THE LENGTH AND THE DEPTH
OF THE GREAT DEPRESSION:
AN INTERNATIONAL COMPARISON

Jakob B. Madsen

ABSTRACT

This paper examines the hypotheses that the length and the depth of the Great
Depression were a result of sticky prices or sticky nominal wages using panel
data for industrialized and semi-industrialized countries. The results show
that price stickiness, particularly, and wage stickiness were key propagating
factors during the first years of the Depression. It is found that prices
adjusted slowly to wages, particularly in manufacturing. Manufacturing
wages are also found to adjust relatively slowly to innovations in prices, but
unemployment exerted strong downward pressure on wage growth.

1. INTRODUCTION

The role of nomina rigidities during the Great Depression has a long history.
Starting from Keynes (1936, 1939), Dunlop (1938) and Pigou (1933), a large
body of literature has examined why the supply side was so slow to adjust to
nominal demand shocks during the Great Depression. Following thelong tradition
of English economists, Keynes (1936) argued that wages are stickier than prices,
however, based on the empirical findings of Dunlop (1938), Keynes (1939)
conceded that prices may be stickier than wages due to monopoly pricing but, at
the same time, he urged more empirical effort to uncover the relative importance
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of price and wage stickiness in depressions in general. A more international
approach was initiated by Eichengreen and Sachs (1985) using cross-country
data for the industrialized and the semi-industrialized countries. Their evidence
suggests that the length and the depth of the Depression across countries were
strongly influenced by cross-country changes in nominal wages deflated by
wholesale prices, and they argue that the price decline had adverse supply
effects because sticky nominal wages prevented goods and labor markets from
clearing. Using a more formal panel data approach, Bernanke and Carey (1996),
henceforth B& C, show that the real wage channel was indeed a robust one in
explaining the cross-section and time-series path of industrial production during
the Depression. Furthermore, they find that nominal wages failed to respond
to the increasing unemployment and only partialy adjusted to the decreasing
(wholesale) prices.

Beenstock and Warburton (1986) argue that rising wages deflated by wholesale
prices were the cause of the British unemployment over the period from 1929 to
1932.1 Bordo et al. (2001) show, from simulations of ageneral equilibrium model,
that sticky nominal wages played an important role in propagating the monetary
shocks during the 1929-1933 downturn in the U.S. Using the Layard-Nickell
model of unemployment, Dimsdale, Nickell and Horsewood (1989) investigate
sticky wages and sticky prices as possible explanations for the unemployment
effects of the nominal demand shocks in the U.K. during the Depression. They
find that nominal wage inertia and mismatch were mainly responsible for the
increase in unemployment in the U.K. during the first years of the Depression
and that lower import prices pushed up real wages in excess of their warranted
level.

The sticky wage hypothesis has not gone unchallenged, however. Bernanke
and James (1991) and Eichengreen and Hatton (1988) suggest that there was
not a clear-cut correlation between real wages and production when wages
are deflated by a more appropriate deflator, namely product prices, for the
U.K., the U.S., Germany, Japan and Sweden. Eichengreen and Hatton (1988)
furthermore note that real product wages did not increase in Germany, despite
Germany having one of the most severe depressions. Bernanke (2000) finds
that “only when the [financial] PANIC variable is included does nominal wage
growth have the correct (negative) sign...but it is not statistically significant”
(p. 101). Regressing industrial production on prices and nominal wages, among
other variables, Bernanke and James (1991) find that the estimated coefficients
of nominal wages are insignificant. Dighe (1997) argues that the sticky wage
hypothesisis inconsistent with the employment path from mid-1931 to mid-1933
in the U.S. and finds that the real wage increase from 1929 to 1931 was no more
severe than in other contractions in the U.S. economy.
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Cole and Ohanian (1999) show that the detrended real wagein the U.S. between
1929 and 1933 decreased by amost 15% for the whole economy and rose only
modestly for manufacturing. Based on this and other evidence, Cole and Ohanian
(1999, 2001) argue that the sticky wage hypothesis is inconsistent with the evi-
dence for the U.S. Based on a review of the collection of essays by Bernanke
(2000), Margo (2000) concludesthat wage stickiness remains an economic puzzle.

Degpite the critique, the sticky wage hypothesis has not been exposed to
a systematic examination using more adequate cross-country sources of data.
Previous international studies have focused solely on the manufacturing sector,
have used severely biased price deflators, and have not investigated the sensitivity
of the results to different sources of data, different sectoral coverage, different
estimators, and cross-country variations in wage stickiness. More importantly,
the aternative source of supply failure, the sticky price hypothesis, has not been
rigorously examined, and rarely stressed as a possible source of supply failure. As
shown below, sufficiently flexible prices could have cleared the goods and |abor
markets, except in the extreme case of completely sticky wages. Hence, some
price stickiness must have prevailed under the sticky wage hypothesis.

This paper examines sticky wages and sticky prices as possible sources of
supply failure during the Depression, taking the approach that both sources of
stickiness were potentially important and that one source of stickiness cannot
be identified in isolation from the other. Acknowledging the less-than-perfect
quality of the data, the sensitivity of the estimates to different sources of data,
different sectoral coverage, different estimation periods, and different estimators
that allow for errors-in-variables, is examined. Annual data are used throughout
the manuscript due to data availability.

2. CASUAL EVIDENCE ON REAL WAGES AND
OUTPUT DURING THE DEPRESSION

Figure 1 presents the unweighted international average of real hourly wages for
manufacturing and for the whole economy over the period from 1925to 1937. The
manufacturing wage data are from the same sources as those used by B& C, and
are discussed, along with the other data, in the next section. Series 1 is average
manufacturing wages deflated by wholesale prices and covers the 22 countries
included in B& C’'s sample. This series shows a 23% increase in real wages from
1929 to 1931, a dlight increase from 1932 to 1933 and thereafter a slow decline.
This time-profile suggests widespread nominal wage rigidity in the sense that
wages failed to respond to the decreasing prices and increasing unemployment, at
least in thefirst years of the Depression.
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Fig. 1. Rea Wages. Notes:The following countries are included in the series. Series 1
Argenting, Austria, Australia, Belgium, Canada, Czechoslovakia, Denmark, Estonia,
France, Germany, Hungary, Italy, Japan, Latvia, Netherlands, New Zealand, Norway,
Poland, Sweden, Switzerland, the U.K., and the U.S. Series 2 Austraia, Canada,
Denmark, France, Germany, Italy, Japan, Spain, Sweden, the U.K., and the U.S. Series 3
Australia, Canada, Denmark, Finland, France, Germany, Italy, Japan, Spain, Sweden, the
U.K., and the U.S. Series 4 Canada, Finland, France, Germany, Japan, Netherlands, the
UK., andthe U.S.

Deflating manufacturing wages with the manufacturing value-added price
deflator (Series 3) yields an 8% increase in real wages from 1929 to 1931 and an
amost unaltered real wage thereafter. When using the manufacturing value-added
price deflator, the modest increasein real wagesin thefirst years of the Depression
suggests that wage stickiness played a less important role in the supply failure
than if wholesale prices are used as deflators. Using economy-wide data where
economy-wide hourly labor costs are deflated by the economy-wide val ue-added
price deflator for 8 countries for which data are available (Series 4) shows almost
the same path as the manufacturing value-added deflated wages. Real wages
increased by 7% from 1929 to 1931 and remained almost unaltered thereafter.

Given that Series 3 is constructed for only 12 countries for which the manufac-
turing value-added price deflator or producer prices are available, Series 1 and 3
are not strictly comparable. However, using almost the same country set does not
ater the conclusion. Series 2 shows manufacturing wages deflated by wholesale
prices for the 10 countries that are jointly contained in Series 1 and 3.2 Series 1
and 2 move closely together, which suggests that the distinctive path between the
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wholesale deflated (Series 1) and value-added deflated (Series 3) series does not
reflect a country selection bias.

In conjunction with the doubts already raised in the literature as detailed in
the Introduction, these results raise doubts about whether wage stickiness could
have been solely responsible for the supply failure during the Depression. If
the supply failure during the Depression was a result of increasing real wages,
why did the real wage increase over the period from 1925 to 1929 not produce
a Depression, assuming that the growth rates in the full employment marginal
productivities of labor werethe same over the periods 1925-1929 and 1929-19337
Whol esal e-price-deflated wages (Series 1) increased by approximately 20% from
1925 to 1929, which corresponds to the increase in wholesale prices deflated
wages over the period from 1929 to 1933. The value-added-deflated real wage
series show’s an almost constant growth rate over the period from 1925 to 1933.
If the supply failure was predominantly due to sticky wages, then real wages
should have moved counter-cyclically and not pro-cyclically over the period from
1925 to 1929, assuming that the income fluctuations were mainly demand driven.
Hence, real wages should have decreased, or at least have increased at a slower
rate, over the period from 1925 to 1929.

Turning to cross-country evidence, Fig. 2 shows little relationship between
changes in manufacturing production and changes in manufacturing real product
wages across countries over the downturn period from 1929 to 1932. Least
squares regression suggests that there is not a statistically significant relationship
between the change in real wages and the change in industrial production over
the period 1929-1932, as shown in the first column of Table 1, regardless of
whether wages are deflated by the value-added price deflator or wholesale prices.
The estimates using wholesale prices include the 22 and 10 countries that are
considered by B&C and Eichengreen and Sachs (1985), respectively. A weak,
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Fig. 2. Changesin Real Wages and Industrial Production, 1929-1932.
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Table 1. Estimates of Cross-section Output Equations.

1929-1932 1932-1936 1929-1935
1 N = 12, PMAN 0.00 (0.01) 0.01 (0.04) 0.02(0.17)
2 N = 10, WPl 0.14 (0.64) ~0.35(0.67) -0.38(1.99)
3 N =22, WPl 0.02(0.17) —0.76 (1.76) —0.76 (1.76)

Notes: Thechangeinthelog of industrial production over the specified period regressed on the change
in the log of real wages over the same period. WPI signifies that the wholesale price deflator
has been used and PMAN signifies that the manufacturing value-added price deflator has been
used. The numbers in parentheses are absolute t-statistics. Constant terms are included in the
estimates but not shown. N = 22 arethe 22 countriesincluded intheestimatesby B&C. N = 12
are the 12 countries for which manufacturing prices are available, and include the countries
listed in the notesto Fig. 1. N = 10 are the 10 countries considered by Eichengreen and Sachs
(1985).

statistically significant negative relationship between real wages can only be
identified in the recovery phase from 1932 to 1936 if the B&C sample is used
(second column). Considering the period from 1929 to 1935 in column 3, as done
by Eichengreen and Sachs (1985), thereis only a significant negative relationship
between output and real wages if wholesale prices are used as the deflator and if
the country sample of Eichengreen and Sachs (1985) is employed.®

The lack of awell-defined negative relationship between changes in industrial
productionand real wagesiseither: (1) because pricestickinessplayed animportant
role and therefore that demand shocks did not result in movements along the
labor demand schedule but a shift thereof; (2) because countries were exposed to
supply shocks of different intensities; or (3) that the data are error-ridden. Hence,
identification of sources of supply failure during the Depression requires a more
careful analysis, which is undertaken in Sections 5, 6 and 7.

Overall the casual evidence in this section suggests that neither sticky wages
nor sticky prices could have been the sole explanation for the supply failure.
First, if sticky wages were the sole explanation for the supply failure, then real
product wages would have increased in al the countries that experienced a
downturn during the Great Contraction from 1929 to 1932. However, real product
wages decreased in Australia, Denmark and Finland over the period from 1929
to 1932/33. Second, given that industrial production fell on average by 20.6% in
the 12 countries listed in Fig. 2, and real wages increased by less than 10% over
the period from 1929 to 1932, an implausibly high real wage elasticity of output
is required to render the sticky wage hypothesis as the sole explanation for the
supply failure. Third, since real product wages increased amost as much from
1925 to 1929 as from 1929 to 1933, the 1925-1929 increase in real wages would
have been consistent with adownturn, not an upturn. Fourth, since the average real
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wage increased from 1929 to 1932, the wage setting schedule must have shifted
to the left in response to the adverse demand shocks. Nominal wage stickiness
must consequently have played a role since supply shocks were predominantly
positive, such as the reduction in real commodity prices.

3. DATA ISSUES AND THE MEASUREMENT
OF WAGES AND PRICES

One of the largest difficulties associated with the identification of the source of
supply failure during the Depression is that wage and price data are measured
with large errors and that the measurement errors in some of the data are likely to
move systematically over time. The question is which data are the least likely to
be measured with error and how to control for the errors-in-variables problem in
the estimates.

