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Questions AddressedQuestions Addressed

• What properties characterize the behavior of theWhat properties characterize the behavior of the 
rate of growth of BLS (Bureau of Labor Statistics) 
workplace injury and illness incidence rates?

Of what magnitude is the trend rate of growth, and 
how persistent is this trend rate?
Of what magnitude are deviations from trend andOf what magnitude are deviations from trend, and 
how persistent are these deviations?
• Has the magnitude of deviations changed over time?

H h i f h d i i h d• Has the persistence of these deviations changed 
over time?

To which degree does the business cycle explain g y p
deviations from trend?
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Road MapRoad Map

• A time series model is applied to an annual seriesA time series model is applied to an annual series 
of the (logarithmic) growth rate of BLS 
manufacturing injury and illness incidence rates

This series of growth rates ranges from 1927 
through 2007

• Subsequently, this time series model is expanded 
to a structural (time series) model by adding (two 
alternative sets of) covariatesalternative sets of) covariates

These covariates are available only from 1993 
onward
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CaveatCaveat

• “BLS occupational injury and illness numbers comeBLS occupational injury and illness numbers come 
from the BLS annual Survey of Occupational Injuries 
and Illnesses,” which “captures data from Occupational 
Safety and Health Administration (OSHA) logs ofSafety and Health Administration (OSHA) logs of 
workplace injuries and illnesses maintained by 
employers” (www.bls.gov/iff/)

• A 2006 study published in the Journal of 
Environmental Medicine documented “missing cases 
in individual firms, as determined by comparisons , y p
between BLS and state workers compensation data” 
(www.bls.gov/iff/)
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Growth Rate of BLS Workplace Injury 
d Ill R t 1927 2007and Illness Rates, 1927-2007

• The growth rate of workplace 

0.
1

ns
 1

0 
Pe

rc
en

t)

g
injury and illness rates drops 
sharply during recessions 
and rises sharply during 

0.
0

th
 R

at
e 

(0
.1

 M
ea recoveries

• Since the early 1960s, there 
is a decline in variance and 

-0
.2

-0
.1

Lo
g 

G
ro

w
t

an increase in the 
persistence of the deviations 
from the (potentially time-

Note: Manufacturing only; time frame: 1927-2007; National Bureau of

1940 1960 1980 2000

-

Calendar Year

(p y
varying) mean

5© Copyright 2009 National Council on Compensation Insurance, Inc. All Rights Reserved.

Note: Manufacturing only; time frame: 1927-2007; National Bureau of 
Economic Research (NBER, www.nber.org) recessions indicated by gray bars.



Calendar Year Timing of U.S. Recessions, 
St ti ith G t D iStarting with Great Depression
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y g ;
1980/1981 recessions are treated as one recession; final recession (#12): 2001. 



State-Space Time Series Model 
With t C i tWithout Covariates

• The observed growth rate of the BLS incidenceThe observed growth rate of the BLS incidence 
rate consists of three parts 

The level (i.e., trend)
• The level (trend) is allowed to vary over time (i.e., 

may “change states”)
An AR(1) process (i.e., mean-reverting process)An AR(1) process (i.e., mean reverting process)
• The variance of the AR(1) process may change 

states
• The AR(1) coefficient (“rho”) may have a (one)• The AR(1) coefficient ( rho ) may have a (one) 

change-point
White noise
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EstimationEstimation

• The time series model and the structural modelThe time series model and the structural model 
are estimated using MCMC (Markov-chain Monte 
Carlo simulation)

We use WinBUGS 1.4.3 with R2WinBUGS in R
We employ gamma priors for the precisions
We run three Markov chainsWe run three Markov chains
The time series model uses 200,000 iterations per 
chain, after a burn-in of the same length—we use 
every tenth draw
The structural model uses 20,000 iterations per 
chain of which we use every tenth drawchain, of which we use every tenth draw
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Estimated LevelEstimated Level
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Note: Manufacturing only; time frame: 1927-2007;
NBER (www.nber.org) recessions indicated by gray bars.



