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INTRODUCTION

On May 10, 1869, the East and West was linked by rall ‘at
Promontory Sumit, Utah, The success was due mainly to human
muscle and endurance. Those who laid the first transcontinental
rallroad used tools that are crude when compared with modern
machinery. Looking back, it becomes apparent that many techno-
logical advances have been made since that historic day. At
the same time, the position of the rallroads within the trans-
portation industry has shifted. ‘Many of the more gignifieant_'
ehanges have occurred in the last twehty to tweﬁty-five years,

and the result is a decreasing demand for faiiway labor,

PURPOSE AND HETHOD

C. Glyn Williams, Assistant Professor of Economlcs, Indiana
University. estimates, "Upwards of B0 percent of rallroad employ-
ment decline in thls_period (1946-1963) was brought about by
technoiogical change."l The purpose of this paper is to review
the effects of technologlical advancement on employment in the
rallroad industry, and it will endeavor to support the clalm
that technology has been the most important cause of emﬁloyment
declines. The paper is limited to a discussion of technological
advances and their influence on industry-wide employment and

productivity.

lc, Glyn Williams, "Changes in the Skill Mix and Thelr

Effect on the Rallroad Industry's Wage Level," Industrial and
Labor Relations Review, Vol, 20, No, 1 (October, 19 » 89.
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The time period considered is 1947 to the present; however,
most statistics are available only through 1968, Due to the
abnormal situation existing during World War II, 1947 was arbi-
trarily chosen as the base year. Also, most of the major
changes that will be discussed in this report were initiated
during the postwar period. Most of the productivity figures
presented were calculated by the writer from the original sources,
This was necessary because productivity statistics were not
readily avallable, and when found, were usually not comparable
because of different measuring technigues. The_teohnique used
in developing the productivity indicators was modified from one
found in a paper by Richard J. Barber, Assoclate Profeﬁsor of
Law, Southern Methodist University.z |

Unless otherwise noted, all of the data presented is for
Class I Rallroads in the United States, Effective January 1,
1965, the Interstate Commerce Commission defined Class I Raill-
roads as those having annual operating revenues pr more than
$5,000,000., Even though the definition of Class I has been
revised periodically, the Association of American Railrocads -
(AAR) states, "These differences in classification do not
affect significantly the comparabillity of statistics from year .

to year.“3

2ﬂichard J. Barber, "Technological Change in American

Transportation: The Role of Government Action," Virginia Law
Review, Vol. 50, No. 5 (June, 1964), 824-826.

3Assoc1ation of American Railroads, Yearbook of Railrocad
Facts. 1970 Edition (Washington, D.C.: Assoclatlon of American
Railroads, Economics and Finance Department, 1970), 3.



INDUSTRY TRENDS |

The rallroad industry is changing; it 1s no longer a monop-
oly. Its share of intercity passenger traffic has been cut to
about 1% by automoblles, buses and airplanes. The ralls! share
of intercity passenger traffic was over 75% in 19#k# and about
85% 1n 1920. 1In 1920, the railroad's share of intercity freight
'frﬁffic_was 84%; now 1t is about 40%. Even though the share of
freight decreased. the volume of freight has increased.’ Con-
sequently, if the state of technology were'thé same today as
twenty=-five yeafs_ago. the lmpact on ralilway empioyment resul t-
ing from changes in the transportation industry would probably
be minor. This takes into account passenger service declines
because passenger service is such a small portion of the over-
all service offered by the railroads.,

However, the impact has not Been,minor. In 1947, Class I
railroads employed an average of 1,351,961 persons, In 1969,
the figure was 578,302, which is the lowest number during this
century. Since 1951, employment has declined annually and has
reached a cumulative decrease of 57% since 1947. Wage and

salary outlays have not kept pace with declining employment.

bThomas M Goodfellow, Background on Passegger Train Service

nex 0 _Hearings o bgomm]. e on Surface Transportation

C mm e Committee Se t, 23=2 Washington,
D.C.: Assoclation of American Railroads, blic Relations Depart-
ment, 1969). .

5Dudley F. Pegrum, Transportationi Economics and Public
Policy (Homewood, Illinois: Richard D, Irwin, Inc., 1963), 3l1.
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In 1951, the total payroll was $§5,336,198,000. In 1969, it was

t5.362.757.ooo.6

Table 1 shows that the weighted output per man-hour has
incressed at an average annual rate of 8,9%. To determine the
weight output, revenue freight-ton miles and revenue passerger-
miles are weighted by the ratib of total average revenue per -.
ton-mile to total average revenue per passenger-mile for the
period, 1947 to 1969, In this case, revenue freight-ton miles
is multiplied by one, and revenue passenger-miles is multiplied
by 2.13 (30.95 to 66.06 = 1 to 2.13), and the results for each
year are summed to sive-the_wgighted output for that yesr, Then
1947 is used as the base year, and the welghted output for each
year is converted to an index number, The index number is
divided by the man-hours index to determine the index of output
per man-hour. The aversge annual change in output per man-hour
is calculated by dividing the index of output per man-hour by
the number of years since 1947,

Since the transportation services sqpﬁlied by the railroads
are not homogeneous, a weighted output index is necessary to
determine a meaningful productivity figure. Harold Barger,
Columbia University, presents the rationale for an index similar
to the one used in this paper. Barger states:

The use of market values, or prices, as ieights in

' computing the output index was suggested above primarily
as a means of avoiding the need for arbitrary decislons.

6Association of American Railroads, 78-80.



Table 1
OUTPUT, EMPLOYMENT, PRODUCTIVITY,
T 1947-1969
(1) - (2) (3) ~ (&)
Revenue Average Revenue Aversge
Year Freight Ton- Revenue Per Passenger- Revenue Per
J Miles Ton-Mile Miles Passenger-Mile
. (billions) . (dollars) (billions) (dollers)
1969 . 7685 1.35° 12% 3.60%
1968 74h 1.31 13 3.39
1967 719 1.27 15 3,20
e @ \ it
1. 1 3.
1964 659" 1.28" 18" 3.17"
%962 622 1.31 %g 3.%8
1321 223 %;3? 20 3,0%
1960 572 1.40 21 3.01
1959 576 1.45 22 2.95
1957 618 1.45 26 2,84
1956 647 1.38 28 2,68
1955 624 1.3? 29 2,60
1954 549 1.42 29 2,62
1953 606 1.48 32 2,66
1952 615 1.4& 34 - 2,66
195 647 1.34: 35 2,60
1950 589 1.3 32 2,56
1949 527 1. 35 2.5
1948 638 1.25 151 2.34
1947 655 1,08 b6- 2,10
Total ' 30.95 . 66,06

EAssoclation of American Raillroads, Yearbook of Railroad
Facts, 1970 Edition (Washington, D.C.: Association of Amerlcan
ﬁgilrgads. Economics and Finance Department, 1970), 35, 37, 39,

» 7. )

hpssociation of American Railrozds, Railroad Transportation,
A Statistical Record, 1921-1963 (Washington, D.C.: Assoclation
oﬁ Amgrican Rallroads, Bureau of Railway Economics, 1965), 22,
2'2!29- - .
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Table l=-=Continued

(35) T16) (7) (8)

Weilghted b Index ofd
Year guzpug Employment Employment Man-hours®
naex
(1947=100) (1947=100) (millions)
1969 105 578, 3024 ﬁz fy
1968 103 590,536 - 1,201
1967 100 - 610,191 45 1,225
1966 103 630,895 47 1,295
1965 97 629.961 47 1,320
1964 93 665,034 49 1,385
1963 88 | 680,023 - 50 1,399
1962 84 700,146 52 1,430
1961 80 717,543 53 1,453
1960 82 780,494 58 ' 1,587
1959 ' 83 815,474 : - 60 1,669
1958 80 840, 575 62 ' 1,712
1957 89 986,001 73 2,019
1956 94 1,042,664 77 2,161
1955 91 1,058,216 78 - 2,203
1954 81 1,064,705 79 2,178
1953 90 1.206,312 | 89 2,510
1952 91 1,226,663 9l 2,577
1951 : 96 1,276,000 oL 2,709
1950 87 1.220,3%& 0 2,614
19 80 1,191, 8 2,743
1948 96 1,326,906 98 3.253
1947 100 1,351,961 100 3,323

8Me weighted output is derived by determining the ratio
between the totals of columns 2 and 4, The ratlo is 1:2.13.
Each figure in column 1 is multiplied by 1, and the figures
in column 3 are multiplied by 2.13. The weighted output flgures
for freight and passenger service are added for each year and
expressed in column 5 as an index with 1947=100,

bAverage number of employees during the year.

CMan-hours represents a total of "straight time actually
worked" plus "overtime hours pald for." The latter includes
pay for some hours not actually worked. Where source gives
only figures for "days," each day is multiplied by eight to
give hours worked,

dCalculated from data in relevant preceding column,
fNecessary detalled man-hour data for 1969 are not available.

1Interstate Commerce Commission, H%Ee Statistics for glass I
Railroads in the United States, Prepare ¥ g reau o ccouncs,
Statement No, A-300 (formerly M-300), Calender Years 1947-1968.



