The available 
statistics for 1948 and 1949 substantiate this view. 

It  may be of interest to note how we obtain our crude rates of immedi- 
ate disability retirement. The immediate disability retirements at age x in 
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a par t icular  year  include all  individuals  who ret i red a t  age x last b i r t hday  
in the year ,  if they  las t  worked in the  year  of re t i rement  or in the previous 
calendar year .  The corresponding exposures used in our disabi l i ty  investi-  
gat ions come from employees who worked in the immedia te ly  preceding 
calendar  year  and were alive and not  ret ired a t  the end of tha t  year,  and  
the en t ran ts  and re-ent rants  in the  calendar yea r  of ret i rement .  A full  

TABLE 3 

TABULAR RATES OF IMMEDIATE DISABILITY RETIREMENT 

USED IN THE FOURTH VALUATION 

Age* 
x 

Under 38. 
38 . . . . . . .  
39 . . . . . . .  

~0, 
t l .  
t2. 
t3. 
14. 

t 5 . .  
~6 . .  
t7..  
1"8.. 
~9. .  

~0, 
51. 

Rates  for 
10-20 Years 
of Servlce,t 

Ages under 60 

.0010 

.0014 

.0019 

.0024 
• 0029 
• 0034 
• 0039 
.0044 

.0049 
• 0056 
.0064 
• 0074 
• 0086 

.0101 

.0120 

Rates for 
20 or More ~ige* 

Years of z 
Service~ 

.0010 

.0014 

.0020 

.0027 
• 0035 
.0043 
.0052 
.0062 

.0073 

.0085 

.0097 

.0111 

.0125 

.0140 

.0157 

52. 
53. 
54. 

5 5 . . .  
56... 
57... 
58... 
59... 

60. 
61. 
62. 
63. 
64. 

Rates for Rates for 
10-20  Years 20 or More 
of Se~ice, t  Yearsof 

Ag~ nnder60 Se~ice$ 

.0140 .0175 

.0164 •0195 

.0189 .0218 

.0213 .0244 

.0237 .0271 

.0260 .0298 
• 0283 .0325 
.0305 .0351 

. . . . . . . . . . . . .  0377 

. . . . . . . . . . . . .  0403 

. . . . . . . . . . . . .  0429 

. . . . . . . . . . . . .  0455 

. . . . . . . . . . . . .  0481 

* Age x refers to the age interval z to x + 1. 
t Refers to employees who can qualify only nnder the total and permanent d/sability provisions. 

Refers to employees who meet the age and service requirements for total and permanent as well as 
occupational disability retirement. 

NoT~.~For ages 60-64 with less than 20 years of service a fiat rate of 20.0 per thousand was used. 

year  of exposure is assigned to the appropr ia te  members  of the first 
group. The  employees in the la t te r  group are assumed to enter or re- 
enter  in the middle  of the calendar  year  of re t i rement ,  warrant ing only 
one-half year  of exposure to re t i rement  for the  eligibles among them. 

Before sett ing down the appl icable  exposure formula,  certain p re fa to ry  
remarks  are in order.  I t  should be pointed out  t ha t  we obta in  our ac tua l  
immedia te  d isabi l i ty  re t i rements  from a separa te  file of punch cards main-  
ta ined on a 100 percent  basis, according to age last  b i r thday .  On the other  
hand,  the basic source from which exposures are derived is a 4-percent  
work-his tory file main ta ined  for employees with social security numbers  
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ending in 30, 35, 80, and 85. (Incidentally, this file was also used for 
withdrawal investigations.) Each year deaths and retirements are proper- 
ly identified via a death and retirement code. The file also shows through 
a year-check code the years in which a particular employee worked. How- 
ever, the punch cards of this file are maintained by year of birth. Thus, 
to obtain proper exposures at age x in calendar year of retirement y, it is 
necessary to average the appropriate data which come from the two cor- 
responding successive years of birth. 

The exposure formula follows: 

E~ = ½ [ e~z~ + ~-1 + ½ ( r e) "~-1+~1 ( r e) x+½" (n e) ~_1+ ½ (n e) ,1~ (1) 

where 
E~ represents the exposure to retirement in year y for the year of age 

x t o x +  1, 
ev-~ represents eligible employees working in year y -- 1 who were alive 

and not retired at the end of that year, 
(re)~ represents eligible re-entrants in year y who had not worked in the 

preceding year, 
(ne)~ refers to eligible new entrants in the year of retirement. 

In each instance the subscript refers to the attained age at the beginning 
of the year of retirement. 

As used herein, the term "eligible employee" means any individual who 
could meet the age and service requirements for immediate disability re- 
tirement. For ages under 60 all re-entrants were excluded from the ex- 
posure on the grounds that they would not meet the necessary service re- 
quirements. At ages 60 and over, all entrants and re-entrants in the year 
of retirement are included with a half-year of exposure, while new entrants 
of the previous year are given a full year. 

As the exposure formula is applied, it will be noted that not all the 
employees working the year prior to retirement would be included. To 
obtain the true eligibles, it was necessary to collate on social security num- 
ber the 4 percent wage-history file previously referred to (which con- 
tained only cumulative earnings and service data since 1936) with a 
corresponding prior service file maintained by the Board. The pertinent 
information from the first file was then reproduced to the second. The un- 
matched cards of both files required no further work relative to the 
amount of total service performed by the employees they represented, 
except for a reproduction of the relevant information contained in the un- 
matched subsequent wage card into columns of a dummy card correspond- 
ing to those used in cases of employees with a prior service history (before 
1937). In instances involving prior and subsequent service, the prior 

RUSHMORE MUTUAL LIFE 
LIBRARY 
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service and the reproduced subsequent service were added mechanically 
and the resulting sum was punched into a blank field in the prior service 
card. 

I t  will be noted that, in the process, a uniform file of cards was pro- 
duced consisting of three subgroups: (a) individuals with prior service 
only, (b) those with subsequent service only, and (c) individuals with 
prior and subsequent service. Files (b) and (c) representing all individuals 
with subsequent service were then utilized to develop the " t rue"  ex- 
posures to retirement on the basis of total service performed. An idea of 
the information that was punched into this composite file of cards identi- 
fied as "7V" can be gathered from Appendix A. I t  refers to the statistics 
collected for the fourth valuation (as of December 31, 1947). 

Immediate Age Retirement Rates 
The method for deriving immediate age retirement rates parallels that 

adopted for immediate disability retirements. The definition of immediate 
age retirement in a particular year corresponds to the one used for dis- 
ability retirement. The general exposure formula for retirement year y 
here takes the form: 

E;=  ½ [ e~-~+ e~-~ + ½ ( r e) ~_,+ ½ ( r e) ~1. (2) 

For ages in which a service requirement was involved (ages 60-64), re- 
entrants are eliminated since to all intents and purposes none of them 
would meet the 30-year service requirement. At ages 65 and over, re- 
entrants are assigned a half-year of exposure. 

The experience examined for 1945-47 has indicated substantially lower 
retirement rates at ages 65 and over than those which prevailed prior to 
the war years. I t  is not clear, however, whether the recent trend toward 
low retirement rates at those ages will continue to prevail in the long run. 
The decision to retain the previous third valuation rates for our latest 
report reflects a conservative view and can be considered as some- 
thing of a hedge against future improvement in mortality at these older 
ages. On the other hand, the opposite position was taken in connection 
with the tabular immediate age retirement rates for pre-normal retire- 
ments. Here, it was considered justifiable to pattern tabular immediate 
age retirement rates closely following the actual experience in 1947. We 
felt that the disability liberalizations of the 1946 amendments which first 
became effective in 1947 would contribute toward much lower pre- 
normal age retirements than those experienced before 1947. 

I t  would appear desirable, regardless of the position taken in our own 
valuation calculations, to present the age-retirement story as it unfolded 
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in actual experience. The results of the Board's  experience in the years 

1945-47 have therefore been included in Table 4. There is also presented 

in Table  5 the rates actually adopted for the third and fourth valuat ions.  

Formulas for Service Tables 

The investigations discussed above indicate that  except for the rate  of 

mortal i ty,  all other  decrement factors have been obtained as probabili- 

TABLE 4 

IMMEDIATE AGE RETIREMENTS, 1945-47" 

1945 RgT~mZ~TS 1946 RZTmE~.NTS 1947 R.ZTmZ~L~Z~S 

Aogt 

;g Ex- 
posure 

60 . . . . . . .  17,225 
61 . . . . . . .  16,302 
62 . . . . . . .  15,34~ 
63 . . . . . . .  13,757 
64 . . . . . . .  12,822 

65 . . . . . . .  18,645 
66 . . . . . . .  12,448 
67 . . . . . . .  10,292 
68 . . . . . . .  8,334 
69 . . . . . . .  6,791 

70 . . . . .  4,379 
71 . . . . . . .  3,044 
72 . . . . . . .  2,326 
73 . . . . . . .  1,443 
74 . . . . . . .  900 

75 . . . . . . .  534 
76 and 

over... 828 

Total60-- 
64 . . . . .  75,454 

Total 65 
and 
over... 69,964 

Actual Crude Actual Crude Actual Crude 
Ex- Ex- 

Ret ire-  Proba- Retire- Proba- Retire- Proba- 
merits bi l i ty  posure ments bi l i ty posure ments bility 

342 .0199 17,558i 403 .0230 19,046 276 .014~ 
255 .0156 17,275 312 .0181 19,184 132 .O06g 
281 .0183 16,532 353 .0214 17,983 194 .010~ 
384 .0279 14,834 413 .0278 16,620 219 .013~ 
547 .0427 13,362] 497 .0372 15,434 348 .022~ 

i 

7,132 .3825 19,892 6,820 .3429 19,838 7,091 .3574 
2,405 .1932 14,040 2,279 .1623 14,914 2,262 .151] 
1,917 .1863 10,550 1,775 .1682 11,587 1,69d .146,; 
1,408 .1689 8,254 1,475 .1787 8,408 1,298 .15~ 
1,258 .1852 6,543 1,388 .2121 6,790 1,393 .205~ 

1,406 .3211 5,320 1,699 .3194 4,95~ 1,532 .3091 
661 .2171 3,384 783 .2314 3,546 665 .187~ 
475 .2042 2,379 612 .2573 2,472 548 .221~ 
300 .2079 1,860 450 .2419 1,792 403 .224g 
210 .2333 1,181 294 .2489 1,286 311 .241~ 

151 .2828 726 171 .2355 ,800 178 .2225 

269 .3249 1,248 425 .3405 1,53~ 398 .259~ 

1,809 .0240 79,561 1,978 .0249 88,267 1,169 .0132 

17,592 .2514 75,377 18,171 .2411 77,922 17,773 .2281 

* Immediate retirements are defined as those with calendar year last worked the same as the year of 
accrual or one year before. T h e  exposures Correspond with this definition. 

t Age x refers to the age interval z to x -k 1. 

ties rather than rates. If  we denote q~ as the rate of mortal i ty,  q~ as 

either the probabil i ty of nondisabili ty withdrawal or the probabil i ty of 

nondisability ret irement,  and q'-" as the probabil i ty of disability retire- 
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ment,  the formulas for the service table functions (,prepared by  quin- 
quennial ages at entry from 18 to 63, inclusive) can be set down as follows: 

d'~= l:. q,[1 -- ½ ( ~ +  q_~) ] (3) 

i~ = l~. q~ (4) 

w~ = l : .  ~ .  ( s )  

In  this notat ion l'. represents the number of individuals in service at  
age x; the deaths in active service are shown as d'~; the disability retire- 
ments are shown as iz; and w, represents the exits from service among non- 
disabled lives. All exits refer to the year  of age x to x + 1. 

TABLE 5 

T A B U L A R  R A T E S  OF I M M E D I A T E  A G E  R E T I R E M E N T  A C C O R D -  

I N G  T O  T H E  T H I R D  A N D  F O U R T H  V A L U A T I O N S *  

~0. 
51. 
52. 
53. 
54. 

~ 5 . .  
66• • 
67.. 

Rates of Rates  of Rates of Rates of 
Aget  Age t  

I Third Fourth Third Fourth 
x I V a l u a t i o n  V a l u a t i o n  x V a l u a t i o n  V a l u a t i o n  

.020 

.015 
• 020 
• 030 
.045 

.410 

.210 
• 220 

.015 

.007 

.010 

.013 
• 022 

•410 
.210 
.220 

68 . . . . . . . . .  
69 . . . . . . . . .  
70 . . . . . . . . .  
71 and over. 

.240 
• 295 
•515 
• 3 7 0  

.240 
• 295 
•515 
• 370 

* Retirement rates as used here actually refer to probabilities of retirement• 
t Age x refers to the age interval x to x + 1. 

The following remarks are pertinent in connection with the manner  in 
which the multiple decrement service tables are prepared. First, no dis- 
abilities are recognized before the age at which a disability retirement 
becomes possible. Second, nondisability retirements cannot occur, under 
age 55, before an individual has attained age 60 and completed 30 years 
of service. On the other hand, when nondisability retirements are recog- 
nized, nondisability withdrawals (before retirement) are omitted. Third,  
no disabilities are recognized at ages 65 and beyond. Finally, in view of 
the large proportion of retirements occurring exactly on the sixty-fifth 
and seventieth birthdays, formula (3) is modified at those ages to provide 
for one-fourth of a year of exposure to death in the year of retirement 
rather than half a year. 
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FORMULAS ~OR COST CALCUT~TIONS 

Once the service tables have been prepared, the next step in our pro- 
cedure is to establish benefit values per ca~ta. Three entirely different 
types of benefits must be considered: (a) retirement, (b) survivor, and (c) 
the guaranteed residual lump-sum. The methods involved and the 
sources of data utilized in the calculation of per capita values for each of 
these types of benefits are now taken up in order. 

