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CHAPTER V

NET INVESTMENT IN RAILWAY ROLLING-STOCK

Y 1. THE RELATION TESTED

In §9, the result was obtained that, in the case of

Acceleration general investment activity, the acceleration principle
principle and vields an explanatory factor of only minor importance
profit —  as compared with profits. For railways, it 1s possible
principle.  to take a shghtly different view. The two facts,
(@) that railways usually are not permitted to refuse

passengers or freight offered for transport and (b) that, generally,
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they are publie enterprises or under some sort of control of public
authoritv, both tend to replace pure profit considerations by more
technical considerations as far as new investment 1s concerned.
There 15 some reason to assume that profit considerations are
in this case wholly or partially replaced by the considerations
at the basis of the acceleration principle. For this reason, three
types of calculation have been made. An attempt has been made
to explain the net investment in railway rolling-stock ¢x by the

tollowing primary factors:

(1) The rate of increase in traffic Auy only (* acceleration
principle );

(2) The profit rate Zy only (“ profit principle ”);

}- 7 lL 41 all d ZR (“ mixed prin(’:iple ”).

As secondary factors the same factors have been
Secondary chosen as in Chapter 111, viz., '
factors ; lags.  The price of 1ron ¢, ;
The long-term rate oI mterest myp.
About the probable lag, some information is available in the lags



between orders of locomotives and of cars and the rate of inerease
in total stock of locomot i ves arn {’i of ca :r 8 ’Wif hihe “& e TREE :1‘*.:&:“ | Wavs.
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| for locomot,wes As t-he lag }wt Ween any | .m._.wm. ive tooanvest and
the actual increase in rolling-stock may be larger than the purely
technical lag between orders and increase, it seened a Linr estimate
to take 114 vears for all rolling-stock. To beain with, caleulations
with this lag were made. Inspection of the graphs showed that the
lag seemed to be somewhat shorter for the United States, especially
in the case of the profit principle: perhaps samewhat longer for
France, and decidedly longer (215 vears) for Germany, it for these two
countries the acceleration principle was accepted us the explanatory
principle. Therefore, a lag of 214 years for Germany has been tﬁikw
whereas for the other countries the lag of 115 vears was retamed,
with the exception of the profit principle for the United States,
where a lag of 1 vear was also considered. These lags mayv roughly
be considered as the lags giving the hig

hest correlation.
For the profit principle, somewhat more complicated calculations
( indic ated as (‘*-alcmlatio ns 2! ) were Im mi ¢ 1 n @M Tia't 10 I wi Z., €A 1“1 m

variates. ThlS may give f%fmwwhm More aceur: u g imlii*-*--’i.t;im}h
about lags, which will be discussed together with the results.

Significance calculations have been made only

Significance for some of the most ty pif'* al cages.  As railway
calculations. rolling-stock plays a decreasing role in total invest-
ment, 1t did not seem necessarvy for the ultimate

objects of this enquiry to go into very much det

ail, the more so
because the results were only moderately good.

§ 16. THE StaTisTICAL MATERIAL

The countries and periods studied are:
Countries France, 1876-1908 (thirty-three vears).
and pertods. Germa.nv 1874-1908 (thirtv-five years)
United Kingdom ,1873-1911 (thirty-nine years)
United States, 1896-1913 (eighteen vmm)

All necessary data on railways are taken from the




Year-books of these countries. For the secondary factors, the data

referred to m Chapter I are taken.
Some preliminary work was involved in calculating

Computation the necessary indices.
of tneices. An index ¢, of net investment was calculated
Ineestinent as a weighted arithmetic average of the percentage
inder.  rates of increase in locomotives, freight cars and.
passenger cars.  As weights, there were taken the
products of the number of each type of rolling-stock present at
the end of 1885 (for the United States 1905) by a weight factor
which was taken as

20 for locomotives,
10 for passenger cars, and
I for freight cars.

Fo 11 { h e I nited Kingdom, where no separate data for both
re available, one weight factor 2 was used for all
*ars. I }m :t-.uﬂ uence of the weights on the shape of the investment
imndex 1s not large, as the rate of increase in locomotives and cars 1s
usuallvy highly correlated.

