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�
Abstract


Bernanke-Carey (1994) developed and tested a model of wage adjustment and aggregate supply for the international Great Depression.  The present paper applies their model to the other severe pre-war depression, namely the depression of 1920-21.  Despite its brevity, this depression was extraordinarily sharp: the U.S. price level declined by over 40% in a single year (Friedman-Schwartz, 1963), and output and employment likewise fell considerably. The Bernanke-Carey framework would lead us to suspect that wages were considerably more flexible during this period than during the Great Depression, and this paper confirms this implication.  However, this period seems to poorly fit Bernanke-Carey’s aggregate supply equation, probably because the recovery happened so quickly and the best available data are only biannual.


�
1. The Question and the Data


Bernanke-Carey (1994) examines the so-called “aggregate supply puzzle” of the Great Depression.  How is it possible that the real wage could be so slow to adjust when unemployment was so severe?  The present paper compounds rather than solves this puzzle: for it suggests that just one decade prior to the Great Depression, the United States’ economy demonstrated a remarkable degree of wage flexibility.


The core of this paper re-estimates the reduced-form wage adjustment and aggregate supply equations from Bernanke-Carey (1994).  In their paper, Bernanke-Carey used annual aggregate international data for twenty-two countries during the years 1931-1936.  The present paper applies the same model to different industries within the United States during the period from 1919 to 1923.  Although this is a short time span, there were simply extraordinary movements in macroeconomic variables during this period that make it a particularly attractive test of the Bernanke-Carey model.


In one crucial respect, the depression of 1920-21 was actually more severe than the Great Depression itself: there was a rapid decline in the price level of between forty and fifty percent within the course of a single year.  As Friedman and Schwartz (1963) explain, “From their peak in May [1920], wholesale prices declined moderately for a couple of months, and then collapsed.  By June 1921, they had fallen to 56 per cent of their level in May 1920.  More than three-quarters of the decline took place in the six months from August 1920 to February 1921.  This is, by all odds, the sharpest price decline covered by our money series, either before or since that date and perhaps also in the whole history of the United States.” (1963, pp.232-233.)  The wholesale price index during the Great Depression took about three years to fall by the same amount.  


Employment and output were however not as severely affected as in the Great Depression.  Of course precise unemployment data are not available for this period, but one representative estimate (Lebergott, 1957) puts civilian unemployment at 2.3% in 1919, 11.9% in 1921, and back to 3.2% in 1923.  Output figures tell a similar story: one aggregate index (Mills, 1932) indexes production at 125.3 in 1919, 99.7 in 1921, and rebounding to 145.3 in 1923.  As these stylized facts indicate, the second unusual feature of the depression of 1920-21 was the rapid recovery in employment and output, in sync with a swift adjustment of the real wage to its new equilibrium position.


The available data for this period are considerably better than one might expect, largely thanks to a number of early NBER studies.  To begin with, there is the dataset available in Willford Isbell King (1923).  Data on employment, hours of work, and the nominal wage (more precisely, average hourly earnings) are available for 17 different industries over a nine-quarter period.  The great advantage of this dataset is the frequency of the observations; the great disadvantage is that the data ends in the first quarter of 1922, just as the recovery was getting underway.  For this reason, the estimates derived from the King dataset probably underestimate the degree of wage flexibility.


A second dataset, also provided by the early work of the NBER, may be found in Mills (1932).  This dataset has many desirable features, and despite certain drawbacks it will be the primary dataset relied upon for this paper’s conclusions.  In the Mills’ dataset, there are figures for 52 industries for prices, production, and per-unit labor costs.  The main drawback of the data is that they are only biannual; but fortunately, there are data for 1919 (the year prior to the depression), 1921 (the year when the depression reached its trough), and 1923 (by which point the economy had completely recovered).  The main advantage is that this dataset provides us with all of the data we need to apply the Bernanke-Carey model: nominal product prices, output figures, and the price of labor, all of which are available for each of the 52 industries.