Estimated Autoregressive ProcessEstimated Autoregressive Process
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Note: Manufacturing only; 1927-2007;
NBER (www.nber.org) recessions indicated by gray bars.



Estimated Variance of Autoregressive 
PProcess

0.
00

8

• The variance of the

0.
00

6
0.

00
7

The variance of the 
autoregressive 
process has 
decreased sharply

3
0.

00
4

0.
00

5

Va
ria

nc
e

decreased sharply 
over time, thus 
indicating that 
d i ti f t d

01
0.

00
2

0.
00

3 deviations from trend 
have become smaller

1940 1960 1980 2000

0.
00

Calendar Year

© Copyright 2009 National Council on Compensation Insurance, Inc. All Rights Reserved. 11

Time frame: 1927-2007



Posterior Distribution of Changepoint 
f A t i C ffi i tof Autoregressive Coefficient
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Note: Prior distribution is a beta distribution: B(1.3,1.3) on the 
interval [1927,2007]; mode: 1963



Estimated Autoregressive Coefficients 
(P d P t Ch i t)(Pre and Post Changepoint)
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post-change-point AR(1) coefficient to the right (mode: 0.63); 
prior: B(1.3,1.3)



Incidence Growth Rate During Recessions, 
St ti ith G t D iStarting with Great Depression
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after the trough (i.e., end of the recession); 1980/1981 recessions 
are treated as one recession



Diagnostics: Kernel Density Estimate 
f R id lof Residuals
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Diagnostics: Autocorrelation Plot of 
R id lResiduals
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State-Space Time Series Model With 
C i t t’dCovariates, cont’d.

• Starting in 1992 (quarterly) rates of job creationStarting in 1992, (quarterly) rates of job creation 
and job destruction are available from the BLS

The rates are based on the QCEW (Quarterly 
Census of Employment and Wages)
Job gains and losses are defined as net changes in 
employment by establishmentemployment by establishment
• “An establishment is defined as an economic unit 

that produces goods or services, usually at a single 
physical location and engages in one orphysical location, and engages in one or 
predominantly one activity.”
Source: http://www.bls.gov/news.release/cewbd.tn.htm
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State-Space Time Series Model With 
C i t t’dCovariates, cont’d.

• Adding up changes in employment across allAdding up changes in employment across all 
establishments in manufacturing that report 
employment increases delivers the gross job gains 
f th f t i tfor the manufacturing sector

Similarly, aggregating over all establishments with 
reductions in employment delivers the gross jobreductions in employment delivers the gross job 
losses

• Gross job gains (losses) are differentiated by…
expansions at existing (contractions at continuing) 
establishments and…
openings (closings) of establishmentsopenings (closings) of establishments

© Copyright 2009 National Council on Compensation Insurance, Inc. All Rights Reserved. 18



State-Space Time Series Model With 
C i t t’dCovariates, cont’d.

• The time series model is expanded to a structuralThe time series model is expanded to a structural 
model by adding as covariates annual 
(logarithmic) growth rates of job creation and job 
d t ti tdestruction rates

The annual growth rates are calculated from fourth-
quarter (not seasonally adjusted) valuesquarter (not seasonally adjusted) values
Further, these growth rates are centered on zero 
(for the purpose of de-trending)

Th t th l l f th i i l d l t i it• That way, the level of the original model retains its 
interpretation as the trend rate of growth
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State-Space Time Series Model With 
C i t t’dCovariates, cont’d.

• Because there are only 15 observations (1993-Because there are only 15 observations (1993
2007) available, (the posterior distributions of) two 
parameters of the original model are fed into the 
t t l i th t t thstructural version—these two parameters are the 

level (i.e., trend) and the variance of the 
measurement error (white noise)( )

First, there is no benefit in re-estimating the level 
based on a shorter series
S d b i i h i f hSecond, by retaining the variance of the 
measurement noise from the original model, the 
structural model is less prone to overfitting
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State-Space Time Series Model With 
C i t t’dCovariates, cont’d.

