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Abstract 
    Keen interest in business expectations harkens back at least to Keynes, who stressed the 
importance of “animal spirits” for firms and the macroeconomy. Dynamic economic models of 
investment, hiring and R&D underscore the importance of business expectations. For the 
most part, economists have relied on stark assumptions about expectations formation and 
model-based approaches to their quantification. Unfortunately, our understanding of how 
people form and revise their expectations is highly imperfect. Otherwise sound theories can 
yield misleading predictions when welded to flawed models of expectations. The need for 
direct observations on expectations is especially acute in transitional and non-stationary 
environments. 
    These remarks underscore the need for a model-free approach that measure expectations 
directly. To that end, this presentation describes and draws on two innovative survey efforts 
to collect  5-point subjective probability distributions over business’s own future outcomes: 
The Survey of Business Uncertainty, a monthly panel survey of American firms fielded by the 
Federal Reserve Bank of Atlanta, and the Uncertainty Module in the U.S. Census Bureau’s 
Management and Organizational Practices Survey of manufacturing plants. 

 



The Key Role of (Business) Expectations  
Keynes (1936), Stokey, Lucas & Prescott (1989), Hansen and 
Sargent (2014), Shiller (2015) and many other leading economists 
have long recognized the importance of expectations, animal 
spirits, and sentiment in economic behavior. Classic contributions 
by Hayashi (1982) and Abel and Blanchard (1986), for example, 
highlight the payoff to modelling business expectations in dynamic 
models of investment.  
We have much data on the expectations of professional 
forecasters (especially about the macro outlook) and multiple 
high-quality surveys of consumer expectations. Examples: 
• Philly Fed Survey of Professional Forecasters 
• Health and Retirement Survey and the Survey of Consumers, 

both conducted at the University of Michigan. 
In contrast, there’s little high-quality data on the expectations of 
the business decision makers who drive investment, employment 
and production decisions in the economy. This talk considers two 
ongoing projects to develop and analyze such data. 
 3 

https://www.philadelphiafed.org/research-and-data/real-time-center/survey-of-professional-forecasters
http://hrsonline.isr.umich.edu/
http://www.sca.isr.umich.edu/


Basic Questions about Business Expectations  
1. Do businesses form coherent probability distributions over their own future outcomes? 
2. Can we elicit their subjective probability distributions in surveys? 
3. How well do survey-based measures of business expectations and uncertainty predict 

realized outcomes and (absolute) prediction errors? 
• Bias: Excessive optimism or pessimism? 
• Over/Under Confidence in forecast precision? 
• Over/Under Extrapolation from recent past performance? 

4. How does forecast quality relate to business characteristics and outcomes? 
• Do less capable managers form less coherent, less accurate expectations? 
• What are the business-level and broader costs of poor-quality business forecasts? 

5. Do survey measures of business uncertainty help explain investment decisions? 
6. How should we model and explain forecast errors?   
7. How should we use survey measures of business expectations to test our theoretic 

models? Build better models? Discipline quantitative theoretic models? 4 



Source Material 
My remarks draw on two innovative survey projects that yield data 
on business-level expectations and uncertainty: 
1. The Atlanta Fed/Chicago Booth/Stanford Survey of Business Uncertainty 

(SBU), a monthly panel survey of about 1,200 U.S. firms 
• “The Survey of Business Uncertainty” by Altig et al., 2018. 
• “The Micro and Macro of Managerial Beliefs” by Barrero, 2018. 

2. Uncertainty Module in the Management & Organizational Practices Survey 
(MOPS), fielded by the U.S. Census Bureau to 35,000 manufacturing plants. 
• “Business Level Expectations and Uncertainty” by Bloom et al., 2018. 

 
Common element: Both surveys elicit 5-point subjective probability 
distributions over business’s own future outcomes. Respondents 
freely select 5 points on the support of the distribution and assign 
probability mass to each point. My collaborators and I developed, 
tested and refined the basic structure of these questions for the 
SBU. The MOPS Uncertainty Module fields similar questions, but 
adapted from firms to manufacturing plants.  
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The 5-point probability distribution question format is spreading 

Bank of England Decision Maker Panel 
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A similar approach 
and question format 
have also been 
adopted recently in 
surveys of business 
expectations in Japan 
(3-point distributions), 
Mexico and China. 
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The Survey of Business Uncertainty (SBU) is fielded by the Federal Reserve 
Bank of Atlanta. It was designed, tested and refined in cooperation with Nick 
Bloom of Stanford University and Steven Davis of the Chicago Booth School of 
Business and the Hoover Institution. Bloom and Davis received research 
support from the Sloan Foundation and the U.S. National Science Foundation. 
Davis also received research support from Chicago Booth. 
 



The Survey of Business Uncertainty (SBU) goes to about 1,200 panel 
members (as of November 2018), who occupy senior finance and 
managerial positions at U.S. firms. We contact panel members each 
month by email, and they respond via a web-based instrument. 

• Survey questions pertain to current, past, and future outcomes at the 
respondent’s firm. Our primary objective is to elicit the respondent’s subjective 
probability distributions over own-firm future sales growth rates, employment 
levels, average unit cost growth, and capital investment expenditures. 

• Panel members receive a unique link to the web-based survey on the Monday of 
the second full week in the month. The survey link remains active for two 
weeks, during which time we send up to three reminder emails. 

• Completing the survey takes about 5 minutes, on average, according to our 
response time analysis. 
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1. Overview 



• Initial testing of the SBU question design began in the special question series of the 
Federal Reserve Bank of Atlanta’s Business Inflation Expectations (BIE) Survey in 
October 2013. 

• Cognitive interviews with members of the BIE Survey panel took place during the 
summer of 2014. Testing in the BIE survey ended in July 2014, when the first SBU was 
administered to a newly established, national panel. 

