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A Compromise Estimate of German Net 
National Product, 1851-1913, and 

its Implications for Growth and 
Business Cycles 

CARSTEN BURHOP AND GUNTRAM B. WOLFF 

We develop a compromise estimate of the German Net National Product for the 
years 1851-1913 based on four estimates from Hoffmann (1965) and Hoffmann 
and Miller (1959) by recalculating industrial production, investment, home and 
foreign capital income. Because differences remain during the early decades, we 
compute a weighted average compromise series. Economic activity is show n to 
be higher than the older estimates suggest. The average growth rate is lower. 
The average business cycle lasted five years, with high volatility in the early 
decades. The typical Griinderzeit pattern of boom then prolonged recession after 
1873 can not be confirmed. 

R eliable data are central to empirical research. Some of the most fre- 
I'%quently used data sets for economists are the national accounts 

from which national product estimates derive. Historical national ac- 
counts for the nineteenth century are employed to describe and analyze 
the industrialization period. They are also central for empirical tests of 
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long-term macroeconomic phenomenon such as business cycles and 
economic growth. 

The bulk of research on German macroeconomic history during the 
nineteenth century, long-term investigations of the German economy 
since the nineteenth century, and international-comparative studies 
about macroeconomic patterns, are based on data from two seminal 
contributions by Walther Hoffmann and Heinz Mfiller and Hoffmann.! 
These monographs include extensive estimates of the German net na- 
tional product (NNP) from the income, output, and expenditure sides for 
the years 1850 to 1913. During the last four decades, these data series, 
especially the expenditure series from Hoffmann, found their way into 
many international statistical handbooks and quasi-official publica- 
tions.2 Taken from the original publications, as well as from the statisti- 
cal handbooks, these series form the backbone of many writings about 
German macroeconomic history. Studies of the German business cycle 
and investigations of the German growth performance employ Hoff- 
mann's series.3 

Although extensively used, the reliability of the data is often ques- 
tioned. In fact, the data quality has been debated for at least two dec- 
ades, by such scholars as Carl-Ludwig Holtfrerich, Eckart Schremmer, 
Rainer Fremdling, Albrecht Ritschl and Mark Spoerer, Rainer Frem- 
dling and Reiner Staiglin, and Carsten Burhop and Guntram Wolff.4 The 
output, income, and expenditure series by Hoffmann have been criti- 
cized: the calculation of industrial production, the computation of capi- 
tal stock and investment, and the estimation of capital income are cen- 
tral points of concern. Nevertheless, German national accounting 
figures for the nineteenth century have not been re-estimated. 

In this article, we contribute to the ongoing debate about the data 
quality by presenting improvements of all four available series. In par- 
ticular, we improve the output series by calculating a new index of in- 

1 Hoffmann and Mfiller, Volkseinkommen; Hoffmann, Wachstum. 
2 Hoffmann, Wachstum. For examples of handbooks, see Mitchell, International Historical 

Statistics; and Maddison, World Economy. A quasi-official publication is Deutsche Bundes- 
bank, Deutsches Geld- und Bankwesen. However, one should note that the Hoffmann-Mtiller 
income series builds on the official income series of the Statistische Reichsamt, which was 
included into Statistisches Bundesamt, Bevdlkerung und Wirtschaft. 

3 On the business cycle, see Craig and Fisher, "Integration"; Backus and Kehoe, "Interna- 
tional Evidence"; and A'Hearn and Woitek, "More International Evidence." On growth per- 
formance, see Metz, Zufall and Trend, Zyklus, Zufall; and BroadberryProductivity Race and, 
How did the United States. 

4Holtfrerich, Growth; Schremmer, Die badische Gewerbesteuer; Fremdling, German 
National Accounts (1988) and German National Accounts (1995); Ritschl and Spoerer, 
Bruttosozialprodukt; Fremdling and Stiglin, Industrieerhebung; and Burhop and Wolff, 
Datenwahl. 
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dustrial production and by basing the index on a revised value of indus- 
trial output in 1913. In addition, we significantly enhance the capital 
stock and net investment series, and we present new data about capital 
income. Furthermore, we present a new series of net foreign capital in- 
come. Finally, we add new information about "indirect taxes" to the in- 
come and output series, and we thus calculate four series representing 
an NNP in market prices. Despite our significant improvements, differ- 
ences between the series remain, and we solve this problem in a second 
step by computing a compromise estimate of Germany's NNP for the 
years 1851 to 1913 as a weighted average of the four corrected original 
series. 

The remaining parts of the article analyze long-term growth and 
business cycles of the German economy employing the new compro- 
mise estimate. The revised data show a higher level of economic activ- 
ity for 1851 as well as for 1913, but with a larger difference for 1851. 
Thus, the average growth rate of the German economy was lower dur- 
ing the industrialization period. Moreover, the driving force of this 
growth was a growing total factor productivity, which in turn was 
driven by structural change from agriculture to industry. The business 
cycles of the German economy had an average length of about five 
years during the second half of the nineteenth century; the magnitude of 
cycles was weaker in the last quarter of the nineteenth and the early 
twentieth century than before. Of special interest is our business cycle 
dating for the 1870s: with the new data the well-known pattern of 
"Grtinderzeit"-boom and "Grtinderzeit"-depression can not be con- 
firmed. 

DATA 

The net national product at factor costs or market prices can be calcu- 
lated in three ways: from the expenditure, income, and output sides. In 
the national accounting scheme, the three approaches are based on the 
expenditure, output, and income accounts and should lead to identical 
aggregates. In Germany, national accounting started in 1891, and up to 
World War I only the income series were calculated by the Kaiserliche 
Statistische Amt (Imperial statistical office). The German economist, 
Hoffmann, estimated in two seminal contributions national accounting 
figures for Germany (see Figure 1).5 As can be seen, the four series dif- 
fer significantly, because of estimation errors and because they repre- 
sent different national product concepts. 

5 Hoffmann, Wachstum; and Hoffmann and Miller, Volkseinkommen. 
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FIGURE 1 
COMPARISON OF FOUR ORIGINAL ESTIMATES OF REAL GERMAN NATIONAL 
PRODUCT IN LOG OF BILLION MARK, 1913 PRICES 

Source: Hoffmann and Miuller, deutsche Volkseinkommen, p. 39 (IHM, Income Series); and 
Hoffmann, Wachstum, p. 505 (IH, Income Series), p. 825 (EH, Expenditure Series), and p. 459 
(OH, Output Series). 

Some time ago Fremdling pointed out that there are large differences 
in the levels of these series, and recalculations for the early 1850s indi- 
cate that Hoffmann understated the true level of economic activity in 
Germany.6 So far, however, German national accounting figures for the 
nineteenth century have not been re-estimated.7 

The recent literature presents two approaches to the re-estimation of 
historical national accounts. First, the "structure-approach" of Christina 
Romer applies statistical relationships between national accounting sub- 

6 Fremdling, National Accounts (1988). and National accounts (1995); and Hoffmann, 
Wachstum. Differences between the income, output, and expenditure series are well known for 
other countries, e.g., for the United Kingdom, see Nicholas Crafts, Recent Research; and 
Greasley and Oxley, Balanced versus Compromised Estimates. 

7 Ritschl and Spoerer, Bruttosozialprodukt, present a re-estimation for the years 1900 to 1995. 
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series from modem times to historical data.8 Second, the "new-data- 
approach" of Nathan Balke and Robert Gordon uses additional histori- 
cal data to improve former estimates.9 The second approach uses more 
information, and it is therefore more efficient than the first. We decided 
to follow mainly the "new-data-approach." In the following we discuss 
the expenditure, the output, and the two income approach series. Fur- 
thermore, we assess the quality of the four estimates and present our 
improved estimates. 

The central piece of Hoffmann's book is the output-series, which we 
label OH. It is based on a voluminous investigation of production fig- 
ures for many sectors.10 In general, output series are calculated from the 
production side by adding up the net value added of the different sec- 
tors. However, value added data were not collected by the statistical of- 
fices. Hoffmann bases his estimates on output quantities, not values, 
and employment figures. The calculated production index is linked to a 
base measure of output in 1913. 

One major problem is the calculation of the industrial production in- 
dex by Hoffmann, which was criticized by Fremdling, and especially 
Holtfrerich.1 Hoffmann transforms the production indices of 12 indus- 
tries into a Germany-wide industrial production index by multiplying 
the 1936 net production value per employed with the number of em- 
ployed in the 12 industries using employment figures from census 
data.12 He therefore assumes a constant relative industrial productivity 
for the subsectors during the years 1850 to 1959, the years covered by 
Hoffmann's study. The 1861 employment census is used for the years 
1850 to 1872, the 1882 census for the years 1872 to 1895, and the 1907 
census for the years 1895 to 1913. Finally, Hoffmann estimated the 
value of industrial production for 1913 by multiplying the total indus- 
trial employment with the average industrial wage, and by adding the 
product of the estimated industrial capital stock and return-on-capital.13 
He then applies his industrial production index to the 1913-industrial 

8 Romer, Prewar Business Cycle. Another approach in this line of research is Solomou and 
Weale, Balanced Estimates. 

9 Balke and Gordon, Estimation. 
10 Hoffmann, Wachstum, p. 344, discusses the quality of his data. The data quality seems to 

be good after about 1870. 
1 Hoffmann, Wachstum, p. 390; Holtfrerich, Growth; and Fremdling, National Accounts 

(1988) and National Accounts (1995). For the interwar years, Ritschl, Spourious Growth, 
critizised the calculation of output in the metal processing industry, which is based on labor 
income and the assumption of a constant labor income share, not on production figures. This 
means that a large part of the output series is constructed from income data. 

12 Hoffmann, Wachstum, p. 389. 
13 Hoffmann, Wachstum, p. 459. 
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FIGURE 2 
INDEX OF INDUSTRIAL PRODUCTION, 1851-1913. 1913 = 100, IN LOGS 

Source: Hoffmann, Wachstum, p. 390. 

production value to calculate the value of industrial production for the 
years 1850 to 1913 in 1913-prices.14 

We improve this method by using additional industrial employment 
data given by Hoffmann.'5 Thus, data from the Zollverein-censuses of 
1846 and 1861, and Prussian census data (for 1846, 1849, 1852, 1855, 
1858, 1861, and 1867) are used.16 In addition, we linearly interpolated 
the data instead of using stepwise constant employment multipliers. Our 
re-estimated index of industrial production is compared with the origi- 
nal Hoffmann-index in Figure 2, the data are in the Appendix Table 3. 

The main difference between Hoffmann's index of industrial produc- 
tion and our newly calculated one is the higher level of industrial pro- 

14 Wagenfiihr, Entwicklungstendenzen, p. 47, calculated an industrial production index for 
Germany starting in 1860 by combining physical output series of 57 industries. His weighting 
scheme is based on 1907 employment and the amount of horsepower installed. He conceeds on 
p. 13 that his constant 1907 weights lead to an underestimation of industrial production in the 
early decades, which is one of our major concerns regarding Hoffmann's index. 

15 Hoffmann, Wachstum, p. 196. 16 Germany-wide data on employment are only available from Zollverein's censuses in 1846 
and 1861. This information is included. Furthermore, Prussia covered around 60 percent of total 
employment, and comparison of the Prussian data with Zollverein data shows that the employ- 
ment shares of different sectors were quite similar. 
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FIGURE 3 
COMPARISON OF THE ORIGINAL AND THE CORRECTED NNP CALCULATED FROM 

THE OUTPUT SIDE, IN LOG OF BILLION MARKS, 1913 PRICES. 

