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Overview

M There is substantial variation in U.S. state-level labor
productivity levels and growth rates

B This paper considers the extent to which variation in state-level
knowledge capital can explain these differences

B Knowledge capital is measured by completed years of schooling
and achievement test scores
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Overview

B The paper extends the work of Hanushek, Ruhose and
Woessmann (HRW) in the following ways:
» GDP per capita is replaced by labor productivity

— Output per hour worked accounts for time available for production
— Uses BLS experimental state-level labor productivity estimates

» Examine the private nonfarm sector rather than the total economy

— Aligns better with official U.S. nonfarm business labor productivity
» The time horizon is extended from 2007 to 2018
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BLS State-level Labor Productivity

New experimental dataset (initial release - June 2019)

www.bls.gov/lpc/state-productivity.htm
B Annual data for 50 U.S. States and the District of Columbia

B Output — Bureau of Economic Analysis (BEA) data on real GDP by state for
all private industries, excluding the farm sector, private households, and
owher-occupied housing

B Hours — Bureau of Labor Statistics (BLS) data on hours worked

» Wage and salary employees (establishment data - CES)
» Unincorporated self-employed (household data - CPS)
» Unpaid family workers (household data - CPS)
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http://www.bls.gov/lpc/state-productivity.htm

Trends in Labor Productivity: Sum-of-the-states
Private Nonfarm versus PFElI Nonfarm Business

Index (2007=100) Annual growth rate
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Coverage Differences: Sum-of-the-states 1) excludes government enterprises and 2) includes nonprofits
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Distribution of Output per Hour Worked
of U.S. States
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State-level Labor Productivity Growth, Average Annual (2009-2018)
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Knowledge Capital at the State Level

B HRW definition of knowledge capital per worker, h, as follows:
h P er5+WT

where

= Sisthe average completed years of schooling for working-age population,
= Tisthe average test score for working-age population (in std. deviations)
= risthe return per year of schooling (r = 0.08)

= wis the return per standard deviation in test scores (w =0.17)

B Years of schooling data from the American Community Survey (20-65 year olds)

B HRW test scores based primarily on grade 8 mathematics achievement test scores for the working-age
population (adjustments made for immigration from other countries and migration between states)
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Distribution of Average Years of Schooling of U.S. States
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Years of Schooling and Output per Hour across U.S. States, 2018
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Cognitive Skills and Output per Hour across U.S. States, 2018
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The Share of Labor Productivity Variance Attributable to
Knowledge Capital

B The framework is based upon the following aggregate Cobb-Douglas
production function:

Y = (hL)1"*K* A%,
where Y is output; h is aggregate knowledge capital per worker; L is hours

worked; K is physical capital stock; and A% represents TFP. Assuming 1 =
1 — a (i.e. Harrod-neutral productivity), then labor productivity can be

written as follows
y . (k)a/(l—a)A
L - y o y )

K . : :
where k = — s the capital-labor ratio.
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The Share of Labor Productivity Variance Attributable to
Knowledge Capital

B Development Accounting Decomposition:

cov(ln(y),ln((g) /(1—a)))
cov(in(y),in(h)) | n cov(ln(y),in(4)) 1

var(In(y)) var(In(y)) var(In(y))

knowledge capital physical capital total factor productivity
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The Share of Labor Productivity Variance Attributable to
Knowledge Capital

B Development Accounting Decomposition:

cov(ln(y),ln((g) /(1—a)))
cov(In(y),in(h))| n cov(ln(y),in(4)) 1

var(In(y)) var(in(y)) var(In(y))

knowledge capital physical capital total factor productivity
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Development Accounting Results

Covariance measure

Total
knowledge  Test Years of
Productivity measures: N Year capital scores Schooling
Sample excludes those enrolled in school
GDP per capita (HRW published 2017b) 47 2007 0.228 0.135 0.093
(0.044)  (0.028) (0.023)
Output per hour worked 47 2007 0.099 0.057 0.042

(0.063) (0.040) (0.028)
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Components of GDP per Capita
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Components of GDP per Capita
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Covariance Decomposition

cov(lnyg,Inh)  var(lny,) cov(lny,,Inh)  var(lny,) cov(lny,, Inh)

var(lnyg) B var(lnyy) var(lny,) * var(lnyg) var(lny,)

N var(lnys) cov(lnys, Inh) N var(lny,) cov(lny,, Inh)

var(lnyy) var(lnys) var(lnyy) var(lny,)

var(Inys) cov(lnys, Inh)

* var(lnyy) var(lnys)
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Covariance Decomposition
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Covariance Decomposition

GDP per capita labor productivity
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Covariance Decomposition
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Covariance Decomposition

labor productivity
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Development Accounting Results

