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I. Introduction

his note analyses the effects of differential productivity growth in the

traded and non-traded goods sectors and of protectionism on the real

exchange rate of Germany during the gold standard. Large deviations

of the German real exchange rate occurred, despite the relatively open

trading system and the high and increasing degree of commercial integration
of Germany with the main gold standard countries.

In Section II Balassa’s [1964] model, which explains long-run deviations
of the exchange rate from purchasing power parity on the basis of differential
productivity growth between the traded and the non-traded goods sector, has
been modified to take into account the existence of tariffs, :

In Section ITI empirical tests of the model are presented. They show that
both differential productivity growth and changes in the degree of protection-
ism were important in explaining the behaviour of the real exchange rate.

Two appendices are attached to the note. Appendix I complements the
main analysis of the note by measuring the effect of changes in the degree of
protectionism and in the real exchange rate on the German trade balance.
Appendix II contains a description of the sources of the data used.

IL. Differential Productivity Growth and the Real Exchange Rate:
The Model

This section briefly presents the model that Balassa [1964] developed to
explain long-run changes in the real exchange rate. He explained long-run
changes in the real exchange rate in terms of the differential productivity
growth between the traded and the non-traded goods sectors in the domestic
and the foreign countries. If productivity in the domestic traded goods sector
grows more rapidly in relation to productivity in the non-traded goods sector,
and assuming equalization of wages across sectors, the relative price between
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traded and non-traded goods has to fall. This implies that for a given
domestic currency price of traded goods, which for a small country is fixed by
the rest of the world, the price of non-traded goods has to increas'e. I_t follows
that under fixed nominal exchange rates, the general price level Will rise feEster
in the high productivity countries, i.e. the real exchange rate will app1:ec1ate.
Balassa’s model is extended in this section to take into account tlje existence
of tariffs. As will be seen this extension is straightforward. Tariffs create a
wedge between the domestic and the foreign price of traded gooc?s. If
domestic tariff protection increases, the real exchange rate. appreciates.
Hence neglecting changes in tariff protection could lead to biased tests of
Balassa’s productivity theory. . '
Let p and p, denote the domestic and foreign price indices. Owing to the
fixity of the exchange rate, the real exchange rate is defined as:

r=p/p (1)

The real exchange rate measures the relative purchasing power of the two
currencies. As p and p; are indices with the same base year, a value qf r
different from 1 indicates a deviation from relative purchasing power parity.
Assuming constant returns to scale and a fixed supply of labour at horr‘u.a and
abroad, with labour being the only factor of production, and free rqoplllty of
labour between sectors, the same nominal wage rate w will prevail 1_n.both
sectors. Denote by aT and a" the average (and marginal) productivity of
labour in the traded and non-traded goods sectors respectivgly. Perfect
competition among producers in both sectors ensures that prices equate
average (and marginal) costs of production:

p' = w/a" (2a)
pN= w/aN (2b)
pl = wyaf (3a)
py = wyaf (3b)

Defining the consumer price index in each country as the weigh_ted
average of the price in the traded and non-traded goods sectors one obtains:

p = [pT [P (4a)
p; = [pf]"* [P (4b)
where o and  are constant weights between zero and unity. Substituting (2a)
and (2b) into (4a) and (3a) and (3b) into (4b) one obtains:
(w/aT)y  [a"/aN]®
T (wsaD) | fal/al

(5)
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'Assum'mg the law of one price for fnternationally traded goods and the
existence of tariff barriers in Germany:

pT=pf (1+1) ()

where t is the proportional tariff rate on German imports. Since p”= (w/a])
and pf = (w/a;) Eq. (5) reduced to:

r=(1+t)- [(a/aN)/(af/aM)?] (5a)

Exp_ressing (5a) in natural logarithms, remembering that all variables exceptt
are index numbers and using the well-known property of logarithms that In
(1 + x ) = x, for x sufficiently small, one obtains:

r-1=t+ a [(@aV)-1] - B [(a/a}) -1] (5b)

This equation will be tested in the next section.

IIL. Empirical Tests ‘

. _The Figure shows the development of German and foreign consumer price
1nd‘1ces from 1876 to 1913. The foreign price index has been calculated as a
weighted average of the price indices of the United Kingdom, the United
_States and France. The weights used are equal to the share of 1890 German
imports of goods from each of these countries in total imports from them. The
Figure shows that the foreign consumer price index exhibited a strong declining
trend until 1895, while no clear trend is discernible for the German index.
From 1896 onwards both indices exhibit a strong upward trend. The trends of
the two indices are reported in Table 1 separately for the two sub-periods.