2.. The Bernanke-Carey Model


The empirical estimates herein are based on the econometric model developed by Bernanke-Carey (1994).  Building on a model from Eichengreen-Sachs (1985, 1986), they lay down six structural equations:


(1)   � EMBED Equation.2  ���� EMBED Equation.2  ���


(money demand equation)


(2)    � EMBED Equation.2  ��� 


(equation relating domestic demand to the real exchange rate and the expected domestic real interest rate)


(3)     � EMBED Equation.2  ���


(nominal interest rate parity condition without exchange rate depreciation)


(4)     � EMBED Equation.2  ���


(equation relating output to the real wage)


(5)    � EMBED Equation.2  ���


(wage adjustment equation)


(6) � EMBED Equation.2  ���


(identity relating domestic nominal money supply, domestic gold reserves, and gold backing ratio)


where


m= nominal money balances


p, p* = domestic and foreign price levels


 i, i* = domestic and foreign nominal interest rates


q = real output


e = nominal exchange rate


pe = expected price level


w = nominal wage rate


r = gold reserves (measured in terms of domestic currency)


( = gold backing ratio (ratio of gold reserves to money supply)


(i = error terms, i = m, d, s, w





From the perspective of this paper (as indeed in Bernanke-Carey itself), the crucial part of the model consists in equations (4) and (5), the “aggregate supply block.”  And these equations readily lend themselves to a re-interpretation which permits us to apply them to a pooled time series of industries, rather than nations.  The national wage is re-interpreted as the industry wage; the price level is re-intepreted as an index of the price of the industry’s products; and output is re-interpreted as the output of an industry rather than a nation’s GDP.


From the above set of structural equations, Bernanke-Carey derive two reduced-form equations which will be estimated hereafter.  The first reduced-form equation is merely equation (4), the wage adjustment equation.  The second reduced-form equation is the aggregate supply equation:


(7)   � EMBED Equation.2  ���


in which ( is intended to measure the “excess sensitivity” of output to changes in the price level, ( measures the effect of lagged output, and all other variables are defined as before.  Bernanke-Carey included ( to determine whether changes in the price level worked exclusively by changing the real wage; if this hypothesis were correct, then ( would equal zero.  They included ( because they believed that there would be significant costs of adjusting real output to changes in other variables.


3. Estimating the Wage Adjustment Equation: the King Dataset


In many ways, the dataset available from King (1923) is ideal: there are quarterly data on employment, hours, and earnings given for seventeen separate industries.  The study is an indirect product of President Harding’s Conference on Unemployment (1923), which took place in 1921 under the auspices of Secretary of Commerce Herbert Hoover with the assistance of the NBER; King was one of the four members of the NBER’s research staff.  Of course, it would be better to find a dataset that included price indices for the same seventeen indices surveyed, but the high frequency of the data perhaps compensates for the need to rely on the same aggregate price index for each of the industries.  The central problem with the King dataset is that it simply ends too early; while the recovery continued throughout 1922, our data ends with the first quarter of that year.  


With this caveat in mind, two versions of Bernanke-Carey’s wage-adjustment equation were estimated, both with industry dummies.  The first was an unconstrained estimate that allowed the coefficients on current prices and lagged wages to take any value; the second constrained the two coefficients to sum to unity.  Parenthetical values indicate standard errors.


The unconstrained regression gave the following results:


(8) � EMBED Equation.2  ���


          (.014)     (.077)    


R2 = .982


whereas the constrained regression yielded:


(9) � EMBED Equation.2  ���


            (.014)     (.014)


R2 = .980


Before comparing these results with those of Bernanke-Carey, it is vital to remember that they used annual data, whereas these are quarterly.  To make the figures comparable, we must recursively solve for wt as a function of pt and wt-4:


(10)  � EMBED Equation.2  ���


Plugging in, we find that the annual ( is equal to .25, as compared to (=.295 found in Bernanke-Carey’s original study.


The reported estimates used monthly wholesale price data in Mills (1927) to construct a quarterly price index. The same equation was re-estimated using two different wholesale price indices (known as the “new” index and the “old” index) provided in the Monthly Labor Review (1922) of the U.S. Bureau of Labor Statistics.  The regression results remain essentially unchanged if either of two monthly BLS wholesale price indices are substituted for the Mills index.  Constraining the coefficients to sum to unity, the estimates were:





Using “New” BLS Price Index


(11) � EMBED Equation.2  ���


               (.015)  (.015)


R2 = .981


with an annual ( of .31.


Using “Old” BLS Price Index


(12)  � EMBED Equation.2  ���


                (.014)  (.014)


R2 = .981


with an annual ( of .28.


All three of these estimates using the King dataset find very near the same degree of annual wage adjustment as Bernanke-Carey did during the Great Depression.  However, there is a good reason to suspect that the level of wage adjustment was actually greater, because the King dataset ends just as the recovery was getting underway.  A second problem with the King dataset is that it was necessary to rely on aggregate price level measures, rather than using an industry-specific price measure.  Both of these problems, fortunately, are remedied in the Mills dataset, which has observations through 1923, and provides measures of production, price, and per-unit labor cost for 52 industries.


