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Online Appendix 1

MATHEMATICAL DERIVATION OF THE MEASURES 
OF THE DEMAND SHIFTS AND SUPPLY SHIFTS
The equations in the text used to measure the size of the demand and supply shifts can be derived from the log-linear labor demand and supply equations (1a) and (1b), respectively. 
Ln(E) = a0 – a1 ln(w) + ln(D)
(1a) 

Ln(E) = b0 + b1 ln(w) + ln(S)
 (1b)

In the equations w is the wage, E is employment, D is a factor that shifts labor demand and S is a factor that shifts labor supply. The log-linear demands imply that the parameters a1 and b1 are the demand and supply elasticities of employment with respect to wages, respectively, and they are all absolute values. For example, the labor demand elasticity of employment with respect to the wage is a1 and the negative sign in front of it implies a downward sloping short-run demand for labor, while the positive sign in front of b1 implies an upward sloping supply of labor. If the demand shift factor D increases, the positive sign suggests that labor demand increases and raises earnings for every level of employment. The positive sign in front of ln(S) suggests that an increase in the supply shift factor S increases supply. 


If we assume an equilibrium model in which the wage adjusts to equate the ln(E)s from the labor demand and supply functions, we can solve for ln(w) and ln(E) to obtain reduced form functions in which the two are functions of both the natural logs of both the labor demand shifter (D) and the labor supply shifter (S). 
ln(w) = [(a0 – b0) + ln(D) – ln(S)]/ (b1+ a1)
 (2a)

Ln(E) = [b1a0 + a1b0 + a1 ln(S) + b1 ln(D)]/(a1+b1)
(2b)

Similarly, the ln(w*) and ln(E*) associated with a prior equilibrium can be written

ln(w*) = [(a0 – b0) + ln(D*) – ln(S*)]/ (b1+ a1).
 (3a)

Ln(E*) = [b1a0 + a1b0 + a1 ln(S*) + b1 ln(D*)]/(a1+b1),
 (3b)

where the asterisks refer to the prior value. 
After subtracting the equations with the prior values from the current year equations and multiplying both sides by (a1 + b1), the equations become 
(Ln(w) – ln(w*)) (a1+b1) = (ln(D) – ln(D*)) – (ln(S) – ln(S*)),
 (4a)

(Ln(E) – Ln(E*) (a1+ b1) = a1 (ln(S) – ln(S*)) + b1 (ln(D) – ln(D*)).
(4b)

The amount that a factor shifts supply (SS) relative to the trend is ln(S), such that

SS = [ln(S) – ln(S*)].
 (5a)

Similarly, the amount that a factor shifts demand (DD) measures its impact on the demand curve, such that

DD= [ln(D) – ln(D*)].
(5b)

After substituting DD and SS from equations (5a) and (5b) into equations (4a) and (4b), and rearranging terms, the equations become.

[Ln(E) – Ln(E*)] (a1+ b1) = a1 SS + b1 DD
(6a)

[Ln(w) – ln(w*)] (a1+b1) = DD – SS
 (6b)

Solve equations (6a) and (6b) for SS and DD to get equations that show the size of SS and DD as a function of the changes in employment and the wage.

SS = [Ln(E) – Ln(E*)] – b1 [Ln(w) – ln(w*)] 
 (7a)

DD = [Ln(E) – Ln(E*)] + a1 [Ln(w) – ln(w*)] 
 (7b)

When the model is constructed this way SS measures the change in log(employment) caused by the shift in supply while holding the wage constant, and DD measures the change in log(employment) caused by the shift in demand while holding the wage constant.
 As in the discussion of the text, we are assuming a single elasticity for demand and supply. If there is the possibility that the elasticities might have changed, it would be important to calculate the estimates of the supply and demand shifts over a range of elasticities to establish potential bounds for the size of the shifts. 
Online Appendix 2

COMPLETE GRAPHICAL ANALYSIS
The Appendix provides the full graphical analysis associated with measuring shifts in labor demand and supply both with and without wage ceilings. The discussion also lays out some of the subtleties in the analysis that arose in discussions in presentations of the article. The first part largely repeats material in the text of the article so that the reader does not have to go reread the article to follow the Appendix. 
The analysis can be more specific about the size of changes in labor demand and supply, if one is willing to make assumptions about the elasticities of employment (E) with respect to earnings (w) for the labor demand and labor supply curves. Consider the log linear demand and supply functions plotted in Figure 2-1. To make the discussion easier to follow, we chose a set of numbers rather than symbols to represent the ln(earnings) and ln(employment) equations. The starting equilibrium is point A where demand line D1(–0.8) intersects with Supply line S1(3), ln(earnings) equal 7.8 and ln(employment) is 10.8. The values in parenthesis for D1 and S1 are the elasticities of employment with respect to earnings used to draw the supply and demand lines. After demand rises to D2(–0.8) and supply falls to S2(3) the new equilibrium is at point B where ln(earnings) equal 8 and ln(employment) is 11.2. 
The size of the demand change is defined as the difference in ln(employment) between points on the new demand curve and the old demand curve measured at a specific level of ln(earnings). In practice, the measurement is either made at the original ln(earnings) or the new ln(earnings). The actual change in ln(employment) that occurs in Figure 2-1 is a rise of 0.4 from 10.8 at point A to 11.2 at point B. To find the change in ln(employment) caused by the demand shift we need to subtract the change in ln(employment) associated with the change in ln(earnings) from the actual change in ln(employment) between points A and B. The equation takes the form
DD = [ln(EB) – ln(EA)] – eD [ln(WB) – ln(WA)].
(1)

DD is the demand shift measure, EB and EA are employment at locations A and B, WA and WB are earnings at points A and B, and eD is the demand elasticity, which is assumed to be negative. Thus, the shift measure can be rewritten using the absolute value of the demand elasticity |eD| as

DD = [ln(EB) – ln(EA)] + |eD| [ln(WB) – ln(WA)].
(2a)

A mathematical derivation of the equation is shown in Appendix 1.

To measure the change in demand associated with this change in equilibrium in Figure 2-1, pick a level of ln(earnings) and then measure the gap between ln(employment) at that level. Pick ln(earnings) of 8 at the new equilibrium B and the gap to be measured is the horizontal difference between points C and B. That difference is the known horizontal gap between A and B of 0.4 minus the change in ln(employment) from A and C, which is the reduction along the original demand D1(–0.8) curve associated with the 0.2 rise in ln(earnings). In the figure a demand elasticity of –0.8 is assumed for the original demand D1(–0.8). The rise in price from 7.8 to 8 caused the ln(employment) to fall from 10.8 at point A to 10.64 at point C along D1(–0.8). This –0.16 reduction is the change in ln(earnings) of 0.2 multiplied by the elasticity of –0.8. The demand shift measure using ln(earnings) of 0.8 is therefore the horizontal gap between A and B of 11.2 – 10.8 = 0.4 minus the horizontal gap between A and C of 
–0.16 for a total of 0.56. 
The demand change also can be measured at the original ln(earnings) of 7.8. In this case the demand change is the horizontal difference in ln(employment) between points A and E. If ln(earnings) had stayed fixed at 7.8 when demand rose to D2(–0.8), ln(employment) would have risen from 10.8 at point A to 11.36 at point E. To move from there to the new equilibrium at point B, ln(earnings) rose by 0.2 from 7.8 at point E to 8 at point B. Assuming an elasticity of –0.8, this caused ln(employment) to fall back along the new demand D2(–0.8) to point B, leading to a change in ln(employment) of –0.8 *0.2= –0.16. Here again, the difference in ln(employment) between A and B is known to be 0.4 and we subtract the estimated change in ln(employment) from E to B of –0.16 to find the 0.56 difference in ln(employment) between points A and E. 
Notice three features of this analysis. First, the labor supply elasticity is not needed to measure the size of the demand shift, which is the horizontal change in ln(employment) on the demand curves at a particular ln(earnings) level. The labor supply elasticity plays an indirect role as one of the determinants of the location of the equilibrium points A and B in Figure 2-1. The actual ln(employment) data establishes that horizontal difference between A and B, so we do not need the labor supply elasticity to find it. Once we know the horizontal difference between A and B, the horizontal difference associated with the demand shift can be found by exclusively using the labor demand elasticity of employment with respect to earnings. Second, when one equilibrium ln(earnings) is used to measure the demand change, the elasticity assumption is applied to the other demand curve. Thus, measuring the demand change at the new equilibrium ln(earnings) at B means applying the elasticity assumption to the original demand D1; measuring the demand change at the old ln(earnings) at A means applying the elasticity assumption to the new demand D2. Third, the measures will be the same if the same elasticity is applied to the two curves. 
 
Equation (2a) shows that the measurement of the demand shift differs with the elasticity assumed. If we assume a perfectly inelastic new demand D(0) with an elasticity of 0, the demand line would be the vertical line D2(0) at ln(employment) of 11.2. We are still comparing equilibriums at points A and B because D2(0) passes through the new equilibrium at point B. When the demand shift is measured at the original ln(earnings) of 7.8, it is the horizontal gap between A and F. The elasticity of 0 for D2(0) implies no change in ln(employment) associated with the rise in price that leads to the new equilibrium at point B. As a result, the horizontal gap between A and F is the same as the horizontal gap between A and B and equals 0.4. The demand shift with this more inelastic demand is smaller than when we had a more elastic demand elasticity of –0.8. In general, if both ln(earnings) and ln(employment) rise, a more elastic demand assumption will lead to a larger measured rise in demand. The impact of the demand elasticity assumption on the size of the demand shift is shown for all combinations of changes in ln(earnings) and ln(employment) in Appendix Table 2-1. As another example, if ln(earnings) fall and ln(employment) rises, a more elastic demand will lead to a rise in demand.

There is one other feature to note here. When the equilibrium moves from point A to point B and we measure the demand change, we are always making an assumption about the elasticity of only one of the demand curves. Thus, if the elasticity of the original and the new demand curves are different, we will get different estimates of the demand shift depending on which elasticity is used; therefore, it is important to provide a range of estimates of the demand shift if it is probable that the demand elasticity had changed. 
 
The measurement of a supply shift follows the same process. The supply shift SS is calculated as the actual change in ln(employment) minus the change in ln(employment) associated with the change in earnings between the two equilibrium points.

SS = [Ln(E) – Ln(E*)] – b1 [Ln(w) – ln(w*)]
 (2b)

On Figure 2-1 the measure of the supply shift from S1(3) to S2(3) when using the new ln(earnings) of 0.8 is the horizontal distance between G and B. We know ln(employment) at points A and B. Finding point G requires an assumption about the supply elasticity of ln(employment) with respect to ln(earnings). S1(3) assumes a supply elasticity of 3. The 0.2 rise in ln(earnings) between points A and B would have led to a rise in ln(employment) along S1(3) from 10.8 at point A to 11.4 at point G. The difference of 0.6 can be found by multiplying the rise in ln(earnings) of 0.2 by the supply elasticity of 3. Using equation (2b) the measure of the change in supply is the actual change in ln(employment) from point A to B of 0.4 minus the change in employment from A to G associated with the ln(earnings) rise) of 0.6, which is a reduction in supply by –0.2.

If we were to measure the supply change at the original ln(earnings) of 7.8 the supply reduction would be measured as the horizontal reduction between points A and H, which would be the actual gap in ln(employment) between A and B of 0.4 minus the estimated gap in ln(employment) between B and H of 0.6 along the new supply curve S2(3). If the elasticity is assumed to be 3, the reduction in supply will again be –0.2. 
As with the demand shift measure, the assumed elasticity determines the size of the supply shift. Appendix Table 2-1 shows how the assumed elasticity influences the size of the shift with different combinations of changes in ln(earnings) and ln(employment). For example, most of the changes related to the war are associated with increases in both ln(earnings) and ln(employment). In such a situation an increase in the supply elasticity would lead to a more negative estimate of the supply shift.

Measuring Shifts When Wage Ceilings Are in Place

The measurement of supply and demand shifts moving into and out of WWII is complicated by the wage and salary controls imposed by the federal government between September 1942 and 1946. Figure 2-2 shows the implications of the controls for measuring the shifts. Narratives describe a rise in both labor demand and supply for women during the war, so we show the impact of a rise in demand from D1(–0.8) to D2(–0.8) and a rise in supply from S1(3) to S2(3). Had there been no wage controls, the changes would have led to a move from point A to point B, ln(earnings) would have risen from 7.85 to 7.95, and ln(employment) would have risen from 10.7.5 to 11.25. An effective wage ceiling at 7.9 caused the actual change to be a move from point A to point C, limiting the rise in ln(earnings) to a move from 7.85 to 7.9 and the rise in ln(employment) to a move from 10.75 to 11.1. As a result, the measure of the rise in demand is underestimated; using a demand elasticity of –0.8 the true measure would have been the gap of 0.56 between points E and F, while the actual measured gap is lower at 0.38, the distance between C and F at the ceiling of 7.9. 
If the assumed supply elasticity is correct, we still can find the true change in labor supply using equation (2b) at the new ln(earnings) of 7.9 at point C. With a supply elasticity of 3, the 0.5 rise in earnings would have caused a move up the original supply curve S1(3) from A to D, which is a rise in ln(employment) of 10.9 – 10.75 = 0.15. This leaves the remaining gap between C and D as the measure of the supply shift, 11.1 – 10.9 = 0.2. Had the wage control not been in place the supply shift measure would have been the gap between G and B, 11.28 – 11.08 = 0.2, which is the same as the gap at the wage ceiling. Had the wage ceiling been set at the starting point ln(earnings) of 7.85 at point A, there would have been no change in ln(earnings) and the supply shift would have been the change in ln(employment) between points A and H, which again is 0.2. 
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Appendix Figure 2-1

MEASURING THE SIZE OF DEMAND AND SUPPLY SHIFTS IN DIFFERENT WAYS AND WITH DIFFERENT ELASTICITIES
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Appendix Figure 2-2

MEASURING THE SIZE OF SUPPLY AND DEMAND SHIFTS WHEN THERE IS A WAGE CEILING

Appendix Table 2-1
Implications for Changes in Demand and Supply from Different Elasticities under the Combination of Potential Changes in Earnings and Employment

	
Earnings 
	
Employment
	More Elastic Demand 
Leads Demand Shift to Be
	More Elastic Supply 
Leads Supply Shift to Be

	Rise
	Rise
	More positive
	Less positive

	Fall
	Fall
	More negative
	Less negative

	Rise 
	Fall
	Less negative
	More negative

	Fall 
	Rise 
	Less positive
	Less positive

	Rise 
	No change
	More positive
	More negative 

	No change
	Rise
	No different
	No different

	Fall
	No change
	More negative 
	More positive

	No change
	Fall
	No different 
	No different


Online Appendix 3
COMPARING RESULTS FOR 1939 AND 1949 USING DATA FROM THE POPULATION CENSUS 
AND THE PENNSYLVANIA INDUSTRY REPORTS
In the text we focused on the data from the Pennsylvania Department of Internal Affairs for several reasons. First, we had annual data that allowed us to show the changes before, during, and after the war. Second, we wanted to use the year 1941 because that was the pre-war year between 1929 and 1942 that was the closest to the long-run trend situation. Third, we could use the Internal Affairs data to develop a counterfactual based on business cycle peaks in the 1920s. Fourth, we could also develop the residual demand estimates by estimating regressions with several types of controls. 
To check the robustness of the findings for Pennsylvania, we have also made the same calculations for Pennsylvania using data from the IPUMS 1-percent samples from the 1940 and 1950 population censuses. To check comparability, we aggregated the Census data in a way that would match up with how the Pennsylvania Internal Affairs data were structured. The Census information covers two time periods. The wage and salary income and the number of weeks worked during the year refer to the years 1939 and 1949. The person’s employment status, industry, and occupation and the number of hours worked the previous week refer to March 1940 and 1950. Thus, any variable that uses measures from both time frames will be somewhat mismatched with information for Pennsylvania. Since the March information was within two or three months of the end of 1939 and 1949 and the weeks worked and income data are for those years, the IPUMS data most closely measures the situation in 1939 and 1949. 
The IPUMS used the reports of industry and occupations reported in each year to put people into broader industry and occupation classifications based on the 1950 structure. The industry listings matched well with our industry listings and thus we feel confident that both sources are reporting on the same group of workers in manufacturing. In the occupation listings we classified people listing occupations as clerks, managers and professionals, and technicians as salaried workers, while operatives, craft workers, and laborers were categorized as wage workers. 
To obtain an average employment concept similar to what the Pennsylvania state department reported, we used the information on weeks worked per year. Essentially, average employment reported by Pennsylvania was based on the average number of workers on the payroll over the course of the year. Since people in the Census worked varying amounts of weeks during the year, we sought to take into account the probability that they would appear on the payroll in any month. Assuming that employment spells were continuous, we assumed that people who worked less than 4.333 weeks (52 weeks divided by 12 months) would have appeared on 1 payroll, those working between 4.333 and 8.667 weeks would have appeared on 2 payrolls, and those working more than 47.667 weeks appeared on all 12 monthly payrolls. We then aggregated the number based on the number of months each worked and divided by 12 to get the average number working on the payrolls.
 