German and Foreign Price Indices®, 1876-1913 (1913 = 100)
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a'I'l'.ue foreign index is a weighted average of UK., U.S. and French indices. — See Table 1 for the
weights used to calculate the foreign price index.
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Table 1 - Trends of German and Foreign Price and Output Indices
(Annual Data)

1876-1895 1896-1913
a | b | R%adj a | b l RZadj
Prices
German consumer 743 -0.06 -0.04 68.6 1.61 0.93
prices (55.0) (0.6) (61.5) (15.6)
Foreign consumer 109.9 -1.24 0.86 82.6 0.85 0.94
prices (79.1) (10.7) (140.9) (15.7)
c I d | R?adj | c l d I R%adj
Output
German industrial 22.7 1.49 0.66 56.6 245 0.98
production (7.8) (6.2) (64.0) (29.9)
Foreign industrial 32.8 1.10 0.92 549 217 0.91
production (37.4) (15.0) (30.8) (13.2)
German real NNP 33.6 1.22 0.92 1.72 2.16 0.96
(35.7) (15.6) (5.7 (21.4)
Foreign real GNP 36.1 1.13 0.98 32.0 1.54 0.98
(77.2) (29.0) (37.6) (40.6)

a The foreign price indices are calculated as weighted averages of the U.I, the U.S. and the
French indices, with weights equal 0.43, 0.39 and 0.18 respectively. The weights are the shares
of German 1890 imports from the above countries in total imports from the three countries.
The regressions are of the form p = a + bt where p is the price level (1913 = 100) and t is the
time trend. The foreign output indices (1913 = 100) are weighted average of the UK., U.S. and
French indices with the same weights as for prices. The regressions are of the form Ip=c + dt
where Ip is the industrial production or output index and t is the time trend. - Numbers in
parentheses are t-statistics.

Large changes in the ratio of German to foreign consumer prices occurred
during the gold standard: the ratio increased from 0.67 in 1876 to 1 in 1913.
However, the appreciation of the German real exchange rate is less pro-
nounced in the second sub-period. The positive trend in the price ratio can be
explained mainly by the higher rates of growth of productivity in the traded
goods sector with respect to the non-traded goods sector in Germany than
abroad and by changes in tariff-protection.

The ratio of tariff revenues to imports of goods (t) has been added as an
explanatory variable because of the increase in the degree of trade protection-
ism in Germany especially in the 1880s. Tariffs and other impediments to
trade reduce the tendency of prices of traded goods to be equated internation-
ally and are an additional factor leading to deviations of the real exchange
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rate from purchasing power parity'. In order to isolate the effect of cyclical
influences on the German and foreign consumer price indices the deviation
from trend of the German price index (X1) and of the foreign price index (X2)
have been added as explanatory variables. The trends used are those reported
in Table 1. The equation finally tested was therefore:

r-1=a,+ a [(@"/a¥)-1] - B [(af/a])-1] + a,t + a,X1 - a,X2  (5¢)

Eq. (5c) was initially estimated separately for the two sub-periods
1878-1895 and 1896-1913. The less pronounced trend appreciation of the
real exchange rate and the convergence of the German productivity growth
towards that of the main trading partners during the second sub-period
suggest separate tests for the two sub-periods. They also suggest that a
worsened fit in the second period has to be expected. The results of the tests
of (5¢) are presented in Table 2 separately for the two sub-periods.

The data used are annual. The traded goods sector was equated with the
industrial sector in each country. The foreign variables are obtained by
averaging data for the United Kingdom, France and the United States, with
the same weights used to construct p; (see Table 1). Using the German
industrial production index, the net national product index and employment
indices in each sector (1913 = 100), an average productivity index was
obtained for Germany. The sources of the data are Hoffmann [1965],
Mitchell [1975] and Deutsche Bundesbank [1976a]. A detailed description of
the data and their sources is contained in Appendix 2. For the three foreign
countries, owing to difficulties in gathering data on sectoral employment, the
production index in each sector was used as a proxy for the average
productivity.