• Initially, the SBU included profit margin and average price questions. Later, we deleted 
these questions from our core survey instruments to reduce cognitive burden and 
keep average survey response time to about 5 minutes. 

• The last revision to the core survey instrument was in September 2016.   
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2. Development of the Survey of Business Uncertainty 



3. Recruitment of SBU Panel Members 
We identify prospective panel members from lists of firms and contacts 
that we purchased from Dun & Bradstreet, a supplier of business 
information and research. 
• The mix of firms on the D&B list reflects the sectoral composition of U.S. Gross Domestic 

Product, with random sampling of firms within sectors.  
• For a given firm, we select a contact person using a hierarchy of job functions, prioritizing 

persons in senior finance roles such as CFO or controller. If no such person is available 
(e.g., for small firms), we contact the CEO or other senior executive.  

Approximately 42% of potential contacts reached via telephone or email 
agree to join the panel. Conditional on joining, 62% responded at least 
once. Our average monthly response rate is 43%.  
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Note: The panel membership statistic reflects all recruiting from June 2014 to June 2018. Response rates reflect the period 
from September 2016 (the last methodological change) to October 2018. 



4. Assignment of Panel Members to Sample Groups 
As detailed below, the SBU makes use of two questionnaires: 
• The SE Questionnaire asks about sales revenue and number of employees.  
• The CC Questionnaire asks about unit costs and capital expenditures. 
 

We randomly assign each new panel member to one of two sample groups: 
• Members of Group A (B) receive the SE (CC) questionnaire in even-

numbered months and the CC (SE) questionnaire in odd-numbered 
months.  

• Thus, about half the sample receives sales and employment questions 
each month, and the other half receives unit cost and capex questions. In 
addition, we often add one or more special questions. 
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5. Panel Composition  
This slide shows the geographic distribution of panel members as of 
November 2018. The next slide reports the distribution of panel members by 
industry and firm size (number of employees) as of November 2018. 
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5. Panel Composition (Cont’d) 



6. SBU Questionnaires 
• The next set of slides display screen shots of the SE and CC 

questionnaires. 
•  To reduce data-entry errors by respondents, we modified the 

sales-related questions in September 2016, as shown below. 
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We first ask about the current level of sales revenue to obtain a measure of firm size. We 
then ask about the growth rate of sales over the last 12 months.  

SE Questionnaire 
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Next, we ask about scenario-specific values for the sales growth rate. We use these values in 
the third screen, which asks for the scenario probabilities. 



After the respondent completes the questions about sales, we ask questions about the 
past, current and future level of employment.  
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These two screens conclude the SE Questionnaire. As noted above, we often add one or more 
special questions at the end of the questionnaire.   
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Prior to September 2016, we formulated all sales-related questions in terms of levels. This 
slide and the next one display screen shots for the older formulation of the sales questions. 
Especially for larger firms, asking about the level of sales led to many data entry errors by 
respondents, typically in the form of dropping or adding a “zero”.  To reduce data entry errors, 
we reformulated the sales-related questions as shown above. 
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These screen shots show how we asked about future sales before September 2016.  
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We first ask about the percent change in average unit costs over the past 12 months. 

CC Questionnaire 
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We ask about scenario-specific values for percent change in average unit costs on the second 
screen. We use these values in the third screen, which asks for the scenario probabilities. 
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After the respondent completes the questions about unit costs, we ask about the level of 
capital investment expenditures in the current quarter and four quarters ago.  
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These two screens conclude the CC Questionnaire. As noted above, we often add one or more 
special questions at the end of the questionnaire.   



7. Survey Response Rates 

Response Rates* 

Conditional on joining the panel, 
percentage of panel members who: 

Respond at least once 63% 
Respond at least two times* 52% 
Respond at least three times* 46% 
Respond at least four times* 39% 

*calculated from October 2017 to October 
2018 using panel members who received at 
least one questionnaire on or before October 
2017. 

Average Monthly Response Rates  
(since September 2016) 

All firms 43% 
By Firm Size,  
Number of employees 

1-4  32% 
5-9  52% 
10-19  39% 
20-49  44% 
50-99  50% 
100-249  46% 
250-499  40% 
500-999  35% 
1000 or more  38% 25 



Monthly Unit Response Rates by Questionnaire 

26 

0%
10%
20%
30%
40%
50%
60%
70%

Survey of Business Uncertainty 
Monthly Response Rates by Questionnaire 

SE CC

The chart shows unit response rates = (partial and complete responses)/ (surveys sent – noncontact). Noncontact includes bounced or undeliverable email invitations.  
 
Beginning in March 2018, a monthly panel follow-up process was put into place. Panel members who have not responded for 3 consecutive months receive a follow-up call to 
insure they are receiving the monthly email invitations. Contacts who no longer work for the firm or who no longer wish to participate are removed from the panel. The removal 
of these inactive panel members increased response rates in March and for several months thereafter.  
   



Responses by Sector 

Notes: Responses by sector in the Survey of Business Uncertainty, pooling across all firms and months since the last major survey change in 9/2016 
for which we can construct a subjective probability distribution over the growth rate of at least one of EMPLOYMENT (12 months hence), SALES 
REVENUE (4 quarters hence), CAPITAL EXPENDITURES (4 quarters hence), or AVERAGE UNIT COST (12 months hence).  

*Response rate = partial and complete responses/ (surveys sent- noncontact). Includes survey distributions from 9/2016 (the last methodological 
change) to 10/2018. Noncontact includes bounced or undeliverable email invitations.  
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Sector Surveys Sent Responses Nonresponse Noncontact Response Rate* 
Construction 1,821 724 1034 63 41% 

Durable goods manufacturing 4,206 1743 2086 377 46% 
Educational services 643 166 444 33 27% 

Finance and Insurance 2,594 1155 1176 263 50% 
Health care and social services 2,564 706 1772 86 28% 

Information 505 171 280 54 38% 
Leisure and hospitality 731 331 358 42 48% 

Mining and utilities 1,897 645 1118 134 37% 
Nondurable goods manufacturing 794 369 366 59 50% 

Other services 388 133 192 63 41% 
Professional and business services 2,271 1212 966 93 56% 
Real estate and rental and leasing 786 352 415 19 46% 

Retail and wholesale trade 2,685 1113 1433 139 44% 
Transportation and warehousing 1,093 415 642 36 39% 



8. Computing Moments of the Firm-Level 
Subjective Probability Distributions   

• The next few slides explain how we use the survey responses to 
compute moments of subjective probability distributions over own-
firm future outcomes.  

