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THE PRESIDENT, 
THE WHITE HousE, 

Washington, D. 0. 

FEBRUARY 25, 1941. 

DEAR MR. PRESIDENT: I have the honor to transmit herewith Part 
· V of the reports of the St. Lawrence Survey. In this part there is an 
extensive analysis of future traffic possibilities in the United States in 
the light of growth in population, employment, productivity, and other 
related factors that influence agricultural and industrial production 
and consumption. 

The St. Lawrence Seaway is here viewed in the perspective of future 
transportation requirements of the country. 

The summary of the facts and conclusions is given in the letter of 
submittal of Dr. N. R. Danielian, Director of the St. Lawrence Survey. 

Very sincerely, 
WAYNE c. TAYLO~, 

Acting Secretary of Commerce. 
m 
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FEBRUARY 231 1941. 
The Hon. SECRETARY o:r CoM¥ERCE, 

· Washington, D. 0. 

DEAR MR. SE~~TARY: l have the honor to s~bmit herewith Part 
V of the reports of the St. Lawrence Survey. This report deals with 
the future transportation requirements of the United States, and 
attempts to evaluate the position which tqe St. Lawrence Seaway will 
hold in the transportation system of the country. In the preparation 
of this report the Survey has been assisted by Professor Edgar M. 
Hoover, Jr., and Mr. Edgar Epstein. The report has been reviewed 
by many experts in the various branches of the government whose 
comments and criticisms have been of great value. The charts were 
executed by Mr. Earl G. Millison, Chief of Graphic Services, and Mr. 
George Newman, Head Statistical Draftsman, Work Projects Ad
ministration. 

It is not the purpose of this report to make definite predictions of 
amount of traffic at any given point of time in the future. Such an 
objective would be unattainable. The main purpose of the report is 
to answer these questions: (1) Will the St. Lawrence Seaway divert 

· traffic from the railroads? (2) Do the railroads have such excess 
capacity that a new medium of transportation such as the St. Law
rence Seaway is unnecessary? (3) Is the seasonal movement of traffic 
such tltat the St. Lawrence Seaway will actually cause idleness of 
railway equipment in the season of open navigation? 

This study shows that the St. Lawrence Seaway, besides assisting the 
railroads in caring for a greatly enhanced traffic, will in fact improve 
the economical operation of railroads by smoothing out the seasonal 
variations in rail traffic. Often opponents of the project have reiter
ated that while they will be burdened with traffic, and hence with the 
expense of constructing and maintaining facilities to carry cargoes in 
the 5 months of the winter when the Seaway is closed, "for 7 months 
of the year these facilities must stand unprofitably idle." This is a 
plain misstatement of fact.· The peak of rail traffic comes in August, 
September, and particularly October. The facilities constructed to 
take care of traffic in these peak months noto stay idle in the winter 
time. If the St. Lawrence Seaway were operating, the railroads would 
be freed from constructing and maintaining equipment for these peak 
summer months, which now stay unprofitably idle on sidings during 
the winter months. The St. Lawrence Seaway thus will improve the 
average utilization of cars and locomotives by taking care of a part 
of the peak load. 

In the light of the facts revealed in this report, the Survey is led 
to the following conclusions: 

v. 
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1. Under very conservative assumptions of employment conditions, 
assumptions which are at the lower limit of political tolerance, average 
tons of freight originating in the decade of 1950 will probably be be
tween 242,000,000 and 374,000,000 greater than the average of 193Q-
39. The 10,000,000 tons of additional American traffic which may 
use the St. Lawrence at maximum utilization would be but a. fraction 
of the expected increase in railroad activity. 

2. The railroads of the United States, though much improved in 
operating efficiency, have reduced space capacity and tractive power 
to such an extent that, in the net, their carrying capacity is no more 
·than in the decade of 1920-29. '!'his will not be sufficient to meet 
traffic requirements of the future. 

3. The railroads must, therefore, expand their capacity by purchase 
of equipment and expenditures on way and structures. The St. 
·Lawrence Seaway will accommodate a small part of the increased 
demand for transportation. It is an alternative method of meeting 
a part of our future transportation requirements. 

4 •. The railroads are now burdened with seasonal peak traffic that 
comes in late summer. The equipment used in carrying this peak 
traffic stays idle in the winter time. The St. Lawrence Seaway will 
help the railroads to improve the average utilization of their equip
ment by taking a part of the load off the peak. This means that the 
railroads will not have to buy the equipment to meet the October 
peak to the extent that the St. Lawrence Seaway will carry some of 
the peak load. As a result, the St. Lawrence Seaway will improve the 
average' utilization of railroad rolling stock. 

These conclusions are the result of an extensive study by the Survey 
.of the economic forces that influence traffic in agricultural, manu
factured, and mineral products. Among the factors carefully exam
ined and weighed are population growth and geographical distribu
tion, concentration of agricultural production, trends in consumption 
of foodstuffs and processed products, and the effect of mechanization 
of agricultural operations upon traffic. Diversion of traffic from rail
roads has been also considered. An analysis of these elements shows 
that traffic in agricultural products, which in 1939 accounted for 11.8 
percent of total tons of freight originated on Class I railroads, and 
yielded 20.2 percent of their revenues, will increase in the future at a 
faster pace than population, because the production centers of principal 
agricultural commodities have been moving westward, while the con
centration of population still remains in the east; the improvement of 
packing and canning processes have reduced waste and increased 
utilization of byproducts; and the dispossession and urbanization of 
larm population have tended to diminish farm consumption and to 
increase purchases in the market. Assuming an increase in traffic on 
Class I railroads only in proportion to population, the average of tons 
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of freight originating of agricultural products during the decade of 
1950 would be nearly 12,000,000 tons greater than tl:e average of 
1935-39. Making allowance for further diversion of traffic from the 
railroads, and allowing for export trade commensurate with the least 
lavorable conditions of the past decade, the increase in tons of freight 
of agricultural products would be probably 5,000,000 short ton~. This 
one increment of future rail traffic in itself would make up for one-half 
of the additional American traffic of 10,000,000 tons that may utilize 
the St. Lawrence at full capacity utilization. 

A thorough examination of the past trends in manufacturing pro
duction, employment, hours of work and productivity per man-hour 
indicates that even under very pessimistic assumptions with regard to 
employment, traffic in manufactured products must increase very 
materially over the experience of the past decade. 

Manufactured products gave rise to 25 percent of total tons of 
freight originated on Class I railroads during 1938. This study 
shows that assuming no more than 10 million persons working in 
manufacturing enterprises at an average of 35 hours per week, at a 
rate of production per man-hour moderately higher than at present, 
the decade of 1950 would produce tons of freight originated in manu
factured products which would be 102,000,000 tons higher than the 
average of 1930-39. This figure allows fully for all past and-probable 
future diversion of traffic. . -

The National Resources Planning Board estimates that there would 
be 9.8 million persons employed in manufacturing when the economy 
is operating at an annual income of 70 billion dollars (1936 dollars). 
In view of the increase in population, the national economy operating 
at these levels would probably leave 10 to 15 million persons unem
ployed. This is mentioned to indicate that the assumption here made 
which allows an· increase of 102,000,000 tons of manufactured freight 
originating, above the average of the past decade, is extremely 
conservative. 

If the employment in manufacturing were 11.5 million persons, then 
the tons of freight originating in manufactured products on Class I 
railroads would be 150,000,000· tons higher than the average of 
1930-39. This increment of future additional traffic would in itself 
make up for fifteen times the additional American traffic of 10,000,000 
tons that may utilize the St. Lawrence at full capacity. -

It is the conclusion of the Survey that this figure or a higher figure 
is the more likely increase in the average rail traffic during the next 
decade. Although at these levels of industrial activity the problem 
of unemployment will not have been solved, conditions would probably 
~e nearer to the lower limit of political tolerability. With employment 
m manufacturing at 11.5 million persons, national income would be 
between 80 and 90 billion dollars {1936 dollars), and unemployment 
less than 10 millions. 
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Commensurate developments in mineral industries when 10 million 
persons are engaged in manufacturing, promise to produce tons of 
freight in mineral products originated on Class I railroads 132,000,000 
tons higher than the 193Q-39 average. This figure, too, makes allow
ance for diversion. If the second assumption, 11.5 million persons 
employed in manufacturing, is taken as the basis, then the corre
sponding tons of freight originated in mineral products would be 
214,000,000 tons higher than the average of 193Q-39. 

This study reveals that the average tons of freight originated of 
all kinds, carload and less-than-carload lots, during the decade of 1950 
would be, at a very conservative estimate, 1,100,000,000 tons. At this 
level, tonnage originated would be 28 percent higher than the average 
of the decade of 193Q-39. It is very possible that the average tonnage 
in the next decade may approximate 1,232,275,000, at which rate it 
would be 43 percent higher than the preceding decade. The actual 
tonnage increase over the average of 193Q-39 would be, in the first 
case 242,000,000, and in the second case 374,000,000. 

In the face of these magnitudes it is plain that the additional Ameri
can traffic of 10,000,000 tons that may use the St. Lawrence Seaway at 
its maximum utilization recedes into insignificance. A glance at the 
Interstate Commerce Commission statistics will show that the annual 
:fluctuations of traffic on American railroads are many times thla amount. 

Under these circumstances, the additional traffic that will utilize 
the St. Lawrence Seaway will be a slight, almost unnoticeable, reces
sion from the large increases in traffic which the railroads can con
fidently anticipate. In fact, the very estimates which are made in this 
report for the decade of 1950 will be reached sooner under the impetus 
of the national defense program. The next question, then, is whether 
the railroads can meet this growing demand upon their services with
out expanding their facilities. 

Here some explanation is needed about the carrying capacity of 
railroads in the United States. This is a highly controversial subject. 
It is here intended merely to recite a few facts which will help answer 
the question: Will the railroads have to expand to take care of future 
traffic requirements? The claim of the Association of American Rail
roads is correct that there have been many operating impro¥ements 
which have increased carrying capacity in spite of reduction in car 
capacity and tractive power of locomotives. Average number of 
freight cars per train has increased from 35.6 in 1920 to 48.5 in 1939, 
and, as a result, revenue and non-revenue freight per train has in
creased from 708 in 1920 to 813 in 1939. Although there has been 
much :fluctuation in the intervening period, the trend has been defi
nitely upward. Average speeds of freight trains between terminals 
has increased steadily from 10.3 miles per hour in 1920 to 16.6 miles 
per hour in 1938, a 60-percent improvement. This rate of speed 
includes stop-over at way stations. 
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.As a result of all these changes in operating factors, the carrying 
capacity of railroads, for a given amount of equipment, has definitely 
improved. This is shown by the net ton-miles per freight-train-hour, 
w-hich expresses the results of railroad operating efficiency in loadings 
per car, number of cars per train and speed of travel The net ton
miles per train-hour has increased from 7,500 ton-miles JWX hour in 
1921 to 13,500 ton-miles in 1939. This is an 80 percent improvement 
in 19 years. .As compared with 1929, the improvement is 30 percent. 

On the other hand, there has been considerable reduction in car 
capacity and tractive power. The capacity of serviceable cars went 
down from 99 million tons in 1929 to 74 million tons in 1938, a reduc
tion ot over 25 percent. Tractive power of freight locomotives was 
down by 16 percent in the same interval Furthermore, the average 
length of rail haul increased by 10 percent between 1929 and 1939. 

In the light of these facts, the best that can be said is that the rail
roads, at the close of 1938, bad a carrying capacity w-hich w-as probably 
comparable with late 1920's, although it remains still to be proved 
w-hether the operating efficiency in speed and train loadings can be 
maintained under the strains of increasing traffic loads. 

In spite of these improvements in performance, the railroads of the 
t;nited States 1lill need much expansion in order to meet the Uaflie 
~timates made here under very conservative assumptions. · Although 
the medium estimate of average tons originated for the decade of 1950 
is 1,100,000,000 and a possible estimate is 1,232,000,000, the railroads 
1lill have to be ready to meet not only these average conditions, but 
also the cyclical variations. During the decade of 1920-29, the varia.
tions were 23 percent below and 10 percent above the average of the 
decade. During 1930-39 the variations were 25 percent below and 35 
percent above the average of the decade. 

On a base average of 1,100,000,000 tons, the peak year ~y require 
capacity to carry, on the basis of 192~29 experience, 1,209,000,000 
tons, and on the basis of 1930-39 experience, 1,480,000,000 tons. 
On the base average tonnage originating of 1,232,000,000, the ampli
tude of cyclical variation 1lill carry the tonnage in peak years to much 
higher levels. 

The railroads as at present organized and operated are not able 
to meet such increased demands for service in spite· of the splendid 
improvement in operating efficiency. They will have to expand their 
facilities. They 1lill have to buy much equipment, and according to 
Interstate Commerce Commis<iion studies, they will have to spend 
much money on maintenanct> of way and structures, and additions and 
bettennents. The St. Lawrence Seaway will do no more than assist 
in carrying a small part of the greatly increased load in the future for 
which the railroads are not yet equipped. 

¥ ery trnly yours, 
N.R.DA~~~. 

St. Latorenu Su.rrJeg. 
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THE ST. LAWRENCE SEAWAY AND FUTURE 
TRANSPORTATION REQUIREMENT~ 

I 

INTRODUCTION 

The St. Lawrence Seaway, when constructed, will undoubtedly be
come an important channel of transportation in the foreign as well as 
coastwise and intercoastal trade of the United States. Precisely for 
this reason, fear is entertained in some quarters that it will result in 
an impairment of the usefulness of existing transportation facilities, 
principally the railroads. In this report, an attempt is made to esti
mate the importance of the St. Lawrence Seaway as a method of 
transportation, with particular reference to its possible effects upon 
the railroad system of the United States. 

Any major private or public undertaking which requires large out-. 
lays for benefits which will not materialize until some time in the 
future imposes the necessity of making informed reasonable assump
tions with regard to future demand. The seaway, undertaken im
mediately, would take 4 years to complete, if expedited as an emergency 
project, and 7 years, if pursued at a normal pace. Once constructed, 
it would be a permanent addition to the transportation system of the 
country. It is necessary, then, to evaluate the place of· the St. 
Lawrence Seaway in· the national transportation system, and to 
analyze its effect upon the existing systems, in the light of future 
demand for trans,portation .10, 20, or 30 years from now. It is not 
possible to obtain a sound evaluation of the Seaway without placing 
it in the perspective of the future transportation requirements of a 
growing population and industry. In this report, therefore, an at
tempt will be made to estimate the future traffic requirements of the 
country. 

There are, mainly, five modes of freight transportation: Railroads, 
water carriers, motor vehicles, pipe lines, and airplanes. These five 
methods of transportation compete with each other for available 
traffic. Air ·transportation has not yet reached the stage where it 
constitutes any considerable threat to the other modes of transporta
tion in anything but passenger and mail traffic. Of these modes of 
transportation the principal one to receive attention in this report 
will be railroads. 

This report will be limited to freight transportation since the St. 
Lawrence Seaway will not be an important element in passenger travel. 

298H5-41-2 
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2 THE ST. LAWRENCE SURVEY 

The basic unit of measurement of freight -transportation is ton-miles, 
which depends upon the number of tons of goods transported and the 
distance over which they are carried. It is necessary, therefore, to 
make acceptable assumptions with regard to tons of traffic and aver
age distance of transportation, as of the time when the Seaway be
comes a settled means of transportation. 

The carrying capacity of the seaway when constructed will, of 
course, be limited to the load that can be accommodated during the 
open navigation season. This has been estimated to be 16 million 
tons a season over and above the traffic that is now utilizing the 14-foo t 
canals on the St. Lawrence River. This traffic in recent years has 
amounted to between 8 and 9 million tons per season. The additional 
16 million tons of traffic would be divided between the United States 
and Canada. It is assumed that as much as 10 m.illi9n tons of this 
new capacity may be utilized by American interests. 

The number of tons of traffic originated depends upon many factors 
-upon the levels of production, consumption, and foreign trade. 
Many forces influence the level of productive activity and the amounts 
of consumption and foreign trade. The size of the population is one 
of those influences, and the most easily predictable. Shifts in con
sumption habits and technological changes influence the amount of 
production. The most important, and the least predictable influence 
affecting the rate of production and consumption is the general tempo 
of economic activity or, to state it in stricter economic terms, the rate 
of employment of resources. 

The second component part of demand for transportation, namely, 
distance over which traffic must be carried, depends upon the location 
of centers of production and consumption. The geographical distri
bution of natural resources and populat~on, and the extent of local 
industrial specialization, naturally influence the distance traveled by 
raw materials and finished goods between source of origin and place of. 
consumption. Relative costs . of transportation and differential 
costs of production (including cost of labor, energy and taxes), and, 
finally, changes in consumer tastes that cause shifts in demand which 
affect the location of production, all influence the distance traveled by 
commodities from source to destination. Assumptions must, there
fore, be made with regard to these factors in estimating future trans
portation requirements, with particular reference to average length 
of haul of freight traffic. . 

Traffic potentialities in the future are analyzed in this report in 
three sections, dealing with agricultural production, manufacturing 
production, and the products of mines. This is necessary since differ
ent forces operate upon these three general categories, and sources of 
information and the techniques of analysis must be particularized. 
ln each case the principal purpose of the analysis is to determine, in 
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the light of the past behavior of these industries, what the future 
transportation requirements may be. As a transportation system, 
once built, will be available for use over many decades, the most that 
is necessary for the purpose of planning such a future transportation 
system is a conception of transportation requirements which xqay be 
approximated within wide limits over a period of years. Ih this -
report, the estimates for the future, calculated on the basis of known 
factors, will be presented not as definite possibilities in any given 
year, but mainly as an average of conditions over a decade or a score 
of years. The succeeding analyses pretend to offer no more than the 
establishment of reasonably defensible assumptions for the future 
within conservative limits. 

The analysis of the forces that affect transportation in the three 
major categories of traffic-agricultural, manufactured and mineral 
products-are presented in chapters I, II, and III. Then in chapter 
IV the problem of diversion of traffic from railroads to other means 
of transportation is discussed. Full allowance is made for past and 
probable future diversion in making estimates of railroad traffic. 

After the establishment of conservative estimates of future traffic 
possibilities the condition and carrying capa,city of American railroads 
are briefly reviewed in chapter V. In this connection not only are the 
car capacity and tractive power considered, but also the efficiency 
factors and the maintenance expenditures over the past two decades 
are carefully weighed. Then, finally, the St. Lawrence Seaway is 
placed in the perspective of future transportation requirements of the 
United States, in the light of the carrying capacity, and the seasonal 
and cyclical behavior of railroad traffic. 



CHAPTER I 

TRANSPORTATION REQUIREMENTS OF 
AGRICULTURAL PRODUCfS 

Agricultural products in 1939 originated 106,613,462 tons of freight., 
11.8 percent of the total freight carried by Class I railroads, and con
tributed $682,956,820 of revenue, or 20.2 percent of the total freight 
revenue of class I railroads. The principal agricultural commodities 
which accounted for this freight and revenue arc listed in table 1. 

With respect to future transportation needs, agricultural goods are 
of three kinds, each subject to separate analysis. 

First, there is a large number of agricultural products for which 
there are available per capita consumption figures for a long number of 
years past. In the case of these products, therefore, the analytical 
problem is simplified. There are reliable estimates of future popu
lation which, in combination with per capita consumption, make it 
possible to arrive at reasonable estimates of future transportation 
requirements. 

-TABLE 1 

Agricultural commodities transported-Class I railroads, 1939 

Commodity group or class 

Wheat _____ ------- ___________ --- __ -- ________________ ---
Corn __________________________________________________ _ 

Flour, wheat ______ -------------------------------------
Mill products, n. o. s---------------------------------
Products of agriculture, n. o. S--------------------------
Fresh fruits_-------------------------------------------Sugar beets ____________________________________________ _ 
Fresh vegetables ___ ------------------------ ____ --------
Barley and rye_-----------------_----------------------
Cattle and calves _____ ------ __ ------------ ____ ----------
Cotton. __ ------- _________ ---- ___ -- _____ ----------------
Fresh meats, n. o. 8------------------------------------0ats __________________________________________________ _ 
Hogs _________ -------- _______________ --------------- ___ _ 
Cottonseed, cottonseed meal and cake _________________ _ 
Animal products, n. o. s. (other than fertilizers and 

fertilizer materials .. _------------- ____ ------ ___ ----- __ Flour, meal. and cereaL ______________________________ _ 
Dried fruits and vegetables ____________________________ _ 
Vegetable oilcake and meal, except cottonseed----------Dairy products ___________________________ --------------

~%~~ :~~ f.~~~.;•~::::::::::::::::::::::::::::::::::::: 
Tobacco, leaf-------------------------------------------Rice ________ ----- ____________ ------------ __________ ----
Packinghouse products, edible, n. o. s., not including 

canned meats ____ ------------------------------------
Hay, alfalfa, and straw---------------------------------

4 

Freight traffic originated 

Tons 

22,284, 550 
10,342,189 
8, 638,491 
7, 891, 188 
6, 211, 984 
6, 040,976 
5, 823,460 
5, 779,562 
3, 907,539 
3, 787,230 
3, 366,871 
2, 939,897 
2, 733,057 
2,071, 316 
I, 775,093 

1, 331.752 
I, 273,164 
I, 234,657 
1, 025,289 
1,019, 630 

940,968 
849,363 
828,809 
726,686 

646,565 
624.459 

Percent 
of total 

20.9 
9. 7 
8.1 
7.4 
5. 8 
5. 7 
5.5 
5.4 
3. 7 
3.5 
3.1 
2. 7 
2.6 
1. 9 
1. 7 

1. 2 
1. 2 
1.1 
1. 0 
I. 0 
.9 
.8 
.8 
.7 

.6 

.6 

Freight revenue 

Dollars Percent 
of total 

74,839,583 11.0 
33,816,722 5.0 
34,361,755 5.0 
23,£02,225 3. 5 
26,330,619 3.9 

124, 506. Ec6 18.2 
3, 763, no .6 

101, 127,1ti0 14.8 
12,310,133 1.8 
31,749,616 4.1 
24,185,961 3. 5 
44,735,960 6.& 
10,052,943 1. 5 
14,924,400 2.:1 
6,110, 864 .9 

9, 773,116 1. 4 
6, 844,203 1.0 

12,830,459 1. 9 
3, 512,227 .5 

17,305, 735 2. 5 
9,498,188 1. 4 
7, 629,283 1.1 
6, 644,728 1.0 
2, 947,630 .4 

7, 628,730 1.1 
3, 600,075 .5 
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TABLE !-Continued 

Agricultural comnioditiu transported-Class I railroads, 1939-Continued 

Freight traffic originated Freight revenue 

Commodity group or class 
Percent Dollars ,Percent 
of total •of total Tons 

' 
0.5 1, 799,732 0.3 
.5 7, 611,096 1.1 
.3 4, 666,421 .7 
.3 6,422,482 .9 
.2 774,542 .1 
.2 1, 569,383 .2 
.2 2,167,009 .3 
.1 2,255,588 .3 
.1 347,048 .1 

~~ 366,878 .1 
43,920 (I) 

Fluseed _ •• -------------------------------------------- 543, 939 
Meats, cured, dried, or smoked------------------------- 499,363 
Wool .••••.••• -----------------·------------------------- 294, 885 
Poultry,live and dressed.------------------------------ 279,241 

l-1:~·~~-anim&iau·:::::::::::::::::::::::::::::::::: ~: ~~ 
Peanuts .. __ -------------------------------------------- 204, 234 
Horses, mules, ponies and BSseS------------------------ . 152,243 
(lrain, n. o. s------------------------------------------- 73,462 Butterine and margarine_______________________________ 20,399 
Animals, live, n. o. ~----------------------------------- 2,886 1-----·---

Totsl, agricultural products______________________ 106,613,462 100.0 682, 956, 820 100.0 

I Less than one-tenth of 1 percent. 

SoURcE: Interstate Commerce Commission, Bureau of Statistics, Freiglit Commoditv stati8lics of Ola11 I 
Steam Railwa111 in the U. S., calendar year 1939. 

A second category of agricultural products enters into consumption 
only after going through processing and manufacturing operations. 
In this category are, for example, almost all the vegetable and animal 
oils. In the case of these products, the analysis applied in this section 
attempts to arrive at per capita consumption equivalents or to study, 
by other methods, future developments in consumption and industrial 
uses. 

In third place, there is the problem of exportable agricultural 
products. This requires separate study, since the forces bearing 
upon the export movement of American agricultural products are 
variable and, in the present state of the world, not easily predictable. 

In the following sections of this chapter these different classes of 
traffic in agricultural products are examined. 

Section 1 

DoMESTIC CoNSUMPTION oF FooDSTUFFs 

Per capita consumption of foodstuffs has been studied by the 
Bureau of Agricultural Economics and the Agricultural Adjustment 
Administration.1 The amount of foodstuffs available for sale in the 
retail market· has first been determined, and this amount has been 
converted to a per capita basis.2 The results of the investigations are 
presented in table 2. 

I fte Agrktdturof Btluation, 1anuary 1939, p. 16. 
• The general method of computation used by the Bureau of Agricultural Economics (BS used for individual 

products) wu to consider produetion of the commodity in e.ny year, make allowances for chenges In the 
8tooka of that commodity during the. course of the year, subtract exports, add Imports, and allow for farm 
consumption and WBSte In transport. The result of that computation Is called amount available for sale in 
the retail market. 
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Inspection of this table shows that total per capita consumption of 
the principal food products has been almost unchanged over the period 
studied, 1920-38. The fact that even in two periods with such 
violent changes in general business conditions as occurred between 
1925-29 and 1930-35, per capita food consumption changed less than 
3 percent, indicates that this stability of consumption will probably 
be characteristic of the future. 

It should not be concluded from this, however, that total traffic in 
agricultural products destined for human consumption will increase 
in the future no more than proportionately to the increase in 
population. 

TABLE 2 

Apparent per capita consumption of principal agricultural products, 1920-38 
[Pounds per capita per year) I 

Period 
Commodity or group 

1920-38 1920-24 192.5-29 1930-35 1934--38 

Cereal products ____ ---------------------------- 215 228 226 211 1~ 

All potatoes_----------------------------------- 163 172 163 157 159 
Sugar and siruP-------------------------------- 110 106 118 107 106 
Dairy products: 

Manufactured ____ ---------- __________ ---- __ 43 38 43 43 47 
Fruits: 

Fresh •- -------------------------------- ____ 197 185 201 196 206 
Dried ___ ----------------------------------- 6 6 6 5 6 

Vegetables •- ~----- ------- ____ ------------------ 139 122 135 141 160 
Lean meats and fish ____________________________ 131 137 133 129 126 
Eggs ______________________ --- ___ --- __ -- __ --- ___ 30 28 32 32 3() 
Beans, peas, nuts------------------------------- 14 11 14 16 16 
Fats (excl. butter>------------------------------ 46 44 47 47 46 
Coffee, tea, spices, and chocolate------------~--- 17 16 17 18 19 

Total food ____________________________ ---- 1,141 1,093 1,135 1,102 1, 11~ 

I Consumption of foodstuffs in terms of fstimated weight available for sale in retail market. 
• Fresh and canned fruit in terms of fresh fruit, on basis of total population, consumption of watermelons 

and cantaloupes per urban inhabitant. 
a Fresh and canned vegetables in terms of fresh. Vegetables for market only, based on urban population, 

except onions. Onions and all others based on total population. 
SoURCE: United States Department of Agriculture, Bureau of Agricultural Economics. Adopted from 

AuricuUural Situation, January 1939, p. 15. 