I. Retirement Benefits 
The calculations for retirement benefits proceed in three phases. First, 

a set of monetary functions is derived for each of the service tables in 
which age, mode of exit, and eligibility for particular benefits are involved. 
Second, the monthly amount of the retirement benefit is computed, which 
is a function of the age at entry, the duration of service on the valuation 
date, and the age at which the individual leaves employment either as a 
withdrawal or an immediate retirement. The final step is to obtain the 
per capita values by a multiple accumulation of the monetary functions 
and the amount of benefits through an appropriate range of ages and the 
division of the resulting amount by the D function related to the em- 
ployee's age at entry and duration of service on the date as of which the 
calculations are made. 

A. UOSXT~mY I~mCTIONS 

The monetary functions used in connection with retirement benefits, 
which apply an interest factor of 3 percent throughout, follow. 

~C~ = v*+I/2 . w , .  a~.~l 2 (6) 

~ C "  = v "+ ~/2. w , .  6e-~-I/~ I "~L2~ (7)  
X %+112 

~C'= ~'+'/~. d; (9) 

D ' =  v*. l , .  (10) 
X 

The first of these formulas is applicable to age retirements. The an- 
nuity values included therein correspond to those used in the third valua- 
tion with a 1-year rate-back in age. The original annuity values were 
based on experience among nondisability retirements for the years 1938- 
41. However, the investigations which have been run for the years 1944- 
48 indicate that the third valuation rates are no longer sufficiently con- 
servative. As of the present date, a 1-year rate-back in age seems ade- 
quate. The basic table, known as "The 1944 Railway Annuitants Mortality 
Table," is reproduced for ready reference as Table 6. 



TABLE 6 

1944 RAILWAY ANNUITANTS IV[ORTALITY TABLE~ INCLUDING MONETARY 
FUNCTIONS AT 3 ~  INTEREST 

IOO,OOO .02051 2,051 16,973.30 
97,949 .02162 2,118 16,140.92 
95,831 .02363 2,264 15,332.00 
93,567 .02652 2,481 14,533.76 
91,086 .03022 2,753 13,736.32 

88,333 .03452 3,049 12,933.10 
85,284 .03908 3,333 12,123.04 
81,951 .04341 3,557 11,309.98 
78,394 .04712 3,694 10,503.93 
74,700 .05020 3,750 9,717.42 

70,950 .05295 3,757 8,960.77 
67,193 .05588 3,755 8,239.14 
63,438 .05942 3,769 7,552.10 
59,669 .06374 3,803 6,896.54 
55,866 .06891 3,850 6,268.95 

52,016 .07491 3,8971 5,666.88 
48,119 .08166 3,929 I 5,089.64 
44,190 .08894 3,930 4,537.92 
40,260 .09642 3,882J 4,013.92 
36,378 .10376 3,775 3,521.24 

32,603 .11082 3,613 ] 3,063.93 
28,990 .11772 3,413 I 2,645.05 
25,577 .12504 3,198 ! 2,265.66 
22,379 .13350 2,988 I 1,924.64 
19,391 .14330 2,779 I 1,619.09 

16,612 •15380 2,555 1,346.65 
14,057 .16450 2,312 1,106.34 
11,745 .17608 12,068 897.46 
9,677 .18976 1,836 717.90 
7,841 .20613 , 1,616 564.76 

6,225 .22314 1 ,389 435.30 
4,836 .23940 1 ,158 328.32 
3,678 .25610 942 242.43 
2,736 .27378 749 175.09 
1,987 .29248 581 123.45 

1,406 .31222 439 
967 .33303 322 
645 .35494 229 
416 .37798 157 
259 .40213 104 

155 .42742 66 
89 .45384 40 
49 .48140 24 
25 . 51OO8 13 
12 1.0OOOO 12 

N~ 

211,738.60 
194,765.30 
178,624.38 
163,292.38 
148,758.62 

135,022.30 
122,089.20 
109,966.16 
98,656.18 
88,152.25 

78,434,83 
69,474.06 
61,234.92 
53,682.82 
46,786.28 

40,517.33 
34,850.45 
29,760.81 
25,222.89 
21,208.97 

17,687.73 
14,623.80 
11,978.75 
9,713.09 
7,788.45 

6,169.36 
4,822.71 
3,716.37 
2,818.91 
2,101.01 

1,536.25 
1,100.95 

772.63 
530.20 
355.11 

M~ 

10,806.20 
10,468.19 
10,129.39 
9,777.71 
9,403.58 

9,000.44 
8,567.07 
8,107.11 
7,630.47 
7,149.90 

6,676.28 
6,215.64 
5,768.57 
5,332.97 
4,906.25 

4,486.77 
4,074.59 
3,671.11 
3,279.28 
2,903.51 

2,548.76 
2,219.12 
1,916.77 
1,641.74 
1,392.24 

1,166.96 
965.87 
789.22 
635.80 
503.57 

390.56 
296.25 
219.93 
159.65 
113.11 

84.81 231.66 
56.63 146.85 
36.67 90.22 
22.96 53.55 
13.88 30.59 

8.07 16.71 
4.50 8.64 
2.40 4.14 
1.19 1.74 

.55 .55 

78.06 
52.35 
34.04 
21.40 
12.99 

7.58 
4.25 
2.28 
1.14 

11.9331 
11. 5249 
11. 1087 
10. 6937 
10. 2879 

9.8984 
9. 5291 
9. 1812 
8.8506 
8. 5299 

8.2114 
7. 8905 
7.5666 
7. 2423 
6.9215 

6. 6081 
6.3056 
6.0165 
5. 7422 
5.4815 

5.2312 
4. 9870 
4.7454 
4. 5050 
4. 2687 

4.0396 
3.8175 
3.5993 
3.3849 
3. 1785 

2.9875 
2.8116 
2. 6453 
2.4865 
2.3348 

2. 1898 
2.0514 
1.9186 
1. 7906 
1.6622 

1. 5289 
1.3783 
1.1833 

• 9205 
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Formula 7 is used in connection with withdrawals who leave service 
before they are eligible to retire. For such individuals we use an average 
deferred retirement age of 66. That age is used rather than 65 since under 
the Railroad Retirement Act an individual who withdraws from the rail- 
road industry must relinquish rights with his last outside employer before 
he can become eligible for an annuity. For mortality before retirement, 
the rates of Table 1 are used with a 1-year rate-back; after retirement, the 
mortality rates are those a~signed for the ordinary immediate age retire- 
ments. 

The type of annuity value used in formula 8, for immediate disability 
retirements, varies according to the amount of service creditable toward 
a railroad retirement annuity. The annuity values used in any particular 
instance represent a makeshift in that, as of the time the latest valuation 
was under way, only a year's experience was available relative to mortal- 
ity after disability under the Act as amended in 1946. They were decided 
upon on the basis of actual to expected mortality ratios for three broad 
classes of disability retirement, using the 1944 Disabled Railway Em- 
ployees Select Mortality Table as the standard of measurement. The 
latter table was originally designed as a valuation basis under the previous 
total and permanent disability provisions of the Railroad Retirement Act. 
I t  was developed on the basis of mortality of disability annuitants who 
last worked in 1937 or in subsequent years. The period of the investiga- 
tion ran from the 1937 to the 1944 anniversary. Since most plans contain- 
ing a disability feature have been related to a total and permanent dis- 
ability definition, it appears desirable to present the mortality rates 
developed in this table, the auxiliary functions, and the corresponding 
annuity values at 3 percent (Tables 7a-7e). The data.used in such func- 
tions are all related to age last birthday at accrual. 

Our empirical investigations have indicated the use of the annuity 
values from the 1944 Disabled Railway Employees Select Mortality 
Table with a 1-year rate-back in the tabular age at disability and a 1-year 
advance in duration ~(m (arx_lj+a) for individuals with less than 20 years of 
service who retired before age 60. For disability retirements with 20 or 
more years of service, or after age 60, the same table is used, except that 
there is a 3-year rate-back in the tabular age at disability and a &year ad- 
vance in duration ~(a~> (atx_31+8). The first group, it will be noted, is truly 
permanently and totally disabled; the second involves a mixture of total 
and permanent disabilities, on the one hand, and disability for regular 
occupation on the other. I t  would appear that such annuity values should 
be suCficiently adequate for present purposes. As experience develops un- 



TABLE 7s 

1 9 4 4  D I S A B L E D  R A I L W A Y  E M P L O Y E E S  S E L E C T  M O R T A L I T F  T A B L E  

M O R T A L I T Y  RATES--~iz ] + ¢ 

O0 

AGE AT 
DISABIUTY 

30 . . . . . . . . . . . . .  
31 . . . . . . . . . . . . .  
32 . . . . . . . . . . . . .  
33 . . . . . . . . . . . . .  
34 . . . . . . . . . . . . .  

35 . . . . . . . . . . . . .  
36 . . . . . . . . . . . . .  
37 . . . . . . . . . . . . .  
38 . . . . . . . . . . . . .  
39 . . . . . . . . . . . . .  

t0 . . . . . . . . . . . . .  
qtl . . . . . . . . . . . . .  
|2  . . . . . . . . . . . . .  
13 . . . . . . . . . . . . .  
14 . . . . . . . . . . . . .  

|5  . . . . . . . . . . . . .  
|6  . . . . . . . . . . . . .  
~7 . . . . . . . . . . . . .  

~9 . . . . . . . . . . . . .  

50 . . . . . . . . . . . . .  
51 . . . . . . . . . . . . .  
52 . . . . . . . . . . . . .  
53 . . . . . . . . . . . . .  
54 . . . . . . . . . . . . .  

55 . . . . . . . . . . . . .  
56 . . . . . . . . . . . . .  
57 . . . . . . . . . . . . .  
58 . . . . . . . . . . . . .  
59 . . . . . . . . . . . . .  

50 . . . . . . . . . . . . .  
51 . . . . . . . . . . . . .  
52 . . . . . . . . . . . . .  
~3 . . . . . . . . . . . . .  
~.4 . . . . . . . . . . . . .  

DURATION SINCgDISABILI~ 

0 1 2 3 4 5 6 7 

q~zl 

U L'rIMATE ~EI~L'ION 

~*bt  q~b ,  q[#bs ~ ,  ql,J÷s ¢i-be ~*1+, AttainedAgez ~ AttainedAgex 

,106 .067 .050 .043 .037 .032 .029 38 .026 73 .099 
,103 .066 .048 .042 .037 .033 .029 39 .026 74 .103 
,101 .065 .047 .042 .037 .033 .029 40 .026 75 .106 
.100 .064 .046 .042 .038 .034 .030 41 .026 76 .110 
,099 .064 .046 .042 .038 .034 .030 42 .026 77 .115 

,098 .064 .047 .043 .039 .035 .031 43 .027 78 .122 
,097 .065 .048 .043 .039 .035 .031 44 .027 79 .132 
,096 .066 .049 .044 .039 .035 .031 45 .027 80 .144 
.096 .067 .049 .044 .039 .035 .031 46 .027 81 .159 
.096 .068 .050 .044 .039 .035 .031 47 .028 82 .174 

.097 .069 .050 .044 .039 .035 .031 48 .029 83 .192 

.099 .072 .052 .046 .040 .035 .031 49 .030 84 .211 
, lOl  ,075 .053 .047 .042 .036 .032 50 .031 85 .236 
,103 .079 .055 .048 .043 .037 .034 51 .033 86 .266 
,104 .083 .057 .050 ~044 .039 .036 52 .035 87 .303 

.107 .086 .060 .052 .046 .042 .039 53 .039 88 .347 
,109 .090 .064 .054 .048 .045 .043 54 .044 89 .396 
.112 .093 .067 .056 ,050 .048 .048 55 .049 90 .455 
,113 ,093 .071 .058 .053 .051 .052 56 .053 91 .532 
,114 .094 ,074 .060 .055 .054 .055 57 ,056 92 .634 

,114 .095 .076 .063 .058 .057 ,057 58 .058 93 .734 
.114 .096 .077 .065 .060 .059 .059 59 .060 94 .857 
, I14 .098 .078 .067 .062 .060 .061 60 .062 95 1 ,000 
.114 .097 .078 .069 .062 .062 .063 61 ,064 
.113 .096 .079 .070 .064 .064 ,065 62 ,066 

.113 .095 .079 .071 .065 .066 .067 63 .068 
, I I 2  .095 .079 .072 .067 .068 .069 64 .070 
• 111 .094 ,079 .074 .069 .070 .071 65 .073 
.111 .092 ,080 .076 .072 .072 .074 66 .076 
,107 .091 .081 .078 .074 .075 .077 67 .079 

,106 .091 .082 .079 .076 .078 .080 68 .082 
.102 .091 ,082 ,080 .079 .081 .083 69 ,086 
,102 .092 ,083 .082 .082 .084 .086 70 .089 
.101 .093 .084 .084 .085 .087 .089 71 .092 
.102 .094 .086 .086 .088 .090 .092 72 .095 



TABLE 7b 

1944 DISABLED RAILWAY EMPLOYEES SELECT MORTALITY TABLE 
2 

NUMBER L I V I N G / i z ]  + t 

AGE AT 
DISAmLXTY 

[xl 

30 . . . . . . . . . . . . . . . . .  
31 . . . . . . . . . . . . . . . . .  
32 . . . . . . . . . . . . . . . . .  
33 . . . . . . . . . . . . . . . . .  
34 . . . . . . . . . . . . . . . . .  

35 . . . . . . . . . . . . . . . . .  
36 . . . . . . . . . . . . . . . . .  
37 . . . . . . . . . . . . . . . . .  
38 . . . . . . . . . . . . . . . . .  

39 . . . . . . . . . . . . . . . . .  

40 . . . . . . . . . . . . . . . . .  
41 . . . . . . . . . . . . . . . . .  
42 . . . . . . . . . . . . . . . . .  
43 . . . . . . . . . . . . . . . . .  
44 . . . . . . . . . . . . . . . . .  