Sources: Hoffmann, Wachstum, p. 459; and authors' own calculations. 

duction in 1851. The annual growth rates are around 2.9 percent for 
the new index, and 3.9 percent for Hoffmann's index. The difference 
in levels can be explained by the different employment multiplier 
scheme. For 1851 we take linearly interpolated employment weights 
between 1849 and 1852. Hoffmann, on the other hand, used 1861 
employment shares, thereby giving a higher weight to those 
subsectors with higher employment growth in the period 1851- 
1861. Thus the level of physical production is weighted too strongly 
for the fast-growing sectors. Thus Hoffmann's production index 
should be smaller than our index, which is calculated with more ac- 
curate weights.17 This higher level of economic activity for the early 
years conforms well to the views expressed by Holtfrerich and 

17 A similar argument holds for the jump in Hoffmann's industrial output index in 1872. As- 
suming that some industries grew faster than others over the entire period 1861-1882, then 
these sectors will be underweighted in 1871, and overweighted in 1872 after the change to the 
weights of 1882. 
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Fremdling.18 Especially Holtfrerich finds higher values of industrial 
production.19 

Because this article presents not only a new index of industrial pro- 
duction, but also new figures for the capital stock and the return-on- 
capital, the value of 1913-industrial-production also changes, because it 
is calculated by multiplying the number of employed with the average 
wage and adding the capital stock multiplied by return on invested capi- 
tal. Furthermore, output series in general give Net Domestic Product at 
factor costs. We adjusted the series by adding indirect taxes to get NDP 
at market prices and then foreign income to get NNP. The change from 
NDP to NNP is less than 1 percent. The change from factor cost to mar- 
ket prices is about 5 percent, which explains the main component of the 
level difference. Figure 3 presents Hoffmann's estimate and our new es- 
timate of German NNP calculated from the output side. The corrected 
series exhibits higher values than the old estimate and the difference be- 
tween the two series increases over the course of the period. The level 
increase is mainly due to adding a new estimate of indirect taxes, be- 
cause the output series represents NNP at factor costs. We present all 
series at market prices for reasons of comparability. 

For the calculation of an NNP estimate from the expenditure side, 
Hoffmann estimates private and public consumption, net investment, 
and exports and imports; we label this series EH.20 One of the main 
problems is the calculation of investment expenditure for the secondary 
sector. In fact, Hoffmann estimates a capital stock index for Germany 
based on capital tax (Gewerbekapitalsteuer) data in the Grand Duchy of 
Baden, a small state in southwestern Germany. From these tax records 
Hoffmann estimates the capital stock in Baden. He then extrapolates it 
to Germany by multiplying it by around 31, a number supposed to re- 
flect Baden's share of total industrial employment and its overall eco- 
nomic size. He derived the annual capital stock by multiplying the thus 
calculated index value by a capital stock estimation for 1913. This base 
year estimation is independent from the Baden figures, because it is 

18 Holtfrerich, Growth; and Fremdlig, National Accounts (1988) and National Accounts (1995). 19 The income per industrial worker in the Hoffmann data appears to be implausibly low. It is 
well below the NNP per employed, namely 555 M vs. 707 M in 1851. Our data, on the other 
hand, give a labor productivity of 1,165 M for the industrial sector, whereas the entire economy 
has a productivity of 862 M. Only as late as 1908 Hoffmann's industrial workers produced more 
than the average employed in the economy. 

20 Hoffmann, Wachstum, p. 825. In fact, Hoffmann (Wachstum, p. 667) estimated private con- 
sumption by subtracting exports minus imports, net investment and public consumption from 
production because there is little direct information about private consumption. Public consump- 
tion was estimated by using government budgets. Therefore, estimation errors in the output se- 
ries are transmitted to the expenditure series. 
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based on additional data for the years 1925-1929.21 The yearly change 
of the thus-calculated capital stock is the net investment Hoffmann used 
in his expenditure series. Therefore, the expenditure approach excluded 
depreciation and leads to an NNP at market prices, not to a GNP. 
Schremmer, based on the same and additional archival records, re- 
calculates Hoffmann's base figures for Baden.22 Schremmer accounts 
for changing tax legislation in this state, a fact left out by Hoffmann.23 
He ends up with investment figures, which are significantly higher than 
Hoffmann's figures for the years up to 1877. In other words, Hoff- 
mann's NNP at market prices is too low. 

In addition, Hoffmann assumes that Baden's industrial structure is 
representative for Germany as a whole. This is unlikely, as the "first in- 
dustrialization" from the 1840s to the 1860s was concentrated in the 
Ruhr-basin and in Silesia, two areas with a significant share of heavy 
industry. Thus, Hoffmann's assumption of an equal capital intensity of 
the industrial sector in Baden and in Germany is problematic. This as- 
sumption would make sense if the industrial employment structure in 
Baden mirrored the German structure and if employment development 
in Baden and in Germany were equal. The use of employment census 
data does not confirm these assumptions.24 Baden's share of industrial 
employment in Germany declined from 3.7 percent (1846) to 3.3 per- 
cent (1895); it then rose to 4.0 percent (1907). Even more problematic is 
the structural change within the industrial sector. For example, in 1846 
the employment share of metal production and the metal working indus- 
try (Metallerzeugung- und -verarbeitung) was 19 percent in Baden, but 
only 10 percent in Germany. In Baden, this share remained constant un- 
til 1882, whereas in Germany it rose to 15 percent. Thereafter, the em- 
ployment share in Baden rose to 24 percent (1907), and in Germany to 
21 percent. Thus, the employment share of the capital-intensive metal 
industries doubled in Germany during these decades, but rose only 
about 20 percent in Baden. On the other hand, textiles had an employ- 
ment share of 29 percent in 1846-Baden, but 48 percent in Germany. 
This changed by 1907: then, 20 percent were employed in textiles in 
Baden, but 27 percent were in textiles in Germany. Thus, the growth of 
capital-intensive industrial employment was much stronger in Germany 

21 Hoffmann, Wachstum, p. 240. 
22 Schremmer, Die badische Gewerbesteuer. 
23 Schremmer, Die badische Gewerbesteuer, focuses on data quality and says little about the 

extrapolation of Baden data to Germany. 
24 Employment data for Germany are given in Hoffmann, Wachstum, p. 182. Comparable 

data for Baden are available in Killmann, ed., Quellen, pp. 23-26, and pp. 58-87 for 1846, 
1861, and 1875. For 1882 and 1895 see Kaiserliches Statistisches Amt, ed., Statistik (1899), 
p. 252; for 1907 see: Kaiserliches Statistisches Amt, ed., Statistik (1910), p. 254. 
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than in Baden, and Hoffmann does not take account of this fact. To 
quantify capital intensity, information about subsectoral capital intensi- 
ties is necessary. 

Unfortunately, we do not have data on the capital intensities of indus- 
trial subsectors in nineteenth-century Germany. Thus, we decided to use 
information from modem Germany. We assumed that the average rela- 
tive capital intensity during 1970 to 1994 equals the relative capital in- 
tensity during the nineteenth century, using the capital intensity in con- 
struction as numeraire. For example, we assume for the chemical 
industry a capital intensity of 5.9 times the capital intensity of construc- 
tion.25 Taking capital intensities from the late twentieth century might 
not accurately reflect the economic structure of the period under consid- 
eration. We checked the multipliers by deriving proxies of capital inten- 
sities from a study by Ernst Engel, who reported the horse power of 
steam engines in different industries for the year 1878.26 Furthermore, 
he estimated the capital cost of steam engines per horsepower and the 
capital cost of connected machines. Thereby we were able to calculate 
capital intensities. The Pearson rank correlation with the modem data is 
0.89.27 We are thus confident that the use of modem capital intensities 
will not seriously bias our results. 

We compute an index value of capital intensity of subsector i as the 
ratio of capital per worker in the subsector i relative to the construction 

Ki 
IL' subsector's capital per worker K . This relative 

Kconstruction ILconstruction 

capital intensity i' is multiplied by the employment share of the subsec- 
tor i in Baden respective to Germany. This yields the index value of 
capital intensity of the entire industrial sector in Germany and in 

25 The multipliers for the others subsectors are: 5.1 (building materials), 5.5 (metal produc- 
tion), 2.2 (metal works), 3.6 (textiles), 3.5 (leather and paper), 1.1 (clothing), 2.1 (wood), and 
3.8 (food). The relevant data on employment and capital stock were made available from the 
Statistische Bundesamt and are available on request. 

26 Engel, Das Zeitalter des Dampfes. 27 We compared our estimates with estimates taking British capital intensities for 1920 (data 
are from tables 101 and 130 of Feinstein, Statistical Tables). The Pearson rank correlation be- 
tween German capital intensities of 1970-1994 and British intensities of 1920 is 0.65. As an- 
other robustness check, we used data from the 1936 industrial census (Reichsamt ffir 
Wehrwirtschaftliche Planung, Deutsche Industrie- und Gesamtergebnisse, pp. 25-29, 44-55). 
We took the published ratio of capital income to total income per subsector as a proxy for capi- 
tal intensity of the subsectors. These intensities give a Pearson rank correlation with the modem 
German data of 0.55. Fremdling and Stiglin (Industrieerhebung, p. 422) point out that these 
census data are distorted because of military-strategic consideration, which explains why we did 
not employ these data. 
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Baden.28 The ratio of the two is the employment structure factor S. S is 
multiplied by the employment share factor and the absolute capital 
stock of Baden to derive the total capital stock for the Reich. More for- 
mally, the employment share factor is calculated as E = LReich / LBaden, 
the employment structure factor as 

S = [ urrentGemany (eich / LReich ) 
u[iurrGeermany (LBaden / LBaden) 

where K is the capital stock, L is the number of employed, the index i 
represents the industrial subsectors. The capital stock is thus KReich = 
KBaden* E * S. The thus-calculated capital stock is transformed into an 
index with the base year value 100 for 1913.29 Because we add informa- 
tion about total industrial employment and industrial employment struc- 
ture, we do not use a constant multiplier (E * S) as Hoffmann did. 

So far, Hoffmann's and our capital stock estimate depend on the Ba- 
den capital tax. However, we can complement the index by a second 
capital stock index calculated from company balance sheet data for 44 
large joint-stock companies for 1885-1913 based on a sample by Rudi 
Rettig.30 This sample covers the main industries and the main industrial 
regions. Rettig's data do not include any firms from Baden. The two 
samples are thus independent and we calculate a second index based on 
Rettig. We thus employ for 1850-1884 the improved Baden series, 
thereafter an average of the improved Baden series and the independ- 
ently calculated Rettig index. The weights given to the samples are one- 

28 The exact figures are for Baden / Germany: 3.03 / 2.55 (1846), 3.08 / 2.60 (1861), 2.87 / 
2.68 (1875), 3.17 / 2.68 (1882), 3.20 / 2.68 (1895), and 3.05 / 2.70 (1907). For the years be- 
tween the census years we linearly interpolated the coefficients. In Baden, the average relative 
capital intensity was constant or declining during 1846 to 1875, whereas in Germany it rose dur- 
ing these decades. Thereafter, the average capital intensity remained constant in Germany, but 
rose in Baden. 

29 The base year capital stock estimation was originally calculated by Ferdinand Grining, 
Versuch, pp. 14-18, and subsequently used by Gerhard Gehrig, Zeitreihe, pp. 13-15. Because 
Schremmer presented data only up to 1912, we assumed Hoffmann's 1913/12 annual capital 
stock growth rate to be correct. In addition, by multiplying the Baden capital stock with the em- 
ployment share and employment structure factor, we end up with a capital stock estimation (in 
1913 prices) about 35 percent lower than Hoffmann's estimation for 1913. Such a difference is 
possible because Schremmer, Die Badische Gewerbesteuer extensively describes the systematic 
undervaluation of the Baden capital stock. This undervaluation was part of industrial policy, be- 
cause it lowered the tax base for companies in Baden and thus fostered industrial development 
in the Grand Duchy of Baden. 

30 Rettig, Investitions- und Finanzierungsverhalten. 
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FIGURE 4 
INDUSTRIAL CAPITAL STOCK IN GERMANY, 1850-1913, LOG OF BILLION MARKS, 

1913 PRICES 

Notes: Investment is calculated as the change in the capital stock, it is thus net investment. Like 
the industrial production series, the recalculated industrial capital stock series is higher for 1850 
than Hoffmann's estimation: 5.8 billion marks (in 1913 prices) versus 4.8 billion marks. 
Sources: Hoffmann, Wachstum, p. 240; and authors' own calculations. 

third for Baden and two-thirds for Rettig respectively and are based on 
average capital stock during 1885-1912.31 

Finally, we multiplied our index value with Hoffmann's 1913 capital 
stock estimation. Figures 4 and 5 show our corrected capital stock and 
net investment series; the data are in Appendix Table 3. 

The investment data are presented in Figure 5.32 A comparison of the 
original Hoffmann and our industrial investment reveals some 
difference in cyclical behavior. A shift in investment behavior can be 
noticed during the 1870s and late 1880s. Although Hoffmann had an 

31 Rettig's and Baden's data jointly cover nearly 10 percent of the German industrial capital 
stock, thus our sample is significantly larger than Hoffmann's for the 1885-1913 period. 32 Gehrig, Zeitreihe, connected Grtining's (Versuch) estimate for the capital stock in 1913 
with Wagenffihr's (Zur Entwicklung) volume index of investment. The result is a gross invest- 
ment series for the total economy, a series not comparable to net investment series. Grabas, 
Konjunktur, p. 452, presents an investment series only from 1906-1913, based on IPOs and 
capital increases of joint stock companies. We do not further consider this series for two rea- 
sons: The series is short and the link between capital issues and investment in the entire econ- 
omy is not self-evident. 
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investment peak in 1871, the improved data only exhibit a peak in 1873, 
but with a high level of investment until 1876. Similarly, in the 1880s 
Hoffmann's data show a sustained high investment from 1886-1890, 
whereas our data have two small downturns in this period. Finally, after 
about 1900 Hoffmann's peaks lead ours by one to two years. 