Why is the wholesale price index a misleading wage deflator? First, for
most countries, non-manufactured raw materials weighed more than 50% in the
wholesale priceindex (United Nations, 1954), and thus the collapse in commaodity
prices contributed substantially to the decline in wholesale pricesin the first years
of the Depression. For the U.S. over the period from 1929 to 1932, for instance,
raw material prices fell by 47.8% (Warren & Pearson, 1937), whereas prices of
industrial commaodities decreased by only 23.2% (Liesner, 1989). Madsen (2001a)
shows that the decline in agricultural prices dominated the decline in wholesale
prices and argues that the agricultural decline was an important contributor to the
Depression. Hence, the apparent influence on output of higher wages deflated by
wholesale prices may be an illusion driven by the agricultural crisis.

Another problem that is associated with the use of the wholesale price index
isthat it contains alarge component of imported products (United Nations, 1954,
p. 125). For New Zealand, for example, imported products had a weight of 58%
in the wholesale price index. Furthermore, for a large proportion of countries,
the wholesale price index includedimports but excludedexports (United Nations,
1954, p. 154). This is contrary to the value-added principle, where imports are
excluded but exports included.

The heavy weight of import prices in the wholesale price index gives rise
to serious problems in multi-country analyses of the downturn from 1929 to
1932/1933. In particular, one would expect to find that wholesale pricesdecreased
theleast in countries that depreciated their currencies and increased their tariffson
importsthemost. Thispartly explainsthefinding of Eichengreen and Sachs (1985)
that countries that were the first to go off the gold standard were also the first to
recover from the Depression and experienced the least increase in real wages.*
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Deflating wages by wholesale prices is not only erroneous because prices of
crudefood and materials carried alarge direct weight in the wholesale priceindex,
but al so because the output effects of changesin real commodity pricesarenot cor-
rectly accounted for when thewhol esal e pricedeflator isused. To seethelatter more
explicitly, consider the supply function for the firm under perfect competition:®

c W
WzF(K’Q’W) @

where Y° is gross output, K is the capital stock, Q° isthe quantity of intermediate
products, PP isthe output price, and P isthe price of intermediate products. Here
gross output is a positive function of the capital stock and intermediate products
and a negative function of real wages. Wholesale prices are given as a weighted
sum of P° and P° and prices of other products. The indirect bias from using
wholesale prices as the deflator in real wages is that the decline in P¢ lowered
wholesale prices, thusincreasing real wages, but should have resulted in apositive
output response because [P° — P°3Q°/9Y°] increased.

The only way to identify the supply schedule under the maintained hypothesis
of perfect competition in the goods market is to deflate wages with either the
value-added price deflator or with producer prices, while alowing real raw
material prices to enter as separate arguments in the supply function. Since
economy-wide value-added price deflators are available for some countries,
the data requirements are met on an economy-wide scale. For manufacturing,
however, the value-added price deflator is only available for a few countries, as
detailed in the Data Appendix. For additional countries where manufacturing
output prices are available, value-added price deflators are constructed as
(0.8P° — 0.2P°) where the prices were normalised to one on average over the
period from 1926 to 1937.% Although the value-added price deflator constitutes
a major improvement over wholesale prices, it is still subject to measurement
errors, which are dealt with in various ways as discussed below.

The wage data are also measured with alarge error that is probably much more
seriousthan the measurement error in the value-added price deflator. Therearetwo
potential sources of errorsin the wage data. First, hourly manufacturing earnings
for both skilled and unskilled workersare only availablefor five out of the 24 coun-
tries considered here (U.S,, Italy, Latvia, Poland and Spain). For the remaining 19
countries the wage data are of wider or different sectoral coverage than manufac-
turing, cover only a portion of the manufacturing employment (skilled workers,
unskilled workers, capital city, men, etc), or are recorded on a daily or weekly
basis as detailed in the Data Appendix. These resulting of errors are likely to
be substantial.
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Second, compositional changes may have biased wage changes. Cole and
Ohanian (2001), Lebergott (1989) and Margo (1993) argue that the proportion of
low wage earners decreased during recessions because the cyclical sensitivity of
hours worked was higher for unskilled than skilled workers, thus biasing the fixed
weight index of aggregate wages. They further argue that these compositional
effects were particularly strong during the Depression, thus overstating the
change in money wages over the period from 1929 to 1933. Moreover, Lebergott
(1989) argues that the bankruptcy frequency was more pronounced among low
pay firms. However, microeconomic evidence on wage rigidity is not consistent
with these results (see Dighe, 1997; Hanes, 2000; Simon, 2001). Furthermore,
comparing official aggregate wage indexeswith fixed weight indexes derived from
international occupational data for nine countries, B& C were unable to detect an
aggregation bias in official aggregate wage indexes due to compositional effects.
The importance of compositional effects in aggregate wage data is therefore
not clear.

What are the solutions to the measurement problems? The recommended
solution to an errors-in-variables problem isto use instruments that are orthogonal
to the measurement errors but highly correlated with the true variation in the vari-
ables and furthermore to use robust estimatorsif the instruments are weak. Dueto
the presence of both errors-in-variables and simultaneity problemsin the estimates
in this paper, however, consistent estimates can only be recovered if exogenous
demand shifters, which are simultaneously uncorrelated with the measurement
errors, are available. Unfortunately, thisis not likely to be the case since the mea-
surement errorsinthedataand particularly inwages, arelikely to becorrelated with
the business cycle and therefore correlated with the exogenous demand shifters.

It is therefore unlikely that instruments and robust estimators alone can solve
the consistency problem. A complementary approach is caled for. In addition
to using instruments and alternative estimators, the sensitivity of the estimation
results to different data sources, data coverage, instrument set, and restrictions
imposed on the estimates, is examined. Furthermore, the sample is made as large
as possible because the instrumenta variable method does not yield unbiased
estimates (Hahn & Hausman, 2002). The econometric methods that are used to
deal with these issues are discussed in Section 5.

Three different sources of wage data are used: Economy-wide hourly |abor
costs and two sets of hourly earnings, which in sectoral coverage are as close to
manufacturing as possible using the same data sources as B&C (mainly ILO’s
Yearbook of Labor StatistizsHowever, some countries have morethan one poten-
tial useful wage seriesand it is not clear which isthe best proxy for manufacturing
hourly earnings. For Japan, for instance, two seriesfor industrial daily earningsare
reported in ILO’s Yearbook One series is published by the Imperial Cabinet and
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another is published by the Bank of Japan. Without detailed knowledge of the data
sources, sample, sampling method etc., it is not obvious which wage data are of
the highest quality and the most representative for manufacturing hourly earnings.
Hence, the data are subdivided into two sets. The first set is the same as the one
used by B& C, judged from their Fig. 1, and the other set contains the same data
as used by B& C except for six countries for which alternative data are available.

Three different deflators are used; namely wholesale prices, the manufacturing
value-added price deflator, and the economy-wide value-added price deflator.
The reasons for estimating for manufacturing is because al international studies
have focused on this sector and because the supply schedule is relatively well
defined in this sector.” Economy-wide data cover the whole economy and include
indirect labor costs, such as contributions to social security and private pension
funds, family allowances and private health insurance, which are not included
in manufacturing wage data. Furthermore, economy-wide data are likely to
be of a higher quality than manufacturing data given the importance that is
attributed to economy-wide compensation to employees and value-added price
deflators. Finally, only economy-wide data can be used to simulate the effects
on economy-wide unemployment of various sources of supply failure using the
model that is presented in the next section. These considerations suggest that
manufacturing and economy-wide data are useful complementsin identifying the
sources of supply failure during the Depression.

4. A MODEL OF THE SUPPLY SIDE
DURING THE DEPRESSION

To analyse the sources and the consequences of the supply side failure during
the Depression this section sets up a small supply model consisting of price and
wage setting, which jointly determine the evol ution of output at any given demand.
The model draws on the model of Dimsdale, Nickell and Horsewood (1989), but
differs in its treatment of import prices and alows for a Phillips curve effect in
wage adjustment, that is, the deviation of unemployment from its natural rate is
dlowed to persistently affect wage growth. The latter feature is crucia for the
persistence of shocks.

Firms. Theindividua producer’'s production function is given by:
Qi = L?’

where Q isoutput and L islabor inputsand aisaconstant, 0 < a < 1.
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The demand for firm i’s productsis given by the equation:

p_y(P\"
o =v(3)

where m is the price elasticity of demand, Y is aggregate value-added red
income, P; isthe value-added price charged by theindividual firm, and P isthe
general price level. The profit maximizing problem of the firm is given by:
Pj W Pj Pi\™ W
M;/P=—=—Q; — =Li==Y{| = — —L; 1
m?;(’,'/P)/ PQI pri = <P> p i D
where IT is nominal profits. This optimization problem yields the solution as
follows:
P; m WL 4
L1 7= 2
P m_1PQ° ° &
which shows that the producer with market power sets price as a mark-up over
marginal costs. Assuming asymmetry and that the price elasticity of demand is
afunction of demand, this equation can be written as:®

P=Y'We (;)eal

wheren/(n — 1) = Y? and the superscript “€” stands for expectations. Decom-
posing expected wages and taking logarithms yiel ds the price-setting equation
asfollows:®

p=0y+w—w'+(—-y)*—In@a) 3

where lowercase | etters signify logs of capital letters, and w" = w — w®, isun-
expected wages. Thisequation suggeststhat the mark-up of pricesover marginal
cost is a function of the output and wage surprises. Wage surprises influence
mark-up by creating a wedge between the wage that firms expect to prevail
when they set prices, and the actual wage outcome. If it is costly to change
prices an unexpected wage reduction will increase mark-ups and reduce outpuit.

Wage setting. Consider the following standard wage setting model (Dimsdale
et a., 1989; Madsen, 1998):
w=ag+p°+ar(p® —p)°+azy+(y—1)°+2

where p® isthelog of consumer pricesand zisavector of wage push variables.
Here, wages are indexed to the expected value of the value-added price deflator
on aone-to-one basis following the natural rate hypothesis. Since the consumer
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price index is the relevant deflator for workers, the wedge between consumer
prices and the value-added price deflator influences the wage outcome by the
proportion a1, which is determined by the relative bargaining position between
firms and workers among other factors. Wage push factors, including the term
(p®P" — p) arefactorsthat push wages away from their full employment equilib-
rium. Excess demand for labor is measured by output to simplify the exposition
in this section. This assumption is relaxed in the sections bel ow.

Decomposing expected prices yields:

w=ag+p—p'+a1(p® —p)®+azy +(y—1)°+z (4)

where p! = p — p® is unexpected prices and incorporates the wage-effects of
price shocks due to contractual arrangements and co-ordination failures. If
workersfail to coordinate a concerted reduction in nominal wages as aresult of
price deflation, then real wages will rise due to awidening of the gap between
the expected and actual prices, (p€ — p).

Demand. Demand isapositive function of real money balances, M/P, and other
demand shifters, X,

y=(Mm-p)+x ©)
Equilibrium. Solving Egs (3) and (4) yields the output equation as follows:

Pt wt = a(p® — p)°— 2+ ap + In(a) ©)
B 0+ a2 '

In this model unexpected demand shocks have output effects because they
change real ex postwages and mark-ups via the terms p" and wY. The output
effects of demand shocks depend on four parameters: pY, wY, 6, and a. Here,
pY and wY, depend on the size of the demand shock and nominal rigidity.
The parameters 6 and ay represent the adjustment of prices and wages to
disequilibriain the labor and goods markets. If prices and wages are sensitive
to demand shocks, then 6 and a2 will be large and the output effects of demand
shocks muted. In other words, the slope of the aggregate supply schedule
is steep.

In the model p“ and w" need not only signify unanticipated outcomes but can
also represent co-ordination failures among workers and firms. If a price defla-
tion failsto cause a proportional reduction in nominal wages, then p" decreases
and output declines. The same applies for firms if they fail to coordinate a
price reduction when demand and wages fall. Under the assumptions of sticky
wages but flexible prices and no price confusion, wY = 0 in the price equation,
and demand shocks influence output via the p term. Conversely, under the

y
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assumptions of sticky prices but flexible wages and no price confusion among
workers, p¥ = 0 and demand influences output via the w"-term.

When price and wage expectations are met, and hence p" = w" = 0, output
settles at its potential, which corresponds to the natural rate of unemployment:

—a1(p® — p)® — 2+ ag + In(a)
0+ ao '

Equation (6) is derived under the assumption that output, or more correctly the
deviation of output from its potential, does not permanently affect the wage
growth rate. This follows the framework of Layard and Nickell (1986) and is
popularized by Blanchflower and Oswald (1994), who argue that the labor market
is represented by a wage curve and not a Phillips curve, and, as a consequence,
unemployment affects only the level of wages when unemployment changes.
Once unemployment has stabilised after a shock, wages remain unaffected by the
level of unemployment. This stands in contrast to the traditional Phillips curve
framework where unemployment in excess of its equilibrium continues to put
downward pressure on wage growth until the labor market disequilibriumiselim-
inated. The wage curve assumption is restrictive since several contemporaneous
studies of the labor market find significant Phillips curve effects (see for instance
the special issue on the Phillips curve in the Journal of Monetary Economics
44(2), 1999).