• We calculate first and second moments of the subjective growth 
rate distributions.  

• Following standard practice in the literature on business-level 
dynamics, we calculate the growth rate of x from t-1 to t as 
𝑔𝑔𝑡𝑡 = 2(𝑥𝑥𝑡𝑡 − 𝑥𝑥𝑡𝑡−1)/ 𝑥𝑥𝑡𝑡 + 𝑥𝑥𝑡𝑡−1 . * 
 

* This definition of the growth rate of sales is convenient for its symmetry around zero and because its 
support lies on the closed interval [-2, 2], with the endpoints of the interval corresponding to entry and exit. 
See ”Gross Job Creation, Gross Job Destruction, and Employment Reallocation” by Steven J. Davis and John 
Haltiwanger in the 1992 Quarterly Journal of Economics for a more extensive discussion. 
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Employment 
Respondent Data 
𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 = firm’s current employment level, as reported by the respondent 
𝐹𝐹𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 = employment 12 months hence, 𝑖𝑖 = 1, 2, 3, 4, 5  
𝐸𝐸𝑖𝑖 = the associated probabilities, 𝑖𝑖 = 1, 2, 3, 4, 5  
 
Scenario-specific growth rates 
 𝐸𝐸𝐺𝐺𝐺𝐺𝑖𝑖  =  2(𝐹𝐹𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖−𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸)/(𝐹𝐹𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖+𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸), 𝑖𝑖 = 1, 2, 3, 4, 5 
 
1st and 2nd moments of the subjective growth rate distribution 
 

Mean(𝐸𝐸𝐺𝐺𝐺𝐺)  =  ∑ 𝐸𝐸𝑖𝑖5
𝑖𝑖=1 𝐸𝐸𝐺𝐺𝐺𝐺𝑖𝑖  

 

Var(𝐸𝐸𝐺𝐺𝐺𝐺) = ∑ 𝐸𝐸𝑖𝑖 𝐸𝐸𝐸𝐸𝐸𝐸𝐺𝐺𝐺𝐺𝑖𝑖 − Mean(𝐸𝐸𝐺𝐺𝐺𝐺) 25
𝑖𝑖=1  

 

SD(𝐸𝐸𝐺𝐺𝐺𝐺) = Var(𝐸𝐸𝐺𝐺𝐺𝐺)  
29 



Capital Expenditures 
Respondent Data 
𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸 = firm’s capital investment expenditures in the current quarter, as 

reported by the respondent 
𝐹𝐹𝐶𝐶𝐶𝐶𝐸𝐸𝑖𝑖 = capital investment expenditures 4 quarters hence, 𝑖𝑖 = 1, 2, 3, 4, 5  
𝐸𝐸𝑖𝑖 = the associated probabilities, 𝑖𝑖 = 1, 2, 3, 4, 5  
 
Scenario-specific growth rates 
 𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺𝑖𝑖  =  2(𝐹𝐹𝐶𝐶𝐶𝐶𝐸𝐸𝑖𝑖−𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸)/(𝐹𝐹𝐶𝐶𝐶𝐶𝐸𝐸𝑖𝑖+𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸), 𝑖𝑖 = 1, 2, 3, 4, 5 
 
1st and 2nd moments of the subjective growth rate distribution 
Mean(𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺)  =  ∑ 𝐸𝐸𝑖𝑖5

𝑖𝑖=1 𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺𝑖𝑖 
 

Var(𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺) = ∑ 𝐸𝐸𝑖𝑖 𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺𝑖𝑖 − Mean(𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺)𝑖𝑖 25
𝑖𝑖=1  

 

SD(𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺) = Var(𝐶𝐶𝐶𝐶𝐸𝐸𝐺𝐺𝐺𝐺)  
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Sales Revenue (Current SE Questionnaire) 
Respondent Data 
𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆 = firm’s sales revenue in the current quarter, as reported by the respondent 
𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖 = respondent’s scenario-specific sales growth rate from now to 4 quarters hence, 𝑖𝑖 = 1, 2, 3, 4, 5 
𝐸𝐸𝑖𝑖 = the associated probabilities, 𝑖𝑖 = 1, 2, 3, 4, 5  
 
Implied Future Sales Level 
𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑖𝑖 = 1 + 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑟𝑟𝑖𝑖

100
𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆, 𝑖𝑖 = 1, 2, 3, 4, 5 

 
Scenario-specific growth rates (re-expressing respondent growth rates to our growth rate measure) 
𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖  =  2(𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑖𝑖−𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐶𝐶)/(𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑖𝑖+𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆) = 2𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖/(𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖 + 2), 𝑖𝑖 = 1, 2, 3, 4, 5 
 
 1st and 2nd moments of the subjective growth rate distribution 
Mean(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺)  =  ∑ 𝐸𝐸𝑖𝑖5

𝑖𝑖=1 𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖 
 

Var(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺) = ∑ 𝐸𝐸𝑖𝑖 𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖 − Mean(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺)𝑖𝑖 25
𝑖𝑖=1  

 

SD(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺) = Var(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺)  
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Sales Revenue (Old SE Questionnaire) 
Respondent Data 
𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆 = firm’s sales revenue in the current quarter, as reported by the       
respondent 
𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑖𝑖 = sales revenue 4 quarters hence, 𝑖𝑖 = 1, 2, 3, 4, 5 
𝐸𝐸𝑖𝑖 = the associated probabilities, 𝑖𝑖 = 1, 2, 3, 4, 5  
 
