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Appendix A. Robustness checks 

Appendix Figure 1. Robustness checks to Baseline Estimates. 

 

Notes: This figure shows the estimates of the coefficient 𝛽 (see notes in Table 1) for alternative data treatments (no interpolation and trimming at bottom and top 5 or 3 percent), use of 
inflation expectations at different horizons (6-month and 24-month ahead), use of rental-based measurement of capital expenditure and use of industry-level cost shares. The baseline estimates 
are shown in the top left panel. Circles represent the point estimates while the whiskers the 90 percent confidence interval. 



3 
 

Appendix B: Derivations  

We consider the textbook New Keynesian model (e.g., Gali 2015) to assess how the dispersion of inflation 

expectations should be related to the misallocation of resources.  

We assume that the demand function for a variety produced by firm 𝑖 ∈ ሾ0,1ሿ is given by 𝑌௧ ൌ 𝑌௧ ቀ

ത
ቁ
ିఙ

 

where 𝑖, 𝑡 index firms and time, 𝑌௧ is output, 𝑃௧ is the price of variety 𝑖, 𝑃ത௧ is the price level. The production 

function is 𝑌௧ ൌ 𝑍௧𝐾௧ఈ𝐿௧ଵିఈ where 𝑍௧ is the level of technology that is common across firms, 𝐿௧ is the labor input, 

𝐾௧ is the capital input. Workers are freely mobile across firms so that the wage is the same across firms. We 

assume that capital is a quasi-fixed factor that is set to the optimal “steady-state” level 𝐾ഥ. If follows that the revenue 

(and value added since there are no intermediate inputs) for firm 𝑖 is given:  

𝑅௧ ൌ 𝑃௧𝑌௧ ൌ 𝑃௧𝑌௧
ଵ/ఙ𝑌௧

ଵିଵ/ఙ ൌ 𝑃௧𝑌௧
ଵ
ఙ൫𝑍௧𝐾௧ఈ𝐿௧ଵିఈ൯

ଵିଵ/ఙ ൌ 𝑃௧𝑌௧
ଵ
ఙ𝑍௧

ଵିଵ/ఙ𝐾௧
ఈሺଵିଵ/ఙሻ𝐿௧

ሺଵିఈሻሺଵିଵ/ఙሻ

ൌ 𝑋௧𝐾௧
ఈሺଵିଵ/ఙሻ𝐿௧

ሺଵିఈሻሺଵିଵ/ఙሻ 

where 𝑋௧ ≡ 𝑃௧𝑌௧
భ
𝑍௧

ଵିଵ/ఙ is common across firms. Marginal revenue products for firm 𝑖 are given by  

𝑀𝑅𝑃𝐿௧ ≡
𝜕𝑃௧𝑌௧
𝜕𝐿௧

ൌ 𝑋௧ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰𝐾ഥఈሺଵିଵ/ఙሻ𝐿௧

ሺଵିఈሻሺଵିଵ/ఙሻିଵ, 

𝑀𝑅𝑃𝐾௧ ≡
𝜕𝑃௧𝑌௧
𝜕𝐾௧

ൌ 𝑋௧𝛼 ൬1 െ
1
𝜎
൰𝐾ഥఈሺଵିଵ/ఙሻିଵ𝐿௧

ሺଵିఈሻሺଵିଵ/ఙሻ. 

In what follows, we will use lower-case letters to denote logs of the corresponding variables, e.g., 𝑙௧ ൌ logሺ𝐿௧ሻ.  

The cross-sectional dispersion of log marginal revenue product is given by  

𝑣𝑎𝑟ሺ𝑚𝑟𝑝𝑙௧ሻ ൌ ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰ െ 1൨

ଶ
𝑣𝑎𝑟ሺ𝑙௧ሻ, 

𝑣𝑎𝑟ሺ𝑚𝑟𝑝𝑘௧ሻ ൌ ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰൨
ଶ
𝑣𝑎𝑟ሺ𝑙௧ሻ. 