A Phillips curve effect can be incorporated into the model by writing Egs (3)
and (4) in first-difference form and adding to the first-differenced wage equation
the terms agy; and a4, Where a4 is potential output corresponding to the natural
rate of unemployment. This yields the output equation as follows:

y=

U U s Cpi_ \e
v = az+ 6 yt_1+P + w" —aa(p p) it )
ar+a3+0 a2 +a3+0
This equation gives important information about the persistence of demand and
supply shocks during the Depression. If wage growth is not allowed to depend on
the level of output (unemployment), then a3 and a4 are zero, which implies that
supply shocks have permanent output effects and demand shocks have persistent
output effects. This aspect is analysed in Blanchard and Katz (1997).
Suppose instead that there is no wage curve effect (ap = 0) and that prices are
unaffected by demand shocks (6 = 0), then Eq. (7) collapses to:
o = M+t —oa(p® —p)f -zt oy
t— y

a3z

which shows that supply shocks have only one-off effects on output and unem-
ployment and demand shocks do not have persistent output effects because lagged
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output does not feed into current output. Intuitively, a shock that shifts the wage
setting and the labor demand curvesto the left increases the rate of unemployment.
The higher unemployment puts downward pressure on wage growth and the wage
setting schedul e continuously shiftsto the right until unemployment is eliminated.
In the presence of awage curve effect, output will aso converge towardsitsinitial
equilibrium following a shock aslong as the Phillips curve effect prevails, as seen
from the coefficient of lagged output in Eq. (7).

The adjustment in wages to the deviation in output and unemployment from
their natural ratesis therefore crucial to the persistence of demand shocks during
the Depression, regardless of whether the supply failure was aresult of labor mar-
ket or goods market rigidities, and should therefore not a priori be ruled out inthe
empirical testing. Furthermore, since the adjustment of wages to price surprises,
including downward nominal wage rigidity, cannot be adequately modeled given
the difficulties that are associated with the measurement of price expectations and
co-ordination failures, the unemployment term will automatically capture the part
of the price surprise effect of a demand shock that is not captured by the price
expectational error term. The change in the unemployment term, however, will
not be able to capture the measurement errors in price surprises that last more
than one year.

Equation (7) is the key equation in the paper and will be used to determine the
role of sticky wages and prices in the supply failure in the simulation exercisesin
Section 8. The model will be based on the estimates in the next sections. Before
presenting the empirical estimates, the implications of wage and price rigidities
on output and real wages are analyzed.

4.1. Demand Shocks Under Sticky Nominal Wages

Suppose that nominal wages are constant, w = w® = w, and prices are flexible.
Then the solution to Egs (3) and (5) gives the equilibrium output as follows:

_ m+x+In(a) w (y—"ne
N 1+6 1+60 146 °

In this scenario output is demand determined and is only influenced by the supply
side due to productivity shocks that lower marginal costs. Since expected produc-
tivity probably did not change much during the Depression, this equation shows
that output is solely demand driven and that wage push factors are unimportant for
output since nominal wages are assumed to be fixed.X® This model correspondsto
aflat aggregate supply schedule.
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Fig. 3. Sticky Wages, Flexible Prices, and Competitive Goods Market.

Figure 3 illustrates the behavior of real wages following an adverse demand
shock, where (W/P) is real wages, L is labor, and LS and LP are labor supply
and demand curves. The real wage is initially given by (W /P)g and the distance
between A and B gives the number of unemployed. An adverse demand shock
reduces pricesand brings real wages upto (W /P)1 and the number of unemployed
increases to the distance between C and D. The labor demand curve remains
unaffected by the demand shock because the goods market is assumed to be
perfectly competitive and therefore price mark-ups over margina costs are
constant at one. In this case real wages are counter-cyclical and firms will always
be on their notional labor demand curve given by Eq. (3).

4.2. Demand Shocks Under Sticky Prices

If prices are sticky (p = p) but wages are flexible, then Eq. (5) reduces to:

y=(Mm-p)+x ®)

forp > mc, wheremcismarginal cost. Inthisframework output isentirely demand
determined up to the point where p = mc. This case correspondsto the case where
the aggregate supply curveishorizontal and output isindependent of thereal wage
path up to the point where p = mc, asillustrated in Fig. 4.

The labor demand curveis vertical up to the point A in Fig. 4 and employment
is demand determined. The labor demand curve becomes downward sloping
when real wages exceed the point A because from that point, margina costs
exceed prices and producers will respond by lowering output until the marginal
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conditions are satisfied. Below the point A, employment, and therefore output, is
independent of real wages and lower nominal wages will not help clear markets.
A negative demand shock shifts the labor demand schedule to the left and results
in a reduction in real wages. If labor is on its supply schedule, real wages are
pro-cyclical. If not, then the cyclicality of real wagesis undetermined.

4.3. Some Degree of Both Wage and Price Stickiness

Intheintermediate case nominal wageand pricestickinesscoexist. Consider Fig. 5,
where the wage-setting curve represents Eq. (4) and the labor demand curve rep-
resents the price setting model as given by Eq. (3). Unemployment is given by the
horizontal distance between WP and the intersection between LP and LS, where
LS islabor supply.

Suppose that an adverse nominal demand shock shifts the wage-setting curve
to the left from WS to W5, mainly because nominal wages are sticky. The labor
demand curve shiftsto theleft by amagnitude that is determined by the cyclicality
of the elasticity of demand, strategic interaction, the sensitivity of bankruptciesto
demand, and other factors (Lindbeck & Snower, 1994). The direction of changes
in real wages cannot be determined a priori. Therefore, real wages are either
counter-cyclical or pro-cyclical; however, the cyclicality of real wages is muted
compared to the extreme cases of only price rigidity or wagerigidity.
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5. THE NEXUS BETWEEN OUTPUT,
PRICES AND WAGES

This section tests the role of real wages for output and whether the identifying
assumption of perfect competition in the goods market can be approximately
maintained during the Depression. In the case of sticky wages but flexible prices
it was shown in the previous section that output was a negative function of real
wages and given by Eq. (3) for 6 = 0.

Following B& C, the output equation is estimated using annual datafor country
i a timet using the stochastic specification as follows:

Yit = Bo + B1Yi.t_1 + Bawit + BaPit + B4Strit + BsPanic
+TD'E+ CD'C + e1it, 9)

where Stris the log of the number of working days lost in strikes and lockouts,
Panicis abinary dummy variable taking the value of onein periods of panics and
zero otherwise, as classified by Bernanke and James (1991), TD isa N(T — 2)
matrix of time-dummies, CD isa(N — 1)T matrix of fixed effect country dummies,
¢ and { are vectors of fixed coefficients, where N is the number of countries and
T isthe estimation period, and ¢ is a zero-mean, independent, and identically dis-
tributed error term.! Strikes, Panic dummies, and time-dummies are included in
Eq. (9) following B& C. Asdiscussed by Bernanke and James (1991), the banking
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panics hindered the functioning of intermediation and increased the effective cost
of capital. Thetime-dummies capture omitted time-effectsthat are common across
countries. They may help to identify the supply function, but may also reveal a
source of supply failure that is different from wage rigidity, as discussed bel ow.

5.1. Econometric Issues

Equation (9) is estimated using non-linear generalised least squares to allow for
first-order serial correlation in the residuals and the serial correlation coefficient
is restricted to be the same across countries following B& C. The inverse of the
estimated variances across countries are used asweightsto allow for cross-country
heterogeneity. Both the within (fixed effect) and the first difference estimators are
used in the estimates of Eq. (9) for several reasons as given in the Appendix.

Equation (9) is identified using exogenous demand shift factors under floating
and fixed exchange rates as instruments. Two sets of instruments are used. Instru-
ment set | isidentical to the oneused by B& C (strand Panic lagged nominal wages
and output plus M1 for off-gold countries and domestic discount rates, import
pricesfor countries on gold, fixed effect dummies and time-dummies). Instrument
set 1l contains the domestic stock of currency in circulation, which is used as
instruments in off-gold standard periods, the world nominal short-term interest
rate and export price competitiveness in on-gold standard periods, str, Panig
lagged output, fixed effect dummies and time-dummies. The world short-term
interest rate is measured as a 3-month Treasury bill rate and is weighted by GDP
in common currency in 1929, excluding the home country. Export price competi-
tiveness is measured as a multilateral index where third country penetrations into
the export markets are taken into account. Hence, the fact that U.S. producers
compete with producers from other countriesin, for example, the German market
is taken into account in this competitiveness measure.!? All instruments enter
contemporaneously and are lagged one period in all first stage regressions.

There are two potentially serious problems associated with the use of instru-
ments. First, demand shifters will not solve the errors-in-variables problem to
the extent that the measurement errors are correlated with the exogenous demand
shifters. Second, weak instruments will lead to inconsistent estimates and to a
finite-sample bias that approaches that of OLS estimates (Bound et al., 1995;
Hahn & Hausman, 2002). IV estimators are particularly biased in small samples
(Donald & Newey, 2001).

Various approaches are taken to deal with theseissues. First, the estimates of the
output equations are complemented with estimates using the limited information
maximum likelihood (LIML) estimator to check the seriousness of the small
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sample bias following the recommendation of Donald and Newey (2001). Second,
Sargan’s overidentifying restrictionstest is undertaken to test whether the moment
conditions are correct, that is, whether the instruments are valid (Verbeek, 2000).
Third, following the recommendations of Bound, Jaeger and Baker (1995)
first-stage F-statistics were undertaken for all equations. Bound, Jaeger and Baker
(1995) show analytically that 1V estimates are severely biased asthe F-statisticsin
the first-stage regression approach 1 from above. However, since the F-statistics
for overall significance of the excluded instruments in the first-stage regressions
were significant at the 1% level, they are not shown in the estimates below.

5.2. Summary Statistics

When examining the source of supply failure using regression techniques it is
necessary to haveidentifying variationsin the data. If not, then regression analysis
may not reveal the source of supply failure because the coefficients may be biased
towards zero. Suppose, for instance, that nominal wages are rigid and therefore
show very little variation. From regression anaysis one could conclude that wages
are flexible because the variations in wages in the output and wage equations are
too low for identification of the coefficients. The same argument appliesfor prices.

The summary statistics in Table 2 suggest that the key variables, namely
wages, prices, unemployment and production, all show sufficiently high variation
for identifying purposes. All variables in the table are measured in percentage
changes except the rate of unemployment, which is measured in first differences.
Wages and the value-added price deflators have about the same variance, whichis
about half the variance of wholesal e prices due to the heavy weight of commodity
prices and prices of traded products in wholesale prices.

Two setsof unemployment dataare used, asdiscussed in detail in Section 6. One
set is chiefly based on union statistics and is used by B& C (U). The other set is
mainly based on economy-wideestimatesfor individual countriesandisreferredto
asU'% Both setsshow alargevariation, especially UPS, which varies substantially
from year to year and shows quite extreme maximum and minimum values.

Industrial production has the highest variance of the price and output series,
and is more than three times as large as the variance in the manufacturing value-
added price deflator. This suggests that the manufacturing industry predominantly
changed quantity and not pricesin response to demand shocks and hencethat price
stickiness prevailed, although it does not reveal the extent of the pricerigidity. By
contrast, the variance in the economy-wide GDPis only about one and ahalf times
the variance in the economy-wide value-added price deflator, which suggests that
price-rigidity was much |ess widespread in the non-manufacturing sectors.
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Table 2. Summary Statistics in Percentage Changes.

Variable Mean Var. Min. Max.
N=22
Industrial production 131 1.27 —28.0 30.6
Wholesale prices —3.06 0.62 —-230 154
Manufacturing wages -0.75 0.21 -16.8 16.0
Unemployment (U°) 1.22 40.0 —157 215
N=12
Industrial production 1.19 1.10 —-29.0 20.3
Wholesale prices —241 0.63 —-21.2 15.4
Manufacturing wages —0.87 0.34 —15.0 18.6
Man. value-added price deflator —2.02 0.33 —-20.8 14.4
Unemployment (U'o%) 0.33 7.59 -65 9.3
Unemployment (U°) 0.50 219 -15.7 13.8
N=38
Economy-wide GDP 1.02 0.40 -14.7 13.0
Hourly compensation —-0.24 0.43 —24.7 118
Value-added price deflator —2.07 0.25 -12.6 10.8
Unemployment (U'%%) 0.50 7.26 -65 76

Notes: Sample period: 1929-1936. All variables are measured as | og first differences and multiplied
by 100, except the rate of unemployment, which is measured in first differences. N = 22 isthe
country sample used by B&C, N = 12 is the sample of countries for which the manufactur-
ing value-added price deflator is available (see Fig. 1), and N = 8 is the countries for which
the economy-wide compensation to employees and the value-added price deflator are both
available.

