
Table 1. Contributions to Growth in Labor Productivity Based on Published Dataa 

  
   1973-         1995-         2000-            Change       Change 
   1995          2000           2006             at 1995       at 2000 
Item     (1)              (2)             (3)               (2) – (1)     (3) – (2)  
 
Growth of labor productivity                  1.47            2.51           2.86                1.04 .35 
 in the nonfarm business sector 
 (percent a year)b 

 
Contributions from (percentage points):  
Capital deepening .76 1.11 .85 .35 -.26 
  IT capital .46 1.09 .61  .63  -.48 
  Computer hardware   .25    .60 .28 .35 -.32 
  Software .13 .34 .20 .21   -.14 
             Communications equipment .07 .15 .14 .08 -.01 
  Other tangible capital    .30 .02 .24 -.28 .22 
 
Improvement in labor quality .27 .26 .34 -.01 .08 
 
Growth of MFP .44 1.14  1.67 .70 .53 
      Effect of adjustment costs .04 -.11 .08 -.15 .19 
    Effect of utilization -.03 .13 -.09 .16 -.22 
 
Growth of MFP excl. above effects .42 1.11 1.68 .69 .57 
    IT-producing sectors .28 .75 .51 .47 -.24 
     Semiconductors .09 .45 .23 .36 -.22 
     Computer hardware .12 .19 .10 .07 -.09 
     Software .04 .08 .13 .04 .05 
     Communications equipment .04 .04 .05 .00 .01 
      Other nonfarm business .15 .36 1.17 .21 .81 
 
Memorandum: total IT contributionc .74 1.84 1.12 1.10  -.72 
 
 
Source: Authors’ calculations. 
a. Detail may not sum to totals because of rounding.  
b. Measured as 100 times the average annual log difference for the indicated years. 
c. Sum of capital deepening for IT capital and growth of MFP in IT-producing sectors. 
 

  



 
Table 2. Contributions to Growth in Labor Productivity: Accounting for Intangiblesa 

  
   1973-         1995-         2000-           Change      Change 
   1995          2000           2006            at 1995       at 2000 
Item     (1)              (2)             (3)              (2) – (1)     (3) – (2)  
  
Growth of labor productivity  
in the nonfarm business sector 
(percent a year)b 

        Based on published datac       1.47           2.51           2.86                1.04 .35 
        Accounting for intangiblesd     1.58           2.95           2.43                1.37            -.52 
  
Contributions from (percentage points):e  
Capital deepening .94 1.40 .75 .46 -.65 
 IT capital .44 1.02 .57  .58  -.45 
 Other tangible capital    .29 .02 .22 -.27 .20 
 New intangible capital .22 .36 -.04 .14 -.40 
 
Improvement in labor quality .26 .25 .32 -.01 .07 
 
Growth of MFP .37 1.31  1.36 .94 .05 
         Effect of adjustment costs .04 -.12 .10 -.16 .22 
         Effect of utilization -.03 .13 -.09 .16 -.22 
 
Growth of MFP excl. above effects .36 1.30 1.34 .94 .04 
      IT-producing sectors .26 .72 .47 .46 -.25 
      Intangible sector .01 .08 .07 .07 -.01 
      Other nonfarm business .09 .50 .81 .41 .31 
 
Memoranda:  
Growth rates (percent a year)b 

Real intangible investment 5.7 12.0 -4.6 6.3 -16.6 
Real intangible capital services 6.8  7.7 -.7  .9 -8.4 
Real IT capital services 15.6 20.4 8.9 4.8 -11.5 
User cost, intangible capital 4.6 1.2 3.6 -3.4 2.4 
User cost, IT capital -2.4 -9.0 -4.1 -6.6 4.9 
 
Nominal shares (percent) 
Expenditure share, intangible inv. 4.6 6.2 5.1 1.6 -1.1 
Income share, intangible capital 4.7 6.4 6.5 1.7 .1 
 
 
Source: Authors’ calculations. 
a. Detail may not sum to totals because of rounding. 
b. Measured as 100 times the average annual log difference for the indicated years. 
c. From table 1. 
d. Derived using methodology discussed in the text. 
e. Contributions to growth of nonfarm business labor productivity with accounting for intangibles. 

  



Table 3. Growth of Intangible Capital and Investment Under Alternative Timing 
Assumptions for Intangible Capitala 

 
Percent a year 
  
     Average annual rate 
                                1973-              1995-               2000-        
Timing assumption           1995               2000                2005        
 
Intangible capital services 
Baseline timing for intangible capital growth 6.8  7.7 -.9  
Three-year centered moving average  6.9 7.1 -.3  
Five-year centered moving average  6.8 6.7 .4 
One-year lag relative to baseline  7.4 7.1 -.2 
Memorandum: Corrado, Hulten, and Sichel seriesb 5.2 7.3 2.8 
 
Intangible investment 
Baseline timing for intangible capital growth 5.7 12.0 -6.2  
Three-year centered moving average 6.1  9.1 -5.2  
Five-year centered moving average 6.1  8.5 -4.1 
One-year lag relative to baseline 6.9  8.8 -8.7 
Memorandum: Corrado, Hulten, and Sichel seriesb 5.2 8.3 1.1 
 
 
Source: Authors’ calculations. 
a. The alternative timing assumptions pertain to growth of intangible capital.  The effect on intangible investment is 
calculated through the perpetual inventory relationship linking investment and capital.    
b. From Corrado, Hulten, and Sichel (2006), series for “New CHS intangibles”, with preliminary extension to 2005 
estimated by the authors.

  



  
Table 4. Growth in Labor Productivity and Selected Growth Contributions Under 
Alternative Timing Assumptions for Intangible Capitala 

  
        1973-        1995-        2000-            Change      Change 
        1995         2000          2006             at 1995      at 2000 
          (1)             (2)             (3)              (2) – (1)     (3) – (2) 
 
Baselineb  
Labor productivity growth    1.58 2.95 2.43 1.37 -.52 
      Contribution from intangible capital     .22 .36 -.04  .14  -.40 
      Contribution from MFP growthc   .36 1.30  1.34 .94 .04 
 
Three-year centered moving average 
Labor productivity growth    1.59 2.77 2.56 1.18 -.21 
      Contribution from intangible capital     .22 .32 .00  .10  -.32 
      Contribution from MFP growthc .38 1.13  1.45 .75 .32 
 
Five-year centered moving average 
Labor productivity growth    1.59 2.72 2.59 1.13 -.13 
      Contribution from intangible capital .22 .29 .02  .07  -.27 
      Contribution from MFP growthc .38 1.11  1.46 .73 .35 
 
One-year lag relative to baseline 
Labor productivity growth    1.62 2.77 2.51 1.15 -.26 
      Contribution from intangible capital .23 .32 .01  .09  -.31 
      Contribution from MFP growthc .39 1.13  1.39 .74 .26 
 
 
Source: Authors’ calculations. 
a. Growth of labor productivity is in percent a year and is measured as 100 times the average annual log difference 
for the indicated years. Growth contributions are in percentage points.   
b. From table 2. 
c. After controlling for effects of adjustment costs and utilization. 

  



  

 
 
Table 5. Estimates of Labor Productivity Growth in the Aggregate and by Sector 
 

 Value added, 2005  
Average growth rate of labor 
productivity (percent a year)  

Change in productivity 
growth rate  

(percentage points) 

  
Billions of 

dollars 
Share 

(percent)   1988-95 1995-2000 2000-05   
1988-95 to 
1995-2000  

1995-2000 
to 2000-05  

Value added, aggregate measuresa 

BLS business sector    1.48 2.69 3.07  1.21 0.38 
BLS nonfarm business sector    1.46 2.52 3.02  1.06 0.50 
Private industry aggregate, this paper 10,892 100.0  1.25 2.24 2.52  0.99 0.28 
          
Value added by broad sectora 

Agriculture, forestry, fishing, and hunting 123    1.1  1.95 5.31      5.13  3.36      -0.19 
Mining 233    2.1  3.54 0.59     -4.59       -2.95      -5.19 
Construction 611    5.6      -0.32     -1.19     -0.98       -0.87       0.22 
Durable goods 854    7.8  3.57 7.69      6.04        4.13      -1.65 
Nondurable goods 658    6.0  2.26 1.78      4.26       -0.48       2.49 
Utilities 248    2.3  5.14 3.43      4.03       -1.70       0.60 
Wholesale trade 743    6.8  2.24 5.41      3.64        3.17      -1.77 
Retail trade 824    7.6  2.69 4.66      4.00        1.97       -0.66 
Transportation and warehousing 345    3.2  3.00 2.48      2.12       -0.52      -0.36 
Information 555    5.1  3.70 2.48      8.85       -1.23       6.37 
Finance, insurance, real estate,  rental, and leasing 2,536  23.3  1.77 1.83      1.73        0.07      -0.11 
Professional and business services 1,459  13.4      -0.94 0.16      2.33        1.11       2.16 
Education services, health care, social assistance 975    9.0      -2.40     -1.22      0.84  1.18       2.07 
Arts, entertainment, recreation, accommodation, 
and food services 445    4.1  0.65 1.12      0.13  0.46      -0.99 
Other services, except government 283    2.6      -0.31     -1.45     -0.32       -1.14       1.13 
          
Gross output by detailed industryb 
Mean    1.80 2.95 2.28  1.15     -0.68 
Median    1.62 2.19 1.88  0.57     -0.30 
Weighted meanc    1.59 2.68 2.19  1.09     -0.49 
          
Value added by detailed industryb 

Mean    1.78 2.02 2.80  0.24      0.78 
Median    1.74 1.16 2.82       -0.58      1.66 
Weighted meanc    1.33 1.94 2.46  0.62      0.51 

 
Source: Authors’ calculations. 
a. Growth of real value added per hour worked, measured as 100 times the average log difference for the indicated years. 
b. Calculated across the sixty observations in each period using real gross output or real value added per hour worked.   
c. Industries are weighted by hours at the beginning of each period.   