To calculate average annual earnings to match the way they were calculated in the Pennsylvania data we then used the census reports on wage and salary income to sum up the total earnings in each category of workers and then divided by the average employment. To be included in the total and the average employment for this calculation people had to have reported positive earnings and hours for the year. In the wage worker male and female categories we calculated average hourly earnings for people who reported working positive hours and received positive incomes by dividing wage and salary income in 1939 by a measure of total hours worked that was calculated as weeks worked in 1939 times the number of hours worked in the previous week in March 1940. The same process was followed for 1949 using incomes and weeks worked from 1949 and the number of hours from March 1950. 
The comparisons between the census and the state report information focus on the years 1939 to 1949. The year 1939 is quite different from 1941 and the post-war years. In 1939 real gross domestic product (GDP) per capita had just barely reached its 1929 level and was therefore well below trend predictions. The unemployment rate was 11.3 percent or 17.2 percent if people on emergency work relief are counted as unemployed. These compare with a real GDP per capita in 1941 that was on a long-run growth trajectory from 1929 of 1.5 percent per year and unemployment rates of 5.9 and 9.9. Thus the comparisons using 1939 and 1949 are comparing a still heavily damaged economy to the post-war setting. We prefer the comparison from 1941 just before mobilization and the post-war setting.

Appendix Table 3-1 shows the changes between 1939 and 1949 for salaried workers using data from the Population Census and the state of Pennsylvania. For the wage workers the comparisons are made for 1939 to 1949 from the Census and for 1939 to 1948 for the Pennsylvania state data because data on hourly earnings are not available after 1948 from the National Industrial Conference Board (NICB) source. There were some large differences in the log point changes over the decade. The Census reports a much larger increase in average salaries for female salaried workers and virtually no change in total hours worked for female production workers. Frankly, for employment counts, we trust the Pennsylvania state reports more because there was no question about whether the firms were manufacturing firms or not, whereas the reporting of industry by individuals in the census allowed for much more error in assigning people to industries. 
Despite the differences in reported ln(earnings) and ln(employment), both the Census and the Pennsylvania state data imply very large increases in the demand for manufacturing workers of all classifications between 1939 and 1949. These changes are substantially larger than for the periods starting in 1941 in the text because 1939 was still a Depression year and manufacturing demand for workers was still well below the 1929 level and even further below any long-term trend level. 
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Appendix Table 3-1
COMPARISONS OF CHANGES IN DEMAND AND SUPPLY USING IPUMS DATA AND PENNSYLVANIA INTERNAL AFFAIRS DATA
	
	Changes In

	
	
	
	Demand When Elasticity Is
	Supply When 
Elasticity Is

	
	ln(salary)
	ln(employ-ment)
	–0.3
	–0.8
	–1.5
	1
	3
	5

	Female Salaried Workers
	
	
	
	
	
	
	
	

	Census change from 1939 to 1949
	0.245
	0.644
	0.72
	0.84
	1.01
	0.40
	–0.09
	–0.58

	PA State change from 1939 to 1949
	0.177
	0.646
	0.70
	0.79
	0.91
	0.47
	0.11
	–0.24

	Male Salaried Workers
	
	
	
	
	
	
	
	

	Census change from 1939 to 1949
	0.160
	0.881
	0.93
	1.01
	1.12
	0.72
	0.40
	0.08

	PA state change from 1939 to 1949
	0.082
	0.430
	0.45
	0.50
	0.55
	0.35
	0.18
	0.02

	
	
	
	
	
	
	
	
	

	Female Production Workers
	ln(earnings)
	ln(hours)
	
	
	
	
	
	

	Census change from 1939 to 1949
	0.318
	–0.004
	0.09
	0.25
	0.47
	–0.32
	–0.96
	–1.59

	PA state change from 1939 to 1948
	0.273
	0.404
	0.49
	0.62
	0.81
	0.13
	–0.41
	–0.96

	Male Production Workers
	
	
	
	
	
	
	
	

	Census change from 1939 to 1949
	0.248
	0.336
	0.41
	0.53
	0.71
	0.09
	–0.41
	–0.90

	PA state change from 1939 to 1948
	0.197
	0.293
	0.35
	0.45
	0.59
	0.10
	–0.30
	–0.69


Notes: Census information refers to data from the Integrated Public Use Microdata One-Percent Samples from the U.S. Population Censuses of 1940 and 1950 (Ruggles et al. 2015). PA state data refers to data from the Pennsylvania Department of Internal Affairs (various years).
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EARNINGS REGRESSIONS USING THE IPUMS DATA FOR 1939 AND 1949 AND OAXACA DECOMPOSITIONS OF THE DIFFERENCE IN EARNINGS BETWEEN THE TWO YEARS

We use the IPUMS data from 1939 and 1949 to estimate the impact of individual characteristics of the workers in Oaxaca wage decompositions in two settings. We estimated separate regression models for ln(earnings) in 1939 and 1949 as a functions of individual characteristics, and then use an Oaxaca decomposition to see how much of the difference between earnings in 1939 and 1949 are due to changes in the mean characteristics of the workers and how much of the difference is left unexplained. 

Appendix Table 4-1 shows coefficients of the regressions for 1939 and 1949 for the wages of female wage workers as a function of age, schooling, racial and ethnic status, living in a metro area, marital status, and the number of children in the home and ever born, as well as the means for 1939 and 1949 and the components of an Oaxaca decomposition. The coefficients have the expected signs and are statistically significant (t-statistics not shown). Appendix Table 4-2 shows the same information for female salaried workers.  Appendix Tables 4-3 and 4-4 are for male wage workers and male salaried workers, respectively.
The Oaxaca decomposition in Appendix Table 4-1 shows how much of the difference in mean ln (hourly earnings) between 1939 and 1949, which is 0.282264, can be attributed to differences in the means of the correlates from the regression. As an example, mean years of schooling rose by 0.7 years from 8.53 in 1939 to 9.23 in 1949. When multiplied by the coefficient of 0.0108 from the 1939 regression this leads to a difference of 0.0075. After dividing by the gap of 0.282264, this means that 2.68 percent of the difference in mean ln(earnings) between 1939 and 1949 is explained by the differences in the mean years of schooling. Using the 1949 coefficient of 0.0212 the difference in mean schooling accounts for 5.25 percent of the difference in ln(earnings). The bottom of the table, which is Table 7 in the article, shows the shares explained by differences in means by categories: productivity characteristics like age (3.6 or 4.8%) and schooling (1.6 or 2.6%); household characteristics (4.1 or –3.4%); race and ethnicity (–1.1 or –3.9); occupational mix (1.2 or 1.4); and industry mix (1.3 or 0.5). In total the correlates explain 11.9 percent of the difference in earnings using the 1939 coefficients and only 4.9 percent using the 1949 coefficient. In other words, 88.1 and 95.1 percent of the differences are not explained by the individual characteristics, respectively. 
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Appendix Table 4-1
OLS Coefficients from LN(real hourly earnings) Regressions for Female Wage Workers in 1939 and 1949 With Means and Shares of Mean Difference in LN(real hourly earnings) Explained by Differences in Means of Correlates

	
	Coefficients
	Means
	Difference Explained by Difference in Means Using Coefficients for
	Percentage of Difference Explained by Difference in Means Using Coefficients for

	
	1939
	1949
	1939
	1949
	1939
	1949
	1939
	1949

	Years of schooling
	0.006
	0.011
	8.529
	9.228
	0.005
	0.007
	1.6
	2.6

	Age
	0.015
	0.012
	31.173
	35.765
	0.070
	0.054
	24.7
	19.3

	Age squared
	0.000
	0.000
	1083
	1416
	–0.060
	–0.041
	–21.1
	–14.4

	Nonwhite
	–0.083
	–0.095
	0.018
	0.044
	–0.002
	–0.002
	–0.8
	–0.9

	Foreign born
	0.042
	0.069
	0.024
	0.068
	0.002
	0.003
	0.7
	1.1

	Native born with foreign-born parents
	–0.012
	–0.051
	0.078
	0.306
	–0.003
	–0.012
	–1.0
	–4.1

	Lives in metro area
	–0.005
	0.114
	0.821
	0.793
	0.000
	–0.003
	0.1
	–1.1

	Married spouse present
	–0.008
	0.044
	0.382
	0.488
	–0.001
	0.005
	–0.3
	1.7

	Married spouse absent
	0.126
	0.037
	0.067
	0.020
	–0.006
	–0.002
	–2.1
	–0.6

	Divorced
	0.157
	–0.021
	0.015
	0.068
	0.008
	–0.001
	3.0
	–0.4

	Widowed
	0.013
	0.016
	0.060
	0.094
	0.000
	0.001
	0.2
	0.2

	Children in home
	–0.015
	–0.002
	0.532
	0.440
	0.001
	0.000
	0.5
	0.1

	Children ever born
	0.001
	–0.007
	0.387
	1.685
	0.001
	–0.009
	0.5
	–3.3

	Operative occupation
	–0.030
	0.091
	0.925
	0.907
	0.001
	–0.002
	0.2
	–0.6

	Craft occupation
	0.101
	0.188
	0.041
	0.071
	0.003
	0.006
	1.1
	2.0

	Chemicals
	–0.023
	0.137
	0.021
	0.010
	0.000
	–0.002
	0.1
	–0.6

	Clay and glass
	–0.065
	–0.119
	0.026
	0.022
	0.000
	0.000
	0.1
	0.2

	Food and beverage
	–0.051
	–0.047
	0.068
	0.050
	0.001
	0.001
	0.3
	0.3

	Rubber and leather
	–0.013
	–0.127
	0.041
	0.031
	0.000
	0.001
	0.0
	0.4

	Wood
	–0.117
	–0.124
	0.013
	0.007
	0.001
	0.001
	0.3
	0.3

	Iron and steel
	0.010
	–0.137
	0.043
	0.058
	0.000
	–0.002
	0.1
	–0.8

	Paper
	–0.110
	–0.173
	0.025
	0.022
	0.000
	0.001
	0.1
	0.2

	Textiles
	–0.077
	–0.097
	0.593
	0.585
	0.001
	0.001
	0.2
	0.3

	Tobacco
	–0.067
	–0.179
	0.044
	0.041
	0.000
	0.000
	0.1
	0.1

	Constant
	0.169
	0.491
	1.000
	1.000
	0.000
	0.000
	0.0
	0.0

	Mean of dependent variable
	–0.065
	0.217
	 
	 
	0.282
	0.282
	 
	 

	Share explained by 
	
	
	
	
	
	
	
	

	 All factors
	
	
	
	
	0.023
	0.005
	8.3
	1.9

	 Schooling
	
	
	
	
	0.005
	0.007
	1.6
	2.6

	 Age
	
	
	
	
	0.010
	0.014
	3.6
	4.8

	 Race and ethnicity
	
	
	
	
	–0.003
	–0.011
	–1.1
	–3.9

	 Metro
	
	
	
	
	0.000
	–0.003
	0.1
	–1.1

	 Household 
	
	
	
	
	0.012
	–0.010
	4.1
	–3.4

	 Occupation mix
	
	
	
	
	0.004
	0.004
	1.2
	1.4

	 Industry mix
	
	
	
	
	0.004
	0.001
	1.3
	0.5

	Not explained
	 
	 
	 
	 
	0.259
	0.277
	91.7
	98.1


Notes: The occupation dummies for the salaried workers are for managers and then professionals and technicians with clerks as the left-out category. The coefficients and means are from a sample of Pennsylvania data from the IPUMS Census Samples for 1940 and 1950 (Ruggles et al. 2015). The workers were between the ages of 10 and 65 and listed as “at work” in manufacturing industries working more than 35 hours per week in the census year and more than 40 weeks in the prior year with nominal incomes exceeding $350 in 1940 and $560 in 1950. Wage workers were operatives, craft workers, and laborers in the occupation listings and salaried workers were clerks, managers and professionals, and technical workers in the occupational listings. Annual earnings were used for salaried workers and hourly earnings for wage workers. The wages were adjusted to 1967 using the Consumer Price Index from U.S. Bureau of the Census (1975, series E-135). The percentage of the difference explained using the coefficient for 1939 for schooling was constructed by multiplying the schooling coefficient for 1939 by the difference in the mean schooling for the sample group between 1939 and 1949 and then dividing by the difference in ln(earnings) and multiplying by 100. The percentage explained by all factors is the sum of the percentages for the individual factors. The coefficients and means for each characteristic are reported in Appendix 3. The correlates in regression equations include years of schooling, age and age-squared, nonwhite, foreign born, native born with foreign parents, metro residence married spouse present, married spouse absent, divorced, widowed, children in home, children ever born, occupation categories, and industry categories.
Appendix Table 4-2

OLS Coefficients from LN(Real Annual Earnings) Regressions for Female Salaried Workers in 1939 and 1949 With Means and Shares of Mean Difference in LN(Real Annual Earnings) Explained by Differences in Means of Correlates
	
	Coefficients
	Means
	Difference Explained by Difference in Means Using       Coefficients for
	Percentage of Difference Explained by Difference in Means Using Coefficients for