Such a limited increase would exist only if the following conditions 
were to exist or if departures from these conditions were in opposite 
directions in such amounts as to counterbalance each other precisely 
and leave the sum total of their effects unchanged: 

1. Both production and consumption of agricultural-marketed 
foodstuffs are distributed relatively in the same geographic 
pattern as at present; 

2. The relative consumption of raw goods and of processed 
foods do not change; 

3. There is no improvement in the waste factor in processing of 
foods; 

4. No new uses for existing waste products are discovered; 
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· 5. There is no change in the relative amount of food products 
consumed in the immediate producing area. 

These assumptions are briefly examined in the following paragraphs. 

Centers of Agricultural Production. 

The center of agricultural production has been moving westward. 
This may be shmm by taking only a few major agricultural products. · 
Between 1899 and 1929, New England, North Atlantic, South Atlantie 
and East North Central States lost a large part of their wheat pro
duction. Conversely, West North Central, West South Central, 
and Mountain States showed very large increases. In the case of 
com, between 1899 and 1929 there was a net reduction in total pro
d1,1ction throughout the country, but the New England, North 
Atlantic and East North Central States lost a larger part of their 
total output than other sections and supplied a reduced percentage of 
the total output; the Mountain States actually increased their output. 
Something of the same situation held for cattle. Heads of cattle on 
the eastern seaboard declined in number, whereas Mountain States 
gained. These facts are presented in tables 3, 4, 5, and 6. 

What do these shifts in centers of agricultural production mean in 
terms of transportation requirements? Clearly this movement will 
mean that many products must be moved longer distances to reach the 
principal eastern markets and must therefore increase ton-miles of 
transportation. To the extent that this shift also removes centers 
of production away from processing centers, there may actually be 
an increase in tons of traffic originated since both raw and processed 
materials will originate traffic. The same will be true if population 
increases in locations removed from processing centers. 
GeoJ1raphic Concentration of Population. 

The geographic distribution of farm production and general popula
tion is always in flux. The population of western regions of the 
United States has been increasing relatively more rapidly than in the 
East. In spite of this, however, the preponderant increase of popula-. 
tion, in absolute numbers, is in the East. For example, as shown in 
table 6, although the population of the Pacific States increased during 
the four decades 1900-40, by 303 percent, in absolute numbers the 
growth amounted to 7,316,000; in contrast, the Middle Atlantic 
States showed an increase of 78.2 percent, but in absolute numbers the 
growth of population amounted to 12,084,000. Of the total increase 
in population from 1900 to 1940, of 55,673,000, 59 percent was in the 
New England, Middle Atlantic, South Atlantic, and East North 
Central States. Thus it would seem that developments in the growth 
of population and shifta in centers of production of agricultural 
products point to a growth of tons originated and ton-miles of traffiC' 
more than proportional to population growth. 
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TABLE 3 
Wheat production by regions, 1899 and 1929 

Production (thousands of bushels) Percentage or United Btstes 
total 

Region 

1899 1929 Increase or 
decrease 1899 1929 Change' 

----------1---1---·1----1---------
New England---------------------- 166 61 -105 (') (I) (I) Middle Atlantic ____________________ 32,948 22,329 -10,619 5.0 2.8 -2.2 East North Central_ _______________ 131,699 101,178 -33,521 20.4 12.7 -7.7 
West North CentraL--------------- 306,602 374,837 +68, 235 46.6 46.8 +.2 South Atlantic ______________________ 31,903 25,544 -6,3fi9 4.8 3.2 -1.6 East South CentraL ________________ 26,854 4,986 -21,868 4.1 .6 -3.5 West South Central.. ______________ 35,047 95,415 +60.3f>8 5. 3 II. 9 +6.6 Mountain __________________________ 18,804 101,226 +82, 422 2.9 12.6 +9.7 
Pacific ... ___ ------ ___ ----- ______ .••. 72, 231 75,073 +2.842 10.9 9. 4 -1.5 

659,2541 
--------Total United States __________ 800,649 +141, 395 100.0 100.0 

' The percentages in this column express the change that bas taken place in the percentage distribution 
or 1929 as compared with the percentage distribution of 1899. 

• Less than one-half to 1 percent, 
SOURCE: Census of AgrlcuUure, 1930, Vol. IV. 

TABLE 4 
Corn harvested for grain by regions, 1899 and 1929 

Production (thousands of bushels) Percentage of United States, 
total 

Region 
1899 1929 Increase or 1899 1929 Change' decrease --------

New England_--------------------- 7,808 1, 437 -6,371 0.3 0.1 -0.2 
Middle Atlantic ____________________ 82,873 44,557 -38,316 3.1 2.1 -1.0 
East North Central _________________ 827,066 534, 553 -292,513 31.0 25. 1 -5.9 
West North Central_ _______________ 1, 114, 155 1, 009,886 -104,269 41.7 47.3 +5.6 
South Atlantic ___ ------------------ 169,469 163,487 -5,982 6.4 7. 7 +1.3 
East South CentraL ________________ 21·'· 125 192,674 -22,451 8.1 9.0 +.9 
West South Central. _______________ 245,126 156, 749 -88,377 9.2 7.4 -1.8 
Mountain.----- __ ---------------- •. 2,648 24,948 +22, 300 .1 1.2 +1.1 
Pacific._. ______________ ••• _. ________ 2,055 2,461 +406 .1 .1 --------

Total United States .••••••... 2, 666, 325 2,130, 752 -535,573 100.0 100.0 

I The percentages in this column express the change that bas taken place in the percentage distribution 
of 1929 as compared with the percentage distribution of 1899. 

SOURCE: Census of Agriculture, 1930, Vol. IV. 

TABLE 5 
Cattle production by regions, 1900~and 1930 

Region 
1900 

Production 

1930 Increase or 
decrease 

Percentage of United States, 
tots! 

1900 1930 Change • 

------------------------1-------------·l-------l----------------
New England ------------------------
Middle Atlantic_-----------------------East North CentraL __________________ _ 
West North CentraL------------------
South Atlantic __ ._---------------------
East South CentraL ___________________ _ 
West South CentraL __________________ _ 
Mountain_. ____ ---------.---- .• ------ .. Pacific ... _ ••••. ___________ •• _. _________ _ 

1,61'7 
4, 733 

10,532 
20,089 
4,432 
3, 669 

14,202 
5, 916 
2, 540 

Total United States______________ 67,720 

1. 271 -336 2. 4 
3, 906 -287 7. 0 

10. 627 +95 15. 5 
19,877 -212 29.7 
3, 780 -652 6. 5 
3, 968 +299 5. 4 

10, 243 -3, 959 21. 0 
6, 691 +775 8. 7 

2.0 
6. 1 

16.6 
31.2 

5. 9 
6. 2 

16.0 
10.5 
5.5 

-0.4 
-0.9 
+1.1 
+1.5 
-0.6 
+0.8 
-5.0 
+1.8 
+1.7 3, 533 +993 3. 8 

---1----1---------
63, 896 -3, R24 100. 0 100. 0 

1 The percentages in this column express the change that bas taken place in the percentage distribution of 
1930 as compared with the percentage distribution of 1900. 

SouRCE: Census of Agriculture, 1930, Vol. IV. 



ST. LAWRENCE SEAWAY AND FUTURE TRANSPORTATION 9 

TABLE 6 

United States population by regions, 1900 and 1940 

1900 1940 Increase 11100-40 
Percent 

Region 
Popula- Percent Po pula- Percent Po pula- Percent increase 

tion of total tion of total tion of total 
---------------

N~w England __________________ 5,592 7.4 8,437 6.4 2,845 5.1 50.9 
Middle Atbmtic _______________ 11>,455 20.3 27,539 20.9 12,084 21.7 78.2 
East North Central. _________ ._ 15,986 21.0 26,626 20.2 10,640 10.1 66.6 
W<ost North CrntraJ ___________ 10,347 13.7 13,517 10.3 3,170 5. 7 30.6 
South AtlantiC.---·------------ 10,443 13.7 17,823 13.5 7,380 13.3 70.7 
East South Central. ___________ 7,549 9.9 10,778 8.2 3,230 5.8 42.8 
VI' l'St South CentraL ___________ 6,532 8.6 13,065 9.9 6,533 11.7 100.0 
Mountain _____ ... --------------- 1,675 2.2 4,150 3.2 2,475 4.5 147.8 
Pacific .. ____ -------------------- 2,417 3.2 9, 733 7.4 7,316 13.1 302.7 

Total United States. _____ 75,995 100.0 131,668 100.0 o5,673 100.0 73.3 

So1111Cl1: 1900: United States Cemua of PopulatiOR, 1930, Vol. I; 1940: Preliminary census release. 

Increasing Popularity of Processed Foods. 

The next problem is, what will be the effect of a change in the pro-, 
portion of raw and processed foods consumed? In the majority of 
cases, raw foods move but once from producer to disbributor. Pro
cessed foods, however, usually move at least twice-once as raw and 
once as processed materials. If the dietary tastes of the consuming 
public change; for example, if macaroni replaces potatoes, and frozen 
products replace fresh vegetables and meats, then the total volume of 
traffic measured in tons originated will be greatly increased.8 Among 
forces acting in this direction are the improvement and cheapening 
of canning processes which have increased consumption of canned 
foods. The increase in the production of canned foods is shown in 
table 7. In the light of what has been happening, it seems possible 
that the· future might see a sizable increase in the proportion of pro
cessed food consumption, and hence in tonnage· originating and ton
miles of transportation. Insofar as canned foods increase the con
sumption of agricultural products out of season, there is, also, a further 
increase in tons of traffic originated. 

' A abltt to prooossed foods need not affect tbe demand for transportation in ton-miles unless sucb a abift 
results in a changed, seaaonal consumption, increases total oonsumptlon, or causes some detours In the 
usual route from producs to oonsumer. 
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TABLE 7 

Production of canned foods in the United State.r, 1929-37 

1929 

Commodity 

Asparagus______________________________________________ 2, 727 
Beans, not baked______________________________________ 13,613 

