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Presentation Notes
Hi.  I’m Peter Meyer and I’m going to show the work of a team at the Bureau of Labor Statistics that has been looking at how our US productivity statistics are revised over time.Our views and findings in this research don’t represent views or conclusions of the agency.



Labor productivity definition

 Labor Productivity LP growth = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑂𝑂𝑔 (𝐵𝐵𝐵𝐵𝐵𝐵)
𝐻𝐻𝑔𝑔𝑂𝑂𝑔𝑔𝐻𝐻 𝑊𝑊𝑔𝑔𝑔𝑔𝑊𝑊𝑊𝑊𝑊𝑊 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑂𝑂𝑔 (𝐵𝐵𝐵𝐵𝐵𝐵)

We focus on U.S. nonfarm business labor productivity
About 75% of GDP, excluding general government and nonprofits
Hours worked by matching workforce

The data sources are revised over time.
Mostly “transitory uncertainty,” as more information becomes available
 Some is definitional or change in methods
 Related studies:   Aruoba (2008), Sinclair and Stekler (2013), Manski (2015), Jacobs and van Norden 

(2010, 2016), Fixler et al (2018), Galvao et al (2019), our new Asher et al (2021)
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Presentation Notes
The three variables I’m going to talk about are in the first equation.�Our office produces official statistics of this kind.  Labor productivity is an amount of output produced in a certain time period divided by the labor in hours it took to produce it.In this work we focus our office’s headline news release figures, which are the nonfarm business labor productivity GROWTH figures in the reference quarter compared to the previous quarter.The output measure comes from BEA. It’s GDP, with certain parts excluded -- governments, farms, and nonprofits generally.Our office estimates the hours worked by the workforce that matches the output measure.Most of the revisions to this data are transitory in the sense that new data is coming in and is included in the updates.Sometimes there is a deeper conceptual redefinition or methodological change.There is a substantial literature on GDP and productivity revisions. Here we’ll focus on our exact data and some new findings.  We have one working paper out and another one is coming.



Definitions and notation
 Key variables:  Hours worked, output, and labor productivity (LP)
 A figure for Q1 is a change from the previous Q4
Measured as quarter-to-quarter growth rate, annualized
 Overall hours grew at a bit under 1% rate, LP around 2%, and output at almost 3%

We have data as of each LP news releases:  8 per year, 1994-2020
 Estimates from releases R0, R1, R2, . . . R40, are shown with subscripts 0, 2, 40
 Previous quarters are updated at the time of each release (available: bls.gov/lpc)

 Revisions are changes in estimates between releases. Release # is subscript
 So if LP growth is revised from LP0 = 1.8 to  LP2 = 2.0, that revision is .2
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We will study three variables here:  hours worked, output, and labor productivityEach one is measured as a growth rate from the previous quarter.They’re presented as annualized growth rates.  There’s a lot of variation but on average, over the period, hours worked grew at 1% a year, labor productivity by 2% a year, and output by almost 3% a year.We have observations of those variables twice each quarter, meaning eight times a year, when we issue a news release.  The timing has been similar throughout our time period.We’ll number the releases from 0.  R0 is the first release.  R2 is the release a quarter later, and R40 is the one five years later.  We’ll focus on those in this presentation.At each release we get an updated value for all the earlier quarters.



Growth rates as of first releases (R0)
Charts show distributions at R0, before revisions, as annualized growth rates
 Reference quarters 1994-2019, missing one because of government shutdown in 2018:  N=103
 Test for normal distribution rejects it for all three
 Output growth shows some skew and downward tail. Mean = 2.91%
 Hours-worked is peaked, tightly clustered. Mean = .96%
 Resulting Labor Productivity growth distribution is slightly peaked. Mean = 1.93%

Output growth (OutputR0) Hours-worked growth (HoursR0) Labor productivity growth (LPR0)
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One thing that’s new here is that we can show look at the distribution of the variables in each time series.We look at values up to 2019 here.  2020 data had extreme outliers, and I will talk about it later.Looking first at output growth on the left, the horizontal axis has percentage growth rates.The smoothed curve comes from the frequencies for the first release of output, the R0 release.A normal distribution is shown for comparison.The peak is a little above the mean, and there’s a long tail on the down side.  Those are generally recessions.Hours worked, on the middle chart, has a peaked distribution.  A lot of observations are right near 1%.And labor productivity, on the right, is computed from those. It’s almost a normal distribution, but a little bit peaked.