 
 
 

Table 6. Decompositions of Aggregate Labor Productivity Growth 

 

  
1988-95 

  
1995-2000 

  
2000-05 

 Change in contribution  
(percentage points) 

 
 
 
Item 

 
 
 
 

No. of 
industries 

Share of 
total value 

addeda  
(%) 

Contribution 
to ALP 
growthb 

(% pts) 

 Share of 
total value 

added 
 (%) 

Contribution 
to ALP 
growth  
(% pts) 

 Share of 
total value 

added 
(%) 

Contribution 
to ALP  
growth  
(% pts) 

  
 

1988-95 to 
1995-2000 

 
 

1995-2000 
to 2000-05 

Aggregates             
Private industry aggregatec    1.25    2.24   2.52   0.99  0.28 
Aggregated industriesd 60   1.24    2.20   2.52   0.96  0.32 
             
Decomposition using industry 
real gross output per hour worked 

            

Industry contribution 60 100.0  1.79  100.0  3.10  100.0 2.16   1.31 -0.94 
 IT-producing industriese 4     4.0  0.33    5.0  0.50      4.5 0.25   0.17 -0.25 
 IT-using industriesf 26   57.3  0.71    58.6  1.99    59.1 1.54   1.28 -0.45 
 Other industries 30   38.7  0.75    36.4  0.61   36.4 0.37  -0.14 -0.23 
Reallocation of materials, -RM  g   -0.20   -0.68   0.26  -0.48  0.94 
Reallocation of hours, RH   -0.34   -0.21   0.10   0.13  0.31 
             
Decomposition using industry 
real value-added per hour worked 

            

Industry contribution    1.59    2.41   2.41   0.83  0.00 
 IT-producing industries    0.36    0.70   0.47   0.34 -0.23 
 IT-using industries    0.48    1.31   1.54   0.82  0.24 
 Other industries    0.74    0.41   0.40  -0.33  0.00 
Reallocation of hours, RH   -0.34   -0.21   0.10   0.13  0.31 

Source: Authors’ calculations.  
a. Nominal value added in indicated industries divided by aggregate nominal value added for each period, multiplied by 100. 
b. Growth of industry productivity, weighted by nominal value-added shares in each year. 
c. Based on BEA and BLS aggregate data from table 5. 
d. Weighted aggregate of industry output and hours data. 
e. Includes computer and electronic products, publishing including software, information and data processing services, and computer system design and related services, as 
defined by BEA. 
f. Includes all non-IT-producing industries with a 1995 IT capital services share above the 1995 median. 
g. Reallocations are defined as in equations 19 and 20. 

   

  



  

 
 
 
Table 7. Regressions Relating Labor Productivity Growth to IT Capital Intensitya 

 
 Dependent variable: change in labor productivity growth over indicated period 

1988-95 to 1995-2000   1988-95 to 1995-2005   1995-2000 to 2000-05 Output measure and 
independent variable             
Gross output  
1995 IT dummyb 1.277**    1.478***       
 (0.585)    (0.491)       
1995 IT sharec  0.038 0.081***   0.037* 0.060***     
  (0.028) (0.027)   (0.020) (0.019)     
2000 IT dummy         0.156   
         (0.931)   
2000 IT share          0.010 -0.031 
          (0.044) (0.048) 
Constant 0.513 0.543 0.009  0.074 0.216 -0.040  -0.756 -0.865 -0.206 

 (0.438) (0.478) (0.478)  (0.371) (0.401) (0.382)  (0.480) (0.650) (0.651) 
            
IT-producing industries 
included in sample? No No Yes  No No Yes  No No Yes 
R2 0.08 0.06 0.18  0.14 0.07 0.12  0.00 0.00 0.02 
            
Value added  
1995 IT dummy 1.904    1.967**       
 (1.173)    (0.893)       
1995 IT share  0.029 0.066   0.051* 0.048     
  (0.044) (0.054)   (0.026) (0.035)     
2000 IT dummy         0.095   
         (1.448)   
2000 IT share          0.046 -0.041 
          (0.066) (0.055) 
Constant -0.709 -0.227 -0.828  -0.352 -0.198 -0.284  0.730 -0.056 1.225 
 (0.913) (0.915) (1.009)  (0.709) (0.667) (0.725)  (0.944) (1.149) (1.017) 
            
IT-producing industries 
included in sample? No No Yes  No No Yes  No No Yes 
R2 0.04 0.01 0.03  0.08 0.05 0.026  0.00 0.02 0.01 

 
Source: Authors’ regressions. 
a. Data are for the sixty industries listed in appendix table A-1 (fifty-six industries when the four IT-producing industries are dropped).  Numbers  
in parentheses are robust standard errors. Asterisks indicate statistical significance at the ***1 percent, **5 percent, and *10 percent level. 
b. Dummy variable equal to 1 for industries with an IT capital share above the median in the indicated year, and zero otherwise.   
c. IT capital services as a share of nonresidential capital services in the indicated year.  



  

Table 8. Regressions Relating Growth in Inputs, Productivity, and Output to Earlier Changes in the Profit Sharea 

 
 Dependent variable: average annual growth rate of indicated input type 
Independent variable Hours  Intermediate inputs 
Change in profit share,b 1997-2001 19.212*** 16.413*** 16.170***  -0.069 1.864 1.502 
 (4.940) (5.126) (5.273)  (10.339) (10.789) (11.398) 
Change in profit share,  2001-04  -0.115 13.389*   8.244 22.546 
  (6.159) (7.952)   (12.592) (22.270) 
Lagged dependent variable, 1997-2001  0.722*** 0.782***   0.255 0.280 
  (0.155) (0.128)   (0.165) (0.168) 
IT service share,c 2001  -0.089*** -0.069***   -0.032 -0.009 
  (0.027) (0.025)   (0.064) (0.067) 

  -0.444**    -0.474 Change in profit share, 1997-2001 × IT 
service share,  2001   (0.173)    (0.522) 
Constant -1.175** 0.239 -0.193  0.533 0.104 -0.459 
 (0.459) (0.478) (0.463)  (0.733) (1.076) (1.499) 
        
R2 0.17 0.51 0.57  0.00 0.10 0.12 
  
 Dependent variable: average annual growth rate of labor productivity 
 Value added  Gross output 
Change in profit share, 1997-2001 -38.487*** -40.655*** -39.835***  -28.456*** -20.929*** -20.851*** 
 (11.253) (14.067) (14.230)  (6.437) (7.116) (7.379) 
Change in profit share,  2001-04  5.703 0.563   7.013 4.655 
  (11.962) (15.520)   (8.705) (8.353) 
Lagged dependent variable, 1997-2001  -0.055 -0.041   0.169 0.176 
  (0.186) (0.195)   (0.168) (0.178) 
IT service share, 2001  -0.008 -0.018   0.030 0.025 
  (0.035) (0.041)   (0.028) (0.037) 
Change in profit share, 1997-2001 × IT 
service share,  2001   0.177    0.077 
   (0.297)    (0.294) 
Constant 3.283*** 3.332*** 3.540***  2.279*** 1.319** 1.404** 
 (0.745) (0.882) (0.871)  (0.341) (0.522) (0.555) 
        
R2 0.26 0.27 0.28  0.37 0.44 0.44 

 
(continued)



Table 8. Regressions Relating Growth in Inputs, Productivity, and Output to Earlier Changes in the Profit Sharea  

(continued) 
 
 Dependent variable: average annual growth rate of output 
 Value added  Gross output 
Change in profit share, 1997-2001 -19.274** -19.781* -19.826*  -9.243 -0.785 -0.707 
 (9.511) (10.820) (10.794)  (6.933) (7.645) (7.729) 
Change in profit share,  2001-04  10.770 11.472   10.342 16.689 
  (11.257) (17.752)   (10.943) (16.531) 
Lagged dependent variable, 1997-2001  -0.043 -0.044   0.294 0.300 
  (0.150) (0.152)   (0.211) (0.216) 
IT service share, 2001  -0.006 -0.005   -0.014 -0.002 
  (0.028) (0.034)   (0.041) (0.040) 
Change in profit share, 1997-2001 × IT 
service share,  2001   -0.023    -0.203 
   (0.290)    (0.356) 
Constant 2.108*** 2.058*** 2.029**  1.105** 0.529 0.281 
 (0.679) (0.680) (0.780)  (0.486) (0.552) (0.867) 
        
R2 0.11 0.15 0.15  0.04 0.22 0.23 

 
Source: Authors’ regressions. 
a. Growth rates of inputs, labor productivity, and output are from 2001 to 2004. Each regression has sixty industry observations.  Numbers in  
parentheses are robust standard errors. Asterisks indicate statistical significance at the ***1 percent, **5 percent, and *10 percent level. 
b. Profit share throughout is defined as the ratio of gross operating surplus to value added.   
c. Share of IT capital services in nonresidential capital services. 
 

