
1 Extensions

In this section we present three extensions of our baseline model. The first allows rigidity to

differ across firms, the distribution of µ is symmetric. The second allows for an asymmetric

distribution. In the third, rigidity is identical across firms, however the economy-wide µ varies

through time. All three improve the quantitative performance of our model. Although we discuss

some of the quantitative results from these models in this section, for brevity we relegate the full

results to the appendix. For these extensions, Tables A2, A3, and A4 present the macroeconomic,

accounting, and financial moments analogous to the ones in the main text.

1.1 Symmetric cross-sectional heterogeneity in rigidity µ

In our baseline model all firms have identical µ and differ only by their history of idiosyncratic

productivity shocks. In this model we relax the assumption of a constant µ, in particular the

fraction of workers who do not renegotiate wages for firm i at time t is µi
t, which follows a two-

state Markov process where the probability of switching is 0.02 per quarter.1 In the high state

µi
t = 0.95 (20 quarters) and in the low state µi

t = 0.85 (6.67 quarters). On average 10.3% of

employees renegotiate their contract in any quarter, thus there is slightly less aggregate rigidity

than in our baseline model.2 For simplicity, we shut down the idiosyncratic productivity shocks

so that σ(Z i
t) = 0. As will be discussed below, heterogeneity in rigidity seems consistent with

the data and if anything, this calibration understates the heterogeneity in the data.

The macroeconomic and accounting moments in this model are very similar to the baseline

model and to the data (Tables A2 and A3). This is because for these quantities it is the average

number of employees keeping their past wage that matters. However, the equity return volatility

improves from 13.15% in our baseline model to 14.45%. The intuition for this is evident in Figure

A1 which shows that across models with different rigidity, aggregate return volatility is a convex

function of µ. Since convexity implies that E[σ(µ)] > σ(E[µ]), a model with heterogenous µ has

more equity volatility.3 Much of the aggregate volatility is being driven by higher volatility in

the rigid sector. We will relate this to the data below.

1This low switching probability is to make sure firms do not switch industries too often. However, our results
are not sensitive to this probability.

2Since the transition probability matrix is symmetric, the fraction of each type is always half. 50% of the firms
have µ

i

t
= 0.85 implying that 15% of their employees renegotiate; the other 50% have µ

i

t
= 0.95 implying that

5% of their employees renegotiate. If both firms have the same number of employees, then 10% of all employees
renegotiate per quarter. In simulated data, high (low) µ firms have roughly 5.6% less (more) employees than the
average firm, thus the fraction of renegotiating employees is 0.5*1.056*0.15+0.5*0.944*0.05=10.28%. Note that
the fraction of employees who keep their jobs, 1−0.1028 = 0.8972, is approximately equal to the average µ. On the
other hand, the average job durations in the two types of firms are 6.67 and 20, however 1− 1

0.5(6.67+20) = 0.9625

is much bigger than the fraction of employees who keep their job.
3As explained in footnote 2, when considering heterogeneity the relevant target is the average µ.
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Interestingly, even though there are no idiosyncratic productivity shocks, the unlevered value

premium is significantly greater than in the baseline model.4 The reason for the value premium

is also slightly different. In the baseline model firms which experienced negative productivity

shocks had lower market-to-book ratios and higher expected return; however, all firms had the

same rigidity. Here, firms with high rigidity are endogenously the ones with lower market-to-book

ratios and higher expected returns.

Heterogeneity in µ allows this model to speak to another feature of the data. Recall that in

the introduction, one of the motivations for our work was the empirical finding that the average

labor share combined with the covariance of labor share with output can explain 38% of the

variation in industry volatility and 54% of the variation in industry CAPM beta. This can be

seen in Figure A2 and Table A5. Our model’s explanation for this is as follows.