As profit series (Zy), the following have been used:
Profit United States: “ Net operating mcome ” as a
series. percentage of “ investment ” (i.e., capital
invested);
United Kingdom: Ratio of net receipts to
paid-up capital;
Germany : Profits as percentage of invested
capital; '
France: Net income per kilometre divided by
cost of construction of one km.
An index for the rate of increase in traffic was
Rate of  calculated as a weighted arithmetic average of the
‘increase tn  percentage rates of increase In passenger traffic and
traffic. freight traffic. The weights chosen are numbers
roughly proportional to the total receipts for passenger
traffic and freight traffic at about the middle of the period studied.

They are indicated in the table below, together with the exact
desorlpmon of the traffic series used.
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For pig-iron prices amd long-term mterest rates, the sane series
have been used as described m Chapter T1H.

In order to eliminate trends, deviatons from nme-

Trends.  vear moving averages have been taken for all seres

except ron prices, where percentage deviations from

nine-vear moving averages were taken

Details of the wwmﬂ‘ (s obtamed are prese thiﬁ? i Pables V.
to V. J and Graphs V. 1 to V. 4. The fo '
seem worth mentioning:

(1)  lLookmgat the correlation coeflicients obtained,
Results not one finds that the results are not, as might have been
better than expected, better than those obtained for general
for general mvestment activity. It t l werefore geems that the
investment advant aLre of havin o Imore O TIHO geneons mate rral s

actrety. t*mum erac tmi h v H > Jarger mtluenee of disturbances
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Lags.  in the case of the aceeleration prin *i ) Ew are roughly
those which give the best fit. Theyv are 11 vears for

the United States, the United Kingdom and France, and 214 vears
for Germany. For the profit principle, these lags were tested by the
calculations summarised in columns (z) to (), Table V. 1. In the
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case of the United Kingdom and France, the regression coefficients
obtained for profits with 214 years lag are small in comparison to

those obt aine d for profits with 174 yvears lag. This means that the
optrmum lags are near to 114 vears—somewhat more in France,
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Giraph 1. 1.

S Expravarion” oF INVESTMENT IN RAILwAY ROLLING-STOCK.
UNiteEp STATES 1896-1913.

Left-hand side: ¥ Mixed principle 7 — Right-hand side: “ Profit principle .
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investment in railway rolling-stock, actual.

v*® investment in railwav rolling-stock, as explained by :

(Zg)aq : profits, lagged 1 vear;
(Zg)-o : profits, lagged 2 vears;
( ZR)'-—- 114 . profits '

/ . : lagged 115 vears.
(Zg)q1; : rate of increase in profits } aeeEE
- | '8
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somewhat less in the United Kingdom. For Germany, bot h cootii-

cients are eqmall\“ mmportant, ;Mm HW foran opt SRILIRIE E 14 of 2 VEeATS.
The regression coellicie nts obtained in the case of Hu { mtm

)
States indicate that a considerably smaller lue vear
would be the optimum lag it profits were to be the only explana-
| i

torv variate. This s, however, macceptable, as delivery of rolling-
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vy, Investment in railway rolling-stock, actual,

A investment in railway rolling-stoek, as explained by:
, © rate of increase in traflie, lagged 17, vear
MR}H_@ x% ¢ profit rate, lagged 171, years;
(Zg)_o1 1, ¢ profit rate, lageed 27 years,

Ry,
L
.



— 191 —

stock requires at least one vear (see above). The profit principle
in 1ts simplest form-—viz., that the amount of profits determines
the volume of investment —is therefore inapplicable here: the re-
gression equation vielded by this calculation could, however, be
written i the form:

ol A+ 3.20 [(Za)_y — (Zg)_s]

Graph V. 3.

T EXPLANATION " OF INVESTMENT IN RAILWAY ROLLING-STOCK.
(FERMANY 1874-1908. |

“ Mixed principle .

f’ 1] 0

oDNB8214

1880 T 1890 " 1900

o, investment in railway rolling-stock, actual.

p* - investment in railwav rolling-stock, as explained by:

(Awug) oy, : rate of increase in traffle, lagged 132 years;

Ay i NP

(Zg)_y3, : profit rate, lagged 1} years;

(Zg)—91, :  profit rate, lagged 215 years.



where the first express ston 1 brackets = overy near o bwger ;? rotits
with a lag of 11, vears and the second expression m brickets is the
rate of mmerease in I}I“tﬁ}fltﬁ with o ke ot Th, vears, Thns the rate of
imcrease of pro fits, as well as e fit = fhemsedves, 15 e preesente (1

eXercising an nf 1wm ¢oon mvestment,  Bretly, Al VW ;%’Mwuxi»

matelv, we get
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(1) The correlation coefficients obtained with the