  



  

Table 9.  Effects of Data Revisions and Data for Additional Years on Measured Growth of 
Labor Productivity a  
 

 Period covered by the data 
Vintage of data 1995-2000 2000-03 2000-04 2000-05 2000-06 
      
March 2004 2.4 3.8    
August 2004 2.5 3.7    
March 2005 2.5 3.7 3.7   
August 2005 2.5 3.4 3.4   
March 2006 2.5 3.4 3.4 3.3  
August 2006 2.5 3.4 3.3 3.1  
March 2007 2.5 3.4 3.3 3.0 2.8 

 
 

Source: Authors’ calculations using BLS data. 
a. Measured as 100 times the average log difference over indicated period, based on annual average data. 



Table 10. Growth of Labor Productivity:  Long-Period Averagesa 
 
                                                          Private economy/                          Nonfarm 
Period                                     business sectorb                      business sector 
 
1909-1928 1.4 
1928-1950 2.5 
1950-1973 2.9 2.6 
1973-1995 1.5 1.4 
1995-2006 2.8 2.7 
 
1909-2006 2.2  
1950-2006 2.3 2.1 
 

 
Source:  Authors’ calculations using BLS data.  
a. Measured as 100 times the average log difference over indicated period, based on annual average data 
b. Data before 1947 pertain to the private economy (defined as gross national product less general government), 
whereas data for 1947 and later years pertain to the business sector.  

  



Table 11. Growth of Labor Productivity: Steady-State Resultsa 

 
                                                                            Using lower-                         Using upper- 
                                               bound parameters                bound parameters 
 
Growth of labor productivity in the 
nonfarm business sector (percent a year) 1.46 3.09 
 
Contributions from (percentage points):  
 
Induced capital deepening 0.75 1.39  
Improvement in labor quality 0.15 0.15  
Growth of MFP 0.56 1.55  
 
Memorandum: MFP growth,  
other nonfarm business (percent a year)   0.19             0.98 
 
 
Source: Authors’ calculations. 
a. Calculated from equation 23 in the text.  Values for the parameters that appear in equation 23 are listed in the 
appendix. 
 

  



Table 12. Alternative Estimates of Future Growth in Labor Productivity 
 
Percent a year 

 
Source                                                                             Date of projection         Estimate 
 
This paper: steady-state analysis March 2007              1.5 to 3.1  
This paper: Kalman filter analysis March 2007              1.3 to 3.2 
 
Robert Gordon  March 2007 2.0  
Survey of Professional Forecastersa    February 2007 2.2  
Global Insight  March 2007 2.2  
Macroeconomic Advisers  March 2007 2.2 
Congressional Budget Office  January 2007 2.3  
Dale Jorgenson, Mun Ho, and Kevin Stirohb     October 2006 2.5  
James Kahn and Robert Rich March 2007   2.5 
Council of Economic Advisers     January 2007 2.6  

 
 
Sources: Gordon (2007, slide 24); Survey of Professional Forecasters (2007, table 7); Global Insight (2007, page 6); 
Macroeconomic Advisers (2007, page 11); Congressional Budget Office (2007a, table 2-2); Jorgenson, Ho, and 
Stiroh (2007, table 3); Kahn and Rich (2006), updated to March 2007 based on the productivity model update posted 
at http://www.newyorkfed.org/research/national_economy/richkahn_prodmod.pdf; Council of Economic Advisers, 
Economic Report of the President 2007, table 1-2. 
a. Median of the thirty-eight forecasts in the survey. 
b. “Base-case” projection. 
 
 

 

  

http://www.newyorkfed.org/research/national_economy/richkahn_prodmod.pdf


Source: Authors' calculations using BLS and BEA data.
a. Annual cross-sectional correlation between hours growth and the lagged level of productivity for the sixty industries in 
appendix table A-1, calculated using industry value added.
b. Above correlation calculated using industry gross output.
c. Reallocation of hours to high-productivity industries, as defined in equation 19. This is the difference between the aggregate 
growth rate of hours weighted by industry value added and the aggregate growth rate of hours weighted by hours in each of the 
sixty industries.

Figure 1. Link Between Productivity and Hours Reallocation, 1989-2005
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Source: Authors' calculations using BLS and BEA data.
a. Each point is one of sixty industry observations; line plots fitted values from an OLS regression.
b. Average annual rate of growth in hours worked from 2001 to 2004.
c. Change in the ratio of gross operating surplus to value added from 1997 to 2001.

Figure 2. Hours Growth over 2001-04 versus Changes in the Profit Share 
over 1997-2001, by Industrya
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Source: Authors' calculations using BLS and BEA data.
a. Each point is one of sixty industry observations; line plots fitted values from an OLS regression.
b. Average annual rate of growth of labor productivity from 2001 to 2004 based on gross output.
c. Change in the ratio of gross operating surplus to value added from 1997 to 2001.

Figure 3. Labor Productivity Growth over 2001-04 versus Changes in the 
Profit Share over 1997-2001, by Industrya
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APPENDIX FOR AGGREGATE GROWTH ACCOUNTING MODEL 
 

This appendix presents the model that generates our aggregate growth accounting 

equation and derives the key results from the model.  As described in the text, the model divides 

nonfarm business into six sectors.  Five of the sectors produce final output (computer hardware, 

communications equipment, software, other final output included in the NIPAs, and intangible 

assets excluded from the NIPAs).  The remaining sector produces semiconductors, which are 

either consumed as an intermediate input by the final-output sectors or exported to foreign firms.  

The model includes adjustment costs for capital and allows the utilization of capital and labor to 

vary over time.  

The Model 

Let Yi denote the real gross output produced by final-output sector i.  To produce this output, 

sector i employs labor (Li) and various types of capital ,( j iK ).  Sector i also buys semiconductors (Si) 

as an intermediate input.  The production of each final-output sector, Yi , is allocated to an 

investment good for domestic use (Ii), a consumption good for domestic use (Ci), and exports (Xi), 

where , ,  and i i iI C X are identical goods sold to different agents (businesses buy ,iI households buy 

and foreigners buy Xi).  We also identify the destination within the nonfarm business sector of 

the investment good produced by sector i. Let Ii,j and  denote, respectively, the purchases of Ii by 

final-output sector j (j = 1,…,5) and by semiconductor producers, with 

,iC

Si ,I

iI  = j∑ ,i jI  + .SiI ,
1      

                                                 
1 For both I and K, the first subscript refers to the sector producing the capital good, whereas the second subscript 
refers to the sector using the capital good as an input to production.  Thus ,i jI denotes the amount of the investment 

good produced by sector i that is sold to sector j.  Likewise, ,j iK  denotes the stock of the investment good produced 
by sector j that is used by sector i.   



Following Basu, Fernald, and Shapiro (2001), we model the rate of utilization for each type 

of capital in each sector , the level of labor effort in each sector (Ei), and the adjustment costs 

imposed by each type of capital.

,( j iu  )

2  The adjustment-cost function for each sector, 

( 1, 1, 5, 5,,..., )i i i iI K I KΦ ,i  represents the resources that are diverted from producing market output to 

installing new capital.  Adjustment costs depend positively on the amount of investment spending 

relative to installed capital.  Doubling I for a given K would increase adjustment costs, but doubling 

the level of both I and K would leave adjustment costs unchanged.   

With this notation, production for each final-output sector can be written as 

(A1)   , ,i i i j i S ij
Y C I I X= + + + =∑ ( ) ( )1, 1, 5, 5, 1, 1, 5, 5,,..., , , , 1 ,...,i i i i i i i i i i i i i iF u K u K E L S Z I K I K⎡ ⎤− Φ⎣ ⎦ , 

where  is the production function and Zi measures the level of technology.  is assumed 

to exhibit constant returns to scale in capital, labor, and semiconductor inputs.  To ease the 

notational burden, we have suppressed time subscripts in equation A1 and will do so throughout 

this appendix.  We also will suppress explicit reference to the number of sectors in summations 

involving the final-output sectors, unless needed for clarity.