4. Estimating the Wage Adjustment Equation: the Mills Dataset


Mills (1932) contains data for 52 industries on production, selling prices, and per-unit labor costs.  Unlike the King dataset, then, there is a different measurement of pt for each industry.  In addition, the dataset continues to 1923, so we are able to observe the conditions prevailing after full recovery. A final desirable feature of  the dataset is that it permits joint estimation of the complete set of Bernanke-Carey reduced-form equations, since there are dis-aggregated industry data for each of the variables.


There are however two other features of the Mills dataset which should be noted.  Firstly, it only contains observations for 1914 (the base year), 1919, 1921, and 1923.  Secondly, and probably less importantly, the Mills dataset contains a measure of per-unit labor cost rather than an actual measurement of the wage rate.  But this is probably not a severe problem; we can think of the per-unit labor cost as the nominal wage adjusted for changes in productivity, or alternately we can think of it as a piece-rate rather than a time-rate for labor services.


As with the King dataset, both the unconstrained and the constrained equations were estimated.  The unconstrained regression yielded:


(13) � EMBED Equation.2  ���


               (.092)   (.068)


R2 = .893


�
whereas the constrained regression gave:


(14) � EMBED Equation.2  ���


               (.054)  (.054)


R2 = .855,


with the Bernanke-Carey comparable annual ( being approximately equal to .53  -- a very striking contrast to the King estimate, which set the annual ( somewhere between .25 and .31.


The Mills regression was re-estimated, using the data from 1914 as well as 1919, 1921, and 1923:


(15) � EMBED Equation.2  ���


              (.019)    (.019)


R2 = .784.


The proper method of converting this into an annual figure is ambiguous, because the year gaps between the measurements are not uniform.  If we continue to treat the measured ( as biannual, then the implied annual (=.61; if we take the average of the time gaps, then (=.53, exactly the same as the biannual estimate we derived when we excluded the 1914 measurement altogether.


In any case, it is clear that the annual estimate for ( is markedly higher using the Mills dataset than the results using the King dataset, indicating considerably greater wage flexibility.  And there are several reasons why this higher estimate of ( is more believable.  To begin with, the King estimate of ( accords very closely with the value of ( estimated by Bernanke-Carey for the notoriously sluggish recovery of the Great Depression.  But as we know, the 1920-21 depression was followed by a rapid recovery, leading us to suspect at the outset that the ( for this period must have been greater.  In addition, the Mills dataset is superior to the King dataset in two crucial ways.  Firstly, individual price indices are available for each industry, whereas in the King dataset we must rely upon the same aggregate price index for all of the industries.  Secondly, the Mills dataset contains measurements from 1923, after the recovery was fully underway, whereas the King dataset ended in the first quarter of 1922.  Since the King dataset leaves out most of the period of rapid recovery, we should expect that its estimates of wage adjustment would be too low.


5. Estimating the Aggregate Supply Equation


We now turn to estimating Bernanke-Carey’s second reduced-form equation, the aggregate supply equation.  Estimation here proceeded along two separate lines.  First, the aggregate supply equation was estimated singly.  Then, a non-linear least squares technique, like the one employed by Bernanke-Carey, was employed to jointly estimate both of the reduced-form equations.  In both cases, the movements in prices were treated as exogenous, which is not unreasonable given the standard interpretation of the depression (Friedman-Schwartz, 1963) as induced by exogenous changes in monetary policy.  In any case, there are not any good instruments for the price variable, so treating it as exogenous is probably our best alternative.


The results for the separate estimation of the aggregate supply equation were difficult to reconcile with those of Bernanke-Carey.  In particular, Bernanke-Carey included lagged output as an explanatory variable, using the rationale of adjustment costs.  On this interpretation, the coefficient on lagged output ought to lie somewhere between 0 and 1.  However, as these estimates of equation (7) indicate, the coefficient was outside the expected range. 


(16) � EMBED Equation.2  ���


                (.15)    (.11)      (.07) 


R2 = .901


The implied estimates of the structural parameters were: (=.77, (=.286, (=-.55, and  (= -1.01.  The measurement of ( is particularly anomalous, since it falls so far outside the expected 0-to-1 range.  (Bernanke-Carey’s estimate of ( was about .5).  In addition, (, measuring the excess sensitivity of output to changes in price, has the wrong sign.  These difficulties lead us to duplicate Bernanke-Carey’s non-linear least squares joint estimation of the two reduced-form equations to see if the results become more plausible (see table 1)


As the initial non-linear system estimate reveals, the value of ( remains significantly negative.  Therefore, an alternative specification was estimated in which lagged output was omitted.  Despite its statistical significance, we may conclude that since a negative value of ( is inconsistent with Bernanke-Carey’s adjustment-costs story, there is no reason to think that lagged output matters causally.