45 . . . . . . . . . . . . . . . . .  
46 . . . . . . . . . . . . . . . . .  

47 . . . . . . . . . . . . . . . . .  
48 . . . . . . . . . . . . . . . . .  
49 . . . . . . . . . . . . . . . . .  

50 . . . . . . . . . . . . . . . . .  
51 . . . . . . . . . . . . . . . . .  
52 . . . . . . . . . . . . . . . . .  
53 . . . . . . . . . . . . . . . . .  
54 . . . . . . . . . . . . . . . . .  

55 . . . . . . . . . . . . . . . . .  
56 . . . . . . . . . . . . . . . . .  
57 . . . . . . . . . . . . . . . . .  
58 . . . . . . . . . . . . . . . . .  
59 . . . . . . . . . . . . . . . . .  

60 . . . . . . . . . . . . . . . . .  
61 . . . . . . . . . . . . . . . . .  
62 . . . . . . . . . . . . . . . . .  
63 . . . . . . . . . . . . . . . . .  
64 . . . . . . . . . . . . . . . . .  

100,000 
96,162 
92,795 
89,926 
87,063 

84,727 
82,123 
79,679 
77,237 
75,041 

72,840 
71,314 
69,825 
68,444 
67,175 

65,995 
64,777 
63,262 
61,260 
58,950 

56,420 
53,718 
51,044 
48,131 
45,231 

42,420 
39,648 
36,980 
34,411 
31,776 

29,349 
26,965 
24,911 
22,915 
21,128 

79,700 
77,122 
74,793 
72,840 
70,869 

69,307 
67,505 
65,815 
64,107 
62,509 

60,894 
59,761 

DURATION SINC DISABILITY 

*f.r. ~.1+, a.r.  

71,252 
69,178 
67,239 
65,556 
63,853 

62,515 
60,957 
59,497 
57,953 
56,508 

54,987 
53,845 
52,729 

66,478 
64,612 
62,868 
61,360 
59,766 

58,514 
56,995 
55,570 
54,070 
52,665 

51,193 
49,968 
48,774 
47,610 
46,473 

45,462 
44,382 
43,106 
41,695 
40,033 

63,154 
61,511 
59,913 
58,537 
57,017 

55,764 
54,259 
52,847 
51,421 
50,032 

48,633 
47,370 
46,189 

60,438 
58,928 
57,397 
56,078 
54,622 

53,366 
51,926 
50,522 
49,158 
47,831 

46,493 
45,191 
44,018 
42,831 
41,633 

40,512 
39,299 
37,966 
36,488 
34,847 

33,175 
31,450 
29,722 
27,997 

7 

58,202 t 56,3~ 
56,748 54,8; 
55,273 I 53,4, 
53,947 [ 52,11 
52,546 [ 50,7! 

51,285 [ 49,4~ 
49,901 48,1~ 
48,552 46,8~ 
47,241 [ 45,5~ 
45,966 44,3~ 

44,680 43,11 
43,383 I 41,84 
42,169 40,651 
40,989 39,472 
39,801 38,249 

38,648 37,025 
37,413 35,729 
36,068 34,337 
34,554 32,792 
32,930 31,152 

31,251 29,470 
29,563 27,819 
27,879 26,206 
26,261 24,633 
24,686 23,106 

58,653 
57,630 
56,561 

55,700 
54,737 
53,520 
51,826 
49,872 

47,788 
45,499 
43,234 
40,767 
38,401 

36,057 
33,820 
31,655 
29,628 
27,550 

25,622 
23,675 
21,947 
20,257 
18,698 

51,694 
50,679 

49,740 
48,771 
47,526 
45,970 
44,187 

42,340 
40,312 
38,305 
36,120 
34,062 

31,983 
30,032 
28,141 
26,339 
24,602 

22,906 
21,260 
19,708 
18,211 
16,791 

38,318 
36,442 
34,551 
32,616 
30,792 

28,945 
27,179 
25,496 
23,916 
22,363 

20,822 
19,325 
17,895 
16,517 
15,213 

44,991 
43,824 

42,734 
41,542 
40,218 
38,735 
37,071 

35,406 
33,636 
31,856 
30,072 
28,359 

26,658 
25,032 
23,482 
22,003 
20,552 

19,115 
17,740 
16,410 
15,130 
13,905 

26,374 

24,765 
23,230 
21,744 
20,331 
18,949 

17,605 
16,321 
15,064 
13,859 
12,709 

23,185 
21,674 
20,244 
18,867 
17,547 

16,267 
15,032 
13,829 
12,681 
11,591 

21,627 
20,200 
18,827 
17,509 
16,231 

14,998 
13,814 
12,667 
11,578 
10,548 

ULTt~ATE SECTION 

38 54,706 
39 53,284 
40 51,899 
41 50,550 
42 49,236 

43 47,956 
44 46,661 
45 45,401 
46 44,175 
47 42,982 

48 41,779 
49 40,567 
50 39,350 
51 38,130 
52 36,872 

53 35,581 
54 34,193 
55 32,689 
56 31,087 
57 29,439 

58 27,790 
59 26,178 
60 24,607 
61 23,081 
62 21,604 

63 20,178 
64 18,806 - 
65 17,490 
66 16,213 
67 14,981 

68 13,798 
69 12,667 
70 11,578 
71 10,548 
72 9,578 

8,668 
7,810 
7,006 
6,263 
5,574 

4,933 
4,331 
3,759 
3,218 
2,706 

2,235 
1,806 
1,425 
1,089 

799 

557 
364 
220 
120 
56 

20 
5 
1 



T A B L E  7c 

1944 DISABLED RAILWAY EMPLOYEES SELECT ~ORTALITY TABLE 
i COMMUTATION FUNCTIONS AT 3 % - - D  lxl + t 

(l~ao] = I00,000) 

t,O 

DURATION SINCE DISABILITY 

3 I 4 

D~.)+, D~.l. ] 
25,063.9 23,1172 t 
23,650.9 21,860.0 
22,342.2 20,671.9 
21,171.2 19,608.9 
20,020.6 18,543.4 

19,030.3 17,607.7 
17,996.4 16,633.5 
17,035.4 15,728.7 
16,092.7 14,858.6 
15,218.0 14,0,$6.1 

14,361.8 13,246.3 
13,609.9~ 12,526.5 
12,897.7 I 11,858A 
12,223.2'11,214.4 
11,583.8 10,605.4 

11,001.8 I 10,040.4 
10,427.6 9,476.0 
9,832.8 8,906.8 
9,233.9 8,328.5 
8,607.6 7,738.6 

7,998.9 7,1757 
7 ,385.7  6,618.5 
6,798.5 6,085.6 ! 
6,230.8 5,577.5 
5,711.1 5,106.6 

5 ,212 .1  4,660.5 
4,751.6 i 4,248.8 
4,327.5 3,869.6 
3,941.1~ 3,520.3 
3,577.9 3,192.3 

3,234.3 2,882.7 
2,914.3 2,597.4 
2,620.1 2,332.7 
2,3479 2,088.1 
2,099.5 1,863.11 

i 5 

21,478.61 
20,332.01 
19,227.0 ~ 
18,2~s,o i 
17,247.1 

16,359.7 
15,454.6! 
1 4 , 5 9 8 8  
13,790.9 
13,027.8[ 

i 12,294.6: i i ,602.2 I 
10,971.91 
10,365.1! 
9,781.7 

9,241.1 
8,703.3 
8,163.2 
7,616.9 

.7,062.4 

6,527.7 
6,008.1 
5,512.6 
5,041.4 
4,610.8 

4,203.4 
3,828.0 
3,478.8 
3,158.0 
2,857.6 

2,577.6 
2,320.0 
2,079.0 
1,857.0 

I 1,653.3, 

20,081.6 18,872.9 
19,009.6 17,846.8 
17,976.2 16,876.7 
17,034.0 15,975.6 
16,108.3 15,107.3 

15,263.9 14,300.6 
14,419.3 13,509.3 
13,620.9 12,761.4 
12,867.1 12,055.2 
12,155.2 11,388.1 

11,471.0 10,747.1 
10,813.6 10,131.3 
10,204.9 9,551.0 
9,630.4 9,003.8 
9,078.9 8,470.7 

8,559.1 7,960.9 
8,044.3 7,458.4 
7,529.2 6,959.1 
7,003.1 6,452.4 
6,479.5 5,951.2 

5,970.1 5,465.9 
5,483.1 5,0094 
5,0202 4,581.5 
4,591.1 4,181.0 
4,190.0 3,807.6 

3,815.7 3,460.1 
3,467.6 3,137.7 
3,144.5 2,839.2 
2,845.3 2,563.5 
2,569.1 2,307.2 

2,312.3 2,069.9 
2,074.6 1,850.9 
1,852.9 1,647.8 
1,649.6 1,462.3 
1,4639 1,293.4 

ULTIMATE SECTION 

Attained 
Agex 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 

4.8 
49 
50 
51 
52 

53 
54 
55 
56 
57 

58 
59 
60 
61 
62 

63 
64 
65 
66 
67 

68 
69 
70 
71 
72 

D~ 
17,791.8 
16,824.6 
15,910.0 
15,045.1 
14,227.2 

13,433.7 
12,709.1 
12,005.8 
11,341.4 
10,713.7 

I0,II0.5 
9,531.2 
8,976.0 
8,444.4 
7,928.0 

7,427.5 
6,9299 
6,432.1 
5,938.7 
5,460.1 

5,004~ 1 
4,576.6 
4,176.6 
3,803.5 
3,456.4 

3,134.2 
2,836.1 
2,5608 
2,304.7 
2,067.5 

1,848.8 
1,647.8 
1,462.3 
1,293.4 
1,140.2 

Attained 
Agex 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 

83 
84 
85 
86 
87 

88 
89 
9O 
91 
92 

93 
94 
95 

D 

1,001.8 
876.4 
763.3 
662.5 
572.4 

491.8 
4.19.2 
353.3 
293.6 
239.7 

192.2 
150.8 
115.5 
85.7 
61. l 

41.3 
26.2 
15.4 
8.1 
3.7 

1.3 
.3 
.1 



TABLE 7d 

1944 DISABLED RAILWAY EMPLOYEES SELECT MORTALITY TABLE 
i COMMUTATION FUNCTIONS AT 3°'/~--Nfzj._ + t 

(l~3o1 = 100,000) 

t ~  

DURATION SINCE DISABILITY 

AOE AT 
DISABI~TY 

IxJ 

30 . . . . . . . . . .  

31 . . . .  
32 . . . . . . . . . .  
33 . . . . . . . . . .  

35 . . . . . . . . . .  
36 . . . . . . . . . .  
37 . . . . . . . . . .  
38 . . . . . . . . . .  
39 . . . . . . . . . .  

I 
0 i 1 2 3 4 5 6 ! 7 

- - I - - I  I 

N~=~ ! ' , i , . 
NI:]+I Nlzl+2 i Nlzl+a Nbl+4 Ni*l+ld i Nl*l+ei N~NI 

474,251.2 433,052.5 401,173.5 373,503.7 348,439.8 325,322.6 303,841.0 283,762.4 
444,291.7 405,828.2 375,878.9 349,797.0 326,146.1 304,286.1 283,954.1 264,944.5 
416,214.2 380,178.5 351,979.6 327,367.1 305,024.9 284 ,353 .0 '265 ,126 .0  247,149.8 
390,255.4 356,351.0 329j688.3 306,390.8 285,219.6 265,610.7 247 ,372 .7  230,338.7 
365,430.6 333,561.6 308,376.0 286,344.7 266,324.1 247,780.7 230,533.6 214,425.3 

342,618.1 312,507.6 288,594.5 267,653.0 248,622.7 231,015.0 214,655.3 199,391.4 
320,423.1 292,098.0 269,475.0 249,650.2 1231,653.8 215,020.3 199,565.7 185,146.4 
299,555.4 2 7 2 , 8 6 4 . 3 2 5 1 , 4 5 9 . 6  232,673.2 [ 215,637.8 199,909.1 185,310.3 171,689.4 
279,714.1 254,594.6 234,352.6 216,586.7 200,494.0 185,635.4 171,844.5 158,977.4 
261,081.5 237,387.0 218,224.4 201,406.0 186,188.0 172,151.9 159,124.1 146,968.9 

40 . . . . . . . . . .  243,330.3 221,000.7 202,876.9 186,987.9 172,626.1 159,379.8 147,085.2 133,614.2 
41 . . . . . . . . . .  227,039.4 205,814.4 188,545.9 173,440.1 159,830.2 147,303.7 135,701.5 124,887.9 
42 . . . . . . . . . .  211,702.5 191,525.9 175,071.2 160,709.3 147,811.6 135,953.2 124,981.3 114,776.4 
4 3  . . . . . . .  ' 183,590.2197'254"5 i165,293.6178,053.0 1 6 2 , 3 5 6 . 2 1 4 8 , 6 8 6 . 3  136,463.1 125,248.7 114,883.6 105,253.2 44 . . . . . . . . . .  150,336.7 1137,325.5 125,741.7 115,136.3 105,354.6 96,275.7 

45 . . . . . . . . . .  170,8304 153,378.7 139,078.4 ~ 126,680.3 115,678.5 105,638.1 96,397.0 87,837.9 
46 . . . . . . . . . .  158,6360 142,005.3 128,361.6 116,559.1 106~131.5 96,655.5 87,952.2 79,907.9 
47 . . . . . . . . . .  146,797.3 131,028.7 118,076.9 106,910.7 97,077.9 88,171.1 80,007.9 72,4787 
48 .......... 135,209.8 120,3849 108,208.4 97,722.3 88,488.4 80,159.9 72,543.0 65,539.9 
49 . . . . . . . . . .  124,000.4 110,150.1 98,773.9 88,988.1 80,380.5 72,641.9 65,579~5 59,100.0 