( )iF ⋅ ( )iF ⋅

3 

The gross output of the semiconductor sector (Ys) is either sold as intermediate input to 

the domestic final-output sectors (Sd) or is exported (Sx), so that Ys = Sd + Sx.  Moreover, because 

the semiconductors used by the final-output sectors (Si) include imported semiconductors (Sm), 

i Si  = Sd + Sm.  Accordingly, Ys = ∑ ∑ i Si  + Sx - Sm.  On the input side, we assume that the 

semiconductor sector employs labor and the same set of capital inputs as the final-output sectors.  
                                                 
2 As noted in the text, Basu, Fernald, and Shapiro (2001) include adjustment costs for labor in their model but zero 
out these adjustment costs for their empirical work.  We simply exclude adjustment costs for labor from the start. 
3 As noted above, the model includes a sector for the production of intangible assets omitted from the NIPAs.  If we 
were to exclude that sector – to be consistent with the coverage of the published NIPA data – all the results 
presented here would continue to hold.  Formally, the only change would be that the summations over the final-
output sectors would run from 1 to 4 rather than from 1 to 5.   



We also allow, as in the final-output sectors, for variation in factor utilization and for adjustment 

costs.  With these assumptions, 

(A2)  ( ) ( )1, 1, 5, 5, 1, 1, 5, 5,,..., , , 1 ,...,S d x i x m S S S S S S S S S S S S Si
Y S S S S S F u K u K E L Z I K I K⎡ ⎤= + = + − = − Φ⎣ ⎦∑ . 

Because we assume that semiconductor producers use no intermediate inputs, gross output and 

value added for this sector are identical.  ( ) and ( )SF S⋅ Φ ⋅  exhibit the same properties as their 

counterparts for the final-output sectors.  We also assume that perfect competition prevails 

throughout the economy.  

 The next step is to define the relationship between the sectoral variables and their 

aggregate counterparts.  We express the growth in aggregate final output as a superlative index 

of growth in sectoral final output.  Let /B tB
B

∂ ∂
≡  denote the growth in any variable B.  Then, 

the growth of aggregate real value added in nonfarm business (V) is  

(A3)  , , ,i S x x S mi
V Y Sμ μ μ= + −∑ mS

where iμ ≡  piYi /pV, ,S xμ ≡  psSx /pV, mS ,μ ≡  psSm /pV, and pV ≡ i ii
p Y∑ + psSx - psSm.4   pi and 

ps denote the prices of final output and semiconductors, respectively, and pV represents 

aggregate current-dollar value added.  Equation A3 expresses the growth in aggregate real value 

added as a share-weighted average of real growth for each type of final output and net exports of 

semiconductors.  Note that the domestically produced semiconductors sold to final-output sectors 

are an intermediate input for those sectors and thus do not appear in equation A3, consistent with 

the treatment of semiconductors in the NIPAs. 

                                                 
4 Equation A3 is just one of several possible superlative indexes of output growth.  It differs slightly from the Fisher 
chain index used in the NIPAs.  



We assume that labor used in a given sector is identical to labor used in any other sector, 

so that aggregate labor input is 

(A4)  .i Si
L L L= +∑

We also assume that each type of capital is homogeneous, implying that  

(A5)     , , .j j ii
K K K= +∑ j S

Given equations A4 and A5, plus the assumption that the markets for labor and capital are 

perfectly competitive, there is a common hourly wage rate (w) for labor across every sector and, 

likewise, a common rental rate  for all capital of type j.  However, in the presence of 

adjustment costs, the shadow value of type-j capital need not equal the market rental rate, a point 

we discuss in more detail below.  

( )jr

Labor input in each sector (Li) is the product of the number of workers employed (Ni), the 

length of the workweek (Wi), and an index of labor quality (qi) that reflects the characteristics of 

the workers employed in that sector.  We allow labor quality to change over time, but given our 

assumption of identical labor input across sectors, we restrict qi to equal a common value q in 

every sector at a given point in time.  Using equation A4, and noting that the number of hours 

worked (Hi) equals the product of the number of workers and the workweek, we obtain  

(A6) ( ) ( ) ,i i S S i i S S i Si i i
L qW N qW N q W N W N q H H qH= + = + = + =∑ ∑ ∑  

 
where H represents the aggregate number of hours worked.    

As noted above, we impose the standard neoclassical assumptions of perfect competition 

and constant returns to scale.  Under these assumptions and our additional assumption that there 

are no adjustment costs for labor or the use of semiconductor input, profit-maximizing firms set 

the marginal revenue product of each of these inputs equal to its one-period cost.  Using 



equations A1 and A2, these first-order conditions for labor and semiconductor input are:  

(A7) ( ) (( ) 1
( ) ( )

h h h h
h h h

h h h h h

F E L Fw p p E
E L L E L
∂ ∂ ∂

= − Φ =
∂ ∂ ∂

)1h h− Φ    for h = all i and S    

(A8) (1i
S i i

i

Fp p
S

∂
= −

∂
)Φ   for all i. 

 For capital, the presence of adjustment costs alters the first-order conditions.  In 

particular, the marginal value of an additional unit of capital this period (its shadow value) can 

differ from the prevailing one-period rental cost, and the extent of this divergence can vary 

across sectors.  Let ,j hr  denote the shadow value of type-j capital for sector h, where as above, h 

indexes the final-output sectors and the semiconductor sector.  Following Groth, Nunez, and 

Srinivasan (2006), the first-order condition for capital in our model can be written as  

(A9) ( ) ,
, , 2

, , , , ,

1
( ) ( )

j hh
j h h j h h h

j h j h j h j h j h

IFr p u F
u K I K K

⎛ ⎞∂ ∂
= − Φ +⎜ ⎟⎜ ⎟∂ ∂⎝ ⎠

hΦ  for all j and for h = all i and S.5 

Equation A9 differs from the first-order conditions for labor and semiconductor use in two ways.  

First, the sector-specific shadow value appears in the equation rather than an economywide wage 

rate or semiconductor price.  Second, the shadow value of capital encompasses not only the 

marginal revenue product of an additional unit of capital but also its effect on adjustment costs.   

 To derive the growth accounting expressions, totally differentiate equations A1 and A2, 

which produces:  

(A10) ( ) ( ) ( ), ,
, , , , ,

, ,( ) ( )
j i j ii i i i i i

i j i j i i i i j i j i j i ij j
j i j i i i i i i i

u KF F E L F SY u K E L S I
u K F E L F S F

φ∂ ∂ ∂
= +  + +  +  − − + 

∂ ∂ ∂∑ ∑ K z  

(A11) ( ) ( ) ( ), ,
, , , , ,

, ,( ) ( )
j S j SS S S S

S j S j S S S j S j Sj j
j S j S S S S S

u KF F E LY u K E L I
u K F E L F

φ∂ ∂
= +  + +  − − + 

∂ ∂∑ ∑ j S SK z

                                                

 

 
5 Equation A9 is the counterpart using our notation to equation A.9 in Groth, Nunez, and Srinivasan (2006, p. 27).  
The markup term in that equation disappears under our assumption of perfect competition. 



where ,
,

, , ,

1 and for all and .
( ) 1

j hh h h
j h h h

j h j h h j h h h

I F Zz Z h i
I K K Z F

φ ∂Φ ∂
≡   ≡  

∂ − Φ ∂
S=   The output 

elasticities in equations A10 and A11 are unobserved but can be expressed in terms of income 

shares.  For labor, use equation A7, along with the fact that ( )1h h hY F= − Φ  from equations A1 

and A2, to obtain: 

(A12) ( )1
( ) ( )

h h h h h
h

h h h h h h h h

wL F E L F E Lh h

p Y E L Y E L F
∂ ∂

 = − Φ =
∂ ∂

  for h = all i and S. 

Similarly, for semiconductors used as an input in the final-goods industries, equation A8 implies 

that 

(A13) ( )1S i i i i i
i

i i i i i i

p S F S F S
p Y S Y S

∂ ∂
 = − Φ =

∂ ∂ F
. 