Beans, baked •••••• ------------------------------------ 17,204 

!iEfi~~i~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____ g~~-
Canned SOUPS----··-·---····---·--··-··-------··------- ------------

~~~!:i~lj_-:-=---~j~=-~~~-~jj~-~~:j:-~~j ~ i 

1933 1935 

1,000 cases 1 

2,064 
9,116 

16,460 
10,206 
13,292 
16,900 
4,171 

10,584 
2,242 
2,280 

10,487 
4,853 
1,137 
3,937 
1,443 

2,929 
12,285 
17,887 
22,063 
26,144 
26,180 
11,664 
17,239 
3,001 
2,966 

11,601 
4, 733 

918 
6, 737 
2,824 

1,000 pounds 

1937 

2. 754 
16,316 
18,352 
26,052 
24,412 
23,674 
13,800 
20,600 
4, 778 
4,928 

13, 5!J6 
5,166 

886 
7,080 
3,145 

Total, dried fruits.~------------------------------ 938,69911,014,06911,119,691 I 1, 160,489 

I All sizes. 

SOUBCB: Statistical Abstract of the United StateB, 1938, p. 686, and 1939, p. 700. 

Utilization of By-products. 

If there is improvement in the processing of foods in a way which 
will yield a smaller proportion of. unusable waste products, then the 
. total tonnage of processed foods will increase. The more the waste 
is reduced, the more processed foods will move. In some cases, an 
improvement in the reduction factor will mean that there will be less 
raw material moving, but it may mean also a reduction in cost of 
production, consequent reduction in price, and a larger total move
ment. 

Can we expect further developments in utilization of waste prod
ucts? Consideration of the history of pork processing, which has 
now reached the stage of almost 100 percent utilization, and the pro
duction of plastics from vegetable products, lead one to the conclu
sion that the future· holds promise of further utilization of waste 
products. 
The Effect of the Revolution in Agriculture. 

There exist certain basic indications that changes in the distribu
tion of total population between rural and urban areas (and also 
-changes in the nature of the farm population), may cause agricultural 
traffic to increase faster than total population. If that portion of 
<>ur total population which is not in a position to produce any of its 
foodstuffs increases its relative importance, then correspondingly a 
larger proportion of total agricultural production must be moved to 
satisfy the needs of these people. 

In table 8 are presented data indicating trends in rural and farm 
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population over the past 40 years. It is evident from this table 
that American rural population represents a constantly decreasing 
proportion of our population. In 1900, 60 percent of the people 
lived in rural areas and were in a position.to produce at least part of 
their own food; by. 1930, only 43.8 percent were so situated; and by 
1940, only 43.5 percent lived in rural areas. Table 9 shows that in 
fact the absolute number of people working on the farms has been 
decreasing since 1929. It is clear from these tables that a smaller 
proportion of the total population lives closer to the sources of agri
cultural production; hence, an increasingly large share of agricultural 
production must be moved to market; the methods by which it 
moves-rail, truck, or water-are immaterial at this point. 

TABLE 8 

Rural population in the United States, 1900-40 

Year 

1900 .• --------------------
1910 .•. -------------------
192(} ________ - -------------
1925 ••• -------------------

Rural population 

Thousands Percent of 
of persons total U. S. 

population 

Year 

45,614 
49,806 
51,406 
52,584 

60.0 1930 _____________________ _ 
64.2 1935 _____________________ _ 
48.6 1940. ____________________ _ 

46.1 

Rural population 

Thousands Percent of 
of persons total u._ s. 

populatiOn. 

53,820 
64,832 
57,245 

43.8 
43.1 
43.5 

BOUl!CE: 1900-30, Stati8tical Abstrad of tlu UnUed States, 1938, p. 582; 1940, preliminary release of Bureau 
of the Census. 

• TABLE 9 

Persons gainfully employed in Agriculture, 1909-38 

Thousands Percent of Thousands Percent of 
Year total U. R. Year total U.S. of persons population of persons population 

1909---------------------- 12,209 13.5 1924 •• -------------------- 11,362 10.0 
1910.-- ------------------- 12, 146 13.1 1925 .• -------------------- 11,446 10.0 

~m:::::::::::::::::::::: 12,042 12.8 1926.--------------------- 11,354 9.9 
12,038 12.7 1927---------------------- 11,246 9.5 

1913.--------------------- 12,033 12.6 1928.--------------------- 11,295 9.4· 

1914.--------------"------ 12,000 12.3 1929 .• -------------------- 11,289 9.3 

im~~~~~~~~~~~~~~~~~~~~~~ 
11,981 12.1 1930.--------------------- 11,173 9.1 
12,016 11.9 I 931 ••••••••••• ----------- 11,159 9.1 
11,789 11.5 1932 ••• ------------------- 11,069 8.9 
11,248 10.8 1933.--------------------- 11,023 8.8 

:mm~~i~~~~~~~~~~~~~~~~ 
11,106 10.6 1934.--------------------- 10,852 8.6 
11,362 10.6 1935 •• ------ -------------- 11,172 8. 7 
11,412 10.5 1936 .•• ------------------- 10,997 8.6 
11,443 10.4 1937---------------------- 10,830 8.3 
11,385 10.0 1938 •• -------------------- 10,745 8.2 

BUOURCE: Works Progress Administration National Research Project, Trends In Emploument in Agri· 
cu ure, 1909-36, t. 1, p. 11. 

The reasons for the movement of population away from agriculture 
are many and varied. As farms become mechanized, relatively less 
labor is required, and therefore farmers are driven from the land, and 
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there is less opportunity for new labor to enter. Again, depressed 
economic conditions in farming have led to foreclosures, with conse
quent integration of larger farm acreage under single management, 
usually under absentee ownership, leading to greater use of farm 
machinery and hired labor. Table 10 shows that since, 1910 
the proportion of farm acreage in farms of 500 acres or over has 
increased considerably. In 1910, only 28.5 percent of total farm 
land was in these large farms; in 1935, it was 40.2 percent. The 
principal decreases have come in the medium-sized farms-those be
tween 100 and 500 acres, and the 1,000 acres and over group has 
absorbed a larger proportion of the total. 

TABLE 10 

Percent distribution of farm acreage according to size of farms, 1910-35 

Size of (ann 1910 1920 1925 1930 1935 

Under 20 acres--------------------------------------- 1. 0 0.9 L1 1.0 L2 
20 to 49 acres---------------------------------------- 6. 2 &.1 6.0 4.7 4.t 
60 to 99 acres---------------------------------------- 11.7 . 11.1 11.0 10.0 9.9 
100 to 174 acres--------------------------·----------- · 23.4 20.3 20.1 18.3 17.1 
175 to 499 acres-------------------------------------- 30.2 29.0 27.9 27.0 26.t 
600 to 999 acres-------------------------------------- 9. 5 10.6 10.6 11.0 10.8 

23.0 lM.t 28.0 29.t 

100.0 100.0 lOO.G 

1,000 acres and over ___________________________ :______ 19.0 

r-----1-----r-----r----r----
1011. 0 100.0 

Besides the increase in large farms, there has been an increase in 
the value of farm property represented by capital additions as meas
ured by the value of buildings and implements. In 1910, only 18.5 
percent of total farm value was represented in buildings and imple
ments. By 1920 this had risen to 19.3 perc~nt, and by 1930, it had 
gone to 28.4 percent.t Not only is there more large-scale farming, but 
an extensive investment in improvements has been created. Among 
the implements, the number of trucks and tractors on the farms has 
been increasing. This is shown in table 11. Between 1920 and 1935 
there was a 355-percent increase in the number of tractors on farms, 
from 246,083 in 1920 to 1,123,251 in 1935. Two years later the num
ber of tractors had increased to 1,314,042. 

Technological and economic forces bearing upon this situation in 
farming do not seem to have spent their force. Geographical reallo
cation of internal trade in farm products has not yet reached a stable 
condition. It is justifiable to conclude that to the extent the present 
trend is not reversed, more of the farm population would be added 
to the rest of the population that ~:~ubsists upon purchased foodstuffs. 
To this extent, demand for transportation of agricultural products 
will increase more than in proportion to population. 

• Stati&tWil Abatrad of 1M United SI4UI, 1938, p. 682. 
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Year 

1916.-----------------
1916.-----------------
1917------------------
1918.-----------------
1919------------------... 
1920. -----------------
1921. -··----···-······ 
1922.-----------------
1923.-----------.------
19:U.- ----------------

1926 •• --- ----------· --
1926.-----------------

IJan.l. 
I Apr.l. 

. TABLE 11 

Tractors and trucks on farms, 1915-37 

Estimated 
number of 
tractors on 
farms on 

January 1 

Estimated 
number of 
trucks on 

farms, Dec. 
31 

Year 

25, 000 --------------- 1927------------------
35,000 --------------- 1928 _________________ _ 
60,000 -------·--·---- 1929 _________________ _ 
85, 000 ---------------160,000 -------------·- 1930 _________________ _ 

1931.-----------------
1932 .••••••••.•••••••• 
1933.-----------------
1934.-----------------

246, 083 I 139, 169 
350,000 ---------------
360, 000 266, 140 
400, 000 285, 260 
456, 000 367, 926 

605,933 
084,532 

478,956 
499,782 

1935.-----------------
1936.-----------------
1937------------------

Estimated 
number of 
tractors on 
farms on 

January 31 

Estimated 
number of 
trucks on 

·tarms, Dec. 
31 

665, 038 598, 654 
766, 332 697, 300 
826,183 767, 200 

920, 021 I 900, 385 
997, 1143 --------------

1,051, 646 --------------
1, 077, 121 --------------
1,090,203 --------------

1, 123, 251 --------------
1, 204, 953 --------------
1,314,042 ------~-------

SOURCE: W. P. A. National Research Project, Tradorl, Trucb ood Alltomobilu, Report A-9, pp. 78, 104. 

It is established now that even with a stable per capita consumption 
of farm products in the future, the growth of demand for transporta
tion of such commodities would increase. The movement of the pro
duction areas westward, the increasing popularization of canned and 
frozen foods, the improved reduction factor in processed materials, the 
utilization of byproducts, and the diminution of farm population and 
their urbanization or conversion into day laborers, all tend to increase 
the demand for transportation of agricultural products more than in 
proportion to the increase in population. 

Section 2 

INDIRECT CoNSUMPTION oF AGRICULTURAL PRoDUCTS 

Certain agricultural products-particularly animal and vegetable 
fats and oils-are industrial raw materials. Consumption of these 
products is increasing more than proportionately to population due to 
increased consumer acceptance of them as food products-particularly 
in manufactured shortenings-and to widening industrial usage. 

There is indicated in table 12 the per capita consumption of all 
vegetable oils for the period 1920 to 1938.1 With the exception of 
193Q-33, the average per capita consumption has increased markedly 
from one period to the next. 

1 It should be noted that thla table does not duplicate the categol')' "Fats (euludlng butter)" ol table a 
which oovers on.Jy animal rats. · 
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TABLE 12 

A:o~rag~ annual p~r capita consumption of rJ~g~tabl~ oil.r, during ulu~d 
in~roal.r 

Interval 

'":.I ·---------=------------1-:. 23.1 l!IM-38---------------------------------- 2i. 6 
192()-24 ________________________________ _ 

1926-211----------------------------------
SOUBCII: Department of Agricnltnre, Bureau of Agricultural Economics, Avrfcultural Oulloot, 19.j(), 

Fats, Oils, and Ollseeda, p. 1. Adjustment made excluding animal tats (c!. table 2). 

Not only in food products, but in industrial uses, the consumption of 
vegetable and animal oils has been increasing steadily. In table 13 
are presented data showing factory c-onsumption according to classes of 
products during each year 1931 to 1937. Twenty-eight different oils 
are included; however, in 1937, seven varieties of oil accounted for 81 
percent of the total.8 

The tendency distinctly shown by table 13 is toward greater 
utilization of vegetable oils in edible products, and with improvements 
in methods of manufacture and consumer acceptance, one is justified 
to expect an increase in this type of consumption; and therefore, a 
larger demand for transportation will result. 

In the case of the industrial uses of oils, it would be expected that 
the use in soaps and varnishes would increase at least to the same extent 
a.s population. The use of oils in linoleum and inks probably will not 
decrease in absolute amount in the future, and might show appreciable 
increases. .Any large development in housing construction to take 
care of a growing population will certainly increase demand for housing 
materials products. The miscellaneous category holds great promise 
for the future, since it is here that technological advances will be felt 
most. Future possibilities in the field of plastics are highly promising; 
increases in the utilization of these oils, and oil meal and cakes, with · 
consequent increases in tra.ffic, might well be expected. Future 
traffic in processed agricultural products can definitely be expected to 
increase more than in proportion to population growth. 

• Cottonseed oil, 114 percent; tallow, Inedible, 14 percent; cooonut on, 9 percent; linseed on, 8 percent; palm 
oil, 7 percent; fish oils, 6 percent; grease, 4 percent. 
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TABLE 13 

Factory consumption of primary animal and fJtgttablt fats and oi~, by 
classu of products, 1931-~7 

[Thousands of pounds) 

Uses 1931 1932 .1933 1934 1935 1936 1937 

-----------
Shortening _____________________ 1. 208,142 968,5T1 972,142 1, 214,742 1, 552,476 1, 614,319 1, 604,841 
Oleolll&l"l':arine_. _ -------------- 190,467 166,698 198,794 214,132 306,275 322,719 324, 90S 
Other edible products •••••••••• 100,835 190,065 247,753 292,466 320,006 363,237 412,684 

Soap_-------------------------- 1. 390, 231 1, 375,416 1, 311,263 1, 474,415 1, 312,700 1, 394,538 l, 475,756 
Paint and varnish_~---------- 328,300 2M, 251 297,560 329,894 394,005 428,668 457,785 
Linoleum-.-------------------- 73,473 67,515 69,938 67,811 81,031 101,882 102,763 
Inks ____ ----------------------- 13, 284 10,431 13,419 15,644 18,000 20,206 28,213 Miscellaneous __________________ 204,358 159,818 239,072 257,959 288,688 321,833 351,766 

Loss--------------------------- 172,289 172,784 164,700 159,856 216,416 207,839 207,201 ------Orand totaL ____________ 3, T11,469 3, 355, 555 3, 614,641 4, 026,819 4,489,687 4, T15,241 4, 953,914. 

SOUBCB: United States Bureau of the Census, Animal and Veudable Fab and 0113. 

Section 3 

ExPORTS OF AGRICULTURAL PRoDucTs 

Exports of agricultural products naturally give rise to railroad 
freight, but it is impossible to segregate this traffic from total domestic 
traffic in agricultural products. If it is assumed that all exports of 
agricultural products enter into rail traffic, then the total tonnage of 
such exports in relation to total tons originating in agricultural prod
ucts in Class I railroads has varied from 14 percent in 1920 to about 5 
percent in 1935. Generally, it has been more nearly 10 percent of 
total tons of agricultural traffic originating. 

It is not true, however, that all agricultural exports enter into rail 
traffic. Some amount must move into Canada and Mexico over the 
road by truck. This is probably a very small item. .A much larger 
amount of exports in fresh and canned fruits, particularly in California, 
must move from the producing areas to the seaports by truck, and 
then be shipped directly to foreign countries without at any time 
entering into rail traffic. A still larger item is cotton, which is tradi
tionally shipped down the Mississippi River to New Orleans and then 
loaded onto cargo liners. 

The total tonnage of 35 principal agricultural· exports dUring five 
selected years is given in table 14. The exports of these products 
diminished from 19 million tons in 1920 to 10~ million ton8 in 1925, 
8~ million tons in 1930, and ·a little over 4 million tons in 1935. In-
1937 there was an unusual expansion of exports to over 10 million tons. 
This was unusual because countries which had drastically diminished 
their imports from the United States~uch as Germany...:....Suddenly 
began to buy large quantities of foodstuffs in the United States. Of 
course, since the beginning of the present war, agricultural exports 
have again suffered seriously. What the future will hold in respect to 
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agricultural exports is difficult to fathom. One should expect that 
upon the conclusion of the present war there would be a very large 
expansion of American exports in agricultural products, because of the 
reduction of plantings in the warring countries. What will happen 
after the initial spurt in exports following the cessation of hostilities 
is still more difficult to predict. One should, perhaps, expect again 
a reduction from the high levels that exports may reach immediately 
after the cessation of hostilities. Whether it will decline as low as 
the 1935 level or will be stabilized at around the 1925 or 1930 level is 
quite impossible to forecast. The effect upon rail traffic of an un
usually low level of exports in 1935 as compared with the levels of 
.1925 or 1930 probably will be between 2 and 3 million tons a year. 
When the items of cotton and sugar are disregarded, a slight upward 
trend of agricultural exports becomes visible between 1925 and 1937. 

TABLE 14 

Exports of selected domestic agricultural p~oducts during duignated year.r 
(Short t.ons] 

Commodity 1925 1930 1935 19371 

3, 241,0.'i0 3, 944,250 477,870 Wheat, including flotir -----------------------~--------- 3, 215,820 
619,575 ~2.925 20,400 Com, including ('(lrn meaL----·----------------------- 2, 601,525 
730,776 274,632 238.224 
294,5&1 152,:120 229.600 ~:!:d i:~~~~x :'!L~~-~~~~~==:::::::::::::::::: ~: ~ 
257,040 474,600 2'!5, 600 

217.840 
Apples, fn>.sh----------------------------------------·- 255,710 

90,120 159,360 Oranges·--·-------------------------------------------- 237, 2RO 
268,620 295,518 216,334 Tobacco. __ ----- ___ ---- __ ------------------------ __ ---- :?29, 773 
634,992 49.968 22,880 Oats, including oatmeaL----"------------------------- 197, 296 
354, 144 6,356 252 

42,265 
Rye, including floor ___________ "----------------------·- 184. 184 

24,0811 140,503 
79,5fi2 

Rice, including flour. meal, and broken ril-e.---------·- 155, 066 
Pork and pork prodoets •------------------------------ 1~4. 921 5.~6. 343 395,677 

75, 70!1 148,127 108,820 
67,614 62,550 54,508 K~W~;-~~~:::::::::::::::::~::::::::::::::::::::::: 1~~: ~~ 
35,603 67,335 62,072 Pears, fre.sb ____ ---------------------------------------- 67,374 

112, 2'!5 52,404 27.671 
18,676 

Starch. including comstarch___________________________ 61, 28.'i 
12,134 24,000 
13,266 42,770 3§,010 

~7. 178 41, 151! 
&::::~ruiCrn!sii~:::::::::::::::::::::::::::::::::::::: ~& ~~: 

37,938 
41,6110 37,1!112 51,479 

19,500 
~=h:~!~et~~.:-:::::::::::::::::::::::::::::::::::::: :: ~:::: 
Gluro98 and grape sugar __ ----------------------------- 2.1, 486 85.071 ~5. 286 

9,006 11,824 13,294 
39,493 14,481 

Apricots, dried ______ ----------------------------------- 16,339 
Milk, condensed and evaporated ......... -------------- 15,847 87,003 

12,417 19, OfiO 17,254 
14.774 9,512 13,377 

Apples, dried."c·-------------------------------------- 13,926 
Apricots, canned.-------------------------------------- 1:1,465 

18,772 17,654 11,846 
49, 190 16.059 

Pineapples, canned ... ---------------------------------- 12, 592 
_ Beef and beef prodorts •-------------------------------- 12, 00.1 76, 160 

7,499 2, 797 3, 175 
10,790 1,584 

Hops_;_________________________________________________ 2, 802 

Eggs in the shelL ................ ---------------------- 1, 791 20,9.18 
2, 047 AA7 569 

1,147 549 
Chee98.------------------------------------------------ 668 
Dutter-------------------------------------------------

1 
____ 

1 
_____ 1-__ -:--·I--:--486--2,640 

7, 814,670 6,646,875 2, 344,959 

2, 027,500 1, 762,000 1,599, 250 
Total • ___ ........ -------------------------------'l=~~==+~=:==:=:::=l=7=:~::::"'l==:'8,=:480::=:. 63:::3 

Cotton lint--------------------------------------------- 1, 474,750 
25,500 33,000 76,250 J.inters_________________________________________________ 88, 250 

358,253 43,680 10,080 
94,000 

Cottonseed cake and meaL .... ------------------------ 87. 300 
Sugar, raw and reftned .................................. I==~=:•====:===:======'I===:58.===000== 300,000 70,000 

2, 711,2531 1, 908,680 1 1, 779,580 TotaL........................................... 1, 708.380 

1 Preliminary. . 
• Includes C811Il8d, fresh,altedor pickled pork, lard, neutmllard, lard on, bacon,,hams and Wiltshire 

and Cumberland sides. 
1 Includes canned, cured and fresh beef, oleo oil, oleo stork, oleomargarine, tallow, and stearin from 

animal fats. • 
• Totals do not include duplications. 
SouBCB: U, B. Department of Agriculture. Agrkultural Stati&lica, 1939, table 001, pp. 433-4. 
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Even though 1935 was an extraordinarily bad year in agricultural 
exports-principally because of the severe drought which curtailed 
exportable surplus in many commodities to the vanishing point tand 
in fact, United States had to import several agricultural products 
from abroad to make. up the deficiency in domestic production), in 
the succeeding estimates of future growth in traffic of agricultural 
products, an allowance will be made for the possible loss in traffic if 
such conditions were_ to be repeated. 

Section 4 

TRAFFIC PoTENTIALITIES oF AGRICULTURAL PRODUCTS 

The foregoing discussion has indicated that traffic resulting from 
6omestic consumption of agricultural products will probably increase 
faster than population for the following reasons: (1) the westward 
movement of centers of agricultural production; (2) the concentration 
of population in the East; (3) the increase in consumption of processed 
foods; (4) improvement of packing and canning processes_ whicli 
reduce waste; (5) greater utilization of byproducts; (6) dispossession 
and urbanization of farmers. In addition, greater industrial utiliza
tion of agricultural products in the future will certainly increase rail 
traffic. On the other hand, the volume of agriculutural exports 
may remain at a much reduced level as compared with the decade of 
the 1920's. · 

The estimate of diversion from rail traffic to other modes of trans
portation in the future will be deferred to later discussion. Here the 
diversion that has already taken place will be taken for granted and 
will be assumed to be present in the same degree in the future. Most 
of the diversion took effect from 1925 to 1935, principally from 1930 
to 1935. The factors that contributed to this situation were de
pressed prices, which led shippers to resort to cheaper means of trans
portation, better delivery service provided by truck carriers, and 
the tendency towards "hand-to-mouth buying," and reduction of 
inventories. 

The average "tons originating" in agricultural products on Class I 
railroads during the 5-year period 1935 through 1939 was 103,153,000. 
Average population during those same years was 129,284,000. The 
estimate of average population in the decade of 195G-59 is 144,093,000 
on the basis of conservative assumptions of no immigration, medium 
fertility, and medium mortality.' Applying the ratio of growth of 
population as shown between the 1935-39 average and the 195G-59 
average, to the average tons originating in the earlier period, it 
appears that the corresponding average figure for 195G-59 of tons of 

'Natioaal Reeources Comm!ttee, Probkflll of• Clanufftl Populotitm, p. 2f. · 

298145-41-1 
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freight. originating in agricultural products would be 114,965,000 
tons. Similarly, the average population for the decade 196o-69 
is estimated to be about 149,341,000. Assuming a growth of traffic 
in agricultural products in proportion to population, the tons origi
nating on Class I railroads may be expected to be 119,155,000 
tons. These figures do not include any allowance for increase in 
traffic on account of the forces that are operating at the present time 
tending towards increase in the usage of agricultural products in 
processed form by consumers, and greater utilization in manufactur
ing processes. Neither do they include the effect of expulsion of 
farmers from the land and their possible urbanization in the future. 
Further, no allowance is made for the separation of the producing 
areas from the consuming areas by shifts in the centers of production .. 

These figures are valid on the premise that the forces tending 
towards an increase in traffic of agricultural products, proportion
ately greater than the increase in population, fully counteract any 
possible decline in foreign exports and interfarm· movements. If this. 
assumption is not considered defensible, then one might make an 
adjustment for possible decline in relative tonnage in agricultural 
products by deducting 2 million tons from the preceding estimatE's. 
for the decades of the 1950's and 1960's. 

The· above estimates are by no means definite predictions of ex
pected traffic in any one year, or of the average during the indicated 
periods. They are minimum estimates below which average traffic
conditions are not likely to descend. Considering all the factors. 
enumerated in this discussion, and the likelihood that the industrial 

· organization of the country will be better geared to productive effort 
than it was in the past decade, with resultant improvement in the
average standard of living, it is likely that actual rail traffic in agri
cultural products will be much above these figures. 



CHAPTER II 

TRANSPORTATION REQUIREMENTS OF 
MANUFACIURED PRODUCTS 

In the case of agricultural products, it is possible to anticipate 
future transportation requirements becalise fairly dependable esti
mates of population and per capita consumption figures in terms of 
weights are available. Where the products of manufacturing in
dustries are concerned, the problem is much more complicated, 
because there are no consumption figlires in terms of homogeneous 
units, and the task involved in converting manufacturing production 
into measurable units of weight is practically insurmountable. A 
further complicating element is the fact that manufactured products 
go through many stages of processing, and hence it would be neces
sary, in order to measure transportation in terms of weight, to con:. 
vert manufactured goods in every stage .Df production into weight 
equivalents, an unattainable objective. Since per capita consump
tion figures in terms of weights cannot be developed for all manu
factured goods, and annual series of total value of manufactured 
goods are not serviceable for the purpose of this report; it has been 
necessary to resort to an index of physical production. 

Section 1 

CoMPARISON oF PRODUCTION AND RAILROAD FREIGHT 

INDEXES 

The best available index of manufacturing production heretofore 
developed was examined to see whether it would be useful in an 
analysis of transportation requirements. The index in question is 
known as the Day-Thomas Index of Manufactures, developed by 
Prof. Edmund E. Day and Dr. Woodlief Thomas. The results ·of 
the researches of these two authorities were published in 1928 by the 
Bureau of the Census as a Census monograph.1 The index developed 
by Professor Day and Dr. Thomas as given in this monograph covered 
the period 1899 to 1923 for each biennial Census year. Dr. Thomas 
later developed the intercensal years by interpolation. The Federal 
Reserve Board and the Central Statistical Board carried this index 
forward to 1935.1 Since then, the Bureau of the Census has cooper-

• Census Monograph VIII, Tile lhOtDtli of Manu{aduru, 1899 to 19U, appendlz A; also see the Federal 
Bueroe BI.IUdin, FehruiiiT 1927, p. 100. . 

llllld. 

19 
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ated in carrying on this work. The intercensal years were estimated 
by these same organizations through a sampling process.• 

The Day-Thomas index includes all the major classifications of 
manufactured products. A comparison of the classifications in
cluded in the Day-Thomas index with railroad freight in manufactures 
indicates that both include approximately the same classes of prod
ucts, and hence the Day-Thomas index is serviceable in any future 
correlation with railroad freight traffic, so far as commodity com
position is concerned. 

In the Day-Thomas index, the physical units employed were 
weighted by value added in manufacturing. A proper index for the 
purposes of this report would be a straightforward index of physical 
units of weight. An index of manufactured products for the present 
purposes should be weighted, not by value added in manufacture, 
but by either tons originated or ton-miles, which are the basic mea
surements indicating the importance of each transportable commodity 
in the total demand for transportation. 

A correction of the Day-Thomas index to apply weights representing 
rail traffic in place of value added by manufactures was beyond the 
means of the Survey, since for most of the years the original data and 
compilations of the Day.:>fhomas index were inaccessible. Hence, 
it wa8 decid~>d to test the usef'\]}ness of the Day-Thomas index as 
presently constituted by comparing it with another index of physical 
production which was developed by the Interstate Commerce Com
mission for the very same PurPOse.4 The Interstate Commerce 
Commission index of physical production covers only a 10-year period, 
1928-37. T lS 

ABLE 

Year 

1928 ___________________ _ 
1929 ___________________ _ 

~~=::::::::::========= 
1932--------------------

lndeus of manufacturing production. 
(1928=100) 

Day-Tholll&'! I. C. C. Year inda inda 

100.0 
107.3 
85.0 
71.3 
66.5 

100.0 1933 ___________________ _ 
105.0 1934 ___________________ _ 
88.7 1935 ___________________ _ 
68.7 1936 ___________________ _ 

51.3 1931--------------------

Day-Tholll&'! L C. C. 
inda inda 

65.9 
68.5 
78.t 
95.1 

102.6 

58.4 
65.7 
74.7 
92.6 

100.5 

SoURCB: 0....... of Manufaduru 1937 and Fednal RuerH Bvlhtift August 1935, p. 500. Adjusted .to 
1928=100. Interstate Commerce Commission, Fluduatiom ita Railroad Freight Trajfic Gbmpared tDito\ 
Produdion, Clan I Steam RailtDGp,lfJI&-87, statement No. 3867, file 314-B-2. 

a In August, 11140, the Board of Governors of the Federal Reserve System published a revision of the indes 
of industrial production. The scope of the indes was broadened and new industries were given greater 
weight than they previously bad enjoyed. The most evident change resulting from the revision bas been a 
marked increase in the rate of growth of industrial production as measured by the indeL However, the 
substitution of the revised indes tor the Day-Thomas indes would not a11ect the net results of this study 
materially. The Federal Reserve Board indes would yield a higher estimate of productivity per worker 
and also higher estimates of future manufacturing production; this would be counteracted by a wider spread 
between the inda of production and railroad traffic, however, and the end result would be estimates of future 
railroad traflic only sllghtly hlgher than those based on the Day-Thomas indu which are made in subse
quent sections or this report. 

• Interstate Commerce Commission, Bureau of Statistics, .Fivduatiotll ita Railroad Freight Trajfic Gbtll
fHU"IIII •ito\ Produdloa, (.'14u I Sca111 RailtDa, .. 11128-a7, statement No. 3867, lile 314-B-2. 
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A test may be made of the tisefulness of the Day-Thomas index by 
comparing it with the Interstate Commerce index for the period 
during which they overlap. Such a comparison is presented in table 
15 and chart 1. These indicate that there are no radical deviations 
between the two indexes, and that both series behave almost identi
cally in major movements, as would be expected by those familiar 
with index number weighting. The Day-Thomas index may be used, 
thereforE', as e.-q>ressing the physical volume of production, which is 
of importance in measuring demand for transportation. 

Chart 1-INDEXES OF MANUFACTURIN<? PRODUCTION,I928-1937 
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In table 16 and chart 2 the Day-Thomas index (average 192o-24 
as base) is compared with an index of railroad freight tonnage originat
ing in Class I railroads in the products of manufactures and forestry• 
(also average of 192o-24 as base),' for the period from 1916 to 1939. 
It is clearly shown in chart 2 that the Day-Thomas index of manu
facturing production and the index of freight originated in Class I 
railroads moved almost identically from 1916 to 1924. There were 