Summary statistics of variables across releases
LP R0 LPR2 LPR40

Mean 2.07 2.26 1.96
Std. dev. 2.28 2.53 2.68

Min -3.02 -4.45 -3.39
Max 9.45 9.50 10.34

 These are averages of growth rates
 Reference quarters 1995 Q1 – 2016 Q2

 Effects of revisions
 Slightly raise then lower output and 

labor productivity estimates
 Hours estimates drift down
 The distributions spread out; their 

standard deviation goes up

OutputR0 OutputR2 OutputR40

Mean 2.84 2.97 2.63
Std. dev. 2.62 3.02 3.35

Min -8.19 -8.84 -12.03
Max 8.80 10.40 11.01

HoursR0 HoursR2 HoursR40

Mean .78 .72 .67
Std. dev. 2.57 2.53 2.81

Min -8.95 -9.04 -10.15
Max 5.06 4.88 4.56
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Labor productivity growth rates are shown in the top table and the ingredients output and hours are in the tables below.The columns are showing release periods, R0, R2, and R40, for a panel of periods where we have five years of data.  We average the time periods together for each variable.I’ll highlight two things in the top panel.The mean of labor productivity is about 2%.  After the first two revisions, it moves up a bit.Then it moves back down after fives years of estimates.  That’s not highly significant.Second, the standard deviation is increasing over time.  In other words the distribution after revisions is spreading out.  This is the case for all the variables.



Magnitude of revisions over time

Chart shows absolute values of revisions 
averaged over reference quarters for which we 
have ten years of data

 Hours-worked estimates avg change:  .85% 
 Output and LP estimates avg change:  1.7%

After two years, revisions to hours are small
After 3-5 years, revisions to output and
labor productivity are small.
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These charts show the average MAGNITUDE of changes from the R0 estimate as a function of time.So the horizontal axis has releases, selected from reference quarters for which we have TEN years of data.The vertical axis has the absolute value of difference of that estimate from the R0 estimate.The red curve has hours worked.  It gets smoothly revised away from its original value for two years, and then it’s close to its final value, averaging .85% from where it started.For output and productivity, it takes 3-5 years for them to stabilize, and they are about twice that far from their R0 values on average.For the rest of the presentation we’ll talk about the five year range. 



Data flow for hours-worked estimates

Current 
Employment 
Statistics

Self-employed, supervisory 
and non-production workers

Hours-worked-to-hours-
paid ratios

Wage and salary employment
& Production worker hours

Current 
Population 
Survey

National 
Compensation 
Survey

Aggregate hours-worked
for U.S. nonfarm business 

sector workforce

Here we’ll focus on statistical properties of the aggregate.
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The output figure comes basically from BEA.Our office figures out the hours worked, mainly from three BLS surveys.The most important source is the Current Employment Statistics survey which gets our main estimates of employment and hours worked for production workers.Some augmentation of that to cover supervisory and nonproduction workers and the self employed is drawn from the CPSAnd we adjust for hours worked versus hours paid, because of time off, from the National Compensation Survey.This is a carefully crafted method. For this paper we just look at the resulting aggregate estimate of hours worked.



Sources of Revisions

 Additional data in sources (GDP and CES) 
 Benchmarking (CES to QCEW)
 Updating of seasonal adjustment in GDP, CES, CPS
 Annual revisions to GDP data
 Methodology changes to all sources

Largest revisions occur on regular annual schedules.
 March incorporates the CES benchmark revision of previous year
 August release incorporates the annual NIPA/GDP benchmark revisions, and 

Comprehensive Revisions to GDP every 5 years
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The series of interest are revised for several reasons.New data is coming in from those surveys.Certain survey results are benchmarked to broader census results, annually.Seasonal adjustments are a big source of revision, and that’s occurring a little differently in our different sources.Then BEA does makes annual revisions to the National Accounts and GDPThen there are methodology changes in any of our sourcesThe biggest revision to hours is usually in March when this series incorporates benchmarking and seasonal adjustment changes to the CES.The biggest revision to output is normally in August when then annual revisions GDP are incorporated, and every five years there’s a Comprehensive Revisions every five years which includes changes to concepts and definitions and methods.In principle we can trace magnitudes of revisions in our productivity estimates back to changes in methodology as well as to real economic phenomena.



Prediction intervals for LP:  70, 80 and 90% ranges

The leftmost point is first estimate 
of labor productivity for 2014Q4
(LPR0)

The dark region is 70% prediction 
interval based on 20 years of 
historical data.