50 . . . . . . . . . .  113,383.8 [100,514.0 89,930.7 80,827.0 72,828.1 65,652.4 59,124.7 53,154.6 
51 . . . . . . . . . .  103,283.9 91,387.4 81,604.5 73,189.4 65,803.7 59,185.2 53,177.1 47,694.0 
52 . . . . . . . . . .  93,869.9 82,894.8 73,869.7 66,106.4 59,307.9 53,222.3 47,709.7 42,689.5 
53 . . . . . . . . . .  84,969.9 74,912.6 66,660.4 59,5532 53,322.4 47,744.9 42,703.5 38,112.4 
54 . . . . . . . . . .  76,784.1 i 67,617.1 60,061.1 53,554.0 47,842.9 42,736.3 38,125.5 33,935.5 

55 . . . . . . . . . .  69,190.4 60,843.5 53,955.3 48,023.3 42,811•2 
56 . . . . . . . . . .  62,225.8 54,651.6 48,378.9 42,971.0 38 ,2194  
57 . . . . . . . . . .  55,839.5 48,980.7 43,280.6 38,360.8 34,033.3 
58 . . . . . . . . . .  50 ,0153  43,818.9 38,639.2 34,168.6 30,227.5 
59 . . . . . . . . .  44,625.2 3%070.0 34,393.9 30,339.8 26,761.9 

50 . . . . . . . . .  39,713.4 34,731.9 30,509.7 26,845.0 23,610.7 
51 . . . . . . . . .  35,210.2 30,766.7 26,978.9 23,676.6 20,762.3 
52 . . . . . . . . .  31,170.7 27,185•21 23,7762 20,804.1 18,184.0 
53 . . . . . . . . .  27,494.8 23,935.4 20,880.5 18,214.2 15,866.3 
54 . . . . . . . . .  24,199.7 21 ,013 .5 '  18,275.9 15,889.1 13,789.6 

38,150.7 33,947.3 30 ,1316  
33,970.6 30,142.6 26,675.0 
30,163.7 26,684.9 23,540.4 
26fl07.2 23,549.2 20,703.9 
23,569.6 20,712.0 18,142.9 

20 ,7280  18,150.4 15,838.1 
18,164.9 15,844.9 13 ,7703  
15,851.3 13,772.3 11 ,9194 
13,778.2 11,9212 10,271.6 
11,926.5 10,273.2 8,809.3 

ULTIMATE SECTION 

Attained 
Age x 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 

48 
49 
50 
51 
52 

53 
54 
55 
56 
57 

58 
59 
60 
61 
62 

63 
64 
65 
66 
67 

68 
69 
70 
71 
72 

m 

264,889.5 
247,097.7 
230,273.1 
214,363.1 
199,318.0 

185,090.8 
171,637.1 
158,928.0 
146,922.2 
135,580.8 

124,867.1 
114,756.6 
105,225.4 
96,249.4 
87.805.0 

79,867.0 
72,449.5 
65,519.6 
59,087~5 
53,148.8 

47,688.7 
42,684.6 
38,107.0 
33,931.4 
30,127.9 

26,671.5 
23,537.3 
20,701.2 
18,140.4 
15,835.7 

13,768.2 
11,919.4 
10,271.6 
8,809.3 
7,515.9 

Attained 
Age 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 

83 
84 
85 
86 
87 

88 
89 
90 
91 
92 

93 
94 
95 

N ,  

6,375.7 
5,373.9 
4,497,5 
3,734.2 
3,071.7 

2,499.3 
2,007.5 
1,588.3 
1,235.0 

941.4 

701.7 
509.5 
358.7 
243.2 
157.5 

96.4 
55.1 
28.9 
13.5 
5.4 

1.7 
.4  
.1 



TABLE 7e 

1 9 4 4  D I S A B L E D  R A I L W A Y  E M P L O Y E E S  S E L E C T  ]VIORTALITY T A B L E  

A N N U I T Y  VALUES A T  30"~"""ai(_l~l t [1 

b~ 
t J  

DUItATION SINCE DISABILITY 

AGE AT 
Dis- 1 2 

ABILITY E 
[xl 

-~.J~'(~') 4.(~, ) -t.]+,~'(~') 
30 . . . . . .  10.9696 13.0426 13.9569 
31 . . . . . .  11.0093 13.0088 13.8698 
32 . . . . . .  11.0084 12.9403 13.7591 
33 ...... 10.9688 12.8235 13.6095 
34 ...... 10.9249 12.7024 13.4555 

35 . . . . . .  10,8370 12.5268 1 3 , 2 3 9 3  

36 . . . . . .  10. 7670 12.3751 13.0511 
37 . . . . . .  10.6813 12.2062 12.8435 
38 . . . . . .  10.5936 12.0358 12.6494 
39 . . . . . .  10.4770 II .8463 12.4336 

40 . . . . . .  10.3555 11.6522 12.2267 
41 . . . . . .  10.1551 11.3768 11.9400 
42 . . . . . .  9 .9508 I1 .0979 11.6483 
43 . . . . . .  9. 7312 10. 8016 11. 3352 
~4 ...... 9.4924 10.5096 11.0127 

45 . . . . . .  9. 2471 10.1839 10. 6760 
46 . . . . . .  8 .9970 9 .8664 10.3341 
17 . . . . . .  8 .7678 9 .5749 10.0328 
48 . . . . . .  8 .5788 9 .3450 9.7775 
49 . . . . . .  8.4112 9 .1408  9.5519 

50 . . . . . .  8 .2684 8 9 5 5 7  9 .3368 
51 . . . . . .  8 .1402 8 .7998 9.1557 
52 . . . . . .  8 .0113 8 6 4 3 2  8.9735 
53 ...... 7.9143 8 .5264 8 .8376 
54 . . . . . .  7 .8344 8.4071 8.6884 

55 . . . . . .  7.7477 8 .2913 8 .5539 
56 . . . . . .  7 .6738 8 .1709 8 .4043 
57 . . . . . .  7 .5996 8 .0513 8.2555 
58 . . . . . .  7 .5300 7 .9180 8 .1013 
59 . . . . . .  7.4914 7.8136 7 .9420 

50 . . . . . .  7.4305 7.6843 7.7836 
61 . . . . . .  7.3823 7.5809 7.6280 
62 . . . . . .  7.2793 7.4328 7.4581 
63 . . . . . .  7 .1829 7.2934 7 .2896 
54 . . . . . .  7.0535 7.1342 7.1154 

3 I 4 

Ix]+a 

14.3604 14.5311 
14.2483 14.3781 
14.1107 14.2138 
13.9304 14.0037 
13.7608 13.8205 

13.5229 13.5784 
13.3305 13.3852 
13.1165 13.1681 
12.9170 12.9518 
1 2 6 9 3 0  12.7232 

12.4781 12.4903 
12.2020 12.2177 
11.9186 11.9230 
11.6226 !1 .6269 
i I . 3 1 3 3  11.3147 

10.9728 10.9796 
10.6362 10.6583 
10.3312 10.3576 

i 5 6 

[z]+~ O[=]+e 

146047  14.5888 
144242  14.3957 
14.2476 14.2070 
14.0219 13.9806 
13.8248 13.7698 

13.5793 135212  
13.3713 13.2985 
13.1518 13.0631 
12.9190 12.8136 
12.6725 12.5493 

12.4217 12.2807 
12,1545 12.0075 
11,8493 11.7055 
11.5420 11,3876 
11.2289 11.0626 

1 0 8 8 9 6  10.7208 
10.5639 10.3918 
10.2593 10.0846 

a~(n) 
[=I+7 

14.4937 
14.3038 
14.1027 
13.8765 
13.6518 

13.4012 
13.1634 
129121  
12.6458 
12.3638 

12.0770 
11.7852 
11.4755 
11.1482 
10.8240 

104907  
10.1721 
9.8733 

10.0413 10,0831 
9,7966 9.8453 

9.5631 9 .6076 
9 .3679 9.4007 
9 .1820  9 .2039 
9 0 1 6 2  9.0186 
8.8355 8 8 2 7 1  

8.6721 8.6443 
8.5018 8.4536 
8.3227 8.2533 
8.1281 8.0449 
7.9381 7.8416 

7,7584 7.6488 
7.5826 7.4518 
7.3985 7.2536 
7 .2160 7 0 5 6 7  
7.2063 6.8597 

9 .9823 
9 .7440 

9 .5158 
9.3092 
9 .1130 
8 .9289 
8 .7270 

8.5345 
8 3 3 2 5  
8 1 2 9 0  
7.9153 
7.7063 

7.4999 
7.2880 
7.0828 
6 .8779 
6.6721 

9.8170 9.6157 
9.5794 9.3891 

9 ,3618 9.1831 
9.1567 8.9792 
8.9618 8.7759 
8.7597 8.5739 
8,5575 8 .3709 

8 .3550 8.1666 
8 .1509 7.9598 
7.9445 7.7495 
7.7348 7.5347 
7.5203 7.3219 

7.3078 7.1099 
7.0959 6.8981 
6.8911 6 .6918 
6 .6850 6 .4826 
6 .4760 6 .2693 

ULTIMATE SECTION 

Attained 
Age x 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 

48 
49 
50 
51 
52 

53 
54 
55 
56 
57 

58 
59 
60 
61 
62 

63 
64 
65 
66 
67 

68 
69 
70 
71 
72 

~(i~) 
14.3466 
14.1450 
13.9318 
13,7063 
13.4679 

13.2159 
12.9634 
12.6959 
12.4128 
12.1132 

11.8085 
11.4984 
11.1813 
10.8563 
10,5323 

10.2125 
9 .9129 
9.6446 
9.4079 
9.1923 

8.9882 
8.7848 
8.5825 
8.3794 
8.1749 

7.9681 
7.7575 
7.5422 
7.3293 
7.1176 

6.9054 
6.6918 
6.4826 
6 .2693 
6 .0500 

Attained 
Age z 

73 
74 
75 
76 
77 

78 
79 
8O 
81 
82 

83 
84 
85 
86 
87 

88 
89 
90 
91 
92 

93 
94 

5.8225 
5.5901 
5.3505 
5,0948 
4,8247 

4 .5402 
4.2472 
3 9 5 3 9  
3.664? 
3.3857 

3.1092 
2.8369 
2.5639 
2.2961 
2 .0360 

1.7924 
1.5614 
1.3349 
1.1250 

.9178 

.7660 

.7916 
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der the program in the future, an attempt will be made to develop more 
appropriate mortality rates and annuity values after disability. 

B, AMOUNT OF ANNUITY 

Consider an employee entering service at age k whose age on the 
valuation date is k + t and who withdraws subsequently at age x. Then 
the average monthly compensation, from which the amount of annuity 
is derived, is obtained as indicated in formula 11. 

a~-I 

+ + s , .  f ,  
k + t  

g~ - ( 11 )  
X--I 

~ + t  ..~.. p193747 .,~ o -  k+t ~ Z fr 
k + t  

where P~+t equals creditable service months prior to 1937, 
3~ t  is the applicable average prior monthly compensation (1924-- 

31), 
p~]-47 represents the service months rendered in the calendar 

years 1937-47 inclusive, 
S 19~7"47~-t is the total compensation in the period 1937-47, 
S~ is the assumed future compensation per service month in the 

year of age r to r + 1, and 
fi represents the assumed future service months in the year of 

age r to r + 1. 

For new entrants after the valuation date, the average monthly compensa- 
tion takes on the simplified form 

a~--- 1 

k 
S . =  (12) 

X;I, 
k 

As indicated by formula 11, earnings for the period 1924--31 are as- 
signed to all creditable service prior to 1937. Such prior service average 
is contained in the valuation card along with the actual service rendered 
through the valuation date and the total compensation in the period 
after 1936. 

I t  remains to show the basis adopted for the assumed future compensa- 
tion per service month in the year of age r to r + 1 (S,) together with the 
corresponding assumed future service months f ,  for that year of age. As a 
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starting point, salary scales were prepared by age at original entry, on the 
basis of 1947 earnings per service month. Such salary scales were then ad- 
justed for hourly wage-rate increases provided through wage negotiations 
in 1948 and 1949. The adjustments took into account the fact that wages 
are not creditable beyond the ceiling of $300 per month. Then, after ap- 
propriate graduation of the modified salary scales, it was assumed that the 
future course of earnings by age at entry and duration would parallel the 
1947 experience after adjustment. 

The pattern of assumed future service months is in accordance with 
that which resulted as a by-product of the withdrawal rate investigations. 
This service-months pattern was originally based on the withdrawal 
study dealing with employees who first entered railroad service in the 
years 1938--43 and on supplementary studies in connection with em- 
ployees who entered service prior to 1937. I t  was considered desirable to 
use the service patterns prior to 1944 because the results for 1944-47 were 
too much affected by the dislocations of the recent war to consider them 
other than atypical. 

For ready reference the future service patterns in the nth service year 
after entry presently being used are shown in the table below. 

SERVICE IN T]~E I~'I'~ ~EAR AYTEII ~NTR¥ 

EMPLOYEES 

~ontinuing . . . . .  
Withdrawing. 

11th 
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th and 

Over 

6 7 7.5 8 8.5 9 9.5 I0 10.5 II II.5 
3 3.5 3.75 4 4.25 4.5 4.75 5 5.25 5.5 5.75 

The credited months of service for the employee are generally taken as 
z - - I  

pt~ = "PP,+t--~P19*7"~7-~*+t - -  ~ ]  fr-t- 1 . 7 5  (13 )  
k+, 

where P** cannot exceed 360 ff P~ is used. The summation does not extend 
beyond the year in which the employee reaches age 65 or June 30, 1937, 
if later. For new entrants after the valuation date, the formula reduces to 

P== ~ f , + 1 . 7 5 .  (14) 
k 

The adjustment of 1.75 months is made in view of the fact that under the 
Act if an employee will have had not less than 54 months of service, an 
ultimate fraction of 6 months or more is taken as a year; when the excess 
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months are 5 or less, the months credited are the same as the number of 
months actually rendered. 