As a robustness check we compare the two industrial investment es- 
timates with nonindustrial investment. Hoffmann also presents inde- 
pendently estimated figures for non-industrial-sector investment.33 Ac- 
cording to his estimation, nonindustrial net investment starts to grow in 
1872, a process lasting until 1876, and followed by a decline until 1880. 
This record of the non-industrial sector investment roughly mirrors the 
development of our new series. Turning to the early twentieth century, 
Figure 5 shows a shift of peaks and troughs. However, the revised 
Baden data and Rettig's data, which were employed to construct our in- 
dustrial investment index, closely co-move and both show the same 
cyclical pattern.34 We include the new industrial net investment series 
into our revised EH expenditure series (Figure 6). 

33 Hoffmann, Wachstum, p. 827. 
34 After 1885 our cyclical pattern is based on two independent data series, the Baden-tax- 

series and Rettig's data. 
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A further important topic related to the EH series is the calculation of 
the implicit deflator. Hoffmann presents the expenditure series in nomi- 
nal terms as an NNP and in real terms as an NDP (Net Domestic Prod- 
uct).35 From the nominal series we subtracted the nominal current ac- 
count balance to get the nominal NDP. The ratio of nominal to the real 
NDP then gives the implicit NDP deflator. We compared this deflator 
with the consumer price index (CPI) of the Imperial Statistical Office, 
which is available for the period 1881-1913 and with two wholesale 
price indices presented by Alfred Jacobs and Hans Richter.36 The offi- 
cial CPI exhibits little difference to the implicit NDP deflator for the 
available period, whereas Jacobs and Richter depicts a differing cyclical 
behavior.37 Thus in this period the implicit NDP deflator appears to be 
superior to Jacobs and Richter's estimate. In addition, Jacobs-Richter is 
a wholesale price index for industrial and agricultural goods only, 
whereas the implicit deflator derived from Hoffmann's data is an NDP 

35 Hoffmann, Wachstum, p. 825. 36 Hohls, Sectoral Structure; and Jacobs and Richter, Grof3handelspreise. 
37 Jacobs and Richter, Grojfhandelspreise. 
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deflator. In earlier years (before 1878), the Jacobs-Richter index has a 
significantly higher level than Hoffmann's data and converges to Hoff- 
mann's level during 1874-1878. This difference can be explained: As 
pointed out, the Jacobs-Richter index is a wholesale price index of agri- 
cultural and industrial goods. In the 1870s, however, the relative prices 
of industrial goods compared to nonindustrial goods decreased. There- 
fore the Jacobs-Richter index overestimates the general price level in 
the period preceding the 1880s because industrial goods were relatively 
more expensive. We decided to deflate our series and most of our sub- 
series with the implicit NDP deflator used by Hoffmann.38 

The third national accounting approach uses factor income. National 
income is calculated by adding up labor and capital income in the econ- 
omy.39 There are two independent estimates available, one by Hoff- 
mann, and a second by Hoffmann and MUiller. Both series lead to an 
NNP at factor costs in current prices.40 

Hoffmann estimated the national income by using employment cen- 
sus data, multiplied with the average annual income of employees in the 
respective subsectors of the economy.41 This product gives the labor in- 
come of the economy. Capital income is calculated by applying a con- 
stant rate of return on the economy-wide capital stock. As already dis- 
cussed, Hoffmann's capital stock estimation for the industrial sector is 
too low. In addition, he assumes a constant profit rate on this capital 
stock of 6.68 percent, a rather low value as Fremdling points out.42 We 
use here our corrected capital stock series and apply a newly estimated 
rate-of-return to this capital stock. 

Because comprehensive data on company profitability are not avail- 
able, we decided to use dividend yields of joint-stock companies as a 
proxy. Dividends should be high in times of high company profitability 
and low in times of bad performance and are probably a good proxy. 
However, for the early years it might be problematic, because the Ger- 
man joint-stock companies law was liberalized in 1870, and before that 
date, the number of joint-stock companies was rather low. Further, 
joint-stock companies are mainly large corporations. Small and medium 
size companies are thus not covered by the sample. Two types of infor- 
mation are needed for our calculation: first, a time series on the average 
dividend yield at the German stock market; second, data on the relation- 

38 Only the capital stock subseries is deflated by a different price index. 
39 Rent income and profits are included in capital income. 
40 Hoffmann, Wachstum, p. 505; and Hoffmann and Milller, Volkseinkommen, p. 39. 
41 Hoffmann, Wachstum, p. 505. 
42 Fremdling, National Accounts (1995), p. 88. The rate of return for the other nonagricultural 

sector is constant at 4.788 percent. 
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ship of company profits to dividends. Time series evidence for the divi- 
dend yields is available for the years 1870 to 1913.43 For the period 
1851 to 1869 we estimated the dividend yield from a sample of 11 joint- 
stock companies in 1851; 31 in 1856, 99 in 1862; by 1869 our sample 
covers 166 companies.44 Our data are thus quite reliable for the 1860s. 
The profit-dividend relation is calculated using a cross-section of 375 
joint-stock companies for the year 1880.45 We assume the profit- 
dividend ratio to be constant at 1.189 for the years 1851 to 1913.46 We 
estimate the average return on capital to be 9.63 percent during the 
years 1851-1913, but the new series, which can be seen in Figure 7, 
fluctuated around this mean.47 

We checked the quality of our profit-rate estimation with the inde- 
pendent data set by Eduard Wagon.48 Figure 7 also presents this alterna- 
tive, estimated rate of return. Wagon's and our estimate based on the 
data by Richard van der Borght and Otto Donner have similar proper- 
ties, we therefore believe that our estimate accurately depicts the return 
on capital in the investigated period. 

Because we calculate NNP and not NDP, the income series IH in- 
cludes foreign income.49 Foreign income consists of capital and labor 
income. Hoffmann assumes that there was no net foreign labor income. 
He thus looked only at capital income. In addition, he assumed a net to- 
tal investment of 20 billion marks for 1913, and he assumed zero in- 
vestment for 1871 and the years before. We do not change Hoffmann's 

43 Donner, Kursbildung, p. 98. 
44 Van der Borght, Statistische Studien, p. 222. 
45 Van der Borght, Statistische Studien, p. 290. 
46 We checked the assumption of a constant profit-dividend relation with data from 50 indus- 

trial firms and nine banks covering the years 1880-1913 taken from Rettig, Investitions- und 
Finanzierungsverhalten; and Burhop, Executive Remuneration. In this period the ratio was 
nearly constant. 

47 There could be a bias in this estimate if the "surviving" companies receive a larger return 
on capital than a sample of all companies. Tilly, Public Policy, calculated an approximate survi- 
vor bias of joint stock companies. He showed that during 1871-1883 the stock market return of 
489 companies was 2.6 percent, whereas the stock market return of the 294 surviving companies 
was 4.4 percent. Adjusting our return by this percentage difference, however, has very little in- 
fluence on national income. Tilly's data are furthermore not really comparable to our return 
data, because we have return on capital, whereas Tilly calculates stock market return. In addi- 
tion, the period 1871-1883 was marked by significant stock market fluctuations. Furthermore it 
can be assumed that the survivor bias is procyclical, thereby our data should underestimate the 
cycle. 

48 Wagon, Finanzielle Entwicklung, pp. 175-212. This data set informs us about capital and 
profits of a large sample ofjoint-stock companies for the years 1870 to 1900. The sample covers 
93 companies in 1870, 430 in 1880, and finally 830 in 1900. The two estimations are quite simi- 
lar, with a correlation of 0.8. The only major difference occurs during the stock-market boom of 
1872/73, but even this difference of around 11 percent leads to an NNP estimation error of less 
than 1.5 percent. We therefore think that our profitability estimation is quite reliable. 

49 Hoffmann, Wachstum, pp. 261 and 510. 
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RETURN ON INDUSTRIAL CAPITAL IN PERCENTAGES, 1851-1913 

Sources: van der Borght, Statistische Studien, p. 222; Donner, Kursbildung, p. 98; Wagon, 
Finanzielle Entwicklung, p. 175; and authors' own calculations. 

foreign asset series, but do change his rate of return. He assumed a 
3 percent rate of return for 1913, and he calculated this rate backward 
by using a seven-year moving average of German long-term bonds. In- 
stead, we are using the rate described above (Figure 7) of return for the 
German inland capital stock and data on the return at the German bond 
market.50 The portfolio-mix (bonds vs. shares) is given by Hoffmann. 
Figures 8 and 9 present the applied rate of return and the net foreign 
income. 

Figures 8 and 9 show an upward correction of the international rate of 
return and therefore also of Hoffmann's total foreign income data. His 
rate of return in the earlier decades appears to be implausibly low. In 
addition, because our interest rate is not smoothed, the cyclical behavior 
of international income is better captured by our series. Our interest rate 
estimation represents a lower bound, because we assume the same in- 
terest rate for national and foreign investments. Thus, no risk premium 
is contained in our series. Karl Christian Schaefer shows a higher return 

50 Donner, Kursbildung, p. 98. 
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for international investments than for national investment for some 
countries.5" However, representative figures on investment abroad are 
not available. See Figure 10 for our correction to the IH series. 

Hoffmann and Miiller present a second income estimate, NNP at fac- 
tor costs, based on the official income calculation of the Kaiserliche 
Statistische Amt, which published such a series from 1891 onward, See 
Figure 11.52 Hoffmann and Miiller extend the official series back to 
1851 by using archival material from several tax offices, starting with 
Prussia in 1851.53 Data for other states become available from 1871, 
and for 1913 over 90 percent of population is covered by these data.54 
We label this series "IHM." 

51 Schaefer, Deutsche Portfolioinvestitionen. 
52 Hoffmann and Mtiller, Volkseinkommen, p. 39. 
53 We linearly interpolated this income series for the missing values in 1867, 1868, and 1870. 
54 From 1851 to the mid 1860s, Prussian data cover around 48 percent of the German popula- 

tion. After the "unification wars" (1864-1866), this figure rose to 60 percent. Prussia was a very 
heterogeneous state (agriculture in the east, industry in the west) and later studies showed that 
the Prussian income development was representative for Germany. For 1874, data from Prussia, 
Saxony, Hesse, Hamburg, and Bremen are available and 70 percent of the German population is 
covered. 
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Sources: Hoffmann, Wachstum, pp. 261 and 510; and authors' own calculations. 

Four shortcomings of tax office data are raised by Ritschl and 
Spoerer.55 The taxation base is only large enough to compute precise 
estimates after the Prussian tax reform of the early 1890s and similar 
reforms in other states. A second problem is the fact that tax payers 
declared only a part of their income.56 Hoffmann and MUiller corrected 
for this bias using results of a 1913 Reichstag commission.57 Third, 
there was a tax-free minimum income, which is not covered in the data. 
Hoffmann and MUiller address this issue by taking an estimate of the 
average income below the tax-threshold in 1913. They extrapolated this 
number backwards using a wage index. The total tax free income was 
then calculated by multiplying the number of employed people less the 

55 Ritschl and Spoerer, Bruttosozialprodukt, p. 30. 
56 Hoffmann and Muiller, Volkseinkommen. After the introduction of the new Prussian income 

taxation code in 1891 this problem became apparent. Hettlage, Finanzverwaltung, briefly de- 
scribes the German taxation system. The highest tax rate on income in Prussia was 3 percent, 
incentives to evade taxes were thus rather low. Yet, one should note that the state income tax 
was supplemented by local income taxes and thus the tax rate could be as high as about 9-10 
percent in some Prussian cities. 

57 This bias appears to create a level rather than a cyclical difference. 
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number of tax payers with the average below threshold income.58 
Fourth, before the reform of 1891, two types of income were 
distinguished in Prussia: fixed ("fundiert") and variable ("unfundiert") 
income. Fixed incomes were taxable in the year of payment, whereas in 
the case of variable incomes, taxes had to be paid one year after the 
income flow. Sometimes these incomes were averaged over the last 
three years. This means for business cycle analysis that the cycle could 
be shifted and dampened. Because large parts of the population are 
covered by the taxation base approach, the data are relatively reliable 
even before the 1890s. 