	
	1939
	1949
	1939
	1949
	1939
	1949
	1939
	1949

	Years of schooling
	0.022
	0.006
	11.368
	11.775
	0.009
	0.002
	3.2
	0.8

	Age
	0.099
	0.095
	30.502
	31.394
	0.089
	0.085
	31.4
	30.0

	Age squared
	–0.001
	–0.001
	1023.978
	1093.511
	–0.072
	–0.082
	–25.6
	–29.0

	Nonwhite
	0.000
	–0.008
	0.000
	0.008
	0.000
	0.000
	0.0
	0.0

	Foreign born
	0.017
	–0.107
	0.017
	0.028
	0.000
	–0.001
	0.1
	–0.4

	Native born with foreign-born parents
	0.132
	–0.015
	0.083
	0.216
	0.017
	–0.002
	6.2
	–0.7

	Lives in metro area
	0.139
	0.044
	0.879
	0.906
	0.004
	0.001
	1.3
	0.4

	Married spouse present
	–0.022
	–0.023
	0.151
	0.387
	–0.005
	–0.005
	–1.9
	–1.9

	Married spouse absent
	–0.026
	0.189
	0.036
	0.002
	0.001
	–0.006
	0.3
	–2.3

	Divorced
	–0.018
	0.158
	0.030
	0.026
	0.000
	–0.001
	0.0
	–0.2

	Widowed
	–0.218
	0.356
	0.033
	0.038
	–0.001
	0.002
	–0.3
	0.6

	Children in home
	–0.137
	–0.158
	0.104
	0.113
	–0.001
	–0.001
	–0.4
	–0.5

	Children ever born
	–0.005
	0.024
	0.155
	0.688
	–0.002
	0.013
	–0.9
	4.5

	Professional technician
	–0.064
	0.154
	0.025
	0.080
	–0.004
	0.009
	–1.3
	3.0

	Manager
	0.332
	–0.371
	0.017
	0.032
	0.005
	–0.006
	1.8
	–2.0

	Chemicals
	0.114
	–0.234
	0.051
	0.050
	0.000
	0.000
	0.0
	0.1

	Clay and glass
	–0.119
	–0.353
	0.036
	0.047
	–0.001
	–0.004
	–0.4
	–1.3

	Food and beverage
	0.019
	–0.263
	0.047
	0.074
	0.001
	–0.007
	0.2
	–2.5

	Rubber and leather
	–0.038
	–0.022
	0.041
	0.018
	0.001
	0.000
	0.3
	0.2

	Wood
	0.065
	–0.226
	0.015
	0.013
	0.000
	0.001
	–0.1
	0.2

	Iron and steel
	0.034
	0.101
	0.174
	0.181
	0.000
	0.001
	0.1
	0.2

	Paper
	–0.026
	–0.046
	0.033
	0.056
	–0.001
	–0.001
	–0.2
	–0.4

	Textiles
	–0.004
	–0.097
	0.176
	0.137
	0.000
	0.004
	0.1
	1.3

	Tobacco
	0.039
	0.173
	0.006
	0.005
	0.000
	0.000
	0.0
	0.0

	Constant
	5.392
	6.167
	1.000
	1.000
	0.000
	0.000
	0.0
	0.0

	Mean of Dependent Variable
	7.729
	7.926
	 
	 
	0.198
	0.198
	 
	 

	All Factors
	
	
	
	
	0.039
	0.000
	13.8
	0.0

	 Age and schooling
	
	
	
	
	0.025
	0.005
	9.0
	1.9

	 Race and ethnicity
	
	
	
	
	0.016
	0.003
	6.3
	–1.2

	 Metro
	
	
	
	
	–0.072
	–0.083
	16.6
	1.1

	 Household 
	
	
	
	
	0.018
	–0.003
	–3.2
	0.1

	 Occupation mix
	
	
	
	
	0.021
	–0.002
	0.6
	1.0

	 Industry mix
	
	
	
	
	0.016
	–0.006
	–0.1
	–2.2

	Not explained
	 
	 
	 
	 
	0.159
	0.197
	86.2
	100.0


Notes: See notes to Appendix Table 4-1.
Appendix Table 4-3

OLS Coefficients from LN(Real Hourly Earnings) Regressions for Male Wage Workers in 1939 and 1949 With Means and Shares of Mean Difference in LN(Real Hourly Earnings) Explained by Differences in Means of Correlates

	 
	Coefficients
	Means
	Difference Explained by Difference in Means Using Coefficients for
	Percentage of Difference Explained by Difference in Means Using Coefficients for

	
	1939
	1949
	1939
	1949
	1939
	1949
	1939
	1949

	Years of schooling
	0.021
	0.031
	8.327
	8.846
	0.011
	0.016
	3.9
	5.7

	Age
	0.033
	0.023
	37.283
	40.383
	0.101
	0.071
	36.0
	25.1

	Age squared
	0.000
	0.000
	1532.947
	1785.625
	–0.086
	–0.054
	–30.3
	–19.3

	Nonwhite
	–0.112
	–0.149
	0.030
	0.045
	–0.002
	–0.002
	–0.6
	–0.8

	Foreign born
	0.244
	0.185
	0.045
	0.113
	0.017
	0.013
	5.9
	4.5

	Native born with foreign-born parents
	0.014
	0.059
	0.060
	0.231
	0.002
	0.010
	0.9
	3.6

	Lives in metro area
	0.116
	–0.027
	0.849
	0.837
	–0.001
	0.000
	–0.5
	0.1

	Married spouse present
	0.026
	0.353
	0.703
	0.752
	0.001
	0.017
	0.5
	6.1

	Married spouse absent
	–0.012
	0.074
	0.032
	0.029
	0.000
	0.000
	0.0
	–0.1

	Divorced
	–0.110
	0.035
	0.007
	0.019
	–0.001
	0.000
	–0.5
	0.1

	Widowed
	–0.048
	0.120
	0.021
	0.031
	0.000
	0.001
	–0.2
	0.4

	Children in home
	0.010
	–0.036
	1.325
	0.864
	–0.005
	0.016
	–1.6
	5.8

	Operative occupation
	0.057
	0.117
	0.423
	0.485
	0.004
	0.007
	1.3
	2.6

	Craft occupation
	0.172
	0.194
	0.321
	0.353
	0.006
	0.006
	2.0
	2.2

	Chemicals
	0.035
	–0.123
	0.031
	0.028
	0.000
	0.000
	0.0
	0.2

	Clay and glass
	–0.046
	–0.101
	0.061
	0.047
	0.001
	0.001
	0.2
	0.5

	Food and beverage
	–0.092
	–0.199
	0.078
	0.066
	0.001
	0.002
	0.4
	0.8

	Rubber and leather
	0.148
	–0.334
	0.023
	0.031
	0.001
	–0.003
	0.4
	–0.9

	Wood
	–0.166
	–0.337
	0.032
	0.021
	0.002
	0.004
	0.7
	1.3

	Iron and steel
	–0.020
	0.047
	0.340
	0.341
	0.000
	0.000
	0.0
	0.0

	Paper
	0.030
	–0.165
	0.031
	0.027
	0.000
	0.001
	0.0
	0.2

	Textiles
	–0.081
	0.099
	0.113
	0.113
	0.000
	0.000
	0.0
	0.0

	Tobacco
	–0.160
	–0.210
	0.005
	0.003
	0.000
	0.000
	0.1
	0.1

	Constant
	–0.349
	0.407
	1.000
	1.000
	0.000
	0.000
	0.0
	0.0

	Mean of dependent variable
	0.420
	0.712
	
	
	0.292
	0.292
	
	

	All factors
	
	
	
	
	0.052
	0.108
	18.3
	38.4

	 Age and schooling
	
	
	
	
	0.027
	0.032
	9.6
	11.5

	 Race and ethnicity
	
	
	
	
	0.027
	0.032
	6.8
	8.0

	 Metro
	
	
	
	
	0.014
	0.014
	–0.5
	0.1

	 Household 
	
	
	
	
	–0.071
	–0.044
	–1.8
	12.4

	 Occupation mix
	
	
	
	
	0.017
	0.020
	3.2
	4.8

	 Industry mix
	
	
	
	
	0.018
	0.023
	1.7
	2.3

	Not explained
	
	
	
	
	0.240
	0.183
	81.7
	61.6


Notes.  See notes to Appendix Table 4-1.

Appendix Table 4-4

OLS Coefficients from LN(Real Annual Earnings) Regressions for Male Salaried Workers in 1939 and 1949 With Means and Shares of Mean Difference in LN(Real Annual Earnings) Explained by Differences in Means of Correlates

	 
	Coefficients
	Means
	Difference Explained by Difference in Means Using Coefficients for
	Percentage of Difference Explained by Difference in Means Using Coefficients for

	
	1939
	1949
	1939
	1949
	1939
	1949
	1939
	1949

	Years of schooling
	0.045
	0.033
	11.720
	12.320
	0.027
	0.020
	9.6
	7.0

	Age
	0.091
	0.065
	37.237
	39.593
	0.215
	0.153
	76.1
	54.4

	Age squared
	–0.001
	–0.001
	1524.466
	1710.747
	–0.159
	–0.109
	–56.2
	–38.8

	Nonwhite
	–0.375
	–0.606
	0.004
	0.036
	–0.012
	–0.020
	–4.3
	–6.9

	Foreign born
	0.034
	0.070
	0.021
	0.049
	0.001
	0.002
	0.3
	0.7

	Native born with foreign-born parents
	0.072
	–0.085
	0.052
	0.216
	0.012
	–0.014
	4.2
	–5.0

	Lives in metro area
	0.028
	0.222
	0.881
	0.893
	0.000
	0.003
	0.1
	1.0

	Married spouse present
	0.217
	0.176
	0.718
	0.762
	0.010
	0.008
	3.4
	2.8

	Married spouse absent
	0.211
	0.145
	0.013
	0.050
	0.008
	0.005
	2.8
	1.9

	Divorced
	–0.016
	0.349
	0.003
	0.022
	0.000
	0.006
	–0.1
	2.3

	Widowed
	–0.296
	–0.366
	0.013
	0.014
	0.000
	0.000
	–0.1
	–0.1

	Children in home
	–0.008
	0.031
	0.918
	0.701
	0.002
	–0.007
	0.6
	–2.4

	Professional technician
	0.226
	0.147
	0.274
	0.385
	0.025
	0.016
	8.9
	5.8

	Manager
	0.535
	0.393
	0.180
	0.180
	0.000
	0.000
	0.0
	0.0

	Chemicals
	0.086
	0.067
	0.051
	0.064
	0.001
	0.001
	0.4
	0.3

	Clay and glass
	–0.031
	–0.135
	0.049
	0.043
	0.000
	0.001
	0.1
	0.3

	Food and beverage
	–0.051
	–0.193
	0.071
	0.061
	0.000
	0.002
	0.2
	0.6

	Rubber and leather
	0.011
	–0.224
	0.022
	0.014
	0.000
	0.002
	0.0
	0.6

	Wood
	–0.137
	–0.052
	0.022
	0.015
	0.001
	0.000
	0.4
	0.1

	Iron and steel
	–0.003
	–0.031
	0.275
	0.319
	0.000
	–0.001
	0.0
	–0.5

	Paper
	0.178
	0.329
	0.014
	0.036
	0.004
	0.007
	1.4
	2.5

	Textiles
	–0.149
	–0.110
	0.092
	0.067
	0.004
	0.003
	1.3
	1.0

	Tobacco
	0.227
	0.136
	0.005
	0.003
	0.000
	0.000
	–0.1
	–0.1

	Constant
	5.359
	6.113
	1.000
	1.000
	0.000
	0.000
	0.0
	0.0

	Mean of dependent variable
	8.303
	8.528
	
	
	0.225
	0.225
	
	

	All factors
	
	
	
	
	0.138
	0.078
	49.0
	27.8

	 Age and Schooling
	
	
	
	
	0.083
	0.064
	29.5
	22.7

	 Race and Ethnicity
	
	
	
	
	0.044
	0.025
	4.5
	–4.2

	 Metro
	
	
	
	
	–0.170
	–0.127
	29.9
	12.5

	 Household 
	
	
	
	
	0.001
	–0.032
	6.7
	4.5

	 Occupation mix
	
	
	
	
	0.013
	–0.009
	8.9
	5.8

	 Industry mix
	
	
	
	
	0.022
	–0.003
	3.5
	5.0

	Not explained
	 
	 
	 
	 
	0.086
	0.146
	51.0
	72.2


Notes.  See notes to Appendix Table 4-1.

Online Appendix 5
REGRESSION RESULTS FOR THE PENNSYLVANIA PANEL OF NINE MANUFACTURING INDUSTRIES
In the article we used the 1948 and 1929 fixed effects from reduced-form regressions to measure the residual changes in ln(earnings) and ln(employment) (or ln(hours)) reported in Tables 5 and 6. The regressions are run on panels of annual data with nine industries for 1941 through 1948 and again for 1923 through 1929. The coefficients and t-statistics from those weighted least squares regressions are reported in Appendix Tables 5-1 and 5-2. The goal of this analysis was to see how much of the rise in demand for female salaried and female production workers between 1941 and 1948 was left unexplained after controlling for other earnings and other correlates. 
As a result of the short panels, many of the coefficients, most of the ln(earnings), value added, union density, and demographic variables are statistically insignificant in the ln(employment) or ln(hours) regressions. In the ln(earnings) regressions for the 1940s, the signs of the ln(earnings) coefficients that were statistically significant for the 1940s imply that male salaried and female salaried workers were substitutes, male salaried and male wage workers were substitutes, and male and female wage workers were substitutes. Other statistically insignificant coefficients imply that female salaried workers and male wage workers were weak substitutes, female salaried workers and female wage workers were weak substitutes, and male salaried workers and female wage workers were weak substitutes. In the ln(earnings) regressions for the 1920s the statistically significant coefficients imply that female salaried and male salaried workers were complements (different from 1940s), male salaried and male wage workers were complements (different from the 1940s), and female wage workers were substitutes for female salaried workers, male wage workers, and male salaried workers. Statistically insignificant coefficients imply that female salaried and male wage workers were complements. 
Statistically significant coefficients for union density show a positive relationship with female salaries and a negative relationship with both earnings for female wage workers and their hours worked in the 1940s. In the 1920s, in contrast, union density was associated with lower salaries but with higher wage workers’ earnings for females.
Appendix Table 5-1

Reduced Form Weighted Least Squares Regression Results for Female Workers, 1941–1948 and 1923–1929

	
	1941–1948
	1923–1929

	
	Salaried Workers
	Production Workers
	Salaried Workers
	Production Workers

	
	ln(salary)
	ln(employment)
	ln(hourly earnings)
	ln(hours)
	ln(salary)
	ln(employment)
	ln(hourly earnings)
	ln(hours)

	ln of male annual salary of salaried workers
	0.466
	–0.259
	0.022
	1.231
	–0.423
	–0.093
	0.233
	–0.317

	
	2.29
	–0.84
	0.10
	1.39
	–1.92
	–0.22
	2.43
	–0.93

	ln of male hourly earnings of wage workers
	0.064
	–0.064
	0.449
	–0.680
	–0.107
	–0.200
	0.854
	–0.251

	
	0.39
	–0.19
	1.60
	–0.95
	–0.25
	–0.35
	6.16
	–0.46

	ln of female annual salary of salaried workers
	
	
	0.150
	–0.480
	
	
	0.098
	–0.188

	
	