The calculation of the corresponding retirement benefit is presently 
obtained by taking 2.4 percent of the first $50 of the average monthly 
compensation, 1.8 percent of the next $100, and 1.2 percent of the re- 
mainder, and multiplying the resulting annuity factor by the total 
creditable years of service. Because of the bent nature of the annuity fac- 
tor per year of service, the formula for the employee annuity benefit 
varies in accordance with the range within which the average monthly 
compensation 5:** falls. For a typical instance involving an average month- 
ly compensation over $150, the employee's monthly retirement annuity 
becomes 

,B, = ~ [ (1.20 + .012~ , )  .P:,]. (15) 

c. P~sEyr VALUX OF SEm~rZTS 
The present values at age k -{- t of the various types of retirement bene- 

fit can now be determined in terms of dollars per capita, as indicated in 
the formulas below. 

Nondisability retirements 

6~ (2x~09 9 , , ) ~  
" z+ 1 / 2  '~C." - -  'B=+v~ + ~C.'. ' B '  

a 65 

D~+~ (16) 

where a is the earliest possible pre-normal retirement age. When k + t 
> 65 the first summation obviously vanishes and the second starts at 
k + t .  

Deferred withdrawal annuities 

. v  
• x +  1/2 

D~+, (17) 

Disability retirements 
64 

"c,'- 1/2 
o 

D~+, (18) 

In connection with the formuh, for disabUity retirements, if k + t < 60, 
equals the age at which 10 years of service is obtained or age 60, which- 
ever is earlier. Where 60 <_ k + t < 65, t~ equals k + t. 
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1I. Survivor Insurance Benefits 
I t  has been found convenient, for purposes of the survivor insurance 

benefits, to break up the calculations as follows. First, we determine what 
is called the value of the insurance benefits per dollar of basic amount, 
according to the employee's age and mode of exit from service. (The term 
"basic amount" is similar in concept to the primary insurance benefit of 
the Social Security Act.) This factor is then attached to the applicable 
"discounted" exits from the service table. The next step involves the 
calculation of the corresponding basic amount upon which the survivor 
insurance benefits are calculated. Finally, the per capita values according 
to the type of exit from service are obtained by a multiple accumulation 
through the range of ages affected, with the corresponding basic amounts, 
the resulting aggregate product being then divided by the D function 
related to the age at entry and duration of service as of the date on which 
the calculation is being made. The formulas indicating the methodology 
are herewith presented. 

a. INSCre.aSCE VaLUes 

The values of the insurance benefits per dollar of basic amount take 
on the following forms for age x last birthday, according to the mode and 
type of exit from railroad service. 

Deaths among nondisability annuitants 

~ v ' y -  d-t-l/~ (9 .,~.K. + 9 ",~K-T + 6 . .K~,+ 8.  i, K~,) 
T~x+l 

~'A (19) 

where 

,,,oK = ,~4, / . a :T¢=; 1~(12) 

,K-y = eq~ "nv" a {t2) 

isK-r = isC'r • 

Here, 3' is the average exact age at death of the employee; ~c~bv is the 
probability of leaving a widow with eligible children; ~4~ is the probabil- 
ity of leaving a widow under age 55 with no children eligible for a child's 
benefit; a~$, is the corresponding probability of leaving a widow age 65 
or over; cSv is the probability of leaving eligible children; n~ is the aver- 
age number of children per surviving family with children; and ~.¢, 
represents the probability that the deceased employee leaves no survivor 
eligible for immediate monthly benefits, w denotes the average age of 



ACTUARIAL ASPECTS OF THE RAILROAD RETIREMENT SYSTEM 27 

widows eligible for a current insurance benefit (those having one or more 

children eligible for a child's benefit); w' is the average age of widows un- 
der 65 without eligible children; and w" denotes the average age of 
widows 65 and over. In each instance, these are average exact ages cor- 
responding to the employee's age at death v. Similarly, z is the age of the 
youngest child and u is the average age of the children represented in 
monthly benefits, a'(12) is an annuity value based upon the Revised Amer- 
ican Remarriage Table presented by Mr. A. M. Niessen which is contained 
in RAIA XXXVIII.  Finally, a(~-~ 2) is an annuity certain payable month- 
ly. I t  will be noted that mortality of children is disregarded. 

The mortality table functions dv_~/~ and D,+~2 for formula 19 are in 
accordance with Table 6 of this paper with a 1-year rate-back in age. 
Further, the coefficients which are attached to the insurance benefits per 
dollar of basic amount "B~I/~ arise in view of the fact that (1) the widow's 
survivor insurance benefit on a yearly basis is equal to 9 times the basic 
amount; (2) the corresponding child's benefit is equal to 6 times the basic 
amount; and (3) the insurance lump sum (as distinguished from the 
guaranteed residual benefit) is equal to 8 times the basic amount. 

Attention is called to the fact that for formula 19, as well as succeeding 
ones, family composition factors are required as of the point of death of 
the employee. Most of the available statistics present this story on the 
living side. In the absence of better data, we previously used the results 
of the Richmond Family Composition Study as a basis for survivor cost 
calculations. There was reason to believe, however, that actual family 
composition at the point of death, in relation to cases involving entitle- 
ment to survivor benefits, would be significantly different. Pertinent 
statistics are now available. Tables 8 and 8a summarize the results of 
Board studies on the basis of survivor benefit awards through 1948 with 
respect to earnings of employees who died after 1946. The experience 
covers more than 33,000 employee deaths. Tables 9 and 10 compare the 
data based on railroad retirement experience with similar data obtained 
from other sources. 

Reference to Table 9 supports the preconceived notion that there exists 
a very substantial difference in the proportion of married persons as be- 
tween deceased and living individuals. On the other hand, the proportions 
married in the RRB and OASI experiences are substantially higher than 
those for the deaths among U.S. white males in 1943. The differences ap- 
pear to arise from two causes: (1) the increase in the marital rates from 
1943 to 1947 and (2) the fact that there would be a natural bias in favor 
of deceased married employees in cases involving survivor benefit 
awards. After due consideration of the results shown in Tables 8-10, the 



T A B L E  8 

FAMLLY COMPOSITION DATA BASED ON RAILROAD RETIREMENT 
BOARD SURVIVOR BENEFIT AWARDS, 1947--48 

(Mari ta l  and Parental  Status)  

AGE OF EM- 
PLO~E AT 

DEATH* 
Total 

Under 20 . . . .  12.4 
20-24 . . . . . . .  33.0 
Z5-29 . . . . . . .  61.8 
~0-34 . . . . . . .  67.1 
35-39 . . . . . . .  68.0 

t0--44 . . . . . . .  72.7 
t5--49 . . . . . . .  73.9 
50-54 . . . . . . .  78.5 
55-59 . . . . . . .  79.2 

. . . . . . .  78.3 

55--69 . . . . . . .  77.3 
T0-74 . . . . . . .  72.6 
75-79 . . . . . . .  63.3 
~0-84 . . . . . . .  50.5 
35 and over. .  35 .6  

PROPORTION MAItltlED (PEECF.,NT) 

Young 
With Widows 

Children without 
Children 

7.2 5.2 
2 0 , 9  1 2 . 1  

45.9 15.9 
50.9 16.2 
48.3 19.7 

45.0 27.7 
34.6 39.3 
24.9 52.8 
14.9 61.1 

7.7 57.8 

3 .7  41.4 
1.4 22.0 
1.0  10.9 

.7 5 .6  

.2 2 .5  

Aged 
Widows 

t 
t 
t 
t 
t 

t 
t 

0.8 
3.2 
12.8 

32.2 
49.2 
51.4 
44.2 
32.9 

P20~OIT/ON 

WITH 
CmLDm~ 
(Pr~CZST) 

t 
I . I  
4 .8  
6 . 6  
6 .0  

3 .5  
2 .7  
1 .6  
1 .2  

.6  

.3 

.I 
t 
t 
t 

PItOPOR~ON 
SmoLz 

(PzlcZ~T) 

87.6 
65.9 
33.4 
26.3 
26.0 

23.8 
23.4 
19.9 
19.6 
21.1 

22.4 
27.3 
36.7 
49.5 
64.4 

* Age last birthday, t Less than .05 percent. 

TABLE 8s 

FAMILY COMPOSITION DATA BASED ON RAILROAD R E T I R E M E N T  
BOARD SURVIVOR BENEFIT  AWARDS, 1947-48 

(Average Ages of Survivors and Average Number of Children) 

i AwRaoE AOES o r  Wwowsf AVZRAOE AOES or 
fimLvmsNt 

AoE oF 
E~PLO'dEE 

AT DEA'r~* Under 65 Under 65 
All with without Age 65 All Youngest 

and over Child 
Childrcn ~ Children 

AVE~LAGE 
Ntrt~Ez 
o~' CmL- 
DILEN PEZ 
FAMILY 

W'J[TR 
C~LDn.Y..N 

Under 20 . . . . . . .  19.2 18.3 20.1 . . . . . . . .  0 . 9  0 .1  1 .4  
20-24 . . . . . . . . . .  22.6 2 2 . 1  23.0 . . . . . . . .  1.8 1.0 1.4 
2 5 - - 2 9  . . . . . . . . . .  26.1 25.6 26.9 . . . . . . . .  3 . 6  2.3 1.8 
30--34 . . . . . . . . . .  30.3 30.1 31.4 . . . . . . . .  5 .8  4 .0  2.2 
35--39 . . . . . . . . . .  ] 34.9 34.3 36.3 . . . . . . . .  8 .2  6 .4  2.1 

I 
40--44 . . . . . . . . . .  I 39.5 38.7 41.1 . . . . . . . .  10.3 8 .6  2.0 
45-49 . . . . . . . . . .  44.2 42.7 45.4 . . . . . . . .  11.4 10.4 1.8 
50-54 . . . . . . . . . .  49.2 46.7 50.0 67.1 12.5 11.9 1.7 
55-59 . . . . . . . . . .  53.6 49.5 53.9 67.0 13.2 12.6 1.6 

. . . . . . . . . .  58.3 51.4 57.5 66.2 13.6 13.3 1.5 

65--69 . . . . . . . . . .  62.0 52.0 59.0 66.9 13.6 13.4 1.5 
70-74 . . . . . . . . . .  i 65.6 52.0 59.2 68.9 13.6 13.4 1.5 
75-79 . . . . . . . . . .  i 69.7 52.0 59.2 72.2 13.6 13.4 1.5 
80--84 . . . . . . . . . .  i 73.1 52.0 59.2 75.2 13.6 13.4 1.5 
85 and over . . . .  ' 76.2 52.0 59.2 77.6 13.6 13.4 1.5 

* Age last birthday. Exact age on the date of the employee's death. 
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conclusion was drawn that  our own survivor benefit award experience 
would be most  valid and suitable for the population covered under the 
Railroad Retirement Act. 

T A B L E  9 

FAMILY COMPOSITION DATA BASED ON RAILROAD RETIREMENT BOARD EX- 

PERIENCE COMPARED WITH SIMILAR DATA DERIVED FROM OTHER SOURCES 

(Marital and Parental Status) 

PROPORTION OF MARRIED 
PROPORTION MARRIED (PEItCENT) WHO HAVE CHILDREN 

l~aczsr) 

AGE O1r MALE* 

i RRB 
1947-48 

Under 20 . . . . . . .  I 12.4 
20-24 . . . . . . . . . .  33.0 
25-29 . . . . . . . . . .  61.8 
30-34 . . . . . . . . . .  67.1 
35-39 . . . . . . . . . . .  68.0 

40-44 . . . . . . . . . .  72.7 
45-49 . . . . . . . . . .  73.9 
50-54 . . . . . . . . . .  78.6 
55-59 . . . . . . . . . .  79.2 

. . . . . . . . . .  78.3 

6,5-69 . . . . . . . . . .  77.3 
70-74 . . . . . . . . . .  i 72.6 
75-79 . . . . . . . . . .  6 3 . 3  
~0-84 . . . . . . . . . .  50.5 
85 and over . . . . .  35.6 

)ASI 
1947 

8.5 
28.7 
52.6 
67.7 
74.3 

75.1 
76.3 
78.0 
77.6 
73.7 

71,4 
67.4 
64.1 
53.8 

U.S. 
Deaths RFC U .S. 

1943 Urban 1947 
W.M. 

. . . . . .  0.7 7.0 
27.4 22.3 36.7 
53.0 59.2 70.0 
65.6 76.1 81.9 
68.2 81.8 85 .4  

70.6 84.2 86 .4  
73.2 84.4 86.5 
72.7 82.9 84.8 
71.7 81.8 82.8 
69.5 78.0 79.5 

65.1 72.6 76.4 
58.9 65.3 68.9 
50.9 56.4 59.4 
41.2 46.0 48.5 

. . . . . .  32.8 34 .9  

RRB OASI RFC 
1947-48 1947 Urban 

58.3 42.1 31.6 
63.4 53.5 46 .4  
74.3 69.8 59.0 
75.8 76.8 70.1 
71.1 77.0 74.2 

61.8 67.4 72.5 
46.7 53.5 61.5 
31.7 38.8 46.2 
18.8 25.1 31.2 
9 .8  13.1 17.4 

4.8 5.5 8.6  
1.9 2.7 4.1 
1.6 1.5 1.8 
1.3 .6 1.0 

.6 . . . . . . . .  8 

* Age last birthday, except for the OASI awards which relate to the age attained in the year of death. 