Both income series, IH and IHM; and the output series OH yield an 
NNP at factor costs, not an NNP at market prices like EH. We thus add 
taxes on production and imports (indirect taxes) to get NNP at market 
prices.59 Spoerer calculated the indirect taxes for 1901 to 1913, and he 
roughly guessed that the growth rates of indirect taxes for Germany was 

58 The income distribution is stable over time. In Saxony-other data are not available-the 
lowest quartile of the population earned 8.2 per cent of the total income in 1874, and 7.2 percent 
in 1913 as calculated from Jeck, Wachstum. The bias from this source seems quite small. 

59 We left out any corrections for subsidies because in 1913 they amounted to only 30 million 
marks, whereas the indirect taxes were around 2,867 million marks. 
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around 7 percent from 1850 to 1880, and circa 1 percent from 1880 to 
1900.60 We used a mean value of 4 percent. Starting with Spoerer's fig- 
ure for 1901, we calculated the amount of indirect taxes backward to 
1851 by using this growth rate guess.61 

The resulting four estimates of German NNP at market prices are 
presented in Figure 12. The data are in Appendix Table 2. To summa- 
rize our main corrections: We add new net investment data to the ex- 
penditure series (EH), new industrial production figures and foreign in- 
come to the output series (OH), capital income and foreign income 
corrections to the income series (IH). In addition, indirect taxes were 
added to OH, IH, and IHM. Therefore, we have four NNP series at 
market prices. National accounting requires them to be equal, differ- 
ences in the series are thus a result of imprecise estimations. There are 
important level differences in the new series. Especially in the 1850s 

60 Spoerer, Taxes, p. 178. 61 We deflated the indirect taxes with the Hoffmann implicit NDP deflator discussed above. 
There is no generally accepted way of deflating tax revenues, however, these taxes are levied on 
a wide range of products and thus using an NDP deflator seems appropriate. 
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and 1860s the IHM series is considerably higher, also it has more pro- 
nounced cyclical movements. In 1892 the four series almost converge 
and the differences between the series stay relatively small. 

Table 1 presents summary statistics of the four revised and of the four 
original series. The coefficient of variation of the four series varies. The 
IHM series has the lowest coefficient of variation and also the lowest 
standard deviation, it is thus the smoothest series with the fewest fluc- 
tuations. The IH series on the other hand has the largest coefficient of 
variation. The EH and OH series are in between, they also differ some- 
what. 

Since the work of Charles R. Nelson and Charles I. Plosser it has be- 
come standard to test macroeconomic time series for the existence of 
stochastic trends (unit roots).62 This has fundamental implications for 
the analysis of business cycles, because in the case of a unit root all in- 
novations to the series have permanent effects, while in the case of a de- 
terministic trend, innovations will only have temporary effects. We em- 

62 Nelson and Plosser, Random Walks. 
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TABLE 1 
DESCRIPTIVE STATISTICS OF THE SERIES 

Coeff. of Breitung 
1851 1913 Variation Growth ADF Test KPSS Test Test 

EH revised 10,379 51,540 46.9 2.58 reject do not reject do not reject 
EH 10,379 52,440 47.8 2.6 reject do not reject reject 
OH revised 11,890 55,252 46.0 2.47 do not reject reject do not reject 
OH 9,390 48,480 48.6 2.64 do not reject reject do not reject 
IH revised 9,019 55,578 54.1 2.93 reject reject do not reject 
IH 8,803 49,696 51.6 2.79 do not reject reject do not reject 
IHM revised 15,370 53,271 41.8 1.99 do not reject reject do not reject 
IHM 15,011 50,404 40.8 1.94 do not reject reject do not reject 
Notes: Coefficient of variation is standard deviation divided by mean. Growth refers to annual 
average growth rates over the period 1851-1913. ADF test with Ho: series has a unit root with 
drift; KPSS test with Ho series is trend stationary. Breitung's test has Ho of unit root with drift, 
while H1 is trend stationary. 

ployed the augmented ADF test, which has the null hypothesis (Ho) of 
unit root. We were able to reject Ho for the series EH and for the revised 
IH. However, the ADF test has low power to reject compared to near 
unit root alternatives.63 We therefore also employed the KPSS test, 
which tests the Ho for trend stationarity.64 In all cases we were able to 
reject trend stationarity except for the EH series. As a further unit root 
test, we employed the test developed by JOrg Breitung.65 Breitung's 
variance ratio statistics is similar to the test statistics suggested by 
KPSS, but it assumes nonstationarity under the null hypothesis. The re- 
sults of the Breitung test are in line with the results of the KPSS test. 
We therefore conclude that the IHM, IH, and OH series, both the origi- 
nal, as well as the revised, exhibit a unit root. The EH series, on the 
other hand, is trend stationary.66 

COMPROMISE ESTIMATE OF GERMAN NNP 

National accounting requires the four estimates of German NNP to be 
equal. This identity requirement is a natural test for our corrected series. 
As Figure 12 shows the four series are not equal. A pragmatic solution 
could be to average the four improved series. 

63 See, for example, Rudebusch, Uncertain Unit Root. 64 The optimal truncation lag length was calculated according to an automatic bandwidth se- 
lection routine as presented in Hobijn et al., Generalizations. The routine is implemented in 
STATA. The optimal truncation lag was five for all series. 

65 Breitung, Nonparametric Tests 
66 The unit root tests were conducted on the log-transformed series. We performed the unit 

root tests in addition on the original series. In this case, all four series have a unit root. 
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Assume that all four estimates deviate by an error sj from the true 
development of German NNP, thus Y, = Y* + e where Y* is the true 
German NNP, and Y1 represents the estimate. To calculate balanced es- 
timates of NNP, which come closest to the true series, we follow Solo- 
mou and Martin Weale, who calculate balanced estimates of U.K. GDP 
from 1870-1913.67 As for the German data, the starting point is the ob- 
servation that different estimates of GDP from output, expenditure, and 
income sides yield differences in the series, even though they should be 
equivalent. The aim is now to find an estimate, which comes closest to 
the true GDP. Suppose we know the variance, vi, of the error, Ee, of 
each of the independent estimates. Then a least-squares is given as the 
solution, Y,*, which minimizes68 

it t ) 2t t3t t 
Ui V2 U3 

If the three estimates are independent and equally reliable, then a simple 
arithmetic average of the series is a least-squares estimate. In the case of 
the United Kingdom, Solomou and Weale use information provided by 
Feinstein to allocate different degrees of reliability to each of the series 
and thereby derive a balanced estimate of U.K. GDP.69 Hoffmann and 
Hoffmann and Miller, however, do not provide much information on 
the different degrees of reliability of their estimates. 

The quality of the output series seems good because many production 
figures were surveyed during the nineteenth century. In addition, we in- 
creased the number of data points for the OH series, thereby improving 
its cyclical properties. On the other hand, production figures for the ter- 
tiary sector are barely included. We ameliorated the quality of EH sig- 
nificantly by including new investment data. However, because private 
consumption is estimated via a residual concept, measurement errors 
from the OH series are partially transmitted to the EH series. The qual- 
ity of the third national accounting series, the IH series, was quintessen- 
tially improved as we included a variable return-on-investment on the 

67 Solomou and Weale, Balanced Estimates. 
68 Solomou and Weale, Balanced Estimates; and Feinstein, National Income. The least- 

squares approach dates back to Stone et al., Precision. It was taken up again by Weale, Testing 
Linear Hypotheses. 69 The balanced and compromise estimates are shown to be significantly different. Greasley 
and Oxley (Balanced Versus Compromised Estimate) take up the issue and compare the time 
series properties of the estimates. One main difference between the two estimates is the fact 
that the balanced estimate is difference stationary, whereas the compromise estimate is trend 
stationary. 
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Sources: Hoffmann, Wachstum, p. 724; and authors' own calculations. 

industrial capital stock and new capital stock data. In the same way, we 
enhanced foreign income data. 

The two major advantages of IHM are its independence of Hoff- 
mann's three estimates of NNP and its large data base, as the over- 
whelming part of the German population is covered by IHM. On the 
other hand it shows a significantly higher level for the early decades. 
We checked the plausibility of this higher level of IHM by calculating 
government shares of NNP. In fact, one can plausibly assume that the 
share of civil government expenditure in NNP should not be falling dur- 
ing a prolonged period of economic growth.70 Figure 13 compares the 
civil government expenditure share over EH with the same over IHM.71 
The respective share is decreasing using EH until 1869, a finding which 
is unlikely, especially in view of rising employment. The share of civil 
government employees in total employment was increasing in the same 

70 The public finance literature labeled the growth of the government expenditure share in 
GDP over time "Wagner's law." 

71 Civil expenditure is taken from Hoffmann, Wachstum, p. 724. The evolution of the share 
with IH and OH is similar to the one with EH. 
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period from 1.03 percent in 1849 to 1.21 percent in 1867.72 The share of 
personnel expenditure to total expenditure was constant. A falling 
government expenditure share combined with a rising employment 
share would imply a decrease in the relative wage of public sector em- 
ployees over nearly two decades, a very unlikely finding. On the other 
hand, the government expenditure share for the IHM series was roughly 
constant, which is a sign of the better quality of the level estimate for 
IHM. 

To sum up, all series have advantages and disadvantages, and to as- 
sign relative degrees of reliability is difficult. We therefore suppose that 
the three series of Hoffmann are equally reliable and form a balanced 
estimate of them as a simple arithmetic average of the three series. Be- 
cause IHM is an independent estimate we assign a weight of 50 percent 
to it for calculating our final compromise estimate. 

The resulting compromise estimate is presented in Figure 14. The 
compromise series obviously has an average coefficient of variation. 

72 Hoffmann, Wachstum, p. 203. 



Compromise Estimate 639 

TABLE 2 
DESCRIPTIVE STATISTICS OF THE COMPROMISE AND OLD COMPROMISE SERIES 

Coeff. of Breitung 
1851 1913 Variation Growth ADF Test KPSS Test Test 

Compromise 12,900 53,700 47.00 2.33 do not reject reject do not reject 
EH 10,379 52,440 47.80 2.60 reject do not reject reject 
Notes: See Table 1. 

The average annual real growth rate of the best estimate of German 
NNP is 2.3 percent during 1851-1913. Just as in three of the four single 
series, the compromise estimate has a unit root. 

Table 2 presents the properties of the compromise series and com- 
pares it with the original EH series by Hoffmann, which is the most 
widely used series for German national accounting.73 The compromise 
series has a higher level of economic activity in 1851 and also in 1913. 
Its growth rate is lower and the coefficient of variation of the compro- 
mise series is slightly lower. Turning to per capita values, the compro- 
mise series leads to an estimate of 362 marks in 1851, whereas the 
original EH series was 291 marks. This difference diminishes in the 
course of the period and both estimates end up with roughly 800 marks 
per capita, which represents an average annual real per capita growth 
for the compromise series of 1.3 percent and 1.6 percent for the EH se- 
ries. Remarkable are the differences in unit root properties: The com- 
promise clearly has a unit root, as all three tests confirm. In contrast, the 
old EH series is trend stationary. 

FLUCTUATIONS AND LONG-TERM TRENDS IN GERMAN NNP 

Long-Term Trends, 1851-1913 

The average yearly growth rate of the compromise is 2.3 percent. As 
mentioned previously, this growth rate is lower than that of the often 
employed EH series. The growth rate difference of 0.3 percent annually 
reduces the 20-percent initial level difference to nearly zero. 

A graphical analysis of the log-transformed compromise does not re- 
veal a break in the trend growth rate. A growth accounting exercise can 
be performed on this long-term growth rate and might yield additional 
insights because the new series not only exhibits lower growth rates, but 

73 See, for example, Maddison, World Economy; and Mitchell, International Historical 
Statistics. 
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TABLE 3 
GROWTH ACCOUNTING: AVERAGE CONTRIBUTION TO GROWTH, 1851-1913 

(percentages) 

Contribution to NNP Growth Labor Capital TFP 

EH 27.7 11.8 60.5 
Compromise 25.4 10.7 63.9 
Industry 44.2 30.5 25.9 
Source: Authors' own calculations. 

also includes a higher capital stock series.74 Starting from a linear ho- 
mogenous production function (for example, a Cobb-Douglas type) and 
factor remuneration at marginal product, growth of output can be de- 
composed into the contribution of growth of capital, labor, and a re- 
maining term, the Solow residual, which is interpreted as a measure of 
the contribution of technological progress. Employment and capital 
growth must be weighted by the respective income shares of the factor. 
We took the average income share of capital for the entire period, which 
is 0.244 for the Hoffmann's data and 0.241 for the revised data. 