5.3. Estimation Results

The results of estimating restricted and unrestricted versions of Eq. (9) are pre-
sented in Table 3. The estimated coefficients of panics, strikes, fixed effect dum-
mies, constants and time-dummies are not shown in the table to preserve space.
Rows 1 and 16 replicate the estimates of B& C using the same data, instruments,
data period, and countries (henceforth referred to as the B& C baseline model).13
The estimates are remarkably similar to the estimates of B& C and suggest that real
wages played a potentially important role during the Depression. The question is
how robust the B& C resultsareto changesin data, specification, estimation period,
and instrument set.

Rows 3 and 18 show the B& C estimates with the only difference from the B&C
baseline regressions being that wages for six countries show a stronger decline
over the period from 1929 to 1933 than the seriesused by B& C. It is, however, not
obviouswhich wage dataare of the highest quality and are most representative for
manufacturing hourly earnings. The absolute value of the estimated coefficients
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Table 3. Estimates of Output Equations.

Vi1 wy Py X2(6) X
Levels
1931-1936
N =22, 1V, WPI 0.51(8.83) —0.71(3.95) 0.65(5.21) 13.07 0.20
N =22, WPI 0.55(8.56) —0.30(2.49) 0.35(4.31) 12.25 0.13
N =22, IV, WP|2 0.55(9.37) —0.29(1.82) 0.52(4.00) 15.66 3.04
N =221V, WPI,-TD 0.63(11.3) —1.68(7.48) 0.65(3.63) 12.58 27
N =12, IV, WP 0.50(5.51) —0.74(2.24) 0.67(2.71) 9.53 0.05
N =12, IV, WPIP 0.61(5.93) —1.24(2.89) 0.72(2.83) 6.76 171
N =12, IV, PMAN 0.46(5.01) —0.44(1.23) 0.25(1.22) 18.03 0.32
N = 12, IV, PMANP 0.65(6.51) —0.59(1.38) 0.12(0.56) 8.82 155
N =22, LIML, WPI 0.70(6.36) —0.86(3.91) 0.67(3.35) 5.99 1.58
N = 12, LIML, PMANP 0.67(4.79) 0.02(0.00) 0.15(0.98) 8.85 0.02
N=8,IVvP 0.55(6.07) —0.06(0.51) 0.84(7.61) 9.55 344
1927-1936
N =22, 1V, WPI 0.76(18.7) 0.12(0.68) 0.01(0.29) 10.29 0.61
N =12, IV, WPI® 0.82(13.5) —0.29(3.36) 0.05(0.44) 11.25 250
N = 12, IV, PMANP 0.83(13.9) —0.27(2.11) 0.00(0.12) 11.99 477
N=8, IVvP 0.67(7.66) —0.07(0.93) 0.59(4.10) 9.55 14.3
First differences
1933-1936
N =22, 1V, WPI —0.14(0.82) —0.74(3.95) 0.79(2.41) 10.02 0.03
N =22, WPI —0.11(0.78) —0.39(2.56) 0.12(1.39) 11.33 2.76
N =221V, WPI2 —0.12(0.73) —0.11(0.27) 0.42(1.26) 9.91 1.07
N =22, 1V, WPl,-TD 0.00(0.04) —0.51(1.37) 0.78(2.35) 9.77 1.03
N = 22, LIML, WPI 0.31(1.72) —0.58(1.76) 0.30(1.07) 5.62 250
N =121V, WPl 0.38(1.58) —0.16(1.15) 0.28(1.75) 12.69 0.02
N =12, IV, WP® —0.02(0.13) —0.99(2.60) 0.70(2.30) 15.82 0.17
N =12, 1V, PMAN 0.41(1.89) 0.07(0.10) 0.01(0.04) 12.89 0.02
N =12, IV, PMANP 0.01(0.05) —0.96(2.47) —0.31(0.74) 12.28 5.45
N = 12, LIML, PMANP 0.08(0.35) —0.26(0.95) —0.10(0.25) 12.32 1.43
N=8,IVvP 0.51(3.80) —1.20(3.50) 1.09(3.31) 955 0.20
1929-1936
N =22, 1V, WPI 0.86(3.81) —0.09(0.21) 0.82(4.24) 11.04 6.97
N =12, IV, PMANP 0.25(2.72) 1.40(3.56) —0.28(0.81) 15.80 9.88
N=8§, IVP 0.17(1.09) 0.24(0.86) 0.49(1.31) 10.01 6.62

Notes: The numbersin parentheses are absol ute t-statistics. Panics, strikes, constants, fixed effect dummies (in level
estimates) and time-dummies are included in all estimates but are not shown. N = 22 is the 22 countries
included in the estimates by B& C. N = 12 is the 12 countries for which manufacturing prices are available,
and include the countries listed the notes to Fig. 1. N = 8 isthe 8 countries for which economy-wide value-
added price deflatorsand total |abor costs are available, and include the countrieslisted the notesto Fig. 1. -TD
signifies that time-dummies are excluded from the regression equations. The instruments used by B& C are
used. IV = instrumental estimator. LIML = limited information maximisation likelihood estimator. PMAN =
prices measured by value-added price deflator. WPl = pricesare measured by wholesale prices. x?(6) = Wald
test for identifying restrictions, and is distributed as x2(6) under the null hypothesis of instrument validity.
x2(1) = Wald test for the same coefficient of wages and prices and with opposite sign, and is distributed as
x?(1) under the null hypothesis of equality and opposite sign.

aAlternative wage data for six countries as explained in the Data Appendix.

bInstrument variable set 11: Domestic stock of currency in circulation in the off-gold standard periods. The world

nominal short-term interest rate and export price competitiveness are used asinstrumentsin on-gold standard periods.

One-period lags of dependent variables are included for al countries over the whole period.
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of wagesisreduced substantially in the level estimatesand isrendered statistically
insignificant in the first-difference estimates, which suggests that the B& C results
are sensitive to the choice of wage data.

Excluding the time-dummies from the B&C base-line regressions renders
the estimated coefficient of real wages substantially more negative in the level
estimates and the hypothesis that B, = —B5 is rejected at any conventional sig-
nificance level (row 4). In the first-difference estimates the estimated coefficients
of wages is statisticaly insignificant (row 19). These results suggest that the
time-dummies play an important role in the regressions and capture omitted
variable effects. Since the time-dummies capture a common time-profile of
the Depression among countries in the B&C baseline regressions, these results
suggest that the B&C results are mainly driven by between country effects
(cross-country variations) as opposed to within country effects. The estimated
coefficients of the time-dummies were particularly significant in the level
estimatesin row 1: —0.136(11.98) in 1931, —0.183(5.64) in 1932, —0.095(3.15)
in 1933, —0.045(3.35) in 1934, and —0.040(3.49) in 1935, where the numbers
in parentheses are absolute t-statistics. The time-dummies therefore account for
a 5% decline in production from 1931 to 1932, a 9% increase in production from
1932 to 1933, and a further 5% increase in production from 1933 to 1934.

Extending the estimation period back four yearsto 1927 for the level estimates
and 1929 for the difference estimates alters the estimation results substantially.'*
The estimated coefficients of wages and prices are statistically and economically
insignificant in the level estimates (row 12). In the first-difference estimates
the estimated coefficient of wages is statistically insignificant but the estimated
coefficient of prices remains significant and positive (row 27). This result is
perhaps not surprising given that the real wage increase from 1927 to 1929, as
seen from Fig. 1, coincided with a cyclical upturn. The result is consistent with
Silver and Sumner’s (1995) finding of counter-cyclical real wages over the period
from 1930 to 1939 for the U.S. using wholesale prices as deflators.

The results from the longer estimation period raise two concerns. First, the
B& C results are predominantly driven by the recovery phase although their focus
is on the downturn, especially in their first-difference estimates, which only
cover the recovery period from 1933 to 1936. Second, the coefficient estimates
are highly sensitive to estimation period, which suggests that their estimates are
either subject to an omitted variable or small sample bias. Under the aternative
hypothesis of pricerigidity, the omitted variable is mark-ups. Consistent estimates
could be obtained from IV estimatesif the instruments for wages are uncorrel ated
with mark-ups. However, it is difficult to find instruments that are uncorrelated
with mark-ups and the coefficient of wages will consequently be biased under the
aternative hypothesis of price rigidity.
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The LIML estimates in rows 9 and 20 are very close to the IV estimates in
rows 1 and 16 and are consistent with the high significance of the F-tests for
overal significancein thefirst stage regressions, and the tests for over-identifying
restrictions in Table 3. The instrument validity tests are insignificant, except the
estimatesin row 7, which are marginally significant at the 1% level. These results
indicate that the instruments have adequately dealt with the simultaneity and the
errors-in-variables problem.

Regressing the B& C baseline model for the 12 countries for which the man-
ufacturing value-added price deflator is available does not ater the B& C results
much (rows 5 and 21), except that the absolute value of the estimated coefficient
of wagesis reduced in thefirst difference estimates. Furthermore, using the alter-
native instrument gives very significant coefficient estimates of the coefficients of
prices and wages (rows 6 and 22). These results suggest that the B& C results are
not significantly affected by the country sample and the choice of instrument set.

Using the value-added price deflator instead of wholesale prices alters the
results substantially. For both manufacturing and the whole economy, the
estimated coefficients of prices and wages are mainly insignificant regardless of
instrument set, estimator, sectoral coverage, and estimation period (rows 7, 8,
11, 14, 23, 24, 25, 28 and 29). The sticky wage hypothesis is only supported by
the economy-wide first-difference estimates in the recovery phase from 1933 to
1936 (row 26), for which the estimated coefficients of wages and prices have the
right sign, and are significant, and the hypothesis that the estimated coefficients
of wages and prices are the same and of opposite sign cannot be rejected at
conventional significance levels. However, thisresult is not sufficient evidence for
the sticky wage hypothesis given that the result changes significantly for changes
in estimation method, estimation period, and sectoral coverage, and particularly
when it istaken into account that these results only apply for the upturn phase.

To investigate whether the estimates where prices are measured by the
value-added price deflators, are biased due to errors-in-variables, the within and
the first-difference estimates are combined to give consistent estimates using
Eq. (A2) in the Appendix (corresponding to combining the estimates in rows 8
and 24 for manufacturing and rows 11 and 26 for the whole economy).'® In these
models output is regressed on real wages and the deterministic variables since
Eqg. (A2) applies only for one stochastic regressor. The recovered coefficients
of real wages are —0.29 and —0.22 for manufacturing and the whole economy,
respectively, and are slightly lower in absolute terms if the longer estimation
period is used. Using these estimated elasticities suggests that the approximately
10% real wage increase from 1929 to 1932 accounts for less than a 3% decline
in output over the same period and therefore that real wages could not have been
entirely responsible for the supply failure.
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These results are consistent with the results of three important other studies.
For the U.K. Dimsdale, Nickell and Horsewood (1989) estimate labor demand
in the interwar period and find that real product wages are insignificant but
that cyclica demand is significant, where cyclical demand is used as a proxy
for cyclical mark-ups. From labor demand estimates for 14 industrialized and
semi-industrialized countries for the interwar period, Newell and Symons (1988)
find that the estimated coefficients of real product wages are of either low
significance or are insignificant. Clearly price stickiness must played a role if
the labor demand schedule could not easily be identified. Similarly Bernanke
and James (1991) regress the growth in industrial production on the growth in
nomina wages and wholesale prices, among other variables, over the period
from 1930 to 1936 using the ordinary least squares pooled estimator. Their
estimated coefficients of nominal wages are statistically insignificant at any
conventional significance level. This result is consistent with the OLS estimates
in Table 3 where the estimated coefficient of nomina wagesisinsignificant inthe
first-difference OL S estimates over the period from 1929 to 1936 (row 27), which
issimilar to the estimation period used by Bernanke and James (1991).

Overal the results in this section suggest that the results of B& C are sensitive
to estimation period, instruments, measurement of wages and prices, model
specification, and whether time-dummies are included in the estimates. The
sensitivity of the results to estimation period is particularly serious because it
does suggest that B&C's baseline regressions are subject to omitted variables
and measurement errors. In their estimates they omit the first crucial years of
the Depression and miss out the decline aimost completely in the first-difference
estimates by starting in 1933. Combined with the fact that the time-dummies
explain a large fraction of the time-profile of the Depression, this suggests that
their results hinge very strongly on cross-country variationsin the upturn.