Sources: I. Railroad Retirement Board (RRB) survivor benefit statistics, awards in 1947-48. 
2. Substantive Statistics for OASI awards in 1947. 
3. Unpublished data of the U.S. Public Health Service on U.S. deaths in 1943, white males 

(W.M.). 
4. Richmond Family Composition Study (RFC), 1935-36; data supplied by the Social Security 

Administration. 
5. Bureau of the Census, Series P-20, No. 10. 

Withdrawals before retirement 
1 

~A.+x/2-- D~+1/2 

[v.+1.d.+a/2(9.,o~K.+a+9..K.+l+6.cK.+l+8.,.K.+x) ] (20) 

X k+½ r *+2- d.+,/~ (9 • ~oK.+2+ 9 • ~ K . + 2 + 6 .  ~K.+~+8 • ioK.+2)J • 

Here, d.+1/2, d~3/2, and D.+I/2 refer to Table 1 of this paper with a 1-year 
rate-back in age. I t  will be noted further in connection with formula 20 
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t h a t  t h e  i n su rance  f u n c t i o n s  r e l a t e  on ly  to t he  m o r t a l i t y  exper i ence  for  1~ 

yea r s  a f t e r  w i t h d r a w a l .  T h e  r e a s o n  for  th i s  p r o c e d u r e  is exp la ined  below.  

U n l i k e  the  r e t i r e m e n t  benef i t s ,  w h i c h  re l a t e  solely  to  r a i l r oad  ea rn ings ,  

TABLE 10 

FAMILY COMPOSITION DATA BASED ON RAILROAD RETIREMENT BOARD EX- 
PERIENCE COMPARED WITH SIMILAR DATA DERIVED FROM OTHER SOURCES 

(Average Ages of Survivors and Average Number of Children) 

AV~IAGE NUMBER OF Avzaxoz Aoz Avz~oz AGZ 
CHILDREN P E g  AwJu~G~ AG~ ol W i l t  oF ALL O~ YOU~CEST 
FAMILY WITH 

C ~ L V ~ t  CI~LDt 
AGE oF 
MALE* 

Under 20. 
20-24 . . . .  
25-29 . . . . .  
30-34 . . . . .  
35-39 . . . . .  

45-49 . . . . .  
50-54 . . . . .  
55-59 . . . . .  

6.5-69 . . . . .  
70--74 . . . . .  
75-79 . . . . .  
80-84 . . . . .  
85 and over 

R R B  
1 9 4 7 -  

48 

19.2 
22.6 
26.1 
30.3 
34.9 

39.5 
44.2 
49.2 
53.6 
58.3 

62.0 
65.6 
69.7 
73.1 . . . . . .  72.8 . . . . . .  
76.2 . . . . . .  75.8 . . . . . .  

I ! 

OASI ] RFC 
1944 Urban 

18.9 "[ 18.8 . 9  .9 
22 .0 :  21.8 1.8 2.1 
25 .1 ,  25.5 3.6 3.8 
29.8:~ 29.6 5.8 6.0 
34.1 34.0 8.2 8.7 

I 

38.7 38.6 
43.6 43.2 
48.2 47.8 
52.6 51.9 
57.2 56.8 

61.6 61.1 
65.5 65.6 
69.2 69.5 . . . . . .  

RRB [ RFC 
1947- Urban 
48 

10.3 10.6 
11.4 11.7 
12.5 12.6 
13.2 13.2 
13.6 13.6 

13.6 13.5 13.4 
13.6 13.3 13.4 

13.0 . . . . . .  
13.2 . . . . . .  
15.3 . . . . . .  

RRB RFC 
19487- Urban 

.1 .8 
1.0 1.6 
2.3 2.8 
4.0 4.4 
6.4 6.6 

8.6 8.6 
10.4 10.2 
11.9 11.6 
12.6 12.6 
13.3 13.3 

13.2 
13.1 
12.7 
13.3 
15.3 

RRB 
19487_ OASI 

1947 

1.4 1.2 
1 . 4  1.4 
1.8 1.6 
2.2 2.0 
2.1 2.2 

2.0 2.0 
1.8 1.7 
1.7 1.6 
1.6 1.5 
1.5 1.3 

1.5 1.3 
1.4 1.1 

RFC 
Urban 

1.1 
1.3 
1.6 
1.9 
2.3 

2.4 
2.3 
2.0 
1.8 
1.7 

1.6 
1.6 
1.7 
1.4 
1.0 

* Age last birthday, except for the OASI awards which relate to the age attained in the year of death. 
t Exact age on the date of employee's death or on the date of enumeration as the ease may be. 
Sources: 1. Railroad Retirement Board (RRB) survivor benefit statistics, awards in 1947-48. 

2. Substantive Statistics for OASI awards in 1944 and 1947. 
3. Richmond Family Composition Study (RFC), 1935-36; data supplied by the Social Secu- 

rity Administration. 

t h e  s u r v i v o r  i n s u r a n c e  benef i t s  p r o v i d e d  u n d e r  t he  R a i l r o a d  R e t i r e m e n t  

A c t  a re  based  on  c o m b i n e d  socia l  s ecu r i t y  a n d  r a i l road  r e t i r e m e n t  c o v e r -  

age. T h e  s ame  n o w  ho lds  t r u e  in c o n n e c t i o n  w i t h  s u r v i v o r  benef i t s  p a y -  

ab le  u n d e r  t he  Soc ia l  Secu r i ty  Act .  T h e  a d j u d i c a t i n g  a g e n c y  for  a p a r -  

t i cu l a r  employee  d e a t h  i n v o l v i n g  ea rn ings  u n d e r  b o t h  s y s t e m s  is dec ided  

on  t h e  bas is  of t h e  r e c e n c y  of c o n n e c t i o n  w i t h  t h e  r a i l r oad  i n d u s t r y  a t  t h e  

t i m e  t he  e m p l o y e e  died.  I n  a c c o r d a n c e  w i t h  t h e  p r o v i s i o n s  of t he  a m e n d -  

m e n t s  g o v e r n i n g  t h e s e  cases of d u a l  coverage ,  a p r o c e d u r e  is to  be  w o r k e d  

o u t  in  t he  f u t u r e  ca l l ing  for  y e a r l y  r e i m b u r s e m e n t s  to  t h e  r a i l r oad  r e t i r e -  

m e n t  a c c o u n t  w h e n  the  R a i l r o a d  R e t i r e m e n t  B o a r d  is the  a d j u d i c a t i n g  
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agency, and similar reimbursements to the old-age and survivors insur- 
ance account when the Social Security Administration takes over the 
survivor benefits. The procedure has not been worked out as yet. Further- 
more, the only information presently available to us relative to dual cover- 
age involves instances in which the Railroad Retirement Board is the 
adjudicating agency. The most recent calculations have therefore been 
made on the rough and ready assumption that the reimbursements be- 
tween the two agencies will wash out. Subject to the limitations of such 
an assumption, the calculations relating to deaths among withdrawals 
need only concern themselves with deaths among withdrawals within the 
period in which a current connection with the railroad industry is re- 
tained. Since for deaths prior to retirement a current connection is gen- 
erally deemed to exist only if the deceased individual had at least 12 
months of railroad service in the last 30 calendar months preceding death, 
it is clear that such connection with the railroad industry would definite- 
ly be severed, in most instances, 18 months after covered employment 
ceased. 

Disability retirements 

v~ . d ~., ,v- .  - e ( 9"~'c K v +  9"~K~+ 6"cK'+ 8" 
7 rex+ 1 

• ( 2 1 )  
i ~ A . + l / 2  = 1 . 0 1 5 I ) [ z  ] 

The functions di,l+~,_~_0 and Di,  I are in accordance with the remarks 
made for -~(~) in connection with formula 8. ulxl 

Deaths in active service 

iaA,+t/2= (9 .,,,K,+x/~+9 ". ,K,+a/2+6",K,+u2+8",K.+I/2).  (2 2) 

The K functions for formulas 20-22 have the same meaning in each 
instance as that assigned for nondisability retirements. 

r.  A~OVNT or St~RWVOI~ xNNm~ 

The average monthly remuneration (similar in concept to "average 
monthly wage" as used under the Social Security Act) and the correspond- 
ing basic amount, from which survivor insurance benefits are determined, 
are calculated as indicated in formulas 23 and 24. Consider first the aver- 
age monthly remuneration R~ with respect to an exit from railroad service 
at age x among employees aged k q- t on the valuation date (December 
31, 1947)• 

Z--1 

k + t  
k t = (23~ 

3 (elapsed quarters) 



32 ACTUARIAL ASPECTS OF THE RAILROAD RETIREMENT SYSTEM 

where "St+t denotes the assumed creditable social security wages prior to 
entry into railroad service, 

cS~47 represents total creditable railroad compensation (as ad- 
justed for survivor benefits) in the period 1937-47, 

"St denotes the corresponding assumed future creditable railroad 
compensation in the year of age r to r + 1. 

The elapsed quarters are calculated in much the same manner as for 
Social Security Act adjudications, except that quarters after an annuity 
becomes payable are excluded. Two remarks are in order. First, combined 
railroad compensation and social security wages are not creditable be- 
yond $3,000 in any year. Second, the assumed future creditable railroad 
compensation scales were derived from those used for retirement benefits 
as appropriately modified for a $3,000 ceiling on creditable compensation 
for survivor benefit purposes. 

As formula 23 stands, it will be noted that no explicit provision is made 
for social security earnings after entry into railroad service. However, 
prior thereto, a substantial social security wage history has been pred- 
icated for individuals who entered after 1936. In such instances, they 
were assigned social security credits in calendar year 1937 and subse- 
quent, roughly equivalent to the earnings of employees covered under that 
Act who had fewer than four quarters of coverage. The assumed annual 
social security earnings prior to entry into railroad service start with $500 
in 1937 and then advance by successive stages to $923 in 1947. Prior 
social security wages were assumed for all new entrants after 1947 at the 
rate of $1,000 per calendar year. I t  is believed that the type of approxima- 
tion to social security wages utilized herein makes sufficient allowance for 
that part of the survivor insurance benefit handled by the Railroad Re- 
tirement Board which is based on social security coverage. 

The basic amount *B** is determined from the average monthly re- 
muneration/~*- in accordance with the following range of earnings. 

°B** = .  40.R** (1 + .0 ln~) for/~t.~ 75 (2 4) 

°B~= (22.50 +.10a~) (1 +.Oln~) for 75 <k*_< 250 (24a) 

where n~ is equal to the number of "increment years"--those years after 
1936 in which the employee earned $200 or more in compensation and 
wages. 

C. I~RESENT VALUE O~" BENEFITS 

The values of the various survivor benefits in dollars per capita with 
respect to an employee age k + t on the valuation date are indicated in 
formulas 25-28. 



ACTUARIAL ASPECTS OF TH~ RAILROAD RETIREMENT SYSTEM 33 

Nondisability retirements 

( v ~ + v ' w x . ~ . + , / , )  • .B  ,+ ,/, 
a 

D~+t (25) 

Withdrawals before retirement 
a--1 

( v~+l/~w*~/~A~+l/*) ,B t 
• z+  1/2 

k + t  

D" (26) 
k + t  

Disability retirements 
64 

]~  (vx+'m,. ~BA,+v2) ."B~+,/, 

D~+c (27) 

Deaths in active service 

( v*+l/~d., dA.+~/2) .'B~+v2 
k-Ft  

D~+, (28) 

In connection with the above four formulas, it will be noted that after 
the insurance factors per dollar of basic amount are tied to the respective 
commutation functions to which they relate, the procedure for developing 
the survivor insurance present values per capita follows closely the one 
for deriving the per capita values for retirement benefits. 

HI.  Residual Lump-sum Benefit 

A. GROSS l~SmUAn BENEI~'IX 
Prior to reduction on account of employee retirement benefits on the 

one hand, and benefits to survivors with respect to the earnings of such 
employees on the other, the gross residual benefit appficable to an indi- 
vidual who entered railroad service at age k, t years prior to the valuation 
date, and who withdrew from the industry at age x is determined from the 
relation 

7/'Sm'k, *+'-- ~ " - '  ) R t=* .04SX°aTa°--t-.O~+, __ ~ . ~ S , . f ,  (29) 
k + t  

where R** equals the gross residual amount, 
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S 1937-~ equals creditable railroad compensation from 1937 through 
1946 (subject only to the maximum of $300 per month on such 
compensation), 

S~ ~ represents the corresponding railroad compensation in 1947, 
and 

S, and f, have the same meanings as assigned in formula I I. 

B. INSURANCE VALUES 

As for the ordinary survivor insurance benefits, it is first convenient to 
determine insurance values according to the type of survivor benefits pay- 
able and the manner of exit from the railroad industry. As presented in the 
formulas below, such insurance values have been obtained as of the point 
of separation and relate to the value of the net residual payments. 

Five different types of situations are considered in connection with em- 
ployee deaths in active service: Those involving (1) widows with eligible 
children (wc), (2) widows under 65 without children (yw), (3) widows 65 
and over (aw), (4) children only (co), and (5) cases in which the employee 
dies single (s). The corresponding insurance values for deaths in active 
service (d) are shown in formulas 30-34. 

a A t(~) 
wc z+ l /2  "~wcCPx+l /~  

~ , ~  • - -  . - -  r __1 - - r  - - r  ._~ - - r  

x [ [ R  'B(6n 18 u + 9  1_8 _z!![Mtvl+ls-, ~(M.~-kMos+,)] .Dt , I ; (30 ) 
- -  I -- r r ~ T ( + [ R - - ' B ( 6 n . 1 8 - - u + ~ . 1 8 - -  z)][ v s ,.(livl_li~l+ls_,)l._,_ity I ) 

aA"R) - ~ , -  {[R--8'BI[M[~]-- " - "  (M 6~+M65+h) +D'~vl} ,~, , + i / f ' ~ , ~ . . w  ½ l (31) 

aAtCm= a, . . . .  [½Rrl~" --1VI* ~ D "  (32) ,~to z+t/~ ew'eztuz " [v] t~,Â+/'/ " [u] 

dAt(~) • ~Is-, ~o .+t/~=~o¢~+~/z. [ R - ' B  (6n.  1 8 - u )  I (33) 

As used in the above formulas, ,od~.+~/s refers to the probability that 
the deceased employee leaves children only at the time of his death; 
,~,+~/, is the probability that he will die single (leaving no wife or eligible 
child); R and °B denote the gross residual sum and the basic amount 
respectively applicable to the age of the employee at death x+½ who was 
age k + t on the valuation date; y refers to the widow's average age in 
accordance with the type of applicable survivor insurance benefit payable 
at the time the employee died. 