	
	0.65
	–0.35
	
	
	1.71
	–0.83

	ln of female hourly earnings of wage workers
	0.081
	0.305
	
	
	0.588
	–0.312
	
	

	
	0.60
	0.41
	
	
	1.45
	–0.85
	
	

	ln of value added per worker
	–0.042
	–0.024
	–0.082
	–0.504
	0.252
	–0.135
	0.016
	–0.465

	
	–1.00
	–0.11
	–2.82
	–1.03
	1.15
	–0.62
	0.15
	–1.36

	Union density, national
	0.235
	–0.137
	–0.179
	–2.029
	–1.250
	1.217
	0.975
	–0.820

	
	2.46
	–0.51
	–1.85
	–2.21
	–2.06
	0.73
	2.21
	–0.32

	Percent black
	–0.010
	–0.005
	0.001
	–0.063
	–0.011
	0.023
	–0.015
	–0.020

	
	–1.25
	–0.25
	0.10
	–1.07
	–1.16
	1.92
	–1.87
	–0.59

	Percent foreign-born
	–0.027
	–0.107
	–0.015
	–0.298
	0.001
	–0.005
	–0.001
	–0.013

	
	–1.02
	–1.26
	–0.67
	–1.24
	0.30
	–0.63
	–0.58
	–0.87

	Clay, glass and stone
	–0.190
	–0.639
	–0.080
	0.456
	0.285
	–0.870
	–0.109
	0.075

	
	–2.81
	–2.76
	–1.54
	1.11
	1.30
	–3.46
	–0.96
	0.14

	Food and beverage
	–0.162
	0.307
	0.084
	1.966
	–0.084
	0.236
	–0.032
	1.525

	
	–4.30
	3.42
	2.40
	7.17
	–1.03
	1.32
	–0.66
	5.37

	Rubber and leather
	–0.290
	–0.918
	0.057
	1.037
	0.079
	–0.898
	–0.217
	0.754

	
	–3.08
	–6.49
	0.98
	3.55
	0.44
	–4.13
	–2.79
	1.96

	Wood products
	–0.190
	–1.591
	–0.048
	–1.616
	0.089
	–0.939
	–0.061
	–0.729

	
	–3.38
	–8.01
	–1.11
	–2.92
	0.39
	–3.31
	–0.84
	–1.85

	Metal products
	–0.155
	2.146
	0.151
	2.994
	–0.025
	1.813
	–0.108
	1.753

	
	–2.15
	12.46
	2.33
	9.27
	–0.19
	13.10
	–1.79
	5.67

	Paper and printing
	–0.162
	0.547
	–0.117
	1.230
	0.380
	0.612
	–0.459
	1.256

	
	–2.00
	4.37
	–2.56
	6.11
	1.40
	1.51
	–3.05
	1.55

	Textiles
	–0.225
	0.782
	–0.062
	2.901
	0.338
	0.764
	–0.216
	3.567

	
	–1.92
	3.21
	–0.83
	6.24
	1.22
	1.98
	–1.64
	5.75

	Tobacco products
	–0.026
	–2.645
	0.036
	1.546
	0.145
	–2.127
	0.038
	1.574

	
	–0.53
	–10.77
	0.74
	2.30
	0.63
	–4.95
	0.29
	2.33

	Year is 1924
	
	
	
	
	0.001
	0.036
	0.010
	–0.104

	
	
	
	
	
	0.03
	0.67
	0.97
	–2.38

	Year is 1925
	
	
	
	
	0.019
	0.033
	–0.004
	–0.041

	
	
	
	
	
	0.69
	1.00
	–0.30
	–1.24

	Year is 1926
	
	
	
	
	0.033
	0.064
	0.001
	–0.039

	
	
	
	
	
	0.70
	1.01
	0.10
	–0.91

	Year is 1927
	
	
	
	
	0.070
	0.171
	–0.035
	0.002

	
	
	
	
	
	1.24
	1.55
	–3.06
	0.04

	Year is 1928
	
	
	
	
	0.090
	0.193
	–0.041
	0.011

	
	
	
	
	
	1.53
	1.52
	–2.57
	0.14

	Year is 1929
	
	
	
	
	0.068
	0.230
	–0.043
	0.034

	
	
	
	
	
	1.13
	1.51
	–2.62
	0.40

	Year is 1942
	–0.029
	0.116
	–0.027
	0.138
	
	
	
	

	
	–1.14
	2.10
	–1.31
	1.46
	
	
	
	

	Year is 1943
	–0.014
	0.242
	0.035
	0.576
	
	
	
	

	
	–0.56
	3.53
	0.90
	3.07
	
	
	
	

	Year is 1944
	0.010
	0.325
	0.056
	0.841
	
	
	
	

	
	0.35
	3.71
	1.29
	3.08
	
	
	
	

	Year is 1945
	0.022
	0.326
	0.070
	0.791
	
	
	
	

	
	0.60
	3.50
	1.81
	3.14
	
	
	
	

	Year is 1946
	0.045
	0.294
	0.093
	0.551
	
	
	
	

	
	1.13
	2.37
	2.82
	2.37
	
	
	
	

	Year is 1947
	0.030
	0.260
	0.109
	0.514
	
	
	
	

	
	0.84
	1.85
	2.91
	2.29
	
	
	
	

	Year is 1948
	0.047
	0.282
	0.120
	0.567
	
	
	
	

	
	1.44
	1.84
	2.84
	2.41
	
	
	
	

	Constant
	4.210
	10.783
	–0.508
	15.300
	9.143
	9.588
	–3.158
	24.744

	
	2.88
	5.77
	–0.35
	2.05
	4.56
	3.51
	–3.72
	5.27


Notes: Left-out industry dummies are for chemicals and allied products, while 1941 and 1923 are the left-out year dummies in the 1940s and 1920s regressions. Observations for salaried workers are weighted by ln(salaried employment) and those for wage workers are weighted by ln(total hours). Different weighting schemes lead to similar results. The t-statistics are italicized in smaller print below the coefficients and are based on standard errors clustered at the industry level.  
Source: Data are from Pennsylvania Department of Internal Affairs. Bureau of Statistics, various years.
Appendix Table 5-2

Reduced Form Weighted Least Squares Regression Results for Male Workers, 
1941–1948 and 1923–1929
	 
	1941–1948
	1923–1929

	
	Salaried Workers
	Production Workers
	Salaried Workers
	Production Workers

	
	ln(salary)
	ln(employment)
	ln(hourly earnings)
	ln(hours)
	ln(salary)
	ln(employment)
	ln(hourly earnings)
	ln(hours)

	ln of male annual salary of salaried workers
	
	
	0.342
	0.375
	
	
	–0.300
	–0.630

	
	
	
	1.93
	0.99
	
	
	–3.43
	–1.76

	ln of male hourly earnings of wage workers
	0.304
	–0.310
	
	
	–0.743
	0.862
	
	

	
	1.84
	–0.62
	
	
	–3.03
	1.72
	
	

	ln of female annual salary of salaried workers
	0.461
	–0.014
	0.057
	–0.315
	–0.117
	0.248
	–0.014
	0.140

	
	4.16
	–0.03
	0.31
	–0.45
	–2.42
	1.09
	–0.31
	0.51

	ln of female hourly earnings of wage workers
	0.001
	0.093
	0.358
	–0.092
	0.378
	–0.095
	0.534
	0.543

	
	0.01
	0.35
	2.59
	–0.16
	3.25
	–0.28
	4.23
	1.12

	ln of value added per worker
	0.129
	–0.052
	0.039
	0.179
	0.185
	–0.022
	–0.007
	0.168

	
	2.64
	–0.31
	0.73
	0.84
	2.14
	–0.08
	–0.10
	0.37

	Union density, national
	–0.096
	0.247
	–0.183
	–0.741
	–1.650
	–0.004
	–0.409
	–1.981

	
	–0.77
	1.14
	–1.83
	–1.78
	–5.76
	0.00
	–1.40
	–0.94

	Percent black
	0.013
	–0.020
	–0.003
	–0.007
	0.014
	–0.020
	0.008
	–0.004

	
	4.14
	–1.36
	–0.66
	–0.29
	1.29
	–1.11
	1.21
	–0.11

	Percent foreign-born
	0.018
	–0.017
	–0.001
	0.021
	0.005
	0.009
	0.002
	0.012

	
	0.95
	–0.24
	–0.07
	0.29
	2.32
	1.09
	0.65
	1.70

	Clay, glass, and stone
	0.220
	–0.843
	0.037
	0.793
	0.327
	–0.494
	0.020
	1.006

	
	5.44
	–4.85
	0.55
	3.54
	2.70
	–1.64
	0.34
	1.89

	Food and beverage
	0.034
	0.208
	0.011
	0.900
	0.056
	0.339
	–0.044
	0.663

	
	1.23
	2.21
	0.22
	6.18
	0.76
	1.94
	–1.12
	2.14

	Rubber and leather
	0.292
	–1.521
	0.084
	–0.032
	0.416
	–1.207
	0.147
	0.028

	
	4.20
	–9.28
	1.15
	–0.21
	4.22
	–4.69
	2.50
	0.06

	Wood products
	0.136
	–1.456
	0.066
	–0.083
	0.287
	–0.775
	0.022
	0.244

	
	2.30
	–7.74
	1.01
	–0.36
	2.38
	–2.84
	0.32
	0.56

	Metal products
	0.110
	1.981
	0.140
	3.218
	0.205
	1.809
	0.103
	2.676

	
	1.25
	10.04
	2.06
	17.50
	2.72
	8.97
	2.17
	7.71

	Paper and printing
	0.138
	0.056
	0.185
	0.805
	0.821
	0.245
	0.340
	1.043

	
	1.86
	0.30
	3.15
	5.40
	7.40
	0.53
	3.49
	1.36

	Textiles
	0.420
	0.034
	–0.047
	1.350
	0.675
	0.496
	0.108
	1.839

	
	7.89
	0.19
	–0.56
	6.00
	5.62
	1.34
	1.26
	2.98

	Tobacco products
	0.041
	–2.676
	–0.057
	–1.844
	0.066
	–1.425
	–0.196
	–0.856

	
	0.83
	–14.63
	–0.96
	–6.62
	0.47
	–3.38
	–3.21
	–1.22

	Year is 1924
	
	
	
	
	0.037
	–0.028
	0.018
	–0.092

	
	
	
	
	
	2.51
	–1.19
	1.35
	–3.04

	Year is 1925
	
	
	
	
	0.036
	0.007
	0.013
	–0.037

	
	
	
	
	
	2.32
	0.33
	1.10
	–1.09

	Year is 1926
	
	
	
	
	0.059
	0.023
	0.014
	–0.019

	
	
	
	
	
	7.93
	0.57
	1.33
	–0.48

	Year is 1927
	
	
	
	
	0.158
	0.084
	0.067
	0.020

	
	
	
	
	
	5.89
	1.49
	4.23
	0.28

	Year is 1928
	
	
	
	
	0.188
	0.045
	0.086
	–0.020

	
	
	
	
	
	5.87
	1.26
	5.09
	–0.18

	Year is 1929
	
	
	
	
	0.198
	0.053
	0.098
	–0.006

	
	
	
	
	
	6.14
	1.02
	4.71
	–0.04

	Year is 1942
	0.036
	–0.036
	–0.021
	0.012
	
	
	
	

	
	2.27
	–1.19
	–1.96
	0.29
	
	
	
	

	Year is 1943
	0.034
	–0.059
	–0.029
	0.051
	
	
	
	

	
	1.65
	–1.49
	–1.25
	0.62
	
	
	
	

	Year is 1944
	0.019
	–0.032
	0.007
	0.071
	
	
	
	

	
	0.53
	–0.39
	0.26
	0.54
	
	
	
	

	Year is 1945
	0.025
	–0.005
	0.001
	0.160
	
	
	
	

	
	0.53
	–0.05
	0.05
	1.29
	
	
	
	

	Year is 1946
	–0.013
	0.118
	0.013
	0.238
	
	
	
	

	
	–0.32
	1.09
	0.59
	2.07
	
	
	
	

	Year is 1947
	–0.044
	0.146
	0.026
	0.287
	
	
	
	

	
	–0.96
	1.44
	0.99
	2.23
	
	
	
	

	Year is 1948
	–0.066
	0.212
	0.025
	0.315
	
	
	
	

	
	–1.28
	1.91
	0.85
	2.28
	
	
	
	

	Constant
	3.610
	10.056
	–3.287
	15.384
	7.588
	7.014
	2.883
	20.777

	
	3.82
	2.97
	–2.29
	2.87
	11.06
	2.00
	3.32
	3.13


Notes: Left-out industry dummies are for chemicals and allied products, while 1941 and 1923 are the left-out year dummies in the 1940s and 1920s regressions. Observations for salaried workers are weighted by ln(salaried employment) and those for wage workers are weighted by ln(total hours). Different weighting schemes lead to similar results. The t-statistics are italicized in smaller print below the coefficients and are based on standard errors clustered at the industry level.   
Source: Data are from Pennsylvania Department of Internal Affairs. Bureau of Statistics, various years.

Online Appendix 6
ISSUES RELATED TO EMPLOYER MONOPSONY AND UNIONIZATION
In the main body of the article, we focus on developing estimates of demand shifts, and we also provide estimates of supply shifts for completeness. The estimates are based on supply and demand analysis, which assumes a competitive labor market in which employers and unions do not have sufficient labor market power to keep wages above or below the opportunity costs of the workers. The assumption of the competitive market allows us to develop estimates of both the shifts in labor demand and labor supply using the actual wages and employment figures and assumptions about elasticity because the wage and employment figures are on the demand and supply curves. We show here that the equations we use in the text also provide appropriate estimates for changes in labor demand and supply under unionization and employer monopsony when the demand and supply functions are multiplicative. If the labor demand and supply functions are linear in nature and there is strong unionization, the equation measuring the change in labor demand in the text is correct, but the equation measuring the opportunity cost of labor is more complex. With linear functions and pure employer monopsony the equation in the text measuring the change in labor supply is correct, but the equation representing changes in the monopsonist’s willingness to pay for labor is more complex. After providing evidence on the extent of unionization and the extent of competition among employers, we believe that employer monopsony power was limited enough that using the simple supply and demand model is reasonable. Most of the Appendix involves messy algebra. We decided to show all of the steps because we were initially surprised by the findings that the equations for finding the demand shifts (and the supply shifts) were the same in the competitive, unionized, and employer monopsony settings. We therefore decided to show all of the work, so that the reader can be satisfied that our our algebra is correct
One question that arises is, what happens if unions manage to dominate the labor market? In the extreme where unions successfully cartelize the entire labor market, the unions would control the amount of labor offered to the employers. What was the supply curve under competition can be considered the marginal opportunity cost for workers. The union would choose the amount of employment by deriving a marginal wage bill from the labor demand and set the marginal wage bill equal to the marginal opportunity cost. The wage is chosen from the demand curve at that employment level; therefore, it is higher than the marginal opportunity cost. In this case there is no true supply curve of labor in the competitive sense because the union has control over both wages and employment; therefore, what we call shifts in labor supply in the article would really be shifts in the marginal opportunity cost curve of workers. If the labor demand and the marginal opportunity cost of labor take the same multiplicative functional form that we assumed in Appendix 1, we show below in section 6.4 that the actual changes in the natural log of the wage and the natural log of employment can be used to measure the labor demand and labor supply shifts using the same equations as used with the competitive model, which are equations (2) and (3) in the article and equations (7a) and (7b) in Online Appendix 1. 
If the equations are linear instead of log linear, we show in sections 6.5, 6.6, and 6.7 below that we can use the change in the actual wage and actual employment to estimate the change in employment associated with a change in labor demand using the same equation for both the competitive and unionized situations. However, the measure of the change in employment associated with a change in the marginal opportunity cost in the unionized setting is a more complex function than the same measure in the competitive setting. 

