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Carl-Ludwig Holtfrerich

The Growth of Net Domestic Product in Germany
1850-1913*

\ L

In 1965, Walther G. Hoffmann published his path-breaking collection of time series
on the growth of the German economy since 1850.! Subsequently, the data have been
used by economists to test empirically theories of economic growth? and by eco-
nomic historians as a quantitative framework for describing more exactly the process
of industrialization in Germany.> Hoffmann’s figures on aggregate output, its com-
ponents and factor inputs thus served as a basis for evaluation of different models of
economic growth and of traditional interpretations of Germany’s industrialization
process, especially for the period 1850-1913. The data themselves, however, their
sources, their compilation and their use in estimation procedures have not yet been
subjected to a comprehensive critical analysis. This may have to do with the immense
effort, which went into collecting and processing the data, especially so for the pe-
riod before the First World War. At that time national income accounting had not yet
been developed and therefore statistical offices failed to collect data with a view to
that concept. It probably exceeds the working capacity of an individual scholar to
undertake a thorough close examination of Hoffmann’s numerous time series, espe-
cially for the period 1850-1913, for which most aggregate data were produced by es-
timation procedures selected by Hoffmann.

My contribution here has a more narrow focus and does not present the results of
a new investigation into the sources. Its limited aim is, first, to take a critical look at

I would like to thank my Frankfurt colleague, Prof. Heinz Grohmann, for a critical discus-
sion of statistical-methodological questions.
1. Hoffmann, Walther G. et al., Das Wachstum der deutschen Wirtschaft seit der Mitte des 19.
Jahrhunderts, Berlin 1965.
2. E.g. Gahlen, Bernhard, Die Uberpriifung produktionstheoretischer Hypothesen fiir Deutschland
1850-1913. Eine kritische Untersuchung, Tiibingen 1968.
Gabhlen, Bernhard, Der Informationsgehalt der neoklassischen Wachstumstheorie fiir die Wirt-
schaftspolitik, Tiibingen 1972.
3. E.g. André¢, Doris, Indikatoren des technischen Fortschritts. Eine Analyse der Wirtschaftsent-
wicklung in Deutschland von 1850 bis 1913, Géttingen 1971.
Schremmer, Eckart, Wie grof8 war der “technische Fortschritt” wihrend der Industriellen Revo-
lution in Deutschland, 1850-1913, in: Vierteljahrschrift fiir Sozial- und Wirtschaftsgeschich-
te, 60 (1973), pp. 433-458. Aubin, Hermann and Zorn, Wolfgang (eds.), Handbuch der
deutschen Wirtschafts- und Sozialgeschichte, vol. 2: Das 19. und 20. Jahrhundert, Stuttgart
1976, especially the articles by Knut Borchardt.
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the estimation procedure, by which Hoffmann aggregated his time series on the
growth of Germany’s real net domestic product at factor cost from data series on
production of different branches of the economy, and, secondly, to recalculate the
growth of the German net domestic product from 1850 to 1913 using an improved
method. The difference between Hoffmann’s and my results will then give an idea of
the magnitude in which growth rates of Germany’s net domestic product are deter-
mined by the aggregation procedure, i.e. by the assumptions underlying each meth-
od.

11

Hoffmann presents data on the development of Germany’s national product using
the three standard approaches provided by national accounting: the output ap-
proach, the income approach, and the expenditure approach.” The result of the in-
come approach is a time series on net national income in current prices; this does not
allow an assessment of economic growth in real terms. In contrast to this, using the
expenditure and the output approaches® Hoffmann computed time-series on the de-
velopment of real net national product and real net domestic product. The resuits of
the output approach are the preferred data on which to base a quantitative assess-
ment of economic growth, because they are derived from observations of production
activity in the different branches of the economy which are then aggregated into an
index of production for the economy as a whole. Hoffmann’s Table 101 presents the
index thus constructed for the development of the German economy’s real net
domestic product at factor cost.® This index is usually the basis for the quantification
of Germany’s economic growth since 1850.