In connection with formula 30, two situations are considered. In the 
first, provision is made for the payment of the residual benefit if the 
widow is still alive when the youngest child reaches age 18. At that point, 
the gross residual benefit R has been reduced by the current insurance 
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benefits paid out to the widow and children. Thereafter, the second part 
of the numerator provides for the payment of the then remaining net 
residual amount if she should die or remarry before 65, with a further 
allowance of one-half of such sum for a period of h years, if the widow sur- 
vives to age 65 and has not remarried in the interim. 

In the formula under discussion, the period h (in years) is equal to the 
net residual amount remaining after the current insurance benefits will 
have been completed, divided by 9 times the basic amount from which 
the widow's insurance benefit is computed. The allowance of one-half of 
this net residual amount for the period of h years after 65 is an approxima- 
tion to the steadily decreasing residual amounts available during that 
period--at the end of which no further benefits are payable. 

The second part of this formula deals with the situation in which the 
widow dies or remarries before the youngest child reaches age 18. The 
type of approximation made here is similar to that for the situation above 
where the widow survives unmarried to age 65. I t  is assumed in obtaining 
the  net residual payment, in the present instance, that the widow will 
draw benefits for one-half the period from the time the employee dies to 
the time the youngest child reaches age 18. The net remaining residual sum 
in this instance is considered payable at the time such youngest child is 
no longer eligible for benefits. 

In formula 31 the gross residual benefit is first reduced by the lump- 
sum insurance benefit, which becomes payable immediately at death. 
Thereafter, the treatment is similar to that used in the first part of 
formula 30. In this instance, of course, h is equal to (R - 8"B)/9"B. 

In formula 32, recognition is taken of the fact that the widow's monthly 
insurance benefit becomes payable immediately at death. And during the 
period in which there is a remaining residual benefit, the same type of ap- 
proximation is made that one-half of the sum available at the time the 
employee dies will be paid. For this type of family composition at the 
time the employee dies, h = R/9"B. 

In formula 33, where the employee leaves children only, the gross 
residual benefit would be reduced by the survivor benefits payable to 
the children until the youngest child reaches 18, and becomes available 
at that time. Finally, in formula 34, the residual benefit is payable im- 
mediately. I t  equals the gross residual amount minus the insurance lump 
sum. 

For withdrawals before retirement, the combined insurance value 
becomes 

~ A t ( ' R )  ----" Vra--~e6-z--I/2qz+l/2 "we m+l/2--l/w re+l/2 ' *~ ,~+1/2 (35) --x+1/2 f~, At[n) 4-,.At~n~ .a-- ,~Atcn) 

4-~,A.S)  .4-wAr(n) 3 
eo ~ + t / 2 - - t  ~+1 /2"  
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where m n u ½ is the average age of death between the point of withdrawal 
from railroad service and age 66 (at which time such withdrawals are as- 
sumed to retire on a railroad annuity or a primary insurance benefit under 
the Social Security Act); 6s-~l/2q~-J/~ represents the probability of death 
during that period. The insurance functions on the right-hand side are 
derived in the same fashion as in formulas 30-34, except that the basic 
amount is replaced at all times by the social security primary benefit, 
and that the insurance lump sum of 8 times the basic amount is replaced 
by 6 times the primary benefit. 

One further point should be made in connection with this formula. 
Theoretically, a portion would still have to be calculated for the possible 
residual benefit payments in the event of death after future retirement 
age 66. The effect on costs would be so negligible as not to warrant the 
additional detail involved. Similarly, the use of an average age at death 
from withdrawal to age 66 in the formula itself is highly questionable in 
a theoretical sense. However, here again the use of a more accurate 
methodology would hardly be warranted in terms of cost. 

Formulas 36 and 37 present the insurance values of deaths with respect 
to nondisability retirements. Only two types of family composition are 
considered of particular consequence for cost purposes: (1) those cases 
in which the nondisability annuitant leaves a widow without children 
under age 65; and (2) those in which he dies single. The other types of 
family composition are purposely disregarded since immediate monthly 
insurance benefits would be payable in such instances. Since the employee 
retirement annuity as well as the monthly insurance survivor benefits 
are subtractive items from the gross residual benefits, the remaining net 
residual amount, if any, would generally be very small. Similar considera- 
tions warrant the decision to ignore the residual payments once a widow's 
insurance benefit becomes payable. The two formulas follow: 

~*AtC~)v~ .+1/2= vh/2"h%+t/ffi [ltwl#zWlf2+h/2 ( ½ g - - 8  *'B) I'Mr' tuJ--M'6b'a "--D tv] ] (36) 

, , .A  t~ ~ = vhl2., o . . . . .  .~, ,+1/~+~ ( ½R--  8 .  "B) (37) * z+I/2 n'/z-t-a/z 

In each instance, the determination of the period k is now related to the 
employee's retirement benefit rather than to the basic amount; it takes 
the form h = R + 12'B. It  should be noted further that the probabilities 
refer to an age at death halfway between the age of retirement x q- ½ 
and the age h years later, after which the residual benefit would disappear 
if the employee were still alive. Here again, the formulas involve rather 
rough approximations, but are warranted in the sense that more precise 
formulas could produce, ate_best, only a negligible change in costs. 
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The same types of formulas were utilized in connection with disability 
retirements, except that in the determination of the probability of death 
during the h year period, the appropriate mortality rates for disabled 
lives were utilized. 

c. PRESENT VALVE OF BX~nTS 

The corresponding per capita values according to the mode of exit from 
railroad service for an employee aged k + t on the valuation date are 
presented in formulas 38-41. It should be noted that the limits of the 
summations for each of the withdrawal categories are the same as those 
shown for retirement and survivor insurance benefits. 

Deaths in active service 

2 v  *+t/~. d, (~aA'(R) ) 
z +  t / 2  

k +  t 

D, (38) 
k +  t 

Withdrawals before retirement 
a--1 

v ~ + l / 2  

k+ t 
D~,+, (39) 

Nondisability retirements 

2 Vz+I/2 .W z (wa~ tfR) .J..~aA t( n ) 
~ y u ~ ' ~ x + l / 2  ~ • z + l / 2  ~ 

Q 

D~+, (40) 

Disability retirements 
64 

Z v ~+ll~.is (~A '(R) 4- ~*A,(n) 
~/Io ~-1-1/2 ~ a''z+l/2" 

a 

D~,+, (41) 

IV.  Value of I Percent of Payroll 
In order to determine the value of the various types of benefits as a per- 

cent of payroll, it is necessary to obtain the present values of 1 percent of 
future earnings. The formula used in this connection is 

.01 ~ f~ .S ,  .D '+v  ~ 
k + ,  

D~+, (42) 



38 ACTUARIAL ASPECTS OF THE RAILROAD RETIREMENT SYSTEM 

V. Summary Calculations 
Mter all per capita present values have been determined, the total 

liability with respect to all present employees and the normal cost for new 
entrants are computed by means of formulas 43 and 44 shown below. 

Value of future benefits to present employees 

(43) 
k t 

where k denotes the central age at entry; t denotes the duration on the 
valuation date; nk+t is the number of present employees in the age at 
entry h and duration-group t; and (PB),+t is the consolidated per capita 
value of all benefits with respect to the particular group of present 
employees. 

Normal cost for new entrants 

nk .  (PB) k 
k 

(44) 
nk. (PC) 

k 

where k denotes the central age at entry; nk is the number of new entrants 
at age k, (PB), is the consolidated individual single premium per new 
entrant coming in at age k, and (PC), is the present value of 1 percent of 
future compensation per new entrant. 

VI. General 
The actuarial formulas which have been developed relate primarily to 

the calculation of benefits for the employees "in active service" on a par- 
ticular valuation date (December 31, 1947). An individual is considered 
to be in active service as of the end of a year if he worked in that year and 
was alive and not retired at the end of the year. This definition is con- 
venient in that individuals who leave the industry before the end of a 
year (other than deaths or retirements) cannot be readily identified until 
full information is available with respect to compensation and service for 
the succeeding calendar year. The actual processing of the relevant 
statistics occurs too late in time to be utilized for valuation purposes. To 
correspond with the definition of employees in active service, the in- 
actives are considered to include those employees alive and not retired 
as of the valuation date who last worked one or more calendar years prior 
to the valuation year. 

In view of the heavy first year turnover, the new entrants among the 
active employees are considered separately. Thereafter, the years of entry 
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are grouped. For the active employee population in the valuation year 
1947, the year of entry groupings considered are 1947, 1942-46, 1937-41, 
1932-36, etc. These groupings have been classified as central durations 
0, 3, 8, 13, etc. This breakdown has the added convenience that it permits 
a clean separation of the active employees with subsequent service alone 
from those with prior and subsequent service in combination. Thereafter, 
the active service census is further subdivided by central age at entry (18, 
23, 28, etc.). The central ages at entry have been noted by k in the 
formulas developed in this paper; t has been used to represent the dura- 
tions 0, 3, 8, etc. 

While explicit attention has previously been given to the methods for 
calculating benefits for present active employees, the modifications of the 
actuarial formulas applicable to new entrants after the valuation date 
are apparent. 

GENERAL CONSIDERATIONS RELATED TO FINAL CALCULATIONS 

In valuations of plans such as ours in which the final results must strike 
a balance between a realistic and conservative approach, it is necessary 
to make a series of general assumptions and to introduce certain broad 
adjustments to the figures which emerge from the basic calculations them- 
selves. Some of the major assumptions and adjustments are considered 
below. 

Active Employees 
In connection with retirement annuities, account must be taken of the 

minimum annuity provisions. A direct allowance was made for the mini- 
mum in the worksheets themselves which developed the amounts of the 
monthly retirement benefit. The use of group averages for the monthly 
compensation, however, does not make a sufficient allowance for the cost 
of these benefits. By the same token, the use of such averages for calcu- 
lating the benefits under the regular annuity formula overstates costs in 
so far as the ratio of the annuity factor per year of service to the monthly 
compensation decreases as the amount of monthly compensation in- 
creases. It is felt that the necessary adjustments on both grounds would 
tend to offset each other. 

Another factor which must be considered is the effect of the work 
clause provisions of the Act in reducing costs. The monthly benefits of 
annuitants who retire under the age provisions of the Act are suspended 
for any month in which they return to railroad employment or go back 
to work for their last employer--if such last employer was not covered 
under the Act. On the other hand, monthly annuity benefits continue to 
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be payable under all other conditions of outside work. I t  is clear that a very 
wide area exists for work after retirement which is not subject to tho 
penalties of the work clause. In actual operation, the reported returns to 
service have been so few as not to warrant any reductive adjustment in 
cost for the nondisability annuitants. 

When disability annuities are considered, the Act provides that "an 
employee in receipt of such annuity, who earns more than $75 in service 
for hire, or in self-employment, in each of any six consecutive calendar 
months, shall be deemed to cease to be so disabled in the last of such 
six months." Furthermore, satisfactory proof must be made from time 
to time, as prescribed by the Board, of the continuance of a disability 
(according to the standards applied in the establishment of such dis- 
ability) until the employee attains the age of 65. Thus, even though a 
disability annuitant does not have his annuity suspended for a month in 
which he works outside of railroad coverage, a legitimate reduction ap- 
pears to be warranted to take into account possible recoveries from dis- 
ability. In view of the foregoing, it has been considered proper to reduce 
the gross calculated cost Of disability annuities payable before the attain- 
ment of age 65 by 10 percent. 

The formulas developed for survivor insurance benefits reflect the con- 
servative assumption that employees who have a current connection with 
the railroad industry will die completely insured. Further, no provision is 
made therein for nonfiling or on account of the various deductions from 
survivor insurance annuities because of the survivor-benefit work clauses. 
Nor do such formulas provide for the lag between the earliest date a par- 
ticular type of monthly survivor benefit could theoretically be paid and 
the date the annuity actually begins to accrue. The Act itself provides, 
in addition, that benefits are to be reduced by whatever other railroad 
retirement or social security benefit the survivor is receiving in his own 
right. In view of the foregoing considerations, the following broad reduc- 
tire adjustments were made in the basic calculations: 10 percent for the 
widows' insurance benefits; 25 percent in benefits to widowed mothers; 
12~ percent for children; and 15 percent in the lump-sum insurance 
benefits. 

Inactive Employees 
With respect to the various categories of inactive employees, the al- 

ready vested retirement annuity benefits were calculated on the basis of 
deferment to age 66, taking into account the actual prior and subsequent 
service and compensation. The mortality table used for this purpose was 
Table 1, with a 1-year rate-back in age. 
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Theoretically, some allowance should be made with respect to survivor 
benefits arising from the earnings of employees in this group. However, in 
accordance with the methodology discussed for active employees, concern 
would only have to be with those inactive employees who retained a cur- 
rent connection with the railroad industry at death. When it is remem- 
bered that according to definition all inactive employees as of a valuation 
date are at least a year removed from the date of last employment, it is 
felt that the calculation of survivor benefits with respect to inactive em- 
ployees would hardly be worth the effort. 