At the other extreme of the market would be an employer monopsony. In the employer monopsony model the employer treats his demand curve as a marginal willingness to pay curve and the labor supply curve as an average wage bill curve. He chooses employment by deriving the marginal wage bill curve from the labor supply curve and finding the employment level where the marginal wage bill is equal to the marginal willingness to pay (labor demand). He then chooses the wage from the labor supply curve. Thus the wage paid is lower than the employer’s marginal willingness to pay. In this case, the labor supply curve has the same meaning as in a competitive market. However, there is no true labor demand curve, because the employer simultaneously chooses the wage and employment. In that case our measure of the demand shift is really a measure in shifts in the willingness to pay. 

As is the case with the union situation, when the marginal willingness to pay for labor and the labor supply curve are multiplicative, we show below that the equation for the estimates using the natural log of the actual wage and the natural log of employment to find the change in the natural log of employment associated with changes in willingness to pay or in supply is the same as the equations under competition, which are equations (2) and (3) in the article and equations (7a) and (7b) in Online Appendix 1. When the willingness to pay and labor supply equations have a linear form, the equation used to measure the labor supply change as a function of the wage and employment is the same under competition and employer monopsony (see below). On the other hand, the equations used to estimate demand shifts differ under employer monopsony and competition differ.
6.1 The Extent of Employer Monopsony in Manufacturing in the 1940s

If there was employer monopsony power, it likely came in the form of monopsonistic competition given the large number of potential employers in Pennsylvania in both manufacturing and in other sectors of the economy. Employer monopsonistic power arises when workers cannot change employers either because they are geographically isolated, because there are few employers, or because they have employer-specific or industry-specific skills that are not useful in other firms or industries. Gladys Palmer (1954, p. 49) found that 51 percent of women and 57 percent of men employed in 1950 had changed employers during the 1940s. The inability to move geographically over the eight to ten year horizon that we examine seems unlikely. Geographic isolation seems unlikely, as 84 percent of Pennsylvania manufacturing employees were in cities with a minimum of 350 establishments. Thus, many workers could shift across town to find an alternative employer. There was also extensive migration within and out of Pennsylvania. In 1940, 41 percent of Pennsylvania residents were living in different houses within the same county than they were in 1935, 4.3 percent were in other Pennsylvania counties, and 3.37 had been outside the state. These are probably low estimates for a similar five-year period in the 1940s because the 1930s was a decade when interstate migration rates were roughly half of what they were in later decades (Rosenbloom and Sundstrom 2004), and the shifting of population during and after the war was extensive. Miners were considered less mobile than manufacturing workers, and William Boal’s studies of coal miners in West Virginia before 1930 (Boal 1995), an area and time where people have thought employer monopsony might have been common, found that the extent of monopsony power was relatively low, particularly over a three-year period (see also Fishback; 1992 and Shifflett 1991).


Relatively weak monopsonistic power is also suggested by the sheer number of establishments and speculation about the number of firms. In Pennsylvania in 1947 there were 16,789 manufacturing establishments with 1,439,534 employees reported in the U.S. Census of Manufacturing (Bureau of the Census, vol. III, 1950, p. 542). There were 69 establishments with more than 2,500 employees. We calculated that there were 3,067 workers on average in those establishments by multiplying the midpoint number of workers for each of the lower categories (1–4, 5–9, 10–19, 20–49, 50–99, 100–249, 250–499, 500–999, 1,000–2,499) by the number of establishments (4,159, 2,825, 2,535, 2,890, 1,825, 1,488, 593, 265, and 140, respectively) and subtracting that total of 12.278 million from the total number of workers. A number of firms owned multiple establishments. If we assume that every manufacturing firm in Pennsylvania owns 10 establishments and that the top firm owns the 10 largest establishments, the next largest owns the next 10 largest, the 10 largest firms would have hired roughly 18.5 percent of manufacturing workers, and the Herfindahl index for employment in the state would be 66. Note that these figures ignore opportunities for workers in construction, services, transportation, and other sectors, so the true percentages are lower.

The most serious challenge to mobility between firms then would have been specific skills for skilled workers that did not transfer readily across industry. In the article we deal with both salaried and wage workers. Our sense is that the white-collar salaried workers were relatively mobile across industries because most of their skills were general. This would have been less true for salaried foremen, who would have been more liked skilled production workers. Appendix Table 6-1 shows the distribution of establishments by employment size within the industry categories used in the article. Even if the 10 largest firms in the industry each had the 10 largest establishments there still would have been more than 10 large firms competing for labor within the industry with a very large fringe also hiring. Thus, it seems likely that if employers had much labor market power it came in the form of monopsonistic competition in which employers anticipated an upward sloping residual supply curve left over after a large number of other firms were hiring from the market. In that type of setting it seems that using supply and demand analysis as a proxy is reasonable. Supply and demand analysis would also be useful if the nature of the market led to Bertrand wage competition which would push firms to set wages equal to the value of the marginal product of workers. 
Appendix Table 6-1

Statistics on Establishment Sizes in 1947 and National Unionization Rate in 1940s

	 
	Number of Establishments
	 
	 

	Industry
	Total
	1–19 Workers
	20–99 Workers
	100 Workers or More
	Number of Employees
	National Unionization Rate in 1940s

	Chemicals and petroleum
	894
	530
	238
	126
	72,973
	 4–30

	Stone, clay, and glass
	932
	586
	185
	161
	72,871
	 40–49

	Food
	2,789
	1,999
	575
	215
	103,370
	 30–46

	Leather and rubber
	384
	124
	138
	122
	46,243
	 34–68

	Lumber and furniture
	1,563
	1,185
	316
	62
	34,068
	 9–15

	Metals and machinery
	3,455
	1,658
	996
	801
	670,345
	 38–76

	Paper and printing
	2,170
	1,504
	472
	194
	89,966
	 52–59

	Textiles and apparel
	3,461
	1,180
	1,530
	751
	279,565
	 33–52

	Tobacco
	240
	160
	43
	37
	19,382
	 29–56

	Miscellaneous
	901
	593
	222
	86
	51,651
	 —


Sources: Establishment size and number of employees in 1947 is from U.S. Bureau of the Census (1950, p. 538). National unionization rate is from Troy (1965).
6.2 Extent of Unionization in Pennsylvania


On the other side of the market, a case can be made that union strength was nearing its peak in the 1940s. The share of nonagricultural workers in unions at the national level ranged from 28 to 35 percent, and the share in Pennsylvania was likely much higher. Appendix Table 7-1 shows estimates of national union densities. In each of the categories the estimates were put together from Troy (1965) by Ryan Johnson (2002). Union densities ranged from 4 to 30 percent in chemicals and allied products, 40 to 49 in clay, glass, and brick, 30 to 46 in food and allied products, 34 to 68 in rubber and leather, 9 to 15 in wood products, 38 to 76 in metal products, 52 to 59 in paper and printing, 33 to 52 in textiles, and 29 to 56 in tobacco products. In some industries union strength may have played a stronger role. Given that the primary focus of the article is on changes in the demand for women, strong unionization is not a problem for our analysis because the same equation can be used to characterize changes in labor demand in a unionized and a competitive setting. 
6.3 Bilateral Bargaining within Industry


The problem becomes more complex, however, if there is extensive bilateral bargaining between unions and employer bargaining units made up of employers. In that situation the bargaining strength of the two sides determines the location of the wage and employment. The two sides might also use the opportunity cost wage of workers or the value of the marginal product of the typical worker or the employment location where they are the same as focal points. To the extent that these are the ultimate outcomes from the bargaining, then the supply and demand analysis is still useful. 
6.4 Measuring Demand and Supply Change with Multiplicative Functions


The goal in the article has been to use the actual changes in wages and employment (hours worked) to get estimates of the demand shifts and supply shifts in the 1940s. When the labor demand and supply curves are multiplicative, they can be written as 

Labor Demand 

E = a0 w(-a1)D.
(1a)

Labor Supply 

E = b0 wb1 S.
 (1b)

Where a1 is the absolute value of the demand elasticity of employment with respect to the wage and b1 is the absolute value of the supply elasticity of employment with respect to the wage.

In the course of deriving estimates of the demand and supply shifts, it is useful to rewrite these equations in multiple ways.

Invert the equations to put the wage on the left-hand side, and they become.

Labor Demand

w = a0(1/a1)D(1/a1) E(-1/a1)
 (2a) 

Labor Supply

w = E(1/b1) b0(-1/b1)S(-1/b1).
 (2b)

These equations can also be transformed into log linear form by taking the natural log of both sides of equations (1a) and (1b) to get (3a) and (3b) and equations (2a) and (2b) to get equations (4a) and (4b). 
Labor Demand

Ln(E) = ln a0 – a1 ln(w) + ln(D).
 (3a) 

Labor Supply 

Ln(E) = ln b0 + b1 ln(w) + ln(S).
 (3b)

Labor Demand

Ln w = (1/a1)ln a0 + (1/a1) lnD – (1/a1) LnE
 (4a) 

Labor Supply

Ln w = ( 1/b1) Ln E – (1/b1) ln (b0) – (1/b1) ln(S).
 (4b)

Equations (3a) and (3b) are identical to equations (1a) and (1b) under the competitive scenario assumed in Online Appendix 1. 

In the Unionized setting, the union seeks to maximize the union workers’ net gain by cartelizing and reducing the quantity of labor to the point where the marginal wage payment is equal to the marginal opportunity cost of the workers, they then choose the wage from the labor demand curve. To find the optimal employment, start with labor demand equation (4a) and find the total wage bill by multiplying the wage by employment.

Total Wage Bill = wE = a0(1/a1)D(1/a1) E(1-1/a1)
(5)

Find the marginal wage bill (MWB) by differentiating with respect to E.

MWB = (1 – 1/a1) a0(1/a1)D(1/a1) E(-1/a1)
 (6)

The optimal employment is chosen by setting MWB equal to the marginal opportunity cost (MOC) equation for labor, which is the equivalent of the labor supply in competitive markets in equation (4b).

MWB = MOC = (1 – 1/a1) a0(1/a1)D(1/a1) E(-1/a1) = E(1/b1) b0(-1/b1)S(-1/b1)
 (7)

Take the natural log of both sides to make the equations easier to work with.

ln (1 – 1/a1) + (1/a1) ln a0 + (1/a1) ln D – (1/a1) ln E = (1/b1) lnE – (1/b1) lnb0 – (1/b1) lnS.
(8)

Solve equation (8) for ln E.

ln (1 – 1/a1) + (1/a1) ln a0 + (1/a1) ln D – (1/a1) ln E = (1/b1) lnE – (1/b1) lnb0 – (1/b1) lnS.

ln (1 – 1/a1) +(1/a1) ln a0 + (1/a1) ln D + (1/b1) lnb0 + (1/b1) lnS = (1/b1) lnE + (1/a1) ln E 

ln (1 – 1/a1) + (1/a1) ln a0 + (1/b1) lnb0 + (1/a1) ln D + (1/b1) lnS = (1/b1+1/a1) lnE 
ln (1 – 1/a1) + (1/a1) ln a0 + (1/b1) lnb0 + (1/a1) ln D + (1/b1) lnS = [(a1 + b1)/a1b1] lnE 
[ln (1–1/a1) + (1/a1) ln a0 + (1/b1) lnb0][a1b1/(a1 + b1)] + (1/a1)[a1b1/(a+b1)] ln D + (1/b1)[a1b1/(a1+b1)]lnS=lnE 

lnE = [ln (1 – 1/a1) + (1/a1)lna0 + (1/b1)lnb0][a1b1/(a1 + b1)] + [b1/(a1 + b1)]ln D + [a1/(a1 + b1)]lnS 
(9)

To make it easier to work with the long string of parameters in the first term of equation (9), let 

X = [ln (1 – 1/a1) + (1/a1)lna0 + (1/b1)lnb0][a1b1/(a1 + b1)]

And substitute X into equation (9) to get 

lnE = X + [b1/(a1 + b1)]ln D + [a1/(a1+b1)]lnS 
 (10)

The Union selects the wage by substituting lnE from equation (10) into the labor demand equation (4a) above.

ln(w) = (1/a1)ln (a0) + (1/a1) lnD – (1/a1) [X + [b1/(a1 + b1)]ln D + [a1/(a1 + b1)]lnS] 
(11)

Multiply (–1/a1) through the term in brackets,

ln(w) = (1/a1)ln (a0) + (1/a1) lnD – (1/a1)X – (1/a1) [b1/(a1 + b1)]ln D – (1/a1) [a1/(a1 + b1)]lnS

Group like terms,

lnw = (1/a1)ln (a0) – (1/a1)X + (1/a1) lnD – (1/a1) [b1/(a1 + b1)]ln D – (1/a1)[a1/(a1 + b1)]lnS

lnw = (1/a1)ln (a0) – (1/a1)X + (1/a1)(a1 + b1)/(a1 + b1) lnD – b1/[a1(a1 + b1)]ln D – a1/[a1(a1 + b1)]lnS

lnw = (1/a1)ln (a0) – (1/a1)X + (a1 + b1)/[a1(a1 + b1)] lnD – b1/[a1(a1 + b1)]ln D – a1/[a1(a1 + b1)]lnS

lnw = (1/a1)ln (a0) – (1/a1)X + a1/[a1(a1 + b1)] lnD – a1/[a1(a1 + b1)]lnS
 (12)

The goal is to measure the change in demand D and supply S as a function of the change in wage w and employment E that we see in the data. To allow comparisons with a prior equilibrium, substitute E*, w*, D*, and S* into equations (10) and (12). 

At point A, substitute DA, SA, wA, and EA into equations (10) and (12), 

lnE* = X + [b1/(a1 + b1)]ln D* + [a1/(a1+b1)]lnS* 
 (13a)

lnw* = (1/a1)ln (a0) – (1/a1)X + a1/[a1(a1 + b1)] lnD* – a1/[a1(a1 + b1)]lnS*
 (13b)

Subtract equation (13a) from equation (10) and equation (13b) from equation (12), 

(lnE – ln E*) = [b1/(a1 + b1)](ln D – ln D*) + [a1/(a1 + b1)](lnS – ln S*)
 (14a)

Ln w – Ln w* = a1/[a1(a1 + b1)] (lnD – lnD*) – a1/[a1(a1 + b1)](ln S – lnS*)
 (14b)

To make it easier to see the comparisons, replace DE for (lnEB –lnEA), and similarly throughout with Dw, DD, and DS.

(ln E – ln E*) = [b1/(a1 + b1)](ln D – Ln D*) + [a1/(a1 + b1)] (Ln S – Ln S*)
 (15a)

(ln w – ln w*) = a1/[a1(a1 + b1)] (lnD – ln D*) – a1/[a1(a1 + b1)](ln S – ln S*)
 (15b)

Multiply all parts of equation (15a) by (a1+b1) and multiply all parts of equation (15b) by [a1(a1+b1)].