In a standard (Cobb-Douglas) frictionless economy, the labor share is constant. The sticky

wage channel works by creating operating leverage through a counter-cyclical labor share (com-

pensation of employees as a fraction of output). Thus, the model suggests that a counter-cyclical

labor share implies higher volatility. This result should be stronger if average labor share is high,

because if labor is a small factor in production, the wage bill will have little effect on operating

leverage. This intuition suggests that if there is cross-sectional variation in labor market fric-

tions, then industry average returns, return volatilities, and CAPM betas should all be positively

related to average labor share and negatively to the covariance of labor share with output. The

above empirical results are exactly consistent with this intuition for volatility and beta, although

the relationship is insignificant for average returns.

The intuition above was clear even in the model with constant µ; however, the heterogenous

µ model allows us to compare the model and data directly. We group all high µ firms together as

a high rigidity industry and do the same for the low rigidity industry; we then compute return

and labor share for each industry portfolio.5 Consistent with the intuition above, we can confirm

that the high rigidity industry has higher average returns, higher volatility, and higher CAPM

beta. Furthermore, this industry has a more counter-cyclical labor share.6

As mentioned above, we believe that our heterogeneity calibration is conservative. A proper

4The levered value premium is smaller. This is because much of the levered value premium is due to firms
getting closer to default after negative productivity shocks. In this model idiosyncratic productivity shocks are
shut down, thus the effect of financial leverage is less important.

5Since individual firms randomly switch between high and low rigidity, the composition of each industry
portfolio is not constant. However, this is no different than the data.

6The high rigidity industry has a lower average labor share, which is inconsistent with the data. The reason
for this is that high rigidity firms in the model endogenously choose fewer employees. However, we do not view
this as a problem for our intuition. Note that the above model has only one type of heterogeneity - in rigidity µ.
We have instead solved a model (not reported) with heterogeneity in α (capital share) in which the average labor
share pattern is consistent with our intuition. A model with heterogeneity in both µ and α would likely describe
the data well; however, solving this model is more costly numerically.
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calibration exercise would require data on the length of individual wage contracts in each industry,

which we do not have. However, we can compare the distribution of cov(GDP,LSi) across

industries. In the data, across 26 industries the mean and standard deviation of this covariance

are −0.00074 and 0.00099. In our model they are −0.00052 and 0.00005.

1.2 Asymmetric cross-sectional heterogeneity in rigidity µ

In the previous section the heterogeneity in µ was symmetric. In this section we solve an identical

model with asymmetric heterogeneity. In particular, the transition probability for high µ firms

is 0.02, but it is 0.06 for low µ firms. This implies that 75% of all firms have a high µ. We

choose the high µ to be 0.95 (20 quarters), as in the previous section, and the low µ to be 0.75 (4

quarters) so that the average µ is still 0.9 as in all of our models. On average 10.5% of employees

renegotiate their contract in any quarter, thus there is slightly less aggregate rigidity compared

to the symmetric model where the number was 10.3%.

Why is this type of asymmetry reasonable? Estimates of separation rates for the US are

around 3%/month (Hobijn and Sahin (2009), Shimer (2005)). If separations were equally likely

for all workers, this would imply an average job length of around 2.8 years. However Hall (1982)

estimates an average job duration of 8 years for American workers, Abraham and Farber (1987)

estimate similar numbers just for non-unionized workers (presumably unionized workers have

even longer durations). This is because a small number of workers frequently transition between

jobs, while a majority of workers stay in their jobs for a long time. For example, Hall (1995)

writes “Separation rates are sensitive to the accounting period because a small fraction of jobs

but a large fraction of separations come from jobs lasting as little as a day.” Hobijn and Sahin

(2009) show that 15% of jobs have a tenure below 6 months; Davis et al. (2006) show that if one

estimates separations based on workers who have held their job for a full quarter (as opposed to

all separations), the quarterly separation rate falls from 24% to 10.7%. Thus we model a smaller

segment of the economy with high job turnover, and a larger sector of the economy with low job

turnover.