The fan shows ranges of likely 
estimates for that reference 
quarter for the next five years.

The downward range spreads 
more than the upward range.
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This fan chart shows ranges of likely revisions.  The horizontals axis has releases 0 to 2 and then one a year out to five years.  The vertical axis has ranges of labor productivity growth.Suppose it’s February 2015.  Our first release of labor productivity comes out.  That’s the left most point on the chart.The dark shading covers the 70% probability region of likely future revisions as of that moment, the R0 moment, based strictly on how big revisions were in the previous 20 years.  The lighter regions cover the 80% and 90% prediction intervals.The black lines shows how this estimate was actually revised over time for the next five years.There’s no change in the economy here; these are all estimates characterizing the last quarter of 2014.The fan is wide.  There can be sharp changes.  It’s wider than a fan chart for GDP would be, for a couple of reasons.  One is that it includes also variation in hours worked, and another is that it excludes government for which the early estimate won’t change much.Also notice that the downward revisions stretch out more.  The fan is not symmetric.The downward revisions are more likely to be extreme.  That can happen at the beginning of a recession, before all the data comes in.The fan shape helps one envision an implicit tradeoff. If the agencies held off their first releases until more data came in, there would be less revision.  The fan would be narrower. Now imagine taking a vertical slice of the movements at each time period.  Next slide



Distributions of productivity revisions
Revisions to LP growth in the first 3 months 

are peaked, with small positive mean
Revisions from 3 months to 5 years out 
are normal, with small negative mean
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The chart on the left is like a slices of the fan vertically, at release period R2.It shows the distribution of those revisions to labor productivity.This tells us the range of revisions at R2 release to R0.The revisions are quite peaked.  It’s not a normal distribution.On the right are the later revisions, after R2 until R40, the five years later figure.This is close to a normal distribution.In both these charts the downward tail has outliers that are further out than the upward tails.



Revisions vary by reference quarter
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Presentation Notes
Here we break out the growth rates for all three variables by quarter.  Many reference periods (2000-2014) are averaged together, and the horizontal axis shows release periods.It was common for first quarter to be revised down for all these variables.Output was also regularly revised down for the third quarter.  We don’t really understand whyAbout five years ago BEA changed its approach to seasonal adjustment and it’s possible that has reduced these quarterly differences in the data since then.



Decomposition of Revisions

Revisions to labor productivity growth can be accounted for by 
changes to output or hours, and to the current or prior quarter.

For R0-to-R2, we find that changes to the previous year’s Q4, 
e.g. from annual benchmarking, cause large effects on revisions 
to Q1 growth estimates.
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One approach we detail in our paper that I’ll just summarize here is that the growth rates for output and hours are constructed from two quarters of data and we can decompose the causes.If an annual benchmarking causes the previous year’s value for some variable to be revised up overall, and Q4’s level is higher for some variable than it used to be, then the Q1 of the current year will be revised to have a lower growth rate just by construction.That’s one of the things that’s happening distinctively to the first-quarter Q1 data.



Are productivity revisions predictable ?

We tested how well LP40 is predicted by early estimates and other variables.
Several compressed OLS regression results below.
N=90 for reference quarters 1994Q1-2016Q2.  Regressions include a constant.

 Regress LP40  on LP0 :  R2 = .39
 Regress LP40  on LP2 :  R2 = .51
 Regress LP40  on component hours and output growth rates from R0 & R2: R2 = .54
 Add quarter-of-year and recession indicators:  R2 = .57   (not feasible in practice)

 The later LP estimate is better predicted by later data, and slightly better with 
components of earlier estimates and other controls
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We examined causes of changes to the productivity growth estimates from several sources.We did regressions in which the five-year-out estimate was the dependent variable.The first estimate, R0, predicts the later value, of course, and the R2 estimate predicts it better.That makes sense as the R2 estimate represents progress.  It has more informationIf we add more predictors, like the component hours and output growth rates from the earlier periods, R-squared goes up a little bit.  That’s partly a result of throwing a kitchen sink of variables in as predictors, but it’s partly that there’s some autocorrelation in the revisions to our source series.  The effect is small.And if we include quarterly indicators and recession indicators we get a slight improvement in R-squared.That’s not something we’d do outside this sample unless we understood it.



Are Hours and Output revisions predictable?