Finally, for capital, equation A9 implies that 

(A14) ( ), , , , , , ,
,

, , , , , , ,

1
( ) ( ) ( )

j h j h j h j h j h j h j hh h h h
h j h

h h j h j h h h j h j h j h j h j h h

r K u K I u KF F F
p Y u K Y Y I K K u K F

φ∂ ∂Φ ∂
= − Φ + ≡

∂ ∂ ∂
+     

for h = all i and S.  Now, substitute equations A12 through A14 into equations A10 and A11 to 

obtain: 

(A15) ( ) ( ) ( ), ,
, , , , , ,

j i j i i S i
i j i j i j i i i i j i j i j i ij j

i i i i i i

r K wL p SY u K E L S I
p Y p Y p Y

φ φ
⎛ ⎞

= − +  + +  + − −⎜ ⎟
⎝ ⎠

∑ ∑ K z+  

(A16) ( ) ( ) ( ), ,
, , , , , , .j S j S S

S j S j S j S S S j S j Sj j
S S S S

r K wLY u K E L I
p Y p Y

φ φ
⎛ ⎞

= − +  + +  − −⎜ ⎟
⎝ ⎠

∑ ∑ j S SK z+  

To simplify the notation, let K
ij,β ≡ rj,iKj,i /piYi , the income share for type-j capital in final-

output sector i; wLi /piYi , the income share for labor in final-output sector i;  L
iβ ≡

S
iβ ≡  psSi /piYi , the income share for semiconductor input in final-output sector i;  



Lγ ≡ wLs /psYs , the income share for labor in the semiconductor sector; and rj,sKj,s /psYs , t

income share for type-j capital in the semiconductor sector.  Substitute this notation into 

equations A15 and A16 and rearrange terms to obtain: 

K
jγ ≡ he 

(A17) ( ) ( ) ( ), , , , , , , , ,
K L S L K

i j i j i j i i i i i i i j i j i j i j i j i j ij j
Y K L S E u I Kβ φ β β β β φ φ⎡ ⎤= −  +  + + + −  − − + ⎣ ⎦∑ ∑ ∑ ij

z  

(A18) ( ) ( ) ( ), , , , , , , .K L L K
S j j S j S S S j j S j S j S j S j S Sj j j

Y K L E u I Kγ φ γ γ γ φ φ⎡ ⎤= −  + + + −  − −  + ⎣ ⎦∑ ∑ ∑ z  

The terms in brackets represent the effects of changes in labor effort and capital utilization on 

output growth.  Basu, Fernald, and Shapiro (2001) show that, in their model, labor effort and 

capital utilization vary linearly with the workweek of labor, W.   Thus the terms in brackets can 

be condensed to i iWξ and , where the ξ coefficients embed theS SWξ , , andβ γ φ    parameters.  

Accordingly,   

(A19) ( ) ( ), , , , , ,
K L S

i j i j i j i i i i i i i j i j i j ij j
Y K L S W I Kβ φ β β ξ φ= −  +  + +  − − + ∑ ∑ iz  

(A20) ( ) ( ), , , , ,
K L

S j j S j S S S S j S j S j S Sj j
Y K L W I Kγ φ γ ξ φ= −  + +  − −  + .∑ ∑ z  

The notation in A19 and A20 can be simplified further.  In the model developed here, multifactor 

productivity (MFP) captures the combined effect of improvements in technology, changes in factor 

utilization, and adjustment costs.  That is, 

(A21) ( ), , ,i i i j i j i j i ij
MFP W I K zξ φ=  − − + ∑  

(A22) ( ), , , .S S S j S j S j S Sj
MFP W I K zξ φ=  − − + ∑  

Equations A19 and A20 then can be expressed as: 

(A23)  ( ), , ,
K L S

i j i j i j i i i i ij
Y K L Sβ φ β β= −  +  + + ∑ iMFP

MFP(A24)  ( ), ,
K L

S j j S j S S Sj
Y K Lγ φ γ= −  + + .∑



Income Shares 

 In a standard growth accounting model with constant returns to scale in production, 

perfect competition, and no adjustment costs, the income shares for the various inputs sum to 

one.  Our model imposes constant returns to scale and perfect competition but includes 

adjustment costs for capital.  The following proposition shows how the inclusion of these 

adjustment costs affects the sum of the income shares.     

Proposition 1 

In the model described above (equations A1 through A24), the income shares for each 

final-output sector satisfy  

( ), , 1.K L S
j i j i i ij

β φ β β− + + =∑  

Similarly, the income shares for the semiconductor sector satisfy  

( ), 1.K L
j j Sj

γ φ γ− + =∑  

Proof. 

We present the proof for the final-output sectors.  The derivation for the semiconductor 

sector is identical and is omitted to save space.6  By assumption, the production function for each 

final-output sector, from equation A1, exhibits constant returns to 

scale in the inputs   Accordingly, Euler’s theorem implies that  

( 1, 1, 5, 5,,..., , , ,i i i i i i i i iF u K u K E L S Z

1, 5,,..., , ,and .i i i iK K L S

)

(A25) , ,

, ,

1
( ) ( )

j i j ii i i i
j

j i j i i i i i i i

u KF F E L F
u K F E L F S F
∂ ∂ ∂

+ +
∂ ∂ ∂∑ i iS

=

                                                

 . 

Now substitute the first-order conditions A12 through A14 into equation A25, which yields 

 
6 Indeed, the proof applies to any sector or the aggregate economy as long as one assumes constant returns to scale 
and perfect competition. 



(A26) , ,
, 1j i j i i S i

j ij
i i i i i i

r K wL p S
p Y p Y p Y

φ
⎛ ⎞

− + + =⎜ ⎟
⎝ ⎠

∑ , 

or equivalently,  

(A27) .  
 , ,( )K L

j i j i i ij
β φ β β− + + =∑ 1S

Additional Assumptions 

The other propositions proved in this appendix require assumptions beyond those in the 

model described above.  We list these assumptions here and refer back to them as needed.  As 

indicated below, the derivation of the aggregate growth accounting equation (proposition 2) 

relies on assumptions 1 through 3, whereas the algorithm for measuring sectoral MFP growth 

(proposition 3) and the steady-state results (proposition 4) both rely on assumption 4.  

Assumption 1 

The shadow value for type-j capital is the same in every sector: .  This 

assumption imposes an equal gap for all sectors between the shadow value of type-j capital and 

the economywide user cost (

, ,j i j S jr r r= =

)jr  for this capital.  It does not force the shadow value to equal the 

user cost.      

Assumption 2 

 The adjustment cost elasticity for type-j capital is the same across all sectors and equals 

the corresponding elasticity for the aggregate economy scaled to enforce consistency between 

sectoral and aggregate production.  Let  and i i i S S Sp Y pV p Y pVμ μ= = represent the Domar 

share weights for the various sectors.  With this notation, we assume that , ,j i j S jφ φ φ= = μ , 

where .i Si
μ μ μ≡ +∑  This scaling parallels that imposed in equations 5 through 7 in the text. 



Assumption 3 

The stock of type-j capital grows at the same rate in every sector: .  , ,j i j S jK K K= =

Assumption 4 

The labor share in each sector is the same up to a scaling factor that reflects the intensity 

of semiconductor use; similarly, the capital share (net of adjustment costs) is the same in each 

sector after this scaling.  That is,  

        S

L

1

1

1 β
β
−

 =  …  = 5

51

L

S

β
β−

 =    and   Lγ ,1 ,1

11

K
j j

S

β φ
β

  −
−

 =  …  = , 5 , 5

51

K
j j

S

β φ
β

  −
−

 =  ,
K
j j Sγ φ−  for  j = 1,…,5. 

One can easily verify that the restricted factor shares sum to one in each sector.  Also, one can 

show that the labor share and the capital share (net of adjustment costs) for aggregate nonfarm 

business equal their counterparts in the semiconductor sector.  That is, if we let 

 and L K
jα α

=  and L L

denote the labor and capital shares for aggregate nonfarm business, then 

,
K K
j j j j Sα γ α φ γ φ− = − .     

Aggregate Labor Productivity   

Proposition 2 derives the expression for growth in aggregate labor productivity in our 

model.       

Proposition 2 

Given the model described by equations A1 through A24 and given assumptions 1 

through 3, the growth accounting equation for aggregate labor productivity is: 

  ( ) ( )K L
j j jj

V H K H q MFPα φ α− = − −  +   +∑

where 

 i Si SMFP MFP MFPμ μ=  + ∑  



 ( ), , ,i i i j i j i j ij iMFP W I K zξ φ= − − +∑  

 ( ), , ,S S S j S j S j Sj SMFP W I K zξ φ= − − +∑  

 = wL/pV  and = rjKj /pV. Lα K
jα

Proof. 

To begin, substitute the expression for  from equation A23 into equation A3: iY

(A28)   ( ), , , , ,( )K L S
i j i j i j i i i i i i S x x Si j

V K L S MFP Sμ β φ β β μ μ= −   +    +    +    +    −  ∑ ∑ m mS

S( ), , , , ,
K L S

i j i i j i j i i i i i i i i S x x S m mj i i i i
K L S MFP Sμ β μ φ μ β μ β μ μ μ = −  +   +   +    +    −  ∑ ∑ ∑ ∑ ∑ .  

The definitions of the α’s, β’s, and μ’s imply that 

(A29) 
( ),, , , , , , ,

,

( ) ( )j j i j jj i j i j i j j i j i j i j j j iK Ki i
i j i j

i i j j j

r r r Kr K r K K K r r K Kp Y
pV p Y pV K pV K pV K

μ β α
+ − −⎛ ⎞

≡ = = = +⎜ ⎟
⎝ ⎠

  

(A30) L Li i i i i
i i

i i

p Y wL wL L L
pV p Y pV L L

μ β α≡ = =  

(A31) S i i S i S S i i
i i S

i i S S

p Y p S p Y S S
pV p Y pV Y Y

μ β μ≡ = = . 