Scenario-specific growth rates 
𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖  =  2(𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑖𝑖−𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐶𝐶)/(𝐹𝐹𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑖𝑖+𝐶𝐶𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆), 𝑖𝑖 = 1, 2, 3, 4, 5 
 
1st and 2nd moments of the subjective growth rate distribution 
Mean(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺)  =  ∑ 𝐸𝐸𝑖𝑖5

𝑖𝑖=1 𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖 
 

Var(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺) = ∑ 𝐸𝐸𝑖𝑖 𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑖𝑖 − Mean(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺) 25
𝑖𝑖=1  

 

SD(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺) = Var(𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺)  
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Average Unit Costs 
Respondent Data 

𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝑖𝑖 = average unit cost growth between now and 12 months hence, 𝑖𝑖 = 1, 2, 3, 4, 5 
𝐸𝐸𝑖𝑖 = the associated probabilities, 𝑖𝑖 = 1, 2, 3, 4, 5  
 
Implied Future Cost Level 

𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 = 1 + 𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝐹𝐹𝑟𝑟𝑖𝑖
100

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 𝑖𝑖 = 1, 2, 3, 4, 5 

 
Scenario-specific growth rates (re-expressing respondent growth rates to our growth rate 
measure) 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝑖𝑖  =  2(𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖−𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)/(𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖+𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) = 2𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝑖𝑖/(𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝑖𝑖 + 2), 𝑖𝑖 = 1, 2, 3, 4, 5 
 
 1st and 2nd moments of the subjective growth rate distribution 
Mean(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺)  =  ∑ 𝐸𝐸𝑖𝑖5

𝑖𝑖=1 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝑖𝑖 
Var(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺) = ∑ 𝐸𝐸𝑖𝑖 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝑖𝑖 − Mean(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺) 25

𝑖𝑖=1  
SD(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺) = Var(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺)  
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9. Data Cleaning  
Automated Cleaning of Data from 9/2016 and Later: 
• If the respondent’s future outcome values are descending rather than ascending, we reverse the 

order of the outcomes and their associated probabilities. 
• If the probabilities sum to a value in [95,105], we rescale them to 100. 
• We identify and correct obvious errors that fit certain repeat patterns – for example, an extra or 

missing zero digit in the response for a future scenario-specific outcome.  
• After implementing these corrections, we discard subjective probability distributions that display 

any of the following: 
• Subjective probabilities do not add up to 100 percent 
• Future outcome values are not weakly monotonic 
• One outcome has 100 percent probability 
• All future outcome values are identical 

 
Manual Review of Data from 9/2016 and Later: 
• We manually review the responses of firms with extreme growth rates for past to current and 

current to expected future outcomes. 
• We manually review all responses of firms with >1000 employees. 
• When the above manual reviews reveal potentially anomalous data points, we consult external 

sources (e.g., the company website) and/or re-contact the respondent for confirmation or 
clarification. If warranted, we manually edit the data point(s) in question. 
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Manual Review of Data from Prior to 9/2016: 
• We conducted a human audit on all data from prior to 9/2016. We reviewed each 

individual observation looking for obvious mistakes and patterns. 
• Common revisions include: correcting for missing or extra “0”, adjusting reports of 

annual sales to quarterly values, and deleting responses that simply enumerate bins 
(1, 2, 3, 4, 5). 

 
Manual Review of Forecast Errors (all data): 
• We manually review the responses of firms with extremely large forecast errors for 

sales or employment growth rates. In particular, we review responses when the 
absolute difference between forecast and realized employment growth rates is 
greater than unity, i.e. if |Mean(𝐸𝐸𝐺𝐺𝐺𝐺)- Realized(𝐸𝐸𝐺𝐺𝐺𝐺)|>1, and similarly for sales.  

• See slides above for details on how we measure Mean(𝐸𝐸𝐺𝐺𝐺𝐺) and Appendix D for 
details on how we measure Realized(𝐸𝐸𝐺𝐺𝐺𝐺). 

• We use the firm’s history of responses about current sales and employment to 
correct obvious mistakes. Common mistakes include missing or added zeros and 
reporting an annual rather than a quarterly sales figure. 

• If we cannot find an obvious mistake, we flag these observations as likely errors and 
disregard them when analyzing forecast errors.  
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10. Summary Statistics for Firm-Level Outcomes 

Notes: The sample contains all firm-level responses from 10/2014 to 8/2018 for which we can construct 
subjective probability distributions over the growth rates of future employment (12 months hence), sales 
revenue (4 quarters hence) or capital expenditures (4 quarters hence).  36 

Variable Count Mean Standard 
Deviation 

Percentiles 
10 25 50 75 90 

Current 
Employment 5,058 441 1049 30 70 155 315 790 

Current 
Quarterly Sales 
($ Millions) 

5,083 35.4 97.1 1.0 3.0 8.0 23.3 146 

Current Capital 
Expenditures  
($ Millions) 

4,866 2.6 11.1 0.0 0.1 0.2 1.0 4.0 

Current Levels 



Notes: The sample contains all firm-level responses from 10/2014 to 8/2018 for which we can construct 
subjective probability distributions over the growth rates of future employment (12 months hence), sales 
revenue (4 quarters hence), capital expenditures (4 quarters hence) or average unit costs (12 months 
hence). 37 

Variable Count Mean Standard 
Deviation 

Percentiles 

10 25 50 75 90 

Employment, From 
12 Months Ago 

5,044 0.019 0.123 -0.100 -0.023 0.018 0.069 0.143 

Sales, From 4 
Quarters Ago 

5,111 0.038 0.164 -0.105 0.000 0.031 0.095 0.184 

CapEx, From 4 
Quarters Ago 

4,744 0.043 1.01 -1.384 -0.667 0.000 0.667 1.429 

Average Unit Costs, 
From 12 Months Ago 

4,913 0.032 0.062 -0.005 0.010 0.030 0.049 0.087 

Growth Rates Over the Past Year 



Distribution of Employment Growth Rates over Past 12 Months 
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Notes: The histogram shows the 
empirical distribution of realized 
employment growth rates in the Survey 
of Business Uncertainty from 10/2014 to 
8/2018, pooling over all firms for which 
we can construct subjective distributions 
over future employment growth rates. 
We compute the realized employment 
growth rate in month t using the firm’s 
reported employment in t and its 
recollection of employment in month t – 
12. We compute growth rates using the 
formula described above. 
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Notes: See the previous slide for a description of the sample.  