Predictions of the components of LP40:
 Regress Hours40 on Hours0 :  R2 =.89
 Regress Hours40 on Hours2   : R2 = .92
 Regress Hours40 on Hours2  and quarter and recession indicators: R2 = .94

 Regress Output40 on Output0 : R2 =.61
 Regress Output40 on Output2: R2 =.68
 Regress Output40 on Output2 and quarter and recession indicators: R2 =. 74

 R40 estimates are predicted better by R2 than by R0 data 
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Here we do the same thing for our components hours and output series.Hours don’t change as much, so early estimates have high R-squared as predictors of labor estimates.Output gets revised more.  The R2 estimate is better than the first estimate in the sense of getting closer to the R40 estimate.And the quarterly or recession effects are stronger; in this sample they help predict the later estimate.Let me note something about cointegration. We know that the underlying output and hours and productivity series are cointegrated, but we don’t think revisions are.  If we include hours revisions in a predictive regression of output revisions or vice versa we get only a small predictive effect.



Can we predict magnitudes of revisions?

 Are big revisions followed by big revisions?   Only slightly.

 Regress abs(LP40 – LP2) on abs(LP2 – LP0):   R2 =.01
 Coefficients on previous magnitudes are positive for magnitude

 Add regressors for LP0 , LP2, abs(LP0), abs(LP2), quarter of year
 R2 is less than .2
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In the real economy a period of high volatility is often followed by more volatility.It doesn’t look like our measurement system has that property or at least not strongly.We checked for whether the magnitude or absolute value of the R0-R2 revision predicts the magnitude of the R2-to-R40 revision, and there’s only a slight correlation.There’s more to study here.



Predictability in special periods

Do properties of reference quarter predict revisions of LP?
 In preliminary regressions, these predictors are not statistically 

significant for R2-to-R40 revisions or abs(R2-to-R40 revisions)
Recessions
1990s vs 2000s vs 2010s
9/11

2008 Q4 is an outlier, associated with financial crisis
Output, hours, and productivity were revised down a lot
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We checked for whether particular economically distinctive periods are big predictors of revisions.The short answer is that the effect is usually small.However the financial crisis quarter of 2008 Q4 was followed by big revisions down.  It’s an outlier.



Comprehensive revisions to GDP
 BEA adopts conceptual and methodology changes in Comprehensive Revisions to GDP every 5 years
 Major changes adopted in 2013 recognized expenditures on R&D and original works of 

entertainment, art, and literature as capital, not just short-term expenses.
 This raised measured GDP levels by an average of 3.1% for the 1993-2012 period (Fixler, 2012)

 We find measured productivity growth for previous quarters increased on average by .15% per year.
 The new elements were growing faster than the rest of GDP.
 The effect varies greatly across quarters.

 The 2018 Comprehensive Revision raised measured labor productivity by .06% per year.

Release 
month Reference periods

Average and range of 
revisions to output 

growth rate

Average and range of 
revisions to hours-

worked growth rate

Average and range of 
revisions to labor 

productivity growth rate

Aug. 2013 1994-2011 (N=72 qtrs) 0.174 (-2.43, 2.54) .023 (-0.056, 0.159) 0.150 (-2.74, 2.55)

Aug. 2018 1994-2016 (N=92 qtrs) 0.057 (-1.30, 1.431) -.003 (-.071, 0.066) 0.062 (-1.26, 1.45)

Presenter
Presentation Notes
Here’s something new.  BEA does comprehensive revisions to the whole past GDP series every five years.That’s when they incorporate big changes to the national accounts.The most significant one for our purposes is the one in 2013 when they started to treat some new things as investments instead of expenses only.They started to treat for expenditures on R&D and on films and other original works of entertainment and literature, called artistic originals as investments, meaning they would be added to GDP, and they would have a long-lasting depreciating value in later years.That raised the average level of measured GDP by 3.1% in the previous two decades.With our releases data we can measure the effect on growth rates.We find that the revision led to faster measure productivity growth, by an average of .15% per year.The effect is very different across different quarters.It does make sense that it’s a positive shift because the new methods amplified parts of the economy that were growing faster than GDP overall.We can do the same exercise to measure the effect of the 2018 comprehensive revision.  It also raised measured productivity growth rates, by a smaller amount.