The results in this section, however, do not necessarily imply that real wages
were unimportant during the Depression. The message of the resultsin thissection
isthat the supply schedule has not been identified. The model in this section only
identifies the supply schedule if prices are flexible, because the eguations have
been derived under the assumption of perfect competition in the goods market.
The question here is therefore not whether the coefficients of real wages are
significantly negative. If wages are rigid but prices flexible, then demand shocks
will materialise in movements along the labor demand schedule, and the supply
schedule is clearly identified and the coefficients of wages will be negative. If
prices are sticky, however, nominal demand shocks will result in shifts in both
the wage setting and the labor demand schedul es, and the real wage-supply nexus
becomes blurred, as is evident from Fig. 5. The supply schedule is consequently
not identified. Furthermore, under imperfect competition, the causal link from
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prices to output is broken and firms determine output and prices simultaneously.
The estimates in this section are therefore not an exercise in the importance of
real wages on output but whether the hypothesis of full price flexibility can be
maintained.

Incorporation of mark-ups into the output equation should, in principle, enable
identification of the source of supply failure. Unfortunately, the data requirements
are too high for marginal costs to be estimated using the methods of Hall (1988)
and Roeger (1995) for the interwar period. A simpler, and probably much more
robust way of identifying sources of supply failure is to estimate wage and price
equations separately and from these equations infer the sources of supply failure.
Thisis donein the next three sections.

6. WAGE STICKINESS DURING THE DEPRESSION

To test for the degree and the potential source of wage rigidity, the following
equation, which neststhe Phillips and the wage curves, is estimated over the period
from 1927 to 1937:

Awit = so + s1Awj t—1 + s2APj; + s3Uit + s4AUjt + ssApr,
+CDv + &2t, (10)

where U isthe rate of unemployment measured in decimal points, and pr isthelog
of labor productivity, which is measured as real GDP divided by hours worked,
but is only included in the economy-wide estimates since manufacturing data
are not available for some countries.’® Log level estimates are not undertaken
because no allowance for Phillips curve effects can be madein level estimatesand,
more seriously, becausetheresidual sexhibited seriousfirst-order serial correlation,
which did not disappear when using the non-linear estimator to correct for first-
order serial correlation. The effects of the level and the change in unemployment
on wage growth is again referred to as the Phillips curve effect and the wage curve
effect, respectively.

To gain efficiency and to minimise the small sample biasthat is associated with
the instrumental variable method, the estimation period starts approximately two
years before the onset of the Depression and terminates oneyear after the estimates
in the previous section. To gain further efficiency, the generaised instrumental
variable method, where the covariance matrix is weighted by the correlation
of the disturbance terms between countries, is used for the economy-wide
estimates.” This estimator is not used for manufacturing, where N = 12, because
the generalised instrumental variable estimator isonly feasible for T > N. Direct
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taxes, indirect taxes, and the ratio of import prices and the value-added price
deflator, strikes and the panic dummies were initially included in the estimates
for both manufacturing and for the whole economy, but were insignificant, which
suggests that supply shockswere not sufficiently important during the Depression
to beidentified by the estimates.

Prices are measured by the value-added price deflator and for comparison
with the B&C estimates, also by wholesale prices. Modern versions of wage
determination stress that both consumer prices and the value-added price deflator
are relevant for wages because value-added price deflators are the important
deflators for firms and consumer prices are the relevant deflators for workers (see
Madsen, 1998). To allow for the possibility that both the value-added price deflator
and consumer prices influenced wages, the log of the ratio between consumer
prices and the value-added price deflator or wholesale prices was included as an
additional regressor in Eq. (10). However, the estimated coefficient of the ratio
was insignificant at the 5-percentage level in all estimates, suggesting that wages
were not indexed to consumer prices but to the value-added price deflator.

The stochastic regressors, except the lagged dependent variable, are instru-
mented using instrument set Il (Str, Panic the domestic stock of currency in
circulation in off-gold standard periods, the world nominal short-term interest
rate and export price competitivenessin on-gold standard periods, time-dummies,
lagged dependent variable and two-period lags of the dependent variables as an
instrument for the lagged dependent variable). An exception isin the estimates of
the model where the sample of B& C is used (N = 22), for which instrument set
I is used (str and Panic lagged nominal wages and output plus M1 for countries
off gold and domestic discount rates, import prices for countries on gold,
time-dummies and two-period lags of the dependent variables as an instrument
for thelagged dependent variable). The lagged dependent variableisinstrumented
using two-period lags of the dependent variable.

Two sets of unemployment data, which are derived under two different sets
of principles, are used in the estimates. One set is similar to the data used by
B&C (U™). The data are mainly from Galenson and Zellner (1957) and are
based on trade union statistics. For countries for which unemployment statistics
are not available, simulated unemployment rates are constructed using a method
suggested by B&C. Namely, the rate of unemployment is regressed on manu-
facturing employment for the countries for which both series are available. The
coefficient estimates are then used to simulate unemployment for the countries
where manufacturing employment, but not unemployment, is available. The other
set of unemployment data, U'%, takes into account that the trade union records
only cover a fraction of the labor force and often only include males (Grytten,
1995, p. 231). These unemployment estimates are substantially lower than the
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estimates reported by Galenson and Zellner. The source of unemployment data
for each individual country is detailed in the Data A ppendix.

The country dummies in Eq. (10) do not have their usua interpretation of
fixed effects dummies because the fixed effects have been removed by the
first-difference transformation, but are included for an econometric and an
economic reason. The econometric reason is that the country dummies remove
the bias due to the possibility that the level of unemployment is measured with
error. The economic reason is that it is the deviation of unemployment from its
natural rate, and not the level of unemployment, that puts downward pressure on
wage growth according to the natural rate hypothesis. Under the assumption that
the “natural rate” of unemployment is constant but varies across countries, the
country dummies will capture cross-country variations in the natural rate.

No assumptions are made about the generation of price expectations in the
estimates and the instrumental variable method certifies that the measurement
error contained in actual prices asameasure of price expectations does not render
the coefficient estimates inconsistent and biased. Lagged prices were initially
included in the estimates to allow for slow adjustment of wages to innovations
in prices but were statistically insignificant at the 5% level in all estimates.
This suggests that instrumented contemporaneous prices best reflect expected
prices. Furthermore, following Dimsdale, Nickell and Horsewood (1989), first
differences of price changes were initially included in the estimates as proxies for
inflation expectational errors under the assumption of extrapolative expectations.
However, the estimated coefficient was significantly positive in al estimates.
It cannot be excluded that this result reflects that accelerating inflation leads to
workers intensifying their wage demands. However, the variable was deleted
without affecting the estimates for the sake of simplification.

The results of estimating restricted and unrestricted versions of Eq. (10) are
presented in the upper half of Table 4. The instrument validation tests do not give
evidence against the instruments. The estimated coefficients of the level of unem-
ployment are consistently significant and negative, particularly in the economy-
wide estimates, which suggests a strong Phillips curve effect. The estimated
coefficients of the level of unemployment are generally higher when unemploy-
ment is measured by U'™ than by UPC. Theratio of the coefficient estimates of U
and U'™ however, approximately equals the ratio between the average values of
U'% and UPC. Hence, the effects on wage growth of the level and changein unem-
ployment are approximately the same regardless of whether U'® or U isused as
the regressor.

Turning to the estimated coefficients of the change in unemployment, the
estimates suggest that the persistence of shocks on wages, and hence on unem-
ployment, differs across sectors. The sign of the estimated coefficients of the



Table 4. Parameter Estimates of Philips Curves and Price Equations.

Phillips Curve

AW, 4 U AU, Apy Apry X*(6)
N = 22, WPI, Ube —0.10(1.46)  —0.20(3.27)  —0.39(2.34) 0.18(2.31) 7.1
N = 12, PMAN, Ub® 020(2.13)  —0.14(227)  —0.36(3.11) 0.36(3.90) 14.14
N = 12, PMAN, U'o¥ 019(2.04)  —027(279)  —0.61(3.69) 0.40(3.52) 14.03
N = 12, PMAN, Ub¢, LIML 015(150)  —0.15(1.91)  —0.21(1.75) 0.39(5.15) 5.34
N = 12, PMAN, U'%, | |ML 0.13(142)  -028(2.23)  —0.31(L55) 0.40(5.25) 6.02
N = 12, WPI, Ube 0.25(263) —0.18(2.68)  —0.26(1.92) 0.13(2.26) 14.14
N = 12, WP, Ulow 0.23(257)  —0.33(326)  —0.47(2.40) 0.15(2.84) 16.07
N =8, Ut GIVE 0.01(459)  —0.18(5.75) 0.21(1.82) 0.84(7.81) 0.87(18.1) 5.22
N =8, U™ GIVE 0.02(701)  —0.43(12.6) 0.20(1.35) 0.77(10.5) 0.90(18.5) 4.02
N =8, U, LIML 0.01(135)  —0.20(4.76) 0.31(3.26) 0.93(10.4) 0.88(8.80) 10.24
N =8, U LML 0.01(0.91)  —0.40(4.25) 0.43(2.36) 0.87(8.09) 0.86(9.14) 11.12

Price Equation

Apy_y Awy Ap§ Api™ Ay, Ayg X2
N =12, WPI —0.03(0.62) 0.14(1.24) 0.48(6.09) 0.31(7.26) —0.03(0.60) —0.05(2.26) 348
N =12, PMAN 0.19(2.01) 0.30(2.96) 0.05(1.50) —0.02(1.20) 2.76

Aptg Awy Ayt Ayf Apry X2(5)

N =8, GIVE 0.07(0.71) 0.54(4.55) 0.39(4.99)  —0.02(1.07) —047(254) 1148

Api_1 Awy Apg Ap™ Ut AU X4
N = 12, WPI, Ube -0.05 0.07(0.63) 0.52(8.35) 0.31(7.07) 0.05(0.23) —0.07(0.56) 7.07

Apt_l Awt Ut AUy Apl’t X2(4)

99¢

N3ISAVYIA "9 dOXWT



N = 12, PMAN, U 0.17(1.79) 0.24(2.74) —0.01(0.27) —0.45(2.49) 4.29
N = 12, PMAN, U'o¥ 0.17(1.84) 0.24(2.84) —0.01(0.18) ~0.39(2.61) 419
N =8, U, GIVE 0.12(1.93) 0.53(6.13) 0.00(0.21) —0.49(6.88) —0.33(257) 11.22
N =8, U™ GIVE 0.14(1.92) 0.58(5.62) 0.03(0.22) —0.83(5.37) -0.33(1.87) 1059
N =8, Uk, LIML 0.10(1.43) 0.65(8.45) 0.15(3.40) —0.44(6.38) —0.56(4.87) 9.22
N=8, U% LIML 0.15(1.85) 0.63(7.59) 0.28(2.89) —0.78(5.57) —0.53(4.41) 8.55

Notes: Seenotesto Table 3. GIVE = generalised instrumental variables estimator. x2(i) = Wald test of overidentifying restrictions, and is distributed
as x2(i) with i degrees of freedom. The unemployment rate is measured in decimal points. Constants and fixed effect dummies are included in
al estimates (fixed effect dummies areincluded in first-difference estimates of the Phillips curve but not the price equation) but are not shown.
Instrument set | isused in the N = 22 estimates, and the instrument set 11 is used for the other estimates (see text). UP® = unemployment data
used by B& C. U'™ = unemployment rates based on estimations for individual countries. Estimation period 1927 to 1937.
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change in unemployment is consistently positive in the economy-wide estimates
and therefore stands in sharp contrast to the predictions of wage equation based
models, where only changes in unemployment are assumed to influence wage
growth, and negatively. Coupled with the fact that the estimated coefficient of
the level of unemployment is significantly negative, this result suggests that
unemployment adjustsrapidly to shocksin the whole economy. A larger degree of
persistence to shocks prevails in manufacturing where the estimated coefficients
of the change in unemployment are consistently negative, although with varying
degrees of statistical significance.

The discrepancy in wage behavior between sectors is also evident from the
parameter estimates of wage adjustment to innovations in prices. Wages adjust
about 40% to price innovations within the first year in manufacturing using the
value-added price deflator as the price variable (rows 2-5). Allowing for the
effects of lagged wages, simulations of the models indicate that manufacturing
wages decreased, on average, by approximately 6% over the period from 1929
to 1932 due to the price deflation. Taking account of the approximately 2.2—2.7%
wage reducing effect of the level and the change in unemployment, depending
on which measure of unemployment is used, over the same period, it can be
concluded that wage stickiness in manufacturing could not have been solely
responsible for the supply failure during the Depression.1®

The economy-wide estimates show a rapid adjustment of wages to innovations
in prices and productivity. About 85% of the adjustment takes place within the
same year. Simulations of the models indicate that the 18% decline in value-
added prices and the 4% increase in productivity, on average, resulted in a 12%
reduction in wages over the period from 1929 to 1932, using price and productivity
eladticitiesof 0.85. Allowing for the approximately 3.5-4.5% wagereducing effect
of the unemployment over the same period, depending of which unemployment
measure is used, it can be concluded that wages were reasonably flexible on an
economy-wide scale during the Depression.