In detail, the index is constructed in the following manner: The total economy is
grouped into nine branches: 1. agriculture, forestry and fisheries; 2. mining and salt
works; 3. industry and crafts; 4. transport; 5. commerce, banking, insurance and
catering trade; 6. domestic service; 7. other services without military services;
8. military services; 9. non-agricultural housing. For each branch Hoffmann has
compiled data on production of the main goods and services. The time series thus
produced are valued at 1913 prices and transformed into indices of production
(1913 = 100). Where necessary, these indices were then aggregated into indices of
production for the above mentioned nine branches of the economy. Normally the
1913 value-added share of each product or product group was used as a weight in the
aggregation procedure; a product’s share in employment in later and earlier years
was also sometimes used to adjust these weights. The indices of production in each
branch of the economy are thus principally based on price and value-added struc-
tures in 19137 which are partly themselves estimates from data found for the interwar
years. Where weights were adjusted using employment shares in different years this

4. Hoffmann, Wachstum, pp. 165-170. See also: Stobbe, Alfred, Volkswirtschaftliches Rech-
nungswesen, 5th Ed., Berlin 1980, esp. pp. 146-151.

. Hoffmann, Wachstum, pp. 451-455, 827-828.

. Hoffmann, Wachstum, p. 451-452.

. Hoffmann, Wachstum, p. 7.
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was done on the assumption that ‘“‘the structure of net production value per person
employed ..., as [first] computed for 1936, can be assumed to be constant during the
whole period from 1850 to 1959”.8

The requirement to hold prices and values constant in order to obtain an index of
production® makes it understandable that Hoffmann assumed constant price and val-
ue-added structures. It must be criticized, however, that constant weights are used
over so long a period which by definition of the industrialization process is charac-
terized by great changes in the structure of production and prices. Therefore, Hoff-
mann’s index is bound to produce a bias in the estimate of economic growth which
must be expected to be higher the greater the distance between the year, for
which production is estimated and the year (mostly 1913), from which the weights are
taken.

The above criticism also applies to the index which Hoffmann constructed for
Germany’s real net domestic product a factor cost, which was calculated on the basis
of the indices of the nine different branches of the economy. He used data from the
interwar years to estimate the share of value-added of each of the nine branches and
applied these as constant weights in aggregating the sector indices to an index of the
whole economy’s value-added in constant prices (1913).'° This procedure has two
weaknesses. 1. Are the production indices of each branch also representative for the
development of value-added in each branch? Hoffmann was able to produce an in-
dex of value-added, i.e. production minus intermediate goods, depreciation, inven-
tory changes, indirect taxes,'’ only for the primary sector. 2. The above criticism of
Hoffmann’s calculation method for the branch indices also applies to his use of con-
stant weights in computing the aggregate index. This is the point of departure for my
following attempt to confront Hoffmann’s procedure with a different method of ag-
gregating the branch indices for the period 1850-1913 which takes into account
changes in the economy’s value-added structure and uses weights currently adjusted
to the actual value-added shares in each year. This new procedure, of course, does
not solve the problem connected with Hoffmann’s use of constant weights to pro-
duce the branch indices themselves.

I

In connection with the income approach to national product, Hoffmann’s book con-
tains time series on the development of the value-added (labor and capital income) of
different branches. From these data I have calculated the share of each of the nine
branches of the economy in total value-added in current prices. Table 1 presents the
amount of value-added in current prices in each branch. In order to weaken the ef-
fect Hoffmann’s choice of the base year (1913 =100) has on the index of growth in

I
the aggregation procedure, I have calculated annual growth factors —— from Hoff-
mann’s branch indices. -t

8. Hoffmann, Wachstum, p. 389.

9. Yamane, Taro, Statistics. An Introductory Analysis, New York 1964, pp. 304-312.
10. Hoffmann, Wachstum, p. 453.

11. Hoffmann, Wachstum, p. 331-334.
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For each year from 1851 to 1913 I have then aggregated the growth factors of each
of the nine branches to produce a growth factor for the whole economy according to
the following formula:

I“) 1) I > (2) 1(9) 9
FieA VS + = 1@ V82, +. 1o V8, = GF,
t— t t—
1 = index value of production in branches 1 to 9, as given by Hoffmann
VS = share of total value-added of each branch 1 to 9
GF = growth factor of the whole economy

The annual growth factors thus calculated are presented in Table 2. Annual growth
rates in percent result when the data are transformed into (GF—1)-100.