Table 1-=-Continued

19) (10) Ti1)
Index of Index of - Average Annual
Year Man-hourd Output Per Change in Output
Man-hour® Per Man-hour
(1947=100) (1947=100) (1947-1969)

1969
1928 36 286 g.g
1967 37 270 .
1966 Rg 264 8.6
1965 - ' 243 7.9
1964 42 221 7.1
1963 L2 211 6.9
1962 43 : . 195 6.3
1961 ithy - 182 . 5.9
1960 48 172 5.5
1959 50 166 5.5
1958 52 154 k,9
1957 61 146 4,6
1956 65 145 5.0
1955 66 | 138 L8
1954 66 123 3.3
1953 76 ' 118 3.0
1952 78 117 2.4
1951 82 117 o3
1950 79 110 3.3
19 . 8 96 -2,0
1948 9 98 -2.0
1947 100 100

€Column 5 divided by column 9.
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Since the market regards a dollar's worth of apples and

a dollar's worth of oranges as equivalent or interchange-

able, therefore=—so the argument ran-—we may regard them as

equal physical quantities, What this leads to in practice
is the aggregation of dollar volumes of different commodi-
ties at fixed prices per ton, per yard, or other commercial
unit., By this procedure, the universal measure of physical
output, applicable to all commodities without exception,
becomes the dollar's Worth--measured at the base date or
over the base period.

Barger!s method differs from the one used because it welights
the output by the prices during the base period. 1In thls paper
the weights are influenced by the price during every year under
consideration. |

Credit for the 8.9% average annual productivity increase
cannot be attributed to any single invention or event, but some
technological advances are more important than others. Note
agaln that technology cannot be given all the credit for the
gains. Some of the increase is probably the benefit of using
old equipment more efficiently, work-rule changes and novel
marketing schemes. The remalinder of thls report is devoted to
an examination of some of the major technological advances and

the changing productivity of several groups of rallway labor.

DIESELIZATION
The most important technological advancement in the rail-

road industry is the diesel-electric locomotive, 1Its influence

7
Harold Barger, "Appendix A—On the Measurement of the

Physical Output of Public Utilities," The Transportation Indus-
tries, 1889-1946, A Study of Output, Employment, and Productiv-
ity (New York: National Bureau of Economic Research, Inc.,
1951), 171.
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is far-reaching and not yet fully felt, The conversion from
steam to diesel-electric tractive power was no accident, It
occurred because the diesel ﬁnit is by far the most economical
to operate, Smaller crews are possible. Malntenance and fuel
costs are less, Track maintenance costs are also less because
diesel-electric locomotives are not as hard on the tracks,
Longer, heavier loads can be pulled faster and with fewer loco-
motive units. These changes have in turn promoted technologlical
advancements in the areas of track construction and maintenance,

shop maintenance procedures, traffic control and the rolling

stock itself. |

On December 31, 1947, there were 41,719 locomotives in
service, Of that total 5,772 were diesel-electric units, 35,108
were steam, 821 were electric and 18 were classified as "other".
At the end of 1969, there were only an estimated 27,040 locomo~
tives in service, Twenty-one were steam, 26,722 were diesel-
electric, 276 were electric and twenty-one were classified as
"other".8 "Other" locomotives include diesel-hydraulic units,
which are used successfully in West Germany and Great Britain.g
Table 2 shows the number of locomotive units in service on

December 31, 1947, 1951, 1955-1969. The ICC defines the term

"unit" as "the least number wheel bases together with super-

8association of American Rallroads, 68.

9Ray McBrian, "New Metive Power Technology," Technological
Change and the Future of the Rallways, Selected papers presented
at a three-day conference conducted by the Transportation Center,
Northwestern University (Evanston, Illinois: Northwestern Univer-
sity, 1961), 211.
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Table 2

LOCOMOTIVES IN SERVICE, DECEMBER 31,
1947, 1951, 1955-19692

Diesel- Electric
December 31 Total electric Steam Units Other
; Units
1969 27,040 26,722 21 276 - 21
1968 27,376 27,017 21 305 33
1967 27,687 27.239 21 321 : 36
1966 27,886 27,481 25 344 36
1965 27,816 27,389 29 362 36
1964 28,300 - 27,837 34 3?3 36
1963 28, . 27,9 ﬁ ' 36 29 39
1962 28,639 28,10 51 43k 50
1961 28,815 28,16 112 478 Eg
1960 - 29,080 28,27 : 261 492
1959 28,493 28,163 754 539 S 14
1958 29,513 27,575 1,350 556 : 32
1957 30,248 27,186 2,447 . gag : ;o
1956 30,433 26,081 3,71 06 - 2
1955 31,429 24,786 5,982 627 34
1951 409036 17,493 21,747 780 16
1947 1,719 54772 35,108 821 18
- 8pgsociation of American Railroads, Yearbook of ad

Facts, 1970 Edition, 68,

structures capable of independent propulsion, but not necessarily
equipped with an independent control.“lo

Before the diesel-electric locomotive, a definition of
"unit" was not necessary because even 1f the unité were combined,
each unit still required a crew to operate it., Diesel units can

be combined and operated With a single crew, Thlis means that

101nterstate Commerce Commission, Statistics of Rallways
States for the Year Ended December 131 24
Prepared by the Bureau of Transport Economics and Statistles
(Washington: United States Government Printing Office, 1955),
13'
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the same manpower can move longer, heavier trains. The Report
of the Presidential Railroad Commission states, "Potentlially,
diesel power meant that a single crew could handle a 300-car
train, whereas previously, it might have taken four crews to
handle four 75-car trains, vl

Dieselization also precipitated certain changes in the
"anatomy" of the freight train, Due to the increased tractive
power of diesel locomotives, the average freight train load
has increased about 50% in the last twenty years. The average
number of cars in a freight train increased from 52,2 in 1947
to 70.0 in 1969, Although the total number of freight cars
has been decreasing, the total capacity of all the cars has
been increasing. In 1947, the average freisht‘car capacity
was 51.5 tons, In 1969, the capacity was estimated to be 65.6
tons. The average speed of freight tralns was 16,0 miles per
hour in 1947; in 1969, it was 20.1 miles per hour.'?

Motive power technological change did not end with the
process of dieselization. The original dlesel-electric loco-
motives were 1200 to 1500 hp. Second generation diesels are
now replacing the original ones. Several years &ago, units of
3000 to 3600 hp. were considered large. Today the large diesels

produce 5000 to 6600 hp., and it is not unreasonable to expect

11ly,s5. Presidential Railroad Commission, Report _of the

2:as1danxial_Ballxnad_Eamglﬁﬁlga (Washington, D.C.: U.S.
Government Printing Office, 1962), 69.

12Association of American Railroads, 49-52, 66.
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8000 hp. locomotives in the future, The largé locomotives can
pull longer, heavier loads and require less maintenance.- It
is estimated that 14,500 new diesels could replace 30,000 of
the old units and still handle the same volume of trafric. >
The biggest locomotives in the world are owned by the Union
Pacific, In 1969, it took delivery;on the first of twenty=five -
.6600 hp. units, UP's new locomotives have been bullt so that

a compieﬁe overhaul can be made in twenty=-four hours, and

they will be capable of going 1,400 miles between service.

stops. The UP found that it costs #7;000 a year to service any

locomotive. Therefore, if fewer units can be used while main-

taining the same capacity, total expenses will be 1ess.1u_ Al-

though not all roads are purchasing the giant locomotives, the
trend is to fewer diesel units with increased tractive ﬁower.
Table 3 shows the trends in diesel-electric tractive pover,
If the average tractive effort were the same in 1967 as in
1947, 31,490 units would be required instead of 27,309 to make
up the same total tractive effort. This is an increase of
almost 15% over the level in 1967.

From 1947 to 1969, train and engine employment decreased
43%, The largest portion of this decrease resulted from fewer

job assignments, and fewer jJob assignments were the result of

13u.s. Bureau of Labor Statisties, "“Railroads," Technologlcsal

Trends in Major American Industries, Bulletin No, 1474 (Washington,
D.C.: U.S. Department of Labor, 1966), 197,

147om Shedd; "Three-fourths of a Billion for New Equipment,"
Modern Railroads, Vol. 24, No. 5 (May, 1969), 91-92,
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DIESEL-ELECTRIC LOCOMOTIVES: NUMBER AND
TRACTIVE EFFORT

(1) (2) (3)
Total Tractive Average Tractive
December 31 Number Effort Effort@
{thousands) (pounds)
1969 26.7222 e d |
1968 27,017 48,380,077 hp. ,

1967 27,309 1.733.965 65,883
1966 27,481 1,748,077 63,610
1965 27,389 1,725,079 62,984
1964 27,82? 1,731,471 62,200
1963 27,945 1,716,139 - 61,426
1962 - 28,104® 1,723,424% 61,323
1960 28,278 1,728,407 61,122
1959 28,163 1,715,445 60,911

1958 27,57 1.61%.849 60,593
1957 27,18 1,644,176 60,479
1956 26,081 1,577,620 60, 489
1955 24,786 1,488,694 60,062
1954 23,531 1,404,606 59,692
1953 22,503 1,336,529 59,393
1952 20,492 1,207,349 58,918
1951 17,493 1,018,119 58,202
1950 14,047 807,52 57,487
19 10,888 617,50 56,714
1948 8,089 bss,287 56,285
1947 5,722 326,255 56,524

8column 1 divided by column 2,

brssociation of American Railroads, Yearbook of Railroad
Facts, 1970 Edition, 68

CNot avallable.

dInterstata Commerce Commission, Tfans rt Statistics in
States for the Years Ended December ‘ 2
Part 1, Rallroads, Prepared by the Bureau of Accounts ashing-

ton, D.C.: United States Government Printing Office), Table 16.

eInterstate Commerce Commission,

Unit tes f

Tables 18, 163.