Table 3 shows that the relative importance of the three factors labor, 
capital, and technology is altered by our data modifications: Labor and 
capital accumulation contribute less to growth than before; total factor 
productivity (TFP) gains importance. Because TFP is calculated as a re- 
sidual, a smaller part of growth can be explained with the new data.75 

Figure 15 shows the evolution of TFP over time, normalized to 1851 
equals one. Both decompositions for the NNP give a tremendous in- 
crease in TFP of 158 percent with the old data and 182 percent with the 
revised data. The TFP level of the revised data is similar or larger than 
for the unrevised data for the entire period. 

This residual TFP growth is unexplained by growth accounting. Ac- 
cording to Broadberry, structural change within the German economy 
could be a reason for increased TFP growth.76 Factors were reallocated 
from low-productivity agriculture to high-productivity manufacturing, 
which increased the aggregate productivity level of the economy. In 
fact, Figure 15 shows that TFP growth in the industry sector was much 

74 Note that our economy-wide capital stock series includes the value of land. Hoffmann did 
not include it in his economy-wide capital stock. On page 234, Hoffmann presents the value of 
land in current prices and on page 569 the land price index. Dividing the two indices gives a 
constant value of land in 1913 prices of 73 billion. This implies that TFP growth is high, be- 
cause a large part of the capital stock is fixed. 

75 Schremmer (Wie gross war der 'technische Fortschritt') did a similar exercise with 
Hoffmann's original IH series. He calculated a TFP share of 43 percent, a value close to our 
calculation with the EH series if we do not include land. Schremmer neglected the role of land 
as capital in production. 76 Broadberry, Productivity Race. 
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lower than for the entire economy, growing only by 57 percent. Per- 
forming standard growth decomposition for the industry sector it can be 
seen that growth of this sector was mainly driven by additional labor in- 
put. One reason for this additional labor input is the labor productivity 
difference between industry and the other sectors as can be seen in 
Table 4. Over the entire period the labor productivity was always higher 
in the industrial sector for the corrected series. Workers therefore had an 
incentive to move to the industrial sector.77 

Because we have production indices for each industry and employ- 
ment data for each industry, we can decompose the growth of output 
into two components: A productivity component and the increase in 
employment. We calculated the average increase in the production in- 
dex for each industry as the geometric mean of the yearly growth rates 
for the available years. Similarly, we computed the average growth rates 
of employment in each industry. Subtracting employment growth from 

77 In the original series, until 1907 labor productivity was lower in the industrial sector, an 
unlikely finding. 
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TABLE 4 
LABOR PRODUCTIVITY OF THE ORIGINAL AND CORRECTED DATA: ENTIRE 

ECONOMY AND INDUSTRIAL SECTOR IN 1913 MARKS 

1851 1880 1913 

Compromise 
Total economy 863 1,057 1,732 
Industry 1,161 1,456 2,232 

Original 
Total economy 694 1,047 1,692 
Industry 553 979 1,899 

Sources: Authors' own calculations. 

production growth yields average increases in labor productivity for 
each industry for the investigated period. These labor productivity in- 
creases reflect two components that we cannot further decompose: in- 
creases in the capital stock per worker and increases in efficiency of the 
work process. 

The average industrial output growth rate in the investigated period is 
2.85 percent per annum (see Table 5). 

Output, employment, and productivity grew in all industries. Em- 
ployment growth in the investigated period was 1.77 percent per year. 
Output and also employment growth was highest in the gas, water, elec- 
tricity, paper production, metal production, and the chemical industry. 
Productivity increases were similarly very high in these sectors. For 
1851 the employment shares were highest in clothing, textile, food and 
wood production. The shares of textile and clothing, however, dropped 
significantly over the period by 10 percentage points. On the other 
hand, the metal processing industry and construction industry had sig- 
nificantly higher employment shares in 1913 than in 1851. 

In a second step we can derive aggregate labor productivity increases by 
weighting the sectors with their 1851 employment share respective to their 
1913 employment share. Aggregate annual productivity growth was 1.725 
percent given the employment shares of 1851, and 1.848 percent given the 
structure of 1913. Thus, the structure of the economy changed such that sec- 
tors with a higher productivity growth increased their employment share. 

The German Business Cycle, 1854-1910 

In this section, we present and discuss the business cycle ramifica- 
tions of the compromise estimate of German NNP for the years 1854 to 
1910.78 To obtain a business cycle, we need to decompose the univar- 

78 Due to the filtering technique, we are losing the first and final three years 
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TABLE 5 
DECOMPOSITION OF PRODUCTION IN THE AVAILABLE INDUSTRIAL SECTORS: 

OUTPUT, EMPLOYMENT, AND PRODUCTIVITY GROWTH, EMPLOYMENT SHARES 
IN 1851 AND 1913 

Share Share 
Sector Output Employment Productivity 1851 1913 

Stone and soil production 4.15 2.56 1.59 4.47 7.21 
Metal producing industry 6.90 3.58 3.32 1.42 4.24 
Mwtal processing industry 6.00 2.96 3.04 8.80 18.08 
Chemical industry 6.23 3.90 2.32 0.77 2.78 
Textile 2.78 0.50 2.28 23.06 10.55 
Leather production 2.48 0.92 1.56 0.97 0.57 
Clothing industry 2.46 0.98 1.49 24.05 14.79 
Wood 3.24 1.48 1.76 10.56 8.85 
Paper 7.36 3.80 3.56 0.80 2.70 
Food 2.57 1.63 0.94 14.89 13.67 
Gas, water, electricity 10.32 7.64 2.68 0.03 0.92 
Construction 3.14 2.47 0.67 10.19 15.62 
All sectors 2.85 1.77 100 100 
Sources: Hoffmann Wachstum, pp. 196 (employment) and 390 (output); and authors' own 
calculations. 

iate time series of German NNP into the components of a cycle and a 
trend. Numerous statistical techniques have been proposed for that 
purpose. Fabio Canova examines the business cycle properties of time 
series using a variety of detrending methods.79 He shows that different 
filters extract different information from the time series. Thus, business 
cycles vary considerably with the choice of different filters.80 Marianne 
Baxter and Robert King develop a band-pass filter, which allows the 
isolation of business cycle fluctuations in macroeconomic time series.81 
The approximate filter extracts a specified range of periodicities, and 
otherwise leaves the properties of this extracted component unaffected. 
The filter does not introduce phase-shifts, so the extracted time series 
will also be stationary if the original series is integrated of the order two 

79 Canova, Detrending. 
80 Burhop and Wolff, Datenwahl and National Accounting, compare the cyclical properties of 

four German NNP estimates during 1851-1913 with four different econometric techniques. The 
four estimates by Hoffman, Wachstum; and Hoffmann and Mtiller, Volkseinkommen, are shown 
to have differing cyclical properties, irrespective of the methodology chosen. Furthermore, 
Burhop and Wolff find that business cycles in some periods vary with different methodologies. 

81 Baxter and King, Measuring Business Cycles. Another standard method, the Hodrick- 
Prescott (HP) filter, has been shown to generate artificial cycles if the series contains a unit 
root (Cogley and Nason, Effects). We therefore do not employ the HP filter. The HP cycle, 
however, looks very similar to our presented results, if 2 = 100 as a smoothing parameter is 
chosen. The precise dates are in some cases shifted by a year for booms and recessions. Thus 
employing another nonstructural filter gives very similar results. We opted against employing 
a structural filter, such as a Kalman filter (for an application to historical data see Crafts et al., 
Climacteric). 
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or less.82 Furthermore, the extracted business cycle is unrelated to the 
length of the sample period. The filter is basically a moving average 
with weights chosen in such a way as to approximate the ideal filter, 
which only allows specified periodicities to pass. In their choice of pe- 
riodicities Baxter and King follow the classical definition of Arthur 
Bums and Wesley Mitchell, who specified that business cycles were 
cyclical components of no less than six quarters and less than 32 quar- 
ters (eight years).83 This filter thus has well determined properties, is 
very suitable for a business cycle analysis, and is employed here to ex- 
tract the cycle. 

Our main points of interest are booms and recessions.84 We define a 
boom as a period of actual NNP higher than trend NNP until it reaches 
the local maximum, a recession is defined as a period of actual NNP 
lower than trend NNP until the local minimum. In this context, "local" 
refers to the interval between two crossings of the trend line.85 

Figure 16 depicts the percentage deviation of actual NNP from trend 
NNP for the years 1854 to 1910 measured by the band-pass filter. 

The business cycle reveals strong fluctuations during the late 1850s 
and early 1860s, thereafter the normalized cycle appears to be of con- 
stant magnitude. Table 6 shows the exact dates of booms and reces- 
sions, using our definitions and compares the dating with Knut 
Borchardt and Craig and Fisher who both employ the original EH se- 
ries.86 

In total, 11 booms and 12 recessions are reported, with an average 
length of a cycle (from peak-to-peak) of around five years. Besides the 
dating we also report a measure of the intensity of a boom or a reces- 
sion. For the intensity measure, we calculated the total trend deviation 
during a boom or recession period and divide this figure by the average 
total trend deviations of all boom respective recession periods. 

The first decade under consideration can be characterized by very 
strong fluctuations: Two of the three strongest recessions and the 
strongest boom fall in the period 1855-1862. During the 1860s, many 
"noneconomic" factors influenced the German economic development, 

82 It is therefore irrelevant, whether we employ the log-transformed series or the original se- 
ries. The filtered business cycle was in both cases virtually equivalent. 

83 Burns and Mitchell, Measuring Business Cycles. 
84 We do not investigate in detail questions such as the length of the cycle. For evidence on 

this in a historical context, see A'Hearn and Woitek, More International Evidence. 
85 Other definitions of booms and recessions can be used. However, we believe that a boom 

should not start before the cycle crosses the trend line, because the economy would still be un- 
der the trend level of NNP. In addition, declines in NNP do not constitute a recession if NNP is 
still above the trend level. 

86 Borchard, Wachstum und Wechsellagen; and Craig and Fisher, European Business Cycle, 
p 154. Appendix Table 1 summarizes the dating of recessions. 
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namely the "German unification wars" of 1864 and 1866, and in addi- 
tion the American civil war. We find recessions in 1861-1862 and 
1867, both deeper than average recessions. On the other hand, we report 
a very strong boom 1863-1864 and an upturn in 1869, which might 
have been put to an end by the German-French war. Indeed a small re- 
cession in 1870-1871 can be found. The typical "Grtinderboom" from 
1870-1873 can not be detected.87 On the contrary, output was below 
trend in this period. Cyclical output resumed growth again in 1875, and 
in 1877 a small recession can be noted. Thereafter the economy boomed 
strongly in 1878 and 1879. 

During the 1880s the German economy experienced a recession in 
1880 and a minor downturn in 1886-1887. The prosperity phases of 
1884 and 1888 were average expansions. The 1880 recession can be re- 
lated to the new tariffs on imports, introduced in 1879, reducing imports 
significantly.88 For the 1890s we report a marked downturn in 1890-1892, 

87 The Grfinderboom was the strong economic upturn after the foundation of the German 
Empire in 1871-1873. It was followed by a decline of economic activity in 1873-1879, the so- 
called Griinderkrise. 88 Morgenstern, International Financial Transactions, p. 579. 
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TABLE 6 
SUMMARY OF THE BOOM AND RECESSION YEARS AND COMPARISON WITH 

LITERATURE 

Boom Recession Recessions 

Intensity Intensity Craig/Fisher Borchardt 
Years (percentage) Years (percentage) 1870-1910 1850-1913 

1857-1859 259 1855 181 
1859 

1863-1864 134 1861-1862 182 
1869 65 1867 133 1866 
1875 55 1870-1871 33 1877 

1878-1879 171 1877 49 1880 1879 
1884 37 1880 96 1882 1886 
1888 103 1886-1887 28 
1893 44 1890-1892 187 1891 
1898 130 1895-1896 29 1894 1893-1894 

1904-1905 92 1900-1902 147 1901 1901 
1908 51 1906-1907 66 1910 1908 

1909-1910 68 
Sources: Borchard, "Wachstum"; Craig and Fisher, "Integration," p. 154; and authors' own cal- 
culations. 

and a minor recession 1895-1896, a prospering year 1893, and a true 
boom in 1898. This 1898 upswing was the strongest of the entire sec- 
ond half of the nineteenth century. The boom of the late 1890s, which 
Oskar Morgenstern relates to a strong and sustained rise in foreign 
trade, can also be related to a strong expansion of industrial produc- 
tion, a sustained increase in net foreign income, rising profitability of 
industrial investments, and an investment boom.89 The twentieth cen- 
tury started with a deep recession 1900-1902 accompanied by a bank- 
ing crisis. This recession was followed by two minor recessions in 
1906-1907 and 1909-1910 and two prosperity phases in 1904-1905 
and 1908. 