As in the symmetric case, the macroeconomic and accounting moments in this model are

very similar to the baseline model and to the data (Tables A2 and A3). However, the equity

volatility in this model is 15.61%, compared to 13.15% in our baseline model and 14.31% in the

symmetric heterogeneity model. The intuition is again the convexity of volatility as a function

of µ.
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1.3 Changes over time in rigidity µ

A large body of work has both empirically and theoretically argued that downward wage rigidity is

more important than upward wage rigidity.7 Furthermore, Daly et al. (2012) show that downward

rigidity is more important during recessions. To incorporate this into our model we allow µt to

vary through time. For simplicity, µt takes on the values 0.8775, 0.9, or 0.9225 and is perfectly

negatively correlated with aggregate productivity growth, which follows a three-state Markov

process. Unlike the two extensions with cross-sectional heterogeneity in µ, here we do not shut

down the idiosyncratic productivity process; it follows the same three-state Markov chain as in

the baseline case.

Again, the macroeconomic and accounting moments in this model are very similar to the

baseline model, and to the data (Tables A2 and A3). The aggregate equity volatility is 14.31%,

as with the cross-sectional variation in µ, variation over time also raises the volatility relative to

the baseline model. Note that the two effects are independent; thus we believe that combining

them would raise equity volatility further.
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Figure A1: Comparative statics of µ

This figure compares the volatility of the unlevered equity return as we vary wage rigidity (µ) across different models. All models have
capital adjustment costs calibrated to match investment volatility and fixed costs calibrated to match the average market-to-book
ratio. On the upper panel we plot volatility (y-axis) against average job duration 1

1−µ
, on the lower panel we plot volatility (y-axis)

against the probability of remaining in a job µ. We present both Cobb-Douglas technology (solid line), and a calibrated CES (dashed
line).
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Figure A2: Labor Market Variables Explain Industry Return, Volatility, Beta

This figure plots the univariate relationships between the average industry return and the average industry labor share (upper left), the
average industry return and the covariance of the industry’s labor share with aggregate private output (lower left), the industry return
volatility and the average industry labor share (upper middle), the industry return volatility and the covariance of the industry’s
labor share with aggregate private output (lower middle), the industry CAPM beta and the average industry labor share (upper
right), and the industry CAPM beta and the covariance of the industry’s labor share with aggregate output (lower right).
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Figure A3: Autocorrelation of consumption and output growth

This figure plots the autocorrelation of consumption growth (top panel) and output growth at various horizons (bottom panel).
Dashed lines indicate two standard deviation bounds.
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Table A1: Constant labor

This table presents results from a version of the model where Nt = 1, and without idiosyncratic risk (σ(Zi) = 0). For brevity, we present only the standard model (Cobb-Douglas

and µ = 0) and the baseline model (CES and µ = 0.9), and only the macro-economic and financial results.

Panel A: Standard model

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.60 1.00 1.00 0.67
c 0.54 0.92 0.55 0.69 0.90 0.70
i 2.80 0.96 0.57 2.49 0.89 0.52
n 0.00 0.00 0.00 0.00 0.00 0.00
w 1.00 1.00 0.60 1.00 1.00 0.67

w ∗ n 1.00 1.00 0.60 1.00 1.00 0.67
w∗n
y

0.00 0.00 0.00 0.00 0.00 0.00

Panel B: Baseline model

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.60 1.00 1.00 0.67
c 0.70 0.88 0.61 0.78 0.90 0.74
i 3.07 0.88 0.53 2.77 0.82 0.43
n 0.00 0.04 0.00 0.00 -0.00 0.00
w 0.49 0.82 0.71 0.66 0.84 0.88

w ∗ n 0.49 0.82 0.71 0.66 0.84 0.88
w∗n
y

0.66 -0.91 0.56 0.58 -0.78 0.50

Panel C: Unconditional financial moments

E[RF ] σ(RF ) E[RE ] σ(RE) SR
Standard 0.97 0.86 2.20 5.25 0.42
Baseline 1.23 1.06 6.18 12.23 0.42
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Table A2: Macroeconomic Moments

This table compares annual macroeconomic moments from the data to several extensions of our model. The variable descriptions are identical to Table ??. The data moments

and bootstrapped standard errors are in Panels A and B; we also present our baseline model (C), and models with symmetric cross-sectional heterogeneity in µ (D), asymmetric

cross-sectional heterogeneity in µ (E), and time-series variation in µ (F).