slight deviations in 1918, 1919, and 1920, due in the earlier years to 
congestion of the railways, which caused the index of freight origi
nated to lag slightly behind production, and in 1920, due to the move-

I UnlesB otbenrise lndleated, bereafter prodncta ol III8DDfaetored freight toDDagll will actnally Include 
both products of manufactures and prodod of foresti'J'. 

• All indeus bave '-reduced to a bLoe ofw.D-24-100 1IDielll otbenrise Jnolcated. 
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ment of inventories, principally for export, which caused the railroad 
index to jump ahead of the production indeL For the rest of the 
period to 1924, the two indexes moved in identical pattern. From 
1924 on they began to diverge slightly, although the direction of their 
movements was still similar. This divergence would seem to be due to 
the introduction of truck competition. After 1929, both production 
and freight indices dropped precipitately, production from 138 to 
71 and freight from 128 to 51. There was a much sharper drop in the 
freight index than in the production indeL After 1932, both began 
climbing approximately in the same velocity, but retaining the newly 
established relative position, which seems to indicate a permanent 
divergence of the freight index from the production indeL This 
would seem to be due to a permanent loss of certain types of traffic by 
the railroads to competing means of transportation. This divergence 
between the two indexes amounted to about 30 percent in 1938, as 
compared with 1924, or 25 percent as compared with 1930. 

TABLE 16 

lndnes of manufacturing production and railroad freighl originating in 
manufactured and forest products on Class I railroads, 191 fr39 

Year 

1ll16 ___________ _ 

1917---------------
1918--------------1919 _______________ _ 

l920---------------
192L _____________ _ 
1922 _____________ _ 
192il_ ____________ _ 
1924 _______________ _ 
1925 _____________ _ 

1926-------------1927-----------------Jll28 _____________ _ 

Manufaetor-
ing produo-

&ion 

99.5 
100.0 
98.2 
95.4 
98.9 

15.6 
98.8 

117.0 
109.7 
122.3 

125.5 
122.0 
129.0 

[A.VS'IIIlllllll'»-lli'M=JOO] 

Railroad Manofadtlr- Railroad 
freigbt Year ing produo- freight 

ariginating &ion originatioc 

97.9 1929_ ----------------- 138.4 128.1 
102.8 

19aC) _________________ 
1011.7 104.1 

97.6 
91.7 

11131 _________________ 
91.9 75.5 

106.3 
11132 _________________ 

71.5 5L2 1933 _________________ 
85.1 51.3 

74.9 
1934 __________________ 

88.4 64.8 
93.3 11135_----------------- lOLl 72.0 

115.6 
110.0 

1936 _________________ 
122.7 81.9 

118.4 1937----------------- 132.4 97.6 1938 _________________ 
10L8 n.9 

121.8 
11139 __________________ 

121.2 85.4 
ll7.7 
123.2 

In the light of the foregoing analysis, the problem of determining 
transportation requirements of manufactured goods in the future 
necessitates reasonable assumptions with regard to (a) the average 
production index during some future period, say the decades of 1950-59 
and 196o-69, and (b) the divergence of the freight index from the 
production index. In the succeeding pages the bases of the assump
tions regarding these two are discussed in some detail. 
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Chart 2 - INDEX OF MANUFACTURING PRODUCTION AND INDEX OF TONS 
OF MANUFACTURED FREIGHT ORIGINATED, CLASS I RAILROADS,. 
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Section 2 

LIMITS oF FUTURE EMPLOYMENT PossiBILITIES IN 

MANUFACTURING 

In order to be able to estimate average possibilities in manufactur
ing production in a distant future, one would have to know what will 
then be the average employment in manufacturing, the average num
ber of hours of work, and the probable average productivity per man
hour. To be conservative in this estimate, our assumptions, there
fore, with regard to such items as employment, productivity, and 
hours of work will be judged in terms of past experience and present 
trends. This iS justified upon the a priori premise that with a popu
lation 10 to 15 percent higher than at present, and technology progress
ing at a rapid pace, we as a Nation cannot look forward to minimum 
levt>ls of activity bdow those experienced in a year of industrial 
demoralization such as 1932, and may even look forward to experi
encing periods of activity that are at least as high as 1929 and 1937 .. 
Employment in Manufacturing Industries. 

The best single series indicating employment in all manufacturing 
industries is that given in the Biennial Census of Manufactures. As 
shown in this Census, employment figures are given under two classi
fications-wage earners and salaried employees. These facts for the 
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period 1919 to 1937 are presented in table 17. This series is biennial, 
and does not indicate the marked decrease in the number of hours of 
work per employee since 1929. The latter problem will be treated 
later in connection with the discussion of productivity. The biennial 
series can, however, be completed to give an annual series indicating 
employment in manufactures. 

TABLE 17 

Numb~r of wag~ ~arners and salaried ~mployus in manufacturing industrus, 
unsus y~ars,1919-37 

Year 

1919 ___________________________________________ _ 

1921. •••••••••••••••••••••••••••••••••••••.••••• 
1923 •••••••••• -------~----------·-------------
·1925 ••••••••••••..••. --~-----------------------
1927 -- ----------------------------·-------------
1929 •••••••••••••••••••••••••••.•••••••.•••••••. 
1931. •••••••••••••••••••.•••.•••.••••••••••••••. 1933 ___________________________________________ _ 

1935 ••• ------------------~----------------------
1937- -------------------------------------------
1939 ·------------------------------------------

Wage 
earners 

8,431,157 
6,484,447 
8,202, 719 
7,8i9,508 
7,857,015 
8,380,536 
6,163,144 
6, 787,6ll 
7, :ooa, 794 
8,569,231 
7,887,242 

Salaried 
employees 

1,374,920 
1,086,639 
1, 284,365 
1,319,136 
1,231,600 
1,303, 735 

890,000 
770,314 

1,058, 501 
1, 217,171 
1,049,468 

Total em· 
ploymen& 

9,806.077 
7,5i0,986 
9,487, 144 
9,198,644 
9,088,615 
9, 684,271 
7,053,144 
6,557,925 
8, 262,295 
9, 786,402 
8,936, 710 

• No actual data; estimated on basis of 1929 and 1931 ratios; 14.5 percent of wage earners. 
I Preliminary. 

SOUIICB: Cm8UI of Mflflu/oduTu, 1937. 

Salaried 
employees. 
percent ol 

&otal 

14.0 
14.4 
13.5 
14.3 
13.6 
13.& 

112.6 
11.7 
12.8 
12.. 
1L7 

The United States Bureau of Labor Statistics publishes a monthly 
series of wage earners employed in manufacturing.' This series is 
constructed on the basis of monthly reports from individual concerns 
operating in 87 industries. This sample series is periodically checked 
with the results of each Census of Manufactures, and is revised if 
necessary. The latest revision was that made to agree with the 1937 
Census of Manufactures. The data for 1938 and 1939 are, therefore, 
subject to possible revision when the final data for the 1939 Census of 
Manufactures are published. The Bureau of Labor Statistics series 
is published as an index number with the monthly average 1923-25 ns 
100.- It is presented in the second column of table 18. 

Since the Bureau of Labor Statistics index is comparable to the 
Census data, we have interpolated the intercensal years according to 
fluctuations in the Bureau of Labor Statistics Index. The results are 
given in the third column of table 18. In the fourth column the annual 
employment figures are reduced to relative basis, with the average of 
1920-24 as 100. 

From table 18 it appears that employment in manufacturing was at 
its highest in 1920, when there were 9,861,768 people estimated to be 
engaged in manufacturing. With the exception pf 1921, 1922, and 

r United States Bureau of Labor Statistics, MORtAlr L6bl1r &.iN. 
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1924, employment in this field ·remained above 9 millions throughout 
the decade of the 20's. After 1929, there was a precipitate decJ..4le to 
a low of 5,955,729 in 1932. From then on employment in manUfac
turing climbed appreciably year by year, until in 1937 it reached 
almost the level of 1920, with 9,786,402 people engaged in manufac
turing. There was a pronounced decline in 1938, but improvement 
bas been in progress since then. Preliminary estimates for late 1940 
and early 1941 indicate that manufacturing employment has again 
reached 1929levels. 

TABLE 18 

Estimated annual numb" of wage earnN"s and salaried employees in 
manufacturing industries, 1919-39 

Ye&l' Total em· ~e~·c~9zJ- Interpolated Index (1921)-
ploymeni 2.'i=100) -ws 21=100) 

1919-------------------------------------------- 9, 806, 077 19:11 ___________________________________________ --------------1921____________________________________________ 7, 670, 986 
1922 ___________________________________________ --------------11123____________________________________________ II, 487,144 

1m ____________________________________________ --------------
1925____________________________________________ 9,198, 644 
1926 ____________________________________________ --------------

1'01 ------------------------------·------------ II, 088,616 1928 ___________________________________________ -------------

1929 ---------------------------------~---------- 9, Ill*. 271 1930 ___________________________________________ --------------
1931____________________________________________ 7. 053, 144 
1932 ___________________________________________ --------------
11133___________________________________________ 6, 557,925 

1934-------------------------------------------- --------------1935____________________________________________ 8, 262,295 
1936 ____________________________________________ --------------

:~:::::::::::::::::::::::::::::::::::::::::::: ----~~~-~-19311___________________________________________ 8, 936, 710 

106.7 
107.1 
82.0 
90.7 

103.8 

96.4 
99.8 

101.7 
99.6 
99.7 

106.0 
92.4 
78.1 
66.3 
73.4 

85.7 
91.3 
99.0 

108.6 
89.7 
97.4 

9,806,077 
9,861, 768 
7,570,986 
8,331, 702 
9,487,144 

8,847,592 
9,198,644 
9,330,975 
9,088,615 
9,107,005 

9,11l*, 274 
8,392,692 
7,053,144 
6,955, 729 
6,557,925 

7, 706,144 
8, 262,295 
8, 939,700 
9, 786,402 
8,081,970 
8,936, 710 

111.2 
111.8 
85.8 
94.5 

107.6 

100.3 
104.3 
105.8 
103.0 
103.3 

109.8 
95.2 
80.0 
67.5 
74.4 

87.4 
93.7 

101.4 
111.0 
91.6 

101.3 

BoUBCE: Cftutu of' Mrmufadwra, 1937. United States Bureaa of Labor Statistics, MontfllJ Labor 
&.W, November 1939 BDd Aprilt940. 

Manufacturing Employment Relative to Population. 

It is significant that employment in manufacturing should reach 
approximately-comparable levels in the three peak years of 1920, 1929, 
and 1937. Over this span of years, :uopulation had increased by at 
least 20 percent. This is important because it explains why produc
tive activity and manufacturing employment in 1937, comparable 
with the last years of the previous decade, were considered unsatis
factory, for there still remained large numbers of unemployed people 
in 1937 in spite of better than average industrial activity. Hence the 
assumptions of minimum and maximum employment which may 
be considered possible in· the future will be defined here in terms of 
relation of employment to population. 

For this reason, the relation of employment to population in past 
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years is shown in table 19 and chart 3. Table 19 presents an index of 
manufacturing employment relative to population. This consists 
simply of the annual relative figures of the ratio of manufacturing 
employment to population. In c~art 3 this series is plotted along 
with the index of manufacturing employment given in table 18, and 
with the production index given in table 16. 

TABLE 19 
Gainfully employed persons in manufacture as a percent of total population, 

1919-39 

Year 

1919 ••••• _______________ 

1920.-------------------1921. ___________________ 

1922--------------------. 1923 ____________________ 

1924 ____________________ 
1925 ____________________ 
1926 ___________________ 

1927--------------------
1928.-------------------

1929 ••• ~----------------
1930. ··-----------------
1931.-------------------

Source: Bee table 20. 

Percent of 
population 

9.34 
9.26 
7.00 
7.68 
8.61 

7.82 
8.01 
8.01 
7.69 
7.60 

7.97 
6.82 
6.68 

Inde:r: Manu
facturing em· 
ployment+ 
population 

(average 
192G-24=100) 

116.2 
116.2 
87.1 
94.3 

106.9 

97.3 
99.7 
99.7 
96.7 
94.6 

99.2 
84.9 
70.7 

Year 

1932. ___________________ 

1933.-------------------

1934 •• '------------------1935 ____________________ 
1936 ____________________ 

1937 •• ------------------
1938 •••• ----------------1939 ____________________ 

Average: 192G-29. ____________ 
1931-M _____________ 
1931H9 _____________ 
1930-39 _____________ 

Inde:r:Manu 
facturing em 

Percent of ployment + 
population population 

(average 
192G-24~ 100) 

4.77 69.4 
6.21 64.8 

6.09 75.8 
6.48 80.8 
6.96 86.6 
7.67 94.2 
6.21 77.3 
6.80 84.6 

7.95 99.0 
5.45 67.8 
6. 75 84.0 
6.25 77.8 

Chart 3 -INDEXES OF MANUFACTURING PRODUCTION AND 
EMPLOYMENT, 1919-1939 
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Since 1925, there has been a'reduction in the proportion of the popu
lation employed in manufacturing industries. Although whe:q pro
duction increased as it did in 1937, manufacturing gave employment ' 
to persons in absolute numbers comparable to the level of the 20's, 
manufacturing did not absorb as large a proportion of a growing popu
lation. Whether this indicates a permanent reduction of the percent
age of the population that may in the future expect to find employment 
in manufacture cannot be asserted with certainty. It is clear, how
ever, that the early years of the past decade were not favorable for 
employment opportunities in manufacturing. In 1932 as little as 
4.77 percent of the total population were employed in manufacturing, 
compared with 7.97 percent in 1929 and 7.57 percent in 1937. This 
was the period when unemployment estimates ranged from 9 to 15 
million people, and the Federal Government had to add to the pur
chasing power of the country huge sums of money, ranging between 
$1,500,000,000 in 1934 and $2,500,000,000 in 1936.8 

The condition of employment or unemployment is determined not 
merely by manufacturing activity, but by total employment in all 
lines of business. In 1932, when the proportion of total population 
working in manufacturing enterprises was down to 4.77 percent, only 
31 percent of the population was employed in any occupation. 
This is to be compared with 39 percent in 1929. If we are to make 
assumptions with regard to the tolerable minimum of manufacturing 
employment, it is necessary to study the relation of this segment of 
employment in relation to the total. 

Employment in manufacturing is basio to total employment. This 
is clear from an examination· of table 20 and charts 4 and 5, where 
manufacturing employment and total employment are compared for 
the decennial census year, 1870-1930, and during the decade 1929-39. 
Chart 5 indicates that unti11920, in each census year employment in 
manufacturing became more and more important in relation to both 
total employment and population. During the twenties this trend 
was reversed slightly. While total employment at the beginning and 
end of the decade stood, relative to population, at about the same 
level, 40 percent, employment in manufacturing lost ground. This 
reversal of trends had fundamental reasons, among them the increasl;) 
in productivity per man-hour in manufacturing without compensating 
reduction in hours of work, as will be shown later in this chapter. 
These reasons, however, were not strong enough to vitiate the funda
mental dependence of total employment on manufacturing employ
ment, for after 1929 when the latter dipped severely, total employment 
declined in direct response. And after 1932 when manufacturing 
employment picked up, total employment also began to improve. 
The minimum and maximum levels of both manufacturing and total 

1 U. s. Dep&rtment of Commerce, National Income Section, Worl: Rdle/ Wagu. 
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employment are experienced almost simultaneously. At the mmr
mum level, in 1932, the proportion of manufacturing employment to 
total population was 4.77 percent, while that of total employment to 
population was 31.1 percent (31.0 percent in 1933), and the ratio of 
manufacturing employment to total employment, 15.4 percent. 

TABLE 20 

Employment tn the United States, census years, 1870-1930, annually 
1929-38 

Percentage of total Manufac-
Manufac- Total em-

population turing em-
Year turing Population ployment 

employment ployment 1 as percent 
Manufac- Total em- of total em-

turing ployment ployment 
-------

CENSUS YEARS Persons Persons Persons 
1870 _____________ ------------ 2. 707,421 12,505,923 38,558,371 7.0 32.4 21.6 
1880 ________ ----------------- 3, 784,726 17,392,099 50,155,783 7.5 34.7 21.8 
189Q _____ -------------------- 5, 678,468 23,318, 183 62,622,250 9.1 37,2 24.4 
1900 _____ -------------------- 7, 085,309 29,073,233 75,994,575 9.3 38,3 24.4 
1910 _____ -------------------- 10,656,545 37, 167,337 91,972,266 11.6 40.4 28.7 1920 _________________________ 12,831,879 41,614,248 105, 710, 620 12. 1 39.4 30.8 
1930 ______ ------------------- 14, 110,652 48,829,920 122, 775, 046 11.5 40.0 28.9 

ANNUAL YEARS 
1929 ___ ---------------------- 9, 684,274 47,737,000 121, 526, 000 8.0 39.2 20.3 1930 _________________________ 8,392,692 45,350,000 123,091,000 6. 8 36.8 18.5 1931. ________________________ 7, 053, 144 42,415,000 124, 131,000 5. 7 34.2 16.6 
1932 ... ---------------------- 5, 955,729 39,104,000 124, 97 4, 000 4.8 31.3 15.2 
1933 ___ ---------------------- 6, 557,925 40,871,000 125, 770, 000 5. 2 32.5 16.0 
1934 _____________ ------------ 7, 706, 144 43,256,000 126, 626, 000 6. 1 34.2 17.8 
1935 ___ ---------------------- 8, 262,295 45,407,000 127, 521, 000 6. 5 35.6 18.2 
1936 ... ---------------------- 8, 939,700 48,033,000 128, 429, 000 7.0 37.4 18.6 
1937------------------------- 9, 786,402 48, 536,000 129, 257, 000 7.6 37.5 20.2 
1938 ____ --------------------- 8, 081,970 46,969,000 130, 215, 000 6. 2 36. 1 17.2 

1 Includes (1) average number of persons in Agricultural Employment (Farm Labor) as of the first of each 
month: (2) average numher of persons engaged at any time of the week ending nearest middle of each month 
in nonagricultural employment including self-employed and firm members, casual workers, and domestic 
servants excluding military and naval forces. The totals for the United States have been adjusted to con· 
form to tbe figures shown by the 1930 Census of Occupations for the number of nonagricultural "gainful 
workers" less the number shown to have been unemployed for 1 week or more at the time of the census; 
(3) average number of persons employed on Federal Works program during the calendar month, including 
Civil Works program, Work Projects Administration, Public Works Administration (Federal and non
Federal), general work relief and excluding National Youth and Civilian Conservation Corps. 

SOURCES: Employment in Manufacturing: United States Department of Commerce, Bureau of the 
Census. Census years: 1870, Ninth Census of the United States, 1870, vol. I, The Statistics of the Population 
of the United States, p. 671; 1880-1900, Thirteenth Census of the United States, 1910, vol. IV, Population, p. 41; 
1910-30, Fifteenth Census of the United States, 1930, Population, vol. IV, Occupations by States, p. 6. Annual: 
See t. 18. Total employment-Census years: United States Department of Commerce, Bureau of the 
Census, Fifteenth Census of the United States, 1930, Population, vol. IV, Occupations, by States, p. 6. Annual: 
Agricultural: United States Department of Agriculture, Agricultural Marketing Service; Data for 1930-36 
are from Works Progress Administration, National Research Project, Report No. A-8, Philadelphia, Pa., 
Trends in Employment in Agriculture 1909-36, p. 163. Nonagricultural: United States Department of 
Labor, Bureau of Labor Statistics, mimeographed statement of December 1940, Estimates of Nonagricultural 
Employment. Federal Works Program: Federal Work Agency, Work Projects Administration, Federal 
Works Programs and Public Assistance, November, 1940. 

POPULATION: United States Department of Commerce, Bureau of the Census; for Census years, Fifteenth 
Census of the United States, 1930, Population, vol. IV, Occupations, by States, p. 6; for 1929-38, 
Statistical Abstract of the United States, 1939, p. 10. 

The conditions of employment in 1932-33 seem to define a scale 
of employment politically intolerable. 'l'heir repetition would not 
guarantee social stability for any length of time. In fact, the history 
of the past decade indicates that the limit of tolerance is above the 
levels of 1932-33. When business recession set in during 1937 
(although manufacturing employment had reached a level comparable 
with 1929, total employment absorbed 3.5 percent less of the total 
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Chart 4 - MANUFACTURING AND- TOTAL EMPLOYMENT RELATIVE TO 
POPULATION, 1929-1939 
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Chart 5- MANUFACTURING AND TOTAL EMPLOYMENT RELATIVE TO 
POPULATION, CENSUS YEARS. 1870-1930 
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population than in 1929), the Congress deemed it expedient in 1938 
to appropriate large sums of money for public works. In 1938 the 
proportion of employment in manufacturing to total population was 
6.2 percent, and of total employment to population, 33.6 percent. 

Thus, the conditions during the 1930's cannot be considered satis
factory, but by one means or another the Government succeeded in 
maintaining social stability. The average proportion of employment 
in manufacturing to total population during this decade must be 
considered a minimum basic factor in the total employment situation 
which might keep the country on the safe side of disruptive social 
unrest. 
Minimum and Maximum Employment Conditions. 

The average employment conditions during the decade 193Q-39 
would certainly be conceded as a minimum for any future decade. 
Defined in relation to population, this minimum condition pre
supposes employment in manufacturing 6.25 percent of total popula
tion. It is possible that in the future such a condition will be con
sidered less than minimum, indeed, politically intolerable. For 
present purposes, it is assumed as a minimum limit of possibility. 

The National Resources Committee's study of population indicates 
that a conservative estimate of population in 1955, assuming medium 

. mortality, medium fertility, and no immigration, would be 144,093,000 
and in 1965, 149,341,000. As the growth of population is evenly dis
tributed, with nearly equal percentage growth from year to year, 
these mid-decade :figures are taken as representative of the average of 
the decade. Applying to these :figures 6.25 percent as a minimum 
estimate of gainful employment of the total population in manufac
turing and forestry products, we obtain a :figure of slightly over 9 
million people in the decade of the 50's and 9,333,000 in the 60's. 
At these levels, employment in manufacturing and forestry products 
in the 50's would be much lower than in 1937, and nearer the levels 
of 1936 and 1939. When one considers that population will be 
almost 15,000,000 greater, and with a change in the age distribution 
of the population, a proportionately larger percentage would be 
available for gainful employment, an assumed absolute amount of 
employment in manufacturing that compares with 1936 and 1939 
would not, certainly, seem to be too optimistic. In the decade of the 
60's, the assumed average employment in manufacturing of 9,333,000 
would compare with the level of 1926 and would be lower than the 
levels of 1929 and 1937, even though population would be between 23 
and 20 million greater than in those respective years. 

During the decade 192D-29, the average ratio of employment in 
manufacturing to population was 7.95 percent. If this percentage is 
carried into the succeeding two decades, in the light of the medium 
population estimates of those periods, average manufacturing em-
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ployment in the 1950's would· be 11,455,000 and in the 1960's• 
11,875,000. At these levels, manufacturing would be giving employ
ment to about 2 million people more than the best years in the !past 
two decades. This in the face of an increase of 15 to 20 million persons 
in total population-which means that of the 6 to 10 million additional 
people fit for employment, all but 2 millions would have to find em
ployment in enterprises other than manufacturing. It would seem 
that the assumption of 6.25 percent of the population to be employed 
in manufacturing is indeed too low and that 7.95 percent is clearly 
not beyond the probability of achievement. Without overreaching 
the bounds of practical possibilities, one can easily assume some 
middle point between these two percentages as an extremely con
servative estimate for the future. At 7 percent of the population 
gainfully employed in manufacturing, the average of the decade of the 
50's would be 10,085,000 and the average of the decade of the 60's 
would account for 10,450,000 as possibilities of employment in 
manufacturing. · 

Section 3 

HouRs oF WoRK AND PRoDUCTIVITY IN MANUFACTURING 

In order to be able to translate any estimates of the number of g~in
fully employed people into production figures, it is necessary to make 
assumptions with regard to average hours of work per week per wage 
earner and productivity per man-hour. 

The National Research Project of the Works Progress Administra
tion made a careful canvass of the available indexes of the weekly hours 
of work per wage earner. It developed a series based upon sample 
studies of the Bureau of Labor Statistics, the National Industrial 
Conference Board and the Census of Manufactures! · The National 
Research Project series covers the period 1919-36.10 The Bureau of 
Labor Statistics supplies a series that covers the period 1932-39. 
These two series are presented in table 21. The index of weekly hours 
of work presented in this table, on the basis of 192Q-24 as 100, covers 
the National Research Project series up to and including 1931, and 
the Bureau of Labor Statistics series from then on.11 

The resultant series indicates that hours of work remained fairly 
consistent around 48 hours per week from 1920 to 1929. Beginning in 
1930, there was a gradual diminution in the hours of work; in 1935, 
according to the B. L. S. series, the average hours worked were 35.5. 
In 1939, the average hours worked per wage earner were reported to 

• For a discussion of tbe method of derivation of ttie Nati0D81 Besearcb Projeet; BBrieB,- Prodtldfon. 
Em~. •fl4 ProtltUtmtr ita u MtJrtu/lldurifl# Indrutriu, pt. I, pp. 61-M. 

.. .f1Ji4., p. 66. 
u Tbe industrial coverage of the N atlooal Researeb Project series is fairly comprehensive. It includes all 

tbe principal manofactwiog Industria&.. The percentage of wage earners in th8 industries lnclnded by th8 
ample studies varies in th8 ease of each industry, ranging from 91 percent of wage eamers in automobile 
mannracturiog liO '11 peroen& for bread and bakery prodncta. 
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TABLE 21 

Ar~~rag~ hours work~d p~r wuk p~r wag~ ~arn~r in ul~cud manufacturing 
industrus, 1920-39 

Year 

1920 ______ _ 
11l21 ______ _ 
1922 ______ _ 
1923 ______ _ 
1924 ______ _ 

1925 _______ _ 
1926 ______ _ 

192'7 -------1928 ______ _ 

1929 __ -----

National 
Research 
Project 

Htmrl Hw.r~ 

48.2 ------------
46.8 ------------
48.2 -----·------
48. 4 ------------
46. 8 ------------

48. 0 ------------
48. 2 ------------
48. 3 ------------
48. 1 ------------
48. 2 ------------

101.8 
117.3 

101.3 
101.7 
118.4 

100.9 
101.3 
101.6 
101.1 
10L3 

Year 

1930 _______ _ 
1931 ______ _ 
1932 _______ _ 
1933 ______ _ 
1934 ______ _ 

Hw.r• Haurr 
44.6 ------------
43.0 ------------

(38. 3) 38.2 
(38.4) 37.8 
(36.8) 34.6 

1935_______ (38. 8) 38.5 
1936_______ (38. 7) 39.1 
1937------- ----------- 38.6 
1938 _______ ------------ 3/i 5 
1939 _______ ------------ 37. 6 

113.6 
90.4 
80.3 
79.4 
72.6 

76.7 
82. :II 
81.1 
74.8 
78.8 

BoUBCE: Workll Progress Administration National Research ProJect. Produdiml, EmployfMftt tmd Prod'* 
tmtv itl69 Manu[acuri'tlf Irulmtriu, Report 8-J: United States Bureaq of Labor Statistics, MrmUtlr Labar 
RCIIitW, Aprll 1940. 

be 37 .5. The question that must be resolved for the present purposes 
is, What would be a. reasonable assumption for the average length of 
the work week in the decade of the 50's and 60's? The reduction of 
hoUrs shown in table 21 includes the changes that took place during 
the 30's, effectuated through legislative enactments and part-time 
work, and through staggering of employment and share-the-work 
programs employed during the depression. This reduction is shown 
graphically in chart 6. Unless there is. a national emergency, it would 
not seem likely that the statutory standards introduced during the 
30's will be relaxed to any appreciable extent, particularly since labor 
unions jealously guard the advantages hitherto gained in this line. On 
the other hand, the possibilities of reducing the work week by further 
legislative enactments or through collective bargaining agreements 
below 37~ hours a. week would seem to be limited. In the worst period 
of the depression of the 30's, no agitation appeared advocating a reduc
tion of hours below 30 hours a week, and there was no effective voice 
even for this claim. The best that could be achieved was national 
legislation reducing hours of work to 40 by October 1940. The ques
tion here presented is not whether a. drastic reduction of the work week 
to a level of 25 percent below the statutory limit, as demanded by the 
most advanced proponents of reduction in hours of work, is desirable; 
the question is whether it is politically and economically possible in 
the next decade or two. It is impossible to anticipate such a. develop
ment so closely related to political action. In order to be conservative, 
however, we shall assume an average work week of 35 hours in manu
facturing industries during the decades of the 50's and 60's. This 
may be a. distinct possibility, if the work week is reduced to 5 days, 7 
hours a. day. Even if there is no substantial change in the statutory 
limits now established, 35 hours a week may still be achieved, consider-
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ing the possibilities of voluntary agreements on the part of employers; 
and also in view of the fact that this estimate includes part-time 
employment. 

The next problem is to establish a reasonable assumption with re
gard to the productivity of workers per man-hour. · Having this, it 
should be possible, with the estimate of average weekly hours of work 
and the various levels of employment assU.m.ed for the future, to esti
mate the index of future production of manufactured products within 

Chart 6-AVERAGE HOURS WORKED PER WEEK PER WAGE EARNER IN 
SELECTED MANUFACTURING INDUSTRIES, 1920-1939 
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the limits of minimum and maximum employment which have been 
selected as conservative possibilities. 

First, it is necessary to study the past record of production per 
man-hour. 'l'here are no original data. measuring man-hour production. 
This can be obtained only by resort to statistical methods, which have 
received widespread acceptance in similar studies. The statistical 
methods involve two separate steps~ In the first step, production 
per wage earner is obtained, and from this, in the second step, produc
tion per man-hour is derived. In each case it is necessary to work by 
means of indexes, as it is difficult, for lack of a homogeneous unit of 
measurement in manufacture, to obtain a figure of production per wage 
earner or per man-hour for all manufacturing industries in anything 

298145--41---4 
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but index numbers. To obtain the index of production per wage 
earner it is necessary to divide the index of production as given in 
table 16 by the index of employment as given in table 18. The re
sultant index expresses the production per wage earner over the past 
years on the same relative basis, with the average of 1920-24 as 
100. With this index at hand, it is now possible to derive the index of 
production per man-hour. Since the index of hours of work per week 
per wage earner is available, one has only to divide the index of produc
tion per wage earner by the index of hours of work per week per 
worker to obtain the index of production per man-hour on the same 
relative bases, the average of 1920-24 as 100. 

These calculations have been made and the results are presented 