Note that becasue we treat capital as a quasi-fixed factor,  

𝐿௧ ൌ 𝑍௧
ି ଵ
ଵିఈ𝑌௧

ଵ
ଵିఈ𝐾ഥ

ఈ
ଵିఈ ൌ 𝑍௧

ି ଵ
ଵିఈ ቆ𝑌௧ ൬

𝑃௧
𝑃ത௧
൰
ିఙ
ቇ

ଵ
ଵିఈ

𝐾ഥ
ఈ

ଵିఈ ൌ 𝑍௧
ି ଵ
ଵିఈ𝑌௧

ଵ
ଵିఈ𝑃௧

ఙ
ଵିఈ𝑃௧

ିఙ
ଵିఈ𝐾ഥ

ఈ
ଵିఈ ൌ 𝑄௧𝑃௧

ିఙ
ଵିఈ 

where 𝑄௧ ≡ 𝑍௧
ି భ
భషഀ𝑌௧

భ
భషഀ𝑃௧


భషഀ𝐾ഥ

ഀ
భషഀ is common across firms. It follows that the cross-sectional dispersion of labor 

input is related to the cross-sectional dispersion of prices 𝑣𝑎𝑟ሺ𝑙௧ሻ ൌ ቀ ఙ
ଵିఈ

ቁ
ଶ
𝑣𝑎𝑟ሺ𝑝௧ሻ and hence  

𝑣𝑎𝑟ሺ𝑚𝑟𝑝𝑙௧ሻ ൌ ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰ െ 1൨

ଶ
ቀ

𝜎
1 െ 𝛼

ቁ
ଶ
𝑣𝑎𝑟ሺ𝑝௧ሻ 

𝑣𝑎𝑟ሺ𝑚𝑟𝑝𝑘௧ሻ ൌ ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰൨
ଶ
ቀ

𝜎
1 െ 𝛼

ቁ
ଶ
𝑣𝑎𝑟ሺ𝑝௧ሻ 



4 
 

As we discuss in the paper, it is also useful to compute the cross-sectional dispersion in the difference of 

marginal revenue products: 

𝑣𝑎𝑟ሺ𝑚𝑟𝑝𝑘௧ െ 𝑚𝑟𝑝𝑙௧ሻ ൌ 𝑣𝑎𝑟ሺ𝑙௧ሻ ൌ ቀ
𝜎

1 െ 𝛼
ቁ
ଶ
𝑣𝑎𝑟ሺ𝑝௧ሻ. 

To make further progress, we need to make assumptions about how firms set prices. We posit that firms use 

Calvo pricing with the probability of price adjustment equal to 1 െ 𝜆.  

From Werning (2022, p. 11), we know that the log approximation for the optimal reset price for the Calvo 

pricing is given by:  

𝑝௧∗ െ �̅�௧ିଵ ൌ
1

1 െ 𝛽𝜆
𝜋௧  𝑎௧ 

where 𝛽 is the discount factor, 1 െ 𝜆 is the probability of price resets, �̅�௧ is the average price (i.e., �̅�௧ ൌ 𝐸ሺ𝑝௧ሻ 

which gives the price level), 𝑎௧ collects terms that do not depend on inflation expectations (e.g., future real 

marginal costs). Note that this expression does not require firms resetting their prices to have the same expectations 

but each firms’ inflation expectations is assumed to be constant across horizons.  

In the next step, we relate prices dispersion to the dispersion of inflation expectations and other factors. 