Covariance measure

Total
knowledge Test Years of
Productivity measures: N Year capital scores  Schooling
Sample excludes those enrolled in school
GDP per capita (HRW 2017b) 47 2007 0.228 0.135 0.093
(0.044) (0.028) (0.023)
Output per hour worked 47 2007 0.099 0.057 0.042
(0.063) (0.040) (0.028)
Output per hour worked 50 2007 0.077 0.044 0.033
(0.047) (0.029) (0.021)
Output per hour worked 50 2009 0.079 0.043 0.036
(0.041) (0.026) (0.018)
Sample includes those enrolled in school
Output per hour worked 50 2009 0.079 0.043 0.036
(0.041) (0.026) (0.018)
Output per hour worked 50 2018 0.125 0.078 0.048
(0.043) (0.027) (0.021)
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Knowledge Capital and Productivity Growth (2009-2018)

WAy, = a + [T + (5,5, + X0 + &
where
B %Ay.is the average annual growth rate in labor productivity in state s between 2009 and 2018
M T isthe average test scores of the working-age population in state s in 2009 (in std. deviations)
B S, isthe average years of schooling of the working-age population in state s in 2009
O

X, is a matrix of state controls including the log of initial level of output per hour in 2009, the log of
capital stock per worker in 2009, percent of PNF output in each NAICS supersector in 2009, the log of
population density in 2009, and Census region fixed effects

B c;isanerrorterm
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009)

Average years of schooling (2009) 0.788%**
(0.277)

Log (output per hour) (2009) -2.311%**
(0.451)

Log (capital per worker) (2009) -0.227***
(0.081)

Log (population density) (2009)

Census region fixed effects NO
State industrial structure NO
Population weights NO
R-squared 0.388

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5
percent level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)

Average test score (2009)
0.788***
(0.277)

(6.451)

Average years of schooling (2009)

Log (output per hour) (2009)

Log (capital per worker) (2009) -0.227%**
(0.081)

Log (population density) (2009)

Census region fixed effects NO

State industrial structure NO

Population weights NO

R-squared 0.388

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5
percent level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009) 1.387%**
(0.441)
Average years of schooling (2009) 0.788%** 0.117
(0.277) (0.309)
Log (output per hour) (2009) -2.311%%*% 2, 334%**
(0.451) (0.412)
Log (capital per worker) (2009) -0.227***  -0.219%**

(0.081) (0.073)
Log (population density) (2009)

Census region fixed effects NO NO
State industrial structure NO NO
Population weights NO NO
R-squared 0.388 0.469

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.

s
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1)
1.387%**
(0.441)

(3) (4) (5)

Average test score (2009)

Average years of schooling (2009) 0.788%** 0.117
(0.277) (0.309)

Log (output per hour) (2009) -2.311%%*% 2, 334%**
(0.451) (0.412)

Log (capital per worker) (2009) -0.227***  -0.219%**

(0.081) (0.073)
Log (population density) (2009)

Census region fixed effects NO NO
State industrial structure NO NO
Population weights NO NO
R-squared 0.334 0.400

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.

s

29 — U.S. BUREAU OF LABOR STATISTICS « bls.gov BI.S



Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009) 1.387***  1.681**
(0.441) (0.677)

Average years of schooling (2009) 0.788%** 0.117 0.321

(0.277) (0.309) (0.352)
Log (output per hour) (2009) -2.311%%*%  2.334%*%* 9 47171***

(0.451) (0.412) (0.409)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226**

(0.081) (0.073) (0.089)
Log (population density) (2009)

Census region fixed effects NO NO YES
State industrial structure NO NO NO
Population weights NO NO NO
R-squared 0.388 0.469 0.498

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (4) (5)
Average test score (2009) 1.387***f 1.681**
Average years of schooling (2009) 0.788%** 0.117 0.321
(0.277) (0.309) (0.352)
Log (output per hour) (2009) -2.311%%*%  2.334%*%* 9 47171***
(0.451) (0.412) (0.409)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226**

(0.081) (0.073) (0.089)
Log (population density) (2009)

Census region fixed effects NO NO YES
State industrial structure NO NO NO
Population weights NO NO NO
R-squared 0.388 0.469 0.498

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES

(1) (2) (3) (4) (5)

Average test score (2009)

Average years of schooling (2009)

Log (output per hour) (2009)

1.387**% 1 .681**
(0.441)  (0.677)
0.788***  0.117 0.321

2.311%F% D 334%%% D 411%**

Log (capital per worker) (2009)

Log (population density) (2009)

Census region fixed effects
State industrial structure
Population weights
R-squared

(0.451) (0.412) (0.409)
-0.227***  -0.219*** -0.226**
(0.081) (0.073) (0.089)