in table .22. Column 1 of this table repeats the index of physical 
production as given previously in table 16. Column 2 reproduces 
the index of employment as given in table 18, and column 3, which is 
the index of productivity per worker, is obtained by the division of 
column 1 by column 2. Column 4 repeats the index of weekly hours 
of work per worker from table 21. By dividing this into column 3, 
the index of productivity per worker, column 5, is obtained, which is 
the final result f!,imed at-namely, the index of productivity per 
man-hour. . 

The indexes of productivity per worker and productivity per man
hour are graphically presented in chart 7. This chart clearly shows 
the fact that the index of productivity per man-hour has steadily 
progressed upward from 86 in 1919 to 159 in 1939, an increase of 
almost 100 percent over a period of 21 years. The index of produc
tivity per worker kept pace with the index of productivity per man
hour until1929. That was due to the fact that, as shown in chart 3, 
while employment remained within stable limits during the 20's, 
production was moving constantly upward; hence, productivity per 
worker and per man-hour moved together. From 1929 on, however, 
with reduction of hours of work and the increase of part-time employ 
ment, productivity per worker began to fluctuate around a horizontal 
plane, whereas productivity per man-hour continued to increase 
progressively at nearly a constant rate. Whereas there are legal 
and economic factors that affect the number of man-hours worked 
during a given time interval, such as legislation bearing upon the 
hours of work, labor contracts, and enforced part-time employment.. 
which influence the total productivity per worker, productivity per 
man-hour is principally affected by technology. Of course, such 
factors· as labor contract limitations on rate of production, health 
regulations, and company policies may influence the rate of operation 
of workers and hence the productivity per man-hour. Generally, 
technological factors remain the principal influence bearing upon 
output per unit of time. 
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TABLE 22 

Indr.us of employment, production, and productirrity in manufacturing 
· . industries, 1919-39 

Year 

1919 •••••••••••••••••••••••• ~----
1920 ••••••••••••••••••••••••••••• 
192L •••• --------···--·----------
1922----··-·---------------------
1923---···-·--------------------
192t. ···--------------------··-·-1925 ____________________________ _ 

1926------·-···------------------
1927 ----------------------------
\V.,_ ---------------------------

•929. ·--------------------------
.&. ... - ., _____________________________ -

1931 ___________________________ _ 

1932.-·--------------------------1933---------··---------···------
1934- •• ·- ---- ---- --·--·----- --
1935-. ·-·-- ---- -----------·-
1936 ••••••••••• .-----------------
1937--·---··---------------------
1938 •••••••••••• -----------------
1939-----------------------------

t Estimated. 

[Average 19»-2t=100) 

Physical pro- Employ.. Productivity 
dnction ment .per worker 

95.4 111.2 85.8 
98.9 111.8 88.6 
75.6 85.8 88.1 
98.8 94.6 104.6 

117.0 107.6 108.7 

109.7 100.3 109.4 
122.3 104.3 117.3 
126.5 105.8 118.6 
122.0 103.0 118.4 
129.0 103.3 1.24. 9 

138.4 109.8 126.0 
109.7 95.2 115.2 
91.9 80.0 114.9 
71.5 67.5 105.9 
85.1 74.4 114.4 

88.4 87.4 101.1 
101.1 93.7 107.9 
122.7 101.4 121.0 
132.4 1ll.O 119.3 
101.8 91.6 11L1 
127.2 101.11 125.6 

Weekly hours 
per worker 

~~uctivity 
per man-hour 

1100.0 185.8 
10L3 87.4 
97.3 90.5 

101.3 103.3 
10L7 106.9 

98.4 111.2 
100.9 116.3 
101.3 117.1 
101.6 116.7 
101.1 123.5 

101.3 124.0 
93.6 123.2 
90.4 127.1 
80.3 131.9 
79.4 144.1 

72.& 139.4 
76.7 140.7 
82.2 147.2 
81.1 147.1 
74.6 148.9 
78.8 159.4 

SoUBCB: Physical production, table 16; Employment, table 18; Productivity per worker, Physical pro
duction divided by emJlloyment; Hours per worker, table 21; Productivity per man-hour, Productivity 
per worker divided by hours per worker. 

What is likely to be the progress in the index of productivity per 
m \L-hour over the next 20 or 30 years? If one were to project into 
•ue f1.ture the rate of growth experienced in the past, the average of 
the index of productivity in the decade of the 50's would approach 
220 on the basis of the average of 192Q-24 as 100, in comparison with 
1929 as 124 and 1939 as 163, and the average of the decade of the 
60's would be 260. There are no indications that the pace of tech
nological advance has slowed down. On the contrary, all known 
factors bearing upon technological improvement in industry lead to 
the expectation of continued improvement in man-hour performance: · 

It may be objected that the rate of progress during times of depres
sion is usually accelerated by the desire of industrial concerns to save 
upon their costs, and by the breathing spell which partial operation 
gives them to introduce technological improvements, and by the usual, 
policy of dispensing with the services of the least productive workers 
first. · Hence, one might say the progress experienced during a time 
of depression should not be projected into the future on a uniform 
basis when there may be a period of more intensive industrial activity 
which may necessitate sacrificing possible improvements in the 
technological structure of industry. This; however, is not supported 
by the index of productivity per man-hour. Curiously, the progress 

·made between 1920 and 1929 is almost exactly the same in number of 
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points as the progress made during the period 193Q-39-namely) 
approximately 40 points per decade. It is reasonable then to assume 
that progress will be effective regardless of the general condition o! 
business; hence, no assumptions need be made as to whether average 
business conditions in the decades of the 50's and 60's would be good, 
bad, or indifferent. This gradual improvement in productivity per 
man-hour is explainable by the fact that industrial improvements do 
not come in jumps, involving major discoveries, but they are the 

Chart 7 -INDEXES OF PRODUCTIVITY PER WORKER AND PER MAN· 
HOUR IN MANUFACTURING INDUSTRIES, 1919-1939 
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result of slow and continual research and partial improvements 
undertaken step by step and from year to year. Industrial plants 
are not ordinarily rebuilt completely in one operation, but arc im
proved as more up-to-date machinery becomes available. And even 
if in certain industries there are cases, such as recently occurred in 
the steel industry, where large plants are constructed with the purpose 
of superseding existing plants, the . average index need not reflect 
such individual cases as violent movements, because industry at large 
still maintains a. gradual rate of displacement of old machinery and 
old methods with the new. 

In order to protect our estimates against a too liberal interpretation 
of past trends in their application to the future, the average indexes o! 
productivity per man-hour for the 50's and the 60's may be reduced 
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by approximately 10 percent, giving thereby 200 instead of 220 for 
the decade of the 50's and 235 instead of 260 for the decade of the 
60's. That these assumptions are very conservative is shown by the 
fact that in the next two decades improvement is assumed in produc
tivity per man-hour, which is less than the improvement ~ctually 
-experienced during each of the past two. decades. These estimates 
are conservative in the light of the tendency toward larger units of 
production in industry and mass production methods in many enter
prises now operating under a custom-built system of production, such 
.as the airplane industry; the introduction of synthetic materials, 
plastics, and chemurgic processes; and the utilization of electricity to 
an increasing degree in industry. 

Section 4 

SuMMARY EsTIMATE oF TRAFFIC IN MANUFACTURED 
AND FoRESTRY PRoDUCTS 

To this point, there have been estimated minimum, maximum and 
eonservative numbers of gainfully employed persons in manufacturing 
in the decades of the 50's and 60's, the possible number of hours of 
work per wage earner per week, and the index of productivity per 
man-hour. It will be recalled that assuming the same ratio of em
ployment in manufacturing to total population as existed during the 
decade of the 30's (6.25 percent), there might be an average of gain
fully employed people in manufacturing of slightly over 9 millions in 
the decade of the 50's, and 9,333,000 in the decade of the 60's. On 
the basis of the maximum assumptions that were obtained by apply
ing the average ratio of the gainfully employed people in manufactur
ing to employment as it existed during the decade of the 20's-namely, 
7.95 percent-to the population that would exist on the average in 
the 50's and 60's, there was obtained an est¥nate of 11,455,000 and 
11,875,000 people, respectively, for those two decades. With a. me
dium conservative assumption involving a 7 percent relationship, on 
the average, between gainfully employed people in manufacturing and 
total population, the absolute numbers would be 10,085,000 and 
10,450,000. Reduced to a relative basis, with the average of 192o-24 
.as 100, the ininimum assumption would give an employment index 
in manufacturing of 102.1 for the decade of the 50's and 105.8 for the 
decade of the 60's. On the maximum basis, the respective indexes 
will be 129.9 and 134.7, and on the conservative basis 114.4 and 118.5. 

The productivity per worker for these future periods may be ob
tained by multiplying the index of productivity per man-hour with 
the index of the number of hours per week per worker here assumed. 
The average length of the work week that is assumed here is 35 hours 
a week. This, converted to a relative basis with the average of 
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192o-24 as 100 gives 73.5 as the index of the hours of work per week. 
In order to obtain productivity per hour in the future, this must be
multiplied by the index of productivity per man-hour-namely, 200 
for the decade of the 50's and 235 for the decade of the 60's. The
resultant index of productivity per worker gives 147.0 and 172.7 for 
the two successive periods, respectively. 

It is possible, now, to estimate the indexes of physical production 
on the basis of 192o-24 as 100 by multiplying productivity per wag& 
earner with the employment index. The results are tabulated in 
table 23, where these calculations are made for all three different. 
assumptions of employment. If we assumed no better relationship
between employment in manufacture and total population than 
existed during the abnormal period of the 30's, the index of production 
would be, in the 195o-59 period, an average of 150.2 and in the 1960-6~ 
period, an average of 182.8. At these levels, it would be still higher 
than the best years in the past, being 12 points higher than in 1929 
and 18 points higher than in 1937. If the relationship of workers. 
in manufacturing to total population were as good as existed in the
period of the 20's, then on a 35-hour a week basis and the productivity 
per man-hour herein assumed, the index of production would be, for 
the two successive periods, respectively 191.1 and 232.8. On the
basis of the conservative employment assumptions-namely, 7 per
cent of the total population being gainfully employed in manufactur
ing-the index of manufacturing production would be 168.3 and 204.S 
for these two periods, respectively .. On this conservative basis, th& 
average production index would be, for the decade of the 50's, 29 points 
higher than in 1929 and 37 points higher than in 1937 in the earlier 
decade, and, for the decade of the 60's, 67 points higher than in 192!} 
and 73 points higher than in 1937. 

TABLE 23 
Estimates of the index of physical production in manufacturing under variour 

. assumptions of employment 
[Average 19~24=100] 

Period I Employ· I Productivity I Physl~l 
ment per worker product10n 

"POSSIBLE" EMPLOYMENT 

~~sg::::::::::::::::::::::::::::::::::::::::::::::::::::::::l 129.91 134.7 

"MINIMUM" EMPLOYMENT 

1950-S!L~-----------------------------------------------------I 102·1 I 196(Hl9________________________________________________________ 105.8 

"CONSERVATIVE" EMPLOYMENT 

.1950-59 ________________________________________________________ , 114. 'I 196(HIQ_______________________________________________________ 118. 6 

147.0 I 
172.7 

147.0 I 172.7 

147.0 I 
172.7 

191 .• 
232.S 

150.2 
182.S 

168.S 
204.S 
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Section 5 

EMPLOYMENT, PRODUCTION, AND PRODUCTIVITY IN CERTAIN 
SPECIFIED INDUSTRIES 

. I 
In this section certain specified industries are examined in greater 

detail as a check upon the methods employed in the preceding sections,. 
to see whether in any major industries which create demand for trans
portation services our assumptions and estimates of productivity 
are valid. The elements which must be particularly checked are the 
trends of total production and productivity per man-hour. It is 
not possible to make any assumptions with regard to the amount of 
employment that a given industry may accord. It will be recalled 
that the assumptions on general employment in all manufacturing 
industries were not based on purely economic reasoning or study of 
curves and charts, but were based on an assumption of minimum 
conditions of employment which, in the face of a greatly enlarged 
population, would be the outside limit of political tolerance in a. 
democracy. It is, of course, more defensible to reason in this vein 
on the question of employment as a whole or employment in all 
manufacturing industries, than it would be to make any assumptions. 
as to what segment of total employment a given specified industry 
might use. C-onsequently, in this brief reference to individual 
industries no attempt will be made to indicate employment possibili
ties. However, the past trend of production, employment and 
productivity must be illuminating in the evaluation of the general 
indexes pertaining to all manufacturing industries which have been 
offered previously. 

The specific industries selected for brief test studies were the auto
mobile industry, the cement industry, iron and steel, forestry products,. 
and refined petroleum. In 1939 these five industries accounted for 
about 20 percent of the total tons originating on Class I railroads 
(including less-than-carload tonnage). As only 31.4 percent consisted 
of manufactures and forest products. These five industries accounted 
for over 63 percent of tons of freight originating in manufactured and 
forestry products. In terms of revenue these five items yielded 52.& 
percent of all revenues derived by Class I railroads from the transpor
tation of manufactured goods and forestry products. Hence these 
five industries may be considered an important sample study insofar 
as they reflect only a little less than two-thirds of the tonnage and more 
than half of the revenues derived by Class I railroads from the 
transportation of manufactured goods and forestry products. 

To present at one glance the mutual relationship and movements 
of the indexes of production, employment, and productivity per man
hour of these five industries and their relative behavior in comparison 
with the indexes that were previously used for manufacturing as a. 
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whole, tables 24, 25, 26, and Charts 8, 9, and 10 are presented. Before 
interpreting these tables and charts, however, it is well to indicate 
the sources and composition of the various indexes included. 

The indexes of production, employment, and productivity in the 
motor vehicle industry are based on the work of the National Re
search Project.11 The industry includes establishments classified by 
the Census in two industries: ".Motor Vehicles" and "Motor Vehicle 
Bodies and Parts." The data for odd-numbered years were taken 
from the Census of Manufactures; the intercensa.l years were interpo
lated by means of data. from the Automobile Manufacturers Associa-
tion. The index of employment and man-hours was based on studies 
of the United States Bureau of Labor Statistics. The index of pro
ductivity was obtained by dividing the index of production by the 
index of man-hours. As the indexes of the National Research Project 
were on a 1929 base, all series were converted to the base, average 
192G-24= 100, in order to put them on a basis comparable with the 
overall indexes developed earlier in this chapter. 

The indexes of employment, productien, and productivity in the 
Cement Industry are based on a study made by the N ationa.l Research 
Project.11 The basic data. on . production were furnished by the 
Bu.reau of Mines, data. on employment by the Census and the United 
States Bureau of Labor Statistics. The index of productivity per 
man-hour was based on data supplied by the Portland Cement 
Association and the Bureau of Mines. 

The index of production in the iron and steel group consists of a 
combination of production in blast furnaces, and steel works and 
rolling mills, each weighted by changing employment figures. The 
basic information comes from the Bureau of the Census and the 
American Iron and Steel Institute.•t The data. on employment 
come from the United States Bureau of Labor Statistics, adjusted to 
Census of Manufactures data. The index of productivity was derived 
by dividing the index of production by the index of man-hours. 

The forest products group comprises logging camps, saw-mills, and 
saw-plane mills." The indexes of production in the latter two groups 
were based on Census of Manufactures data; the index for the first was 
derived by converting consumption of forest products into log
equivalcmts. The three series were combined on the basis of man
hour weights. The data on employment were obtained for Census 
years from the Census of Manufactures; the intercensa.l years were 
interpolated according to Bureau of Labor Statistics data. The man-

u Works Progress Administration, National Researeb Project: Produdioft, Emplorment, •714 Prodwtivil' 
Ia ill M•aul~ In4rutriu, Part Two, pp. ~144; Pan Tbree, pp. 9iH5. 

u Ibid, Part Two, pp. 31H15; Part Tbnle, pp. 25-31; also, National Researeb Project, MdaniZIIIioa ia 1M 
Qmeat In4..,. 

•• .Produdilllt, Elaplopullt, 8114 ProdudivilJ ia ill Mnujlldvrifl9 ItatltulriR, Part Two, PP. Da-100; Part 
<rbree, pp. IIHill. 

II Ibi4, Part Two, pp. 1:1')-28; Part Three, pp. 83-88. 
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hours information was derived from special studies made by the Bureau 
of Labor StatistiCs. The index of productivity per man-hour was 
obtained by a process of division comparable to that used for the 
other industries. 

The petroleum refining industry includes those establishments en
gaged primarily in the refining of crude petroleum by distillation and 
processes.18 The index of production is based on Bureau of Mines 
data relating to the total volume of crude petroleum refined. The 
index of employment and man-hours was derived from Census 
wage-earner· statistics for the odd-numbered years 1919-37, and 
rendered continuous for the period 1923-36 by means of the Bureau 
of Labor Statistics index. No satisfactory data were available for 
1920 and 1922. In this industry, therefore, the indices are based on 
the average of the 3 years 1921, 1923, and 1924, instead of the 5 years 
1920-24. The index of productivity was derived by a process of 
division. 
Employnient. 

In the matter of employment, a study of chart 8, shows that the 
three important industries-namely, automobiles, iron and steel, and 
petroleum refining-showed a relatively higher percentage advance 
in periods of rising industrial activity, such as from 1923 to 1929 and 
from 1934 to 1937, than the general index of employment. Only in 
two brief periods did the index of employment in the iron and steel 
industry fall below the general index of employment; namely, in 1921 
and in 1931. The indexes of employment in cement and forest prod
ucts industries have lagged considerably behind the index of total 
manufacturing employment. The reasons for this would seem to 
be obviously in the greatly diminished activity in new housing during 
the period. One should expect that with the growing"deficit in housing 
and an expanding population, the need for new housing would become 
so pressing as to be irresistible, and the immediate future for these two 
essential materials used in construction and housing would seem to be 
definitely upward. Generally, then, so far as employment oppor
tunities in the five industries which we have considered can be guessed 
at all by reference to past performance and present needs, one can say 
without stretching probabilities that three of these five industries
namely, automobiles, iron and steel, and petroleum refining-may 
continue to supply employment opportunities perhaps at a higher 
rate of increase than general manufacturing, and that the cement 
and forest products industries are likely to show a spurt forward as 
soon as a politically feasible means of overcoming the housing shortage 
is found. 

11 1bi4, Part Two, pp. 181-M; Part Three, pp. 116-17. Also, National Research Project, Petroleum anti 
Nllurcl Gar Ptodlldloll. 

~ 
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TABLEll 

Itukxes of employment in manufacturing and selected industriu 

Year 

1919 ________________________ _ 
]921) ______________________ _ 
1921 ______________________ _ 

1922------------------------1923.--------------------
lf~M-___________________ _ 
1925 _______________________ _ 

1926·------------------------1927 --------------------192!1...--------------------
1929 _________ --------------
1930----------------------1931._ _______________________ _ 
1932._ _____________________ _ 

11133------------------------
1934-----------------------11135 ________________________ _ 
19:\6 _____________________ _ 

1937-------------------19:J8 _________________ _ 

111311---------------

(A:nnga 111»-H~lOO) 

Total Autnmo-maoufaco bilaa Cemen' 
mrillg 

11L2 IOU 78.8 
11L8 lOU !M.O 
85.8 M.l 80.9 
94.5 ll8.3 101.6 

107.8 12il.8 108.1 

100.8 11&.0 11&.1 
104.8 1'!0.0 118.8 
10&.8 128.8 1111.4 
103.0 112.11 112.1 
103.3 132.7 10&.& 

109.8 13& 7 103.0 
95.2 !!Ill 116.5 
80.0 R7.2 75.1 
87.1i 74.4 62.2 
7t.4 7t.4 48.8 

87.4 107.4 8L3 
113.7 118.6 63.8 

101.4 122.6 ";0.4 
llLO 146.4 8L4 
!!LII 

_______ .. _ 
7t.l 

lOLl ------------------

Jronnnd Jl'on!St 
a&eel prod0<1S Petloleum 

114.8 104.7 91.1 
)17.4 9CI. 2 N.A. 
69.6 SUI •• ll8.8 106.6 N.A. 

116.2 110.8 104.1 

106.0 105.4 W.2 
109.4 104.1 102.0 
1!2.2 101.8 112.1 
106.6 112.3 11L2 
107.0 IKI.O 105.11 

114.8 113.5 125.8 
100. .. 72. I 126. a 
76.1 43.9 107.4 
114.3 33.8 99.8 
79.1 42.3 107.8 

95.0 6L7 12LO 
102.5 56.9 120.8 
116.8 6L8 122.4 
137.6 72.3 129.8 

--------- ---·-------- --------------------- ------------ -----------
SoUBCE: Tolaliii!I.Uufaetorin~from table 18; Works l'rom!ss Administration, Natiolllll Resesrcb Project: 
~ Emplo.-wt. n4 Prodw:ti!'it• ia 69 Matt-.~anwifll lrultutriu, Parl1 One, Tlrlo, arul Dr«. 

Chart 8- INDEXES OF EMPLOYMENT: TOTAL MANUFACTURING AND 
SELECTED INDUSTRIES,-1919-1939 

Index Averoge 1920-1924 = 100 lndea 
160~~~~-r~~r-~~~~~~~~r-~.-,--r~-.-,~160 

Source: Tobie 24 WPA 3733 
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Production. 
The relative movement of production indexes of the five industries 

in comparison with the index of physical production of all manu
factures shows that physic8l ·production of the petroleum refining 
industry has moved to higher levels at a nearly constant rate, ~th only 
a brief break between 1929 and 1932, after which the upward cli'mb was 
resumed. The production index of the automobile industry has shown 
.an equally persistent forward movement, except that the breaks in 
the continuity of this movement have been much greater in am
plitude. It is characteristic of the industry that after the index 
<>f production climbed from 80 in 1920 to 222.5 in 1929, at which time 
it was 84 points further advanced than the index of manufacturing 
production, it then persistently declined to below 67 in 1932, where it 
was almost five points below the index of physical production of all 
manufactures. From then on it moved forward again by leaps and 
bounds to 208.4 in 1937, 76 points further advanced than the general 
index of physical production. This experience of the automobile 
industry would seem to indicate that its response to increased pur
chasing power and employment among the people is much more ac
celerated, and consequently the output of physical products of this 
industry, for every improvement in the employment and income 
situation-whether this improvement is due to growth in population, 
improved per capita output or higher wages-will advance more 
quickly and to higher levels than manufacturing products as a whole. 

On the other hand, the index of production of the iron and steel 
industry shows a much closer relationship to the general index of 
physical output than that of the automobile industry. In times of 
improved business conditions, the output of blast furnaces, steel works, 
.and rolling mills seems to proceed at a slightly ~her pace than that of 
manufacturing industry as a whole. In less prosperous years the 
<>utput of iron and steel seems to decline at a greater rate than that of 
.all manufacturing. On the average, therefore, one may expect that 
the iron and steel industry over a period of a decade or more will 
behave as favorably as total manufacturing. 

In the case of forest products and the cement industry, the indexes 
of production reflect the same conditions that we discussed above in 
connection ~ith employment. The index of physical production of 
forest products indicates that since 1925 it has fallen below the index 
<>f production of all manufactures and has in fact continued to lose 
ground in its relative position. The same is true of the cement in
dustry. Since 1932 neither industry has been able to regain lost 
ground. We may expect improvement in these two industries if and 
when housing projects, particularly in small units, are undertaken on 
a large and expanding scale. 
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TABLE 25 

lnd~:ctS of physical production in manufacturing and selected industrier 

Year 

1919 ••••••••••••••••••••••••••• 
1920 ••••••••••••••••••••••••••• 
11121._ •••••••••••••••••••••••• 
1922 ••••••••••••••••••••••••••• 
11123-----------·-··········· 
1924 .•••••••••••••••••••••••••• 11125 ________________________ _ 

11126 .••••••••••••• ------------
1921.---------·-----------·-· 
1928 ••••••••••••••••••••••••••• 
1929 .••••••••••• _____________ _ 

1930 ••••••• ------------------
1931. •••••••••••••••••••••••••• 
1932 •••••• ----·············· •• 
1933 ••••••••••••••••••••••••••• 
1934 _________________________ _ 

1935 .•••••••••••••••••••••••••• 1936 ________________________ _ 
1937 _________________________ _ 
1938 _________________________ _ 
1939 _______________________ _ 

1 Includes parts. 

(Average 11120-24~100) 

Total man· Automo- Cement utaeturiug bilefll 

95.4 71.2 68.1 
98.9 60.8 82.9 
75.8 57.4 81.7 
98.8 00.11 96.2 

117.0 1Q.1 114.7 

109.7 128.2 124.4 
122.3 158.7 133.8 
125.6 167.9 137.0 
122.0 144.7 143.2 
129.0 184.8 146.4 

138.4 222.8 142.2 
109.7 144.11 134.6 
91.9 106.0 103.2 
71.6 66.8 83.7 
86.1 111.1 62.9 

88.4 125.3 84.7 
101.1 173.0 63.4 
122.7 189.9 114.4 
132.4 208.4 97.2 
101.8 ------------ 88.0 
127.2 ------------ ------------

Iron and Forost Petroleum steel products 

97.1 104.4 SS.T 
120.5 100.9 N.A. 
55.8 83.2 79.7 
97.9 96.1 N.A. 

122.11 111.8 1.04.5-

102.9 108.1 115.8-
123.9 114.7 133.1 
132.7 102.7 140.1" 
124.6 104.2 149. C) 
143.4 100.8 164. :t 

157.8 108.7 177.8 
116.0 76.4 166.8 
75.8 48.5 160.9 
41.8 30.0 147.5 
68.9 41.5 1M. II 

76.9 45.8 1111.1" 
101.0 57.11 173.8 
140.4 72.0 192. 2" 
1M.3 77.1 212.&: 

............................ .............................. ............................. 

.............................. ----------- ............................. 

SOUBCB: Total manufacturing from table 16; Works Progress Administration, N a tiona! Reseacch Project: 
Production, Emploffmmt and ProdudiDitf ill 69 Mooujadvlifll Indwtriu, Part& OM, Two, and Tllru. 

Chart 9 .:.INDEXES OF PHYSICAL PRODUCTION: TOTAL MANUFACTURING 
AND SELECTED INDUSTRIES, 1919-1939 
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Source• Tobie 25 
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Productivity Per Man-Hour. 

The most important assumption that we made in previous sections 
of this chapter next to plausible employment levels, was productivity 
per man-hour. To what extent may the component segments of manu
facturing industry that are analyzed here substantiate and support 
the assumptions that were made in the preceding section with regard 
to productivity in manufacturing industry in the future? For the 
decade of 195o--60, the level assumed was 200, as compared with 100 
on the basis of 192Q-24 averages. This, indeed, implied a 100-percent 
increase in productivity per man-hour over 35 years. In chart 10 
the indexes of productivity per man-hour in petroleum refining, in 
automobile manufacturing, cement, iron and steel, and forest products 
industries are plotted alongside the index of productivity per man-hour 
of manufacturing industry as a whole. From these indexes it is clear 
that only the forest products industry has been slow in improving 
productivity per man-hour. Even there, productivity increased by 
34 percent over the average of 192Q-24. The other industries, how
ever, showed much better progress in production per man-hour than 
manufacturing industry as a whole. Iron and steel improved 60 
percent to the end of 1937. For the same period automobiles improved 
87 percent, petroleum 28 percent, and cement 62 percent. These 
improvements must be compared with a 47 percent increase at the 
end of 1937 in the index of productivity per man-hour in all manufac
turing. At the end of 1937, therefore, four of these major component 
parts of manufacturing industry-namely, petroleum refining, the 
automobile industry, the cement industry and iron and steel-had 
improved produc.tivity per man-hour at a greater pace than all manu
facturing, and had already made up a good part of the progress we 
anticipate for 15 years from now. Indeed, in the case of petroleum, 
our assumed estimate of productivity per man-hour was far surpassed 
by the end of 1937. 

It would seem that with such relentless progress in these major 
industries in the matter of productivity per unit of time, our assumed . 
estimates for the decades of 195Q-59 and 196Q-69 are not beyond the 
range of possibility. In fact, it should not be a matter of surprise 
if they turn out to be grossly understated. 

To the extent that these solutions result in employment and pro
ductivity which surpass the very modest limits assumed for the next 
two decades, to that extent the estimates in this study will be far 
understated. 
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TABLE 26 

lndextJ of productivity per man-hour in manufacturing and selected 
industriu 

[Average 1920-24-UlO] 

Year Totlll man- Antomo- Cement Iron and Forest Petroleum utacturlng biles steel products 

1919 ••• ------------------------ 185.8 70.0 81.8 73.4 108.3 72.0 
1920.------------------------- 87.4 76.1 84.0 93.4 101.7 -----···ai·o 1.921.-------------------------- 90.6 93.1 96.7 85.3 113.6 
1922 ••• ----------------~------- 103.3 100.3 106.8 109.0 90.8 

-----·--w~ii 1923.--------------------·----- 106.9 114.4 105.0 105.4 96.1 

1924.-------------------------- 111.2 116.1 107.6 106.9 97.8 120.0 
1926.-------------------------- 116.3 121.6 116.6 121.6 102.9 129.0 
1926 ••• ------------------------ 117.1 128.6 117.2 126.1 102.8 123.0 
1927.-------------------------- 116.7 130.2 122.2 126.1 106.8 132.0 
1928.. •• ------------------------ 123.6 137.5 128.0 142.9 106.3 153.0 

1929 ••• ------------------------ 124.0 163.9 135.6 143.9 110.9 138.0 
1930 ••• ------------------------ 123.2 173.6 141.6 136.0 109.4 132.0 
1931. •• ------------------------ 127.1 155.1 161.8 132.1 124.0 162.0 
1932 ••• ------------------------ 131.9 135.1 167.7 137.7 108.1 174.0 
1933--------------------------- 144.1 163.9 169.6 148.0 117.3 186.0 

1934.------------------------- 139.4 163.8 162.7 146.7 121.0 186.0 
1935 ••• ------------------------ 140.7 184.3 153.0 156.2 131.8 208.0 
1936 ••• ------------------------ 147.2 189.7 174.4 162.3 140.0 216.0 1937 __________________________ 

147.1 186.7 163.3 159.9 133.6 228.0 
1938 ••• ------------------------ 148.9 

_________ .,. ... _ 
172.1 ............................... ------------ ............................ 