Using the basic properties of Calvo pricing, we find 

𝑣𝑎𝑟ሺ𝑝௧ሻ ≡ Δ௧ ൌ 𝑣𝑎𝑟ሺ𝑝௧ െ �̅�௧ିଵሻ ൌ 𝐸ሼ𝑝௧ െ �̅�௧ିଵሽଶ െ ሾ𝐸ሼ𝑝௧ െ �̅�௧ିଵሽሿଶ

ൌ 𝜆𝐸൛𝑝,௧ିଵ െ �̅�௧ିଵൟ
ଶ  ሺ1 െ 𝜆ሻ𝐸ሼ𝑝௧∗ െ �̅�௧ିଵሽଶ െ ሾ�̅�௧ െ �̅�௧ିଵሿଶ ൌ

ൌ 𝜆Δ௧ିଵ  ሺ1 െ 𝜆ሻ𝐸 ൜
1

1 െ 𝛽𝜆
𝜋௧  𝑎௧ൠ

ଶ
െ ሾ�̅�௧ െ �̅�௧ିଵሿଶ ൌ

ൌ 𝜆Δ௧ିଵ  ሺ1 െ 𝜆ሻ𝐸 ൜
1

1 െ 𝛽𝜆
ሺ𝜋௧ െ 𝜋ത௧ሻ 

1
1 െ 𝛽𝜆

 𝜋ത௧  𝑎௧ൠ
ଶ
െ ሾ�̅�௧ െ �̅�௧ିଵሿଶ

ൌ 𝜆Δ௧ିଵ  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
𝑣𝑎𝑟ሺ𝜋௧ ሻ  ሺ1 െ 𝜆ሻ𝐸 ൜

1
1 െ 𝛽𝜆

 𝜋ത௧  𝑎௧ൠ
ଶ

 2
1 െ 𝜆

1 െ 𝛽𝜆
𝐸 ൜ሺ𝜋௧ െ 𝜋ത௧ሻ ൬

1
1 െ 𝛽𝜆

 𝜋ത௧  𝑎௧൰ൠ െ ሾ�̅�௧ െ �̅�௧ିଵሿଶ 

To simplify this expression, we note that by definition, 𝜋ത௧ ≡ �̅�௧ െ �̅�௧ିଵand that  

𝐸 ൜ሺ𝜋௧ െ 𝜋ത௧ሻ ൬
1

1 െ 𝛽𝜆
 𝜋ത௧  𝑎௧൰ൠ ൌ 𝐸 ൜ሺ𝜋௧ െ 𝜋ത௧ሻ ൬

1
1 െ 𝛽𝜆

 𝜋ത௧൰ൠ  𝐸ሼሺ𝜋௧ െ 𝜋ത௧ሻ𝑎௧ሽ

ൌ 𝐸ሼሺ𝜋௧ െ 𝜋ത௧ሻሺ𝑎௧ െ 𝑎ത௧  𝑎ത௧ሻሽ ൌ 𝐸ሼሺ𝜋௧ െ 𝜋ത௧ሻሺ𝑎௧ െ 𝑎ത௧ሻሽ  𝐸ሼሺ𝜋௧ െ 𝜋ത௧ሻ𝑎ത௧ሽ

ൌ 𝐸ሼሺ𝜋௧ െ 𝜋ത௧ሻሺ𝑎௧ െ 𝑎ത௧ሻሽ ൌ 𝑐𝑜𝑣ሺ𝜋௧ ,𝑎௧ሻ 

This covariance may be time varying because the source of shocks in the economy can differentially affect 

expectations about real marginal costs and inflation. It follows that 
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𝑣𝑎𝑟ሺ𝑝௧ሻ ≡ Δ௧ ൌ 𝜆Δ௧ିଵ  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
𝑣𝑎𝑟ሺ𝜋௧ ሻ  2