• When feeding posteriors of the original model intoWhen feeding posteriors of the original model into 
the structural model, we approximate the 
(innumerable) population of draws from the 

ti t i b t t l f 60 000 it tirespective posterior by a total of 60,000 iterations 
(from the three Markov chains)

By means of such approximation we can draw withBy means of such approximation, we can draw with 
(instead of without) replacement from these 
posteriors at every updating step of the Markov-
chain Monte Carlo simulation of the structuralchain Monte Carlo simulation of the structural 
model
• The structural model draws 6,000 times from these 

t iposteriors
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Job Creation and Job Destruction,
T C i tTwo Covariates
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Effect of Job Creation and Job 
D t ti T C i tDestruction, Two Covariates
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)
expected values of zero and precisions 
(inverses of the variances) of 0.001



The State-Space Time Series Model 
With C i t t’dWith Covariates, cont’d.

• We now re-estimate the structural model using aWe now re estimate the structural model using a 
set of four (instead of two covariates)

The growth rate of job creation is replaced by 
growth rates of job creation at…
• existing establishments (expansions) and…
• new establishments (openings)new establishments (openings)
The growth rate of job destruction is replaced by 
growth rates of job destruction at…

i i bli h ( i ) d• continuing establishments (contractions) and…
• closing establishments
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Job Creation and Job Destruction: 
E i d C t tiExpansions and Contractions
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from not seasonally adjusted fourth-quarter numbers



Job Creation and Job Destruction: 
O i d Cl iOpenings and Closings
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Note: 1993-2007; annual first differences are calculated 
from not seasonally adjusted fourth-quarter numbers



Effect of Job Creation and Job 
D t ti E i d O iDestruction: Expansions and Openings

6 Expansions (Centered)
Openings (Centered)

• Faster job creation due to 

4
5

Openings (Centered)
expansions at existing 
establishments leads to an increase 
in the growth rate of the workplace 
injury and illness incidence rate

2
3

D
en

si
ty

j y
As mentioned, evidence 
provided by the BLS relates 
higher incidence rates to shorter 
job tenure

0
1

job tenure
• Faster job creation that arises from 

the opening of new establishments 
leaves the growth rate of the 

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Regression Coefficients

workplace injury and illness incidence 
rate unaffected

Possibly, new establishments 
provide for safer workplaces thanNote: Prior distributions are normal with 

27© Copyright 2009 National Council on Compensation Insurance, Inc. All Rights Reserved.

provide for safer workplaces than 
expansions of existing locationsexpected values of zero and precisions 
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Effect of Job Creation and Job 
D t ti C t ti d Cl iDestruction: Contractions and Closings
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ConclusionsConclusions

• The (negative) trend rate of growth of workplaceThe (negative) trend rate of growth of workplace 
injury and illness incidence rates shows a high 
degree of persistence

• Between the mid-1980s and 2000, this (negative) 
trend growth rate has drifted down, but has since 
stabilized at a new level 

• Since the early 1960s, deviations from the 
(negative) trend rate of growth are smaller and 
more persistent than they were previously
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Conclusions, cont’d.Conclusions, cont d.

• Accelerated job destruction (as happens at theAccelerated job destruction (as happens at the 
onset of recessions) causes the growth rate of the 
workplace injury and illness rate to increase

This effect is observed for contractions at 
continuing establishments and for closings

• Accelerated job creation (as happens during 
recoveries) also causes the growth rate of the 
workplace injury and illness rate to increaseworkplace injury and illness rate to increase

Although this holds for total job creation, such effect 
is not observed for openings of new establishments
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Conclusions, cont’d.Conclusions, cont d.

• On net recessions tend to cause a decline in theOn net, recessions tend to cause a decline in the 
growth of  the workplace injury and illness 
incidence rate

• Similarly, on net, recoveries from recessions come 
with an increase in the growth of  the workplace 
injury and illness incidence rateinjury and illness incidence rate

• These two net effects are driven by slowing job 
creation in recessions and accelerated jobcreation in recessions and accelerated job 
creating during recoveries

The effect of job creation outweighs the effect of job 
destruction
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