1939.---------·---------------- 159.4 ------------ ------------ ------------ -------·---- ................................ 

l Estimated. 
SoUBC'&: Totlll manufacturing from table 22; Works Progress Administration, Natlonlll Research Projed 

Productio'll, Emploument and ProauctivitU in ii9 Manufacturing Induatrit&, Pam One, Two, and Three. 

Chart 10 -INDEXES OF PRODUCTIVITY PER MAN-HOUR: TOTAL 
MANUFACTURING AND SELECTED INDUSTRIES, 
1919-1939 
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CHAPTER III 

TRANSPORTATION REQUIREMENfS OF 
MINERAL PRODUCTS I 

Mineral products are the most important commodities so far as 
tonnage of railroad freight is concerned. Iri. 1939, products of mines 
accounted for 496,938,982 tons of revenue freight originating in Class I 
railroads, and yielded $945,284,497 in freight revenue. This tonnage 
was 55 percent of the total tons of freight originating on Class I rail
roads, and the revenue was 28 percent of total freight revenue. Prod
ucts of mines constitute by far the largest tonnage of goods trans
ported, more than both agricultural and manufactured products 
combined. In revenue yielded, however, it is much less important 
than manufactured products, which supplied 44 percent of freight 
revenue of Class I railroads. The future trends in the mining indus
tries are, therefore, of paramount importance in estimating traffic 
requirements and railroad capacity. 

The method of estimating future production possibilities in mining 
industries adopted for the purposes of establishing a minimum or 
"floor" below which the average annual production and freight 
traffic is not likely to fall in the decades to come is different from the 
method employed in estimating potential freight traffic in agricultural 
and manufactured commodities. Mining production is so closely 
related to manufacturing activity that it may be considered almost a 
mathematical function of manufacturing production. 

TABLE 27 

Ind~xu of physical production of miMrals and manufactures, and reuenue 
frnght originating in miMral products and manufactured products on 

Class I railroads, 1919-38 
(Average 11r.D-X=100] 

Physi~~uo- I Railroad freight Physical produo- Railro8d freight 
originating &loa originating 

Year Ylllll' 

MiDerals Manu- Miuerals Manu- MiDerals MBDlJo MiDerals Manu-
factures factures factures facturtB 

-
1919 ____ 88.8 95.4 M.!l fiL7 1921L ••• 13L8 138.4 118.7 128.1 
1920 .•••• 105.0 98.8 114.6 106.3 1930 .•••• 115.6 109.7 103.4 104.6 
1921 ••••• 81.2 75.6 82.3 74.9 1931.. ••• 93.0 ULI 80.8 75.5 
1922 ••••• 86.0 98.8 85.8 93.3 1932 .•.•• "'10.5 7L5 58.3 5L2 
1923 ••••• 1UI.2 117.0 114.8 115.6 1933 ••••• 78.1 116.1 63.6 57.3 

192l ••••. 108.6 109.7 102.6 110.0 11134.. •••• 85.6 88.4 '10. 2 M.8 
1925 ••••• 115.0 122.3 109.1 118.4 1935 .•••• 88.0 101.1 7L6 72.0 
1926 .•••• 126.3 125.6 121.11 120.8 1936 .•••• UL 7 122.7 87.1 89.1 
1927 .•••• 123.7 122.0 114.8 117.7 1937 ••••• 119.2 132.4 91.7 !17.6 
11l"J8 ••••• 122.6 129.0 112.1 123. :a 1938 .•••• 118.7 101.8 65.8 71.8 

BoUB.CB: Minerals Produetion: Physical produetion in Cons of antbracite coal bituminous coal, Iron me. 
petroleum, stone, sand and gravel, copper, coke; basic date from United Stetes'Bureau of Mine&. Manu
facture: Table 16.. Freight: Intenteta CoiDDienl8 Commission, l'rdf/U O.afllllditr hlaUatiu. 
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This becomes evident in an examination of table 27, which presents 
the indexes of physical production of minerals and manufactured 
goods and the tons of revenue freight originated on Class I railroads 
of these two. classes of goods. The production index of mineral 
products is a straight physical production series, obtained by summing 
up for each year the weight equivalents of production of the following 
mineral products: Anthracite coal, bituminous coal, iron ore, crude 
petroleum, stone, sand and gravel, copper, and coke. The index of 

Chart II -INDEXES OF PHYSICAL PRODUCTION IN MINING AND 
MANUFACTURE, 1919-1938 
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physical production of manufactured goods with which the index of 
mining production is compared is the Day-Thomas index, previously 
discussed, It will be remembered that this index differed somewhat 
in its construction insofar as the component indexes were weighted 
by value added in manufacturing. When the two indexes are plotted 
together, as in chart 11, a very close correspondence is revealed in 
\e movements of the two indexes from year tO year, as well as over 
·period covering 20 years. This similarity of direction and ampli

too ude of movement reflects the close dependence of the mining index 
upon the manufacturing index. Mining activity seems to keep step 
-with manufacturing activity. 

so From any estimate of future,activity in manufacturing production, 
·,ve should therefore be able to arrive at a very close estimate of 

Sour corresponding rate of activity in minir-g production. This is due to 



ST. LAWRENCE SEAWAY AND FUTURE TRANSPORTATION 49 

the fact that the most important component minerals which form the 
mining index ... re, to a large extent, used in manufacturing processes. 
Iron ore, for mstance~ enters into ;manufacturing of iron, and iron and 
steel produc.ts. Crude petroleum is largely manufactured into refined 
petroleum and by-products. Sand and gravel is utilized, to a ~arge 
extent, in the production of concrete, although some amount is also 
used directly in road and building construction. Coke is utilized in 
iron and steel. Copper also enters into manufacturing. 

Only in the case of anthracite and bituminous coal is there an appre
ciable proportion of use in direct consumption without entering into 
manufacturing process, and a large portion of bituminous coal is, of 
course, used by the railroads. It is possible that the increase in 
population will automatically increase consumption of anthracite and 
bituminous for domestic heating in proportion to the increase in the 
number of residences. Similarly, consumption in the electric light 
and power industry will probably continue to increase with the growth 
of domestic load, as well as greater electrification of industrial pro
cesses. In any event, the likelihood is that in the case of these two 
commodities domestic and industrial uses will probably continue to 
increase, although perhaps not in the same degree as other mineral 
products. Generally the mineral products composing the tonnage 
are raw materials that enter into manufacturing processes, and there
fore production and consumption should vary in direct relation to 
manufacturing. .As seen in chart 11, in the past this relationship has 
been very close. 

Since 1932 there has been some slight tendency toward a deviation 
-of the mining index from the manufacturing index. This deviation 
has fluctuated between three and ten points. The probable reasons 
for the slight drop in the mining index as compared with the produc
tion index is the more efficient utilization of coal, substitute of 
petroleum for coal, which increases the B. t. u. yield per unit of weight 
and hence diminishes physical volume of production necessary to 
-obtain a certain amount of energy.· . .Another factor may be the in-' 
creasing utilization of water power, which supplies energy to a con
siderable amount of manufacturing activity. Efficiency in consump
tion of coal in the generation of electricity· is reaching theoretical 
maximum; on the other hand, improvement in steam locomotives 
should lead to greater economies in the utilization of coal in the 
future. Petroleum is being more and more widely utilized in house 
heating, which means that manufacturing activity in petroleum 
refining will increase at the same time as a lighter substitute for coal 
per equivalent B. t. u. is extracted from the soil. This movement is 
the more significant so far as petroleum is, by and large, transported 
by pipe lines and tanker, whereas railroads are the principal bene
ficiary in the transportation of coal. 

238141>-41-G 
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It is necessary, therefore, to make o.llowance for possible develop
ments in the future which may cause a divergence of the index of 
mining production from the index of manufacturing production. 
An average deviation of 10 percent between the index of mining 
production o.nd that of manufacturing production would seem 
tmfficient. It was estimated that in the decades of the 1950's the 
medium average annual index of manufacturing production would 
equal 168.3. The low estimate was 150.2 and the high 191.1, on the 

Chart 12 -INDEXES OF MINING PRODUCTION AND REVENUE FREIGHT 
IN MINERAL PRODUCTS ORIGINATING ON CLASS I 
RAILWAYS, 1919-1938 
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basis of 1920-24 average as 100. Allowing a 10-percent deviation 
from these levels, mining index of physical production would equal 
151.5, corresponding to the medium estimate of the manufacturing 
index, and 135.2 and 171.9, respectively, corresponding to the low 
and high estimates of the manufacturing index. For the succeeding 
decade, 1960-69, the1ow, medium, and high estimates of the manu
facturing i'ndex were, respectively, 182.8, 204.8, and 232.8. The 
corresponding indexes for mining production, allowing again for a 
lO-percent spread, would be, respectively, low, 164.5, medium, 

. 184.3, high, 209.5. 
The next problem is to analyze how mining production is related to 

revenue freight in mineral products originating on Class I railroads. 
The index of revenue freight was presented in table 27, along with the 
index of physical production. These two indexes have been plotted 
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on chart 12. It will be observed that generally the two indexes have 
moved together, although,.as in the case of manufacturing production, 
there has been a growing divergence between the indexes of mining 
production and tons of freight originating. This is the element of 
diversion of traffic which will be discussed in the next chapter, 
before a final estimate is made of the relatio~ship of the production 
index to the freight index. 



CHAPTER IV 

ESTIMATES OF FUTURE RAILROAD TRAFFIC 

In the preceding chapters of this report provisional estimates of 
future production and railroad traffic were made in the products o, 
agriculture, manufacturing_ and mining. In the case of agriculture 
it was estimated that the total demand for transportation would 
increase at least as fast as population. Compared to the average of 
1920-24 as 100, the total toDll8ge originating in agricultural.producta 
on all means of transportation would be 131.1 in 1950-59 and 135.9 
in 196(}-69. These estimates of future traffic are based on the esti
mated increase in population. 

Three estimates of future manufacturing production were made, 
based on high, medium, and low assumptions concerning future 
employment. H total traffic in manufactured goods (mcluding 
products of forests) were to increase as fast as production, then 
compared to the average of 1920-24 as 100, tonnage originating in 
1950-59wouldrangefrom a low of 150 to a high of 191, and in 196(}-69, 
from 183 to 233. . 
· The estimates of mining production were based on those made for 

manufacturing production, allowing for a 1 0-percent deviation. If the 
total demand for transportation of products of mines were to increase 
as fast as production, then, compared to the average of 1920-24 as 
100, total tonnage originating on all modes cf transportation would 
range from a low of 135 to a high of 172 in 1950-59, and from 164: 
to 209 in 196(}-69. 

These estimates would hold for the railroad.~ if they were to car.y in 
the future as large a share of total traffic as they carried in the period 
1920-24. It has already been pointed out that there was considerable 
amount of diversion in all three types of traffic. For purposes of 
comparison there is set down the traffic that would result for railroads 
on the basis of the method employed here if there had been no diversion 
since 1924. Against this may be set the estimates of traffic which 
would result, if it is granted that the diversion which had occurred 
up to 1935-39 would be permanently lost to railroads, but that no 
further diversion would take place. Finally, a third estimate will be 
made allowing not only for the diversion that has already taken 
place, but for further diversion in the future. 

52 
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On the first basis, with no allowance made for any diversion since 
1924, the estimates of total tonnage originating on Class I railroads 
would be as follows: 

Estimautl carload loftflllg~ origiflllli•g 011 Class I railroads with 110 tli~sio11 
siM~ 1924 

(Tboosmds Ill taosl 

AftM~ 1950-!ill: 
P.,..;ible------------------------Mfdium _________________ -------

Low-------------------------
Aftftge lll60-Gt 

P.,..;ible--------------------------Mediam_ _________________ _ 
Low ____________________ _ 

1!!2,f10 
1S2, 410 
1111.41.0 

18!1. 0911 
l!!t,OOO 
Ul8,000 

1,0111,440 
9U.645 
8t0,330 

1,302.146 
l,U5,510 
1.022,~ 

1, &'It, 9!JO 
1,6.'!2. ts5 
1.621.1& 
2, 263,m5 
2,0lf,100 
l.lllli,OtO 

Estimates of this magnitude are based on the assumption that there 
has not been, and will not be, any shifting of total traffic away from 
the railroads. This has been demonstrated to be false in each of the 
individual sections of the report. It was shown that there has been 
considerable shift diversion in the case of all three types of traffic. In 
the case of agricultural products, in the period 1935--39, the railroads 
were originating tonnage, relative to the total demand for transpor
tation generated in agricultural products, which was only 63 percent. 
of that in the period 1920-24. A similar computation for manu
factured goods (including forest products) showed that in 1935--39 
~>nly 71 percent of the 1920-24 proportion moved by rail. In the 
case of mining, it was 75 percent. Hone were to assume that there 
would be no further shifting of tonnage aw&Jt. from the railroads, 
other than that which occurred up to and including 1935-39, then 
future traffic originating on the railroads could be estimated by 
applying 63 percent in a.:,ariculture, 71 percent in manufacture, and 
75 percent in mining, to the estimates arrived at above. Underthese 
conditions, future traffic would be: 

Estimautl carload loftftag~ origiflllti•g 011 Class I railroads with tlitMrsion tU 

i• 1935-39 
[1,0011 taDs) 

114,165 
114.1165 
llf,ll6i 

Ill, 155 
1111,156 
Ut,lii 

Total ear
load tonllag8 
origirul&;ug 

1,366,(65 
1,217,865 
l.OW.Wi 

1, IMt.liiS 
1,460, 730 
1.~110 
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Before we can proceed to make allowance for future diversion beyond 
the levels of 1937, and to estimate future tonnage figures, it is necessary 
to review briefly the forces that have brought about diversion of 
traffic from railroads. 

Section 1 

TRAFFIC IN AGRICULTURAL PRODUCTS 

In the chapter dealing with agricultural traffic, it was shown that 
population was the principal component of the forces determining the 
demand for transportation. An analysis of the relation of railroad 
traffic in agricultural products to population may reveal some indica
tion of "diversion." It will not be an exact explanation, since there 
are forces other than population which act on agricultural traffic, and 
in any one year changes in inventories, crop conditions, etc., may be 
extremely important. However, if the analysis is limited to compari
sons over 5-year periods, one should obtain a general picture of the 
extent of diversion which has occurred in the past. In table 28, rail
road freight originating in agricultural products is shown as averages 
for the 5-year periods, 192G-24, 1925-29, 193Q-34, and 1935-39. 
Also shown are comparable averages of population and the relation
ship of tonnages to population. 

In the period 192G-24, 1.27 tons of agricultural freight were origi
nated for each person. During the 5-year interval 1925-29, this 
dropped to 1.18 tons per capita. In the next interval of 5 years, it 
was down to 0.9 ton per capita. By 1935-39, it was reduced to 
0.80 ton per person. The decrease in tonnage between 193G-34 and 
1935-39, both percentage wise and in number of tons, is the smallest 
since 1920. This may well be an indication that diversion may be 
stabilizing, and that railroads are meeting the competition of other 
agencies more successfully now than in the past. It may also mean, 
as was discussed in Chapter I, that agricultural traffic is increasing 
faster than population, which would appear in this type of computa
tion as retardation in the rate of increase of diversion. It makes 
little difference for the purposes of this report which is the true causal 
factor, since both factors might be expected to continut> to act in the 
future in such a fa.shion as to prevent future precipitate drops in the 
tonnage of agricultural transportation when tonnage is measured on 
a per capita basis. 
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TABLE 28 

Per capita railroad tonnage originating in agricultural products on Class I 
railroads, 5-year arJerages, 1920-39 

Peclod 

1920-:H---------------------------------------------------192.'>-29 ___________________________________________________ _ 
1931h!. ___________________________________________________ _ 
11135-39 .. __________________________________________________ _ 

Average rail
road tonnage 

originating 
(thousands 

0{ tons) 

139,138 
139,384 

. 110,192 
103,153 

,I 
Average Average freight 

population originating pee 
(thousands) capita (tons) 

109,873 
118, 197 
124,915 
129,2!K 

L27 
1.18 
.88 
.80 

BouaCB: Tonnage from I!Ttight Commoditr Stati.tia, Interstate Commerce Commission; Populationfrom 
Stati«~ Ab«rad 0/ the Unittd Statu, 1939, p. 10. 

Further evidence of this same tendency can be seen in a study made 
by the Interstate Commerce Commission in 1938.1 In this study a 
comparison was made between railroad traffic and physical produc
tion for each item carried by the railroads over the period 1928-37. 
Physical production of agricultural commodities is not an ideal meas
ure of the demand for transportation, due to such causes as farm 
retention of products, changes in stocks, etc. In spite of these imper
fections in the index, the analysis of the ~elationship of production and 
transportation over a period of years shows the same general tendency 
revealed in the analysis of freight and population. In table 29 are 
presented the Interstate Commerce Commission indexes of agricultural 
production, railroad agricultural tonnage, and the ratios of tonnage 
to production. Between 1928 and 1933, tonnage went about 25 
percent lower than production compared with 1928 as "normal", but 
since 1935 there has been no loss in relative movement. 

In the period 1935-39, the average per capita. railroad tonnage 
originating in agricultural products averaged 0.80 ton. H this rate 
were assumed for the future, it would imply the acceptance of the 
following conditions: 

(1) Per capita. consumption of foodstuffs will not increase or 
decrease in the future. 

(2) Industrial consumption of agricultural products will increase 
only as fast as total population. 

(3) There will be no increase in the interfarm movement of 
agricUltural raw materials. 

(4) Export tonnage in the future will be approximately 4 million 
tons per year. 

(5) There will be no decrease in the portion of processed agri
cultural food consumed. 

(6) No lower proportion of the population than at present will 
produce any of their own agricultural products (or that 
farm retention will not decrease). ------

1 FW.ctuatiom it1 Rllilrotl4 Frtitllt Tra~ Compared 111iti Productiotl, Statement No. 38867. 
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TABLE 29 

lnt~r.rtatt Comm~rct Commi.r.rion ind~xu of production and railroad tonnage 
originating in agricultural products 

(1928~100] 

Index of Index of Ratio of Index or Index of Ratio of railroad railroad Year produl)o tons orig· tonnage to Year produl)o tons orig· tonnage to 
tion inating production &ion inating production 

1928 ___________ 
100.0 100.0 100.0 1933 .••••••••••• 91.2 69.2 75.9 

1929 •••••••••••• 97.3 97.6 100.3 1934 •••••••••••• 85.4 69.4 81.3 
1930 •••••••••••• 95.1 93.2 98.0 1935 ____________ 

80.1 63.7 79.5 
1931. ••••••••••• 88.4 82.9 93.8 1936 ____________ 91.8 71.6 78.0 
1932 •••••••••••. 91.4 88.9 76.4 1937 -·-----·-·-· 91.6 72.9 79.6 

BOURCB: Interstate Commerce Commission, Fluctuatiom in RaUroad Freight Traffic compared with Produt• 
lion, Statement No. 3867. 

It was shown in chapter 1 that all these assumptions except that 
with regard to export tonnage and interfarm movements were over
conservative. On the assumption that any increase in these factors 
would slow down or c.ounteract the rate of di~ersion to other means 
of transportation, 0.80 ton per ca.pita railroad tonnage originating in 
agricultural products may be considered conservative. At this level, 
the effects of past diversion would be taken for granted. 

lnorder to be still further on the conservative side, a further diver
sion of agricultural traffic may be allowed. A per capita tonnage of 
0.75 would mean that a further concession of 6 percent from the 
average of the period 1935-39 may be made by the railroads to other 
forms of transportation. On this basis, the application of 0.75 ton 

. per capita to . the future expected population yields the following 
re~ults, as compared to previous periods: 

Population 

Average 1920-29 __________________________________ ~-----·------ 114, 035, 000 
Average 1930~9-----------·----------------------------------- 127, 100.000 
Average 1950-59 '--------------------------------------------- 144,093,000 
Average 1960-69'--------------------------------------------- 149,341, ooo 

I Estimated. 

Section 2 

TRAFFIC IN MANUFACTURES 

Per cspita 
railroad 

freight in 
tons 

Tons of 
freight orig

inated 

1. 22 139, 261, 000 
• 84 106, 674, 000 
• 75 108, 070, 000 
• 7 5 112, 000, 000 

In chart 2, the courses of manufacturing production and of railroad 
freight in comparable commodities were plotted for the period 1916-38. 
It is there shown that serious diversion began to be noticeable around 
1924. This was the time when truck transportation on any consider-
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able scale had its start. What happened after this time is better 
presented in a new index. .. 

In table 30 an index of diversion is given. This is obtained by 
dividing the index of railroad freight originally given in table 16 by 
the index of physical production also from the same table. !The 
resulting ratio is then multiplied by 100 which gives a new index. 
The plus or minus deviations of this index from 100 are called the 
index of diversion. From 1916 to 1924, the diversion index fluctuated 
around the zero line. From 1925 to 1930 the diversion increased 
slowly to about 5 percent. There was a ·large drop through 1932, 
when depressed economic conditions drove shippers to cheaper and 
more convenient means of transportation; since then railroad freight 
index has fluctuated about 30 percent below the index of physical 
production. · 

TABLE 30 

Index of-diversion of railroad freight from physical production of 
manufactured products · 

Year 

1916_ ------------------------------------
1917-------------------------------------
1918.------------------------------------
1919-------------------------------------
1920 _______ -- ----------------------------

1921.---------. -·.- ------.---------------
1022.------------------------------------
1923.------------------------------------
1924.------------------------------------
1925.------------------------------------

1926.----------------------------------~-
1927-------------------------------------

Index . Year 

-1.6 192S-------------------------C-----------2. 8 1929 ___________________________________ _ 
-. 6 11130 ____________________________________ _ 

-3.8 7. 5 1931 ____________________________________ _ 
1932 ____________________________________ _ 

-1. 0 1933--------------------------------------5.5 1934 ____________________________________ _ 

-1. 1 1935-------------------------------------
.3 -3. 4 1936 ____________________________________ _ 

1937------------------------------------
-3.9 1938-------------------------------------
-3.5 1939-------------------------------------

Index 

-4.5 
-7.5 
-4.6 

-17.7 
-28.5 
-32.6 
-26.6 
-28.9 

-26.7 
-26.1 
-29.5 
-33.0 

What are some of the reasons for this diversion? One set of reasons 
centers around the competition of other means of transportation
such as trucks, pipe lines, and water carriers. The other set includes 
such factors as possible decentralization of industry, changes in inven
tories, and changes in the mechanism of distribution; Certain of the 
annual fluctuations in diversion, such as those which occurred in 
1921-22, in 1929-30, and in 1933, are possibly due to a lag between 
production and transportation arising from changes in inventories. 
Decentralization. of industry theoretically has as one goal the reduc
tion in transportation costs, and results in some reduction in tonnage. 
However, as yet there ha.s been no adequate proof of this tendency 
or its effect on tonnage of freight. Changes in the distributive 
mechanism might affect the relation of freight originating to produc
tion by reducing or increasing the number of times any individual 
article is moved. Since 1929 there has been some simplification of 
the distributive mechanism with a consequent reduction in the ratio 
of freight to production. The growth of chain stores with central 
warehousing, elimination of the middleman in an _attempt to reduce 



58 THE ST. LAWRENCE SURVEY 

distribution costs, etc., are symptoms of this movement. For example, 
in 1929, 32 percent of manufacturers' sales were distributed to jobbers 
and 20 percent directly to retailers. In 1935, only 27 percent were 
distributed to jobbers and 23 percent to retailers.• 

Decentralization of industry is often advanced as a factor in reduc
tion of rail traffic. This may be true if decentralization takes place 
with the principal intention of diminishing transportation costs. Also, 
where decentralization for any reason brings plants nearer to the 
markets so that truck transportation may be utilized, rail traffic may 
again diminish. On the other hand, decentralization of industry may 
take place with other motives in mind, for reasonsofmilitarystrategy, 
to get closer to sources of raw materials, or even closer to markets but 
further removed from the origin of bulky raw materials, in which case 
rail traffic in ton-miles will certainly tend to increase. 

Finally, the most formidable factors in bringing about diversion of 
traffic from railroads are the competitive means of transportation. 
What is the future of such competition? 

Truck transportation is considered to be the most threatening con-
. petitive force causing diversion of traffic from railroads. Judging by 

the course of diversion since 1916 all the competing means of trans
portation, and in particular trucks, made their big inroads into rail
road freight traffic in the early part of the depression when the shippers 
were harrassed by depressed prices and sought cheaper and more 
flexible modes of transportation. Since 1932, there has been no 
increase in diversion. One would be tempted to imply from this that 
trucks have taken full advantage of the opportunities opened by the 
depression, and that they will not have the same favorable circum
stances again, or at least to as large a degree. 

There are two principal factors in the situation, however, which 
encourage further truck competition. In the first instance, continu
ing improvements in lighter weight trucks will increase the range of 
truck transportation both in distance and types of service. With 
greater capacity, higher speeds, more economical operation, develop
ment of Diesel-powered engines, refrigeration, are all forces in this 
direction. Also, since 1925, there has been a vast improvement in 
the public roads system, thus opening up larger areas for economical 
truck transportation! New roads, of course, will continue to be built. 

There is no comprehensive information available at present as to 
the feasible limits of truck transportation as to types of traffic and 
length of haul. The Public Roads Administration has conducted a 
field survey to obtain such data, but the results will not be known for 
some time. Future possibilities, of course, will be still less easily 

t Statiltical Ab&tract, 1938, p. 806. 
1 J In 1926 there were 163,000 miles of surfaced State highways in the United States. In 1930 this had in

creased about 39 percent to 226,000 milea. By 1936 mileage had risen Tl percent over 19:¥1 to 289,000 miles. 
Slatilticol Abllract oj the United Statu, 1938, p. 365. 
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fathomable than present conditions. Hence, one is driven to the less 
satisfactory method of making liberal, though arbitrary, allowances 
for future diversion from rail to truck transportation. For lack of 
information, the same procedure must be applied in connection .with 
other forms of diversion. I 

In relation to the period 1920-24 as 100, the average index of freight 
originated in manufac~ured products in 1935-39 was 30 percent below 
the index of physical production in manufacturing. Despite the fact 
that the index has not varied greatly since 1934, we shall assume for 
the period 195Q-59, a further divergence of the index of tons origi
nated in manufactured products from the index of physical produc
tion equivalent to a loss of 6 percent of total tonnage--expressed in 
our index of diversion as a drop from -30 to ..:.....36, as compared with 
the 192Q-24 level of 100. Similarly the estimates of future railroad 
traffic in manufactured goods are assumed to include a further diver
sion of 2 points for the period 196o-69. The index of diversion will 
then be -38 compared with the average of 192Q-24. Making allow
ance for these diversions, the index of future railroad traffic, to the 
base average 192Q-24 as 100, can be computed by multiplying the · 
diversion figures by the estimates of future production·arrived at in 
an earlier stage of the report. The computation is as follows: 

(Average 1920-24=100) 

' Diver- Production inda Railroad freight indeJ: 

sion 
index Possible Medium Low Possible Medium Low 

---------
Average 195()-59 _______________ -36.0 191.1 168.3 150.2 122.3 107.7 96.1 
Average 100IHI9---------------- -38.0 232.8 :ill4.8 182.8 144.3 127.0 113.3 

Freight tonnage originating in manufactured and forest products in 
the base period, average 192Q-24, was 331,787,000 tons. The index 
of fut';ll"e freight can be converted into tonnage figures, yielding the 
followmg results: 

Estimated tonnage originating in manufactured and forest products (C. L.} 
Class I railroads 

Possible Medium Low 

g~ i5:E~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::¥i~~~= ii.§ ===i~i=~i=~ 
I Estimated. 

. On the very conservative assumptions herein granted, tons of freight 
m manufactured goods on Class I railroads are expected to reach 
357,335,000 tons during the decade of 195Q-59, upon "medium" 
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assumptions of employment in manufacturing (7 percent of total 
population), or 101,810,000 more than in the decade 193Q-39, but 
10,325,000 tons less than the average of 192Q-29. During the decade 
of 196Q-69, tons of freight in manufactured goods originating are 
eXpected to reach, upon medium. assumption of employment, 421,370,- , 
000 tons, at which level traffic will be 165,845,000 tons more than 
193Q-39 average, and 53,710,000 more than the 192Q-29 average. 

Section 3 

TRAFFIC IN MINERAL PRODUCTS 

t A similar analysis to that used in manufactured goods can be applied 
to the problem of diversion of the index of tons originating from the 
index of physical production of mineral products. The index of diver
sion is presented in table 31. Diversion between the index of mining 
production and railroad tonnage originating in mineral products has 
been increasing steadily, so that by 1937 it had reached 23 points 
below, and by 1938, 33 points below the level of 192Q-24. The prin
cipal reason for this tendency is the increasing share of total production 
of these products which move by means other than ·railroads-par
ticularly petroleum moving by pipe lines and tankers. 

Pipe lines for liquid mineral products, and water transportation, 
where available, in the case of coal and ores, are the principal competi
tors of railroads. As for coal and ores, no great immediate shifts in 
major producing areas are expected in the near future, and hence 
there is no immediate anticipation that any marked changes will 
take place in the relative position of mines to the means of trans
portation; hence, there should be no appreciable change in the propor