NO NO YES

NO NO NO

NO NO NO
0.388 0.469 0.498

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent

level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009) 1.387***  1.681** 1.878**
(0.441) (0.677) (0.805)
Average years of schooling (2009) 0.788*** 0.117 0.321 -0.413
(0.277) (0.309) (0.352) (0.545)
Log (output per hour) (2009) -2.311%%*%  -2.334%*%*%  _2.411***  -1.494
(0.451) (0.412)  (0.409)  (1.263)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226** 0.130
(0.081) (0.073) (0.089) (0.160)
Log (population density) (2009) 0.099
(0.131)
Census region fixed effects NO NO YES YES
State industrial structure NO NO NO YES
Population weights NO NO NO NO
R-squared 0.388 0.469 0.498 0.714

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009) 1.387***  1.681** 1.878**
(0.441) (0.677) (0.805)
Average years of schooling (2009) 0.788*** 0.117 0.321 -0.413
(0.277) (0.309) (0.352) (0.545)
Log (output per hour) (2009) -2.311%%*%  -2.334%*%*%  _2.411***  -1.494
(0.451) (0.412)  (0.409)  (1.263)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226** 0.130
(0.081) (0.073) (0.089) (0.160)
Log (population density) (2009) 0.099
(0.131)
Census region fixed effects NO NO YES YES
State industrial structure NO NO NO YES
Population weights NO NO NO NO

R-squared 0.388 0.469 0.498 0.714

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (5)
Average test score (2009) 1.387***  1.681**
(0.441) (0.677)
Average years of schooling (2009) 0.788%** 0.117 0.321 -0.413
(0.277) (0.309) (0.352) (0.545)
Log (output per hour) (2009) -2.311%%*%  -2.334%*%*%  _2.411***  -1.494
(0.451) (0.412) (0.409) (1.263)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226** 0.130
(0.081) (0.073) (0.089) (0.160)
Log (population density) (2009) 0.099
(0.131)
Census region fixed effects NO NO YES YES
State industrial structure NO NO NO YES
Population weights NO NO NO NO
R-squared 0.388 0.469 0.498 0.714

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009) 1.387***  1.681** 1.878** 1.591**
(0.441) (0.677) (0.805) (0.610)
Average years of schooling (2009) 0.788%** 0.117 0.321 -0.413 -0.519
(0.277) (0.309) (0.352) (0.545)  (0.517)
Log (output per hour) (2009) -2.311%%*%  -2.334%*%*%  _2.411***  -1.494 -1.628
(0.451) (0.412) (0.409) (1.263)  (1.311)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226** 0.130 0.061
(0.081) (0.073) (0.089) (0.160) (0.147)
Log (population density) (2009) 0.099 0.157
(0.131) (0.131)
Census region fixed effects NO NO YES YES YES
State industrial structure NO NO NO YES YES
Population weights NO NO NO NO YES
R-squared 0.388 0.469 0.498 0.714 0.692

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Labor Productivity Growth Regressions (2009-2018) (N = 50)

VARIABLES (1) (2) (3) (4) (5)
Average test score (2009) 1.387***  1.681** 1.878**“
(0.441) (0.677) (0.805)
Average years of schooling (2009) 0.788%** 0.117 0.321 -0.413 -0.519
(0.277) (0.309) (0.352) (0.545)  (0.517)
Log (output per hour) (2009) -2.311%%*%  -2.334%*%*%  _2.411***  -1.494 -1.628
(0.451) (0.412) (0.409) (1.263)  (1.311)
Log (capital per worker) (2009) -0.227***  -0.219%** -0.226** 0.130 0.061
(0.081) (0.073) (0.089) (0.160) (0.147)
Log (population density) (2009) 0.099 0.157
(0.131) (0.131)
Census region fixed effects NO NO YES YES YES
State industrial structure NO NO NO YES YES
Population weights NO NO NO NO YES
R-squared 0.388 0.469 0.498 0.714 0.692

Notes: Robust standard errors are in parentheses. * Significant at the 10 percent level; ** Significant at the 5 percent
level; *** Significant at the 1 percent level.
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Conclusion — Education Matters

B 13 percent of the variance in state-level labor productivity levels
in 2018 results from differences in knowledge capital

» 5 percent from years of schooling and 8 percent from test scores

B Increasing initial test scores by one standard deviation is
associated with a 1.6-percentage-point-faster average annual
productivity growth rate (2009-2018)
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Contact Information

Sabrina Wulff Pabilonia
U.S. Bureau of Labor Statistics
Pabilonia.Sabrina@bls.gov

www.bls.gov/Ipc/state-productivity.htm
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