1 െ 𝜆
1 െ 𝛽𝜆

𝑐𝑜𝑣ሺ𝜋௧ ,𝑎௧ሻ

 ሺ1 െ 𝜆ሻ𝐸 ൜
1

1 െ 𝛽𝜆
 𝜋ത௧  𝑎௧ൠ

ଶ
െ 𝜋ത௧ଶ

ൌ 𝜆Δ௧ିଵ  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
𝑣𝑎𝑟ሺ𝜋௧ ሻ  2

1 െ 𝜆
1 െ 𝛽𝜆

𝑐𝑜𝑣ሺ𝜋௧ ,𝑎௧ሻ

 ሺ1 െ 𝜆ሻ𝐸 ൜
1

1 െ 𝛽𝜆
 𝜋ത௧  𝑎ത௧  𝑎௧ െ 𝑎ത௧ൠ

ଶ
െ 𝜋ത௧ଶ

ൌ 𝜆Δ௧ିଵ  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
𝑣𝑎𝑟ሺ𝜋௧ ሻ  2

1 െ 𝜆
1 െ 𝛽𝜆

𝑐𝑜𝑣ሺ𝜋௧ ,𝑎௧ሻ

 ሺ1 െ 𝜆ሻ ൜
1

1 െ 𝛽𝜆
 𝜋ത௧  𝑎ത௧ൠ

ଶ
 ሺ1 െ 𝜆ሻ𝑣𝑎𝑟ሺ𝑎௧ሻ െ 𝜋ത௧ଶ 

Note that this expression holds for any group of firms. That is,  

Δ௧௧ ൌ 𝜆Δ௧ିଵ௧  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
𝑣𝑎𝑟௧ሺ𝜋௧ ሻ  2

1 െ 𝜆
1 െ 𝛽𝜆

𝑐𝑜𝑣௧ሺ𝜋௧ ,𝑎௧ሻ

 ሺ1 െ 𝜆ሻ ൜
1

1 െ 𝛽𝜆
 𝜋ത௧

௧,  𝑎ത௧௧ൠ
ଶ
 ሺ1 െ 𝜆ሻ𝑣𝑎𝑟௧ሺ𝑎௧ሻ െ 𝜋ത௧

௧,ଶ 

Δ௧௧௧ ൌ 𝜆Δ௧ିଵ௧௧  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
𝑣𝑎𝑟௧௧ሺ𝜋௧ ሻ  2

1 െ 𝜆
1 െ 𝛽𝜆

𝑐𝑜𝑣௧௧ሺ𝜋௧ ,𝑎௧ሻ

 ሺ1 െ 𝜆ሻ ൜
1

1 െ 𝛽𝜆
 𝜋ത௧

௧௧,  𝑎ത௧௧௧ൠ
ଶ
 ሺ1 െ 𝜆ሻ𝑣𝑎𝑟௧௧ሺ𝑎௧ሻ െ 𝜋ത௧

௧௧,ଶ 

Hence,  

Δ௧௧௧ െ Δ௧௧

ൌ 𝜆൫Δ௧ିଵ௧௧ െ Δ௧ିଵ௧൯  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
൛𝑣𝑎𝑟௧௧ሺ𝜋௧ ሻ െ 𝑣𝑎𝑟௧ሺ𝜋௧ ሻൟ

 2
1 െ 𝜆

1 െ 𝛽𝜆
ቀ𝑐𝑜𝑣௧௧ሺ𝜋௧ ,𝑎௧ሻ െ 𝑐𝑜𝑣௧ሺ𝜋௧ ,𝑎௧ሻቁ

 ሺ1 െ 𝜆ሻ ൜
1

1 െ 𝛽𝜆
൫ 𝜋ത௧

௧௧, െ 𝜋ത௧
௧,൯  ሺ𝑎ത௧௧௧

െ 𝑎ത௧௧ൠ ൜
1

1 െ 𝛽𝜆
൫ 𝜋ത௧

௧௧,  𝜋ത௧
௧,൯  𝑎ത௧௧௧  𝑎ത௧௧ൠ

 ሺ1 െ 𝜆ሻ൛𝑣𝑎𝑟௧௧ሺ𝑎௧ሻ െ 𝑣𝑎𝑟௧ሺ𝑎௧ሻൟ െ ൛𝜋ത௧௧௧ െ 𝜋ത௧௧ൟ൛𝜋ത௧௧௧  𝜋ത௧௧ൟ 

If we assume that the control group has expectations close to those of the treatment group on average, then 

 𝜋ത௧
௧௧, െ 𝜋ത௧

௧, ൎ 0 and  𝜋ത௧௧௧ െ 𝜋ത௧௧ ൎ 0 on average so that the terms in red could be small (i.e., could 

be higher order terms). The term in blue does not include inflation expectations directly but it may be corelated 
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with expectations and it may be varying over time. The term in green may vary over time if e.g., treatment and 

control groups have different beliefs about the sources of fluctuations in the economy.  

Let Ξ௧ ≡ Δ௧௧௧ െ Δ௧௧ be the difference in price dispersion between treatment and control groups. Let 

Ψ௧ ≡ 𝑣𝑎𝑟௧௧ሺ𝜋௧ ሻ െ 𝑣𝑎𝑟௧ሺ𝜋௧ ሻ be the difference in dispersion of inflation expectations between treatment 

and control groups. Using these definitions, we can re-write the expression above as   