A third non-linear systems model was estimated, which constrained (/(1-() to equal .66.  In Bernanke-Carey’s original estimate, they interpreted  (/(1-() as the “long-run elasticity of output to the real wage”; and since they found their initial estimate implausible, they estimated a second version in which the value of this elasticity was restricted to .66, approximately labor’s share of income.  The third estimate repeats their restricted estimation.


As Table 1 shows, none of the three estimates yields entirely satisfying results.  All of them continue to yield a high value of (, confirming the impression that wage adjustment was exceedingly rapid during this period.  And the value of ( is statistically insignificant in all three of the non-linear specifications, which confirms Bernanke-Carey’s finding that there was no “excess sensitivity” in the response of output to changes in the price level.


But there are obvious difficulties with the estimates of the two other parameters.  In both of the unconstrained estimates, ( is statistically insignificant and has the wrong sign.  And in both of the estimates which includes lagged output as a regressor, the coefficient was strongly significant and had the wrong sign.  In the third specification, which constrained  (/(1-() to equal .66, ( did take on a positive and highly significant value.  However, with a negative value of (, Bernanke-Carey’s interpretation of (/(1-() as the long-run elasticity of output with respect to the real wage again seems to break down.


In all likelihood, the implausible estimate of the coefficient on lagged output results from the small number of years observed and the sharpness of the downturn.  The decline and subsequent recovery in output were both so rapid that perhaps the correct interpretation of the ( parameter is simply that it measures the sharpness of the fluctuations in output rather than any sort of adjustment costs.


6. Conclusion


Overall, the Bernanke-Carey framework seems to highlight some interesting contrasts between the Great Depression and the depression of 1920-21.  Despite some extraordinary shocks, the American economy swiftly recovered from the depression of 1920-21.  In contrast, the recovery of the American and the world economies from the Great Depression was extremely slow.  This would lead us to strongly suspect that wage flexibility during the depression of 1920-21 was markedly greater than during the Great Depression, and this impression is strongly confirmed within the Bernanke-Carey framework of this paper.


Despite the empirical success of the Bernanke-Carey model on this issue of wage flexibility during these two depressions, it is considerably less successful in arriving at plausible estimates of all of the aggregate supply parameters.  This is probably due to the data limitations so typical of the period before World War II: as mentioned, the Mills dataset is only biannual.  Coupled with the rapid movements in output during this period, it becomes very difficult to get a sensible estimate of the adjustment costs parameter.


Both the insights and problems of the Bernanke-Carey model point to possible avenues for future research.  The problems with obtaining plausible parameters for aggregate supply during this period should lead us simply to look for better data, if it exists.  More frequent data on industry output is available; the difficulty is splicing this with existing data on prices and especially wages in order to get better estimates, especially of output adjustment costs.  The other avenue of future research is to more closely examine the evolution of wage flexibility during the 1920’s and 30’s.  If we accept as a stylized fact that wages did indeed become less flexible during this period, it is necessary to try to figure out what factors could have contributed to this process.  On the other hand, if we take a more conservative approach, we will need to do a more thorough and disaggregated comparison of wage adjustment by industry during the 20’s and 30’s and see if the apparent change in the degree of wage flexibility is still readily detectable.


�
Table 1: Joint Estimation of Wage Adjustment and Aggregate Supply Equations


Parameter�
Estimate #1 (t-stat)�
Estimate #2 (t-stat)�
Estimate #3 (t-stat)�
�
(�
-1.51 (0.89)�
-2.42 (1.40)�
1.29 (8.49)�
�
(�
.777 (5.35)�
.777 (7.42)�
.879 (6.06)�
�
(�
.13 (0.39)�
.26 (0.78)�
-.342 (1.21)�
�
(�
-.945 (6.77)�
--�
-.954 (6.31)�
�



Notes: Estimate #1 is an unconstrained estimate of the reduced-form wage adjustment and aggregate supply equations.  Estimate #2 drops lagged output from the equation.  Estimate #3 constrains the elasticity of output to the real wage ((/(1-()) to equal .66.
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