The business cycle dating for the 1870s deserves a detailed discus- 
sion because it diverges from the commonly assumed pattern of 
"Gruinderzeit"-boom (1870-1873) and "GrUinderzeit"-crisis (1874- 
1879). This dating of boom and crisis rests on three data types: finan- 
cial market data (stock-market, interest rate, foundation of new joint- 
stock companies, issues of stocks and bonds), monetary data (M2, in- 
flation) and Hoffmann's data for consumption, investment, income, 
and production. 

We first turn to the real side of the economy, namely industrial pro- 
duction (from the OH series), investment (from the EH series), and 

89 Morgenstem, International Financial Transactions, p. 579. 
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capital income (from the IH series). Hoffmann's and our indices of in- 
dustrial production exhibit no substantial differences. The only excep- 
tion is the year 1872, when German industrial production grew 17 per- 
cent according to Hoffmann, but only 7 percent according to our re- 
estimation. Our estimate is supported by Rolf Wagenftihr's estimate as 
they are close.90 According to Hoffmann, the net investment in the in- 
dustrial sector from 1870-1873 reached 2.74 billion marks (in 1913 
prices); from 1874 to 1879 net-industrial-investment was 1.8 billion 
marks.91 Our re-estimation leads to much lower investment figures for 
1870-1873 (1.275 billion marks), for 1874-1879 it amounts to 1.448 
billion marks. Thus, in the "boom" period our investment figures are 
less than half of Hoffmann's. Investment was very strong in 1872-1876, 
which could be related to the transformation of French reparation pay- 
ments, which were finalized in May 1873, into real investment. One ex- 
ample for long-term real investment is railway construction (which is 
not included in industrial investment, but is closely connected with it 
via heavy industry). During the years 1871 to 1873, around 806 kilome- 
ters of new railway lines were constructed in Germany per year, but 
during 1874 to 1876, this figure rose to 1,805 kilometers. Furthermore, 
in line with our series, Hoffmann's data on nonindustrial investment 
show declining figures for 1871, and a strong investment record for the 
years 1874 to 1876.92 Our corrected capital income data show a peak 
in 1872, whereas Hoffmann has a peak in 1874-1875.93 Because 
Hoffmann assumed a constant rate of return on capital, his capital in- 
come figures barely increase. Our rate-of-return series, on the other 
hand, shows a strong upturn which can be related to financial market 
developments. 

Between August 1870 and November 1872, the stock market index 
doubled, mainly driven by positive expectations regarding the French 
reparation payments. This development is also reflected in our financial 
return series, which captures nonrealized profits on shares held by com- 
panies. This financial side of the economic development was the main 
source of information for the economic development used by contempo- 
raneous authors, such as Max Wirth, Otto Glagau, and Herbert Blume, 

90 Wagenfiihr, Entwicklungstendenzen. 
91 Hoffmann, Wachstum. 
92 Our claim of a good economic situation during the mid-1870s can also be supported by 

single-firm evidence. For example, the turnover of Krupp increased from 35 million marks in 
1872 to 47 million marks in 1878, an increase of 34 percent, see Gall, Krupp, p. 202. 

93 Thus the original IH peak is later than the EH and OH peak and not in line with the typical 
business cycle dating, see Burhop and Wolff, Datenwahl. 
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mainly because financial data were readily available, whereas national 
accounting data were not.94 

In fact, the stock-market index peaked in November 1872 and col- 
lapsed during 1873. It reached the lower turning point during May 
1877.95 In the stock market boom, more than 900 new joint-stock com- 
panies with a total capital of nearly 2.8 billion marks (in current prices) 
were founded during 1871 to 1873. In terms of nominal share value, 
one-third of these companies were banks, that is companies without an 
immediate impact on the real economy. In addition, many of these 
banks were subject to stock-market speculation.96 Looking at industrial 
companies, the foundation boom turns out to be much smaller: only 12 
of the 100 largest German industrial companies (census year 1887) were 
founded during the early 1870s, but 31 of them were transformed into a 
joint-stock company. Thus, the industrial foundation boom was more a 
renaming boom, at least for the largest firms.97 The boom recession pat- 
tern observed by the contemporaries was visible mainly in financial and 
monetary data, which do not necessarily reflect the real economic de- 
velopment. 

An additional factor determining financial and monetary variables 
and the perception of real developments was the large gold inflow re- 
sulting from French reparation payments. It increased the money supply 
significantly, and no central monetary authority existed to sterilize the 
inflow of gold.98 M2 rose by 45.1 percent between 1870 and 1873, 
which in turn led to increasing prices.99 The average inflation rate from 
1860 to 1869 was 0.55 percent, whereas the average inflation rate from 
1869 to 1873 was 5.26 percent. If people inferred price expectations 
from past experience, they expected inflation to be far below the actual 
values. A further indicator of constant price expectations is the nearly 
unchanged nominal interest rate.100 Companies, in view of rising prices 
for their own products and constant inflation expectations, increased 
production. Thus, they assumed a rising relative price of their products, 
whereas, in fact, the general price level rose. For the 1870s we can 
therefore conclude that financial and monetary data confirm the tradi- 

94 Wirth, Geschichte; Glagau, Birsen- und Griindungsschwindel; and Blume, Griinderzeit. 
95 Donner, Kursbildung, p. 98. 
96 See Burhop, Kreditbanken, for an extensive discussion of joint-stock banking during the 

1870s. 
97 Data are from Kocka and Siegrist, eds., Recht und Entwicklung, pp. 55-122. 
98 The Reichsbank was founded in 1876 and its major policy goal was a stable exchange rate, 

not a low inflation rate. 
99 Tilly, Zeitreihen, p. 347. 
100 The nominal interest rate for Prussian government bonds was around 4.1 to 4.7 percent 

during the 1870s, Donner, Kursbildung, p. 98. 
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tional account of the "Grtinderzeit." However, taking the currently 
available data on NNP as a basis for the business cycle dating, a diver- 
gent pattern emerges such that there was a small recession in 1870-71 
and a small boom in 1875. 

CONCLUSIONS 

How backward was Germany around the mid-nineteenth century, at 
the beginning of its industrialization? Up to now, precise dating of eco- 
nomic development, growth, and business cycles has been based on 
Hoffmann's and Hoffmann and Mtiller's seminal estimates of historical 
national accounts, which are also included in the comparative statistical 
handbooks by Mitchell and Maddison. The reliability of studies investi- 
gating the German industrialization crucially depends on the quality of 
the historical national account estimates. Their quality, however, has 
been questioned. 

Hoffmann presents three series of German national product, based on 
output, expenditure, and income estimates. Hoffmann and MUiller's se- 
ries of German income is rarely employed.101 All four series differ in 
level and cyclical behavior, although national accounting requires them 
to be equal.102 Therefore, we improved the output series by re- 
estimating the industrial production index for 1851-1913 and by re- 
calculating the base level of industrial production for 1913. The modi- 
fied expenditure series includes new industrial investment estimates. 
Furthermore, we re-calculate the capital income used in Hoffmann's in- 
come series. Finally, the three modified series and the income series by 
Hoffmann and Muiller were turned into comparable measures of eco- 
nomic activity, that is, net national product at market prices, by adding 
taxes on production and imports and foreign income, where appropriate. 
Nevertheless, differences between the four series remain. 

Differences in the national accounts are well-known properties of the 
historical estimates of other countries, as well as from the early decades 
of national accounting. Early on Stone et al. proposed constructing a 
compromise estimate by calculating a weighted average of the single se- 
ries, a method further developed by Weale.103 Similarly we compute a 
compromise estimate of German NNP. 

This best estimate of German NNP forms the basis for our brief in- 
vestigation of German growth and business cycle history. The level of 
economic activity in 1851-Germany we estimate is 24 percent higher 

101 Hoffmann, Wachstum; and Hoffmann and Mitller, Volkseinkommen. 
102 Burhop and Wolff, Datenwahl. 
103 Stone et al., Precision; and Weale, Testing Linear Hypotheses. 
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than Hoffmann's expenditure series suggest. The average growth rate of 
the German economy during the industrialization is lower. The main 
factor of growth was rising total factor productivity, which can be ex- 
plained by labor re-allocation towards high productivity industry. The 
business cycle volatility was highest in the early parts of the investi- 
gated period; the average length of a cycle was five years. Exact dating 
of business cycles is done on the basis of the band-pass filtered new 
German NNP estimate. The resulting pattern for the 1870s is notewor- 
thy because it diverges from the usual findings of German business cy- 
cle history. 

Future research could provide a new base estimate for 1850 and 
thereby reduce the remaining uncertainties of the estimates in the early 
decades of the investigated period. Such an investigation could be based 
on the 1846 Zollverein industrial census. 

Appendix 
APPENDIX TABLE 1 

RECESSIONS FOUND IN THE LITERATURE 

Spree (1) Spree (2) Spree (3) Metz / Spree Grabas Spiethoff Kruedener 
1820-1913 1820-1930 1840-1880 1820-1913 1895-1914 1850-1913 1846-1875 

1855 1859 
1859-1861 

1861 1860 
1863/67 1867 1868 

1874 1870 
1878-1880 1879 1876/80 1879 1879 
1886-1888 1886 1887 

1892 1890/91 
1893-1895 1894 1894 
1901-1903 1901 1901/02 1902 1902 
1909-1911 1908 1908 

Notes: The year indicates the bottom or turning point of a cycle, and the dates under the author 
the covered time span. 
Sources: Spree, Wachstumszyklen, p. 103, Wachstumstrends, p. 108; and Wachstumszyklen, 
p. 91; Metz and Spree, Kutznetz-Zyklen, p. 359; Grabas, Konjunktur, p. 103; Spiethoff, Die 
Wirtschaftlichen Wechsellagen, p. 146; and von Kruedener, Jahresberichte. 
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APPENDIX TABLE 2 
COMPROMISE AND CORRECTED GERMAN NNP ESTIMATES 

(billion 1913 marks) 
Year Compromise Corrected EH Corrected OH Corrected IH Corrected IHM 

1851 12.9 10.39 11.89 9.02 15.37 
1852 12.6 10.89 11.89 9.16 14.54 
1853 12.53 10.36 11.99 9.39 14.48 
1854 12.13 10.72 12.15 9.61 13.42 
1855 11.94 9.97 11.98 9.28 13.47 
1856 12.27 10.9 12.89 9.85 13.33 
1857 13.38 11.64 13.39 10.46 14.92 
1858 13.94 11.8 13.33 10.37 16.05 
1859 14.51 11.94 13.49 10.91 16.91 
1860 14.68 13.37 14.47 11.45 16.26 
1861 14.56 12.72 14.42 11.35 16.29 
1862 14.83 13.32 14.69 11.83 16.39 
1863 15.66 14.25 15.56 12.6 17.17 
1864 16.3 14.42 15.92 13.16 18.1 
1865 16.58 14.71 16.14 12.98 18.55 
1866 16.55 14.92 16.28 13.28 18.27 
1867 16.07 14.86 16.38 12.98 17.41 
1868 16.67 16.18 17.05 14.11 17.55 
1869 17.21 15.26 17.31 14.39 18.76 
1870 17.3 16 17.16 14.37 18.76 
1871 17.49 16.41 18.01 15.2 18.44 
1872 17.89 18.92 18.85 15.85 17.91 
1873 18.33 20.05 19.71 16.92 17.77 
1874 18.71 21.03 21.1 16.91 17.73 
1875 19.46 21.14 21.19 17.07 19.12 
1876 19.74 21.03 21.18 17.55 19.56 
1877 19.92 20.43 20.96 17.67 20.16 
1878 20.79 21.72 21.9 18.09 21.01 
1879 21.27 21.05 21.66 18.64 22.1 
1880 20.75 19.9 21.28 18.81 21.52 
1881 21.52 20.99 21.85 19.49 22.26 
1882 21.85 21.31 22.21 19.7 22.63 
1883 22.77 22.22 23.43 20.84 23.38 
1884 23.84 23.47 24.14 21.83 24.53 
1885 24.59 24.34 24.63 22.31 25.42 
1886 25.22 24.63 24.89 22.9 26.3 
1887 25.88 24.52 25.74 24.05 26.99 
1888 26.97 26.46 26.82 25.43 27.71 
1889 27.44 27.02 27.65 26.29 27.89 
1890 27.87 28.54 28.23 27.38 27.69 
1891 28.03 27.76 28.34 27.04 28.35 
1892 28.43 28.94 29.5 27.21 28.31 
1893 30.48 30.38 30.81 29.2 30.83 
1894 31.47 30.75 31.81 30.2 32.01 
1895 32.37 31.77 33.27 30.82 32.79 
1896 33.55 33.09 34.28 32.59 33.78 
1897 34.54 34.25 34.87 34.42 34.57 
1898 36.44 37.1 36.59 36.83 36.04 
1899 36.44 36.56 37.41 36.47 36.07 
1900 36.95 38.27 37.76 36.98 36.23 
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APPENDIX TABLE 2 - continued 