(a1 + b1) (ln E – ln E*) = b1 (ln D – ln D*) + a1 (ln S – ln S*)
 (16a)

[a1(a1 + b1)] (ln w – ln w*) = a1 (ln D – ln D*) – a1 (ln S – ln S*)
 (16b)

Now Solve for the change in ln demand (ln D – ln D*) and the change in ln Supply (Ln S – ln S*) as a function of the change in ln employment (ln E – ln E*) and change in ln wage (ln w – ln w*).

First solve equation (16b) for (ln D – ln D*) as a function of (ln w –ln w*) and (ln S – ln S*).

[a1(a1 + b1)] (ln w – ln w*) = a1 (ln D – ln D*) – a1 (ln S – ln S*).
Divide the equation through by a1.

(a1 + b1) (ln w – ln w*) = (ln D – ln D*) – (ln S – ln S*).
Rearrange terms.

(a1 + b1) (ln w – ln w*) + (ln S – ln S*) = (ln D – ln D*) 
Substitute (ln D – ln D*) into equation (16a)

(a1 + b1) (ln E – ln E*) = b1 [[(a1 + b1)] (ln w – ln w*) + (ln S – ln S*)] + a1 (ln S – ln S*)
(a1 + b1) (ln E – ln E*) = b1 (a1 + b1) (ln w – ln w*) + b1 (ln S – ln S*) + a1 (ln S – ln S*)
(a1 + b1) (ln E – ln E*) = b1 (a1 + b1) (ln w – ln w*) + (b1 + a1) (ln S – ln S*) 

Divide the equation through by (a1 + b1) and rearrange terms.

(ln S – ln S*) = (ln E – ln E*) – b1 (ln w – ln w*) 
 (17a)

Substitute for (ln S – ln S*) into (16a) or (16b).

(a1 + b1) (ln E – ln E*) = b1 (ln D – ln D*) + a1 (ln E – ln E*) – b1 (ln w – ln w*) 

(a1 + b1) (ln E – ln E*) = b1 (ln D – ln D*) + a1 (ln E – ln E*) – a1b1 (ln w – ln w*)

Rearrange terms.

(a1 + b1) (ln E – ln E*) – a1 (ln E – ln E*) + a1b1 (ln w – ln w*) = b1 (ln D – ln D*) 

b1 (ln E – ln E*) + a1b1 (ln w – ln w*) = b1 (ln D – ln D*)

Divide the equation through by b1.

(ln D – ln D*) = (ln E – ln E*) + a1 (ln w – ln w*)
(17b)

Equations (17a) and (17b) under unionization are the same as equations (7a) and (7b) for competition in Online Appendix 1.

In the employer monopsony setting, the employer seeks to maximize profits in the labor market by using the labor supply curve for workers to develop a marginal wage cost and then choosing output where that marginal wage cost is equal to the wage on the labor demand, which is the employer’s marginal willingness to pay. The wage is then chosen from the labor supply curve. 
To find the optimal employment choice, the employer calculates the total wage bill for the employer by multiplying Employment E by the wage from the labor supply in equation (4b).

Total Wage Bill = w E = E(1+ 1/b1) b0(-1/b1)S(-1/b1).
(18)
The marginal wage bill is found by differentiating the total wage bill with respect to E.

MWB = (1 + 1/b1) E( 1/b1) b0(-1/b1)S(-1/b1).
(19)

To find the optimal employment, the monopsonistic employer then sets the marginal wage bill MWB equal to the wage on the demand curve, which is the employer’s marginal willingness to hire workers in equation (4a).

MWB = (1 + 1/b1) E( 1/b1) b0(-1/b1)S(-1/b1) = a0(1/a1)D(1/a1) E(-1/a1)
(20)

Take the natural log of both sides to make this easier to work with.

ln(1 + 1/b1) + (1/b1)lnE – (1/b1) ln b0 – (1/b1) lnS) = (1/a1) ln a0 + (1/a1) ln D – (1/a1) ln E
(21)

Group like terms and rearrange. 

(1/b1) lnE = (1/a1) ln a0 + (1/a1) ln D – (1/a1) ln E – ln(1 + 1/b1) + (1/b1) ln b0 + (1/b1) lnS

(1/b1) lnE + (1/a1) ln E = (1/a1) ln a0 – ln(1 + 1/b1) +(1/b1) ln b0 + (1/b1) lnS + (1/a1) ln D

(1/b1)(a1/a1) lnE + (1/a1)(b1/b1) ln E = (1/a1) ln a0 – ln(1 + 1/b1) + (1/b1) ln b0 + (1/b1) lnS + (1/a1) ln D

[a1/(a1b1)] lnE + [b1/(a1b1)] ln E = (1/a1) ln a0 – ln(1 + 1/b1) + (1/b1) ln b0 + (1/b1) lnS + (1/a1) ln D

[(a1 + b1)/(a1b1)] lnE = (1/a1) ln a0 – ln(1 + 1/b1) + (1/b1) ln b0 + (1/b1) lnS + (1/a1) ln D

lnE = [a1b1/(a1 + b1)] [(1/a1) ln a0 – ln(1 + 1/b1) + (1/b1) ln b0] + [a1b1/(a1 + b1)] (1/b1) lnS 
     + [a1b1/(a1 + b1)] (1/a1) ln D
 (21)

To make it easier to work with the long string of parameters that will eventually be subtracted out when looking at changes, let 

Y = [a1b1/(a1 + b1)] [(1/a1) ln a0 – ln(1 + 1/b1) + (1/b1) ln b0].

Then substitute Y into equation (23) and finish the adjustments.

lnE = Y + [a1/(a1 + b1)] lnS + [b1/(a1 + b1)]ln D]
 (22a)

Now substitute for ln E in the natural log equivalent of the labor supply curve in equation (4b) and rearrange terms.

Ln w = (1/b1) [Y + [a1/(a1 + b1)] lnS + [b1/(a1 + b1)]ln D] – (1/b1) ln (b0) – (1/b1) ln(S).
Ln w = (1/b1) Y + (1/b1) [a1/(a1 + b1)] lnS + (1/b1) [b1/(a1 + b1)]ln D – (1/b1) ln (b0) – (1/b1) ln(S).
Ln w = (1/b1) Y – (1/b1) ln (b0) + a1/[b1(a1 + b1)] lnS – (1/b1)[(a1 + b1)/(a1 + b1)] ln(S) + [1/(a1 + b1)]ln D.
Ln w = (1/b1) Y – (1/b1) ln (b0) + a1/[b1(a1 + b1)] lnS – [(a1 + b1)/[b1(a1 + b1)] ln(S) + [1/(a1 + b1)ln D.
Ln w = (1/b1) Y – (1/b1) ln (b0) –[1/(a1 + b1)] lnS + [1/(a1 + b1)]ln D.
 (22b)
The goal is to measure the change in demand D and supply S as a function of the change in wage w and employment E that we see in the data. To allow comparisons with a prior equilibrium, substitute E*, w*, D*, and S* into equations (24) and (25). 

For point A substitute EA, wA, SA, and DA into equations (22a) and (22b).

lnE* = Y + [a1/(a1 + b1)] lnS* + [b1/(a1 + b1)]ln D*.
(23a)

ln w* = (1/b1) Y – (1/b1) ln (b0) – [1/(a1 + b1)] lnS* + [1/(a1 + b1)]ln D*.
(23b)

Subtract equation (23a) from equation (22a) and (23b) from (22b),

(lnE – ln E*) = [a1/(a1 + b1)] (lnS – ln S*) + [b1/(a1 + b1)] (ln D – lnD*)
 (24a)

(ln w – ln w*) = –[1/(a1 + b1)] (ln S – ln S*) + [1/(a1 + b1)](ln D – ln D*).
 (24b)

Multiply both equations by (a1 + b1)

(a1 + b1) (lnE – ln E*) = a1 (ln S – ln S*) + b1 (ln D – ln D*)
 (30a)

(a1 + b1) (ln w – ln w*) = – (ln S – ln S*) + (ln D – ln D*)
 (30b)

Now solve equations (30a) and (30b) for (ln S – ln S*) and (ln D – ln D*) as functions of (ln E – ln E*) and (ln w – ln w*).

Rearrange equation (30b).

(a1 + b1) (ln w – ln w*) + (ln S – ln S*) = (ln D – ln D*)
Substitute DD into equation (30a).

(a1 + b1) (lnE – ln E*) = a1 (ln S – ln S*) + b1 [(a1 + b1) (ln w – ln w*) + (ln S – ln S*)]

(a1 + b1) (lnE – ln E*) = a1 (ln S – ln S*) + b1(a1 + b1) (ln w – ln w*) + b1 (ln S – ln S*)

Solve for DS.

(a1 + b1) (lnE – ln E*) = (a1 + b1) (ln S – ln S*) + b1(a1 + b1) (ln w – ln w*) 
(a1 + b1) (lnE – ln E*) – b1(a1 + b1) (ln w – ln w*) = (a1  +b1) (ln S – ln S*) 

Divide through by (a1 + b1) 
(lnE – ln E*) – b1 (ln w – ln w*) = (ln S – ln S*).
 (31a)

Substitute from (31a) into (30b)
(a1 + b1) (ln w – ln w*) = – [(lnE – ln E*) – b1 (ln w – ln w*)] + (ln D – ln D*)
(a1 + b1) (ln w – ln w*) = – (lnE – ln E*) + b1 (ln w – ln w*) + (ln D – ln D*)
(a1 + b1) (ln w – ln w*) + (lnE – ln E*) – b1 (ln w – ln w*) = (ln D – ln D*)
a1 (ln w – ln w*) + (lnE – ln E*) = (ln D – ln D*)
 (31b)

Rewrite equations (31a) and (31b). 
(ln S – ln S*) = (lnE – ln E*) – b1 (lnD – ln D*)
 (32a)

(ln D – ln D*) = ( ln E – ln E*) + a1 (ln W – ln W*) 
 (32b)

These equations also match the competitive equations (7a) and (7b) in Online Appendix 1 and the unionization equations (17a) and (17b) above. 
6.5 Measuring Shifts in Demand and Supply with Linear Functions

When the demand and supply curves are linear function not all of the equations match up across different environments. With employer monopsony the change in Demand and Supply for the labor supply curve is measured the same way as under competition. With the union the change in demand is measured the same way as under competition. However, the other functions are more complicated.


Assume the Demand and Supply Functions take the following linear forms.

Demand

E = a0 – a1 W + D
(33a)

Supply

E = b0 + b1 W + S.
(33b)

D is the change in employment demanded associated with a demand shift and S is the change in employment supplied associated with a supply shift. 
Resolve the equations for W in terms of E.

Demand

W = a0/a1 – E/a1 + D/a1
(34a)

Supply 

W = E/b1 – b0/b1 – S/b1
 (34b)

In the competitive situation the wage is determined where the employment demanded is equation to the employment supplied; therefore, solve for E and W.

a0 – a1 W + b1 = b0 + b1 W + S

a0 – b0 + b1 – S = (a1 + b1) W

W = a0/(a1 + b1) – b0/(a1 + b1) + b1/(a1 + b1) – S/(a1 + b1) 
W = (a0 – b0)/(a1 + b1) + b1/(a1 + b1) – S/(a1 + b1) 
 (35a)

Substitute for W from equation (35a) into equation (34b).

E = a0 + b1 – a1a0/(a1 + b1) + a1b0/(a1 + b1) – a1 D/(a1 + b1) + a1S/(a1 + b1)

E = a0 – a1a0/(a1 + b1) + a1b0/(a1 + b1) + D – a1 D/(a1 + b1) + a1S/(a1 + b1)

E = (a0b1 + a1b0)/(a1 + b1) + b1D/(a1 + b1) + a1 S/(a1 + b1)
 (35b)

Equations (35a) and (35b) represent the competitive solutions for E and W as functions of D and S.

Our goal is to show what happens when there is a change in D and S as functions of changes in E and W.

Substitute E*, W*, D*, and S* into equations (35a) and (35b) to find a previous location.

E* = (b0a1 + b1a0)/(a1 + b1) + b1 D*/(a1 + b1) + a1S*/(a1 + b1) 
 (36a)

W* = (a0 – b0)/(a1 + b1) + D*/(a1 + b1) – S*/(a1 + b1) 
 (36b)

Subtract equation (36a) from equation (35a) and equation (36b) from equation (35a).

(E – E*) = b1/(a1 + b1) (D – D*) + a1/(a1 + b1)(S – S*)
 (37a)

(W – W*) = 1/(a1 + b1) (D – D*) – 1/(a1 + b1) (S – S*)
 (37b)

Solve for (D – D*) and (S – S*) as functions of (E – E*) and (W – W*).

Start with equation (37b) and solve for (D – D*).

(W – W*) + 1/(a1 + b1)(S – S*) = 1/(a1 + b1) (D – D*)

Multiply through by (a1 + b1)

(W – W*) (a1 + b1) + (S – S*) = (D – D*) 

Substitute for (D – D*) in equation (37a).

(E – E*) = b1/(a1 + b1) [(W – W*) (a1 + b1) + (S – S*)]+ a1/(a1 + b1)(S – S*) 

(E – E*) = b1/(a1 + b1) (W – W*) (a1 + b1) + b1/(a1 + b1) (S – S*) + a1/(a1 + b1)(S – S*) 

(E – E*) = b1/(a1 + b1) (W – W*) (a1 + b1) + (a1 + b1)/(a1 + b1) (S – S*) 
(E – E*) = b1(W – W*) + (S –S*) 
Rearrange terms 

(S – S*) = (E – E*) – b1 (W – W*) 
 (38a)

Substitute from equation (38a) into equation (37a) to get (D – D*)

(E – E*) = b1/(a1 + b1) (D – D*) + a1/(a1 + b1) [(E – E*) – b1 (W – W*)]

(E – E*) = b1/(a1 + b1) (D – D*) + a1/(a1 + b1)(E – E*) – b1 a1/(a1 + b1) (W – W*)

(E – E*) – a1/(a1 + b1)(E – E*) + b1 a1/(a1 + b1) (W – W*) = b1/(a1 + b1) (D – D*) 

(E – E*) (a1 + b1)/(a1 + b1) – a1/(a1 + b1)(E – E*) +b1 a1/(a1 + b1) (W – W*)= b1/(a1+b1) (D – D*) 

b1/(a1 + b1)(E – E*) +b1 a1/(a1 + b1) (W – W*)= b1/(a1 + b1) (D – D*)

Multiply through by (a1 + b1)/b1 and rearrange terms

(D – D*) = a1(W – W*) + (E – E*) 
 (38b)

Equations (38a) and (38b) can be turned into functions of percentage changes and elasticities.

Divide both sides of equation (38b) by E* and multiply (W*/W*) times (b (W – W*) and the equation becomes
(D – D*)/ E* = a1(W – W*)/ E* (W*/W*) + (E – E*)/E*.

Since a1 is the absolute value of the derivative of E with respect to W in the demand curve, the absolute value of the elasticity of labor demand eD can be written as

eD = a1 (W*/E*).