Ξ௧ ൌ 𝜆Ξ௧ିଵ  ሺ1 െ 𝜆ሻ ൬
1

1 െ 𝛽𝜆
൰
ଶ
Ψ௧  𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 

where the residual maybe correlated with other variables on the right-hand side, thus underscoring the importance 

of using exogenous variation in inflation expectations. Because the dispersion of the marginal revenue product is 

proportional to the dispersion of prices, we have  

Υ௧ ≡ 𝑣𝑎𝑟௧௧ሺ𝑀𝑅𝑃𝐿௧ሻ െ 𝑣𝑎𝑟௧ሺ𝑀𝑅𝑃𝐿௧ሻ ൌ ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰ െ 1൨

ଶ
ቀ

𝜎
1 െ 𝛼

ቁ
ଶ
Ξ௧ 

and therefore  

𝜕Υ௧ା
𝜕Ψ௧

ൌ ሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰ െ 1൨

ଶ
ቀ

𝜎
1 െ 𝛼

ቁ
ଶ
𝜆ሺ1 െ 𝜆ሻ ൬

1
1 െ 𝛽𝜆

൰
ଶ
 

If we work with standard deviations and assume zero dispersion in the steady state (which is the standard result 

for the case with zero trend inflation), the response of the standard deviation for the marginal revenue product to 

a unit shock in the standard deviation for inflation expectations is given by  

𝜕 𝑠𝑡𝑑ሺlogሺ𝑀𝑅𝑃𝐿௧ሻሻ
𝜕 𝑠𝑡𝑑൫𝜋௧ ൯

ൌ ඨሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰ െ 1൨

ଶ
ቀ

𝜎
1 െ 𝛼

ቁ
ଶ
ሺ1 െ 𝜆ሻ ൬

1
1 െ 𝛽𝜆

൰
ଶ

. 

Using the same logic we can derive 

𝜕 𝑠𝑡𝑑ሺlogሺ𝑀𝑅𝑃𝐾௧ሻሻ
𝜕 𝑠𝑡𝑑൫𝜋௧ ൯

ൌ ඨሺ1 െ 𝛼ሻ ൬1 െ
1
𝜎
൰൨
ଶ
ቀ

𝜎
1 െ 𝛼

ቁ
ଶ
ሺ1 െ 𝜆ሻ ൬

1
1 െ 𝛽𝜆

൰
ଶ

, 

𝜕 𝑠𝑡𝑑ሺlogሺ𝑀𝑅𝑃𝐾௧ሻ െ logሺ𝑀𝑅𝑃𝐿௧ሻሻ
𝜕 𝑠𝑡𝑑൫𝜋௧ ൯

ൌ ඨቀ
𝜎

1 െ 𝛼
ቁ
ଶ
ሺ1 െ 𝜆ሻ ൬

1
1 െ 𝛽𝜆

൰
ଶ

. 

 

The table below presents the value of this response for various calibrations of the parameters. When elasticity of 

substitution is low, the production function is closer to be linear in labor (𝛼 closer to zero), and the frequency of 

price changes is high (𝜆 is smaller), the response is weaker. This table suggests that the range of plausible responses 

likely goes from 3 to 10 which is close to the responses we observe empirically.  
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Appendix Table B1. Contemporaneous response of the standard deviation for the marginal revenue 
product to a unit shock in the standard deviation for inflation expectations. 

  Parameterizations 

 (1) (2) (3) (4) (5) (6) (7) 

Parameters        
𝛼  0.3 0.1 0.3 0.1 0.3 0.3 0.1 
𝛽  0.99 0.99 0.99 0.99 0.99 0.99 0.99 
𝜆  0.75 0.75 0.75 0.75 0.5 0.5 0.5 
𝜎  10 10 5 5 10 5 5 

        

Response        
𝑠𝑡𝑑ሺlogሺ𝑀𝑅𝑃𝐿௧ሻሻ  10.3 4.1 6.1 3.0 6.6 4.0 2.0 
𝑠𝑡𝑑ሺlogሺ𝑀𝑅𝑃𝐾௧ሻሻ  17.5 17.5 7.8 7.8 11.3 5.0 5.0 
𝑠𝑡𝑑ሺlogሺ𝑀𝑅𝑃𝐾௧ሻ െ logሺ𝑀𝑅𝑃𝐿௧ሻሻ  27.7 21.6 13.9 10.8 18.0 9.0 7.0 
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Appendix C: Survey questionnaire  
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