Transport Statisties in
the Years Ended December 1962=1 53.
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’tewer freight and passenger trains, Even though traffic volume
increased, the nunber of frelghps decfease& becéhsq_of the in-
creased load pullingrcapacitj of diesel locomotives. The number
of passenger trains decreased because of declining demand. In
considering the productivity increase of train and engine employees,
a goﬁparison of a physical output index with the weighted output
index is useful, This should help overcome the possibility of
draW1ng'false conclusions from & single set of statisties. Gross
ton-miles in road éervices. excluding locomotives and tenders,
were selected for the physical output index. Table 4 reveals
that -the average annual output per man-hour increased 5,2% when
based on the weighted output index. Table 5 shows that the

* {nerease was 5.7% when based on gross-ton miles,

CONSIST OF CREWS ISSUE™>
~_If job assignment reductions were the only problems faced
by operating employees.l6 adjustment to dieselization would have
been much smoother., The dlesel-electric locomotive can be
operated by anvehgineer. whereas the steam locomotive required

an englneer and a fireman-helper., By the middle of the 1950's,

" "1Sueonsist of Crews" is defined as the composition of the
crew, (U.S. Presidential Railroad Comaission, 23.)

_ ] 16"0perat1ng employees," typleally work either in englne
service, as engineers, firemen-helpers, or hostlers and hostler
helpers (the latter group moves locomotives to and from round-
houses and ready tracks); or in traln service, as conductors,
brakemen, baggagemen and switchtenders. (U.S. Presidential
Railroad Commission, 26.)
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WEIGHTED OUTPUT INDEX, TRAIN AND ENGINE EMPLOYNENT.
PRODUCTIVITY,
1947-1969
(1) (2) (3) (&)
, Welghted Index of
Year Outpuf Employment EmploymentP Man-hours®
: Index
- (1947=100) (1947=100) (millions)

1969 105 166,298° f
1968 103 165, 4268 g; 333%
1967 100 167,532 58 333
1966 103 170,707 59 348
1965 97 171,41 59 350
1964 93 179,975 62 371
1963 88 185,788 64 378
1962 84 187,979 65 376
v A A A 2
1859 83 28ﬁ1f§§ 7 210
1958 80 206,219 71 o
1957 Bz 23,0?5 80 L72
1956 9 242,068 83 503
1955 91 235,541 81 01
195k 81 230,729 80 72
1953 90 251.48? 87 532
1952 91 255,009, 88 552
1951 96 263.921 91 591
1950 87 252,056 87 575
1949 80 251,250 87 557
1948 96 282,179 97 663
1947 100 290,020 100 686

BTaken from Table 1, column 5.

pay for some hours not actually-worked

Facts, 1970 Edition, 82.

1 Rajlxroads in the United States.

fNot avallable.

bCalculated from data in relevant preceding column,

®Man-hours represents a totsl of "straight time actually

worked" plus "overtime hours pald for." The latter includes

Assoclation of American Reilroads, Yearbook of Rallroad

€Interstate Commerce Commission, Wage Statistlics of Class




Table 4=--Continued
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(5) - -7 (6) (72
Index of Index of Average Armusl
Year Man-hours? Output Peg Change in Output
Man-hour Per Man-hour
(1947=100) (1947=100) (1947-1968)

196 .
1363 49 ‘ 210 5.2
1967 b9 204 5.2
1966 51 202 5.4
1965 51 190 5.0
1964 sk 172 b,2
1963 55 160 3.8
1962 55 153 3.5
1961 sh 148 3.4
1960 58 18 3.2
1959 60 139 3.3
%958 gg %33 203
1828 73 1% 5.2
1955 73 125 3.1
1954 69 117 2,4
1953 78 11 2.g
1952 80 11 2,
1951 86 112 3.0
1923 84 105 1,7
19 81 99 - a5
1948 97 99 -1.0
1947 100 o 200

Gcolumn 1 divided by column 5.
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Table 5
GROSS TON-MILES (EXCLUDING LOCOMOTIVES AND TENDERS),

TBAIN AND ENGINE EMPLOYMENT MAN-HOUR INDEX,
PRODUCTIVITY, 1947-1968

Gross Ton- _ 1ndex of  1ndex of ~ Index of Average Annual
Year miles in Gross Ton- Man-hoursP Output Per Change in Output

Road Service miles® Man=hour® Per Man-hour

(millions)  (1947=100) (1947=100) (1947=100) (1947-1968)
1968 1,884% 108 19 220 5.7
1967 1,866 107 49 218 5.9
1966 1,91 110 51 , 216 6.1
1965 1,83 106 51 208 6,0
1964 1,784 - 103 sh 191 5.4
1963 1, ?21 99 55 180 5.0
1962  1,460° 8l 55 153 3.5
1961 1.413 81 sh 1go 3.6
1960 1,450 83 58 1l 3.3
1959 1,468 84 60 1 3.3
1958 1,433 82 60 137 3.
1957 1,587 91 69 132 3.2
1956 1,654 95 73 130 3-2
195 1,625 93 73 127 3.
195 1,497 86 69 125 3,6
1953 1,621 9 8 119 3.2
1952 1 643 9 0 118 3.6
1951 1,681 97 86 11 3.3
1950 588 91 84 10 2.7
1949 1, 48? 85 81 105 2:5
1948 1,701 o8 97 101 1.0
1947 1.7#0 100 100 100

80g1 culated from relevant data in preceding column,
Ppaken from Table 4, column 5,
CColumn 2 divided by column 3,

dInterstate Commerce Commission, Transport Statistics in the
United States for the Years Ended December i 1962, Table 43,

©Interstate Commerce Commission, Transport Statistics in the
United States for the Years Ended December 31, 1963-1968, Table 162,
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dieselization was all but complete, Tractlve power technological
efficiency had been achieved, but a massive problem of manpower

inefficiency had developed because of the unions' refusal to

allow job reductions.l? The firemen-helper issue has been dis-
cusged for twenty-years, and at the present time labor and
management are still trylng to resolve 1&. In 1963, compulsory
arbitration under Public Law No, 88-108 allowed the carriers
to eliminate 18,000 firemen jobs (between 1959 and 1967), and
everyone thought the prothp was solved. However, when the law
expired in 1966, the unions began bargaining for the restoration
of all the jobs. The use of firemen on passenger trains has
never been disputed, but because of declining passengér traffie,
the number of jobs available in this category has been dwindling.
This has contributed to job reductions in addition to the ones
eliminated by arbitration.la Since labor relations are beyond
the scope of this paper; discussion of the flremen-helper issue
will be limited to facts and figures on employment.

Table 6 shows firemen-helper employment from 1947 to 1968,

At the time of the Presidential Rallroad Commission Hear-
ings; the normal crew consist of a freight train included the

engineer, a fireman, a conductor and two trainmen., (The terms

-17“V1ewpoint-0n Getting Ahead--and Staylng There," Rallway
Age, Vol. 162, No. 22 (June 5, 1967), 38.

lsﬂancy Ford, "Labor Outlock: Trouble, Then a Breakthrough,"
Modern Rallroads, Vol. 24, No. 1 (January, 1969), 72-74.
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Table 6
FIREMEN-HELPER EMPLOYMENT,
1947-1968
Year Employment® Index of Employment®
1968 17,985 30
1967 _ 19,229 32
1966 19,635 32
1965 21,768 36
1964 29 96# 50
1963 35.869 59
1962 36,522 60
1961 36,616 61
1960 38,765 64
1998 200155 66
1957 45.058 75
2 7
195 43 63 ™
1953 49,009 : 81
1952 , 50,081 83
1951 53,274 88
1950 51,175 85
1949 51,399 85
1948 58,082 96
1947 60, 47 100

8Interstate Commerce Commission, Wage Statistics of Class
I BRailroads in the Urited States.

bcal culated from relevant data in preceding column,

trainman, brakeman and flagman designate the same type of work,)
In some cases the consist included three or four trainmen. One
trainman (the head-end brakeman) rides in the cab with the
engineer and fireman, The conductor and other trainmen ride

in the caboose., The main duties of the crew are to signal the
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engineer when stopping and starting and when setting out cars
and to watch the rolling stock when the train 1s in motioh.

In yard service; the consist included a foreman (the conductor)
end two to four helpers (trainmen). Usually, there were only
two helpers, ” |

In testimony-before the Presidential Railroad Commission)
thé rallroads argued in favor of cutting crew sizes on a jJob=-by=-
Job basis, They wanted to analyze the work load of each crew
and adjust the size accordingly. The railroads felt that thls
position was justified because the work load was'not as great
as it once had been., In road service; the amount of switching
to set out cars was drastically reduced by the disappearance
of 1.c.1. (less-than-carload-lot) freight. At the same time,
the use of radio-telephones made possible more effective com=-
munication between the engineer and the crew in both yard and
road service, The use of modern classification yards reduced
the amount of labor required to identify and switch cars during
the make up of trains. Llkewlse, the amount of paper work
required of both yard and road crews has been reduced; In
road service, the "watching” function of trailnmen has become
partially obsolete, Modern technology has reduced the need to
watch for "hotboxes" and other equipment failures during traln

movement. Stronger steel wheels have almost completely replaced

19y.5. Presidential Railroad Commission) 57.
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the less dependable cast iron ones, The use of roller bearings
and modern lubricant pads have greatly reduced the incidence of

hotboxes, Previously, solid bearings were used.20

The number
of hotbox setouts has been reduced from one every 200;000 car
miles to one every 1.8 million car miles.21 Also, the use of
hotbox detectors are much more effective than the human eye.
There é;e_gbout 1,500 detectors placed along the tracks of U.S,.
and Canadian railroads.22 In oppositicn to the companles, the
unions argued_that the "Job content" was greater because of
longer tralns, Also, they argued that safety would be impalred
Af crew sizes were cut.23 ,

"Besidés arbitrating the firemen-helpers lssue, the speclal
board set up under Public Law No., 88-108 heard arguments on the
slze of crews. The speclal arbltration board decided crew con-
sist conflicts on a Job-by-job basis, The arbltratlon award
suthorized the elimination of §,500 traimmen jobs, This was
less than half the number of jJobs the carriers indicated they
wanted to eliminate, However, for some reason, the carriers
actually used one-and-one crews on only k,500 of the 8,500 con-

~ slsts on which they were authorized, (One-and-~one crews have

8 head-end brakeman and a conductor in the caboose.) When

20y, s. Presidentisl Rallroad Commission; 56.