Substituting for eD

(D – D*)/ E* = eD (W – W*)/ W* + (E – E*)/E*.
 (39a)

Equation (39a) is read as the percentage change in employment associated with a change in demand as a function of the demand elasticity of employment with respect to the wage times the actual percentage change in the wage + the percentage change in actual employment. 
For the supply change divide both sides of the equation by E* and multiply W*/W* times b1 (W – W*) DW and the equation becomes

(S – S*)/E* = (E – E*)/E – eS (W – W*)/W
 (39b) 

This can be read as the percentage change in employment associated with a shift in supply as a function of the percentage change in actual employment minus the percentage change in the actual wage 

Since differences in natural logs can be seen as estimates of percentage changes, equation (39a) and (39b) are similar to the difference in log equations (7a) and (7b) in the multiplicative specification in Online Appendix 1.

6.6 Equations When the Market Is Fully Unionized and the Equations Are Linear

To find the Union solution, find the Marginal Wage Bill Function from the Demand curve.

Total Wage Bill = W E = E a0/a1 – E2/a1 + E D/a1.
 (40)

The Marginal Wage Bill is found by differentiating equation (40) with respect to employment E.

Marginal Wage Bill = a0/a1 – 2E/a1 + D/a1.
 (41)

This differentiation is one of the points at which the linear model deviates from the multiplicative model. The differentiation leaves the former exponent 2 attached to the E variable in equation (41) that carries all the way through the analysis. When we differentiate the total wage bill in equation (5) to get the marginal wage bill in equation (6), employment E’s exponent of (1 – 1/b) in equation (5) is multiplied by the whole term. When we take the natural log of both sides of equation (6) to get equation (7), that exponent term is no longer attached to employment. When we move to looking at the changes in the natural log of employment, that exponent gets differenced out because it is no longer attached to E. 
To find the optimal employment the union offers workers until the marginal wage bill is equal to the workers’ marginal opportunity cost.

Marginal Wage Bill = a0/a1 – 2E/a1 + D/a1 = E/b1 – b0/b1 – S/b1 = Marginal Opp. Cost
 (42)

Rearrange terms and combine like terms. 
a0/a1 – 2E/a1 + D/a1 = E/b1 – b0/b1 – S/b1

a0/a1 + D/a1 + b0/b1 + S/b1 = E/b1 + 2E/a1 

a0/a1 + D/a1 + b0/b1 + S/b1 = 2b1E/a1b1 + a1E/b1a1 

a0/a1 + D/a1 + b0/b1 + S/b1 = (2b1 + a1)/a1b1 E

Multiply through by a1b1.

a0b1 + b1B1 + a1b0 + a1S = (2b1 + a1) E

E = (a0b1 + a1b0)/(2b1 + a1) + B1 b1/(2b1 + a1) + S a1/(2b1 + a1). 
(42a)

Substitute from equation (42a) for E in the Demand equation (34a) to find the unionized wage. 
W = a0/a1 + D/a1 – 1/a1 [(a0b1 + b0a1)/(2b1 + a1) + D b1/(2b1 + a1) + S a1/(2b1 + a1)]

W = a0/a1 + D/a1 – 1/a1 (a0b1 + b0a1)/(2b1 + a1) – 1/a1 D b1/(2b1 + a1) – 1/a1 a1/(2b1 + a1) S.

W = a0/a1 + D1/a1 – 1/a1 (a0b1 + b0a1)/(2b1 + a1) – 1/a1 D b1/(2b1 + a1) – 1/a1 a1/(2b1 + a1) S 

W = a0/a1 – 1/a1 (a0b1 + b0a1)/(2b1 + a1) + D/a1 – D b1/a1(2b1 + a1) – S/(2b1 + a1) 
W = a0(2b1 + a1)/[a1(2b1 + a1)] – (a0b1 + b0a1)/[a1(2b1 + a1)] + D(2b1 + a1)/[a1(2b1 + a1)] – 
D b1/a1(2b1 + a1) – S/(2b1 + a1) 
W = [(2a0b1 + a0a1) – (a0b1 + b0a1)]/[a1(2b1 + a1)] + D [(2b1 + a1 – b1)/[a1(2b1 + a1)]] – S/(2b1 + a1) 
W = [(a0b1 + a0a1 – b0a1)]/[a1(2b1 + a1)] + D (b1 + a1)/[a1(2b1 + a1)] – S/(2b1 + a1) 
(42b)
Equations (42a) and (42b) represent the competitive solutions for E and W as functions of D and S.

Our goal is to show what happens when there is a change in D and S as functions of changes in E and W.

Go through the same process as before and substitute earlier values E*, W*, D*, and S* into equations (42a) and (42b) and then take the difference between the equations with E, W, D, and S and the difference with the earlier values. 
(E – E*) = (D – D*) b1/(2b1 + a1) + (S – S*) a1/(2b1 + a1) 
 (43a)
(W – W*) = (D – D*) (b1 + a1)/[a1(2b1 + a1)] – (S – S*) a1/a1(2b1 + a1) 
 (43b)
Multiply equation (43a) through by (2b1+a1) and multiply equation (43b) by a1(2b1 + a1). 

(2b1 + a1) (E – E*) = b1 (D – D*) + a1 (S – S*)
 (44a)

a1(2b1 + a1) (W – W*) = (b1 + a1) (D – D*) – a1 (S – S*)
 (44b)

Solve for a1 (S – S*) from equation (44a).

(2b1 + a1) (E – E*) – b1 (D – D*) = a1 (S – S*)

Substitute into 44b.

a1(2b1 + a1) (W – W*) = (b1 + a1) (D – D*) – (2b1 + a1) (E – E*) – b1 (D – D*)

a1(2b1 + a1) (W – W*) = (b1 + a1) (D – D*) – (2b1 + a1) (E – E*) + b1 (D – D*)

a1(2b1 + a1) (W – W*) + (2b1 + a1) (E – E*) = (2b1 + a1) (D – D*) 
Divide through by 2b1 + a1

(D – D*) = a1 (W –W*) + (E – E*)
 (45a)

Substitute for (D – D*) from 45a into 44a

(2b1 + a1) (E – E*) = b1 [a1 (W – W*) + (E – E*) ] + a1 (S – S*)
(2b1 + a1) (E – E*) = b1 a1 (W – W*) + b1 (E – E*) + a1 (S – S*)
(2b1 + a1) (E – E*) – b1 a1 (W – W*) – b1 (E –E*) = a1 (S – S*)


(b1 + a1) (E – E*) – b1 a1 (W – W*) = a1 (S – S*)

(S – S*) = (b1 + a1)/a1 (E – E*) – b1 (W – W*) 
(45b)

We can turn equation (45a) into a function of percentage changes and elasticities by dividing through by E* and judicious multiplying by W*/W*. 
Do this for equation (45a).

(D – D*)/E* = a1 (W – W*)/E* (W*/W*) + (E – E*)
/E*
Substitute from the demand elasticity formula.

(D – D*)/E* = eD (W – W*)/W* + (E – E*) /E*
(46a)

This shows that the equation for finding the percentage change in employment associated with a shift in Demand is the same as equation (39a) for the competitive setting with linear demands and similar to the log-log version in equation (7a) in the Online Appendix and in equations (1) and (2) in the body of the article.

This is not true for the measure of the shift in labor’s marginal opportunity cost equation. 
We can turn equation (45b) into a function of percentage changes and elasticities by dividing through by E* and judicious multiplying by W*/W* and E/E*. 
(S – S*)/E* = (b1 + a1)/a1 (E – E*)/E* – b1 (W – W*)/E*(W*/W*) 

(S – S*)/E* = (b1 + a1)/a1 (E – E*)/E* – b1W*/E* (W – W*)/W* 

(S – S*)/E* = (b1/a1 + 1) (E – E*)/E* – eD (W – W*)/W* 

(S – S*)/E* = (b1/a1) (E – E*)/E* + (E – E*)/E* – eD (W – W*)/W* 

(S – S*)/E* = (b1/a1) (E – E*)/E*(W*E*/W*E*) + (E – E*)/E* – eD (W – W*)/W* 

(S – S*)/E* = (b1 W*/E*)/(a1W*E*) (E – E*)/E + (E – E*)/E* – eD (W – W*)/W* 

(S – S*)/E* = (eD/eS + 1) (E – E*)/E* – eD (W – W*)/W* 



(46b)

This unionization equation (46b) for the supply change measure differs from the competitive equation (39b) above. The main reason why it differs is that the wage is being chosen from the demand curve and not the labor supply curve and the linearity of the demand and supply equations causes the 2 exponent in equation (40) to remain attached to the employment variable E throughout and so it does not get subtracted out when we move to calculating the changes. 
6.7 Linear Equations When There Is Employer Monopsony

When there is a single employer with a monopsony, the employer treats the labor supply curve as an average wage curve. The employer then finds the marginal wage bill from that curve and sets the marginal wage bill equal to the labor Demand (the employer’s marginal willingness to purchase labor) to find the quantity. He then chooses the wage for that employment level from the supply curve.

The monopsonist’s total wage bill from the labor supply curve comes from multiplying Employment times the Wage from the labor supply curve.

Total Wage Bill = E W = E2 /b1 – E b0/b1 – E S/b1
 (47)

Differentiate with respect to Employment E to get the employer’s marginal wage bill. 

Marginal Wage Bill = 2/b1 E – b0/b1 – S/b1 
 (48)

To find employment, he sets the Marginal Wage Bill equal to the Wage on his Demand (Willingness to Pay). 
W = a0/a1 – E/a1 + B1/a1 = 2/b1 E – b0/b1 – S/b1 = Marginal Wage Bill
(49)

Then solve for E.

a0/a1 – E/a1 + D/a1 = 2/b1 E – b0/b1 – S/b1 

a0/a1 + D/a1 + b0/b1 + S/b1 = 2/b1 E + E/a1 

a0/a1 + D/a1 + b0/b1 + S/b1 = 2a1/b1a1 E + b1E/a1b1 

a0/a1 + D/a1 + b0/b1 + S/b1 = (2a1 + b1)/b1a1 E 
a0/a1 b1a1/(2a1 + b1) + D/a1 b1a1/(2a1 + b1)+ b0/b1 b1a1/(2a1 + b1)+ S/b1 b1a1/(2a1 + b1) = E 
E = a0 b1/(2a1 + b1) + D b1/(2a1 + b1)+ b0a1/(2a1 + b1)+ S a1/(2a1 + b1) 
E = a0b1/(2a1 + b1) + b1/(2a1 + b1) D + b0 a1/(2a1 + b1) +S a1/(2a1 + b1) 
E = (a0b1 + b0a1)/(2a1 + b1) + b1/(2a1 + b1) D + S a1/(2a1 + b1) 



(50a)

Substitute E into the Labor supply function to obtain the wage find the wage. 
W = – b0/b1 – S/b1 + 1/b1 [(a0b1 + b0a1)/(2a1 + b1) + b1/(2a1 + b1) D + +Sa1/(2a1 + b1) ]

W = – b0/b1 – S/b1 + 1/b1 (a0b1 + b0a1)/[(2a1 + b1)] + 1/b1[b1/(2a1 + b1)] D + 1/b1 a1/(2a1 + b1)S

W = – b0/b1 – S/b1 + (a0b1 + b0a1)/[b1(2a1 + b1)] + 1/(2a1 + b1) D + a1/[b1(2a1 + b1)]S

W = 1/(2a1 + b1) D + (a0b1 + b0a1/[b1(2a1 + b1)] – b0/b1 + a1/[b1(2a1 + b1)]S – S/b1

W = 1/(2a1 + b1) D + (a0b1 + b0a1/[b1(2a1 + b1)] – b0(2a1 + b1)/[b1(2a1 + b1)] + a1/[b1(2a1 + b1)]S – S(2a1 + b1)/[b1(2a1 + b1)]

W = 1/(2a1 + b1) D + (a0b1 + b0a1/[b1(2a1 + b1)] – b0(2a1 + b1)/[b1(2a1 + b1)] + a1/[b1(2a1 + b1)]S – S(2a1 + b1)/[b1(2a1 + b1)]

W = 1/(2a1 + b1) D +(a0b1 + –a1b0 –b0b1)/[b1(2a1 + b1)] + a1/[b1(2a1 + b1)]S– S(2a1 + b1)/[b1(2a1 + b1)]

W = 1/(2a1 + b1) D + (a0b1 + –a1b0 –b0b1)/[b1(2a1 + b1)] + (–a1 – b1)/[b1(2a1 + b1)] S

W = (a0b1 – b0b1 – a1b0)/ [b1(2a1 + b1)] + 1/(2a1 + b1) D + (–b1 – a1)/[b1(2a1 + b1)] S
(50b)

Here again our goal is to use the changes in actual wage and employment to find the changes in the employers marginal willing to hire and the labor supply. 
To set up the examination of changes, substitute, E*, W*, D*, and S* into equations (50a) and (50b).

E* = (a0b1 + b0a1)/(2a1 + b1) + b1/(2a1 + b1) D* + S* a1/(2a1 + b1) 
 (51a)

W* = (a0b1 – b0b1 – a1b0)/ [b1(2a1 + b1)] + 1/(2a1 + b1) D* + (–b1 – a1)/[b1(2a1 + b1)] S*
(51b)

Subtract equations (50a) from (51a) and (50b) from (51b).

(E – E*) = b1/(2a1 + b1) (D – D*) + a1/(2a1 + b1) (S – S*)
 (52a)

(W – W*) = 1/(2a1 + b1) (D – D*) + (–b1 – a1)/b1(2a1 + b1) (S – S*)
 (52b)

Multiply equation (52a) by (2a1 + b1) and (52b) by b1(2a1 + b1)

(2a1 + b1) (E – E*) = b1 (D – D*) + a1 (S – S*)
 (53a)

b1(2a1 + b1) (W – W*) = (D – D*)B1 – (b1 + a1) (S – S*)
 (53b)

Solve equation (53a) for (D – D*) and substitute it in into equation (53b). 
(2a1 + b1) (E – E*) – a1 (S – S*) = b1 (D – D*) 

b1(2a1 + b1) (W – W*) = (2a1 + b1) (E – E*) – a1 (S – S*) – (b1 + a1) (S – S*)

b1(2a1 + b1) (W – W*) = (2a1 + b1) (E – E*) – (b1 + 2a1) (S – S*)

Divide through by 2a1 + b1,

b1 (W – W*) = (E – E*) – (S – S*)

Rearrange.

(S – S*) = (E – E*) – b1 (W – W*)
 (54a)

Substitute for (S – S*) in (54a) into (53a). 
(2a1 + b1) (E – E*) = b1 (D – D*) + a1 (E – E*) – a1b1 (W – W*)

(2a1 + b1) (E – E*) – a1 (E – E*) + a1b1 (W – W*) = b1 (D – D*) 

(a1 + b1) (E – E*) + a1b1 (W – W*) = b1 (D – D*)

(D – D*) = (a1 + b1)/b1 (E – E*) + a1 (W – W*) 
 (54b)

We can then convert these equations to growth rates and elasticities by dividing both through by E* and making judicious use of (W*/W*) and (E*/E*).