Mean and Standard Deviation of Employment  
Growth Rates by Deciles of Firm Size 



Notes: The sample contains all firm-level responses from 10/2014 to 8/2018 for which we can construct 
subjective probability distributions over the growth rates of future employment (12 months hence), sales 
revenue (4 quarters hence), capital expenditures (4 quarters hence) or average unit costs. See slides above for 
an explanation of how we calculate these growth rates. 
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Variable Count Mean Standard 
Deviation 

Percentiles 

10 25 50 75 90 

Employment, Looking  
12 Months Hence 

5,058 0.010 0.082 -0.049 -0.011 0.006 0.036 0.079 

Sales, Looking  
4 Quarters Hence 

5,124 0.039 0.087 -0.022 0.009 0.034 0.068 0.123 

CapEx, Looking  
4 Quarters Hence 

4,866 0.153 0.807 -0.808 -0.307 0.016 0.634 1.315 

Average Unit Costs, 
Looking 12 Months Hence 

4,979 0.034 0.040 -0.001 0.014 0.027 0.043 0.070 

Expected Growth Rates Over the Next Year 



Distribution of Expected Employment  
Growth Rates over the Next 12 Months 
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Notes: The histogram shows the 
empirical distribution of expected 
employment growth rates in the Survey 
of Business Uncertainty from 10/2014 to 
8/2018, pooling over all firms for which 
we can construct the subjective 
distributions over future employment 
growth rates. We compute these 
subjective mean growth rates as 
described in the slides above. 



Distribution of Subjective Standard Deviations of 
Employment Growth Rates over the Next 12 Months 
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Notes: The histogram shows the 
empirical distribution of the subjective 
standard deviations over own firm-level 
growth rates in the Survey of Business 
Uncertainty from 10/2014 to 8/2018, 
pooling over all firms for which we can 
construct the subjective distributions 
over future employment growth rates. 
We compute these subjective standard 
deviations as described in the slides 
above. 



Firms’ Subjective Expectations are Highly Predictive of 
Realized Outcomes 

Notes: This bin-scatter plot sorts 
observations into 20 bins according to 
their expected employment growth 
over the next 12 months 
(Mean𝐸𝐸 𝐺𝐺𝐺𝐺𝑖𝑖 ), shown on the x-axis. 
We plot the average realized 
employment growth for the 
observations in each bin on the y-axis. 
The sample includes all firm-month 
observations in the SBU  between 
10/2014 and 8/2018 for which we 
observe expected and realized 
employment growth. We also report 
the coefficient, standard error, and R-
squared from a firm-level regression of 
realized employment growth against 
expected employment growth. 
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Firms’ Subjective Uncertainty is Highly Predictive of the 
Magnitude of Ex-post Forecast Errors 

Notes: This bin-scatter plot sorts 
observations into 20 bins according to their 
subjective uncertainty over employment 
growth in the next 12 months (SD𝐸𝐸 𝐺𝐺𝐺𝐺𝑖𝑖 ), 
shown on the x-axis. We plot the average 
absolute forecast error for each bin on the y-
axis. The absolute forecast error is the 
absolute value of the difference between 
expected employment growth 
(Mean𝐸𝐸 𝐺𝐺𝐺𝐺𝑖𝑖 ), looking 12 months hence, 
and the realized employment growth. The 
sample includes all firm-month observations 
in the SBU between 10/2014 and 8/2018 for 
which we observe expected and realized 
employment growth. We also report the 
coefficient, standard error, and R-squared 
from a firm-level regression of absolute 
forecast errors against  subjective 
uncertainty. 

 

44 

 



 
  Three Results Documented in Barreros (2018): 
• Little evidence of departures from unbiasedness 
• Strong evidence of overconfidence about forecast precision 
• Strong evidence that managers over-extrapolate from recent 

past growth performance 
 

After documenting these findings, Barreros uses a model to 
quantify the effects of overconfidence and over extrapolation 
on firm value and aggregate welfare. 
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Additional Properties of the Managerial Forecasts 
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Overconfidence also holds  
month by month, across 
firm size classes, and in all  
SBU industry sectors.  
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This pattern of over 
extrapolation holds 
for large and small firms. 



11. Subjective Expectations and Uncertainty Indices 

Topic-Specific First-Moment Indices 
We construct a monthly activity-weighted growth expectations (first-moment) index for 
each of Employment, Sales, CapEx, and Average Unit Costs.  
• In month t,  the index for Employment takes a value equal to the activity-weighted 

average of subjective mean Employment growth rates looking 12 months hence 
(Mean(𝐸𝐸𝐺𝐺𝐺𝐺)𝑖𝑖), averaging across all firms responding that month.  

• We compute these subjective mean growth rates as described in the slides above, and 
winsorize them at the 1st and 99th percentiles before using them to construct the index. 

• In month t, we weight firm i’s subjective mean growth rate expectation by its month-t 
employment (CEmpit). If unavailable, we use CEmpit-1, CEmpit+1, CEmpit-2, CEmpit+2,       
CEmpit-3, or CEmpit+3 , proceeding in that order. We top-code these weights at 500 to 
diminish the influence of outliers among very large firms. 