21 gaward T. Myers, "AAR Research Tackles New Problems,"
Modern Railroads, Vol, 23, No. 6 (June; 1968), 72.

22“Hotbox Sleuths Map New Strﬁtegy;“ Railway Aze, Vol. 167,
No. 11 (September 15/22; 1969), 83.

23U.S. Presidential Railroad Commission, 56.
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Public Law No, 88-108 expired, the unions began pressing for
reinstatement of many of the jobs eliminated by the arbltration
award,zu In many cases, they have successfully reinstated full
crews, The settlement in June, 1969 between the Louisville and
Nashville Railroad and the United Transportation Union 1s typlcal
of the unions! success. The following statement issued jointly
by L & N President W. H. Kendall and UTU Vice-President J. P.
Saunders outlines that agreement: ’
The raillroad has agreed that all road crews will consist
of not less than two trainmen and a conductor end all yard
erews will consist of not less than a foreman and two
switchmen except where specific agreements have been
reached to use crews with only one trailnman or swltchman.
Agreed-upon exceptions to the three-man crew rule lnclude
eight road crews and forty-five yard crews. The union had

agreed that trainmen who are provided with portable radios

will use them in conformity with rules and instructions

of the company and the Federal Communications Commlission.
An extra pay allowance of $1.50 a trip or tour of duty
will be extended to all trainmen for use of radio set-and
the allowance for coupling alr hose will be increased from
forty to sixty-five cents for each shift worked.25

MAINTENANCE OF EQUIPMENT

Operating employees have not been the only ones affected
by technology. Shoperaft employment has been reduced because
of a smaller, more modern fleet of equipment and improved main-

tenance equipment and procedures. One of the reasons why the

24
Ford, 72-74,

2 ' X
-5"L & N and UTU Reach 'Final Agreement' on Crew Consist,"

Rallway Ace, Vol. 166, No, 21 (June 9/16, 1969), 30.
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diesel-electric locomotive replaced the steam locomotive was
its low maintenance cost. A steam locomotive requires reguler
service every 100 to 150 miles, Diesels require 1t every 350
to 450 miles, and even then, it costs less, Major repair 1s
el so requlired less frequently on diesel units. They average
over 250,000 miles in freight service betﬁeen major repalrs,
whereas steam locomotives averaged only 80,000 miles, Diesel
repalr 1s cheaper‘because repalr parts are standardized and
can be purchased from the factory. In the days of steam, the
raiquads had to make almost every repalr part because two
steém‘iocomotives were rarely bullt with the same specifica-
tions, Thé average shop time for diesel locomotives is five
days, compared with eighteen days for steam locomotives. Com-
pare the average shop time with the time (24 hours) it takes
to completely overhaul one of the Union Paclfic!s new 6600 hp,
units mentioned earlier, Besides requiring less costly ser-
vice, there are fewer diesel-electric locomotivés to service,
The use of modern materials in the construction of freight
cars has agaln decreased the need for maintenance. Also, declin-
_ Ing passenger traffic has eliminated many jobs assocliated solely
with this servlce.26

26Econom1cs and Research Branch, Canada Department of
Labor, Technological Chances in the Rallway Industry: Employ-

pent Effects and Adjustment Process, CPR Angus Workshop,

Montreal (Ottawa, Canada: Queen's Printer and Controller of
Stationary, 1967), 7-31. '
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The factors mentioned above offer a sufficlent explanation
for reduced shop employment, bgt Job reductionshdid not end there.
The rallroads centralized maintenance work and shifted from labor
intensive to capital intensive methods, Assembly liné techniques
and modern machinery have reduced the number of men needed to
perforz most repalrs. Just one examplexor how modern machinery
saves 1ébor is the use of electric or air hoists in the Canadian
Pacifié Rallroad's Angus Workshops. Working with hand chein
blocks, it tobk four men two man-hours (about thirty minutes)
to fit the main drums on a locomotive carriage. Now it takes
them one quarter of a man-hour (about four minutes).27

Man-hour productivity in equipment malntenance has increased
at sn average annual rate of 12,1% (Table 7). This figure is
based on the welghted output index used earller. Table 8 is

tncluded so the reader can compare the decreasing employment

with the smaller inventory of rolling stock,

MAINTENANCE OF WAY AND STRUCTURES

-

Aside from dieselization, no technological factor has had
a greater impact on the demand for labor than mechanization of
maintenance of way and structures (M/W) work., The AAR reports

that there was an average of 87,616 M/W workers in 1969.28

278conomics and Research Branch, Canada Department of
LBbOI‘. 25-26- ) =

28Association of American Railroads, 82.
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Table 7 k

WEIGHTED OUTPUT INDEX, MAINTENANCE OF EQUIPMENT
AND STORES MAN-HOURS, PRODUCTIVITY,

1947-1968
(1) (2) (3) (%) (5)
Welghted Index of Index of Average Annual
Year Output Man-hoursPr¢ Man-hours@ Output Per Change in Out-~
- Index?® Man-hour put Per Man-

) ' hour
(1947=100) (millions) (1947=100) (1947=100) (1947-1968)

1968 103 265 29 355 12.1
1967 100 - 272 29 345 12,3
1966 103 292 32 322 11.7
1965 97 298 32 303 11.3
1964 93 31 3 3 274 10,2
1963 8 313 34 259 9,9
1962 84 - 321 35 2Lo 9.3
1961 80 324 35 229 9.2
1960 82 368 9 210 8.5
1959 83 33 2 198 8,2
1958 80 389 42 190 8.2
1957 89 490 . 53 ' 168 6.8
1956 9l 533 58 162 6.9
195 91 5 59 15k 6.8
195 81 545 59 137 5.3
1953 90 677 73 123 3'8
1952 91 701 76 120 .
1951 96 753 : 81 119 4.8
1950 87 720 78 112 k.0
1949 80 738 80 100 il
1948 96 908 98 98 2.0
1947 100 924 100 100

8Taken from Table 1, column 5.

PInterstate Commerce Commission, Hege Statistics of Class 1
Railroads in the Unlted States. :

CMan-hours represents a total of "straight time actually.
worked" plus "overtime hours paild for.,"

dCalculated from relevant data in preceding colunmn.

€Column 1 divided by column 3.
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Table 8
MAINTENANCE OF EQUIPMENT AND STORES EMPLOYMENT,

NUMBER OF LOCOMOTIVES, FREIGHT-TRAIN CARS,
PASSENGER-TRAIN CARS,

1947-1969

(1) (2) (3) (&)

Year Employment Index of_a Number of Index of
Employment™ Locomotives Locomotives®

1969  127,122) 34 27,040est . ° 65
1968 132,114 36 27,376 66
1967 138,488 37 27,687 66
1966 145,628 Eg 27,886 67
196 148,425 27,816 67
196 154,652 k2 28, 300 68
1963 156,895 b2 28, 449 68
1962 161,080 by 28,6139 69
1961 164,085 by 28,815 69
1960 184,006 50 29,080 70
1959 194,500 53 29,493 71
1958 196,594 53 29.513d 71
1957 246,258 66 30,248 73
1956 265,684 72 30,433 73
195 273,155 74 31,429 75
195 275,150 74 32,872 79
1953 335,993 91 35,009 8L
1952 345,531 9k 33.34 90
1951 369,073 100 03 96
1950 348,181 ol Lo,u49k4 97
1949 320,782 87 4o, 691 98
1948 365,142 99 41,851 100
1947 370,287 100 1,719 100

80alculated from relevant data in precedling column.

bAssociation of American Railroads, Yearbook of Raillroad

Fects, 1970 Edition, 63, 68, 82,

CInterstate Commerce Commission, Wage Statistics of
Class I Railroads in the United States.

%Interstate Commerce Commission, Transport Statistles
in the United States for the Year Ended December 1 "
Tables 14, 26, 32.