(S – S*)/E* = (E – E*)/E* – b1 (W – W*)/E* (W*/W*)
(S – S*)/E* = (E – E*)/E* – eS (W – W*)/W*
 (55a)

Therefore, we can see that the labor supply shift measure with employer monopsony is the same as the competitive measures equation (39b) above and similar to the difference in natural log equations (3) in the article and (7b) in Online Appendix 1.

To look at the labor demand shift, do similar substitutions in equation (54b).

(D – D*)/E* = (a1 + b1)/b1 (E – E*)/E* + a1 (W – W*)/E* (W*/W*)

(D – D*)/E* = (a1 + b1)/b1 (E – E*)/E* + eD (W –W*)/W*

(D – D*)/E* = a1/b1 (E – E*)/E* + (E – E*)/E* + eD (W – W*)/W*

(D – D*)/E* = a1/b1 (E – E*)/E* (W*E*/W*E*) + (E – E*)/E* + eD (W – W*)/W*

(D – D*)/E* = (a1 W*/E*) /(b1 W*/E*) (E – E*)/E* + (E – E*)/E* + eD (W – W*)/W*

(D – D*)/E* = (eD/eS + 1) (E – E*)/E* + eD (W – W*)/W*
(56b)

On the other hand, the measure of the percentage change in labor employment associated with the shift in the Employers’ willingness to pay under employer monopsony is a more complex function than the measure under the competitive setting in equation (39b).

6.8 Conclusions


If the underlying demand and supply functions are multiplicative and can easily be converted to logs, the same equations we used in the body of the article can be used to estimate changes in employment caused by changes in labor demand or supply in all three settings: competition, unionization, or employer monopsony. If the demand and supply functions are linear and it is a unionized labor market, the demand shift equation is the same under competition and unionization, but it is more complicated under employer monopsony. If the demand and supply functions are linear the supply shift equation is the same under competition and employer monopsony, but it is more complicated under unionization.


Our focus in the article is on examining the demand shifts, so the only problem arises if there is a linear demand and supply and there is employer monopsony. We believe that workers were mobile enough and the number of employers large enough across manufacturing and all sectors, that employers had at most weak monopsony power in the overall manufacturing labor market; therefore, using the demand shift measures in the article provide good estimates of the changes in demand over five- and ten-year periods. 
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Online Appendix 7
ADDITIONAL INFORMATION ABOUT THE PENNSYLVANIA AND NICB DATA BY INDUSTRY
The data for Pennsylvania Industry underlying Tables 2 through 6, and Appendix Tables 3-1, 5-1, 5-2, 8-1, and 8-2 are from the Pennsylvania Department of Internal Affairs. Bureau of Statistics. Report on Productive Industries, Public Utilities and Miscellaneous Statistics of the Commonwealth of Pennsylvania. Various years from 1916 to 1950; Pennsylvania Department of Internal Affairs. Bureau of Statistics. Report on Productive Industries and Miscellaneous Statistics of the Commonwealth of Pennsylvania. Various years from 1916 to 1950; and Pennsylvania Department of Internal Affairs. Bureau of Statistics. Annual Report of the Secretary of Internal Affairs of the Commonwealth of Pennsylvania: Industrial Statistics. Various years from 1916 to 1950. 
When we collected the data, there were 300 industries reported in Pennsylvania and we worried that some establishments might have changed from one category to another in different years. Therefore, we aggregated the industries into nine categories: chemicals, petroleum, and allied; clay, glass, and stone; food and beverages; rubber and leather; wood products; metal products (including machinery); paper and printing; textiles; and tobacco products. We then performed extensive cross-checking of the data for the nine aggregate industries. In a 1964 report the Statistics staff of the Pennsylvania Department of Internal Affairs carefully re-aggregated the data on total employment and total wage and salaries for the entire period from 1916 to 1962 to match the SIC codes of the 1960s. The correlations across time for 1920 to 1950 for total wages and salaries between our annual reports and the 1964 report was over 0.99 for six industries and 0.95, 0.88, and 0.91 for the other three. Comparisons of the Pennsylvania data with U.S. manufacturing Census data for Pennsylvania show correlations over time of 0.99 for average annual earnings for wage workers, 0.91 for total wage earners, and 0.97 for total wages paid. None of the alternative sources have the detail by male and female wage and salary workers or the annual coverage of the annual Pennsylvania data set.


The data for male and female hourly wages and weekly hours are from Beney, Ada. Differentials in Industrial Wages and Hours in the United States: National Industrial Conference Board Studies: No. 238. New York: National Industrial Conference Board, 1938; National Industrial Conference Board. Personnel Management Record. New York: National Industrial Conference Board Inc., monthly issues from 1936 through 1948; and National Industrial Conference Board. Wages in the United States, 1914–1929. New York: National Industrial Conference Board, 1930. The industries listed in the National Industrial Conference Board (NICB) records are: agriculture implements, automobiles, boots and shoes, chemical, cotton, electrical manufacturing, furniture, hosiery and knit goods, iron and steel, leather, lumber, meat packing, paint and varnish, paper and pulp, paper products, printing books, printing news and magazines, rubber, silk and rayon, wool, foundries and machines. 
We have aggregated these industries to match the Pennsylvania industries. To match up NICB wage data for industries with industries in Pennsylvania we used the following concordances: Food and beverage in PA included NICB meat packing; tobacco in PA was proxied by the NICB northern cotton industry; textiles in PA used the average of NICB cotton, north, hosiery and knit good, rayon and allied products, silk, wool, and woolen and worsted goods; wood products in PA used NICB lumber and millwork; paper in printing in PA used the average of NICB paper and pulp, paper products, printing, book and job, and printing, news and magazine; chemicals and allied in PA used the average of NICB chemical, and paint and varnish; rubber and leather in PA used the average of NICB rubber, boot and shoe, leather tanning and finishing, other rubber products, rubber tires and tubes; clay, glass and stone in PA was proxied by the NICB paper and pulp; metal products in PA used the average of NICB foundries, iron and steel, other foundry and machine shops, hardware and small parts, agricultural implements, heavy equipment, machines and machine tools, electrical manufacturing, automobiles. In cases where we used proxies we chose the proxies based on comparisons of average annual earnings in the relevant industries.

Online Appendix 8
DEMAND SHIFTS BY INDUSTRY
The increases in demand for female workers occurred in nearly every industry. Between 1941 and 1950 the share of female production workers rose by at least 3 percentage points in every one of the industries in Table 8-1 except wood products (1.4 percentage points) and paper and printing (–0.7), while the female share of salaried workers rose by at least 2 percentage points in each of the industries except for rubber and leather at –0.4 percentage points. Relative wages rose in all industries. 
Demand and supply changes for each industry relative to the counterfactual changes in the 1920s are shown in Table 8. They show relative demand increases for female production workers ranging from 11 percent in textiles with an elasticity of –0.3 to a high of 88 percent in chemicals and allied products with the same elasticity. In the textiles and tobacco industries where more than 60 percent of the production workers were female, the demand rose. At the same time female production workers reduced their labor supply in these two industries and increased labor supply to most of the other industries. 
Female salaried workers already accounted for at least 22 percent of salaried workers in all industries by 1941. Their roles increased in the 1940s, as demand increased most relative to the counterfactual in rubber, leather, and metals. The smallest relative rise in demand was in tobacco, paper, and printing. As was the case for female wage workers, female salaried workers reduced their labor supply to tobacco and textiles and increased their labor supply to metal products and chemicals. They also reduced labor supply to food, beverages, rubber, and leather. In considering labor supply for industries, we focus on the estimates with higher supply elasticities because each worker had more options than when supplying labor to manufacturing as a whole. 
Estimates of the relative demand for females and males relative to the counterfactual are shown by industry in Table 8-2. They show that this relative demand rose the most for wage workers in chemicals, metals, and textiles, while actually falling in tobacco. The relative demand for salaried workers was positive across industries and elasticities with a minimum of 18.7 percent for wood products when the elasticity of substitution is one.

Table 8-1

Estimates of the Difference Between the Actual 
and Counterfactual Demand and Supply Shifts from 1941 
to a Post-War Year for Male and Female Salary and Hourly Workers

	 
	 
	 
	Demand Elasticity
	Supply Elasticity

	Manufacturing Sector
	Change in ln(earnings)
	Change in ln(employ)
	e = –0.3
	e = –0.8
	e = –1.5
	e = 1
	e = 3
	e = 5.5

	
	FEMALE SALARY WORKERS, 1941–1950 RELATIVE TO COUNTERFACTUAL

	Rubber and leather
	0.22
	0.31
	0.37
	0.48
	0.64
	0.09
	–0.35
	–0.90

	Metal products
	0.01
	0.36
	0.36
	0.37
	0.37
	0.35
	0.33
	0.31

	Wood products
	0.10
	0.20
	0.23
	0.28
	0.35
	0.11
	–0.09
	–0.33

	Textiles
	0.23
	0.05
	0.12
	0.24
	0.40
	–0.19
	–0.66
	–1.24

	Chemicals and allied
	–0.05
	0.24
	0.23
	0.20
	0.17
	0.29
	0.39
	0.51

	Clay, glass, and stone
	0.06
	0.12
	0.14
	0.17
	0.21
	0.06
	–0.06
	–0.22

	Food and beverages
	0.20
	0.00
	0.06
	0.17
	0.31
	–0.20
	–0.61
	–1.12

	Tobacco
	0.45
	–0.24
	–0.11
	0.12
	0.44
	–0.70
	–1.60
	–2.74

	Paper and printing
	–0.23
	0.21
	0.14
	0.03
	–0.13
	0.44
	0.90
	1.48

	
	FEMALE HOURLY WORKERS, 1941–1948 RELATIVE TO COUNTERFACTUAL

	Chemicals and allied
	–0.10
	0.91
	0.88
	0.83
	0.76
	1.01
	1.20
	1.45

	Tobacco
	0.33
	0.26
	0.36
	0.53
	0.76
	–0.07
	–0.74
	–1.57

	Wood products
	0.07
	0.40
	0.42
	0.46
	0.51
	0.32
	0.18
	–0.01

	Metal products
	–0.02
	0.36
	0.36
	0.35
	0.33
	0.38
	0.42
	0.46

	Food and beverages
	–0.09
	0.40
	0.37
	0.33
	0.27
	0.49
	0.66
	0.87

	Rubber and leather
	0.07
	0.21
	0.23
	0.27
	0.32
	0.14
	0.00
	–0.17

	Clay, glass, and stone
	0.14
	0.13
	0.17
	0.24
	0.34
	–0.01
	–0.30
	–0.66

	Textiles
	0.21
	0.05
	0.11
	0.22
	0.36
	–0.16
	–0.58
	–1.11

	Paper and printing
	0.07
	0.14
	0.16
	0.20
	0.24
	0.08
	–0.05
	–0.22

	
	MALE SALARY WORKERS, 1941–1950 RELATIVE TO COUNTERFACTUAL

	Rubber and leather
	–0.19
	0.38
	0.32
	0.23
	0.10
	0.57
	0.94
	1.41

	Wood products
	0.01
	0.09
	0.09
	0.10
	0.10
	0.09
	0.07
	0.06

	Metal products
	–0.20
	0.22
	0.16
	0.06
	–0.08
	0.41
	0.81
	1.30

	Chemicals and allied
	–0.18
	0.21
	0.15
	0.06
	–0.07
	0.39
	0.76
	1.22

	Textiles
	–0.17
	0.15
	0.10
	0.01
	–0.11
	0.32
	0.66
	1.09

	Clay, glass, and stone
	–0.16
	0.07
	0.02
	–0.05
	–0.17
	0.23
	0.55
	0.94

	Food and beverages
	–0.09
	–0.16
	–0.18
	–0.23
	–0.29
	–0.07
	0.11
	0.34

	Tobacco
	–0.31
	–0.08
	–0.17
	–0.33
	–0.54
	0.23
	0.85
	1.63

	Paper and printing
	–0.14
	–0.25
	–0.29
	–0.36
	–0.46
	–0.11
	0.17
	0.53


	
	MALE HOURLY WORKERS, 1941–1948 RELATIVE TO COUNTERFACTUAL

	Tobacco
	0.24
	0.52
	0.59
	0.71
	0.88
	0.29
	–0.19
	–0.78

	Wood products
	–0.07
	0.52
	0.50
	0.46
	0.42
	0.59
	0.72
	0.90

	Rubber and leather
	–0.08
	0.27
	0.24
	0.20
	0.15
	0.35
	0.51
	0.71

	Clay, glass, and stone
	–0.02
	0.18
	0.18
	0.16
	0.15
	0.21
	0.26
	0.32

	Food and beverages
	–0.10
	0.20
	0.17
	0.12
	0.05
	0.31
	0.51
	0.77

	Chemicals and allied
	–0.10
	0.16
	0.13
	0.08
	0.01
	0.27
	0.47
	0.73

	Paper and printing
	–0.04
	0.08
	0.07
	0.05
	0.02
	0.12
	0.19
	0.29

	Metal products
	–0.19
	0.11
	0.05
	–0.04
	–0.17
	0.30
	0.67
	1.13

	Textiles
	0.05
	–0.15
	–0.14
	–0.12
	–0.08
	–0.20
	–0.29
	–0.41


Sources:  Data are from Pennsylvania Department of Internal Affairs. Bureau of Statistics, various years.

Table 8-2

Change in Relative Demand 
for Female and Male Workers, 
1941 to Post-War

	 
	Change in Relative Demand When sigma =

	
	1
	2
	3

	
	SALARIED WORKERS

	Metal
	0.368
	0.624
	0.879

	Rubber and leather
	0.256
	0.528
	0.800

	Chemicals and petroleum
	0.305
	0.487
	0.670

	Textiles
	0.300
	0.475
	0.650

	Clay, glass, and stone
	0.318
	0.461
	0.604

	Food and beverages
	0.328
	0.456
	0.585

	Tobacco
	0.389
	0.432
	0.474

	Paper and printing
	0.243
	0.244
	0.245

	Wood products
	0.187
	0.228
	0.269

	
	WAGE WORKERS
	

	Chemicals and petroleum
	1.497
	1.502
	1.507

	Metal
	0.675
	0.842
	1.009

	Textiles
	0.621
	0.786
	0.950

	Food and beverages
	0.375
	0.394
	0.412

	Paper and printing
	0.246
	0.350
	0.454

	Clay, glass, and stone
	0.091
	0.258
	0.426

	Rubber and leather
	0.075
	0.226
	0.377

	Wood products
	–0.087
	0.056
	0.199

	Tobacco
	–0.418
	–0.321
	–0.224


Sources: Data are from Pennsylvania Department of Internal Affairs. Bureau 
of Statistics, various years.
� If the equations (1) and (2) were set up with ln(w) on the left side and ln(E) on the right to match up with the way labor supply and demand are typically graphed, the parameters multiplied by ln(E) in both equations would be inverse elasticities, and SS and DD would measure the size of the differences caused by shifts in terms of the differences in log wages.


�A pure change in demand elasticity with no demand shift, would be a rotation of the demand curve around point A in Figure 2. It is not possible to mistake a demand shift for a pure change in the elasticity of demand. 


� This became more complicated for 1949 because a large number of individuals did not report their weeks worked for the year. Using the sample of people who did report, we developed an estimate of what share of the workers would have been on 1 payroll, 2 payrolls, and up to 12 payrolls, and then scaled the total reported to reflect these differences. 
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