When wholesale prices are used as deflators, the significance of the estimated
coefficients of pricesis substantially reduced as compared to the estimates where
the value-added price deflator is used (rows 1, 6 and 7).1° The estimated coeffi-
cients of wholesale prices are lessthan 0.2 in al the estimates and therefore point
towards a large degree of nominal wage rigidity. The low estimated coefficient
of wholesale prices is not surprising, however, given that commodity prices
fell substantially during the first years of the Depression. Under perfect market
clearing in the goods and labor markets, a reduction in commodity prices yields
apositive output response and an increase in the nominal wage that is compatible
with full employment. A reduction in the value-added price deflator, by contrast,
necessitates a reduction in nominal wages to maintain full employment. Since
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wholesale prices are composed of both commodity prices and, implicitly, the
value-added price deflator, the coefficient of prices in the Phillips curve will be
biased downwards, particularly in periods of highly volatile commodity prices,
and therefore do not give much information about nominal wage rigidity.

How do the results compare with other studies? Surprisingly few estimates of
the Phillips curve have been undertaken for the interwar period. Almost all studies
of wage adjustment only allow for a wage curve effect and therefore a priori
exclude the possibility that wages adjust to disequilibriain the labor market dueto
Phillips curve effects. Newell and Symons (1988) find the level of real wagesto be
fairly insensitiveto thelevel of unemployment for 14 countries. Furthermore, they
find a short-run price elasticity of wages of approximately 0.5. B& C estimate the
short-run wholesale price elasticity of wages to be approximately 0.3 depending
on model specification, which is close to the estimatesin Table 4 using wholesale
prices. Furthermore, they find the level of wages to be insensitive to the level of
unemployment.?° Dimsdale, Nickell and Horsewood (1989) find thelevel of wages
to be significantly negatively related to the level of unemployment for the U.K.

7. PRICE STICKINESS DURING THE DEPRESSION

Toinvestigate the degree of price stickiness, the foll owing stochastic specifications
of the price equation, which was derived in Section 4, are estimated:

APyt = o + ©1AD; 11 + 92Awit + G3APS + @AD" + GsAPr + PAYy
+ 7y?° + CD'k + eai (11)
and
APt = o+ MAP; _1 + N2Awit + A3APS + NaAP™ + NsApry + AeAUjt
+\7Uit + CD'v + &5, (12)

where y?¢ is cyclical demand, p° is commodity prices, and p'™ is import prices.
Cyclical demand is estimated as the residual from regressing income on a time
trend and a squared time trend over the period from 1920 to 1939 for each individ-
ua country. The residual is then instrumented using the instruments as specified
below.

Equations (11) and (12) are estimated for manufacturing using the value-added
price deflator and wholesale prices and for the whole economy using the value-
added price deflator. Some of the coefficients are restricted to zero as indicated
in Table 4. All stochastic regressors, except the lagged dependent variables, are
instrumented using instrument set 11. A two-period lag of the dependent variable
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is used as an instrument for the lagged dependent variable. Log level estimates
are not undertaken because the residuals exhibited serious serial correlation,
which did not disappear using the non-linear estimator to correct for first-order
serial correlation, and because they exclude the possibility of testing for output
level effects. The non-linear generalised least squares estimator is used again.
Commodity and import prices are only included as regressors in the estimates
where wholesale prices are used as the dependent variable.

Both output and unemployment are used as demand shifters. Although only
output refersto the goods market, unemployment is also used to test the sensitivity
of pricesto demand shocks because desired eff ects may not be captured by income.
The problems associated with the use of cyclical income is that it is sensitive to
estimates of the income trend, whereas there is no need to remove a trend from
the unemployment rate. The demand shift variables are measured in both levels
and first differences to allow for the possibility that prices are sensitive to both
the changes and the cyclical level of demand. A cyclica decline in demand may
be perceived by firms to be temporary and they will consequently not alter prices.
If demand remains depressed, it is possible that firms will start lowering their
prices until the goods market has been cleared using the philosophy of the Phillips
curve.

The results of estimating restricted and unrestricted versions of Egs (11)
and (12) are shown in the lower part of Table 4. The instrument validity tests do
not give evidence against the chosen instruments. The estimatesin rows 13, 16 and
17 show that the manufacturing value-added price deflator is fairly insensitive to
wage changes, with estimated short-run wage elasticities of approximately 0.25,
but it is somewhat responsive to changes in unemployment. The estimated coef-
ficients of cyclical demand, the change in output and the level of unemployment,
however, were insignificant at any conventional significance level. Simulations of
the models with unemployment as demand shift variables (rows 16 and 17) show
that the 8-14 percentage point increase in the rate of unemployment from 1929 to
1932, depending on which measure of unemployment is used, resulted in a 3-6%
reduction in manufacturing prices.

The parameter estimates of the economy-wide price equationsdisplayedin rows
14 and 18-21 show that that prices are quite sensitive to innovations in both de-
mand and wages. Both the estimated coefficients of changesin output and changes
in unemployment are statistically highly significant, which, unlike manufacturing,
suggests that the estimates are robust to choice of the demand shift factor.
Simulations of the models show that the 12.6% decline in real GNP, on average,
contributed to a 5% decline in the value-added price deflator over the period from
1929 to 1932. An approximately 7% reduction in pricesis predicted if the change
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in unemployment is used as the demand shifter, regardless of which measure of
unemployment is used. This suggests that there is a robust positive relationship
between changes in prices on an economy-wide scale and changesin demand.

The estimated coefficient of wages is 0.54 when income is used as the
demand shift variable (row 14) and about 0.6 when unemployment is used,
regardless of which measure of unemployment is used (rows 18-21). These
results suggest that the wage elasticities are somewhat insensitive to the choice
of demand shift variable. Non-nested tests and Akaike's information criterion are
used to discriminate between the models. Both criteria favor the models using
unemployment as demand shifters.>! Hence, the model with unemployment will
be used as the benchmark model in the simulations in the next section.

The estimated coefficients of productivity are statistically and economically
significant in the economy-wide estimates, especialy in the LIML estimates, and
areintherange of 0.33 and 0.56. Hence, prices are less responsive to productivity
advances than wages. This result is consistent with the coefficient estimates of
the other variables in the models, which showed that wages are more responsive
to price innovations than prices are to wage innovations and that unemployment,
in excess of its natural rate, puts persistent downward pressure on wages, whereas
changes in unemployment only have one-off effects on prices.

The estimates for manufacturing where wholesale prices are used as the
dependent variable (rows 12 and 15) show, perhaps, some surprising results. First,
wholesale prices are not sensitive to Ay, AU and U, and move counter to y&/°.
In other words, movements in wholesale prices were more counter-cyclical than
pro-cyclical. Thisresult is remarkable because it shows that the decline in whole-
sale prices during the first years of the Depression was not a cyclical response,
as is often stressed in macroeconomic textbooks. Second, wholesale prices are
completely insensitive to wages. Third, wholesale prices are almost entirely driven
by import and commodity prices, which reinforces the discussion in Section 2
that import and commodity prices had a heavy weight in wholesale prices and
therefore that wholesale prices were misleading indicators of the value-added
price deflator. Overall, these results show that the declinein wholesale prices at the
onset of the Depression was aresult of declining commodity prices, in particular,
and declining import prices, and not due to the fall in aggregate demand.

Comparing theresultswith theresultsin theliteratureit isremarkable how little
attention has been given to estimating the degree of price flexibility. Dimsdale,
Nickell and Horsewood (1989) find that prices are completely unresponsive to
aggregate demand shocks, but do not test for nominal price stickiness because
they restrict the coefficient of wages to one and only allow the deviation of prices
from their long-run equilibrium to last for less than a year.
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8. MODEL SIMULATIONS

The economy-wide estimates of the price equation and the Phillips curve, rows
8, 9, 18 and 19, are used in this section to simulate the effects of wage and
price stickiness on unemployment. The restricted non-stochastic counterparts of
Egs (10) and (12) can be simplified as follows:

Awit = vg + v1AP;it — Y2Uit + y3Apri + CD"u (13
Api; = Yo + Y1 Awit — P AUj — g Apry, (14)

where coefficientswith low economic and statistical significanceintheestimatesin
theprevious section havebeen restricted to zeroto simplify theexposition. All coef-
ficientsare expected to be positive. The price equation that contai ns unempl oyment
asthe demand shifter is used because the model selection criteriathat wereusedin
the previous section, favored this specification. Effects from the lagged dependent
variables are suppressed because they were either negligible or insignificant.

The equation system yields the following solution:

Uy — L2 Ui (I—v)Apr  (I—¥)Awit | (v3—b3)Apry
it = it—1— -
Yo + U2 Yo + U2 Y2 + U2 Y2 + U2
7
Yo + Yo + CDv (15)
Y2+ ¥

which corresponds to a restricted version of Eq. (7) with the exception that
unemployment is used as the scale variable for output.

Equation (15) shows how unemployment evolves over time following shocks
to demand and productivity. Apart from productivity shocks, supply shocks are
absent from the equation since they wereinsignificant in the empirical estimatesin
Section 6. Very similar results are obtained by Dimsdale, Nickell and Horsewood
(1989), who find that the unemployment path was predominantly determined by
real import prices and demand.

Thenatural rateisruled out by the estimates since unemployment is non-neutral
to innovations in prices, wages, and productivity in the long run. Homogeneity
in wages and prices was not imposed since the hypothesis that the long-run
coefficient of wages and priceswere rejected at conventional significancelevels.?
Furthermore, the hypothesis of long-run productivity neutrality was strongly
rejected. This need not mean that the natural rate did not exist, but that the
labor and goods markets were sufficiently slow to adjust toward their long-run
equilibrium to be identified by the estimates. Identification of the adjustment
path was furthermore rendered difficult because goods and labor markets were
constantly out of equilibrium during the Depression.
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The second and third right-hand termsin Eq. (15) represent the unemployment
effect of demand shocks. A demand shock that drives prices and wages down
leadsto increasing unemployment to the extent that wages and pricesfail to adjust
to price and wage changes, respectively, and this generates a wedge between
actual and full employment wages and prices. Thisin turn leads to a change in
unemployment. The fourth right-hand side term is the effects on unemployment
of productivity shocks. Since the estimates in the previous sections show that
wages are more responsive to productivity shocks than prices, it follows that a
positive productivity shock leads to higher unemployment because producers
fail to lower their prices sufficiently to a positive productivity shock, but instead
increase their mark-ups. The last right-hand-side term, divided by one minus the
coefficient of lagged unemployment, defines the natural rate of unemployment,
that is the level of unemployment at which price and wage expectations are
borne out.

Equation (15) is used to decompose the unemployment effects of the demand
shocks into wage and price rigidity. One caveat of this decomposition is that
unemployment effects of wage and price stickiness cannot strictly be decomposed
to their source because of the interrelationship between the labor demand and the
wage setting schedules. The unemployment effects of an adverse demand shock
that shifts the wage setting schedule to the left due to nominal price rigidity, for
instance, depends not only on the slope and the shift in the Phillips curve but also
the dlope of the labor demand curve. Hence, the more responsive is the goods
market to demand shocks, the lower are the unemployment effects of a demand
shock dueto rigiditiesin the labor market. Similarly, the more reactive isthe labor
market to demand shocks the lower are the unemployment effects of the demand
shocks, due to rigiditiesin the goods market.

In the present case where price growth is affected by the change in demand,
as opposed to the level of demand, the unemployment effects of nominal wage
rigidity are muted on impact (s, in Eq. (15)) but zero in the long run as seen from
the long-run solution to Eq. (15):

A—v)Ape (A= g)Awie | (v3—Wa)AP Yo+ o+ CD
Y2 Y2 Y2 Y2

Hence, in the long run the unemployment effects of wage stickiness are not muted
by price flexibility because the labor demand curve is vertical. Shocks are only
muted by the wage growth response to unemployment in the Phillips curve. If the
Phillips-curve effect did not exist, shocks would have permanent unemployment
effects. Since the decomposition in Eqg. (15) cannot account for this aspect, it
underestimates the increase in unemployment that is due to price stickiness and
overestimates the unemployment effects of wage stickiness.?3

Uit = —




274 JAKOB B. MADSEN

Table 5. Decomposition of Unemployment Based on Simulations of Eq. (15).

Wage Stickiness Price Stickiness Simulated AU
1 2 3 4 5

Rows 8 and 18 (UP) in Table 4

1930 1.38 —054 2.46 3.30 5.18

1931 1.76 248 0.26 4.48 5.82

1932 2.86 5.05 2.06 9.96 6.58
Total 6.00 6.99 478 17.74 17.58
Rows 9 and 19 (U'%) in Table 4

1930 1.01 -0.19 1.28 211 222

1931 1.31 1.17 0.14 2.62 2.56

1932 2.05 2.30 1.13 5.47 3.70
Total 437 3.28 2.55 10.20 8.48

Notes: The numbers are based on unweighted averages of the eight countries that are included in the
economy-wide estimates. Column 1 isthe price-induced change in unemployment due to wage
rigidity; column 2 isthewage-induced change in unemployment dueto pricerigidity; column 3
is the productivity-induced change in unemployment because productivity changes mark-ups;
and column 4 isthe sum of columns 1-3, and column 5 isthe actual change in unemployment.
Unemployment is measured in percentages.