Acceleration caleulations (1) and (2) mentioned above (§ 15) are

profit columns (3) and (5)). So far as the differences are

prineiple.  significant, 1t is remarkable that the acceleration

principle gives a lower correlation than the profit

principle for the United States and France, and about the same

correlation as the profit principle for Germany and

Mured  England. Calculations (3) (Table V. 1, columns (10)

principle.  to (13)), using both principles, show practically no

influence ot the rate of increase in traffic in the case

of the United States; and the regression coefficients for profits are
quite near to those found in columns (8) and (9).

To sum up, for the United Kingdom the correlation is consider-
ably 1mmproved if the principles are combined; for France and
(cermany there is also some improvement, whereas for the United
States the improvement 1s almost nil.

Calculationsincluding “secondary factors™(cf. Tables

A

Calculations V. 2 and V. 3) show considerable improvements in cor-
ustng  relation if based upon the acceleration principle, and
secondary less improvement if based on the profit principle. The
factors.  results obtained with the acceleration principle in
table V. 2, with the exception ol those for the United

States, become somewhat better than those obtained with the
profit principle, notwithstanding that the number of variates

mcluded 1s one less.

The regression coefficient obtained in case (1)—

Regression whether or not secondary factors are included makes no
coefficient  difference—is far lower than the acceleration principle
for in its simplest form ! would suggest. In fact, it 1s
acceleration often suggested that a given percentage increase in
principle. traffic would lead to an equal percentage increase 1in
rolling-stock. Instead of unity, the coefficient found

in Table V. 1, column (4), is, however, only one-sixth to one-third,
or if the ratio between the standard deviations is taken, about

L As given by HaBERLER: Prosperity and Depression, pages 84 and 85.
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in Railway Rolling-stock.

Interest rates: deviations from 4 vears moving average, in 0.01
Iron prices: percentage deviations from 9 vears moving average.
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in Railway Rolling-stock [continued).
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(7) | e | (i) (10))

0.77 £.13 (1) | —2.27 (2} 0.77

0.01
0.37

(3) Mixed principle

A traffic l

1 %)

supplementary explanatory factors. Units: see Table V. 1.

Corre-
lation
coetli-
cient profits

—0.35 (1)

2. Profit principle

Regression coeflicients and lags of:

iron price
(10)

—0.02 (1)
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one-half,! which means a considerably smaller sensitiv H} of mvest
ment. Xf tfi%l‘ - h@* imtrodue tmn of the ::»i%t._nnhn*y Fare twh {“Ld i t I"‘l%’-ﬁ*
still smaller, especially m the case of the United States, '\ eV :e;;,.;z*ft i 162
less the more gene r'::tl S1 crmi ‘ance of the acce lw I’ m (1) 1 rinciple—viz.,
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principle may be attributed to the fact that the technical necessity
for its operation in its simplest form exists only if capacity 1s
already being fully used. In all other circumstances, changes i'r“).

il
capacity may be less than in proportion to changes in produc tion.2

Not very much evidence 1s found of any miluence

Influence of iron prices in the European countries. The regres-

of tron. sion coefficients found (Table V. 2, columns (5)
prices. and (10)) are positive and in general unimportant.

Only in the United States do they seem to be clearly

negative; the elasticity of demand at the point of the demand curve

corresponding to trend values of prices and quantities (which, by

1 This figure 1s obtained by div Irlmg m.l:@’lunfm. (%) by column (3}, and Is
therefore:
U.S.AL U.K. (rermany France
.28 (1.0 4% o (.52

* In the case of the mixed principle for the U.K. and Germany, the correla-
tion would Improve if a continuous fall in the regression coefficients were
assumed to exist (ef. Graph V. 2 and V. 3).



in Railway Rolling-stoek {continued).
as supplementary factors.  Units: see Table V. 1.
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0.6 A2 (1Y) L —056 2%) | —0.02 (114)
).84 1.76 (115) 1.71 (215) 0.03 (27%)
.84 . BT (1) 1.59 (27%2) —0.01 (17%)
(.76 2,27 (115) 5 0.87 (21%) —0.05 (1%)

I NPT U Frifyes Pt -HE i RSN bk I IR EE A | (R MLt paeu ot Tty s L ] gt R B I Y b T P e 0 R L S BT a1y vl ke N R 5 05 o TP T S o

the chotee of units, 1s indicated by 30 X the regression coefficient)
would be about unity.