The German relative productivity index or its proxy, the relative produc-
tion index, have a very significant coefficient in both periods, although in the
second period only a moving average had high statistical significance. The
foreign relative production index has a high explanatory power and the
correct sign only in the first period. Changes in the degree of protectionism
had a very significant impact on the real exchange rate in the first period. In
principle a variable reflecting changes in the degree of foreign protectionism
should also have been introduced among the explanatory variables, but the
data was not available.

As expected the explanatory power of the regression is much higher for
the first period, when differences between relative German and foreign
productivity growth were more marked and the cyclical components of
consumer prices were less important in explaining deviations of the real
exchange rate from purchasing power parity. Other factors might also

! Tariff revenues were 2.9 per cent of imports in 1878, 5.8 per cent in 1880 and 8.6 in 1990. They
reached a peak of 9.5 per cent in 1896 and fell back to 6.1 per cent in 1913.
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Table 2 - The German Real Exchange Rate and Differential Productivity
Growth®; Annual Data, 1878-1913

Regr. Inter- .

Nﬁ. Period | cept | a%/a™ | af/af’ t X1 X2 |R%dj| DW

1 1878-1895| -0.42 0.13° | -0.31¢ 222 0.44 - 094 | 1.99
(1978) | (432) | @94) |(1276) | (4.94)

2 1878-1895| -0.35 0.13° | -0.30° 1.70 0.42 - 094 | 154
(1154) | (4.40) | 295) | (8.04) | (427)

3 1896-1913| -0.06 0.83¢ - - 192 | -2.86 | 0.52 | 0.90

(5.56) | (4.13) @15) | (3.21)

3The dependent variable is the deviation of the real exch_an.ge rate froml its 1913 level:
(p/py)-1. The productivity indices are also expressed as a devlatlorlq'l .from.thelr 1913 levels. -
b 4T is an index of the average productivity of labour in industry. - a™ is an 1r}dex of the average
productivity of labour in the non-industrial sector, - “ The productivity 1nd1cr.es are_pmxwd by
the production indices in the respective sectors. - 4The independent \.:arlable is a 4 year
moving average of the production index in each sector. - Numbers in parentheses are
t-statistics. — R%adj is the R? adjusted for degrees of freedom.

contribute to the less satisfactory fit of (5¢c) in the second period, such as the
alleged increased tariff and non-tariff barriers against German goods on the
part of Britain and France. Some economic historians believe that t.hcla trade
frictions at the end of the gold standard cannot be neglected in explaining the
causes of the First World War [De Cecco, 1973]. .

Be that as it may, since the breakdown of the sample period was chosen
somewhat arbitrarily, it may be of interest to know in what year affter 1895 the
estimated parameters become unstable and the fit of t}lle regression worsens.
To this end regressions (1) and (2) of Table 2 were re-estimated by adding each
time one year to the sample period. . .

Table 3 reports the relevant statistics of regression (1) for different sample
periods. These statistics indicate that a break occurred around the year 1898.
The same tests were performed for regression (2). Although the statistics are
not reported here, they also show that a break occurred around that year.

Table 3 - R2’s and DW Statistics of Regression (1) Estimated for Different
Sample Periods

Coefficient (and its t-stat.)
Sample period R?adj DW RS of al/al
1878-1895 0.94 1.99 0.13 (4.32) -0.31 (2.94)
1878-1897 0.93 1.74 0.12 (3.43) -0.35 (2.94)
1878-1898 0.87 1.04 0.09 (1.79) -0.36 (2.09)
1878-1899 0.75 0.58 0.10 (1.41) -0.26 (1.08)
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This paper has advanced an explanation for the sharp appreciation of the
German real exchange rate during the gold standard. The empirical tests
strongly support the hypothesis that differential productivity growth between
the traded and the non-traded goods sectors and changes in the degree of
German tariff protection were the main factors leading to the observed
appreciation, at least between 1878 and 1897. The fit of the estimated
equation was found to worsen after 1897. Although several reasons were
advanced for the reduced fit after 1897 their relative importance could not be
tested due to the lack of adequate data measuring the degree of foreign tariff
and non-tariff protection, of German non-tariff protection and of employ-
ment by sector in the main trading partners. This is left for further research.