27
Table 8=-Continued

(5) (6) ' (?7) (8)

Number of Index of Number of Index of
Year Freight-Train Freight- i Passenger- Passenger=-
Cars Train Cars Train Cars Train Cars
1969 Missi 12,800est.? 2
1968 1.h53?583° 84 , 15,384¢° 32
1967 1,477,166 85 18,610 L2
1966 1,488,115 86 20,016 ks
1965 1,478,005 85 . 21,327 48
196"’ ’ ‘1,t4883 385 86 23l057 51
1963 1,512,306 87 24,602 55
1962 1,550,067 89 25,566 57
1961 1,604,281 _ 92 26,705 60
1960 1,658,292 9 28,305 63
1959 1,676,386 97 30,096 67
1958 1-?24.228d 99 31,9224 71
1957 1,745,706 101 33, 443 , 75
1956 1,706,828 98 34,981 78
1955 1,698,791 98 36,871 82
1954 1,736,022 100 37,768 84
1953 1,776,781 102 94532 88
1952 1,758,933 101 47,011 91
1951 1,752,391 101 42,406 95
1950 1,721,231 99 Missing -
1949 1,753,728 101 Missing . -
1948 1,759,523 101 Missing .
1947 1,734,191 100 Ly, 8L41 100

€Association of American Rallroads, Statistics of Rall-
ads of ss I 4in the United States, Years 8 to 68,

Statistical Summary No., 53 (Washington, D.C.: Assoclation of
American Railroads, Economics and Finance Department, 1969),

9-10.
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This is a 67% decrease from the 1947 level of 264,816 (Table 9).
As with dieselization, mechanlization of M/W was initiated to

cut costs, As labor costs increased, management turned to
machinery to do the work that was formerly done by men with
plcks and shovels, Professor William Haber, University of
Michigan, attributes mechanization of M/W to the forty-hour
week, In his paper presented to the Conference on Technological
Change and the Future of the Rallways at Northwestern Unlversity
in 1961, he states:

Mechanization of the maintenance-of-way on U.S. rallroads
was in part stimulated by increasing hourly rates, but
advanced most rapidly when the 40-hour week was introduced
about 10 years ago (1951), It became worthwhile to seek
ways and means to employ fewer men on the tracks; 1t be-
came profitable to develop technical and mechanical methods
and to displace "pick and shovel" men,...By lmproving their
econonmic position, the unions stimulate the technological
changes necessary to keep unit costs down, to avold vrice
inereases, and to meet foreign competition., The short-run
consequences of such technologiceal changes may often result
in substantial labor displacement,?

Manpower productivity in ¥/W work has shown a phenomenal
increase, Measurements of productivity are questionable but
will be presented anyway. Based on the weighted output 1ndex,
productivity increased 12.8% annually from 1947 to 1968 (Table
9). Using miles of track operated as an output base reveals a

10.7% annual increase (Table 10). These statisties are question-

294illiam Haber, "Technological Innovation and Labor in
the Raillway Industry," Technologlical Change and_the Future of
the Railways, Selected papers presented at a three-day conference

conducted by the Transportation Center, Northwestern Unlversity
(Evanston, Illinois: MNorthwestern University, 1961), 102.




Table 9

WEIGHTED OUTPUT INDEX, MAINTENANCE OF WAY AND
STBUCTURES EMPLOYMENT, PRODUCTIVITY,-

19#?-1969
1) - (2) (3} (&)
Weighted ~ Index of ” B b
Year Output Employment Employment Man-hours
Index® :
(1947=100) (1947=100) (millions)

1969 - 105 87, 612e 32 Brg
1968 10 88,91 34 182
1867 . 103 90,462 34 183
1966 103 94 098 35 192
1963 97 9k,633 36 19
196 93 98,615 37 20
1963 88 99;39 37 203
1962 = B4 102,27 Rg 207
1961 80 105,476 211
1960 82 118,516 4s 2138
1959 83 126,999 48 256
1958 - 80 134,122 51 268
1957 89 170,766 65 - 342
1956 ok 185,571 70 374
1955 91 196,980 74 396
1954 81 199,102 75 8
1953 90 240,696 91 7
1952 91 242,122 91 hgz
1951 96 251 y1 50 95 51
1950 87 237,887 0 4813
19 80 235,051 ° 9 533
1948 96 266.959 101 6L7
1947 100 264,816 100 64

8Taken from Table 1, column 5, -

bHannhours represents a total of "straight time actually

worked” plus "overtime pald for." The latter includes pay for
some hours not actually worked, Where the source gives only
figures for "days," each day is multiplied by eight to give
hours worked. This results in an understatement of total hours
from 1947 to 1951 because the workday was usually ten hours,

CCalculated from relevant data in precedling column,

€Association of American Raillroads, Yearbook of Rallrosd
Ean:s. 1970 Edition, 82,

fot evailable.

- BInterstate Commerce Commission, Waze Statistics of Cless
I Railroads in the United States.




Table ==Continued

(5 (6) (7)
Index oro Index of Average Annual
Year Man=hours Output Peﬁ Change in Output
Man-hour Per Man-hour
(1947=100) (1947=100) (1947-1968)
1969
1968 28 368 12.8
1967 29 345 12,
1966 _ 30 343 12,
1963 30 323 12.4
196 32 _ 291 , 11.2
1963 32 275 10,9
1962 32 263 10.9
1961 33 ' 242 10,1
1960 23 222 9.4
1959 , 209 9,1
1958 k2 190 8.2
1957 gg 168 6.8
1956 163 7.0
1955 62 147 z.z
1954 62 131 .
1953 76 118 3.0
1952 77 118 3.6
1951 80 120 5,0
1950 75 116 5.3
1949 83 96 -2,0
1948 101 95 =5.0
- 1947 100 100

dCoiumn 1 divided by column 5.



Table 10

MILES OF TRACK OPERATED, MAINTENANCE OF WAY AND
STRUCTURES MAN-HOUR INDEX, PRODUCTIVITY,

1947-1968
(1) (2) (3) (&) (5)
Miles of Index of Index of Index of Average Annus
Year Track Miles of Track Man-b Output Pgr Change in Outr
.Operated Operated hours Man-hour Per Man-houx
. (1947=100) (1947=100) (1947=100) (1947-1968)
1968  322,394° 91 28 325 10.7
1962 322,855 91 29 N4 10.7
196 323,600 : 91 30 303 10,7
1965 324,788 92 30 307 11.5
1964 330,616 93 32 ) 291 11.2
1963 332,971 94 32 294 12,1
1962  335,055° 9L 32 294 12.9
1961 338,416 95 33 288 13,4
1960 340,779 96 Rg 259 12,2
1959 342,566 97 243 11.9
. 1958 34k, 477 97 42 231 11,9
1957 345,832 97 : 53 . 183 8.3
1956 347,928 98 58 169 7.7
195 350,217 99 62 160 7.5
195 352,085 99 62 - 160 8.6
1953 353,07 99 76 130 2-0
1952 353,8 100 77 130 .0
1951 354, 546 100 . 80 125 6,3
1950 354,775 100 75 . 133 11.0
19 355,449 100 83 120 10.0
1948 355,484 100 101 99 -1.0
1947 355,227 100 100 3 100

80g1 culated from relevant data in preceding column,
bTaken from Table 9, column 5.
CColumn 2 divided by column 3.

dInterstate Conmerce Commission, Transpo?t Statistics in the
United States for the Years Fnded December 31, 1963-1968, Table 1.

©Interstate Commerce Commission, Transport Statistics in the
United States for the Years Ended December 31, 1947, 1962, Table 1B,
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able because of the current controversy over the quality of

maintenance, If maintenance quality has remained the same or
increased, then these figures are valid. Union spokesmen
testifying before the Kansas Corporation Commission in June,
1970 indieated, "that some rallroads appear to be more con-
cerned with quantity of maintenance than quality." One union
representative said his railroad has "too few sectlon workers
to handle track assigned to them for ﬁaintenance.“Bo A look
at the facts reveals that about one=third of the train derail-
ments can be traced to track conditions.31

Gus Welty, Senior Editor of Railwgl Age, argues that maine
tenance has improved: .

It is a fact that rallroads today employ fewer M/W
people., It is not a fact that malntenance necessarily
suffers. Machines do a better jJob and a faster one than
manual labor cen do., Machines, in a real sense, have
made possible a higher level of property mailntenance——
because (1) at the going rate of pay, no railroad could
afford to employ the old army of M/W workers, and (2)

even if the army could be afforded, many rallroads would
find it impossible to locate an% hire the sheer volume of
bodies which would be required, @
Another questionable aspect of the productivity statistics

is the trend toward having maintenance performed under contract

30"Ra11roads Called Indifferent to Track-Maintenance Job,"
The Wichita Eagle, Vol. 98, No, 155 (June &, 1970), 1A,

A Merwin H, Dick, "Pressures Intensify for Higher Track Stan-
dards," Bailway Age, Vol. 168, No. 6 (April 13, 1970), 59.

32Gus Welty, "Lines on Labor," Rallway Age, Vol. 167, No, 2
(July 14, 1969), 12.
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by outside firms.33 When the work is performed by contractors,
the man-hours are not included in the rallway labor statistics.
In the opinion of the writer, contracting is not yet extensive
enough tornaterially affect the validity of the tables. Also,
in all probability, maintenance quality has not yet decreased
significantly, but the track has proved to be inadequate because
of the longer, heavier loads being moved. Although the exact
productivity statistics are subject to revipw; the fact that
- M/W labor is more productive now than in 1947 is beyond question.

 Increased product;vity is the result of mechanization of
tasks formerly done by men with hand tools. Today, tamping
ballasts, removing and driving spikes, tightening bolts, lining
track, laying rail, raising track and applying anchors are all
performed by machines of various types iequirlng one operator
‘and few, if any, helpers.jh

Not all of the productivity increase can be attributed to

machines, The dlesel-electric locomotive 1ls not as hard on the
tracks as was the steam locomotive, Technology has provided
longer lasting materials with which to bulld and repéir the
track, Ties are treated with preservatives and are expected to

last up to fifty years, The use of continuous weld or ribbon

33Merwin H. Dick, "M/W Work Will Get More Attention in 1970,"
Bailway Age, Vol, 168, No, 2 (January 19, 1970), .