Panel A: Data means

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.57 1.00 1.00 0.54
c 0.51 0.72 0.53 0.53 0.79 0.50
i 3.04 0.07 0.55 2.84 0.27 0.39
n 0.78 0.92 0.55 0.73 0.89 0.47
w 0.44 0.60 0.36 0.49 0.61 0.32

w ∗ n 0.87 0.84 0.33 0.91 0.85 0.19
w∗n
y

0.56 -0.49 0.36 0.53 -0.43 0.20

Panel B: Data standard errors

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 0.00 0.00 0.11 0.00 0.00 0.10
c 0.05 0.09 0.12 0.05 0.08 0.12
i 0.26 0.24 0.14 0.45 0.26 0.12
n 0.04 0.03 0.11 0.04 0.03 0.11
w 0.04 0.08 0.12 0.04 0.09 0.12

w ∗ n 0.04 0.06 0.11 0.06 0.04 0.14
w∗n
y

0.09 0.07 0.15 0.08 0.10 0.20

Panel C: Baseline model

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.46 1.00 1.00 0.42
c 0.62 0.95 0.55 0.68 0.94 0.64
i 3.00 0.95 0.41 2.83 0.91 0.23
n 0.83 0.56 0.20 0.82 0.55 -0.08
w 0.40 0.38 0.71 0.55 0.54 0.88

w ∗ n 0.74 0.83 0.14 0.86 0.87 0.11
w∗n
y

0.56 -0.68 0.49 0.50 -0.52 0.35

Panel D: Symmetric heterogeneity in µ

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.46 1.00 1.00 0.42
c 0.61 0.95 0.55 0.68 0.94 0.65
i 3.01 0.95 0.41 2.84 0.91 0.22
n 0.83 0.57 0.20 0.81 0.56 -0.08
w 0.38 0.47 0.69 0.51 0.58 0.86

w ∗ n 0.77 0.84 0.16 0.86 0.87 0.09
w∗n
y

0.54 -0.64 0.49 0.49 -0.51 0.38

Panel E: Asymmetric heterogeneity in µ

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.46 1.00 1.00 0.42
c 0.60 0.95 0.55 0.67 0.94 0.65
i 3.00 0.96 0.41 2.84 0.91 0.23
n 0.83 0.57 0.20 0.81 0.56 -0.08
w 0.35 0.51 0.67 0.49 0.59 0.86

w ∗ n 0.78 0.83 0.16 0.86 0.86 0.07
w∗n
y

0.56 -0.62 0.50 0.52 -0.51 0.41

Panel F: Time variation in µ

x
σ(x)
σ(y)

ρ(x, y) AC(x) σ(∆x)
σ(∆y)

ρ(∆x,∆y) AC(∆x)

y 1.00 1.00 0.46 1.00 1.00 0.42
c 0.60 0.95 0.55 0.67 0.94 0.65
i 3.00 0.95 0.41 2.84 0.91 0.22
n 0.83 0.57 0.20 0.81 0.56 -0.08
w 0.35 0.51 0.67 0.49 0.59 0.86

w ∗ n 0.78 0.83 0.16 0.86 0.86 0.07
w∗n
y

0.56 -0.62 0.50 0.52 -0.50 0.41
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Table A3: Accounting Moments

This table compares annual accounting moments from the data to several extensions of our model. The variable descriptions are identical to Table ??. The data moments

and bootstrapped standard errors are in rows 1 and 2; we also present our baseline model (3), and models with symmetric cross-sectional heterogeneity in µ (4), asymmetric

cross-sectional heterogeneity in µ (5), and time-series variation in µ (6).