Year Compromise Corrected EH Corrected OH Corrected IH Corrected IHM 

1901 37.27 38.47 37.77 36.05 37.1 
1902 38.07 39.06 38.5 37.23 37.87 
1903 39.55 39.56 40.8 39.39 39.19 
1904 40.99 40.23 42.13 41.46 40.71 
1905 42.93 43.27 43.05 44.34 42.31 
1906 43.09 42.49 44.05 44.21 42.59 
1907 44.59 44.06 46.29 46 43.73 
1908 46.63 48.33 47.21 46.45 45.93 
1909 47.21 47.18 48 47.26 46.95 
1910 48.03 45.81 49.51 49.12 47.92 
1911 50.2 48.08 51.34 51.91 49.96 
1912 51.44 48.21 53.35 54.1 50.99 
1913 53.7 51.54 55.25 55.58 53.27 

Notes: EH (expenditure series, Hoffmann), OH (output series, Hoffmann), IH (income series, 
Hoffmann), IHM (income series, Hoffmann and Mtieller). All series are in billion marks, 1913 
prices. 
Sources: Authors' own calculations. 

APPENDIX TABLE 3 
SUBSERIES FOR CALCULATION OF GERMAN COMPROMISE NNP 

Net Industrial Return on Return on 
Indirect Industrial Capital Industrial Capital Foreign Capital Industrial 

Year Taxes Investment Stock (percentage) (percentage) Production 

1850 5.76 
1851 222 54 5.82 5.8 17.5 
1852 231 145 5.96 6.7 16.9 
1853 240 44 6.01 6.8 17.3 
1854 250 100 6.11 7.3 16.9 
1855 260 0 6.11 8.7 17.2 
1856 270 -248 5.86 9.2 18.4 
1857 281 132 5.99 7.2 19 
1858 292 184 6.17 5.5 19 
1859 304 93 6.27 4.5 19 
1860 316 180 6.45 5.8 21.3 
1861 328 129 6.58 6.2 22.3 
1862 342 147 6.72 10 21.1 
1863 355 164 6.89 9.9 22.5 
1864 369 282 7.17 13.1 22.6 
1865 384 253 7.42 11.3 24 
1866 400 219 7.64 11.1 24.5 
1867 416 83 7.72 10.5 25.3 
1868 432 139 7.86 10.5 25.4 
1869 450 76 7.94 11.4 26.7 
1870 468 308 8.25 11.2 26.2 
1871 486 17 8.27 15.3 5.5 29.3 
1872 506 524 8.79 18 5.6 31.4 
1873 526 654 9.44 14.3 5.3 33.9 
1874 547 564 10.01 10.2 4.8 35.6 
1875 569 586 10.59 6.2 4.4 35.2 
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APPENDIX TABLE 3 - continued 

Net Industrial Return on Return on 
Indirect Industrial Capital Industrial Capital Foreign Capital Industrial 

Year Taxes Investment Stock (percentage) (percentage) Production 

1876 592 501 11.09 5 4.3 35.5 
1877 615 -16 11.08 5.1 4.3 34.2 
1878 640 0 11.08 5.2 4.3 34.9 
1879 665 71 11.15 6.3 4.4 35 
1880 692 -86 11.06 7.7 4.4 33 
1881 720 227 11.29 7.9 4.4 34.3 
1882 749 350 11.64 7.9 4.3 34.2 
1883 778 646 12.29 7.9 4.3 36.7 
1884 810 806 13.09 7.4 4.2 38.3 
1885 842 814 13.91 6.8 4.1 38.3 
1886 876 1056 14.96 6.5 4 38.8 
1887 911 598 15.56 7.3 4.1 40.9 
1888 947 964 16.52 9.6 4.2 43 
1889 985 803 17.33 11.4 4.4 46.9 
1890 1,024 1,662 18.99 12.2 4.5 47.2 
1891 1,065 1,281 20.27 9.7 4.3 48.4 
1892 1,108 833 21.1 8.3 4.1 50 
1893 1,152 655 21.76 8.1 4.1 50.8 
1894 1,198 602 22.36 9.2 4.1 54 
1895 1,246 865 23.23 10 4 57.8 
1896 1,296 1,319 24.54 11.9 4.2 58.4 
1897 1,348 1,367 25.91 12.5 4.3 59.5 
1898 1,402 2,153 28.06 13.1 4.4 63.9 
1899 1,458 1,969 30.03 13.2 4.5 64.5 
1900 1,516 3,281 33.31 12.2 4.5 63.1 
1901 1,577 2,918 36.23 9.2 4.2 63.9 
1902 1,601 2,285 38.52 8.7 4 65.1 
1903 1,634 1,329 39.85 9.9 4.2 70.7 
1904 1,670 822 40.67 10.8 4.3 72.3 
1905 1,816 1,493 42.16 12.1 4.4 74.3 
1906 1,937 1,868 44.03 13 4.6 76.4 
1907 2,070 2,190 46.22 12.4 4.6 83.1 
1908 2,067 4,407 50.63 10.6 4.5 83.4 
1909 2,358 3,042 53.67 11.2 4.5 85.1 
1910 2,610 1,287 54.95 12 4.6 87.8 
1911 2,798 1,335 57.29 12.4 4.6 92.8 
1912 2,817 910 58.2 13.2 4.8 98.8 
1913 2,867 2,300 60.5 12.4 4.9 100 

Notes: Indirect taxes and net industrial investment are in million 1913 marks, mndustrial capital 
stock is in billion 1913 marks. Industrial Production = Corrected index of industrial production 
(1913 = 100). 

REFERENCES 

A'Hearn, Brian, and Ulrich Woitek. "More International Evidence on the Historical 
Properties of Business Cycles." Journal of Monetary Economics 47 (2001): 321- 
46. 

Backus, David K., and Patrick J. Kehoe. "International Evidence on the Historical 
Properties of Business Cycles." American Economic Review 82, no. 4 (1992): 



654 Burhop and Wolff 

864-88. 
Balke, Nathan S., and Robert J. Gordon. "The Estimation of Prewar Gross National 

Product: Methodology and New Evidence." Journal of Political Economy 97 
(1989): 38-92. 

Baxter, Marianne, and Robert King. "Measuring Business Cycles: Approximate Band- 
Pass Filters for Economic Time Series." Review of Economics and Statistics 81, 
no. 4 (1999): 575-93. 

Blume, Herbert. Griindungszeit und Griindungskrach mit Beziehung auf das deutsche 
Bankwesen, Danzig: A.W. Rasemann, 1914. 

Borchardt, Knut. "Wachstum und Wechsellagen 1800-1914." In Handbuch der 
deutschen Wirtschafts- und Sozialgeschichte, edited by Aubin, H., Zorn, W. vol. 
2, 685-740. Stuttgart: Klett-Cotta, 1976. 

Breitung, J6rg. "Nonparametric Tests for Unit Roots and Cointegration." Journal of 
Econometrics 108 (2002): 343-64. 

Broadberry, Stephen. The Productivity Race: British Manufacturing in International 
Perspective, 1850-1990, Cambridge: Cambridge University Press, 1997. 

. "How Did the United States and Germany Overtake Britain? A Sectoral 
Analysis of Comparative Productivity Levels, 1870-1990." This JOURNAL 58, 
no. 2 (1998): 375-407. 

Bry, Gerhard. Wages in Germany 1871-1945, Princeton, NJ: Princeton University 
Press, 1960. 

Burhop, Carsten. Die Kreditbanken in der Griinderzeit. Stuttgart: Steiner Verlag, 
2004. 

. "Executive Remuneration and Firm Performance: The Case of Large German 
Banks, 1854-1910." Business History 46 (2004): 525-43. 

? 
"Industrial Production and Industrial Productivity in the German Empire, 

1871-1913."Conference paper, 2005 Annual Meeting of the Economic History 
Society. 

Burhop, Carsten, and Guntram B. Wolff. "National Accounting and the German Busi- 
ness Cycle, 1851-1913." Conference paper, Verein ftir Socialpolitik, annual con- 
ference, Innsbruck, 2002. 

_ "Datenwahl, Methodenwahl und ihre Bedeutung fiir die Konjunktur- 
geschichte," Vierteljahrschrift fiir Sozial- und Wirtschaftsgeschichte 91 (2004): 
141-54. 

Bums, Arthur, and Wesley Mitchell. Measuring Business Cycles. New York: National 
Bureau of Economic Research, 1946. 

Canova, Fabio. "Detrending and Business Cycle Facts." Journal of Monetary Econom- 
ics 41, no. 3 (1998): 475-512. 

Cogley, Timothy, and James M. Nason. "Effects of the Hodrick-Prescott Filter on 
Trend and Difference Stationary Time Series: Implications for Business Cycle 
Research." Journal of Economic Dynamics and Control 19 (1995): 253-78. 

Crafts, Nicholas F. R. "Recent Research on the National Accounts of the UK, 1700- 
1939." Scandinavian Economic History Review 43 (1995): 17-29. 

Crafts, Nicholas F. R., S. J. Leybourne, and Terence C. Mills. "The Climacteric in 
Late Victorian Britain and France: A Reappraisal of the Evidence." Journal of 
Applied Econometrics 4, no. 2 (1989): 103-17. 

Craig, Lee A., and Douglas Fisher. "Integration of the European Business Cycle: 
1871-1910." Exploration in Economic History 29 (1992): 144-68. 

Deutsche Bundesbank. Deutsches Geld- und Bankwesen in Zahlen 1875 - 1975, 
Frankfurt am Main: Fritz Knapp Verlag, 1976. 



Compromise Estimate 655 

Donner, Otto. Die Kursbildung am Aktienmarkt, Berlin: Hanseatische Verlagsanstalt 
Hamburg, 1934. 

Engel, Ernst. "Das Zeitalter des Dampfes in technisch-statistischer Beleuchtung," 
Zeitschrift des kaniglich preussischen Statistischen Biiros 20 (1880): 53-144. 

Feinstein, Charles H. National Income, Expenditure and Output of the United King- 
dom 1855-1965. Cambridge: Cambridge University Press, 1972. 

. Statistical Tables of National Income, Expenditure, and Output of the UK, 
1855-65. Cambridge: Cambridge University Press, 1976. 

Fremdling, Rainer. "German National Accounts for 19th and Early 20th Century. A 
Critical Assessment." Vierteljahrschrift fiir Sozial- und Wirtschaftsgeschichte 75 
(1988): 339-57. 

. "German National Accounts for 19th and Early 20th Century." Scandinavian 
Economic History Review 43 (1995): 77-100. 

Fremdling, Rainer, and Reiner Stiglin. "Die Industrieerhebung von 1936: Ein Input- 
Output- Ansatz zur Rekonstruktion der Volkswirtschaftlichen Gesamtrechnung 
ffir Deutschland im 19. Und 20. Jahrhundert - ein Arbeitsbericht," Vierteljahr- 
schriftfiir Sozial- und Wirtschaftsgeschichte 90 no. 4 (2003): 416-28. 