3“3. C. Crotty, "The Need for Greéter Employee Safety on
Railroads," Labor Today, Vol. 5, No. 1 (February/March, 1966), 20.
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rall has increased rail life as much as 50%, from 20 years to
30 years.. Rall 1ife is extended because the first part of a
rail to wear out is the joint, When ribbon rail is used, there
is no crack for the wheels to pound against. The standard rall
length 1s 39 feet. Therefore ribbon rall must be welded by the
user, Most roads that use ribbon rail have one or two céntfally
located shops where the 39 foot lengths are welded into about
1,400 foot lengths, The length of the ribbon rail varies accord-
ing to the specifications of the individual roads, After weld-
ing, a special train takes the rails to the location where they
are to be used, This special train réquires six men to help
unload it plus the engine crew, Recently, nuch research has
been done to developed a process so the ends of the ribbon rail
lengths can be welded in the field. Field welding would also
allow repalr of continuous weld track without using Jjoints.
Othér developments include the use of hardened rails on curves.,
The'Sanﬁe Fe belleves that hardened rails will last three to
five times longer on curves. Because of the heavier loads being
pulled, heavier track is required, Most new rail goling into
busy malnline operations weighs more than 130 pounds per yard.
Lighter rall is used on branch lines, but even there, the
weight is 1ncreasins.35 In 1920, the average welght per yard

of raill was 82,2 pounds, and in 1968, it was 107.9 pounds.36

35Edward T. Myers, "Engineering Skills Build Quality Plant,"
Modern Railroads, Vol. 23, No, 12 (December, 1968), 55-58.

36Association of American Railroads. 62,
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Maintenance of way employment reguirements have decreased
in all occupational groups except portable equipment operators
and heipers. The average number of eéuipment operators and

37 to 9,351 in 1968.38

helpers has increased from 5,567 in 1947
The occupations hit the hardest are section-men and extra gang
(transiént) laborers. The following discussion is devoted to
thé impact of change on employment in the two groups. Much

of the information is from an 1hterview with R. E. Catlett,
Staff Engineer, St. Louls-San Francisco Railway Cqmpany. He
spent several hours explaining the changes that have taken place
in M/W over the last twenty years, and his assistance 1s deeply
appreciated.

Section gangs have been replaced by district gangs, Sec-
tion gangs included one foreman and two or three laborers, They
Were responsible for the day-to-day maintenance of approximately
six miles of track. Their equipment included motorized cars
and hand tools. Thelr duties included repalring the fence and

cutting the grass along the right-of-way, maintaining road cross-
ings and roadway signs and replacing spikes and an occasional

tie or broken rall. The modern district gang (still called

37Edward B. Jakabauskas, "Technological Change and Recent
Trends in the Composition of Railroad Employment," Quarterly

Review of Economics _and Business, Vol, 2, No. 4 (November,
1962), 86.

ssoclation o merican Rallroads, atistics o all roads
B pssociation of American Railroads, Statistics of Rail

s I in the United States, Years 1958 to 1 38. Statistical
Summary No. 53 (Washington, D.C.: Association of American Rall-

roads, Economics and Finance Department, 1969), &.
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section gangs by some roads) includes one foreman and six to
eight meﬁ. They are responsible for fifty to sixty mlles of
track, Their duties are essentially the same as the smaller
section gangs except they do not cut the grass, It is sprayed
with chemicals by speclal crews, or the spraylng is done by a
contractor. The district gang travels in highway vehicles.
The motorized car is almost a thing of the past., The gangs
are equipped with small power tools to do the routine work,
The men are also tra.irned to use tle saws and handlers, spot
tampers, switch tampers and liners so they can perform most of

the repair work in their district.39

Major maintenance work is performed by transignt éangs.
If the rall is to be replaced, the rall-laying gang does this.
Twenty years ago there were about 100 men in a rail-laying
gang. Now the average is sbout sixty-five., The followWing 1s
a 1list of the machines uséd to replace the rails:

. 2=Splike pullers

. 2=Cranes :

l=-Machine to clean out ballast

1-Alr compressor with dual splike drivers
2=-Anchor meachines

1-Bolt machine

l-Welding unit

l-Adzer

1-Hydraulic Spiker™0

O O~ OMn P N -

a = = =

The work done by most of these machlnes was previously done by

men with hand tocls,

39Interview with R. E. Catlett, Staff Engineer, St. Louis-
San Francisco Railway Company, Springfield, Missouri, July 8, 1969,

uoIntervlew.
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The tie injector gang follows, and they replace old or
broken ties, The gang includes & minimum of twenty-one men
and a maximum of forty. There are about 3,250 ties per mile,
but only 500 or 600 are scheduled for replacement at one time.
This replacement work must be done every four to seven years
depending on the use of the track. To replace a tie, the splkes
are fifst removed by a mechanical spike puller, Formerly, this
was done by men with hand tools; now it is done by one or two
machines, The tie 1s now cut into three pleces, and the center
section is automatically pléced on the shoulder by the machine.
Then a machine pushes the two ends from under the reails and onto
their respective shoulders. It also prepares the bed for the
new tie, One or two cranes follow., One stacks the old ties,
and the other positions the new ties for insertion. (Machines
are available that push the entire tie out to one side, but the
overall process 1s essentlally the same.) The tie injector
then picks up the tie and pushes it under the ralls and into
place, Prior to development of the tie remover, the tles were
dug out with picks and shovels., Tie insertion was also a manual
process, As a matter of fact, it was the slowest and most dif-
ficult job in a tie gang. With a tie 1lnjector, a new tle can
be put in place every fifteen seconds. Next, a laborer cleans
the ballast and dirt from between the rall and the new tie so
that a spot tamper can pack the ballast firmly under the tle.

Then a rail lifter ralses each rall sufficiently above the new

tie to allow a laborer to slide a tie plate under the rall. A
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splke driver secures the rall to the tie, and a machine rein-
stalls the anchors. (Anchors help control expansion and con-
traction of the rails.) Before mechanlzation, tamping was done
by men with shovels, the ralls were lifted by rail jacks, and
men with mauls drove the splkes and replaced the anchors.
Mechanization has made the job of tie replacement much easler,
and it has eliminated many Jobs in the p::-oc.ef:ns.“'1

‘The last gang to work on the track is the track-surfacing
gang, but before it begins, new ballast (rock) is put on the
roadbed, 1f it 1s needed, The surfacing gang tamps, regulates
the ballast and lines the track, Tamping ralses the level of
the track from 1% to 5 inches by working the new ballast under
the ties. The purpose of this process is to cushion the track
to obtain a smoother ride. Regulating the ballast means that
the excess rock is removed from between and beslide the ralls so
that the ballast is level with the top of the ties. Lining
adjusts the entire track to make both rails level or to produce
the proper incline on curves, Twenty years ago the surfacing
gang did most of its work with hand tools., Tracing the develop-
ment of the modern machines i1s qulte interesting. Originally,
tamping was accomplished by six men raising the track with jacks
so that another silx men could work the ballast under the ties

with shovels, The first change occurred with generators mounted

blEdward T, Myers, "New Machines Speed Tie Work," Modern
Railroads, Vol. 22, No, 8 {August, 1967), 108-110.
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on push carts powered vibrators to replace the shovels, Then
a multiple tamper was developed., Its hand-llke claws vibrated
in the ballast. Even though six men were still needed to jack
the tracks, the multiple tamper was beneficial because it
required only one operator, Finally, a tamper was developed
that could both tamp and jack; and the six jackers were out of
work, The ballast regulator follows the tamper. Of course,
this job was once done by hand. Then the liner lines the track.
The use of liners with 1ight beams represents a great advance
beyond the days when men did it with 1evels.42

From the previous paragraph one would think that the ulti-
mate in track-surfacing technology had been reached, bﬁt this
was not the case. With the machines described above, a track-
surfacing gang was usually comprised of two multiple tampers,

a tamping jack (tamper that jacks and tamps), a track liner and
8 bellast regulator, Each of the five machines required an
operator, Five laborers plus a foreman were also required.
Within the last several years a sophisticated machine was
developed that can tamp, raise the track and line it all in one
process, A ballast regulator is the only other machine that
needs to be used with 1t., The result is a track-surfaclng

gang comprised of two equipment operators, three laborers and

a foreman.43 It should be noted that a mechanic 1s assigned to

b21nterview.

43uPrack Machines Pay Big Dividends," Rallway Age, Vol, 165,
No, 15 (October 14, 1968), 20-21,
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each gang to keep the machinery operating. As the machines
become more complicated, the mechagic's Job becomes more imporu
tant, It is important that phe machinery be kept operational
because the on-track working time is only about four hours per
eight<hour shift, The actual working time is so short because

the gangs must clear the tracks to allow trains to pass,

THE APPLICATION OF ELECTRONICS
The Hump Yard

Modern electronics and communication systems are offering
the railroads an opportunity to solve one of their most per-
plexing problemseterminal congestion, Cars simply do not move
through the terminals fast enough, and there are too many
terminals.us The result is underutilization of equipment—
particularly the fr§1ght cars that sit idle in freight yards
a good deal of the time, The hump yard or electronic classifi-
cation yard represents a major contribution to the solutlion of
this problem, What are the benefits of converting a conventlional
flat yard into a hump yard? An important benefit is a reduotlon
in the number of employees required to handle a given volume of
switching. The hump yard 1s the nearest thing to complete
automation in the railroad industry. The occupatlional groups

uulnteiview.