Panel A: Profit
σ(π)
σ(y)

ρ(π, y) AC(π) σ(∆π)
σ(∆y)

ρ(∆π,∆y) AC(∆π)

Data 3.01 0.64 0.23 3.27 0.60 -0.07
(0.47) (0.06) (0.11) (0.55) (0.07) (0.16)

Baseline 2.57 0.94 0.57 2.27 0.90 0.51
Symmetric µi 2.44 0.94 0.56 2.20 0.91 0.52
Asymmetric µi 2.12 0.90 0.60 1.90 0.86 0.60
Variation in µt 2.37 0.89 0.59 2.05 0.85 0.57

Panel B: Dividend

σ(d)
σ(y)

ρ(d, y) AC(d)
σ(∆d

y
)

σ(∆y)
ρ(∆d

y
,∆y) AC(∆d

y
)

σ(de)
σ(y)

ρ(de, y) AC(π)
σ(∆de

y
)

σ(∆y)
ρ(∆de

y
,∆y) AC(∆de

y
)

Data 4.08 0.26 0.34 0.58 0.38 0.17 9.55 0.39 0.30 0.49 0.40 0.09
(0.86) (0.10) (0.18) (0.10) (0.10) (0.19) (2.17) (0.08) (0.17) (0.09) (0.10) (0.21)

Baseline 4.52 0.09 0.23 0.43 0.17 0.09 5.64 0.90 0.56 0.55 0.82 0.51
Symmetric µi 4.12 0.01 0.24 0.43 0.16 0.14 5.21 0.92 0.56 0.58 0.86 0.52
Asymmetric µi 3.95 0.00 0.26 0.45 0.17 0.18 5.18 0.93 0.55 0.63 0.87 0.49
Variation in µt 4.46 0.14 0.26 0.44 0.21 0.14 6.08 0.89 0.55 0.62 0.82 0.48
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Table A4: Financial Moments

This table compares annual financial moments from the data to several extensions of our model. The variable descriptions are identical to Table ??. The data moments and

bootstrapped standard errors are in rows 1 and 2; we also present our baseline model (3), and models with symmetric cross-sectional heterogeneity in µ (4), asymmetric

cross-sectional heterogeneity in µ (5), and time-series variation in µ (6).

Panel A: Unconditional financial moments

E[RF ] σ(RF ) E[RE ] σ(RE) SR E[RV
−RG] βV

− βG E[RV,UL
−RG,UL] βV,UL

− βG,UL

Data 0.42 3.58 7.68 20.26 0.36 5.37 0.29
(0.38) (0.43) (2.18) (1.60) (0.12) (2.09) (0.09)

Baseline 1.17 0.99 6.56 13.15 0.44 2.58 0.49 0.51 0.13
Symmetric µi 1.18 0.99 7.34 14.45 0.44 2.71 0.43 1.54 0.26
Asymmetric µi 0.98 0.98 7.68 15.61 0.44 2.59 0.39 1.33 0.20
Variation in µt 1.00 0.98 6.96 14.31 0.43 1.81 0.41 0.63 0.11

Panel B: Conditional financial moments

E[RE − RF |Rec] E[RE − RF |Exp] σ(RE − RF |Rec) σ(RE −RF |Exp)
Data 10.57 8.36 20.19 18.33

(1.33) (1.37) (1.88) (0.87)
Baseline 5.68 5.26 12.65 10.60

Symmetric µi 6.35 5.82 14.12 11.55
Asymmetric µi 7.07 6.20 15.59 12.40
Variation in µt 6.26 5.48 14.28 11.17
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Table A5: Labor Market Variables Explain Industry Return, Volatility, Beta

This table presents results of cross-sectional regressions where the unconditional average return, volatility, or CAPM beta of an

industry are regressed on industry characteristics. The characteristics are the average labor share in an industry and the covariance

of an industry’s labor share with aggregate private GDP. Specification 1 includes just average labor share, specification 2 includes

just the covariance, and specification 3 includes both. T-statistics are in parentheses. Results are for 1929-2000.

Panel A: Average Return
Specification 1 2 3
BE[LS] 2.57 2.59

(1.05) (1.07)
BCov[LS,GDP ] -0.03 0.02

(0.11) (0.09)
R2 0.07 0.00 0.07

Table A6: Estimates of ρB

This table presents estimates of ρB for several different specifications. The specifications are described in detail in the text.

Specification λ unrestricted λ = 0.37
1 0.61 –
2 0.46 0.49
3 0.99 0.94
4 – 0.81
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