tions transported by different media. 

TABLE 31 

Index of dirJersion of railroad freight from physical production of mineral 
products 

Year 

1919 ____________________________________ _ 

19~-------------------------------------1921_ ___________________________________ _ 
1922 ____________________________________ _ 
1923 ____________________________________ _ 

1924 ____________________________________ _ 
1925 ____________________________________ _ 
1926 ____________________________________ _ 

1927 -----------------------------~-------
1928---------------------------~---------

S011BCB: Table 27. 

Index 

-\-6.9 
+9.0 
+1.2 
-.2 

-3.8 

-5.5 
-5.1 
-3.6 
-7.2 
-8.4 

Ye&l' 

1929 ____________________________________ _ 
1930 ____________________________________ _ 
1931_ ___________________________________ _ 
1932 ___________________________________ _ 
1933 ____________________________________ _ 

1934 ____________________________________ _ 
1935 ____________________________________ _ 

1936. ------------------------------------
1937-------------------------------------1938 ____________________________________ _ 

Index 

-9.9. 
-10.5 
-13.1 
-17.5 
-18.& 

-18.0 
-19.5 
-22.0 
-23.0 -33.· 

To make allowance for any unforeseen shifts in the location of mines 
and deposits actively exploited nearer to water transport facilities for 
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consuming centers, and to allow for any movement of coal- and ore
consuming industries nearer the mine pits, a further diversion of tons 
of traffic originated from the production index may be assumed. In 
1937 this diversion amounted to 23 points; that is, the index of diver
sion stood at -23 below the parity of 192~24. If a further per
manent deviation of 12 points of rail tonnage index from production 
index is allowed so that the inJex of deviation will be -35, then the 
future tonna"'e ori!rinatmg' on Class I railroads in mineral products 1:> 0 

would be in comparison with previous decades, as follows: 

Estimatrd flfJ"age annual railroad tonnage in mi""al products 

A.._., 1920--29 ______________________________________________ --------------

!::5 i~I~::::::::::::::::::::::::::::::::::::::::: --~~:::-

Possible Medium~ 
66!1, 1M, 000 ----------

m~~ --M6,"340~ooo 
7~615,000 66f,435,000 

I Estimated. 

On the basis of medium estimates, the average annual tons orig~ 
inating in the decade of 195~59 would be about 57,000,000 tons less 
than 192~29 decade, but 132,200,000 tons more than in the decade 
of 193~39. Not until the period 196G-69 would the annual tons 
originated in Class I railroads medium estimates surpass the previous 
record of 1920-29, and then by only 75,500,000 tons. In this decade, 
however, medium, average tons of freight ori.:,oinating in mineral 
products would be 164,000,000 tons higher than the average of the 
decade 1930-39. 

To the foregoing estimates of the three types of freight must be 
added an estimate of less than carload lot railroad freight. During 
the decade 192~29, the proportion of less than carload to all carload 
freight was 3.5 percent; during the next decade, it was 2.1 percent. 
Assuming that in the future less than carload freight will amount only 
to 2 percent of the carload lot freight, there must be added to the total 
estimates between 19,500,000 tons and 24,200,000 tons for the period 
195~59 and between 23,000,000 tons and 28,800,000 tons in the follow
ing decade. 

Section 4 

ToTAL EsTIMATEs oF RAILROAD FREIGHT ORIGINATING 

The combined results of all estimates are presented in table 32. On 
the conservative basis used in this study, it is indicated that "medium" 
expectations for the decade of 1950's should be average annual tons of 
freight originated on Class I railroads of 1,099,180,000 tons. At. 
this level it would be 28 percent higher than the average of 193~39r 
but 10 percent lower than the average of 192~29. In the decade 
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196Q-69, the "medium" estimates give 1,303,545,000 tons as annual 
averages, which is 52 percent higher than 193Q-39 averages, and 7 
percent higher than the 1920-29 averages. 

TABLE 32 

Estimat~d Jutur~ r~vmu~ tonnag~ originating on Class I railroads 

[Thousands of tons) 

Average 1950-59 Average 1961H19 
Type or traffic 

Possible Medium Low Possible Medium Low 
---------------

Products or agriculture. _______ ----------- 108,070 108,070 108,070 112,000 112,000 112,000 
Manufactured and forest products ________ 405,775 357,335 318,845 478,770 421,370 375,915 
Products or mines.----------------------- 694,270 612,225 546,340 846,550 744,615 664,435 ------------------
Total carload.---------------------------- 1,208,115 1,077,630 973,255 1,437, 320 1,277,985 1,152, 350 Less than carload _________________________ 24,160 21,550 19,465 28,745 25,560 23,045 ---

Total (all freightl--------------·---- 1,232,275 1,099,180 992,720 1,466, 065 1, 303,545 1,175, 395 

These estimates are believed to be extremely conse:.:vative. They 
were based upon certain assumptions of underlying economic condi· 
tions which cannot be lowered much further. Merely to reiterate 
some of these basic assumptions is to establish the truth of this 
statement. 

First, tons of freight originating in agricultural products was as.. 
sumed to increase only in proportion to the increase in population on 
the premise that per capita consumption would remain about the same 
as it has been in the two decades since 1920: At the same time, it 
was assumed that exports of agricultural products may reach in ton
nage the low figure of 4 million tons a year. Exports by weight have 
been lower than this only in the years when conditions were compli
cated by a combination of drought and depressed agricultural markets. 
Tendencies toward greater utilization of farm products by consumers 
in processed form and increased consumption of agricultural prod
ucts in industrial processes, particularly in the manufacture of syn
thetic products, promises sufficient traffic for the future to offset 
possible loss in export commerce. 

Medium estimates of tons of manufactured goods originated on 
Class I railroads were based upon the assumption that only 7 percent 
of the population will be employed in manufacturing enterprises as 
compared with 7.95 percent in the decade of the 1920's and 6.25 in 
the depression decade of the 1930's. Of the 7 percent total popula
tion, the actual number employed in manufacturing during the decade 
of the 'fifties would be only 10,085,000 persons, which is only slightly 
higher than, for example, the total employment in manufacturing in 
1937. In other words, assuming 7 percent of the population would 
be employed in manufacturing, it would still not solve the question 
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of absorbing the 10 million or more people estimated to be unemployed 
in 1937, and that portion of the increase of total population of 15 
millions who would be available for employment. This additional 
labor force may amount to as much as 6 to 10 million people. T~at is; 
the assumption that not more than 7 percent of the total population 
employed in manufacturing, would leaV'e the question of employment 
of between 16 and 20 million employable people unsolved.-

The conditions above assumed do not make any allowance for the 
continued diminution of employment in .agricultural undertakings. 
It is, of course, likely that some of this excess working population 
might be absorbed in service undertakings, but certainly such a 
development would not take care of as much as 16 to 20 million 
employable people outside manufacturing enterprises over and above _ 
the present employment in service undertakings. It is not believed 
that the country would tolerate.the continued existence of conditions 
that have been characteristic of the economic system during the past 
decade without some effort to induce acceleratiOn of economic activity. 
Any such effort will, of course, raise the proportion of gainfully em
ployed people in manufacturing above 7 percent of total population. 
To the extent that this happens the above estimates are entirely too 
low. H full employment were assumed, the estimates of production 
and railroad freight traffic for the next two decades may have to be 
raised 20 or 25 percent higher. 

The estimates were also based upon the assumption of an average 
work week of 35 hours in manufacturing enterprises and a productivity 
per hour which was obtained on the basis of a trend assumed to be 
lower than has been characteristic of industry as a whole during the 
past two decades. Furthermore, the estimates of productivity per 
worker in the future were lowered an additional 10 percent in order 
to be extremely conservative. The estimate of mineral freight 
is based upon these conservative assumptions of manufacturing 
production, allowing for a spread of 10 percent. 

Section 5 

EsTI:MATES oF ToN-MILEs oF RAILROAD FREIGH'r 

It was previotisly indicated that railroad activity results from two 
forces, the number of tons of freight transported and the distance 
each ton is moved on the average. Up to this point there have been 
developed estimates of possible tonnage originating in the decades 
1950-59 and 196CH>9, but nothing has been said concerning the 
distance this freight will move. 

In table 33 are furnished data. on the average length of haul per 
revenue ton originating on Class I railroads since 1916. The average 
length of haul was obtained by dividing revenue t~n-miles by revenue 
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tons originating on Class I railroads each year. These data are 
presented graphically in chart 13. It can be seen from this chart 
that the average length of haul has been increasing rapidly, albeit 
somewhat erratically, over the entire period. The low point was 
301.2 miles in 1916, and the high was 376.2 miles in 1938; this repre
sents an increase of 25 percent in 22 years. There was a marked 
increase from 1916 to 1919, possibly due to war conditions. The 
rise from 1920 to 1930 was very slow, but between 1930 and 1932 the 
average length of haul jumped from 332.5 miles to 362.1 miles. The 
1930-32 movement was presumably an erratic condition, occasioned 
by the inroads of truck competition on short haul merchandise, when 
the depression necessitated all possible savings in transportation costs. 
After 1932, the average length of haul decreased slowly through 1937 
to 355.1 miles, but then took a sudden upward spurt, and in 1938 
and 1939 was well above any previous levels. 

It is extremely doubtful if the average length of haul of railroads 
will increase as rapidly in the future as it has in the past. With respect 
to the future, three factors will have a determining influence: (1} 
.The nature and average length of l1aul of competing transportation 
agencies; (2) the geographic movement of population; and (3) indus
trial decentralization. In the previous sections of this report, par
ticularly those dealing with diversion from rail to other modes of 
transport, and the future of agricultural transportation, it was 
shown that there is no reason for expecting that all of these forces 
will act as strongly in the future as they have in the past. 
~long as the average length of haul of competing agencies is less 

than that of railroads, increases in the amount of diversion of traffic 
from the railroads will increase the length of average rail haul. How
·ever, it was indicated that the future rate of diversion may be expected 
to be slower than it has been and it is reasonable to expect that 
increases in the average length of haul of railroads due to competing 
agencies will be less in the future than they have been in the past. 

For these reasons, the estimates of the average length of haul 
per revenue ton of freight originatirig in the decades 1950-59 and 1960-
69 will be assumed as 380 miles and 385 miles respectively. 

The average haul per revenue ton originating was 330 miles in the 
· decade 192Q-29, and 356 miles in the decade 1930-39. Between 

these two periods, there was an 8-percent increase in the average haul; 
the increase between the 30's and 50's, a period twice as long, this 
increase in average haul here assumed is less than 7 percent. 
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TABLE 33 

ArJ~rag~ lmgth of haul on Class I suam railways, 191fr39 1 

Year 

1916. ___________________________________ _ 

1917-------------------------------------
1918.------------------------------------
1919 .•••••••••••••••••••••••••••••••••••• 11)20 ______________________________ ~------

1921 ••••••••••••••••••••••••••••••••••••. 
1923 .• -----------------------------~----
1923 .••••••••••••• ----------------------192t. ___________________________________ _ 
1{126 ___________________________________ _ 

1926 ____________________________________ _ 

1927------------------------------------

Miles 

301.2 
31Z.1 
321.1 
33Z.5 
326.8 

326.t 
331.4 
322.9 
327.1 
331.8 

33U 
3M.5 

Year 

1928·-·--------------------------------1929 ________________________________ _ 

1930-----------------------------------
1931 ____________________________________ _ 
1932.. ___________________________________ _ 
1933 ___________________________________ _ 

193L------------"---------------------1935 ____________________________________ _ 

1936 ___________________________________ _ 

11137----------------------------------11138 ____________________________________ _ 
1039 ·--------------------------------

Miles 

I 336. T 
3M.1 
33Z.5 

MS.S 
36Z.l 
357.4 
351.1 
357.% 

353.8 
355.1 
376. :.r 
360,4, 

I Average haul JW IIIVIIIlWI ton originated on Class I Steam Railways of the United States cousidemd 111J 
a system. 

I PrellmiDary. 
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Chart 13- AVERAGE HAUL ON CLASS I STEAM RAILWAYS, 1916-1939 
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Applying average hauls of 380 and 385 miles to the estimates of 
average annual tons of freight originating in the decades 195Q-59 
and 196()-69, respectively, we obtain estimates of average annual 
ton-miles of revenue freight on Class I railroads, as follows: 

11160-61 
Possible---------------- 468, 264, 500, 000 l!eCUUID_ _______________ 417,688,400,000 
Low ___________________ 377,233,600,000 

298140-41--1 

• lflflfi-G 

564, 435, 025, 000 -
501, 864, 825, 000 
452,527,075,000 
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For purposes of comparison, average revenue ton-miles of freight 
on Class I railroads was 401,380,255,000 ton-miles in the decade 
1920-29, and 305,001,676,000 ton-miles in the decade 1930-39. The 
medium average estimates for 1950-59 would be 4 percent higher than 
the average of the decade 192Q-29, and 37 percent higher than the 
average of 1930-39. The medium estimates for 1960-69 would be, 
correspondingly, 25 percent higher than the average of 1920-29, and 
·64 percent higher than 1930-39. 

In the decade 1920-29, the annual revenue ton-miles of freight varied 
from a low of 306,840,000,000 ton-miles to a high of 447,321,500,000 
ton-miles, ranging from 76 percent to 111 percent of the average for 
the decade. In the decade 1930-39, the range was from 77 percent to 
126 percent of the average. If we were to apply the 192Q-29 range 
of variation to the estimates for 1950-59 (medium assumptions only) 
ton-miles of revenue freight would vary between 319,114,000,000 and 
465,305,000,000 ton-miles, and in the decade 1960-69, between 
383,425,000,000 and 559,077,000,000 ton-miles. If the range of vari
ation which existed in the decade 1930-39 were to be applied to the 
medium estimate of traffic, in the decade 1950-59, it would vary 
between 320,367,000,000 and 526,287,000,000 ton-miles, and in the 
decade 1960-69, between 384,930,000,000 and 630,844,000,000 ton
miles. These are the limits within which railroad traffic in the next 
two decades may vary. 



CHAPTER V 

THE RAILROADS AND FUTURE TRAFFIC 

It has been seen that under the conservative assumptions mad~ con
-cerning physical production, consumption .and the relationship of 
production to railroad traffic, future transportation activity on the 
railroads in the decade 1950-59 will be slightly higher than ,that 
which existed during the decades of the 1920's, and much higher than 
in the decade just past. In the decade 1960-69 rail traffic will be con
siderably higher than in any past period. Under these conditions, it 
could be said that even if the entire potential extra capacity of the 
St. Lawrence Seaway, about 10 million tons, assumed to be available 
for American commerce, were to be diverted from railroads, it would 
still be less than 1 percent of tons of freight originated; and even then 
it would be a deduction from a net increase in traffic, and therefore, 
relatively unimportant and harmless to the railroads. 

This type of analysis could be developed to show that the railroad 
management and railroad labor have no strong reason for opposing 
the seaway. This is not the sole point of this report, however. It is 
still necessary to consider the broad economic question as to which 
<>f the two available means of transportation, the seaway or the rail
roads, would provide the cheaper transportation facilities to meet 
future requirements. -

In considering this q~estion, two further points must be analyzed; 
first, can the railroads handle the predicted future traffic without any 
increase in existing facilities; and second, if they cannot, what is 
-cheaper for the nation-to have the railroads expand or to take care 
<>f some portion of the necessary expansion by means of the seaway. 
The succeeding portion of this report is devoted to the first of these 
problems. The comparison of the cost of railroad expansion and the 
cost of the seaway will be taken up in the Summary Report, Part VII. 

The first question necessitates an examination of railroad capacity. 
The problem of capacity in turn must be clearly separated into two 
parts-the capacity to handle seasonal and cyclical variations in 
traffic, and the capacity to handle long period (secular) changes. 
There is a marked seasonal fluctuation in railroad volume-for exam
ple, in the period 1933-37, average weekly carloadings in January 
were 565,480 cars, and in October they were 28 percent greater at 
725,560 cars per week.1 Hitherto this has usually been handled fairly 
-easily by the railroads, because capacity has been geared up to the 
-expected seasonal peak. The railroads have also been able to take 

a Sla!lllfcal_ Abltrael of tile Vflitetl Statu, 11139, p. 431. 

67 . 
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care of cyclical fluctuations in traffic-for example, in 1935 annual 
average weekly carloadings were 605,849, but in 1936 this had increased 
14 percent to 694,406. The increase from the peak month of October 
1935 to October 1936 was almost 15 percent.2 Temporary fluctua
tions in traffic have usually been handled successfully, and the prob
abilities arc that they will continue to be so handled. 

In considering average traffic conditions in a period from 10 to 30 
years distant, the problem is somewhat altered. It is necessary to 
study the existing capacity of the railroads, compare it with capacity 
in the past in relation to traffic, and the needed capacity in the future. 
Over and above this must be superimposed a pattern of cyclical and 
seasonal peaks. 

Railroad capacity depends ultimately upon the amount of equip
ment available to handle traffic and the way and structures over which 
the traffic is dispatched. It would be generally agreed that the 
amount of rolling stock available to railroads is almost completely 
variable over a 20-year period. New cars can be purchased, loco
motives can be repaired or constructed as desired. Whether or not 
way and structures are as variable is doubtful. Some roads can be 
double-tracked, branches can be built or abandoned, bridges or under
passes can be built, but the flexibility thus introduced is probably 
much less than the flexibility in equipment. The consideration of 
existing railroad capacity will therefore be limited to those el(·ments 
which are known to be variable. This means that the way and 
structures of railroads as presently constituted will be assumed to be 
sufficient, with repairs, to handle increased traffic in the future. 

Section 1 

RAILROAD CAPACITY 

The capacity of railroad cqmpment depends upon the number and 
capacity of freight cars and locomotives available and the efficiency 
with which they are used. The Interstate Commerce Commission 
and the Bureau of Railway Economics of the Association of American 
Railroads have comprehensive data on these points extending over a 
series of years. The data of the Bureau of Railway Economics are 
based on Interstate Commerce Commission statistics. ·wherever 
possible, the original source, the Interstate Commerce Commission 
has been used. Information is presented hereafter on the number 
and capacity of freight cars, number and capacity of various types of 
lo::omotives, freight cars per train, tons of freight per train and speed 
of trains, for periods starting in 1916 or 1920 and running through 
1938 (and 1939 whenever preliminary estimates were available). 

IJbld. 
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Freight Cars. 
In table 34 are presented data on the number of freight cars owned 

by Class I Steam Railways from 1920 to 1938. Column 1 gives the 
total number of cars owned, and column 2 gives the average of the 
end of the month percentages of those cars which were unserviceable 
during the year. Column 3 gives the average number of servic~able 
ears during the year, and column 4 the aggregate capacity of all cars. 
Columns 5 and 6-the capacity of serviceable and unserviceable cars, 
respectively-were obtained by applying the percent of cars unservice
able (column 2) to total capacity (column 4). This computation is 
based on the assumption that unserviceable cars have the same 
average capacity as serviceable cars, which we are informed by Inter
state Commerce Commission experts is probably valid. The facts in 
table 34 are presented graphically in chart 14. 

The facts in table 34 and chart 14 are extremely clear. Total 
capacity of all freight cars, as of December 31, 1938, was 19 
million tons less than it averaged during the period 1920-29 and 
the estimated capacity of serviceable cars was about 20 million tons 
below 1920-29 levels. This represents a reduction of total capacity 
<>f almost 20 percent, and a reduction of serviceable capacity of 22 
percent. In comparison with 1930, when capacity was at the peak, 
the reduction amounted, at the end of 1938, to 22.2 million tons aggre
gate capacity, and 25.4 million tons in serviceable capacity. 

If the railroads were to regain the position of repair that they once 
maintained-with only 6 percent of the freight cars unserviceable 
(the best year on record was 1927 with 5.9 percent)-which would not 
be at all impossible if traffic and revenues warranted the heavier main
tenance expenditure, than in 1939, total serviceable capacity. would 
have been about 77.5 million tons, still about 18 percent less than the 
average aggregate serviceable capacity of 192Q-29. Existing freight 
car capacity, then, is 2Q-22 percent short of the capacity levels of 
1920-29. This is but one item in the measurement of total carrying 
capacity, and must be considered along with utilization factors. 
Steam Locomotives. 

In table 35 and chart 15 are presented some facts about locomotives. 
Since under stress conditions passenger locomotives could be pressed 
into service as freight locomotives, and since switching engines are an 
important part of railroad activity, data are presented on all types of 
locomotives. Again comparing with the average of 1924-29,• as of 
December 31, 1938 there were 10,488 fewer freight steam locomotives 
in service; 92 fewer combination freight or passenger steam locomo
tives; 5,056 fewer passenger steam locomotives; and 3,000 fewer 
switching engines. Comparing with the average of 1921-29, there 

1 Due Co lack of data prior Co 1924, averages are based on the 192t-29 period except in one ease of "allloog. 
motives," wbicb are based on the 1921-29 period. · 
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TABLE 34 
Numb~r anrl capacity of all fr~ight cars anrl of urvic~abu fr~ight cars on. 

· Class I suam railroads, 1920-39 

Dec.31-

1920 ••••••••••••••••••••••••••• 
1921. •••••••••••••••••••••••••• 
1922------------------------· 
1923-------------·······------
11124 .••••.•••••••••••.••••••••• 

1925--------------------------
1920 ••••••.•••••••••••••••••••• 
1927 ---·-----------------------
1928.--------------------------
1929--------------------------
1930 ••••• _____________________ 

1931.-------------------------
1932.·-------------------------
1933 .•••••••••••••••••••••••••• 
1934...-------------------------

1935-~------------------------
19311 •••••.•••• ~----------------
1937 ••••••.•• ------------------
1938 ..••••••••••..••••.•••.•••. 
1939 ·-------------~-----------

Pl'I"CI!Dt of Number of Aggregate 
Number or cars unser· serviceable capacity 

all ears viceable ears all cars 

Tllotuand.9 PnU'flt Tflotuoftd.9 
MiUimuo/ 

tom 
2, 322 7.0 2,159 98.3 
2,316 13.1 2,013 98.5 
2,293 12.8 1,999 98.8 
2,316 8.0 2.131 101.3 
2,3t9 7.8 2,166 104.1 

2,357 7. 7 2,176 105.11 
2, 349 6.5 2,196 106.0 
2, 325 6.9 2,188 105.8 
2,298 6.2 2,166 105.3 
2, 277 6.0 :1,140 105.4 

2,277 6.2 2,1311 106.2 
2, 201 7.8 2,029 103.4 
2,145 10.8 1,918 100.9 
2,035 14.1 1,748 90.7 
1,938 14.6 1,855 93.0 

1,836 14.0 1,579 88.7 
1, 758 12.8 1,533 85.7 
1, 744 10.1 1,668 85.8 
1, 700 11.7 1, li01 84.0 
1,855 ------------ ------------ 82.4 

1 Based on the assumption that unserviceable cars have au average capacity. 
• Estimated from .AssQciation of American Railways. 

Capacity 
of service
able cars • 

Mrllii>Mof 
tom 

91.4 
85.6 
86.2 
93.2 
116.0 

97.5 
91).1 
99.6 
98.8 
99.1 

99.8 
95.3 
90.2 
83.1 
79.4 

76.3 
74.7 
77.1 
74.2 

------------

Capacity 
ofuoser· 
viceable. 

cars• 

Mrlliomof 
tom 

6.9-
12.9-
12.6-
8.1 
8.1 

8.1 
ll.t-
6.2 
6.5 
6.3 

II. 6-
8.1 

10. T 
13.6 
13.6-

12.4 
11.& 
8.7 
9.8: 

----·-------

SouRCE: Number and capacity of all cars, Interstate Commerce Commission, Stoll situ of &tihooraltt t/w 
United Statu. Unserviceable cars, Interstate Commerce Commission, Monthlr:&porta of Operating Sta
liltia. Last 2 columns computed. 

Chart 14- NUMBER AND CAPACITY OF ALL FREIGHT CARS AND OF 
SERVICEABLE FREIGHT CARS ON CLASS I STEAM 
RAILROADS, 1920-1939 
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---
1924 .••••• 
1925-. •••• 
1926__ ••.. 
1927.. •••• 
1928 ••.•.• 

1929 .••••• 
1930 ..••.. 
1931.. •••• 
1932 •••••. 
1933 ...•.. 

1934 •••••. 
1935 .••••• 
1936 ..••.• 
1937 •••••• 
1938 •.•••• 

TABLE 35 
Locomotives-Class I railroads, 1924-38 

Freight loco- Freight or Passenger I Switching I motives ·passenger locomotives engines locomotives 

Tote.! Tots! TotBI 
Total trac- tre.c- tre.c-

Num- tractive Num- tive Num- tive Num- tive Num-
ber (t~~~~~r ber (tower ber {tower ber ftower ber hous. thous. hous. 

pounds) or or or 
pounds) pounds) pounds) 

---------------------
39,119 I, 801,839 1,546 45,989 13,585 389,913 10,756 355,437 65,006 
37,992 I, 783,054 1,589 51,969 13,210 386,185 10,821 365,661 63,612 
37,139 I, 790,933 1,697 61,418 12,769 388,587 10,737 37', 300 62,342 
36,001 I, 770,734 1,546 60,133 12,520 393,987 10,728 381,316 60,895 
34,808 I, 751,340 1,627 59,979 11,847 384,666 10,563 383,658 58,845 

33,605 1, 726,224 1,584 59,116 11,321 377,311 10,426 388,162 56,936 
32,900 1, 700,020 1,808 79,910 10,868 358,051 10,299 388,959 55,875 
32,063 1,674, 290 1,824 81,313 10,430 348,757 10,068 384,501 54,385 
31, 197 1,643, 878 1,880 82,634 9, 786 333,572 9,629 370,244 52,492 
29,935 1, 595,961 1,838 81,483 9,107 314,305 9,184 357,072 50,064 

28,520 1, 542,195 1, 710 78,511 8,444 298,728 8, 762 343,833 47,436 
27,462 I, 501,004 1,612 76,121 7,983 289,426 8,557 339,650 45,614 
26, 695 1, 474, 868 1, 563 75,199 7,655 281,529 8,249 331,103 44,162 
26,51711,474,143 1,692 84,734 7,522 279.755 7,893 316,923 43,624 
25,95611,452,049 1,523 79,109 7,486 282,915 7,672 309,391 42,637 

a Date. not e.ve.ile.ble. 

All locomotives 

Per- Num TotBI cent ber tractive un- un-power service- serv-(thous. or able 
pounds) ice-

able 

-------
2, 593,178 

(1! ~:~ 2, 586,868 ~: 2, 611,238 
2,606,171 (I 1) 
2,579,643 (1 (1) 

2, 550,813 (1~ (1) 
2,526, 940 (1 (1) 
2,488,861 19.2 10,44 . 
2, 430,328 24.7 12,966 
2,348,821 30.1 15,069 

2, 263,267 30.9 14,658 
2, 206,201 30.6 13,958 
2,162,699 26.4 11,769 
2,155, 555 22.0 9,597 
2,123,464 25.4 10,83 

SouRCE: Interstate Commerce Commission, Statistics of Railwaus in tile United States and Monthll/ Report 
of Optrali"'l Statistics. · 

Chart 15- NUMBER AND TOTAL TRACTIVE POWER OF ALL 
LOCOMOTIVES, CLASS I RAILROADS, 1921-1938 
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was a reduction in all locomotives, including electric and direct pow
ered engines of 19,730 units. 

There was an 18-percent reduction in the aggregate tractive power 
()f freight locomotives and a 16.4-percent reduction in the aggregate 
tractive power of all locomotives including electric and Diesel pow
ered units. At the same time, the percent of all locomotives unser
viceable was at 25.4 percent, which compares very unfavorably with 
the 1931 figure of 19.2 percent (earliest available estimate). 

There has been a serious decrease in the number and a,ugregate power 
()f locomotives compared to the average of 1924-29. The reduction in 
locomotives is not quite as acute as that in freight cars, but is still very 
marked. 

The figures presented above are not as bad as they first seem, 
because they have been offset by improvements in the efficiency of 
()peration of freight trains. In the absence of undue congestion, the 
total carrying capacity of railroads will be the same if there are 2 
trains, each consisting of 10 cars and a locomotive, working at a rate of 
. 10 miles an hour; or 1 train, consisting of 1 locomotive and 20 cars, 
working at 10 miles an hour; or 1 train, consisting of 1locomotive and 
10 cars, working at 20 miles an hour. The improvements in operating 
efficiency of railroads may be briefly described. 

Utilization of Freight Capacity. 

Since 1920, the railroads of the country have tended toward operat
ing fewer trains,-with more cars to a train moving at higher speeds. 
'The facts on this are shown in tables 36 and 37. In"1920, the average 
number of freight cars (both loaded and empty) in freight trains was 
.35.6; this rose steadily through 1930, when there were almost 48 cars 
to a train, but then decreased, and in 1932 there were only 44 cars 
per train. Since 1932, the number of cars per train has been increasing 
cSteadily, and in 1939 surpassed the 1930 level. Tons of freight per 
loaded car have not fluctuated very much, ranging between 25 and 28 

· tons per car .. Tons of all freight (both revenue and nonrevenue) per 
train rose from a low of 651 tons in 1921 to a high of 804 in 1929, 
dropped back to 663 in 1932 and rose again to 796 in 1937. In 1939 it 
:reached the peak of 813 tons per train. In order to facilitate inspection 
o()f these facts, they have been presented in chart 16. 
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TABLE 36 

Selected operatt'ng statistics for freight sen•ice on Class I railroads, 1916-39 

Year 

Average num .. 
her of freight 
cars per train, 
excluding ca
boose (loaded 
and empty) 

1916 ........................................................................ . 
1917 ......................................................... ----------------
1918 ......................................................... ----------------
1919 ........................................................................ . 
1920......................................................... 35.6 
1921. ....................................................... . 
1922 ....................................................... .. 
JU~3 ....................................................... .. 
1924 ........................................................ . 
1925 ....................................................... .. 
1926 ........................................................ . 
1927 ..........•.•..•...............•.............•.•......... 
1928 ........................................................ . 
1929 ........................................................ . 
1930 ........................................................ . 

1931 ........................................................ . 
1932 ........................................................ . 1933 ________________________________________________________ _ 

1934 ........................................................ . 
1935 ........................................................ . 

1936 ........................................................ . 