One further point should be mentioned in passing in connection with 
re-entrants among the inactive population after the valuation date. Sur- 
vivor benefits and additional retirement credits are taken into account 
implicitly in the costs for the new entrant group as a whole in final cost 
calculations. 

Benefits to Retired Employees 
The problems involved in valuing liabilities with respect to individuals 

already on the rolls offer relatively little difficulty. The numbers involved 
and the amounts of benefits are derived from in-force tabulations modified 
to an accrued basis as of the valuation date. For age annuities and pen- 
sions appropriate annuity values can be applied by attained age. With re- 
spect to individuals who have retired on a disability annuity, tabulations 
have been necessary by age at accrual and duration since retirement. The 
present worth of the resulting liabilities is then established by applying 
the appropriate select annuity values according to the time disability 
retirement took place. 

Residual Payments 
The formulas relating to the residual benefit indicate the complexity o[ 

the calculations required for valuing this type of benefit. As a practical 
expedient, we have found it useful to make the necessary calculations on 
the basis of one central age at entry. For this purpose entry age 28, which 
appears typical in many respects, was chosen. Then a moderate reduction 
was made to take into account the fact that while the average age of new 
entrants is about 28 the entry-age distribution of present active employees 
is weighted more heavily toward the younger ages. A further moderate 
reduction in the calculated gross liabilities is warranted in that a certain 
amount of nonfiling can be expected for this type of benefit. 

New Entrants 
Inherent in the cost calculations as developed in the final stage is the 

assumption that although the numbers of individuals entering as new 
employees after a valuation date will vary from year to year, their age 
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distribution will remain relatively fixed. The 1946-47 experience has 
served as the basis for the typical age distribution of new entrants used 
in latest calculations. As indicated previously, age 28 is the average age 
for the distribution. The assumption of a fixed age distribution is con- 
venient in that the retirement costs developed for new entrants, when 
expressed as a percent of payroll, remain unchanged regardless of the 
year of entry after a valuation date or of the number of employees in- 
volved. 

The situation is somewhat different in connection with survivor in- 
surance and residual benefits. The introduction of an increasing scale of 
prior social security wages, by calendar year before 1948, produces differ- 
ing normal costs for such survivor benefits according to the year of entry 
after the valuation date. In the latest valuation, calculations were made 
for entries in 1948, 1953, 1958, 1963, and 1968. I t  was found that the nor- 
mal cost leveled off in 1968; furthermore, the changes involved were 
quite small. In the interest of expediency, only one rate was used in the 
final calculations--the normal rate for survivor insurance and residual 
benefits developed for the year 1958. 

A final point should be mentioned relative to adjustments made for 
benefits on the retirement level. As a practical matter, we know that there 
will be considerably less than 100 percent filing at the time retirement age 
is reached for individuals who have negligible earnings and service cred- 
its. Not only would the benefits available be extremely small, but also 
they would be deferred for many years ihto the future. The realistic ap- 
proach has therefore been taken to assume that there would be only 25 
percent filing in cases of individuals leaving service in the same calendar 
year as that in which they entered; 50 percent would file among the with- 
drawals in the second calendar year; 75 percent in the third; 100 percent 
filing has been assumed thereaHer. The over-all effect of this modifica- 
tion is to reduce the retirement cost for new entrants to 97½ percent of 
what it would have been had complete filing been assumed in the calcu- 
lations. The same type of reduction has been made for those active em- 
ployees who entered for the first time in the valuation year, as well as 
for employees in the inactive census with minor amounts of service credits. 

]~INANCING THE BENE]~ITS 

The benefits provided under the railroad retirement system are fi- 
nanced by carrier and employee taxes which are collected by the United 
States Treasury. Such monies, less appropriations for yearly administra- 
tive expenses, are ultimately transferred to the Railroad Retirement Ac- 
count. The funds of such account are utilized to pay benefits with respect 
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to certifications to the Treasury; that portion which is not needed is in- 
vested in special bonds, bearing interest at 3 percent. 

At present, employees and employers pay 6 percent apiece on compen- 
sation up to $300 a month; these rates will advance to 6~ percent apiece 
in 1952 and subsequent years. This practice of splitting the costs down 
the middle between employee and employer has been followed ever since 
1937. Further, no allocation of funds has ever been made for the amortiza- 
tion of the prior service or accrued liabilities as compared with those aris- 
ing currently. 

I t  appears to have been the intent of Congress to finance the benefits 
of the railroad retirement system on the basis of an effective tax rate 
which together with interest on the invested funds of the Account would 
be sufficient throughout the years to meet all benefit payments as they 
become due. In accordance with the method of financing which has been 
provided by Congress, the respective valuations of the Railroad Retire- 
ment Act have always been prepared with the prime consideration in 
mind of determining the required level tax rate which would be adequate 
into perpetuity. Subject to the reasonableness of the assumptions, al- 
though such a theoretical level tax rate would not produce reserves suffi- 
cient to cover accrued liabilities as of a particular date, it would never- 
theless be adequate to meet all benefit payments throughout the years 
on an open-end basis. 

The method of financing the railroad retirement system is not peculiar 
unto itself. A similar type of financing was originally provided for under 
the Social Security Act. Also, the taxing provisions of the amendment to 
that Act (H.R. 6000), passed by the House in the last session of Con- 
gress, are essentially of the same nature. There is also reason to believe 
that original plans to amortize the accrued liabilities of the United States 
Civil Service Retirement system by the year 1998 are gradually being 
superseded in favor of a system of financing similar in principle to that 
adopted for the railroad retirement system. The three plans have the 
common feature that they are handled by the Federal government, so 
that in the last analysis the Federal government is a guarantor that bene- 
fits will be paid; its taxing power assures adequate financing. A word of 
caution is in order, however. While this method for meeting benefit liabili- 
ties may be considered proper for these giant plans, serious dangers would 
be involved in its applicability to a private pension plan for a single com- 
pany in which the assumption of permanency of existence is highly 
untenable. 

The required level tax rate discussed above cannot be determined with- 
out recourse to assumptions as to the course of future payrolls. Such future 
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payrolls, as they relate to the railroad industry, are of major importance 
in view of the large net liability incurred as a result of (I) the crediting 
of service rendered prior to 1937 by individuals who were employees or 
were in an employment relation on August 29, 1935, (2) the benefit liberal- 
izations introduced by the 1946 and 1948 amendments, and (3) previous 
inadequacies of the tax rates. When expressed as a percentage of payroll, 
the relative cost of servicing this liability together with the additional 
subsequent service obligations (over that for new entrants), due to the 
advanced age of employees as of the valuation date, varies inversely with 
the size of the future payrolls assumed. 

An idea of how radically ideas have changed concerning future pay- 
rolls in the industry can be gathered from the fact that an equivalent 
future level payroll of $2 billion was assumed for the first valuation as of 
December 1938; the second valuation, prepared three years later, hiked 
this figure to $2.5 billion; while the third valuation predicated a future 
level payroll of $3.5 billion. Since the preparation of the third valuation, 
the far-reaching changes in the nation's economy and their corollary in- 
fluence on railroad payrolls have already made the $3.5 billion payroll as- 
sumption inapplicable. On the basis of revised estimates prepared by the 
Board's economic staff, the equivalent level future payroll assumed for 
the fourth valuation was $4.5 billion. As a point of reference, the actual 
covered payroll for 1949 was closer to $5 billion. 

Once the equivalent future level payroll is established, it is a relatively 
simple matter to obtain the net level cost of the system of benefits provided 
by the Railroad Retirement Act. This latter figure can be obtained either 
through a normal rate-accrued liability approach or else on the basis of 
the value of all future liabilities under the system after the valuation date. 
The second approach is the more direct and is exemplified in the summary 
of the level cost calculations of the fourth valuation (shown in Table 11). 

A final note is in order. In interpreting such figure, it should be recog- 
nized, of course, that it is virtually impossible to develop a precise cost 
figure with respect to a system in which there has been such a great vari- 
ability in the basic factors. At best, any single figure which finally emerges 
can only be looked upon as a "most reasonable" one within the range of 
the true costs of the system. 



TABLE II  

SUMMARY OF LEVEL COST CALCULATIONS 

(Dollar Figures in Millions) 

Ret i rement  
I t e m  

Benefi ts  

a) Present value of benefits with respect to em- 
ployees who entered before 1948 . . . . . . . . . . . .  

b) Funds on hand, accrual basis . . . . . . . . . . . . . . .  
c) Present value of 1 percent of total future pay- 

ro i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d) Present value of 1 percent of future payrolls for 

present employees . . . . . . . . . . . . . . . . . . . . . . . .  
e) Present value of 1 percent of payrolls for future 

entrants (c-d) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f) Normal tax rate for future entrants . . . . . . . . .  
g) Total present value of future benefits (a-be.f) 
h) Gross level cost of benefits as a percent of pay- 

roll (g+¢) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i) Reduction in level cost on account of reserve, 

( b + c )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i) Cost of administration as a percent of payroll 
k) Net level cost as of December 31, 1947 (h--i 

}-j) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$10,463.8 

5.788% 
$16,040.0 

10.306% 

Other 
Benefits  

$2,745.6 

2.084% 
$4,753.3 

3.954% 

Tota l  

$13,209.4 
$ 1,159.5 

$ 1,556.3 

$ 592. 

$ 963.4 
7.872°~ 

$20,793.3 

13. 361%* 

• 745% 
• lOO% 

12.72% 

* Discrepancy of.001 between the total and the sum o| its components is due to rounding. 
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A P P E N D I X  A 

O v r r ~ i r ~  ov 1947 Vm~UaTION CARD 

Item Card Num- Columns ber 

1 1-2 

2 3--4 

3 5-13 

4 14 

15 

6 16 

7 17-19 

8 20-22 

9 23-25 

10 26-27 

11 28-30 

12 31-35 

13 36-37 

Item Codes 

Identification 7V 

Year of birth Last 2 digits of year of birth. Code 39 is 
used for unknown years of bir th 

Social security account 
number 

Sex O--male 
3--female 
'¢X" punch indicates active service death 

or retirement 

Source code 

Employment relation 
status on 8-29-35 

Months of prior service 
(unadjusted) 

Months of prior service 
(adjusted) 

Average prior service 
monthly compensa- 
tion, 1924-31 

Year of original entry 

1937--47 service months 

1937-47 compensation 

1947 service months 

1--final prior service adjudication 
2--preliminary adjudication, Form AA-15 

present, Forms AA-2P incomplete 
3--preliminary adjudication, one or more 

AA-2P's present, AA-15 not  present 
4----preliminary adjudication, no AA-2P's 

or AA-15 present 
S--preliminary adjudication, all AA-2P's 

and AA-15 present 

l--employment relation on the basis of 6 
or more months of service 

2--employment relation other--final  basis 
3---employment relation other--prelimi- 

nary basis 
4---employment relation denied--final ba- 

sis 
3---employment relation denied--prelimi- 

nary basis 
" X "  punch indicates a former employment 

relation denial 

(Code 48 is used for unknown year of entry 
prior to 1937) 
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A P P E N D I X  A---Continued 

Item 
Num- 

ber 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Card 
Columns 

38-41 

42-43 

,t4-47 

48-49 

50-53 

54-55 

56--59 

60-62 

63--65 

66-67 

69--70 

71-72 

Item 

1947 compensation 

1946service months 

1946 compensation 

1945 service months 

1945 compensation 

1944 service months 

1944 compensation 

Occupation for year last 
worked after 1936 

Total service months 
(total of adjusted pri- 
or and subsequent 
service, items 8 and 
11) 

Quarters of coverage 

68 Insurance status code 

Year of entry after 1936 

Year last worked after 
1936 

Codes 

" X "  punch in col. 42 indicates service per- 
formed but amount of service and com- 
pensation not shown 

"X" punch in col. 48 indicates service per- 
formed but  amount of service and com- 
pensation not shown 

"X "  punch in col. 54 indicates service per- 
formed but  amount of service and com- 
pensation not shown 

ICC and REA occupational codes 

l---completely, but not permanently, in- 
$1xred 

1-X--permanently insured 
2--partially insured 
3--uninsured 

'~X" punch in col. 72 indicates continuous 
service since entry. In the case of ac- 
counts with both prior and subsequent 
service, classification of continuous serv- 
ice is made if the employee worked con- 
tinuously from 1937 

Years of service after Years in which service was performed (not 
1936 necessarily completed years of service) 

1937-47 year check code 
1937-39 service pattern 
1940-42 service pattern 
19g~-45 service pattern 
1946-48 service pattern 

Years worked in each 3-year period 
0 or blank--no service in period 
1--service in first year only 
2--service in second year only 
3--service in first and second years 
4---service in third year only 
5--service in first and third years 
6--service in second and third years 
7--service in all three years 
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APPENDIX A---Conli nued 

29 

30 

i 
Item Card Num- Columa~ 
ber 

79 

80 

Item 

Service and employee 
status code 

Death and retirement 
code 

Codes 

0--working in 1947, alive and not retired~ 
prior and subsequent service 

l -- last  working in 1947, death or retire. 
meat, prior and subsequent service 

2--last working in 1947, alive and not re- 
tired, subsequent service only 

3--last working in 1947, death or retire- 
ment, subsequent service only 

4--last working in 1944-46, alive and not 
retired, prior and subsequent service 

5--last working in 1937--43, alive and not 
retired, prior and subsequent service 

6--last working in 1944-46, alive and not 
retired, subsequent service only 

7--last working in 1937-43, alive and not 
retired, subsequent service only 

8--last working in 1944--46, death or re- 
tirement, prior and subsequent service 

9--last working in 1944-46, death or re- 
tirement, subsequent service only 

X--prior service only, "alive and not re- 
tired" 

Code "X "means death, "Y"  means retire- 
ment. The second punch in the column 
refers to years as indicated 

B lank--37-41 
6--- 42 
7--  43 
8 - -  44 
9--  45 
0- -  46 
1-- 47 
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