Technically the growth factors could also easily be transformed into an index for
the period 1850-1913 similar to Hoffmann’s (1913 = 100). This would, however, not
result in an index in the conventional sense because it would not be based on a con-
stant weighting structure as required for indices of prices or production. In a strict
sense, only each growth factor in itself constitutes an index of production for the cur-
rent year in relation to the preceding year (= 1). A time series of index values cumu-
lated from the annual growth factors would be a concatenation of the series of an-
nual indices. Such an index of production does not allow the quantification of aver-
age annual growth rates over a very long period, such as from 1850-1913, because the
weighting structures at the beginning of the series are too different from those at the
end. But Hoffmann’s index of production is also a doubtful basis for calculating the
average annual growth rate over the 63 years before the First World War; it is true
that it is computed with a constant weighting structure (1913), but the weighting
shares lose in validity the further away in time from the base year they are applied to
the aggregation of the branch indices to the index for overall production activity.

The growth rates, however, given in Table 2, should indicate annual growth of
Germany’s net domestic product more reliably than those derived from the Hoff-
mann index precisely because the weights are adjusted annually to the current
branch structure of value-added. Since this structure did not change dramatically
over a period of, say, one decade, in contrast to the longer period from 1850 to 1913,
it is justified to calculate from Table 2 average annual growth factors—the geometric
mean of the growth factors—over a period of ten years or so. The differences be-
tween the average annual growth rates during such periods derived from the data in
Table 2, on the one hand, and from Hoffmann’s index, on the other, are shown in Ta-
ble 3.

The divergences tend to diminish in the course of the period from 1850 to 1913.
This is what had to be expected since the current weighting structures tend to ap-
proach the one used by Hoffmann (1913 value-added structure). The differences are
greatest during the so-called take-off period of Germany’s industrialization up to 1874."2

12. Rostow, Walt W., The Stages of Economic Growth. A Non-Communist Manifesto, Cambridge
1960, p. 38. Rostow, Walt W., The World Economy. History and Prospect, Austin, Tex.-Lon-
don 1978, p. 401.

Hoffmann, Walther G., The Take-off in Germany, in: Rostow, Walt W. (ed.), The Economics
of Take-off into Sustained Growth, London 1963, pp. 93-118.
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Table 2: Annual Growth Factors of Germany’s Net Domestic Product
at Factor Cost 1851-1913*

1851 0.9980 1872 1.0765 1893  1.0495
1852 1.0192 1873 1.0373 1894 1.0263
1853 0.9956 1874 1.0813 1895 1.0500
1854 1.0219 1875 1.0064 1896 1.0351
1855 0.9905 1876 0.9963 1897 1.0377
1856 1.0873 1877 0.9928 1898 1.0404
1857 1.0565 1878 1.0485 1899 1.0371
1858 0.9960 1879 0.9794 1900 1.0459
1859 1.0023 1880 0.9935 1901  0.9785
1860 1.0632 1881 1.0255 1902 1.0227
1861 0.9872 1882 1.0168 1903 1.0581
1862 1.0483 1883 1.0534 1904 1.0415
1863 1.0797 1884 1.0271 1905 1.0238
1864 1.0356 1885 1.0235 1906 1.0314
1865 1.0105 1886 1.0071 1907 1.0468
1866 1.0137 1887 1.0434 1908 1.0146
1867 1.0013 1888 1.0432 1909 1.0211
1868 1.0644 1889 1.0333 1910 1.0390
1869 1.0067 1890 1.0343 1911 1.0359
1870 1.0033 1891 1.0006 1912 1.0413
1871 1.0377 1892  1.0399 1913 1.0461

* Each in constant prices of the previous period using current value-added shares as
weights.