45wproblem-Solving in the Terminsls," Rallway Age, Vol.
166, No. 23 (June 30, 1969), 27-29, 68,
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affected most are the operating employees working in the yards,
yardmasters, assistant yardmasters and switch-tenders., Besldes
requiring fewer employees, a hump yard saves valuable land
space and reduces the number of locomotives and miles of track
needed, Generally, a hump yard combines the operations of
several smaller yards, resulting in more efficient use of the
land, In large cities where property values and taxes are
high, this is particularly important. The number of locomo-
tives required may be cut as much as 60%., Also, car and freight
damage is much less becausé’the speed of the ocar is controlled
by a retarder, and when 1t'h1tg the next car, 1£ is slow enough
to avoid damage., Perhaps the most important benefit of the
hump yard is the fact that it cuts delays. Switching is faster;
the time required to make up a train may be cut as much as
75%, Since the average car spends only an estimated 10% of
its serviceable 1life in road movement, anything that cuts
delays and increases car utilization is beneflelal to the
railroads.aé Productivity increases due to the implementation
of hump yards cannot be calculated from statistics generally
avallable, In order to get meaningful figures, a detalled study
before and after installing the hump yard would be necessary.
How does the hump yard operate? A switching locomotive

pushes a series of cars from the receiving tracks to the crest

L6
" Phillip Cohen, "New Technologies and Changlng Manpower

Requirements in Canadian Railroads," Labor Law Journal, Vol,
14, No, 8 (August, 1963), 687-688.
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of the hump. The first car to be released 1s identified elther
by a switchman or the new Automatic Car Identification (ACI)
system, (ACI will be discussed later.) If the switchman
identifies the car, he radios the information to the yardmaster
in the tower, The yardmaster determines the destinatlon of the
car and pushes the button so that 1t willl go to the propsr
classification track. From this point on, the process is
entirely automatic. The car is automatlcally uncoupled and
allowed to coast down the hump. As the car reaches the bowl
(the bottom of the incline), it is weighed in motion, and 1its
speed is determined by radar. Its rolling characteristics are
determined by computer, and the correct retarder pressure 1is
automatically applied to the wheels so the car will be slowed
down enough that no damasge i1s done when it bumps the car ahead
of it., The entire operation from the time the destination

traék is selected until the-car reaches that track is controlled
by an ahalogue computer, Human participation is limited to
monitoring the operation, but if necessary, the automatic system
can be overridden by manual controls.47

Hump yards vary in size from nine classiflication tracks
to two sets of 48 to 60 tracks. When two humps are used,

one handles traffic going in one direction, and the other handlies

L .
?Peter B. Wilson, "The Possibllities of Automation 1in the

Rallroad Industry," Technological Change and the Future of the
Reilways, Selected papers presented at a three-day conference

conducted by the Transportation Center, Northwestern University.
(Evanston, Illinois: Northwestern University, 1961), 1Lk,
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traffic going in the opposite direction. The smaller yards
are usually semi-automatic, whereas the larger yards are fully
automatic., A very interesting example of a small hump yard is
the Northern Pacific!s Missoula, Montana, yard, It has nine
classification tracks and can classify over 500 cars dailly.
The benefits of the Missoula yard are fewer delays and reduced
manpower réquirements. When it was a flat, medium-sized yard,
the average carload of lumber stayed in the yard two days._ Now,
that average has been cut to 0.6 days. Because the Missoula
yard is more efficient, it does a more thorough jbb of arrang-
ing the cars. Therefore the road crews can set out the proper
cars as the train passes through the flat yards to the east.
Previously, the job was so complicated that it had to be done
by the switching crews, Since the Missoula yard now does its
own welghing, there is no need for the cars to stop at Livingston,
Montana, to be weighed, The biggest manpower cuts have occurred
at the Helena and Livingston yards, They need only one shift
each day because their volume has decreased. The impact on

employment from this small yard is indicative of the much greater

impact of larger hump yards,

Computers

Almost 85% of the nation's railroads make use of computers.

The sixty-two roads use 243 computers in a variety of ways. The

48
Edward T. Myers, "NP's Small Yard 'Thinks Big'," Modern
Railroads, Vol. 23, No. 10 (October, 1968), 66-68,
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Information Letter from the Association of American Railroads
states,

They (computers) are used in freight classification yards

and to improve car utilization and service rellability.

They're used to plot 1lines for new track and to diagnose

derallments, These industry applications, of course, are

T o hoopive and peyroil preparation, B oo

’ .

Industry-wide information systems rely on computers to
1ink the railroads with the Assocliatlon of American Rallroads
Data Center in Washington, D.C. ACI (Automatic Car Identifi-
cation), TRAIN (Tele-Rail Automated Information Network) and
UMLER (Universal Machine Language Equipment Register) are
industry-wide programs for automation of freight car distribu-
tion information. ACI provides electronic identification of
all cars used in interchange service. By June 1, 1970 (the
earlier target date was January 1), all cars used in inter-
change service were to be marked with a multicolored retro-
reflective tape label, A scanner placed at the side of the
track is capable of reading the label, even as the car passes
at very high speeds, and also 1f the label is dirty. The
scanner transmits the car's initial and number to the rallroad's
computer center. In January, 1970, thirty-three scanners had

been installed, and nearly 200 were scheduled for installation

during the year. The system began operation 1ln 1969 and will

49“Computerizatlon on Railroads Is Increasing, Survey
Shows,"™ Information Letter, Assoclation of American Railroads,

No. 1908 (April 1, 1970}, 3.
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become fully operational during 1970, The computers of the
individual roads are linked with the computer at the AAR's Data
Center. TRAIN 1s the name of this system which will provide
accurate information on car supply and car flow. Hopefully,
with this information more readily avallable, freight car
utilization can be 1mproved. UMLER is a complete'ofricial-
registry file of the characteristics of all cars used in inter-

change service in the United States and Canada. This system

also became operational in 1969.50

The following is a list of the benefits whioh Robert Roberts,
Eastern Editor of Modern Rallroads foresees from the use of the
nation-wide computer network:

1. $13 million can be saved by ACI in reduction of human -

error in car movement records...
2. $2.7 billion can be saved in capital outlays for
. equipment that does not have to be made as a result
. of a 10% increase in car utilization...
3. Improved locomotive utilization.
4, Improved per diem accounting.
5 Ffszer. more accurate production of train and yard
lists.
6., Better utilization of traln crews.
7. ACI coupled with weigh=-in-motion scales.
B, ACI coupled with hotbox detectors, dragging equipment
detectors and related devicges.
9. Automation of hump yards,

Every one of the benefits mentioned by Roberts will undoubt-

tedly reduce the demand for human services, but at thls time it

50pssociation of American Rallroads, Hailroad Review and

Outlook (Washington, D.C.: Association of American Rallroads
Economics and Finance Department, 1969), 17-18; and (1970), 1&-15.

5lnobert Roberts, "ACI is Key to Penn-Central In-Motlon
Car Weighing," Modern Rallroads, Vol. 23, No. 3 (March, 1968), 97.
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is too early to determine the impact. Perhaps the brunt of the
employment cuts will be borne by clerical workers. However, the
impact on the demand for yard and operating personnel will be
substantial. At the same time, the demand for computer programmers
and key punch operators will probably increase. This will be

a switch for the railroad industry.
Centralized Traffic Control

Centralized Traffic Control (CTC) is not a new development.
It was first installed in the United States in 1927. The AAR
estimates that there were 41,300 miles of road under CTC in
1969, >

allows a single operator to simultaneously control the movement

This is about one-third of mainline mileage. CTC

of all trains within the hundreds of miles of track under his
control. Sitting at an electronic console, the train dispatcher
follows the progress of each train and controls the swltches

and signals to give each train the right to proceed or stop on
a siding., Because of the system's flexlbility, tralns no longer
need to follow strict schedules, there are fewer delays, higher
average speeds are attalnable and safety is improved. Other
benefits include a reduction in the number of mlles of double

track needed because CTC increases the capaclty of single track.

2
Association of American Rallroads, Yearbook of Railroad

Facts, 1970 Edition, 62.
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Capacity can be increased even more by the use of a computer

to program train movements. The cost of maintaining singlg

track is less, and so are the taxes.53 The productivity of
dispatchers increased at an average annual rate of 0.8% between
1947 and 1968 (Table 11). Since the work load of the dispatchers
is a function of the miles of track operated and the number of
train-miles, the physical output index is derived from a conm-
bination of the two measures. Because of a lack of sufficlent
evidence for doing otherwise, train-miles and miles of track
operated are given equal weilghts in datermining-the_output index.
(The caleculations include all track because the employment figures
include all dispatchers, not just those working in CTC.) In 1947,
there was an average of 4,356 chief train dispatchers, train dis-
patchers and train directors, In 1968, there were 3,422, which

is a decrease of only 21%. This is much less than the average
employment decline of 57% for the industry.

THE FUTURE
Even if all of the manpower adjustment problems associated

with technologlcal advancement were miraculously solved over-

night, future technological developments would make the solution
obsolete the next night. Dieselization was described as "the
single most important technologlcal advancement in the rallroad

53U.S. Bureau of Labor Statisties, 198-199.



Table 11

TRAIN-MILES, MILES OF TRACK INDEX, DISPATCHER
EMPLOYMENT®, PRODUCTIVITY,

1947-1968
(1) (2) (3) (4)
Train Index of Index of Averag
Year Miles Trainb Miles of Index3
7 Miles Track®
_ (millions) (1947=100) (1947=100) (1947=100)
1968 552" 5k 91 73
1967 570 55 91 73
1966 602 58 91 75
1965 593 58 92 .75
%96# ggg 58 9 72
57 7
s & ¥ 5 &
1960 14 60 96 78
1959 639 62 97 80
1958 647 63 : 97 80
1957 722 70 97 84
1956 765 4 98 86
195 ?73 7 99 87
195 76 7 99 87
1953 826 80 99 90
1952 847 82 100 91
1951 884 86 100 93
1950 873 85 100 93
1949 879 85 100 93
1948 992 96 100 98
1947 1,031 100 100 100

a
Dispatchers include chief train dispatchers, traln
dispatchers and traln directors.

bCalculated from relevant data in preceding column,
Craken from Table 10, column 2.

dColumn 2 plus column 3, The sum is divided by 2 to
obtain an equally weighted index.