Gall, Lothar. Krupp, Berlin: Siedler Verlag, 2000. 
Gehrig, Gerhard. "Eine Zeitreihe des Sachkapitalbestandes (1925-1938 und 1950- 

1957)." IFO Studien 7 (1961): 7-60. 
Glagau, Otto. Der B6rsen- und Griindungsschwindel in Deutschland. Leipzig: Verlag 

von Paul Frohberg, 1877. 
Grabas, Margrit. Konjunktur und Wachstum in Deutschland Von 1895 Bis 1914, Ber- 

lin: Duncker und Humblodt, 1992. 
Greasley, David, and Les Oxley. "Balanced versus Compromised Estimates of UK 

GDP 1870-1913." Explorations in Economic History 32 (1995): 262-72. 
Grining, Ferdinand. Versuch einer Volksvermdgensrechnung der Deutschen Bundes- 

republik, Berlin: Duncker & Humblot, 1958. 
Hettlage, Karl M. "Die Finanzverwaltung." In Deutsche Verwaltungsgeschichte, Vol. 

3 Das Deutsche Reich bis zum Ende der Monarchie, edited by Kurt Jeserich, 
Hans Pohl and Georg-Christoph Unruh, 250-62. Stuttgart: Deutsche Verlags An- 
stalt, 1984. 

Hobijn, Bart, Philip Hans Franses, and Marius Ooms. "Generalizations of the KPSS- 
Test for Stationarity." Econometric Institute Report 9802/A, Econometric Insti- 
tute, Erasmus University Rotterdam, 1998, http://www.eur.nl/few/ei/papers. 

Hoffmann, Walther G. Das Wachstum der deutschen Wirtschaft seit der Mitte des 19. 
Jahrhunderts, Berlin: Springer, 1965. 

Hoffmann, Walther G. and J. Heinz MtIller. Das deutsche Volkseinkommen 1851- 
1957. Tilbingen: J.C.B. Mohr, 1959. 

Hohls, Riidiger. "The Sectoral Structure of Earnings in Germany 1885-1995." In La- 
bour's Reward-Real Wages and Economic Change in 19th and 20th Century 
Europe, edited by Peter Scholliers and Vera Zamagni, 226-30. Aldershot: Ed- 
ward Elgar, 1995. 

Holtfrerich, Carl-Ludwig. "The Growth of Net Domestic Product in Germany 1850- 
1913." In Productivity in the Economies of Europe, edited by Fremdling, Rainer 
and Patrick O'Brian, 124-32. Stuttgart: Klett-Cotta, 1983. 

Jacobs, Alfred, and Hans Richter. Die Grosshandelspreise in Deutschland von 1792 
bis 1934. Berlin: Hanseatische Verlagsanstalt Hamburg, 1935. 

Jeck, Albert. Wachstum und Verteilung des Volkseinkommens. Tiibingen: J.C.B. Mohr, 
1970. 



656 Burhop and Wolff 

Kaiserliches Statistisches Amt, ed. Statistik des Deutschen Reiches, Neue Folge, vol. 
119, Berlin: Kaiserliches Statistisches Amt, 1899. 

. Statistik des Deutschen Reiches, Neue Folge, vol. 215, Berlin: Kaiserliches 
Statistisches Amt., 1910. 

Kocka, Jtirgen, and Hannes Siegrist. "Die hundert gr6Bten deutschen Industrie- 
unternehmen im spaten 19. und friihen 20. Jahrhundert." In Recht und Entwick- 
lung der GroJfunternehmen im 19. undfriihen 20, edited by Norbert Horn, 55- 
122. Jahrhundert, Gottingen: Vandenhoeck & Rupprecht, 1979. 

Killmann, Wolfgang. Quellen zur Bevalkerungs-, Sozial- und Wirtschaftsstatistik 
Deutschlands: 1815-1875, Band 5, Quellen zur Berufs- und Gewerbestatistik 
Deutschlands. Stiddeutsche Staaten. Boppard am Rhein: Harald Boldt Verlag, 
1995. 

Kruedener, Jtirgen von. "Die Jahresberichte der PreuBischen Bank (1847-1875) als 
Quelle zur Konjunkturgeschichte." Vierteljahrschrift fiir Sozial- und Wirtschafts- 
geschichte 62 (1975): 465-99. 

Maddison, Angus. The World Economy: Historical Statistics, Paris: OECD Develop- 
ment Centre, 2001. 

Metz, Rainer. "Der Zufall und seine Bedeutung ffir die Entwicklung des deutschen 
Bruttoinlandproduktes 1850-1990." Jahrbiicher fiir Nationalakonomie und Sta- 
tistik 217 (1998): 308-33. 

. Trend, Zyklus und Zufall. Stuttgart: Steiner Verlag, 2002. 
Metz, Rainer, and Reinhard Spree. "Kuznets-Zyklen im Wachstum der deutschen 

wirtschaft wahrend des 19. und friihen 20. Jahrhunderts." In Konjunktur, Krise, 
Gesellschaft, edited by Petzina, Dietmar, Ger van Roon, 343-76. Stuttgart: Klett- 
Cotta, 1981. 

Mitchell, Brian R. International Historical Statistics, Europe, 1750-2000, Fifth Edi- 
tion. Basingstoke, Hampshire and New York: Palgrave, Macmillan, 2003. 

Morgenstern, Oskar. International Financial Transactions and Business Cycles, 
Princeton, NJ: Princeton University Press, 1959. 

Nelson, Charles R., and Charles I. Plosser. "Trends and Random Walks in Macroeco- 
nomic Time Series." Journal of Monetary Economics 10 (1982): 139-62. 

Reichsamt ffir Wehrwirtschaftliche Planung. Die deutsche Industrie- Gesamtergeb- 
nisse der Amtlichen Produktionsstatistik. Berlin: Verlag ffir Socialpolitik, 
Wirtschaft und Statistik, Paul Schmidt, 1939. 

Rettig, Rudi. "Das Investitions- und Finanzierungsverhalten deutscher Grolunterneh- 
men 1880-1911 ." Ph.D. diss., University of Muenster, 1978. 

Ritschl, Albrecht. "Spurious Growth in German Output Data, 1913-1938." European 
Review of Economic History 8, no. 3 (2004): 201-23. 

Ritschl, Albrecht, and Mark Spoerer. "Das Bruttosozialprodukt in Deutschland nach 
den amtlichen Volkseinkommens- und Sozialproduktsstatistiken 1901-1995." 
Jahrbuch fir Wirtschaftsgeschichte (1997, 2): 27-54. 

Romer, Christina D. "The Prewar Business Cycle Reconsidered: New Estimates of the 
Gross National Product, 1869-1908." Journal of Political Economy 97 (1989): 
1-37. 

Rudebusch, Glenn D. "The Uncertain Unit Root in Real GNP." American Economic 
Review 83 (1993): 264-72. 

Schaefer, Karl Christian. Deutsche Portfolioinvestitionen im Ausland 1870-1914. 
Miinster: LIT Verlag, 1995. 

Schremmer, Eckart. "Wie gross war der "technische Fortschritt" wahrend der Indus- 
triellen Revolution in Deutschland 1850-1913," Vierteljahrschriftfiir Sozial- und 



Compromise Estimate 657 

Wirtschaftsgeschichte 60 (1973): 433-58. 
. "Die badische Gewerbesteuer und die Kapitalbildung in gewerblichen Anla- 

gen und Vorraten in Baden und Deutschland 1815 bis 1913." Vierteljahrschrift 
fiir Sozial- und Wirtschaftsgeschichte 74 (1987): 27-54. 

Solomou, Solomos, and Martin Weale. "Balanced Estimates of UK GDP 1870-1913." 
Explorations in Economic History 28 (1991): 54-63. 

Spiethoff, Arthur. Die wirtschaftlichen Wechsellagen. Tiibingen: J.C.B. Mohr, 1955. 
Spoerer, Mark. "Taxes on Production and on Imports in Germany, 1901-1913." Jahr- 

buch fiir Wirtschaftsgeschichte (1998,1): 161-79. 
Spree, Reinhard. Die Wachstumszyklen der deutschen Wirtschaft von 1840 bis 1880, 

Berlin: Duncker und Humblodt, 1977. 
Wachstumstrends und Konjunkturzyklen in der deutschen Wirtschaft von 

1820 bis 1913. Gbttingen: Vandenhoeck und Rupprecht, 1978. 
Statistisches Bundesamt. Bevalkerung und Wirtschaft 1871-1972. Stuttgart: Kohl- 

hammer, 1972. 
Stone, Richard, D. G. Champernowne, and J. E. Meade. "The Precision of National 

Income Estimates." The Review of Economic Studies 9 (1942): 111-25. 
Tilly, Richard H. "Public Policy, Capital Markets, and the Supply of Industrial Fi- 

nance in 19th Century Germany." In The State, the Financial System, and Eco- 
nomic Modernization, edited by Richard Sylla and Richard H. Tilly, 134-57. 
Cambridge: Cambridge University Press, 1999. 

Tilly, Richard H. "Zeitreihen zum Geldumlauf in Deutschland 1870-1913." Jahr- 
biicher fiir Nationalakonomie und Statistik (1972/73): 330-63. 

van der Borght, Richard. Statistische Studien iiber die Bewdhrung der Aktiengesell- 
schaft. Jena: Verlag von Gustav Fischer, 1883. 

Wagenfiihr, Rolf. Entwicklungstendenzen der deutschen und internationalen Indus- 
trieproduktion 1860 - 1932. Berlin: Vierteljahreshefte zur Konjunkturforschung, 
Institut ffir Konjunkturforschung, Verlag von Reimar Hobbing, 1933. 

"Zur Entwicklung der Investitionstatigkeit vor dem Kriege." Viertel- 
jahreshefte zur Konjunkturforschung 10 (1936): 405-417. 

Wagon, Eduard. Die finanzielle Entwicklung deutscher Aktiengesellschaften von 1870 
bis 1900 und die Gesellschaften mit beschrdnkter Haftung im Jahre 1900. Jena: 
Gustav Fischer, 1903. 

Weale, Martin. "Testing Linear Hypotheses on National Account Data." The Review 
of Economics and Statistics (1985): 685-89. 

Wirth, Max. Geschichte der Handelskrisen. Frankfurt am Main: J.D. Sauerlanders 
Verlag, 1874. 


	Article Contents
	p. 613
	p. 614
	p. 615
	p. 616
	p. 617
	p. 618
	p. 619
	p. 620
	p. 621
	p. 622
	p. 623
	p. 624
	p. 625
	p. 626
	p. 627
	p. 628
	p. 629
	p. 630
	p. 631
	p. 632
	p. 633
	p. 634
	p. 635
	p. 636
	p. 637
	p. 638
	p. 639
	p. 640
	p. 641
	p. 642
	p. 643
	p. 644
	p. 645
	p. 646
	p. 647
	p. 648
	p. 649
	p. 650
	p. 651
	p. 652
	p. 653
	p. 654
	p. 655
	p. 656
	p. 657

	Issue Table of Contents
	The Journal of Economic History, Vol. 65, No. 3 (Sep., 2005), pp. 613-890
	Front Matter
	A Compromise Estimate of German Net National Product, 1851-1913, and Its Implications for Growth and Business Cycles [pp.  613 - 657]
	Empire, Public Goods, and the Roosevelt Corollary [pp.  658 - 692]
	Returning to Victorian Competition, Ownership, and Regulation: An Empirical Study of European Telecommunications at the Turn of the Twentieth Century [pp.  693 - 722]
	Specialization and Regulation: The Rise of Professionals and the Emergence of Occupational Licensing Regulation [pp.  723 - 756]
	Financial Market Discipline in Early-Twentieth-Century Mexico [pp.  757 - 778]
	Immigration, Exclusion, and Taxation: Anti-Chinese Legislation in Gold Rush California [pp.  779 - 805]
	Risk Transaction Costs, and Tax Assignment: Government Finance in the Ottoman Empire [pp.  806 - 821]
	Conspicuous by Their Absence: French Canadians and the Settlement of the Canadian West [pp.  822 - 849]
	Notes and Discussion
	Effective Exchange Rates in Britain, 1920-1930 [pp.  850 - 859]

	Editors' Notes [p.  860]
	Book Reviews
	Early Modern
	untitled [pp.  861 - 862]
	untitled [pp.  862 - 864]

	Modern Europe
	untitled [pp.  864 - 867]

	Latin America
	untitled [pp.  867 - 868]

	United States
	untitled [pp.  869 - 871]
	untitled [pp.  871 - 873]
	untitled [pp.  873 - 874]
	untitled [pp.  874 - 876]
	untitled [pp.  876 - 878]
	untitled [pp.  878 - 879]
	untitled [pp.  879 - 880]
	untitled [pp.  881 - 882]

	General and Miscellaneous
	untitled [pp.  882 - 883]
	untitled [pp.  884 - 885]
	untitled [pp.  885 - 887]
	untitled [pp.  887 - 888]
	untitled [pp.  889 - 890]

	Back Matter