Thesimulationsin Table 5 show the decomposition of the change in unemploy-
ment over the period from 1930 to 1932 using Eg. (15). The simulations in the
upper half of the table are based on the estimates in rows 8 and 18 (UPC) and the
simulationsin the lower part of the table are based on the estimatesin rows 9 and
19 (U') in Table 4. It is important to note that the changes in p, w and pr in
equations do not refer to the source of stickiness in Eg. (15). Changes in wages
influence unemployment because of price stickiness. Similarly, changesin produc-
tivity influence unemployment because prices fail to clear the market. Hence, the
third and the fourth termsin Eq. (15) constitute the joint effects on unemployment
of price stickiness. Finaly, the price-induced change in unemployment, which is
represented by the second term in Eq. (15), represents the unemployment effects
of wage stickiness.

The simulations explain the total increase in unemployment from 1929 to
1932 quite precisely. Based on U, wage stickiness results in a 6-percentage
point increase in the rate of unemployment, whereas price stickiness results in
an 11.77-percentage point increase in the rate of unemployment over the period
from 1929 to 1932. Based on U'™, wage stickiness results in a 4.37-percentage
point increase in the rate of unemployment, whereas price stickiness resultsin a
5.83-percentage point increase in the rate of unemployment over the period from
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1929 to 1932. These decompositions suggest that price stickiness was the main
source of the supply failure, but that wage rigidity also played an important role.

These results are largely consistent with the microeconomic evidence. Al-
though there is an extensive micro-oriented literature on price rigidity in U.S.
manufacturing during the Depression, the literature is old. The classic studies of
Burns (1936), Means (1935), and Berle and Means (1991, first printed in 1933)
showed that U.S. manufacturing was highly concentrated and had sticky prices
during the Depression. 1n 1929 the 100 largest U.S. manufacturing corporations
controlled 44% of net capital assets in the U.S. (Berle & Means, 1991, p.
353). There was, therefore, plenty of scope for price rigidity. Burns (1936)
listed severa products for which prices remained unchanged, or changed only
a little from the beginning of 1929 to the beginning of 1933. In the important
U.S. automobile industry, prices only decreased 10%, whereas production fell
almost 70%, from 1929 to 1931 (Federa Trade Commission, 1932). Another
example is the U.S. agricultural implements industry where employment fell
82% from May 1929 to July 1932, but output prices decreased less than 10%
(Means, 1935).

There is not much micro evidence on price rigidity during the Depression
outside the U.S. There is, however, evidence that suggests a widespread and
increasing degree of industrial concentration during the interwar period in most
parts of the developed world. Supported by extreme nationalism among the public,
governments were often the driving force behind the formation of cartels to
strengthen the position of national industries in international markets and prevent
rivals penetrating domestic markets (Wurm, 1989, p. 111; United Nations, 1947,
pp. 8-9). The growing cartelization was often associated with the increasing
tariffs and non-tariff trade barriers in the first part of the Depression, where
the tariffs were imposed to strengthen the bargaining position of prospective
cartel members in the cartel negotiations (United Nations, 1947, p. 21). Some
governments even introduced legislation that made cartelization compulsory
(United Nations, 1947, p. 10). Haussmann and Ahearn (1944) concluded from
their statistical study that 42% of world trade over the period from 1929 to 1937
was cartelized or influenced by loosely knit associations or conferences.

Recent evidence on wage rigidity in the U.S. during the Depression suggests
that wages responded to market forces. Hanes (2000), Lebergott (1989) and
Mitchell (1985a, b) find that nominal wage cuts were widespread among U.S.
firms and Mitchell (1985a, b) argues that wages first became rigid after the
Depression. Comparing the degree of wage stickiness during the Depression
with earlier contractions in the U.S., Dighe (1997) concludes that wages were
not particularly rigid during the Depression and that wage rigidity was not an
important causal factor in the Depression. Simon (2001) finds that asking wages
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among female clerical workers seeking employment fell by 58% from 1929
to 1933, and that agricultural workers experienced amost the same decrease.
Although there is no evidence of wage flexibility among workers who were not
seeking employment, it nevertheless shows that there was a potentia threat to
clerical and agricultural workers who refused wage cuts.

9. SUMMARY AND CONCLUSION

This paper has examined the extent to which the length and the depth of the
Depression wasaresult of sticky pricesand wages using asmall supply side model
which was estimated using annual data for industrialized and semi-industrialized
countries for the interwar period. The model consisted of the labor market, which
was represented by the Phillips curve, and the goods market, which was based on
a price setting model. Based on panel data estimates, the model was simulated
over the period from 1929 to 1932 and the unemployment effects of the demand
shocks were decomposed into wage stickiness, price stickiness and productivity
non-neutrality.

The estimates of economy-wide wage setting equations showed that wages
adjust relatively quickly to innovations in prices and that wage growth was very
sensitive to the level, but not to changes in unemployment and therefore that
shocks had neither persistent, nor permanent effects on unemployment. A shock
that brings wages up to a higher level results in unemployment in excess of the
equilibrium unemployment rate, which in turn, puts effective downward pressure
on wages until unemployment is eliminated. More sluggish wage adjustment
was identified for manufacturing. Only about half of the adjustment in wages to
innovations in prices was accomplished within the same year, and both the level
and changes in unemployment were significant determinants of wage growth.
The latter implies that shocks do have persistent, although not permanent, output
effects. Wages were initialy slow to respond to the adverse demand shocks,
but as unemployment continued to grow up to 1932/1933, it exerted increasing
downward pressure on wages, and helped to clear the labor market.

The estimates of the price equations showed that prices were slow to adjust
to innovations in wages and that demand shocks only had one-off effects on
prices, which suggests that there were no forces that automatically corrected
disequilibrium in the goods markets and therefore that the labor market had to bear
the adjustment costs. It appears that most of the economy-wide price stickiness
stemsfrom pronounced price stickinessin the manufacturing sector. The estimates
indicated that manufacturing prices were slow to adjust to innovations in wages
and their cyclicality was sensitive to measurements of demand.
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A remarkable finding of the paper was that wholesale prices were completely
insensitive to innovations in wages and were either insensitive to demand shocks
or moved counter-cyclically. These findings suggest that if the same data as used
in other international studies were used to test the degree of price rigidity, then it
would have been concluded that the Depression was propagated by sticky prices
and that wage flexibility could not have alleviated the Depression. This result
underscores the importance of using the correct price deflators in studies of the
supply side.

Robustness checks using various measurements of wages, prices and un-
employment, different estimators, two different instrument sets, two different
sectoral decompositions and estimators that were robust to errors-in-variables,
indicated that the results were almost unaffected to these variations. An exception
was the estimates using wholesale prices. The estimates confirmed the finding
in the literature that wages are relatively insensitive to wholesale prices. It was
shown, however, that this result is consistent with the fact that variations in
wholesal e prices were dominated by variations in commodity prices.

Theresultsthat price stickiness played aprimary role during the Depression and
that wage rigidity only played a secondary role stand in contrast to the results of
theinternational studies of B& C (1996) and Eichengreen and Sachs (1985), where
price stickiness did not play any role in the propagation of the Depression. The
finding that sticky prices played a key role in the propagation of the Depression
needsto be backed up by more microeconomic evidence. Previous microeconomic
studies point towards widespread price stickiness within U.S. manufacturing.
These studies, however, are mostly 60-70 years old, so new studies that use the
tools of modern corporate finance and microeconomic theory would be highly de-
sirable. Furthermore, very few studiesof pricestickinessoutsidethe U.S. havebeen
undertaken. New studies of price stickiness outside the U.S. would be especially
valuable.

NOTES

1. They aso estimate a labor demand function conditional on wages deflated by
producer prices, but do not use these estimates in their smulations.

2. Finland and Spain are not included in the B& C sample.

3. Eichengreen and Sachs (1985) obtain a more significant negative relationship
between the change in output and the change in real wages than obtained here. The
difference reflects different sources of wage data.

4. Regressing the log of wholesale prices, p*®, on manufacturing hourly wages, w™,
the log of the exchange rate relative to its 1929 gold parity, e, and the log of notes in
circulation, h0, yields the following estimates using annual data over the period from 1927
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to 1937 for the 12 countrieslisted in Fig. 2:

~wpi _ Wpi m 2 —
Ap- = (24'95% + %%()ZApFl + %QGS?Awt + %};}Ae‘ + %ggAhOt, R“(B) = 0.39,

where R%(B) is Buse's raw-moment R? and t-statistics are in parentheses. See Section 6 for
the instruments used for wages and estimation method. The estimates show that wholesale
prices are sensitive to exchange rates.

5. The supply function is derived from the following optimization problem of the
perfect competitive firm where output is measured as gross output:

maxm = P°Y°(K, L, Q%) — WL — P°QC.

6. The results below are not affected by alternative weightings (0.7 and 0.3, or 0.9 and
0.1). Similar results were also obtained if real commodity prices were used as separate
arguments in the output supply function.

7. For agriculture, for instance, supply is over a wide range of output independent of
real product wages sinceland isafairly fixed factor of production. Land prices, rather than
supply, are likely to be affected by real wages.

8. Thecyclicality of pricesneed not depend onthecyclicality of mark-ups. Pricescanalso
vary on acyclical basis dueto increasing or decreasing returns to scale and labor hoarding.

9. More complete pricing models that allow for number of firms and for strategic
interaction among firms are derived in Hay and Morris (1991).

10. Actua labor productivity did not change much during the Depression. Whether this
modest change was reflected in expectations cannot be tested.

11. Economy-wide non-residential capital stock was initially used as an additional
regressor in the estimates of Eq. (9), however, its estimated coefficient was insignificant
and the parameter estimates of the other variables were insensitive to itsinclusion. It was,
therefore, not included in the estimates because it would have increased the Data A ppendix
substantially.

12. See Madsen (2001b) for construction of the competitiveness index.

13. The only difference is that the import prices used by B&C in the instruments are
derived from the wholesale prices of exporting countries, whereas this paper uses import
unit values as instruments.

14. The data used by B&C commence in 1929. The same data are available before
that time from their sources. Wages commence in 1927 from the ILO Yearbookand the
same series are available in earlier years from the League of Nation, Monthly Bulletin of
Statisticsand League of Nation, Statistical Yearboak

15. Thisexerciseis not undertaken for the estimates where the wholesale price deflator
is used because the measurement error in wholesale prices is likely to be highly serialy
correlated as argued in the previous section, and therefore renders the Griliches-Hausman
transformation invalid.

16. Equation (10) was also estimated with asymmetric adjustment of wages to positive
and negative price changes to allow for downward nominal rigidity but not upward rigidity
as suggested by Keynes (1936, pp. 13-15). However, the null hypothesis of symmetrical
wage adjustment could not be rejected at any conventiona significance levels.

17. More formally the generalised instrumental variable method is used, where the
covariance matrix is weighted by the correlation of the disturbance terms using the
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variance-covariance structure as follows:

E{eﬁ}:cf, i=12,...,N,
E{8m8_;‘t}=0ij, i#

where ciz = the variance of the disturbance terms for country i =1, 2, ..., N; oj; = the
covariance of the disturbance terms across countriesi and j; and ¢ is the disturbance term.
The variance o? is assumed to be constant over time but to vary across countries and the
error terms are assumed to be mutually correlated across countries, oyj, as random shocks
are likely to impact on al countries at the same time. o2 and o;, are estimated using the
feasible generalised least squares method described in Greene (2000, Chap. 15).

18. The estimates of the wage reducing effects of the level of unemployment are based
on the deviation of unemployment from its “natural rate,” where the “natural rate” is the
absolute value of the ratio of the constant term and the coefficient of unemployment.

19. Note that the estimates cannot be compared with the B& C estimates because their
dependent variableisthe level of wages, not the change in wages.

20. Unemployment is measured in first differences in their first-difference estimates.

21. Akaike's information criterion gave the results as follows;, —0.743 using U'®",
—0.716 using U™ and —0.744 using output; thus favoring the models with unemployment
as demand shift variables. Non-nested tests (J-tests) yielded the results as follows:
Including the predicted value from the model with output as a regressor in the models
with unemployment as regressor gave the t-values of 0.46 (the model with U'%") and
1.09 (the model with U, which suggests that the model with output as regressor does
not encompass the models with unemployment as a regressors. Including the predicted
value from the regressions with U'* and U™ as demand shift factors in the model
with output as a regressor gave the t-values of 2.28 and 2.02, respectively. Hence, the
models with unemployment as the regressors encompass the model with output as the
regressor.