Substitute equations (A29) through (A31) into the second line of equation (A28) to obtain 

(A32) ,
, ,

j iK L i i
j i j i j i i Sj i i i

j S

K L SV K L
K L

α μ φ α μ
⎛ ⎞

 = −  +   +    ⎜ ⎟⎜ ⎟
⎝ ⎠

∑ ∑ ∑ ∑ iS
Y

 

( ), ,
, , .j i j j j i

i S x x S m mi j i
j

r r K K
,j iMFP S S K

pV K
μ μ μ

−
                                +   +    −  + ∑ ∑ ∑  

The final term captures the effect on output growth of reallocating type-j capital across sectors 

when the shadow value of this capital differs from one sector to the next.  This term equals zero 

under assumption 1 and will not appear in the remainder of the derivation.   



Next, totally differentiate S i xi
Y S S mS= + −∑  from equation A2 to obtain 

(A33) i x m
S i xi

S S S

S S SY S S
Y Y Y

=   +    −  ∑ mS . 

Multiplying equation A33 by Sμ and using the definitions of Sμ , ,  and ,  xS ,μ mS ,μ

(A34)   , ,
i

S i S S S x x S mi
S

S S Y S S
Y

μ μ μ μ=  −  + ∑ m . 

In addition, totally differentiate equations A4 and A5: 

(A35) i S
i Si

L LL L
L L

  =    +  ∑ L  

(A36)  , ,
, ,

j i j S
j j ii

j j

K K
K K

K K
 =   +  ∑ j SK . 

Now, substitute equation A34 through A36 into equation A32 (after zeroing out the reallocation 

term), which yields 

 (A37) ,
, , ,

j SK L S
j j j S i j i j i S i i Sj j i i

j

K LV K K K L L MFP
K L SYα μ φ α μ μ

⎛ ⎞ ⎛ ⎞ = −    − +     −   +   + ⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠
∑ ∑ ∑ ∑  

    ,
, , ,

K L
j j SK L S

j j i j i j i i i S S j S Sj j i i j
S j S

K LK K L MFP Y K
K L

α αα μ φ α μ μ
μ μ

⎛ ⎞
 =  − +   +  +   −     −   ⎜ ⎟⎜ ⎟

⎝ ⎠
∑ ∑ ∑ ∑ ∑ L . 

The definitions of the α’s, γ’s, and μ’s imply that 

(A38) , , ,
K
j j S j j j S j j S K

j
S j S S j S S

K r K pV K r K
K p Y pV K p Y

α
γ

μ
 ≡ = =    

(A39) 
L

LS S S

S S S S S

L wL pV L wL
L p Y pV L p Y

α γ
μ

 ≡ = = .  

Substituting equations (A38) and (A39) into equation (A37), we obtain 

(A40)      ( ), , ,
K L K
j j i j i j i i i S S j j S Sj j i i j

V K K L MFP Y Kα μ φ α μ μ γ = −  +    +   +   −    − ∑ ∑ ∑ ∑ ∑ LLγ  



     ,   , , , ,
K L
j j i j i j i i i S S S j S j Sj j i i j
K K L MFP MFPα μ φ α μ μ μ φ  =  − +    +   + −∑ ∑ ∑ ∑ ∑ K

FP

SMFP

where the second line follows from equation A24.  Collecting the terms that involve the 

adjustment cost elasticities, equation A40 can be written as  

(A41)  ( ), , , , .K L
j j i j i j i S j S j S i i S Sj j i i

V K K K L MFP Mα μ φ μ φ α μ μ =  − + +    +   + ∑ ∑ ∑ ∑

We now invoke assumptions 2 and 3 to simplify the terms in adjustment costs, yielding 

(A42)  ( ) .K L
j j j i i Sj i

V K L MFPα φ α μ μ = − +    +   + ∑ ∑

To complete the proof, note that equation A6 implies that L H q= +  and recall that 

proposition 1 applied to aggregate nonfarm business implies that ( ) 1.K L
j j α

j
α φ− + =∑   Hence, 

(A43) ( ) ( )L L K
j jj

L H q H H Lqα α α φ  =  +   =  − − +  ∑ α   .  

Substitute equation A43 into A42, which produces 

(A44)   ( )( ) ,K L
j j j i i S Sj i

V H K H q MFP MFPα φ α μ μ −   =  −  −   +    +   + ∑ ∑

where iMFP  and SMFP  are defined in equations A21 and A22, respectively.   
 

Measuring Sectoral MFP 

To make use of proposition 2, we need to estimate MFP growth in each sector.  This can 

be done either from the sectoral production functions, as in equations A23 and A24, or from the 

sectoral cost functions – the “dual” approach.  We opt for the dual approach because the required 

data are more readily available.  The dual counterparts to equations A23 and A24 are: 

(A45) ( )
5

, ,
1

L K S
i i j i j i j i S

j
ip w r pβ β φ β

=

=   +  −  + −∑ MFP   for i = 1,…,5 



(A46) ( )
5

,
1

L K
S j j S j

j
Sp w rγ γ φ

=

=   +  −  −∑ MFP .7  

These equations state that the growth in each sector’s output price equals the growth in the share-

weighted average of its input costs (modified to account for the adjustment cost elasticities), 

minus the growth in MFP.  MFP growth enters with a negative sign because efficiency gains 

hold down a sector’s output price given its input costs.  

To reduce the amount of data needed to estimate MFP growth from equations A45 and 

A46, we invoke assumption 4 regarding the restrictions on income shares across sectors.  

Applying this assumption to equation A45 and making use of the resulting correspondence 

between the γ’s and the α’s ,( =  and )L L K K
j j j j Sα γ α φ γ φ− = − , we obtain 

(A47) ( )
5

1

)S L K S
i i j j j i S

j
ip w r pβ α α φ β

=

⎡ ⎤
  =  (1− + −  +  −⎢ ⎥

⎣ ⎦
∑ MFP

) jr

   for i = 1,…,5. 

Let  denote the share-weighted growth in labor and capital costs for the 

nonfarm business sector as a whole.  Substitute 

(
5

1

L K
j j

j

wα α φ
=

ϒ ≡ + −∑

ϒ  into the dual equations A46 and A47, with 

= and Lγ Lα ,
K
j j S j

K
jγ φ α φ− = − in equation A46.  The result is 

(A48) )S S
i i i S ip p MFPβ β  =  (1− ϒ +  −    for i = 1,…,4 

(A49) 5 5 5)S S
S 5p p MFPβ β  =  (1− ϒ +  −     

(A50) S Sp MFP =  ϒ −  

where we have specifically identified final-output sector 5, which will serve as the numeraire 

sector.8   

                                                 
7 This part of the appendix explicitly indexes the sectors because proposition 3 below makes use of a numeraire 
sector to measure changes in relative prices.  
8 We use the NIPA sector producing goods other than IT as the numeraire sector.   



We now use the dual equations to derive expressions for MFP growth in two cases.  In 

the first case, we infer the rates of sectoral MFP growth that are consistent with an independent 

estimate of aggregate MFP growth (from our aggregate growth accounting system).  This case 

represents the methodology we use to compute growth contributions through history.  In the 

second case, which we use for our forward-looking steady-state analysis, we solve for aggregate 

MFP growth and MFP growth in sectors 1 through 4 conditional on an assumed pace of MFP 

growth in sector 5.  The next proposition derives the expressions for sectoral MFP growth in 

both cases. 

Proposition 3 

Let 5S Sp pπ  ≡ −  and 5i ip pπ  ≡ −  (i = 1,…,4) denote price changes relative to sector 5.  Given 

the dual equations A48 through 50 (which make use of assumption 4), the solutions for sectoral 

and aggregate MFP growth are as follows. 

 Case I: Conditioning on Aggregate MFP Growth 

 ( ) ( )
4 5

5 5 5 5
1 1

1 1S S S
i i i S

i i

MFP MFP 1β   μ π   β  β  μ π
= =

⎡ ⎤⎛ ⎞ ⎛
= − + + + −  −

⎞
⎢ ⎥⎜ ⎟ ⎜

⎝ ⎠ ⎝
⎟
⎠⎣ ⎦

∑ ∑  

 ( ) ( )5 51 S
S SMFP MFP π β  =  − −   

 ( )5 5
S S

i i i SMFP MFP MFPπ β β=  − −  −   for i = 1,…,4  

 Case II: Conditioning on MFP Growth in Sector 5 

 ( ) ( )5 51 S
S SMFP MFP π β  =  − −   

 ( )5 5
S S

i i i SMFP MFP MFPπ β β=  − −  −   for i = 1,…,4  

S 
5

1
i i S

i

MFP MFP MFPμ μ
= 

=   + ∑  



Proof. 