• We construct growth indices for Sales, CapEx, and Average Unit Costs analogously. In all 
cases, we use top-coded employment values to weight the firm-level expectations. 48 

Business Expectations Indices (1/2) 



Business Expectations Indices(2/2)  
Overall First-Moment Index 
• We standardize each of the topic-specific first-moment indices to have zero mean and unit 

standard deviation during the 42 months covering 1/2015 to 6/2018, inclusive. 
• We hold the standardization period fixed to keep historical values constant, as we add more 

months of data. 
• To accommodate the change in in the sales questionnaire starting on September 2016, we standardize 

the portions of the sales index prior to and since September 2016 separately. Then, we append them to 
create a single standardized sales index. 

• We compute the overall Business Expectations Index in month t as the arithmetic average of 
the four standardized indices in month t, after first multiplying the Average Unit Cost growth 
index by minus one. 
 

Index Smoothing 
• We smooth the overall and topic-specific indices, noting that in survey months prior to September 

2016 we have about 50 responses per topic per month and since September 2016 about 150 responses 
per topic per month. We smooth as follows: 

• For months since November 2016 we use a 3-month lagged moving average. 
• For months up to and including August 2016 we use a 9-month lagged moving average. 
• In September and October 2016 we use a 7-month and 5-month lagged moving average. 

• We re-standardize all of our smoothed indices to have zero mean and unit standard deviation during 
the period between 1/2015 and 6/2018, inclusive. 
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Second-Moment (Subjective Uncertainty) Indices (1/2) 

Topic-Specific Second-Moment Indices 
We construct a monthly activity-weighted second-moment index for the 
growth rates of Employment, Sales, CapEx, and Average Unit Costs. 
• The month-t index of 12-month-ahead subjective uncertainty for Employment is the 

activity-weighted mean of (SD (𝐸𝐸𝐺𝐺𝐺𝐺)𝑖𝑖) values for firms responding in month t. 
• We compute these subjective standard deviations over growth rates as described 

above, and winsorize them at the 1st and 99th percentiles before inputting them into the 
index construction formula. 

• In month t, we weight firm i’s subjective mean growth rate expectation by its month-t 
employment (CEmpit). If unavailable, we use CEmpit-1, CEmpit+1, CEmpit-2, CEmpit+2,       
CEmpit-3, or CEmpit+3 , proceeding in that order. We top-code these weights at 500 to 
diminish the influence of outliers among very large firms. 

• We construct the indices for Sales, CapEx, and Average Unit Costs analogously. In all 
cases, we use top-coded employment values to weight the firm-level measures. 
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Second-Moment (Subjective Uncertainty) Indices (2/2) 
Overall Second-Moment Index 
• We standardize each of the topic-specific second-moment indices to have zero 

mean and unit standard deviation. 
• To accommodate the change in in the sales questionnaire after September 2016, we 

standardize the portions of the sales index prior to and since September 2016 separately. 
Then, we append them to create a single standardized sales index. 

• We compute the overall index in month t as the equally-weighted average of the 
four standardized indices in month t. 

 
Index Smoothing 
• We smooth the overall and topic-specific indices, noting that in survey months prior to 

September 2016 we have about 50 responses per topic per month and since September 
2016 about 150 responses per topic per month.  

• We smooth as follows: 
• For months since November 2016 we use a 3-month lagged moving average. 
• For months up to and including August 2016 we use a 9-month lagged moving average. 
• In September and October 2016 we use a 7-month and 5-month lagged moving average. 

• We re-standardize all of our smoothed indices to have zero mean and unit standard 
deviation. 
 



Business Expectations Index Compared  
To S&P 500 Movements 

Notes: This figure shows our overall 
Business Expectations Index against 
standardized monthly S&P 500 returns 
between 1/2015 and 8/2018. We 
compute S&P 500 returns in month t as 
the growth rate of the dividend-
adjusted S&P 500 Index (Source: Yahoo! 
Finance) between the 15th day of 
month t-1 and the 15th day of month t. 
If the 15th is not a trading day, we try 
the 16th, 14th, 17th,13th, 18th, or 12th in 
that order. Then, we smooth this series 
of monthly S&P 500 returns using the 
same procedure as for our Business 
Expectations Index and standardize the 
series to have mean zero and unit 
standard deviation during the 42 
months covering 1/2015 and 6/2018 
inclusive. 
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Business Expectations Index Compared to  
Growth in the Industrial Production Index 

Notes: This figure shows our overall 
Business Expectations Index against 
the standardized monthly growth 
rate of the Industrial Production (IP) 
Index between 1/2015 and 8/2018. 
In each month we compute the 
growth rate of seasonally-adjusted 
IP since the previous month and 
then smooth this series of growth 
rates using the same procedure as 
for our Business Expectations Index 
and standardize the series to have 
mean zero and unit standard 
deviation over the 42 months 
covering 1/2015 to 6/2018, 
inclusive. 
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Business Uncertainty Index Compared to the VIX 

Notes: This figure shows our 
overall Business Uncertainty Index 
against the value of the VIX on the 
15th day each month between 
1/2015 and 8/2018 (Source: 
Yahoo! Finance). If the 15th is not a 
trading day we try the 16th, 14th, 
17th, 13th, 18th, or 12th in that 
order. We smooth the monthly VIX 
series using the same procedure as 
for our Business Uncertainty Index 
and standardize the series to have 
mean zero and unit standard 
deviation over the 42 month 
period covering 1/2015 to 6/2018, 
inclusive. 
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Business Level 
Expectations and Uncertainty 

Nick Bloom (Stanford), Steven J. Davis (Chicago Booth & Hoover) 
Lucia Foster (Census), Brian Lucking (Stanford) 

Scott Ohlmacher (Census), Itay Saporta-Eksten (Tel-Aviv & UCL) 

 
Disclaimer: Any opinions and conclusions expressed herein are those of the author and do 
not necessarily represent the views of the US Census Bureau. All results have been 
reviewed to ensure that no confidential information is disclosed.   
 