22. Thetests of the null hypothesis that the coefficients of wages and prices divided by
one minus the coefficient of the lagged dependent variable gave the following chi-squared
test statistics: x2(1) = 2.83 (row 8), x?(1) = 7.26 (row 9), x?(1) = 24.55 (row 18), and
x?(1) = 9.63 (row 19).

23. Thisis probably the reason why Dimsdale, Nickell and Horsewood (1989) do not
decompose the unemployment effects of sticky wages and prices for the U.K.
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APPENDIX: ECONOMETRIC ISSUES

This appendix discusses the reasons why both the within (fixed effect) and the
first difference estimators are used in the estimates of Eq. (9). Thefirst-difference
estimates may lead to less biased estimates of the lagged dependent variable than
thewithinestimates. When T islow, the coefficient of thelagged dependent variable
in the within estimates is negatively biased and converges towards approximately
minusonefor T = 2 and N — oo due to the correlation between the error terms
and the fixed effects (see Hsiao, 1986). This bias does not disappear by taking first
differences, even if T — oo (Kiviet, 1995). A second source of bias in estimates
of the coefficient of the lagged dependent variable comes from the correlation
between the lagged dependent variable and the error term. Using instruments for
the lagged dependent variable or estimating in first differencesto remove the fixed
effects, will aleviatethe problem of biased estimates of the estimated coefficient of
thelagged dependent variable; however, Monte Carlo simulations by Kiviet (1995)
show that various transformations of the data and alternative estimators, including
the GMM estimator, do not the resol ve the bias and consistency problems because
of the correlation between the error terms and the fixed effects in small samples.
To aleviate the consistency problem two period lags of the dependent variable are
used asinstrumentsfor the lagged dependent variable, following B& C. Thisis not
the most efficient method since all orthogonal conditions have not been exploited
(Arellano & Bond, 1991). The first-difference models in this paper were aso
estimated using the generalised method of moments (GMM) estimator devised
by Arellano and Bond (1991), and produced estimates of the lagged dependent
variables that were higher than the estimates in this paper, but the estimates of
the other coefficients were quite similar. It is, however, not clear which estimation
method isthe best. Hahn and Hausman (2002) show that the biasin the instrument
variable estimator is positively related to the number of instruments. Since the
GMM estimator uses a substantial number of instruments, it is not clear whether
the efficiency gain from using the GMM estimator outweighs the instrumental
variable bias. Second, the GMM estimator of Arellano and Bond is derived for
N — oo, which isnot even approximately satisfied here.
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Another advantage of estimating in first differences is that it eliminates serial
correlation in the residuals. Although serial correlation is allowed for in the level
estimates, the serial-correlation coefficient needs to be restricted to be the same
across countries because T is too low to relax this assumption in most of the
estimates. If thisrestriction is violated, then the parameter estimates will become
inconsistent and biased.

If some regularity conditions are satisfied, consistent estimates can be recov-
ered from a combination of first-difference and the within estimates as shown by
Griliches and Hausman (1986). Suppose that the following model is estimated for
apanel of i countries:

Vit = o + BXit + Uit,
where u is astochastic error-term and x is measured with an error:
Xt = Xit + vit

wherex* isthe observed x and v isthe measurement error, then we get thefollowing
probability limits for the within and the first-difference estimator, respectively:

2

LA 20% . oA T—la%
PJLmooBFB(l— z>’ PN'Lmoon=B( ‘?;g) 4D

O ax

wheredxir = X} — X*_, %it = X — X3, 0§, isthevarianceof thefirst differences
of x, and cr)% isthevariance of the within transformed x*'s. These probability limits
arederived under the assumption of no serial correlation inthemeasurement errors.
From Eqg. (A1) it follows that the within estimator is likely to be less sensi-
tive to errors-in-variables than the first-difference estimator because the condition
o3, < 202T/(T — 1) islikely to be satisfied (Griliches & Hausman, 1986).
Equation (A1) can be solved to yield the following consistent estimate of B:

B _ (blsw ¢28d , (AZ)
b1 — ds
where ¢; = 2/03, and &, = (T — 1)/To2. This result is derived under the as-
sumption that the measurement error is serialy uncorrelated.

If the measurement error is serial correlated, then the within estimator need
not be less biased than the first difference estimator because the first difference
transformation eliminates some of the measurement error. This can be seen
from the following. Assuming that cov(xi, Uit) = cov(ai, vit) = cov(Xit, vit) =
cov(ait, Uit) = cov(uit, vit) = 0, then the probability limit of the least squares
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estimator is (Griliches & Hausman, 1986):

P lim @ 1o %
NI—>moon =P < o2+ 0'3) ’
- o? )
P Ba =B (1 (1-p)/(L—p)oz+02)"

where py is the first-order seria-correlation coefficient of (the level of) x;,, and
p, is the first-order serial-correlation coefficient of (the level of) vit. Comparing
thetwo estimators, thefirst-difference estimator ismore inconsistent than the level
estimator if x;; ismoreserially correlated than the measurement error, whichismost
likely to bethe casefor the variables used here except perhapsfor wholesale prices.

To examine the seriousness of the errors-in-variables problem Eq. (A2) isused
to recover consistent estimates of the real wage elasticity of output in some of the
estimates below. In these estimates the coefficients of the log of prices and wages
are restricted to be the same and of opposite sign because the results become
much more complex if more than one independent variable is measured with an
error. Since, therestriction cannot be rejected at conventional significancelevelsin
most circumstances, as shown below, thisrestriction will not impact on the results.
Furthermore, the coefficients of Strand Panicare restricted to zero to simplify the
analysis.

APPENDIX: DATA

Economy-wide Compensation to employee€anada Series F1-13, FH Leacy
(Ed.), 1983, Historical Statistics of Canad&tatistics Canada: Ottawa. Includesall
sectorsof theeconomy. USA. TableU.S.6, T Liesner (1989), One Hundred Years of
Economic Statistic®Oxford: The Economist. Includes all sectors of the economy.
Japan Table A47, K Ohkawa, M Shinohara, and L Meissner, 1979, Patterns of
Japanese Economic Development: A Quantitative Appralisaidon: Yale Uni-
versity Press. Includesthe non-agricultural sector. Finland. Table 12A, R Hjerppe,
1989, The Finnish Economy, 1860-198&%€lsinki: Bank of Finland, Government
Printing Centre. Includesthe non-agricultural sector. France Table F.4, T Liesner,

op cit Includes the non-agricultural sector. Germany Table 122, W G Hoffmann,

F Grumbach, and H Hesse, 1965, Das Wachstum der Deutschen Wirtschaft seit
der mitte des 19. JahrhundeyBerlin: Springer-Verlag. Includes all sectors of the
economy. NetherlandsTable H1, C A Van Bochoveand T A Huitker, 1987, Main
National Accounting Series, 1900-1986, Occasional Papers No. NA-017, Central
Bureau of Statistics, the Netherlands. Includes all sectors of the economy. U.K.
Table 1, C H Feinstein, 1976, Statistical Tables of National Income, Expenditure
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and Output of the U.K. 1855-1968ambridge: Cambridge University Press.
Includes al sectorsin the economy. Economy-wide employmentCanada Table
C.7, T Liesner, op cit Includes all sectors of in the economy. USA Table U.S.11,
T Liesner, op cit Includeall sectorsin the economy. Japan Table A53, K Ohkawa
et a., op cit Includes the non-agricultural sector. Finland. Table 11B, R Hjerppe,
op cit Include the non-agricultural sector. France Table F.7, T Liesner, op cit. In-
cludesthe non-agricultural sector. Germany. Table 20, W G Hoffmann et al ., op cit
Includes all sectors of the economy. Netherlands Table XXIX, C Clark, 1957,
The Conditions of Economic Progredsondon: Macmillan. Includes all sectors
of the economy. U.K. Table U.K.11, T Liesner, op cit Includes all sectors of the
economy. Average hours worked per employeeC Clark, op cit Manufacturing
value-added price deflator Canada Manufacturing nominal value added, Series
F56-75, F H Leacy (Ed.), op cit, divided by manufacturing production, League of
Nations, 1945, Industrialisation and Foreign Tradeseneva. United StatesBLS
wholesale price index of manufacturing finished goods, Series E 84, Department
of the Commerce, 1975, Historical Statistics of the United States: Colonial Times
to 197Q Washington DC: Bureau of the Census. This index is based on articles
for users, including raw foods and fuel. Japan Net domestic product deflator in
manufacturing and mining, TablesA11 and A12, K Ohkawaet al., op cit The Bank
of Japan's wholesale price data have been the main source for the price deflator
for manufactured goods. Australia Table PC 61-70, W Vamplew (Ed.), 1987,
Australians: Historical Statisticd-airfax. Based on Butlin's estimates, which are
predominantly wholesale prices for manufacturing output. Denmark Tables 2
and 3, S A Hansen, @konomisk Veekst i Danmarkgbenhavn: Akademisk
Forlag. Based on consumer prices excluding housing, food, and taxes. Finland.
Manufacturing nominal output divided by manufacturing production, Tables4 and
6, R Hjerppe, op cit Whether the deflators are value-added or output pricesis not
stated in the data source section of Hjerppe. France Wholesale prices for manu-
factures, SeriesV 16, J-C Toutan, 1987, Le Produit Interieur Brut De La France De
1789 A 1982Economies et Societes. GermanyWholesal e price index of finished
manufacturing products, Table A30, G Bry, 1960, Wages in Germany 1971-1945
Princeton: Princeton University Press. Italy. Manufacturing value-added price
deflator, Table 5, G Fua, 1965, Notes on Italian Economic Growth 1861-1964
Milano: MvltaPavcis. Spain Wholesal e prices for manufacturing output, Tables3
and 4, Ingtituto De Estudies Fiscales, 1976, Datos Basicos Para La Historia
Financiera De Espana (1850-1979adrid: Ministerio de Hacienda. Sweden
Manufacturing finished goods wholesale prices, O Johansson, 1967, The Gross
Domestic Product of Sweden and its Composition 1861-1%&ckholm:
Almaqvist and Wiksell. U.K.: Manufacturing nominal value-added, Table 8, B R
Mitchell, 1988, British Historical Statistics Cambridge: Cambridge University
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Press, divided by manufacturing output, Table 51, Feinstein, C H, 1976, Statistical
Tables of National Income, Expenditure and Output of the U.K. 185551965
Cambridge: Cambridge University Press. Hourly wage earnings in manufactur-
ing. Mostly fromILO, Yearbook of Labor Statisticand backdated from 1927 using
League of Nation, Monthly Bulletin of Statisticand League of Nation, Statistical
Yearbook The coverage of the data, and if the sources differ from the sources
above, for each individual country are the following, where | signifies agriculture,
Il mining, Ill, manufacturing, building, construction, power and water, IV,
transport and communication, V, public administration, and 1V, commerce and
personal services, following the ILO classification. Hourly earnings across skills
and genders are used unless mentioned. Argentina Ill, 1V, VI, Buenos Aires,
monthly earnings, after 1929. Before 1929, JG Williamson, 1995, “ The Evolution
of Global Labor Markets since 1830: Background Evidence and Hypothesis,”
Explorations in Economic Histord2, 141-196. The wage data are deflated by
consumer pricesand aretherefore multiplied by consumer pricesto convert themto
nominal wages. Australia 11, 111, IV, ratesfor males. Austria 1, earnings per shift.
Belgium 11, 11, IV . Before 1929, B R Mitchell, 1975, European Historical Statis-
tics 1750-1975London: Macmillan. Canada Industry wages, B R Mitchell,
1983, International Historical Statistics: Americas and Australaslaondon:
Macmillan. Czech-Slovakidll, hourly minimum ratein Prague. Denmarklll, IV.
Estonialll. Finland. Mitchell, 1975, op cit, money wagesin industry. France I,
IV, hourly rates for skilled men in Paris. Germany l, I, V. 1925-1928, G Bry,
1960, op cit. Hungary 1. Italy. 111. Before 1927, Mitchell, 1975, op cit., average
daily wages. Japan I11, daily earnings, Imperial Cabinet. Latvia. I11, skilled men.
New Zealand. |, I, 111, IV, men. Netherlandsll, 11l , men. Before 1928, Williamson,
1995, op cit, average daily earnings. Norway: IlI, Ill, daily earnings for men.
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Average of several professions, Williamson, 1995, op cit. Canadalll, Unskilled
men. Czech-Slovakial, 111, VI, daily insured wages. France Average for al
sectors, Williamson, 1995, op cit. Japanlll, daily earnings, Bank of Japan. U.K.
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unemployment is generated by accumulating the first-differencing unemployment
data. The other set of unemployment data are based on estimates for the whole
labor force and is only used for the 12 countries for which the manufacturing
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