~~~~: :::::: ~:::::: :::::::::::::::::::::::::::::::::::::::::: 

37.4 
37.4 
38.9 
40.7 
42.8 
44.2 
45.5 
47. I 
47.6 
47.9 
46.9 
43.8 
44.8 
45.2 
45.2 

Net tons of 
freight per 
loaded car 

122.8 
124.8 
1 27.0 
125.5 

29.3 
27.6 
26.9 
27.9 
27.0 
27.0 
27.4 
27.1 
26.7 
26.9 
26.7 

25.7 
24.9 
25.6 
25.6 
26.0 
26.8 
27.1 
26.0 

Revenue 
and nonreve-
nue freight 
per freight 

train 
-----

1560 
1597 
1628 
1 631 

708 
651 
676 
713 
715 
744 
772 
777 
792 
804 
784 
733 
663 
699 
706-
731 

774 
796 
759 

1939 .. ---·········-------·----------------------------·--·--

45.8 
46.6 
47.1 
48.5 -------------- 813. 

1 Includes revenue freight only. Nonrevenue freight is approximately ~3 ton per car and 50 tons per train. 
SouRcE: Interstate Commerce Commission, Statistics o[ Railways in the United States. 

Chert 16- SELECTED OPERATING STATISTICS FOR FREIGHT SERVICE 
ON CLASS I RAILROADS, 1916-1939 
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There has, then, been some increase in the potential carrying capac
ity of locomotives, as evidence in the number of cars attached to a 
locomotive, but these potentialities have not been realized fully (as 
seen in net tons of freight per train), possibly due to the general reduc
tion in railroad activity. 
Improvements in Operating Speeds. 

Data on the operating speed of trains are shown in table 37. The 
average speed between terminals (including stop-overs at way stations) 
has risen steadily from 10.3 miles per hour in 1920 to 16.6 miles per 
hour in 1938. The speed in 1926 was 11.9 miles per hour, while in 
1939 it was 40 percent higher at 16.7 miles per hour. Although the 
speed between terminals has increased greatly, the over-all speed has 
not increased markedly. In 1920, the average freight locomotive 
moved 62.5 miles a day; it moved only 44.0 miles a day in 1935. 
These figures are based on all locomotives, including those unservice
able and those stored. If the comparison is restricted to serviceable, 
unstored locomotives, which is a better indication of the over-all 

· speed of freight trains, then the situation is more favorable. This 
-comparison is limited to the period 193Q-38, because of lack of data 
prior to that time. In 1930, the average distance covered per day of 
serviceable locomotives was 89.6 miles. In 1936 it reached a high of 
105.2 miles, but by 1938 it was back to 99.0 miles, the trend over the 
period is upward. 

The average distance covered in the course of a day by freight cars is 
about one-quarter to one-third of that covered by locomotives. This 
rose from a low of 22.4 miles a day in 1921 to a high of 32.3 miles a day 
in 1929, dropped to a low of 19.8 miles in 1932, then rose to a new high 
<>f 32.9 miles in 1937. Since these figures are based on all freight cars, 
regardless of whether they are loaded or empty, in use or on sidings or 
yards, it would be expected that they would fluctuate with general 
railroad activity. In this respect they are not as good indicators of 

· -changing efficiency of operation as is the information on miles per 
serviceable unstored freight locomotive day. 

Fi.I:i.ally, in table 37 are given figures on net ton-miles per freight 
train hour. These include revenue and nonrevenue freight, and 
freight train hours include the time between terminals only. It is 
this computation which really summarizes the changes in railroad 
<>perating efficiency. This has increased from 7,500 ton-miles per 
hour in 1921 to 13,500 ton-miles per hour in 1939. From the average 
<>f 1921-29 to 1938, the gain was 40 percent, or considerably more 
than the reduction in freight cars and locomotives which ranged 
between 18 and 22 percent. 

This 40-percent increase in operating efficiency is by no means a 
net gain in capacity. In the first place, it was shown in the preceding 
-chapter that the average length of haul per revenue ton origin~ted on 
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TABLE 37 
s~l~ct~d op~rating afJ~rage.r for fr~ight s~rrJice, Class I Railroads. 

1920.--------------------------------------
1921.--------------------------------------1922 ______________________________________ _ 

1923---------------------------------------
1924.--------------------------------------

1925------ ---- -----------------------------
1926.--- -----------------------------------
1927---------------------------------------
1928.- -------------------------------------
1929---------------------------------------
1930 ______________________________________ _ 

1931.-- ----------- --------- ----------------
1932-- -------------------------------------
1933---------------------------------------
1934.---------------------- ----------------

1935.--------------------------------------
1936.------------------------ --------------
1937---------------------------------------
1938.-- ------------------------------------
1939------ ---------------------------------

1 Not stored. 

A veragi, distance covered per day 

Average Net ton· 
speed Freight locomotives miles per 

terbe~'r:f. 1-----.,.----1 Freight freil!ht-
cars, total train-hour 

Total 

M.p. II. Milu 
10..3 62.6 
11.6 49.6 
11.1 62.0 
10.9 60.3 
11.6 66.3 

11.8 58.3 
11.9 61.8 
12.3 60.9 
12.9 61.5 
13.2 60.9 

13.8 61.4. 
14.8 66.1 
15.6 58.0 
15.7 49.9 
15.9 42.2 

16.0 44.0 
15.8 ------------16.1 ------------16.6 ------------
16.7 ------------

Service
able• 

Milu 
------------------------.............................. 
---------------------·--
------------------------------------------------------------

89.6 
88.2 
86.2 
89.8 
94.3 

93.5 
105.2 
104.5 
99.0 

------------

Mllu Ton-milu 
25.1 -------7;506 22.4 
23.6 7,479 
27.8 7, 770 
26.8 8,222 

28.5 8, 773 
30.4 9,201 
3C.3 9,583 
31.3 10,183 
32.3 10,580 

28.7 10,836 
24.5 10,825 
19.8 10,266 
21.3 10,974 
24.2 11,225 

25.8 11,718 
30.7 12,146 
32.9 12,695 
28.6 12.473 

------------ 13,494 

SoURCB: Interstate Commerce Commission, Stati8tiu of RaUwar• in tile United S141u and Association of 
American Railroads, Bureau of Railway Economics. 

Class I railroads has been increasing steadily. The gain in average 
length of haul between the average in the period 1926-29, and 1938, 
was 14 percent. Therefore, although carrying capacity has increased 
40 percent, the average distance to be covered has also increased 14 
percent, so that the net gain in effective carrying capacity has been, 
at most, 26 percent. 

Comparing 1938 with the average of 192o-29, the following situa
tion exists: There has been an 18- or 22-percent reduction in the 
apparent tonnage capacity of railroads, offset by a maximum of 26 
percent increase in the carrying capacity of existing facilities. Effec
tive capacity, then, may be somewhat above the average of 192o-29, 
but certainly not far above these levels. 

'l'he foregoing facts indicate that during the decade 195o-59, the 
railroads would not have a problem of excess capacity. This is true 
in relation to average traffic requirements; it is certainly true in rela
tion to possible annual and cyclical peaks. Indeed, even to ·meet 
the very modest estimates of future traffic made in this report, rail
road rolling stock would have to be increased in capacity and efficiency 
of usage above present levels. The problem of evaluating the St. 
Lawrence Seaway then is reduced to a consideration of the alternative 
costs of supplying additional transportation facilities during the 
season of peak railroad traffic. 
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Section 2 

CoNDITION OF \VA Y AND STRUCTURES 

Carrying capacity of the railroads depends upon other factors in 
addition to cars, locomotiYes and efficiency of operation, particularly 
"Way and Structures" which includes tracks, right of way, building, 
sidings, ete. The potential capacity of existing systems cannot be 
measured in the way the wpacity of cars and locomotives was meas
ured, for there are no commensurable units; but certain salient facts 
indica.te that there may be accumulated deficiencies in this field 
which may limit carrying capacity. 

Rails. 

In table 38 and chart 17 are ginn data on the number of ties and 
the number of tons of rails laid in replacement on Class I railroads. 
from 1920 to 1938. From 1920 to 1929, railroads were replacing 
between 2,500,000 and 3,800,000 tons of rail each year on their tracks. 
By 1932 they were replacing well under a million tons, and in 1938-
only replaced 1,200,000 tons. From 1920 to 1929 the average annual 
replacement was 3,258,000 tons. From 1930 to 1938 the average 
annual replacemen~ was 1,472,000 tons (if 1930 is excluded, it was. 
1,322,000 tons). It should be recognized that this rate of replacement 
means a more than proportionate decrease in the miles of traek 
replaced since "in replacing rails the tendency has been to utilize 
heavier rail .... in 1921, the weight of rail per yard. This is an 
increase (in weight) of 13.6 percent."4 Each ton of new rail meant 
13.6 percent less mile of rail laid in 1938. 
Ties. 

The story in the case of ties is approximately the same. From 192(} 
to 1929 the average annual replacement was 82,135,000 ties, 49,309,000 
of which were treated. In 193Q-38, the average replacement was 
46,169,000 ties, of which 35,447,000 were treated. .Although the 
decrease in replacement of treated ties (28 percent) is much less than 
the deerease in all ties (44 percent), and treated ties have a life approxi
mately three times as long as untreated ties, there is still a great 
decline. Since rails and ties must be replaced because of time as well 
as usage, then there is a serious deficiency in the existing tracks which 
must be rectified if the rails are to stand up under future traffic strains. 
The concept of deficiency is based on the hypothesis that in the period 
prior to 1930 the railroads were not spending an excessive amount in 
replacements of rails and ties. 

• Association of A.merican Railroads, Raihocpii{IM V~ !!k'a. Wasbingtoo. D. C.,IHI. 



ST. LAWRENCE SEAWAY AND FUTURE TRANSPORTATION 77 

TABLE 38 

.Number of rails (nrw and second-hand) and number of ties laid in replace
ment, Class I railroads, 1?20-38 

Rails Ties (thousands) Rails Ties (thousands) 
(tboo- (tboo-

Year sands of Year sands or 
loogtoos) All ties Treated long tons) AD ties Treated 

ties ties 

1920 ________________ 
2,507 86,829 1930 .•.•.••.•...•••. 2,674 63,354 49, 7!!0 192L ______________ 2,588 86,522 36,072 193L ..•••••...•.... 1, 715 51,502 39,828 

1922 ____ ------------ 2, 619 86,642 40,630 1932 _______ - -------- 797. 39,191 29,435 
1923 .•.••. -- -------- 3,139 84,435 41,656 1933---------------- 862 37,296 26,340 
1924 _______ --------- 3,185 83,073 44,490 

1934 .• ______________ 
1,165 43,306 31,808 

1925 ______ ---------- 3,4S5 !!2, 717 50,090 
1935 ________________ 

1,159 44,326 33,2!!1 
1926---------------- 3,818 80,746 51i, 558 1936 ______________ --

1, 701 47,361 36,772 
1927---------------- 3.819 78,340 57,083 1937---------------- 1,975 47,730 38,075 1!f28 _______________ 

3,806 77,371 59, 1S7 1938 ..••••••...••.•. 1,203 41,453 33,763 
1Y29 •••••••••••••••• 3,610 74,679 59,047 

SoUliCK: Interstate Commerce Commission, St4tiltiu of Ra.ilwar• m the Unitt4 St4tu. 

Chart 17- RAILS AND TIES LAID IN REPLACEMENT IN CLASS I 
RAILROADS, 1920-1938 
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Another indication of the condition of the existing structure is the 
-expenditures on maintenance of way and structures over the past two 
.decades. In table 39 are given total annual expenditures on main
tenance of way and structures, revenue ton-miles, and expenditure 
per revenue ton-mile for Class I railroads. These data are not perfect 
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because: (1) Maintenance expenditure is chargeable to passenger 
service as well as to freight service; (2) The dollar series is partially dis
torted by changes in prices and wages of railway labor. The basic 
facts, however, are very clear-expenditure per ton-mile has been 
steadily decreasing since the beginning of the period studied, but, as 
seen in table 39 and chart 18, has been decreasing much faster since 
1930 than it did prior to that date. Since 1933, it has been rising 
slightly, but is still well below either the levels or projected trend of 
the 192Q-29 period. 

Possibly the best indication of the fact that existing facilities of the 
railroads are not capable of handling a large increase in traffic without 
substantial expenditures lies in statements made by the railroads 
themselves. This problem has been a vexing one since 1931, and in 
1938 the Interstate Commerce Commission decided to poll the rail
roads in order to obtain their opinions as to necessary expenditures to
handle future traffic. The answers to this survey have been published 
in a release entitled "Financial Requirements of Railways." 6 Some 
·of the highlights of the answers are as follows: 

1. Assuming traffic as large as that of 1937 to be in prospect {36() 
billion ton-miles of revenue freight), as of the end of 1938 deferred 
maintenance amounted to $283,820,066, and that an additional 
$495,757,106 should be expended· on additions, betterments, and 
extensions-a total of $779,577,172. 

2. Assuming traffic 19 percent larger than that of 1937 to be in 
prospect {396 billion ton-miles) as of the end of 1938, deferred main
tenance amounted to $378,671,796, and that $515,747,931 should be 
expended on additions, betterments, and extensions-a total of 
$894,419,727. 

3. "The figures given in answer to the questions are nothing more 
than a guess to attain a standard of maintenance reasonably satis
factory, yet falling far short of a desirable standard and somewhat 

. above a standard of safety alone. They imply no lmder-maintenance 
so far as handling present traffic safely is concerned, or the desirability 
of raising the standard of maintenance under the existing outlook for 
the railroad industry; they are much short of the amount necessary 
to bring the property to a high engineering standard." 8 

• Interstate Commerce Commission, Bureau of Statistics, Statement #3911, File No. 333-A-1. 
• Ibid,, p. 10. Statement of Louisville and Nashville R. R. Co. 
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TABLE 39 

Railroad maintenance and traffic on Class I Steam Railrotuls, 1J2o-39 ' 

Maint&- Maint&- Mainte- Mainte-

Year Revenue D811CleofWBy -.- YeBI' ::=:: D8DClllofway -.-
too-miles and stmo- revenue andstroc- revenue 

mres too-mile mres toD-mile 

MillitlfU, Milli6utl' 
Milli6u oloUar• Cmt9 Millimu ~ ant. 1920 __________ 

410,306 1,033 0. 2518 
1930 ________ 383,4,';0 705 0 • .1840 1921 _________ 

lKl6. 840 756 0. 2-t65 
1931_ ______ 309.225 531 0.1717 1922 _________ 

339.285 729 0.2148 
1932_ ______ 233. '¥l7 351 0.1.501 

1923. _________ 412,727 814 0.1971 
1933 _________ 

249,223 322 0.1.293 
1924.. ___________ 388,415 793 O.lJKI 

1934_ ________ 
268,711 365 0.1359 1925 _________ 

41a.814 816 0.1973 
1935 _________ 

282,007 :IlK 0.1397 1926. ___________ «a, 746 867 0.1953 1936 __________ 339,246 ~ O.l.Ml 1927 ____________ 428,737 869 O.lll26 1937--------- a&o,6lll 496 0.1374 1928 __________ 
432,915 838 0.1935 

1938 _________ 
290.01'14 4ll) 0.1448 111211 _________ 

447,322 855 0.1912 
1113111 __________ 

333,444 461 0.1400 

l Preliminary. 

Sot111a: Interstate ColllllleRle CommissioD. 8tlltUtia t1/ lll:ilrtHip 0/IM UTaUIJ Statn.. 

Chart 18 - RAILROAD MAINTENANCE OF WAY AND STRUCTURES 
PER REVENUE TON-MILE, CLASS I STEAM 
RAILROADS, 1920-1939 
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Section 3 
NEcESSITY oF ExPANSION oF RAILROAD CAPACITY 

The discussion in Eection 1 above would seem to indicate that 
capacity of rolling stock as it existed at the end of 1938 would have 
been sufficient to meet average traffic requirements of the decade of 
1920-29. This was due to improved operating speeds whtch com
pensated for reduced freight car capacity and aggregate tractive 
power of steam locomotives. This conclusion, however, is based upon 
a comparison of average traffic requirements over a period of decades. 
Traffic does not move in average figures; actual movements fluctuate 
considerably above and below the averages, due to seasonal factors 
within each year, and cyclical forces over the period of a decade. 
Hence future requirements must be recast by superimposing upon the 
estimates of average traffic requirements, a pattern of seasonal and 
cyclical fluctuation. In doing this, it will be assumed that the 
amplitudes of fluctuations around the average in the future will be 
comparable to the eA-perience of the past two decades. 

If tonnage of railroad freight originating in the decade 1950-59 
was to fluctuate around the previously estimated average of 1,099,-
180,000 tons in the same degree as it did in the period 1920-29, 
ranging between 77 percent and 110 percent of the average, annual 
tonnage of freight originating would fluctuate between 848,500,000 
tons and 1,209,100,000 tons.· If the fluctuations were the same as 
that of the period 1930-39, from 75 percent to 135 percent of the 
average, tons originating would range between 826,580,000 tons and 
1,480,100,000 tons. In either of these cases, maximum future traffic 
under very conservative estimates would be well above existing 
capacity, and expansion in railroad capacity would be required. 

Since railroad facilities arc not completely flexible, capacity must 
be geared to the peak demand for transportation within the period 
in which capacity is fixed. In a period as short as a single year, 
excess capacity must be measured by the number of freight cars which 
are 1_1.vailable for service, but are not in use, at the time of annual 
peak. The Car Service Division of the Association of American 
Railroads has weekly figures on the number of such surplus cars for 
a number of years. The greatest excess capacity in the recent history 
of the railroads was in 1932, when there were 772,565 surplus cars in 
June. In 1929, the maximum surplus was 447,141 cars in December 
and the minimum was 107,301 cars in October, the peak of the year. 
In 1937 the maximum surplus was only 283,248 cars in December and 
the minimum was 101,630 cars in October. The minimum surplus 
condition has always occurred during the fall when the Seaway would 
be open. The situation which existed in 193i-one of the smallest 
surplus conditions since 1920--would seem to indicate that even now 
there is but little excess capacity during peal{ periods. 
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Section 4 
THE .ALTERNATIVE PROGR.UI FOR FUTUllE 

TRANSPORTATION CAPACITY 

In order w handle the possible traffic of the future with reasonable 
safety and economy, the railroads of the country will have to expand 
their rolling stock, and perhaps even their fixed plant. At least, a 
considerable amount of money will have to be spent on way and 
structures. 

If the railroads have to inaease their capacity, then they 8l'e offered 
a clloice of two alternative programs---i>ne being that which would be 
required if there is no St. Lawrence Seaway; the other being that which 
would be required if there were a Seaway carrying 10 million tons of 
freight more than now passes through the St. Lawrence canals. 
Therefore, there would be no real diversion of traffic from rails to the 
Seaway-the nation is afforded a clloice between building two different 
transportation systems w handle traffic for which carrying capacity 
now in existence ..nil not be adequate. 
The St. Lawrence SeawaJ in Relation to Seasonal Peak in Traflic. 

In considering these alternatives, it is important to remember that 
there is seasonal variation in railroad traffic. How the St. Lawrence 
Seaway fits into this seasonal pattern vitally affects the question of 
total cost of alternative increments of transportation facilities. Since 
the Seaway is not open to navigation between the first of December 
and the first of May, if the peak of railroad traffic comes during those 
5 months, then there would be spare rail capacity during the summer 
and the Seaway would not be required. Indeed this is one of the 
arguments advanced by the Association of .American Railroads. 

In table 40 are given data on average weekly revenue carloadings 
for the period 1933-37. The peak OOCUI'S in October (14 percent 
above average), September (10 percent above average), and August 
(6 percent abov-e average). The months when the Seaway is closed 
are also the lowest months in railroad traffic. ~ 

It will be observed that the data presented in table 40 cover all 
railroads, rather than only those roads which operate in the 81'8& 

contiguous w the Seaway. The reason for selecting the broader basis 
is that since railroad cars and locomotives are readily transferred from 
one road to another, and since capacity is here measured in terms of 
cars and locomotives, the freight load upon the entire railroad system 
rather than individual members must be considered. However, a 
test check of the business on the railroads of the Eastern. area revealed 
that here, also; peak loads oocmred in September and Ocwber. 

Now since railroad capacity must be geared to peak conditions, and 
since the Seaway is open when the peak oocUI'S, it is clear that the 
construction of the Seaway would enable the railroads to prepare for 

ai!U$-41-T 
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a lower peak than they would have to do if there were no seaway, and 
the average load factor, the extent of utilization of peak capacity, 
would be improved. In table 41, average weekly carloadings are 
presented in five principal categories: agriculture, coal, coke and ore, 
forest products, and miscellaneous. In each of these classes except 
coal, the peak occurs when the seaway would be open. The peak in 
coal transportation occurs in February, but this is counterbalanced 
with a larger in-season peak (in numbers of cars) in ore and coke, 
which utilize the same type of car, thus creating no problem of car 
shortage. 

TABLE 40 

.A'IJerage weekly re'IJenue carloadings 1933-37-Clau I railroads 

Month 

1mmery --------------------

r:~r~~~=::::::::::::::::: 
ApriL •••••••••.•.•.•••••••. 

· May-----------------------

~~U::.~~=::::::::::::::::~::: 

Average 
weekly 
carload· 

ings 

Percent of 
1933-37 
average 

566, 479 88. 8 
695, 870 93. 6 
608, 234 96. 6 
608. 331 96. 5 
634, 968 99. 7 
651, 885 102. 4 

Month 

August ____________________ _ 

~':r~~-:~~============== 
November------ __ ----------
December.-----------------

649,112 101.9 Weekly average, 1933-37 •••• 

SOURCE: Statistical AbatrtJd ojtlle United stotu, 1938, p, 393. 

TABLE 41 

Average Percent of weekly 
1933-37 carload· 

ings average 

676,903 106.3 
693,422 109.6 
725,564 113.9 
640,342 100.6 
679,001 90.9 

637,022 100.0 

A.'IJerage weekly revenue carloadings 1933-37-Clau I railroads, by typu of 
freight 

Month Products of Coal Ore and Products Misc. and 
agrirulture ooke of forests L.C.L. 

1 o.nuary. ------ ____________ • --- .... ---------- 43,14f. 136,284 13,099 21,448 351, 9IJ6 

. fi~r~~~::::::::::::::::::::::::::::::::: 41,168 150,HO 14,486 24,443 365, 36.1 
41,621 129,645 13,040 26,478 397,450 

u..~~:~~====~====:::::::::::::::::::::::::: 44,182 100,883 18,315 26,897 418,074 
43,990 104,106 40,098 28,645 419, 128 

June.---- _________ • _____ • ________ •• ___ ----_ 45,735 108, lRO. 47,781 30,227 419,9r.2 
July __ ------------------- ___ ------------- __ 58,423 101,43F 50,729 29,533 40g, 992 
Augu~t- ________________ .. _____ .. --- _ ---- -- .. - 57,624 112,674 52,695 31,377 422,533 
Septeru ber _________ ------------------------ 55, G26 125,079 52,462 30,059 434,896 
October._------------------------------ .. - 50,630 139,508 43, 72.>; 211.88~ 455,814 
November--------- ___ --------- __________ -_ 50,762 132, 42:l 21,652 26,682 408,823 
December _____________________ ---------- .. - 43, 56a 133,085 13,521 24,161 364,872 

Weekly !lVemge, 1933-37 .... ---------- 46,678 122,783 32,180 27,528 405,853 

SOUBCE: Statistical Abatract of the Uniied States, 1938, p, 393. 

The St. Lawrence Seaway in Relation to Cyclical Variations of Traffic. 

The condition of general business and rail traffic immediately before 
and. after the completion of the St. Lawrence Seaway will affect the 
smoothness with which the St. Lawrence takes its place in the national 
transportation system; it will also affect, for a brief period, the rela
tivecostsofthealternativemethods. Obviously the railroads will have 
to be geared to take care of the highest possible peak of traffic just prior 
to the induction of the St. Lawrence Seaway. This will probably 
come in the fall of the year previous to the opening of the seaway. 
If the seaway should carry its maximum capacity, say 10 million tons, 
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the T"ery first season it is opened, then there may be a temporary 
excess capacity in rail facilities. This condition would be aocen.tua~ 
and 10ould last a longer period. if the seaway came inro use on the 
do...n S1ring of a business cycle. · 

That these eventualities are not likely tD occur, and if they do occur, 
'trill be only temporary, is indica~ by sev&al consi.den.tions. In 
the first place, it is very unlikely that the Seaway will accommodate 
its maximum additional traffic in the very first; year. As new shipping 
facilities and services 'trill have to be established it; will take some time 
before full use is made of the new route. The increase of St.L&'WI'Nlce 
traffic tD full capacity -.rill come gradually. This has been the ex
perience on other canals. The railroads 'Will therefore have time to 
absorb their peak capacity of the pl'e-6eaway era over a longs- period 
than a year. · 

In the second place, the increase of tza.flic from one year to the otlur, 
(assuming, not a depression period, but one in which industrial con
ditions are gradually improving), will cert&inly provide as much as 
ten million tons of tra.ffic (less than I percent; of total tons of freight; 
originated) bet...een the pre-6e81nlY year and the suooeeding ~or 5 
ye&l'B. This will certainly absorb any capacity that; the railroads 
may have had to assign to the St. Lawrence tza.flic before it; was 
available. 

The country is then faced with a choice in the selection of the 
incremental transportation facilities ..rnich 'Will be needed in the 
future. That mode of tran..~rtation should be chosen which will 
yield the greatest advantage. Among the considerations which should 
inft.uence this choice is the relative cost; of supplying this additional 
transportation service. H the Government; owned the railroads of 
the country, surely the relative cost of railroad expansion as a.,crainst; 
the construction of the seaway would have to be t.arefully weighed. 
Precisely the same kind of analysis must; be applied now, for ~
less of the o10nership of the railroads by private companies, an expan
sion of rail facilities -.rill absorb physical and human resources. We 
must 10eigh these real costs against; those involved in the constrnetion 
of the se&1nly. 

The cost of supplying the incremental transportation services is 
not the only criterion ..-hich must enter into the selection of the 
medium. There are other vital considerations ..rnich must be studied, 
some of ..-hich are not amenable to ~t; in dollars and eents. 
Among these the strategic aspects of the project; from the point; of 
view of national defense are the most important. In orda- to pennit; 
a complete evaluation of the alternative modes of incremental trans
portation fAcilities, the question of relative costs is considered, along 
lOith other aspects of the project, in Part. TIL the Su.mmary report of 
the Survey. 

0 