Contribution: New survey data and analysis 
This research team designed the Uncertainty Module of the Management & 
Organizational Practices Survey (MOPS): 
• Large Scale: 35,000 U.S. manufacturing plants 
• High Quality:  

• Mandatory government survey, conducted by U.S. Census Bureau.  
• Response rate of 71% 
• Respondents are plant managers and other senior staff at the plant 

• Detail: 12 expectations-oriented questions collecting 44 data points 
• Linkable to: MOPS, ASM, CM, LBD and other Census micro datasets. 

                                         For funding, we are grateful to: 



Some Initial Findings from MOPS-Uncertainty 
1) 85% of respondents provide logical probability distributions for their plant’s own future 

outcomes  most managers can form and express coherent probability distributions. 
• The other 15% have lower productivity, employment, wages, managerial education.  
• Their plants score lower on questions about structured management practices, and they are 

less likely to belong to multinational firms.  
2) Subjective uncertainty falls with plant size and age, size and age of parent firm, quality of the 

plant’s management practices, and the average education of its managers. 
3) 1st and 2nd moments of subjective distributions covary strongly with corresponding historical 

moments, suggesting that our subjective expectations data are well founded.  
• Subjective uncertainty rises with past volatility of plant, parent firm and industry 

4) Subjective uncertainty has a strong V-shaped relationship to the plant’s recent growth.  
• A simple AK model with adjustment costs and stochastic volatility in shocks delivers this V 

shape and other patterns in the data. 
5) Subjective uncertainty at the plant level correlates positively with stock-return volatility and 

extent of analyst disagreement over future earnings for (a) the plant’s parent firm and (b) the 
median publicly listed firm in the plant’s industry. 
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Management and Organizational  
Practices Survey 2015  

Delivered to ≈50,000 U.S. 
manufacturing plants in mid-2016.  
 
Response mandated by law. In 
practice, 71% of plants responded, 
covering about 50% of US 
manufacturing employment. 
 
Denominator in response 
rate calculation includes mail 
survey forms returned as 
“undelivered.”  
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The typical respondent is a plant manager or other person 
with knowledge about the plant’s outlook 
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-- 7% of respondents left the probabilities blank 
-- 5% used probabilities from the survey vignette 

Missing probabilities may reflect 
the respondent’s inability or 
unwillingness to express 
subjective probability 
distributions.  
 
For inclusion in our Uncertainty Module 
analysis sample, the respondent must answer 
several questions in part A of the 
Management and Organizational Practices 
Survey (MOPS).  



-- 85% of respondents supply “good” responses. 
-- The others have lower employment, worker wages, and managerial education. 
-- The other 15% also have lower scores on questions about management practices. 
-- Those who don’t respond to Uncertainty questions also have inferior outcomes. 
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Missing             -0.12*** -0.18*** -0.04*** -0.07*** -0.003 

Units of Dependent Variable        Unit St. Dev.           Natural                   Natural                     Percent w/BA+.      1 if MN, 0 otherwise  

In columns (2) – (6), we regress the indicated plant characteristic on the Response Quality Indicators and the Other 
Response Characteristics, one at a time. Table entries report the slope coefficient estimate in each case.     



Average bin probabilities are roughly symmetric with centered modes 
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Relative to the median of each firm’s subjective distribution, forecasts are – on 
average -- most dispersed for capex and least dispersed for employment. 
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Subjective Uncertainty and Plant-Level Characteristics 
• Subjective uncertainty falls with plant size and age. See next slide. 
• In unreported results, the plant’s subjective uncertainty over the growth 

rate of its future shipments (from 2015 to 2017) falls with its 
employment, the employment of its parent firm, the age of its parent 
firm, the quality of its management practices, and the average education 
level of its managers. 

• Each characteristic is highly statistically significant in bivariate regressions 
and in a multivariate regression of log subjective uncertainty on all five 
characteristics. 

• The multivariate regression has an R-squared value of 12%. 

64 



Uncertainty also falling in plant size and age 
Size (Employment) Age 

Sa
le

s 
Em

pl
oy

m
en

t 



First moments look sensible – future expectations strongly 
correlated with recent growth 



First moments of growth rates are grounded in historical outcomes 



Second moment (uncertainty) also looks well formed based on 
historical outcomes 
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Notes: The variable on the horizontal axis is the standard deviation of plant annual shipments growth 
rates from ‘04-’05 through ‘14-’15. The variable on the vertical axis is standard deviation of plant 
expectations for shipments growth (‘15-’17).  



Subjective Uncertainty Rises with Historical Volatilities  
Of the Plant, its Parent Firm and its Industry  

Explanatory Variables 
Coefficient 
(St. Error) 

Log Standard Deviation 
of annual growth rates  

in the shipments of:  

    The plant 0.16 (0.02) 
    Its parent firm 0.08 (0.01) 
    6-digit NAICS 0.54 (0.04) 

                                                      Observations 18000 
                                                           R-squared 0.042 

69 

Note: All historical volatilities computed using annual  
changes from 2004 to 2005 through 2014 to 2015. 

Dependent Variable: Log Standard Deviation of the Plant’s Subjective  
Expectations of its Shipments Growth Rate from 2015 to 2017 
 



More on second-moment relationship to historic outcomes 



Uncertainty is highest for firms with particularly 
high or low recent growth rates – A Smoking Pipe 
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Plant-level subjective uncertainty covaries positively with external 
proxies for the uncertainty of its parent firm and in its industry 



AK Production Function: 𝑦𝑦𝑖𝑖,𝑡𝑡 = 𝐴𝐴𝑖𝑖,𝑡𝑡𝑘𝑘𝑖𝑖,𝑡𝑡𝛼𝛼 ,   𝛼𝛼 = 2
3⁄  

A Simple Stochastic Volatility Model 

i index plants, and t indexes years, 

We abstract from labor and intermediate inputs for simplicity. 