On the other hand, the influence of interest rates

Influence seems to be quite clear (Table V. 2, columns (6) and

of tnterest (11), and Table V. 3, columns (5) and (9)). Here, as

rates. in other cases, the United States and Germany seem to
represent two extremes between which France and the
United Kingdom are situated, the influence of interest rates being
largest in the United States. Owing to our figures, a fall of 0.19,
(being ten times the unit used) in bond yields would, in the United
States, lead to an increase in rolling-stock by 0.7 to 0.99, (ten times
the regression coefficient found) more than normal, whereas the
corresponding figures are 0.2, 0.3 and 0.4 for the United Kingdom,
0.5 and 0.6 for France, and 0.1 to —0.4 for Germany.

The decided importance of interest rates for investment acti-
vity in the field studied may find part of its explanation in
the considerable length of life of railway rolling-stock and i the
large part of this investment which, in the end, is financed through
the capital market in the proper sense of that word. At the same
time, the fact that in Chapter III, dealing with investment 1n
general, a larger influence of interest rates on investment activity
was found for pre-war times than for post-war times may now be
explained, for investment in railway rolling-stock probably plays at
present a less important role than it did before the war.
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In addition to the information given in Tables V.

Significance to V. 3, bunch maps have been calculated for fouw
calculations. cases—viz., two for Germany and two for the Unitec

F States—exhibiting the “ mixed principle ” without
secondary factors and the acceleration principle with interest
rates as asupplementary factor (¢f. Graphs V.5to V.38). These bunch

Graph V. 5.

Bunch Map.
RAiLways: GERMANY 1874-1908.

1 = Investment index. 2 = A traffic index_q1,. 3 = Profits_41,. 4 = Profits_q.

o 0.500
I L y
? ) ’ 3 £
.. N N
¢ 234 2
' SDNBNNZ
Graph V. 6.
Bunch Map.

RaAaiLways: GERMANY 1874-1908.

i = Investment index. 2 = A trailic index_gs . 3 = Interest rate._qu .

__ 50N 8300
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maps all seem to show that the figures obtained are very uncertain.
Thus, Graph V. O gives a very wide spread for the beams in the
right-hand part of set 123 which relates to the regression coefficient
for 3 (interest rates). As 2 appears to be the most important ex-
planatory variate in this set, beams 1 and 2 are the most im-

i

portant ones, which still supports our conclusion about a small

raph V. 7.

Bunch Map.
Rarnwavys: UNITED STATES 1896-1913.

I~ Investment index. 2 = A traflic index_y. 3 = Profits_y. 4 = Profits_o_

- 0ON 8303

Gra pk V. §.

Bunch Map.
RAILWAYS: UNITED STATES 1896-1913.

| = Imvestment index. 2 = A traffic index_4. 3 = Interesl rate_jy.

. ' ' 1 2 3
/2 r3 | SDN 8301
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influence of interest rates Mi Germany.,  Tn the case of the United
States (Graph V. &), beam S, however, more nmportant, supporting
the view that a high mntluence of mterest M TN g iresent, (Dnly
1f there are strong reasons for preferring the fiest ob *

f
sionn (which has been used 1 tables ‘& [ 1oy

In this connection, it 18 o i SOTE mt speest
elementary regressions, only number 1 ovields
regression coeflicients.

Most of the differences found to exist hetween the

Ezxplanation countries studied seem to point in the siame direction.

of differences Investment in the United States reacts more quickly,

between  and depends more on protits, inferest rotes and 1ron

countries. prices,and less anthe purely technical coelrrationprin-

ciple, “t-mm it does i Europe, especially i Germany.

This may be understood by realising that railwavs were, in the period

ivestigated, more like free private enterprises in the United States

and }e% SO In t}*w Fur*npmri f"*-mmi' Ixm Iu M § i Ul in Germany, where
s State enterprises.

To sum up, we have immfi that the correlation

Summary obtained for this branch of industry are on the avera ge

of findings. not higher than those obtained for general investment.

The nfluence of mnterest rates seems to be rather

high, except in Germany. The acceleration principle gives a some-

W hd’t better explanation than the profit principle, but Hw regression

coefficients found are far below the theoretical values. Certain

differences between the four countries included could be explained.

i
£