Bpssociation of American Railroads, Statistics of Rail-
roads of Class I in the United States, 1l.

1Interstate Commerce Commission, Transport Statistics
in the United States for the Years Ended December 31, 1957,

1.9.62- Table 53.
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Table 11=-Continued

(5) : (6) - (7) (8)

Index of Index of

Year Employment® EmploymentP Man-hours®sf  Man-hours

(1947=100) (thousands) (1947=100)
1968 3,422 79 7,158 63
1967 3,423 79 7,136 62
1966 3,475 80 7,387 65
1965 3,48L 80 7,606 67
1964 34504 80 7,640 67
1963 . Missing - 7,711 67
1962 3,617 83 7,828 69
1961 3,686 85 7,962 70
1960 3,907 90 8, 546 75
1959 1962 91 8,785 77
1958 4,063 93 9,134 80
1957 4, 430 102 9,785 86

i956 | by 20 iozlf 3.243 8

* 0 62 :
13%2 4,510 104 9.84; 86
1953 h,632 106 10,158 89
1952 4,654 107 10, 347 91
1951 4,706 108 110,523 92
1950 k,503 103 10,395 91
1949 L,260 - 98 10,785 9ok
1948 k4,306 99 11,360 99
1947 4,356 100 11,k24 100

: ©Interstate Commerce Commission, Wage Statistles of
United States,

frable 1, footnote c.



50
Table 11==Continued

(9) (10)

Index of Average Annual

Year Output Per Change in Output
Man-hour& Per Man-hour
(1947=100) (1947-1968)

1968 116 .8

1967 118 .9

1966 115 .8

1965 112 o7

1964 113 .8

1963 113 .8

1962 110 "

1961 10 .6

1960 104 e3

1959 104 3

1958 100 -0

1957 98 -2

1956 99 -.1

1955 104 5

1954 101 ol

1953 101 2

1952 100 -0-

1951 101 «3

1950 102 o7

1949 99 -5

1948 99 -1.0

1947 100

€Column 4 divided by column 8.

industry." Already, many persons in the industry are toying.
with the 1ldea of converting to other forms of motive power,
One railroad is experimenting with twenty-one diesel-hydraulic
units. Another is attempting to adapt a 1500 hp. jet engine
to a locomotive. Perhaps the next blg change in motive power

sk

will be conversion to atomlec power. Several roads are

5“U.S. Bureau of Labor Statisties, 197.
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studying the possibility of converting to electric power.
Benjamin F, Biaggini, President of the Southern Pacific,
stated,

We must not try to spend expensive time in warming over
0ld ideas when we should be moving ahead with our best
thinking on new concepts for future railroads, It is time
to be looking at all kinds of advanced power systems——
linear induction motors, air-cushion vehicles, magnetie
suspension, fuel cells and electrification—elther from
conventional or nuclear power plants,55
The Department of Transportation is experimenting with a
passenger-carrying tracked air cushion vehicle, and it might
be in operation in late 1972.56 The Canadian National Rallways

has been testing a Turbo Train for several years.5?

Bay MecBrian,
Director of Research, The Denver and Rio Grande Western Rall-
road, summarizes the situation very well: "So far every revolu-
tionary change which has been developed in the motlve power
field, occurred because of economiecs, lmproved service, avail-

ability, lower maintenance costs, less damage to track struc-
ture, higher horsepower per unit weight, better adhesion and
speed possibilities,"58

Crewless trains are feasible with existing technology.

Automatic trains were successfully tested on a ten mile stretch

55Fred N. Houser, "70,000 cars in '70...Plus 1,300 loco-
motives," Rallway Age, Vol. 168, No. 2 (January 19, 1970), 34.

56“Air Cushion Vehicle May Be Ready by '72," Information
Letter, Assoclation of American Railroads, No. 1918 {(June 10,
19?05. 2.

57"CN Resumes Cold Weather Testing of Its Turbo Train,"

Infg:mg;ign_Lg;&gf, Association of American Railroads, No. 1897
(January 14, 1970), 2.

58McBrian, 206.
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of track in France in 1955.59 In 1960, the Canadian Nationeal
Railways successfully tested 35 and 76-car automatic trains
over a ten mile mainline section. San Franclsco's new rapld
transit system, scheduled for completion in 1970-71, will have
automatically controlled trains.so In 1969, the Muskingum
Electric Railroad, a privately owned coal hauler, began hauling
coal automatically over the 154 miles from the mine to an Ohio
Power Co. generating station. This was the first fully automatic'
train in the United States, and it was accomplished not by a
railroad, but by a public uﬁility.61 When labor costs and
problems become so great that the capital outlaj for Automatic
Train Operation (ATO) is practical, the carriers will move in
that direction. The biggest obstacle to the initiation of ATO
at the present time is the costly labor confllicts that it would

create.
CONCLUSION

The impact of technology on employment in the railroad
industry has not been minor., Employment decreased 57% between
1947 and 1969, and there is no indication that this is the
extent of the reductions, Every technologlcal advancement men-

tioned in this paper was implemented to cut costs, and gener-

5%1i1son, 145-147,
60U.S. Bureau of Labor Statistiecs, 200,

61Fred N, Houser, "Muskingum: Test-Tube for Future?" Rail-
way Age, Vol. 166, No. 21 (June 9/16, 1969), 16-19.
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ally labor costs were the most slgnificant ones to be cut,
As long as labor costs continue to rise, management will be

enticed to substitute capital for labor., Consequently, this

Wwriter sees no possibility for rallroad employment to long
remain at its current level. It will prebably creep continually
downward unless something happens to break the trend, One
thing that could changé the trend is a dramatic breakthrough

in motive power technology (as mentioned in the previous sec=
tion) or an end to the work-rules disputes that have plagued
the industry for years, If something like this occurs, employ-
ment couid tumble rapidly. On the other hand, if the demand
for rall services increases because of lncreasing population
pressures, then in the opinion of the writér; rallroad employ=
ment may stabilize or even increase slightly. But, an employ-
ment increase is unlikely because of the continually advancing
state of technology. 1In tﬁe long run 1t will be impossible for
rail employment to fall to zero unless the rallroads vanish,
Which 1s an unlikely possibility. However, if some of the
possibllities mentioned above occur, employment could easily
drop to a fraction of its current level, and the 12% increase
in average annual output of some Jjob classificatlons would be

relatively insignificant.
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Employment in the railroad industry declined 57% between
1947 and 1969. The purpose of this report was to examine the
impact of technology on the demand for rallway labor. Although
employment declines are partially the result of a reduction
in some rail services (especially passenger service), technol=-
ogy has played a major role in reducing employment., Exhaustive
research 1n trade and professional journals often produced in-
complete facts and statistics. Consequently, the writer developed
his own productivity tables. The most interesting source of
information was a personal interview with a staff englneer at
a rallwayts offlce,

Productivity was measured by a welghted output lndex derived
by weighting revenue freight ton-miles and revenue passenger-
miles by the ratio of the totals of thelr average revenues
between 1947 and 1969. Between 1947 and 1968, output per man-
hour increased at an average annual rate of 8.9%. The welghted
Aoutput index was 105 in 1969, and employment was down 57% from
1947, Consequently, railway labor is more productive. and
technological advancement is the major reason., However, a
portion of the employment declines are the result of the chang-
ing nature of rall services. The volume of frelght trafflc has
increased while passenger traffic has declined to a fraction of
its former level and l.c.l. freight has all but disappeared.

The most obvious change was the conversion from steam to

diesel=-electric tractive power. Diesel locomotlives can pull
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longer, heavier loads with a smaller crew, require less main-
tenance and are easlier on the tracks than steam locomotives,
Between 1947 and 1969, train and engine employment decreased
43%, and the average output pér man-hour based on the ﬁeighted
output index increased at an average annual rate of 5.2% between
1947 and 1968, Using gross ton-miles as a physical output
measure reveals an increase of 5.7%.

The impact of dlesellzation was not limited to train and
engine employment. Maintenance of equlipment and stores employ-
ment was immediately upset becaur there were fewer dlesel
locomotives requiring less maintenance. The introduction of
power tools and assembly line techniques .further reduced the
demand for shop labor. Between 1947 and 1968, the average
annual increase in output per man-hour was 12.1%, and employ-
ment declines reach,d'éé% in 1969. Likewisg; mechanization of
maintenance of way and structures adversely affected the number
employed. Between 1947 and 1969, average employment declined
67%., Weighted output per man-hour increased at an average
annual rate of 12;8% between 1947 and 1968, If miles of track
operated is used as a measure of physlcal output, the increase
is 10,7% annually.

Modern electronic equipment has reduced the need for human
services throughout the railroad industry. Where the hump yard
has been installed, it has almost completely automated the
process of classifjing trains. Centrallized traffic control

utilizes electronic equipment to improve safety and track
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utilization, Computers are reducing the human effort required
to dlspateh trains, frace cars and bill customers. With present
technological capabilities, completely automated trains are
possible.

As long as technological advancements offer the rallroads
an opportunity to reduce costs, they will take advantage of
futﬁre changes, and the effect on employment will be much the
same as in the past. However, a dramatic breakthrough in
motive power or work rule changes could cause massive employment
cutbacks, Without the technologlcal advances of the past, rall-
way employees would be extremely inefficient, and thelr industry

would be unable to keep pace with the modern economy.