The proof for Case II is nearly immediate.  Subtract equation A49 from equations A48 

and A50.  After rearranging terms and using equation A50 to substitute SMFP  for ,Spϒ −  we 

obtain: 

(A51) ( )5 5
S S

i i i SMFP MFP MFPπ β β=  − −  −   for i = 1,…,4  

(A52) ( ) ( )5 51 S
S SMFP MFP π β  =  − − .  

Equations A51 and A52, plus the expression for MFP derived in Proposition 2, establish the 

results for Case II.  Note that the solution is recursive – first solve for SMFP  from equation A52, 

then substitute the result into equation A51, and finally substitute all the sectoral MFP growth 

rates into the expression for aggregate MFP growth. 

To prove the result for Case I, substitute equations A51 and A52 into the expression for 

aggregate MFP growth.  After rearranging terms, this yields: 

(A53) 
5

1
i i S

i
SMFP MFP MFPμ μ

= 

=   + ∑    

         

( ) ( )

( ) ( )

5 4

5 5 5
1 1

4 4

5 5
1 1

1

1 .

S S S
i S i i

i i

S S S
i i S i i S

i i

MFP μ  μ  μ β β β

 μ π μ   μ β β β π

= =

= =

⎧ ⎫⎡ ⎤
= + − − −⎨ ⎬⎢ ⎥

⎣ ⎦⎩ ⎭

⎧ ⎫⎡ ⎤
                              −  − − − −⎨ ⎬⎢ ⎥

⎣ ⎦⎩ ⎭

∑ ∑

∑ ∑
    

Let Ω ≡ ( ) ( )
5 4

5
1 1

1S S S
i S i i

i i
5 μ  μ  μ β β β

= =

⎡ ⎤
+ − − −⎢ ⎥

⎣ ⎦
∑ ∑ .  Equation A53 then becomes 

(A54) 
4 5

5
1 1

,i i i S
i i

MFP MFP  μ π  μ π  
= =

⎛ ⎞
= Ω  − − Ω  − ⎜ ⎟

⎝ ⎠
∑ ∑  

which implies 



(A55)  
4 5

5
1 1

i i i S
i i

MFP MFP  μ π  μ π . 
= =

⎡ ⎤⎛ ⎞ ⎛ ⎞
= + + Ω − ⎢ ⎥⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠⎣ ⎦
∑ ∑ Ω

,S m

   

One can easily verify that ,
S

S i i S xi
μ μ β μ μ= + −∑

S

 from the definitions of the μ’s and the β’s.  

Substituting this equation for μ  into the expression above for Ω, one can show that Ω simplifies 

to be 1/(1 - 5
Sβ ).  Using Ω = 1/(1 - 5

Sβ ), equation A55 becomes 

(A56)  ( ) ( )
4 5

5 5 5 5
1 1

1 1S S S
i i i S

i i

MFP MFP 1β   μ π β β  μ π
= =

⎡ ⎤⎛ ⎞ ⎛
= − + + + − −⎢ ⎥⎜ ⎟ ⎜

⎝ ⎠ ⎝⎣ ⎦
∑ ∑ .⎞

⎟
⎠

  

This equation, combined with equations A51 and A52, completes the proof for Case I.  As in 

Case II, the solution is recursive.  First, obtain 5MFP  from equation A56.  Then, substitute the 

result into equations A51 and A52.  


 

Analysis of the Steady State  

The results presented so far do not require the economy to have reached a steady state.  

We now impose additional conditions to derive the growth accounting equation for aggregate 

labor productivity in the steady state.   First, we require that real output in each sector grow at a 

constant rate (which can differ across sectors).  For each final-output sector, we also require that 

all components of the sector’s output (consumption goods, investment goods, and exports) grow 

at the same constant rate in the steady state as total output for the sector:  

(A57)    , , .j j j j S jY C X I I= = = = i

For example, the output of computers sold as an investment good grows at the same rate as the 

output of computers sold as a consumer good.  For the semiconductor sector, we require that 

domestic output, exports, imports, and semiconductor use in each final-output sector all grow at 

the same constant rate:  



(A58)     .S x mY S S S= = = i

With ,j SI and ,j iI  forced to be constant from equation A57, investment spending and the capital 

stock will grow at the same rate for each type of capital: 

(A59) ,j i j i,I K=   and ,j S j S,I K=  for all i and j. 

Combining equations A57 and A59, we obtain 

(A60)    for all i and j.,j j i jY K K= = ,S
9 

Because I K=  for each type of capital, adjustment costs have no effect on MFP growth (sectoral 

or aggregate) in the steady state.  Finally, we require that hours worked grow at the same 

constant rate in every sector,  

(A61)   for h = all i and S; hH H=

that the workweek is fixed,  

(A62)  for h = all i and S ; 0hW =

and that the economywide measure of labor quality (q) improves at a constant rate. 

Proposition 4 

Under the steady-state conditions in equations A57 through A59 and assumption 4 (which 

restricts the income shares across sectors), the growth accounting equation for aggregate labor 

productivity is 

 ( ) ,
K

Si i
i i SLi

V H MFP MFP q MFPα φ β
α

⎛ ⎞−
− = +  +  +⎜ ⎟

⎝ ⎠
∑  

where 

                                                 
9 To interpret equation A60, consider an example in which sector j produces software.  Equation A60 says that the 
output of the software sector will grow at the same rate as the software used as an input by every final-output sector 
and the semiconductor sector.  Equation A60 does not have any implications for the growth of software output 
relative to the growth of output in any other sector.    



 i i Si SMFP MFP MFPμ μ=  + ∑ i  with iMFP z=  and .S SMFP z=  

Proof. 

Substitute A59 and A62 into equations A21 and A22 to establish that i iMFP z=  and 

.S SMFP z=   Next, equation A61 implies that labor input in each sector grows at the same rate as 

labor input for aggregate nonfarm business; that is,  

(A63)     for all  and .h hL q H q H L h i S= + = + = =

Substitute equations A58, A60, and A63 into the growth accounting equations A23 and A24, 

restrict the income shares in accord with assumption 4, and recall that = and Lγ Lα

,
K K
j j j j Sα φ γ φ− = − when we impose these restrictions.  The result is: 

(A64) ( )( ) ( )1 1S K S L S
i i j j j i i Sj

Y Y Lβ α φ β α β= − − + − + +∑ iY MFP     

SMFP

for all i 

(A65) . ( )K L
S j j jj

Y Y Lα φ α= − + +∑

Equations A64 and A65 form a system of equations in for all i and .  Solving this system 

yields 

iY SY

(A66)  ( )
K
j jS S

i i i S j jLj
Y L MFP MFP MFP MFP

α φ
 β β

α
⎛ ⎞−

=  +  + + +   ⎜ ⎟
⎝ ⎠

∑ S for all i 

(A67)  ( )
K
j j S

S S j jLj
Y L MFP MFP MFP

α φ
β

α
⎛ ⎞−

=  +  + +⎜ ⎟
⎝ ⎠

∑ S . 

Now, substitute equations A58, A66, and A67 into equation A3 (the expression for growth in 

aggregate output) and rearrange terms: 

(A68)  ( ), , , ,i i S x x S m m i i S x S m Si i
V Y S S Yμ μ μ μ μ μ  =  + −   =  + −∑ ∑ Y  
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The definition of current-dollar output in our model, i ii
p Y∑ + psSx - psSm = pV, implies that 

1i i S x S m
i

p Y p S p S
pV pV pV

+ − =∑ , or 

(A69) . , , 1i S x S mi
μ μ μ+ − =∑

In addition, recall from above that ,
S

S i i S xi ,S mμ μ β μ μ= + −∑ .  Substituting equation A69 and 

this expression for Sμ  into equation A68 yields 

(A70)  ( ) .
K
j j S

j j S i i S SLj i
V L MFP MFP MFP MFP

α φ
β μ μ

α
⎛ ⎞−

=  + + +  + ⎜ ⎟
⎝ ⎠

∑ ∑  

Finally, recall that  from equation A6 and use i to index the final-output sectors in 

every term, producing:  

L H q= +

(A71)  ( ) .
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Appendix Table A-1. Value Added, IT Share, and IT Classification of U.S. Industries 
 