2020, the start of the covid period

 2020’s output and hours quarterly growth rates were extreme
 Downturn starting in March and in Q2, then up in Q3, at 30% annual pace

 Agencies adopted special methods to capture this rapid change
 BEA used high frequency data (e.g. credit cards transactions) and will continue
 BLS used initial Unemployment Insurance claims to adjust hours  (one time only)

 Revisions from LP0 to LP2 were of the size of the 2008Q4 revisions
 Possibly using high frequency data will reduce revision sizes permanently
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We have a look at R0 and R2 for 2020, the year dramatically affected by covid.The underlying growth rates are more extreme in that year than in another other year in our data.Annualized, output looks like it fell 30% in one quarter and came back by 30% in another quarter.The agencies took special steps to incorporate that.  They used high frequency data like credit card expenditures, and claims for unemployment insurance, to adjust the output and hours series.Some of the use of high frequency big data will continue, and that might mean the earlier estimates will be more accurate and that revisions will be smaller.  We can’t measure that yet.But one thing that’s interesting is that even though the growth rates were more extreme than ever before, the revisions were not.  The revisions were about the size of those for the previous outlier quarter in 2008.



Updated news releases

SIZE OF REVISIONS: Productivity and cost measures are revised on a regular schedule 
as more complete data become available. . . . 

Based on past revisions, the third estimate of nonfarm business sector quarterly 
labor productivity growth has differed from the first estimate by -1.0 to +1.4 
percentage point about 80 percent of the time. This interval is based on estimates 
for reference quarters from the first quarter of 2001 to the first quarter of 2021.

For more about revisions to labor productivity growth see “How large are revisions to 
estimates of quarterly labor productivity growth?” at 
https://www.bls.gov/osmr/research-papers/2021/ec210040.htm.
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We’ve adopted a new phrasing in our news releases associated with this project.This is from a recent one. (Sept 2021)We give a range of likely variation.  It’s using the 80% prediction interval that was on the fan charts.The range constructed directly from 20 years of historical data, with no distributional assumptions.This phrasing is chosen to avoid assuming symmetry or normality of the distribution of revisions.

https://www.bls.gov/osmr/research-papers/2021/ec210040.htm


Conclusions

We measure revisions to output, hours, and labor productivity
 Revisions to output after R2 tend to be negative, especially for Q1
Methodology changes may have reduced size and quarterly variation

 Fan chart shows revisions distribution are not symmetric
 Early revisions are not normally distributed, especially for output
 Underlying distribution of hours-worked growth is peaked, not normal
We offer prediction intervals based on history, with no distribution assumptions

 Later revisions are not highly predicted by early ones
We can evaluate effects of methodology changes
 2013 Comprehensive Revision raised measured labor productivity growth, .15%/yr
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So to conclude we show measures here of revisions to output, hours worked, and labor productivity.There’s a tendency in our sample period for revisions to reduce output, especially for the first quarter.That may no longer be the case.We can show fan charts of expected future variation after a first data release.We can see that the revisions don’t always have a normal distribution.We find the later revisions are not very predictable based on the early ones.And we can measure the increase our productivity series attributable to the big comprehensive revision in 2013.
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Decomposition of R0-to-R2 Revisions

Revisions to Q1 output growth incorporate large revisions to the previous Q4

Sample: 2000-2019, excluding 2018Q4 due to government shutdown   (For more see Asher et al., 2021)
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We have several ways of analyzing revisions to the underlying variables: output and hours growthKey thing to note is that a revision to the previous year will affect Q1.



Decomposition of Revisions
Revisions to growth can be accounted for in terms of changes to 
output or hours, and to current or prior quarter.
We find that changes to the previous year’s Q4 cause substantial 
effects on revisions to Q1 growth estimates.

Labor productivity growth can be approximated as: 
𝐿𝐿𝐿𝐿 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑂𝑂−1,𝑂𝑂 ≈ ln 𝑄𝑄𝑂𝑂 − ln 𝑄𝑄𝑂𝑂−1 − ln 𝐻𝐻𝑂𝑂 − ln 𝐻𝐻𝑂𝑂−1
where Q and H are indexes of output and hours
This gives us an additive framework to analyze revisions

𝐿𝐿𝐿𝐿 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐺𝐺𝑅𝑅0,2 = 𝐿𝐿𝐿𝐿 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑂𝑂−1,𝑂𝑂
𝑅𝑅𝑅 − 𝐿𝐿𝐿𝐿 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑂𝑂−1,𝑂𝑂

𝑅𝑅𝑅
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Tentatively include, only if time permits.  We plan to do this for long term revisions.
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