Capital law of motion 

𝑘𝑘𝑖𝑖,𝑡𝑡 = 1 − 𝛿𝛿𝑘𝑘 𝑘𝑘𝑖𝑖,𝑡𝑡−1 + 𝑖𝑖𝑖𝑖,𝑡𝑡,    𝛿𝛿 = 0.1  

Adjustment costs 

𝐴𝐴𝐶𝐶𝑖𝑖,𝑡𝑡 = 𝑆𝑆 ∗ 𝑖𝑖𝑖𝑖,𝑡𝑡 ∗ 𝕀𝕀 𝑖𝑖𝑖𝑖,𝑡𝑡 < 0 ,    S= 0.34  

A 34% loss on sale of capital.  
 

We abstract from other adjustment costs for simplicity. 



TFP process 
𝐴𝐴𝑖𝑖,𝑡𝑡 = 𝜌𝜌𝐴𝐴𝑖𝑖,𝑡𝑡−1 + 𝜎𝜎𝑡𝑡𝜖𝜖𝑖𝑖,𝑡𝑡 ,      𝜌𝜌 = 0.8  

Uncertainty process 

𝜖𝜖𝑖𝑖,𝑡𝑡~𝑁𝑁(0,1)         

𝜎𝜎𝑡𝑡 ∈ {𝜎𝜎𝐿𝐿,𝜎𝜎𝐻𝐻},     𝜎𝜎𝐿𝐿 = 0.05,𝜎𝜎ℎ = 0.25  

𝑃𝑃 𝜎𝜎𝑡𝑡+1 = 𝜎𝜎𝐻𝐻 𝜎𝜎𝑡𝑡 = 𝜎𝜎𝐻𝐻) = 0.9     
𝑃𝑃 𝜎𝜎𝑡𝑡+1 = 𝜎𝜎𝐿𝐿 𝜎𝜎𝑡𝑡 = 𝜎𝜎𝐿𝐿) = 0.9     



Firm’s value function 
𝑉𝑉(𝑘𝑘𝑡𝑡−1,𝐴𝐴𝑡𝑡 ,𝜎𝜎𝑡𝑡) = max

𝑖𝑖𝑡𝑡
 𝑦𝑦𝑡𝑡  − 𝑖𝑖𝑡𝑡 − 𝐴𝐴𝐶𝐶 𝑖𝑖𝑡𝑡 + 𝛽𝛽𝔼𝔼 [𝑉𝑉 𝑘𝑘𝑡𝑡,𝐴𝐴𝑡𝑡+1,𝜎𝜎𝑡𝑡+1 ] 

  
𝛽𝛽 = 0.95         



Generating simulated data 

1. Numerically solve the model 
2. Simulate the evolution of (𝑘𝑘,𝐴𝐴,𝜎𝜎) for 10,000 firms over 500 periods 
3. Keep the last 20 periods 



Figures 

1. Generate growth rates 
 𝑔𝑔𝑖𝑖,𝑡𝑡 = (𝑦𝑦𝑖𝑖,𝑡𝑡 − 𝑦𝑦𝑖𝑖,𝑡𝑡−1)/(0.5 ∗ 𝑦𝑦𝑖𝑖,𝑡𝑡 + 0.5 ∗ 𝑦𝑦𝑖𝑖,𝑡𝑡−1) 

2. Calculate average growth rates 
 𝑔𝑔𝑖𝑖� = 1

𝑇𝑇
∑ 𝑔𝑔𝑖𝑖,𝑡𝑡𝑇𝑇
𝑡𝑡=1  

3. Bin every firm-year observation into 20 equally-sized bins 
of A, and 20 equally-sized bins of K. 

4. This creates 400 (A,K) cells 



Generating expectations 

1. Consider the last year of simulated data for each of the 
10,000 firms 

2. Expected growth is the mean growth rate of all firms in the 
same (A,K) bin in all prior years 
 𝑔𝑔𝑖𝑖� = 1

𝑇𝑇
∑ 𝑔𝑔𝑖𝑖,𝑡𝑡𝑇𝑇
𝑡𝑡=1  

3. Uncertainty (SD of growth forecast) is the SD of growth 
rates over all firms in the same (A,K) bin in all prior years 



Binned Scatterplots – Simulated Data 

Notes: The figures plot the average standard deviation of the plant’s growth rate forecast for the 
next year within each of 50 equally-sized bins defined by percentiles of the distribution of firm’s 
growth rate in the last year minus its average growth rate in the prior 20 years.  

This plot of the simulated data  
looks remarkably similar to the 
Smoking Pipe Plot derived  
from the survey data. 



What about computing and 
forecasting accuracy? 

81 

Combine two measures: 
 
A) Expenditure on hardware, software, cloud & connectivity 

 
B) Predictive Analytics – e.g. 



Greater Use of Predictive Computing Is Associated with Smaller 
Forecast Errors 

Notes: Forecast errors (y axis) calculated as average of the winsorized absolute values of the difference between actual 
and expected growth rates. When averaging over the 4 forecast errors, we weight each error by the inverse of the s.d. of 
the error in the sample. Predictive Computing (horizontal axis) is the first component using pcf on all the computerization 
and data use measures from ASM and MOPS 2015 (see text for details).  We use number of non-missing forecast errors 
as weights.  



Better Management Practices Are Associated with Smaller Forecast Errors 

Notes: Forecast errors (vertical axis) are calculated as the average of the winsorized absolute values of the difference 
between actual and expected growth rates. For expected growth rate we use as base year the MOPS 2015 quantity, and 
for 2016 the 2016 forecast. When averaging over the 4 forecast errors, we weight each error by the inverse of the s.d. of 
the error in the sample. Management (horizontal axis) is the management score constructed as unweighted average of 
the 16 MOPS management questions in MOPS 2015. We use number of non-missing forecast errors as weights.  
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