Table 3: Comparison of Average Annual Growth Rates for Different
Periods between 1850 and 1913*

Net Domestic Product Population

according to according to Difference (Hoffmann,

Hoffmann, Table 1)

Table 101 Table 2

% % % %
1850-1857 2.13 2.36 0.23 0.48
1857-1863 2.56 2.88 0.32 1.00
1863-1874 2.94 3.31 0.37 0.73
1874-1883 1.14 1.22 0.08 1.02
1883-1890 2.81 3.02 0.21 0.97
1890-1900 3.46 3.62 0.16 1.30
1900-1907 2.71 2.87 0.16 1.46
1907-1913 3.26 3.29 0.03 1.29

* The periods correspond roughly to business cycles.
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The annual average growth rates derived from Table 2 exceed those derived from Hoff-
mann’s index by .2 and .3 percentage points during the years up to 1863, and by even
.4 percentage points in the period 1863-1874. These differences are substantial, for
they correct Hoffmann’s annual average growth rates by between 11 and 13 percent
upwards. The cumulation effect of such an increase in the growth rates for almost a
quarter of a century is great and important for the assessment of Germany’s eco-
nomic growth in this early period of industrialization. Its relative impact is even more
striking when annual growth is expressed in per capita terms, the rates of which
roughly result when subtracting the growth rates of population (also in Table 3) from
those of the net domestic product.

The differences between annual average growth rates of net domestic product cal-
culated in the two ways narrow in the years 1874 to 1907 to a margin of .1 to .2 per-
centage points. The margin practically disappears for the above mentioned reason
during the last period from 1907 to 1913.

It is, however, noteworthy that for all periods observed Hoffmann’s growth rates
are lower than those derived from Table 2. The differences of up to .4 percentage
points indicate the magnitude, in which the growth rates of the German economy de-
termined by Hoffmann, especially during the third quarter of the 19th century, are
biased by his weighting method, namely by the use of constant value-added shares
(1913) over the whole period back to 1850.

Zusammenfassung:
Das Wachstum des Nettoinlandsprodukts in Deutschland, 1850-1913

Walther G. Hoffmanns Daten zum Wachstum der deutschen Wirtschaft seit 1850
sind bisher in vielfiltiger Weise von Wachstumstheoretikern und Wirtschaftshistori-
kern zur Uberpriifung von Wachstumstheorien und wirtschaftshistorischen Interpre-
tationen des Industrialisierungsprozesses in Deutschland herangezogen worden. Die
Daten selbst, ihre Quellen, ihre Zusammenstellung und die dabei benutzten Annah-
men und Schitzverfahren haben bisher jedoch noch keine umfassende kritische Be-
arbeitung erfahren. In diesem Beitrag wird die Methode, die Hoffmann fiir die Ag-
gregation der Produktionsindizes von neun Sektoren der Wirtschaft zu einer Zeit-
reihe fiir das Wachstum des realen Nettoinlandsprodukts zu Faktorkosten in
Deutschland 1850-1913 verwendet hat, kritisch vorgestellt. Sodann wird der Hoff-
mannschen Zeitreihe eine nach einem anderen Verfahren geschitzte gegeniiberge-
stellt, um die GréBenordnung festzustellen, in der die Wachstumsrate des realen Net-
toinlandsprodukts zu Faktorkosten in Deutschland in jener Periode von jeweils ge-
wihlten statistischen Verfahren der Indexberechnung abhingt. Wihrend Hoffmann
die Struktur der Wertschopfung seiner neun Wirtschaftssektoren aus dem Jahr 1913
als konstante Gewichtung fiir die Aggregation der Sektorindizes zum Index fiir die
Produktion der Gesamtwirtschaft in Deutschland benutzt, verwendet der Autor in
seinem Berechnungsverfahren eine jahrlich iber die Gesamtperiode 1850-1913 ange-
paBite Wertschopfungsstruktur fiir die Gewichtung der Wachstumsraten in den ein-
zelnen Sektoren zwecks Aggregation zur jihrlichen Wachstumsrate der Gesamtwirt-
schaft.
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Im Ergebnis liegen die vom Autor berechneten Wachstumsraten des deutschen
Nettoinlandsprodukt hoher als die von Hoffmann ermittelten. Die Unterschiede neh-
men bis 1913 jedoch tendenziell ab, da sich die Gewichtungstrukturen beider Verfah-
ren im Zeitablauf einander annihern. Die Unterschiede sind fiir die Periode des sog.
take-off der deutschen Industrialisierung bis 1874 am gré8ten und machen in dieser
Periode im mehrjahrigen Durchschnitt bis zu: 0,4 Prozentpunkte aus. Dadurch wer-
den die Hoffmannschen jihrlichen Wachstumsraten um bis zu 13% nach oben korri-
giert.
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