Appendix I

The Real Exchange Rate, Protectionism and the German
Trade Balance

This appendix complements the empirical results présented in Section 111
by showing how protectionism and the real exchange rate influenced the
trade balance in Germany during the gold standard. Table A.1 shows the
effects of changes in relative consumer prices, relative real NNP/GDP and of
protectionist pressures on the trade balance. Relative consumer prices were an
important determinant of the trade balance in the first period, suggesting that
Hume’s relative price mechanism was important in that period. In the second
period they lost explanatory power. In the second period the coefficient of
relative real income changes becomes statistically significant with the right
sign. An increase in the degree of German trade protectionism exerted a
positive and significant effect on the trade balance in both periods.

Table A.1 - Effect of Relative Prices, Relative Real Incomes and Protectionism
on the German Trade Balance®; Annual Data 1880-1912

Regr. g Inter- 3. o
No. Period cept A(p/pp) A(p/pg)_g|Aly/yp_y|  A(t) A(t).; | R°adj | bw p

1 |1880-1895| 0.71 | -3.37 | -2.30 = 4.86 398 | 083 | 1.95 0.76
(16.36)| (3.46)| (2.57) (2.22)| (2.75) (4.55)

2 |1896-1912| 1.26 - - -0.30 1.20 1.89 | 094 | 1.89 0.98
(6.57) (3.03)| (1.72)| (2.51) (133.58)

"The dependent variable is the ratio of real exports to real imports of goods. - Numbers in
parentheses are t-statistics. Rzadj is the R? adjusted for degrees of freedom. p is the coefficient
of autocorrelation of residuals. The autocorrelation has been corrected by Cochrane-Orcutt.—
A indicates a first difference.
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Appendix IT
Symbols and Sources of Data Used

a’ = Index of average productivity in German indusiiry; 1913 = 100. The
source for the industrial production index is Mitchell [1975] and of
employment in industry Hoffmann [1965].

a¥ = Index of average productivity in the German non-industrial spctor;
1913 = 100. The production index has been obtained from the indus-
trial production index (T) and the real net national product ll’ldf.:BX (),
solving the equation y = w,T + (1-w;) N for N, v_vhere N is the
production index in the non-industrial sector and w, is the weight of
industrial value added in NNP obtained from Hoffmann [1965].

al = Index of foreign industrial production; 1913 = 1_00. Average for the
U.K,, France and the U.S. [Mitchell, 1975]. The weights are the same as

for p; and y,.

= Index of foreign production in the non-industrial sector; 1913 = 1_00.
The index has been obtained from the foreign industrial production
index and the foreign real product index as for a™.

E = German real exports of goods [Deutsche Bundesbank, 1976a; Hoff-
mann, 1965; see also Sommariva, Tullio, 1987].

M = German real imports of goods [Deutsche Bundesbank, 1976a; Hoff-
mann, 1965; see also Sommariva, Tullio, 1987].

p = German consumer price index; 1913 = 100 [Deutsche Bundesbank,
1976, p. 6].

p; = Foreign consumer price index; 1913 = 100, defined as: 0.43 pyy +
0.18 p; + 0.39 p,s where the subscripts UK., F and US stand for the
United Kingdom, France and the United States. The weights 0.43, 0.18
and 0.39 are the 1890 share of German imports of goods from these
3countries.Thesourceoftheweightsandofp,,  andpisMitchell[1975].The
source of Py4is U.S. Department of Commerce [1979].

t = Ratio of German tariff revenues to German nominal imports of goods.
Source of numerator is Caasen [1953] and of the denominator Deut-
sche Bundesbank [1976a].

X1= Deviation from trend of German consumer price index; the trends are
calculated separately for the two sub-periods 1876-1895 and 1896-1913.
They are those reported in Table 1.

X2= Deviation from trend of p, Calculated separately for two sub-periods
as for X1.

y = Index of German real net national product, 1913 = 100 [Hoffmann,
1965]. 11e

G-

a
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y;  Foreign real output index, 1913 = 100, defined as 0.43 Vug +0.18 y. +
0.39 yys, where the subscripts stand for the UK., France and the U.S.
The source of y is Mitchell [1975], of y, Bourguignon, Levy-Leboyer
[1984] and of yy5 U.S. Department of Commerce [1979]. It should be
pointed out, however, that the growth rates of Ve by decades of
Bourguignon and Levy-Leboyer do not correspond to those of Perroux
[1955]. The latter supplies only estimates every 10 vears.
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