  IT classification 

Name 

Value added, 
2005 (millions of 

dollars) 
IT share, 

2005a IT1995
b IT2000

c 
IT-

producingd 

Agriculture, forestry, fishing, and hunting 123.1 1.4 0 0 0 
Oil and gas extraction 159.6 1.8 0 0 0 
Mining, except oil and gas 31.5 6.0 0 0 0 
Support activities for mining 42.2 8.9 0 0 0 
Construction 611.1 19.0 1 1 0 
Wood products 39.0 6.4 0 0 0 
Nonmetallic mineral products 53.3 9.1 0 0 0 
Primary metals 61.1 5.3 0 0 0 
Fabricated metal products 130.5 9.3 0 0 0 
Machinery 111.1 23.3 1 1 0 
Computer and electronic products 135.3 23.4 1 1 1 
Electrical equipment, appliances, and components 47.8 12.8 1 1 0 
Motor vehicles, bodies and trailers, and parts 95.4 15.2 1 1 0 
Other transportation equipment 71.1 28.4 1 1 0 
Furniture and related products 37.1 9.6 0 0 0 
Miscellaneous manufacturing 72.6 16.0 1 1 0 
Food and beverage and tobacco products 175.7 8.8 0 0 0 
Textile mills and textile product mills 23.8 4.0 0 0 0 
Apparel and leather and allied products 16.8 7.2 0 0 0 
Paper products 54.6 6.5 0 0 0 
Printing and related support activities 46.9 12.4 0 1 0 
Petroleum and coal products 63.5 9.4 0 0 0 
Chemical products 209.2 17.1 1 1 0 
Plastics and rubber products 67.7 5.6 0 0 0 
Utilities 248.0 5.5 0 0 0 
Wholesale trade 743.2 25.4 1 1 0 
Retail trade 823.5 14.6 1 0 0 
Air transportation 41.0 42.7 1 1 0 
Rail transportation 32.3 2.0 0 0 0 
Water transportation 9.0 42.3 1 1 0 
Truck transportation 114.1 11.5 0 0 0 
Transit and ground passenger transportation 17.1 16.8 1 1 0 
Pipeline transportation 9.3 27.6 1 1 0 
Other transportation and support activities 89.1 15.1 0 1 0 
Warehousing and storage 32.7 19.0 0 0 0 
Publishing industries (includes software) 150.2 49.8 1 1 1 
Motion picture and sound recording industries 40.5 16.5 1 1 0 
Broadcasting and telecommunications 304.1 46.5 1 1 0 
Information and data processing services 60.4 81.7 1 1 1 
Federal Reserve banks, credit intermediation, and related activities 474.7 28.6 1 1 0 
Securities, commodity contracts, and investments 167.4 51.8 1 1 0 
Insurance carriers and related activities 296.1 38.9 1 1 0 
Funds, trusts, and other financial vehicles 19.5 6.6 0 0 0 
Real estate 1472.6 8.7 0 0 0 

 
(continued)



Appendix Table A-1. Value Added, IT Share, and IT Classification of U.S. Industries (continued) 
 

  IT classification 

Name 

Value added, 
2005 (millions of 

dollars 
IT share, 

2005a IT1995
b IT2000

c 
IT-

producingd 

Rental and leasing services and lessors of intangible assets 105.8 23.1 1 1 0 
Legal services 180.9 47.7 1 1 0 
Computer systems design and related services 140.8 89.3 1 1 1 
Miscellaneous professional, scientific, and technical services 542.5 67.5 1 1 0 
Management of companies and enterprises 225.8 45.6 1 1 0 
Administrative and support services 336.6 45.5 1 1 0 
Waste management and remediation services 32.3 6.2 0 0 0 
Educational services 115.8 22.1 0 1 0 
Ambulatory health care services 441.9 14.5 1 0 0 
Hospitals and nursing and residential care facilities 342.2 13.1 1 0 0 
Social assistance 75.4 21.3 1 1 0 
Performing arts, spectator sports, museums, and related activities 54.0 10.2 0 0 0 
Amusements, gambling, and recreation industries 60.1 4.8 0 0 0 
Accommodation 104.6 5.0 0 0 0 
Food services and drinking places 225.9 5.8 0 0 0 
Other services, except government 282.8 13.8 0 0 0 

 
Source: Authors’ calculations based on BEA data. 
a. Nominal value of IT capital services divided by nominal value of total nonresidential capital services.   
b. Equals 1 if 1995 IT capital service share is greater than 1995 median, and zero otherwise.   
c. Equals 1 if 2000 IT capital service share is greater than 2000 median, and zero otherwise.   
d. As defined by BEA. 

 
 



Appendix Table A-2. Parameter Values for Steady-State Calculations 
  
       Historical Averages             Steady-State      Method for 
    1973-    1995-      2000-       Lower    Upper       Setting 
    1995      2000       2006        Bound    Bound      Bounds 
 
Output shares1 (μ) 
1.   Computer hardware 1.08 1.47 1.02 .70 1.20 A 
2.   Software .97 2.38 2.59 2.40 2.80 A 
3.   Communication equipment 1.54 1.89 1.34 1.20 1.50 A  
4.   Other final-output sectors 96.42 94.21 94.87 95.52 94.32 B 
5.   Net exports of semiconductors -.01 .05 .18 .18 .18 C 
6.   Total semiconductor output .36 .93 .67 .65 .80 A 
  
Semiconductor cost shares1 (β) 
7.   Computer hardware 30.00 30.00 30.00 30.00 30.00 D 
8.   Software .00 .00 .00 .00 .00 D 
9.   Communication equipment 2.15 8.45 8.40 8.00 11.00 A 
10. Other final-output sectors .01  .29 .08 .18 .07 B 
 
Relative inflation rates2 (π) 
11. Semiconductors -27.29 -48.27 -31.75 -28.15 -34.41 E 
12. Computer hardware -19.00 -27.23 -18.13 -18.08 -22.10 E 
13. Software -3.96 -3.15 -3.55 -3.39 -4.14 E 
14. Communication equipment -2.76 -5.29 -5.62 -5.00 -6.10 F 
  
Depreciation rates3 (δ) 
15. Computer hardware 30.34 31.49 31.54 31.54 31.54 C 
16. Software 35.59 38.12 37.76 37.76 37.76 C 
17. Communication equipment 13.00 13.00 13.00 13.00 13.00 C 
18. Other business fixed capital  5.96 6.04 5.76 5.76 5.76 C 
 
Expected capital gains/losses4 (Π) 
19. Computer hardware -14.73 -23.94 -13.57 -14.32 -17.51  E 
20. Software .16 -1.07 -.04 -.06 -.07  E 
21. Communication equipment -.16 -3.13 -3.07 -3.00 -4.10 G 
22. Other business fixed capital 5.50 2.73 3.71 4.28 5.23 E 
 
Capital-output ratios (TpKK /pY) 
23.  Computer hardware .021 .030 .032 .028 .033 A 
24.  Software .023 .055 .075 .075 .090 A 
25.  Communication equipment .075 .085 .090 .084 .095 A 
26.  Other business fixed capital 2.38 2.14 2.19 2.20 2.40 A 
 
  
(continued)



Appendix Table A-2. Parameter Values for Steady-State Calculations (continued) 
  
       Historical Averages             Steady-State      Method for 
    1973-    1995-      2000-       Lower    Upper       Setting 
    1995      2000       2006        Bound    Bound      Bounds 
 
Income shares1 (α) 
27.  Computer hardware  1.11 1.84 1.64  1.44 1.80 B 
28.  Software  .97 2.42 3.26 3.26 3.91 B 
29.  Communication equipment 1.57 1.81  1.98  1.81 2.16 B 
30.  Other business fixed capital 19.77 18.22 17.39 15.57 14.70 B 
31.  Other capital5 8.07 6.81 6.59 6.59 6.59 C 
32.  Labor 68.52 68.90 69.13 71.33 70.84 B 

Other parameters 
33.  Growth of “other” sector MFP3 .15 .38 1.23 .19 .98 H 
34.  Growth of labor quality3 (q) .40 .38 .48 .15 .15 I  
35.  Nominal return on capital3 (R) 7.84 5.22 5.91 5.60 5.60   J 
36.  Ratio of domestic semiconductor .99 1.06 1.35 1.35 1.35 C 
         output to domestic use (1+θ) 
  
  
1. Current-dollar shares, in percent. 
2. Output price inflation in each sector minus that in the “other final-output” sector, in 
percentage points.   
3. In percent. 
4. Three-year moving average of price inflation for each asset, in percent.  
5. Includes land, inventories, and tenant-occupied housing. 
 
Key: Methods for setting steady-state bounds. 
A.  Range around recent values based on visual inspection of the series.   
B.  Implied by other series. 
C.  Average value over 2000-2006. 
D.  Assumed constant value. 
E.  The lower and upper bounds equal, respectively, 0.9 and 1.1 times the average rate of change 
over 1973-2006.  
F.  Calibrated to keep the sector’s MFP growth rate near the average pace over 1995-2006.   
G. The lower and upper bounds equal the corresponding values for the relative inflation rate of 
communication equipment (line 14), plus 2 percentage points – the assumed rate of inflation in 
the “other final-output” sector. 
H.  The lower bound equals the average rate of improvement in technology  in this sector over 
1973-2000; the upper bound equals the average rate of improvement over 2000-2006 minus ¼ 
percentage point. 

( )z

I.  From Jorgenson, Ho, and Stiroh (2007). 
J. Average value over 1995-2006. 
 




